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 Preface to the Third Edition     

  This monograph is part of the series of handbooks that 
are produced to accompany the large multi - authored 
reference books published by Wiley - Blackwell. The third 
edition of the reference text  Treatment of Epilepsy  was 
published in 2009 (edited by myself, Emilio Perucca and 
Jerome Engel), and this handbook is now also in its third 
edition. 

 As we now enter the second decade of the age of the 
internet, the fi rst question to address when contemplat-
ing a writing project is a fundamental one  –  are books of 
this nature still required? In an age where information is 
now readily available at a click of a Google button, does 
a book have a function frozen as it is in form and in 
content, not unlike, some would argue, the fossilized 
remains of past life forms? This is a question that is 
already central to medical publishing. My own opinion 
on this matter is, however, clear  –  books that concentrate 
and fi lter information are both necessary and desirable, 
in the fi eld of epilepsy treatment, as much as anywhere 
else, for at least three reasons: 
  1     Accuracy of information: comprehensive as the inter-
net is, accurate it is not. There exists on the web much 
information that is phoney, wild and irresponsible, many 
data that are inaccurate or uncorroborated, and much 
opinion that has more to do with kite - fl ying than medical 
science. A book can avoid these snake - pits.  
  2     Condensation of information into a short and concise 
form, in one easily accessible place: this I have tried to 
do here, avoiding repetition, redundancy or excessive 
verbiage. Whether this is successfully achieved is a judge-
ment for the reader, but the condensation of data in the 
book is surely an overwhelming advantage over the 
diffuse nature of the information highway (now less of a 
discrete path than a horizonless moor).  
  3     Consistency of perspective and approach: this book is 
written from a single perspective  –  that of the practising 
neurologist who specializes in epilepsy. This is not a sci-
entifi c, theoretical or populist, but a medical, text. Its 
audience is the practising doctor who sees patients with 

epilepsy in the clinic. The internet, by its all inclusive 
nature, cannot take such a singular approach.    

 This is the justifi cation for embarking on a third 
edition. The fi rst two editions of the handbook were 
published 10 and 4 years ago, were both generously 
received and, I hope, fulfi lled at least in part their purpose 
of informing and improving epilepsy therapy. However, 
in epilepsy, as in all of medicine, treatment moves on, 
knowledge has increased and fashions have changed and, 
in the short span of these handbooks, much new 
information has arrived on the desks of physicians. The 
writing of a third edition is an opportunity to refl ect these 
changes, and also, sad to say, to correct the all too obvious 
defi ciencies of the previous editions. 

 As I noted in the previous edition, this book contains 
pretty much everything I know about epilepsy therapy. 
It is a worrying thought that all one ’ s professional knowl-
edge can be compressed into a couple of megabytes (the 
draft manuscript of the whole book amounted to less 
than fi ve megabytes, and could be saved onto a memory 
stick smaller than my fi ngernail, but this is the rather 
humbling reality). Another concern is that this is a single 
author text, with the danger of bias and prejudice. My  
defence is that the disadvantages of single-authorship 
need to be weighed against the advantages of coherence 
and lack of omission, repetition or inconsistency. 
Avoiding these in the writing of this book has been a 
constant preoccupation. 

 The aim of this edition is exactly the same the aim of 
the previous editions, and so is cited verbatim from the 
second edition:

  The aim is to summarize the many and various treatments 

of epilepsy in a clear yet comprehensive, and concise yet 

balanced and practical manner. Surgical as well as medical 

therapy is included, as is the treatment of epilepsy in adults 

and children. Rare as well as common clinical problems are 

covered, and rarely  –  as well as commonly  - used therapies. 

It is intended to be a hands - on text which will guide clinical 
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practice and rational therapy, and to be a source of ready 

reference; a catalogue of epilepsy therapy. There is an 

emphasis on factual information, which I have tried to give 

in a parsimonious and easily - digested form, but one that 

still gives the reader a clear idea of the scientifi c basis of 

current practice. This scientifi c perspective is important 

and, where possible, the text has endeavoured to be science -  

and evidence - based. In some areas of therapy an evidence 

base, however, is lacking (perhaps especially in the area of 

epilepsy surgery), and data informing longer - term 

outcome, risk and benefi t in particular are missing. In these 

areas the book inevitably refl ects the author ’ s own preju-

dices and anecdotal experience.   

 The book is embedded in the experience gained from 
my own clinical practice, now over 30 years of specializa-
tion in epilepsy at the National Hospital for Neurology 
and Neurosurgery, Queen Square, London, and is heavily 
infl uenced by this. The book also refl ects the work of the 
International League Against Epilepsy, on whose execu-
tive committee I have served now for more than 17 years. 
These infl uences provide the context and a distinctive 
perspective, which I hope adds coherence and interest. 

 I mentioned, in the previous edition, three develop-
ments in epilepsy therapy that had occurred in the years 
leading up to 2005, and that I considered to deserve 
special mention. The fi rst was molecular genetics  –  but 
now 5 years later one has to admit that in the therapeutic 
arena the impact has been less than hoped for. The goal 
of therapy tailored to an individual ’ s genomic make - up, 
which 5 years ago was trumpeted by colleagues and 
seemed within reach, now seems entirely unrealizable in 
the foreseeable future. The second was the plethora of 
guidelines  –  this torrent continues to fl ow, and now, in 
my personal opinion, the downsides of this outweigh 
the advantages. This fashion for guidelines risks bland 
uniformity and guideline fatigue. Does the wearying 
audience really need the further imposition of more of 
these? The third thread of contemporary therapy identi-
fi ed in the last edition was the importance of patient 
involvement in medical decisions. This remains an 
important prerogative and in this edition too the impor-
tance of two - way communication and of patient choice 
is emphasized. 

 There are a series of signifi cant changes to this edition, 
which it is hoped will improve the book. First, the struc-
ture has changed, which refl ects the greater attention to 
the causes of and the syndromes of epilepsy (now sepa-
rate chapters), as well as more detail on principles 
of therapy, and a greater emphasis on tables to summa-

rize and extract data. Second, since the last edition there 
have been licensed at least fi ve new antiepileptic drugs 
and a large range of novel drugs is also in the process of 
development. The widely predicted famine in the fi eld of 
epilepsy therapy that so many foresaw in the past decade 
has resolutely failed to materialize. Indeed, it is probably 
true to say that there have been more novel and exciting 
therapies in current development since the publication of 
the last edition than at any time in the history of epilepsy 
therapy. It is not, I hope, too panglossian to think that 
these have incrementally improved treatment of many 
patients. Finally, the scientifi c information about drug 
therapy has again improved, due to advances in clinical 
and molecular chemistry, and this is also incorporated 
where possible in this book. Developments in the surgical 
therapy of epilepsy have been less impressive, but there 
are some areas of incremental change that I hope also to 
have recorded. 

 As in the last edition, a number of editorial decisions 
have been made that should be noted here. The summary 
of factual information in table form (for easy reference) 
is a deliberate policy, but it should be recognized that, 
especially in relation to pharmacological and pharmaco-
kinetic data, confl icting information commonly exists. 
This can lead to contention, and the tables include 
what I consider to be the most reliable data. It is 
important also to recognize that data do vary, and in 
some places the data in the tables are not universally 
applicable. Second, the contentious decision has been 
made, in the interests of readability and clarity, to omit 
citations to the literature from the text. In the age of 
PubMed and Medline, literature is now easily tracked, 
and citations can also be found in the relevant chapters 
of the associated textbook. In place of this, a  ‘ further 
reading ’  section, listing key articles, books and review 
articles, with an emphasis on recent publications, has 
been included; this seemed to me to be of more general 
utility. Finally, the reader should know that this 
book, like its predecessor, is conceptually, and in many 
places actually, a condensation of the multi - authored 
textbook ( Treatment of Epilepsy , edited by Shorvon SD, 
Perucca E, Engel J, Blackwell Publishing Ltd, Oxford, 
2009). Much of the information in this handbook 
has its basis in the textbook (that indeed is a rationale of 
this handbook) and the borrowing has often been 
heavy, sometimes word for word, and the infl uence 
great. I would like to acknowledge here my debt of 
gratitude to my co - editors of this textbook, Professor 
Emilio Perucca and Professor Pete Engel, and also to all 
the contributors to the multi - authored textbook (listed 
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in the acknowledgement section), for without their work 
this book would not exist. The textbook remains a land-
mark in the bibliography of epilepsy therapy. 

 Finally, thanks too are due to the production crew at 
Wiley - Blackwell, Rebecca Huxley and Martin Sugden for 
their expert guidance and assistance, and Lynne and 
Matthew, for whom the writing of this book has meant 
lost time and the smoke of much midnight oil. 

 Finally, I repeat the  health warning  of the second 
edition: although every effort has been made in the prep-
aration of this book to ensure that the details given are 
correct, it is possible that errors have been overlooked 
(e.g. in pharmaceutical or pharmacokinetic data). The 
reader is advised to refer to published information from 
the pharmaceutical companies and other reference works 
to check accuracy. 

    Simon Shorvon  
  London 2010         
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  1    Defi nitions and Epidemiology     

     Epilepsy is  –  rather like headache  –  a  symptom  of neuro-
logical dysfunction. It has many forms and underlying 
causes, and also biological and non - biological facets that 
extend well beyond the simple occurrence of seizures. 
Treatment approaches vary considerably in the different 
types of epilepsy and, in this section of the book, 
the various clinical forms and causes of epilepsy are 
described. 

 The forms of epilepsy can be described and classifi ed 
in four main ways: (1) by seizure type; (2) in the case of 
partial (focal) seizures, by the anatomical site of seizure 
onset; (3) by syndrome; and (4) by aetiology. Each system 
has its value. In Chapter  2  the seizure type and anatomi-
cal substrate are described, in Chapter  3  the epilepsy 
syndromes and in Chapter  4  the causes of epilepsy. 

 What is not available, given our current state of knowl-
edge, is a description, or classifi cation, of the types 
of epilepsy according to molecular mechanisms. Such 
a  ‘ pathophysiological ’  classifi cation would be highly 
desirable and is the challenge for the future.  

  Defi nitions 

     Epileptic  s eizure ( e pileptic  fi  t) 
 Epileptic seizures are defi ned as  ‘ the transient clinical 
manifestations that result from an episode of epileptic 
neuronal activity ’ . The epileptic neuronal activity is 
a specifi c dysfunction, characterized by abnormal syn-
chronization, excessive excitation and/or inadequate 
inhibition, and can affect small or large neuronal popula-
tions (aggregates). The clinical manifestations are 
sudden, transient and usually brief. They include motor, 
psychic, autonomic and sensory phenomena, with or 
without alteration in consciousness or awareness. The 
symptoms depend on the part of the brain involved in 
the epileptic neuronal discharge, and the intensity of the 

discharge. The signs of a seizure vary from the only too 
evident wild manifestations of a generalized convulsion, 
to the subtle changes, apparent only to the patient, 
of some simple partial seizures. Some neuronal epileptic 
discharges, detectable by electroencephalography, are 
not accompanied by any evident symptoms or signs and 
this complicates defi nition. For most purposes these 
 ‘ subclinical ’  or  ‘ interictal ’  changes are not considered to 
be epileptic seizures, although the physiological changes 
can be identical to overt attacks, and the difference is 
largely one of degree. Furthermore, subtle impairment of 
psychomotor performance can be demonstrated due, for 
example, to interictal spiking, of which the patient may 
be unaware.  

  Epilepsy 
 Epilepsy is  ‘ a disorder of brain characterized by an 
ongoing liability to recurrent epileptic seizures ’ . This 
defi nition is unsatisfactory for various reasons. First, it is 
diffi cult clearly to defi ne, in many cases, to what extent 
recurrent attacks are likely  –  a defi nition based on crystal -
 ball gazing is inherently unsatisfactory. In the clinical 
setting, for pragmatic reasons, a  ‘ liability to further 
attacks ’  is often said to be present when two or more 
spontaneous attacks have occurred, on the basis that this 
means that more are likely. However, this arbitrary defi -
nition is inadequate, for example, in patients after a single 
attack who have a clear liability to further seizures, for 
patients who have had more than one provoked attack 
(see below), or for those whose epilepsy has remitted and 
whose liability for further attacks has lapsed. Furthermore, 
in physiological terms, the distinction between single and 
recurrent attacks is often meaningless. A second problem 
is that  ‘ epilepsy ’  occurs with a wide variety of cerebral 
pathologies; similar to  ‘ anaemia ’  or  ‘ headache ’  it is a 
symptom masquerading as a disease. 

 The standard defi nition is also inadequate in epileptic 
states in which physiological changes occur without 
obvious seizures. In these so - called epileptic encepha-
lopathies, alterations in cognition and other cortical 
functions are major features unrelated to overt seizures 
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  Febrile  s eizures 
 A febrile seizure is an epileptic attack occurring in chil-
dren age under 5 years (usually between 2 and 5 years) in 
the setting of a rise in body temperature. For most pur-
poses, such seizures are not included within the rubric of 
 ‘ epilepsy ’ , because they are very common (2 – 5% of chil-
dren in the west have at least one febrile seizure, and 9% 
in Japan), presumably have a specifi c physiological basis 
that is distinct from epilepsy, and have clinical implica-
tions that are very different from those of epilepsy. Febrile 
seizures are discussed further on    pp. 28 – 30 .  

  Epileptic  e ncephalopathy 
 An  ‘ epileptic encephalopathy ’  is a term used to describe 
a clinical state in which epilepsy is a prominent feature, 
and in which changes in cognition or other cerebral func-
tions are, at least in part, likely to be due to ongoing 
epileptic processes in the brain. The epileptic encepha-
lopathies are more common in children than in adults.  

  Idiopathic,  s ymptomatic,  p rovoked and 
 c ryptogenic  e pilepsy 
 Epilepsy can have many causes. These are terms used to 
describe the causes of epilepsy and are dealt with in more 
detail later (see    chapter 3 ).  

  Active  e pilepsy and  e pilepsy in  r emission 
 A person is said to have active epilepsy when at least one 
epileptic seizure has occurred in the preceding period 
(usually 2 – 5 years). Conversely, epilepsy is said to be in 
remission when no seizures have occurred in this preced-
ing period. The period of time used in these defi nitions 
varies in different studies, and furthermore some defi ni-
tions of remission require the patient not only to be 
seizure free but also off medication. An interesting ques-
tion, and one of great importance to those with epilepsy, 
is after what period of remission can the person claim no 
longer to have the condition? Logically, the condition 
has remitted as soon as the last seizure has occurred, but 
this cannot be known except retrospectively. In practice, 
it is reasonable to consider epilepsy to have ceased in 
someone off therapy if 2 – 5 years have passed since the 
last attack.  

  Acute  s ymptomatic,  r emote  s ymptomatic and 
 c ongenital  e pilepsy 
 A categorization of epilepsy has been used for epidemio-
logical studies that divided epilepsy into three types: 
acute symptomatic epilepsy, where there is an acute 
cause; remote symptomatic, where there is a cause that 

(examples include the Landau – Kleffner syndrome and 
the childhood epileptic encephalopathies). Patients with 
subclinical discharges sometimes exhibit cognitive, psy-
chological or behavioural change. There are also certain 
non - epileptic conditions where differentiation from 
epilepsy is problematic. These are sometimes called 
borderline conditions, and include certain psychiatric 
conditions, some cases of migraine and some forms of 
movement disorder. Finally, the fact of  ‘ having epilepsy ’  
involves far more than the risk of recurrent seizures, 
but incorporates prejudice and stigmatization, and psy-
chosocial and developmental issues that may, indeed, be 
more problematic than the seizures themselves. A com-
prehensive defi nition should ideally incorporate these 
broader psychosocial, developmental and cognitive 
aspects 

 There are furthermore types of overt epileptic 
seizure that do not warrant a diagnosis of epilepsy. 
These include isolated fi rst seizures in which no liability 
to recurrence can be demonstrated, some provoked 
seizures, febrile seizures, and the  ‘ early seizures ’  after 
acute brain injury.  

  Epilepsy  s yndrome 
 An epileptic syndrome is defi ned as  ‘ an epileptic disorder 
characterized by a cluster of signs and symptoms 
customarily occurring together ’  (see    chapter 3 ). Different 
syndromes have different prognoses and require different 
treatment approaches. They are commonly diagnosed in 
children (and indeed up to 70% of childhood epilepsy 
may be categorized into epilepsy syndromes) but more 
rarely so in adult epilepsy.  

  Status  e pilepticus 
 This is defi ned as a condition in which epileptic seizures 
continue, or are repeated without recovery, for a period 
of 30 minutes or more. This is the maximal expression of 
epilepsy, and often requires emergency therapy (see 
   chapter 9 ). There are physiological and neurochemical 
changes that distinguish status epilepticus from ordinary 
epileptic seizures. Recent debate has revolved around 
the minimum duration of seizures necessary to defi ne 
this condition, with suggestions ranging from 10   min 
to 60   min; the usual 30   min is to some extent a com-
promise. As with the defi nitions of epilepsy and of 
epileptic seizures, there is a range of boundary conditions 
associated with status epilepticus that do not fall easily 
into the simple clinical defi nitions.  
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has been present for at least 3 months; and idiopathic, 
where the cause is not known. This classifi cation has been 
severely criticized and is, in the view of the author, of 
little value and should not now be used.    

  Frequency and  p opulation  f eatures 
of  e pilepsy 

 Epilepsy is a common condition. Its incidence is in 
the region of 80 cases per 100   000 persons per year, with 
different studies showing rates varying between 50 and 
120 per 100   000 per year. Its point prevalence is about 
4 – 10 cases per 1000 persons. The prevalence is higher in 
developing countries, perhaps due to poorer perinatal 
care and standards of nutrition and public hygiene, and 
the greater risk of brain injury, cerebral infection and 
congenital/developmental disorders The frequency of 
epilepsy is also slightly higher in lower socioeconomic 
classes. However, more striking than any differences in 
frequency is the fact that epilepsy occurs in all parts of 
the world and can affect all strata in a population. Males 
may be slightly more likely to develop epilepsy than 
females, and there are no differences in rate in large 
ethnic populations. The incidence of seizures is age 
dependent, with the highest rates in the fi rst year of life 
and a second peak in late life (Figure  1.1 ). About 40% of 
patients develop epilepsy below the age of 16 years and 
about 20% over the age of 65 years. In recent times, the 
rate in children has been falling, possibly owing to better 

     Figure 1.1     Age - specifi c incidence rates based on combined 
results from studies in the USA, Iceland and Sweden.  
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     Figure 1.2     Proportion of patients in 5 - year remission by years 
after diagnosis of epilepsy (fi gures based on four population -
 based studies).  
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  Table 1.1    The characteristics of epilepsy in a population 
of 1000   000 people (approximate estimates). 

   Incident cases  (new cases each year)  
  Febrile seizures (annual incidence rate 50/100   000)    500  
  Single seizures (annual incidence rate 20/100   000)    200  
  Epilepsy (annual incidence rate 50/100   000)    500  

   Prevalent cases  (cases with established epilepsy)      
  Active epilepsy (prevalence rate 5/1000)    5000  
  Epilepsy in remission    15   000  

   Severity of cases  (in patients taking antepileptic drugs; 
seizures in previous year) (%)  
  More than one seizure per week    10  
  Between one seizure per week and one per year    40  
  No seizures    50  

   Type of seizure  (%)  
  Partial seizures alone    15  
  Partial and secondarily generalized    60  
  Generalized tonic – clonic    20  
  Other generalized seizures    5  

   Medical care required  (in prevalent cases) (%)  
  Occasional medical attention    65  
  Regular medical attention    30  
  Residential or institutional care    5  
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     Mortality of  e pilepsy 
 Standardized mortality rates are also two to three times 
higher in patients with epilepsy than in others in the popu-
lation. The excess mortality is due largely to the underly-
ing cause of the epilepsy. However, some deaths are 
directly related to seizures and there are higher rates of 
accidents, sudden unexpected deaths and suicides among 
patients with epilepsy when compared with the general 
population. The rates of death are highest in the fi rst few 
years after diagnosis, refl ecting the underlying cerebral 
disease (tumour, stroke, etc.). In chronic epilepsy, the 
more severe the epilepsy, the higher the mortality rate, an 
excess due largely to sudden unexpected death in epilepsy 
(SUDEP), and rates of SUDEP range from about one 
death per 2500 person - years in mild epilepsy to one death 

public health and living standards and better perinatal 
care. Conversely, the rate in elderly people is rising largely 
due to cerebrovascular disease.   

 An isolated (fi rst and only) seizure occurs in about 20 
people per 100   000 each year. The cumulative incidence 
of epilepsy  –  the risk of an individual developing epilepsy 
in his or her lifetime  –  is between 3 and 5%. The fact that 
prevalence is much lower than cumulative incidence 
demonstrates that in many cases epilepsy remits. In fact 
the prognosis is generally good and, within 5 years of the 
onset of seizures, 50 – 60% of patients will have entered 
long remission (Figure  1.2 ). However, in about 20% of 
cases, epilepsy, once developed, never remits. Fertility 
rates are reduced by about 30% in women with epilepsy 
(see    pp. 136 – 137 ).   

  Table 1.2    The main aetiological categories of epilepsy and an estimate of their approximate relative frequency. 

   Main category     Subcategory     Subcategory     Frequency (%)  a    

  Idiopathic epilepsy        Pure epilepsies due to single gene disorders     < 1  
  Pure epilepsies with complex inheritance  b      10 – 20  

  Symptomatic epilepsy    Predominately genetic or 
developmental causation  

  Severe childhood epilepsy syndromes     < 1  
  Progressive myoclonic epilepsies     < 1  
  Neurocutaneous syndromes     < 1  
  Other neurological single gene disorders     < 1  
  Disorders of chromosome function     < 1  
  Developmental anomalies of cerebral structure  c       < 5  

  Predominately acquired 
causation  

  Hippocampal sclerosis    10 – 30  
  Perinatal and infantile causes    5  
  Cerebral trauma    5 – 10  
  Cerebral tumour    5 – 10  
  Cerebral infection     < 5  
  Cerebrovascular disorders  d      10 – 30  
  Cerebral immunological disorders     < 5  
  Degenerative and other neurological conditions     < 5  

  Provoked epilepsy        Provoking factors  e       < 10  
  Refl ex epilepsies     < 5  

  Cryptogenic epilepsies            20 – 40  

    a Figures adjusted to account for the increased identifi cation of hippocampal sclerosis/genetic disorders/congenital 
malformations possible with modern neuroimaging and genetics, which were not available to most of the population - based 
studies.  
   b Idiopathic generalized epilepsies and benign partial epilepsies.  
   c Including cortical dysplasias and other congenital cerebral malformations.  
   d Ischaemic (approximately 80%) and haemorrhagic (approximately 20%).  
   e Provoking factors play a role in many epilepsies, but the fi gure here is an estimate of the proportion of cases in which 
provoking factors are the predominant cause.   
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per 100 person - years among those with severe and 
intractable epilepsy. Life expectancy estimates at a popula-
tion level have recently been calculated, showing a reduc-
tion of expectancy in idiopathic/cryptogenic epilepsy 
of up to 2 years and in symptomatic epilepsy of up to 
10 years.  

  Features of  e pilepsy in a  p opulation 
 Table  1.1  shows an approximate breakdown of epilepsy 
in a typical western population of 1000   000 people. 
This gives some indication of the burden of epilepsy. In 
populations of patients on therapy for epilepsy, about 
two - thirds had  ‘ mild epilepsy ’  (i.e. seizures less than once 
a month) that required only minor medical input, and 
50% had no seizures in the prior 12 months. However, 
about 5 – 10% had seizures at a greater than weekly 
frequency, required frequent medical attention for their 
epilepsy and incurred signifi cant medical costs.   

 As mentioned above, almost every brain disorder can 
cause epileptic seizures and aetiology differs greatly in 
different populations, geographical locations and differ-
ent age groups. The aetiologies of epilepsy are described 
in    Chapter 4 . The main aetiological categories of epilepsy 
and their approximate frequency in a typical western 
population are given in Table  1.2 .   

 About a third to half of children and about a fi fth of 
adults with epilepsy have additional learning disabilities. 

Epilepsy occurs in about 20% of those with learning 
disability (7 – 18% of those with intelligence quotients 
[IQs] rated between 50 and 70, and 35 – 44% in those with 
IQ ratings  < 50), equating to a prevalence rate of 1.2 per 
1000. Of adults with newly diagnosed epilepsy, 18% show 
additional dementia, 6% motor disabilities (usually 
hemiplegia due to stroke) and 6% severe psychiatric 
disorders. About 1 in 15 with epilepsy is dependent 
on others for daily living because of epilepsy and the 
associated handicaps. In terms of direct medical care 
costs, epilepsy accounts for about 0.25% of general 
practitioner costs, 0.63% of hospital costs and 0.95% of 
pharmaceutical costs in the UK National Health Service. 
Epilepsy results in social exclusion and isolation, and 
causes problems in education, employment, personal 
development, personal relationships and family life, and 
dependency. These secondary handicaps are to a large 
extent culturally determined. Taking a broad brush, the 
World Health Organization (WHO) has estimated that 
epilepsy causes 6.4 million disability - adjusted life - years 
(DALYs) and 1.32 million years of life lost (YLL) world-
wide, second among neurological diseases only to stroke 
and dementia in its impact. Stigmatization of patients 
with epilepsy is common, and social attitude change 
would alleviate many of the problems encountered by 
patients with epilepsy; this is as important as any medical 
therapy.      
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  2    Seizure Type and Anatomical 
Location of Seizures     

   Seizure  t ype 

 Epilepsy is a variable condition, and one way of describ-
ing and categorizing the multifarious forms is to consider 
the seizure type  –  the clinical and electroencephalo-
graphic (EEG) forms of the seizures themselves. 

 The International League Against Epilepsy (ILAE) has 
systematized the process of description by formulating a 
seizure type classifi cation. The fi rst ILAE classifi cation of 
seizure type was proposed in 1964 and accepted in 1969, 
and since then there have been several revisions (the most 
infl uential in 1981). This is the most widely accepted 
classifi cation of epilepsy and has been the bedrock of 
epilepsy description over the last 50 years. The ILAE clas-
sifi cation uses only two criteria  –  the clinical form of the 
seizure and the EEG abnormality  –  and is this an entirely 
descriptive classifi cation, with few pretensions. 

 The 1981 ILAE classifi cation divides seizures into gen-
eralized and partial categories (Table  2.1 ). Generalized 
seizures are those that arise from large areas of the cortex 
in both hemispheres, and in which consciousness is 
always lost. Generalized seizures are subdivided into 
seven categories. Partial seizures are those that arise in 
specifi c, often small, loci of cortex in one hemisphere. 
They are divided into simple partial seizures, which occur 
without alteration of consciousness, and complex partial 
seizures, in which consciousness is impaired or lost.   

 A secondarily generalized seizure is a seizure with a 
partial onset (the aura) that spreads to become a general-
ized attack. Simple partial seizures may spread to become 
complex partial seizures and either can spread to become 
secondarily generalized. Although this is a classifi cation 
based entirely on clinical and EEG phenomenology, it 
should be realized that some of the generalized seizure 

types occur only in specifi c types of epilepsy, and this is 
discussed further below. Partial seizures invariably imply 
focal brain pathology, although this may not necessarily 
be demonstrated by conventional clinical investigation. 

 About two - thirds of newly diagnosed epilepsies are 
partial and/or secondarily generalized. 

 The limitations of a classifi cation based only on clinical 
and EEG appearance should not be underestimated, 
and the current classifi cation is inadequate for many 
clinical and research purposes. The more recent ILAE 
Classifi cation of the Epilepsies and Epileptic Syndromes 
was devised to be more comprehensive, but is in fact 
hardly used in routine practice (see    pp. 19 – 21 ). There 
have been other criticisms of the ILAE Classifi cation of 
Seizure Type. The subdivision of partial seizures on the 
basis of consciousness is criticized because of the diffi -
culty of deciding in many cases whether or not con-
sciousness is altered. Many seizures do not fi t well into 
any of the categories. Treatment can greatly modify the 
clinical form. With advances in imaging and neurophysi-
ology, it has become clear that some generalized seizures 
do in fact have underlying focal brain disorders. 
Conversely some partial seizures are underpinned by a 
large neuronal network akin to that of some generalized 
epilepsies and hardly justify the term  ‘ focal ’ . In this book, 
devoted to therapy, a damning criticism of the classifi ca-
tion is that, as a general rule, the seizure type classifi cation 
does not help in choosing treatment or defi ning progno-
sis. There are obvious exceptions (e.g. the use of valproate 
or ethosuximide in generalized absence attacks) but the 
lack of treatment specifi city for individual categories is 
striking. 

 The ILAE classifi cations of seizure type and of the 
epilepsies and epileptic syndromes are currently 
undergoing revision and are increasingly challenged by 
alternative systems. However, the main value of the ILAE 
Classifi cation of Seizure Type lies in its widespread 
clinical acceptance and, in spite of all its problems, this 
classifi cation has become adopted universally in clinical 
practice. 

Handbook of Epilepsy Treatment, Third Edition         Simon Shorvon

© 2010 Simon Shorvon.  ISBN: 978-1-405-19818-9
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  Partial  s eizures 
  Simple  p artial  s eizures 
 Simple partial seizures are defi ned as partial seizures in 
which consciousness is not impaired. They are due to 
focal cerebral disease. Any cortical region may be affected, 
the most common sites being the frontal and temporal 
lobes. The symptomatology is useful in predicting 
the anatomical localization of the seizures. The form of 
the seizures usually has no pathological specifi city. Partial 
seizures occur at any age. Most simple partial seizures 
last only a few seconds. 

  Motor  m anifestations 
 The most common manifestations are jerking (clonus), 
spasm or posturing. These occur in epilepsies arising in 
frontal or central regions, although they can also occur 
with spread of the epileptic discharges from other regions. 

  Table 2.1    The 1981 International League Against 
Epilepsy ( ILAE ) Classifi cation of Seizure Type. 

     I     Partial (focal, local) seizures  
  A     Simple partial seizures  

  1     With motor signs  
  2     With somatosensory or special sensory symptoms  
  3     With autonomic symptoms or signs  
  4     With psychic symptoms    

  B     Complex partial seizures  
  1     Simple partial onset followed by impairment of 

consciousness  
  2     With impairment of consciousness at onset    

  C     Partial seizures evolving to secondarily generalized 
seizures (tonic – clonic, tonic or clonic)  
  1     Simple partial seizures evolving to generalized 

seizures  
  2     Complex partial seizures evolving to generalized 

seizures  
  3     Simple partial seizures evolving to complex partial 

seizures evolving to generalized seizures      
  II     Generalized seizures (convulsive and non - convulsive)  

  A     Absence seizures  
  1     Absence seizures  
  2     Atypical absence seizures    

  B     Myoclonic seizures  
  C     Clonic seizures  
  D     Tonic seizures  
  E     Tonic – clonic seizures  
  F     Atonic seizures (astatic seizures)    

  III     Unclassifi ed epileptic seizures     

The clonic jerks can spread from one part of the body to 
another (the so - called jacksonian march) as the focal 
discharges spread along the motor cortex of the brain. 
Speech arrest occurs if the simple partial seizure involves 
the speech areas, and anarthria, dysarthria or choking 
sensations can occur in seizures involving areas of the 
brain involved with muscles of articulation. 

 Turning (known usually as  ‘ version ’ ) of the head or 
eyes, or less commonly rotation of the whole body, can 
occur in epilepsy arising in many cortical areas. It is of 
little localizing value unless it is the fi rst symptom in a 
seizure and in full consciousness, in which case the 
epilepsy arises usually from the contralateral anterior 
frontal lobe. 

 Todd ’ s paralysis (or paresis) is a term used to refer to 
a reversible unilateral weakness that occurs after a 
partial seizure involving the motor cortex. It can last 
minutes or hours, but is never prolonged beyond 
24 hours (prolonged paralysis indicates that cortical 
damage has occurred, unrelated to epilepsy itself). The 
occurrence of Todd ’ s paralysis has reliable localizing 
value, indicating that the epilepsy arises in the contra-
lateral motor cortex.  

  Somatosensory or  s pecial  s ensory  m anifestations 
( s imple  h allucinations) 
 These take the form of tingling or numbness, or less com-
monly as an electrical shock - like feeling, burning, pain or 
a feeling of heat. The epileptic focus is usually in the 
central or parietal region, although similar symptoms 
occur with spread from epileptic foci in other locations. 
Simple visual phenomena such as fl ashing lights and 
colours occur if the calcarine cortex is affected. A rising 
epigastric sensation is the most common manifestation of 
a simple partial seizure arising in the mesial temporal lobe.  

  Autonomic  m anifestations 
 Autonomic symptoms such as changes in skin colour, 
blood pressure, heart rate, pupil size and piloerection 
can be isolated phenomena in simple partial seizures, 
but more commonly are a component of generalized 
or complex partial seizures of frontal or temporal 
origin.  

  Psychic  m anifestations 
 Psychic simple partial seizures can take various forms, 
and are more common in complex partial than in simple 
partial seizures. They can occur in epilepsy arising from 
a temporal, frontal or parietal focus. There are six prin-
cipal categories: 
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 The scalp EEG, both interictally and also during a 
simple partial seizure, is often normal, because the epi-
leptic disturbance is too small or too deep to be detected 
by the scalp electrodes. If an interictal abnormality is 
present, it will take the form of spikes, sharp waves, focal 
slow activity or suppression of normal rhythms. Before 
the seizure, the interictal EEG may show a sudden reduc-
tion in the frequency of interictal spike or sharp waves. 
Ictal abnormalities can take the form of rhythmic theta 
activity, focal spike – wave activity or runs of fast activity 
(13 – 30   Hz).   

  Complex  p artial  s eizures 
 Complex partial seizures arise from the temporal lobe in 
about 60% of cases, the frontal lobe in about 30% and 
other cortical areas in about 10% of cases. The clinical 
features refl ect the anatomical site of onset of the sei-
zures, and the clinical features characteristic of specifi c 
sites of onset are described on    pp. 12 – 18 . Complex partial 
seizures vary considerably in duration. In one series of 
temporal lobe epilepsy, the ictal phase lasted 3 – 343 
seconds (mean 54   s), the postictal phase 3 – 767   s and the 
total seizure duration 5 – 998   s (mean 128   s), although 
longer seizures (occasionally lasting hours) are some-
times encountered. 

 Complex partial seizures of temporal or frontal lobe 
origin can have three components. 

  Auras 
 These are equivalent to simple partial seizures, and can 
take any of the forms described above. The aura is usually 
short - lived, lasting a few seconds or so, although in rare 
cases a prolonged aura persists for minutes, hours or even 
days. Many patients experience isolated auras as well as 
full - blown complex partial seizures.  

  Altered  c onsciousness 
 This follows the aura or evolves simultaneously. The 
altered consciousness takes the form of an absence and 
motor arrest, during which the patient is motionless and 
inaccessible, and appears vacant or glazed (the so - called 
 ‘ motionless stare ’ ). Sometimes there are no outward 
signs at all, and at other times there may be associated 
spasms, posturing or mild tonic jerking.  

  Automatisms 
 Automatisms are defi ned as involuntary motor actions 
that occur during or in the aftermath of epileptic seizures, 
in a state of impaired awareness. The patient is totally 
amnesic for the events of the automatism. Sometimes 

  1      Dysphasic symptoms  occur if cortical speech areas 
(frontal or temporoparietal) are affected. Speech usually 
ceases or is severely reduced, and postictal dysphasia is a 
very reliable sign localizing the seizure discharge to the 
dominant hemisphere. Repetitive vocalization with 
formed words may occur during a complex partial seizure 
of origin in the non - dominant temporal lobe. Palilalia 
can occur in epilepsy arising in the dominant hemi-
sphere. Dysphasia should be distinguished where possible 
from anarthria (speech arrest), which suggests a fronto-
central origin.  
  2      Dysmnestic symptoms  (disturbance of memory) 
may take the form of fl ashbacks, d é j à  vu, jamais vu or 
panoramic experiences (recollections of previous experi-
ences, former life or childhood), and are most common 
in mesial temporal lobe seizures. However, similar symp-
toms also occur in inferior frontal or lateral temporal 
lobe seizures. The epileptic d é j à  vu is distinguished from 
the non - epileptic form by its intensity and its association 
with a sense of dreaminess and detachment.  
  3      Cognitive symptoms  include dreamy states and sensa-
tions of unreality or depersonalization, and occur 
primarily in temporal lobe seizures.  
  4      Affective symptoms  include fear (the most common 
symptom), depression, anger and irritability. Elation, 
erotic thoughts, serenity or exhilaration may occur. 
Affective symptomatology is most commonly seen with 
mesial temporal lobe foci. Laughter (without mirth) is a 
feature of the automatism of seizures (known as gelastic 
seizures) which arise in frontal areas, and are a consistent 
feature of the epilepsy associated with hypothalamic 
hamartomas.  
  5      Illusions  of size (macropsia, micropsia), shape, weight, 
distance or sound are usually features of temporal or 
parieto - occipital epileptic foci.  
  6      Structured hallucinations  of visual, auditory, gustatory 
or olfactory forms, which can be crude or elaborate, are 
usually due to epileptic discharges in the temporal or 
parieto - occipital association areas. Hallucinations of 
taste, usually an unpleasant taste, are usually a symptom 
of temporal lobe epilepsy. Visual hallucinations can vary 
greatly in sophistication from simple colours or fl ashing 
lights in epilepsy arising in the calcarine cortex to complex 
visual perceptual hallucinations in posterior temporal 
association areas. Auditory hallucinations also vary in 
complexity, and most commonly occur in seizures arising 
in Herschel gyrus. Vertigo is a common perceptual change 
in temporal lobe epilepsy and, unlike vertigo of vestibular 
origin, epileptic vertigo is rarely associated with nausea 
and is usually not severe or incapacitating.    
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and more or less symmetrical, and the EEG patterns are 
bilateral and grossly synchronous and symmetrical over 
both hemispheres. 

  Typical  a bsence  s eizures ( p etit  m al  s eizures) 
 The seizure comprises an abrupt loss of consciousness 
(the absence) and cessation of all motor activity. Tone is 
usually preserved, and there is no fall. The patient is not 
in contact with the environment, is inaccessible and often 
appears glazed or vacant. The attack ends as abruptly as 
it starts, and previous activity is resumed as if nothing 
had happened. There is no confusion, but the patient is 
often unaware that an attack has occurred. Most absence 
seizures ( > 80%) last less than 10   s. Other clinical phe-
nomena including blinking, slight clonic movements of 
the trunk or limbs, alterations in tone and brief auto-
matisms can occur, particularly in longer attacks. The 
attacks can be repeated, sometimes hundreds of times a 
day, often cluster and are often worse when the patient is 
awakening or drifting off to sleep. 

 Absences may be precipitated by fatigue, drowsiness, 
relaxation, photic stimulation or hyperventilation. 
Typical absence seizures develop in childhood or adoles-
cence and are encountered almost exclusively in the 
syndrome of idiopathic generalized epilepsy (see    pp. 
22 – 24 ). Variations from this typical form include the 
myoclonic absence, and absence with perioral myoclonia 
or eyelid myoclonia. Whether or not these are distinct 
entities is controversial (see    pp. 22 – 23 ). 

 The EEG during a typical absence has a very striking 
pattern. A regular, symmetrical and synchronous 3   Hz 
spike – wave paroxysm is the classic form, although in 
longer attacks and in older patients the paroxysms may 
not be entirely regular and frequencies vary between 
2 and 4   Hz. The interictal EEG has normal background 
activity and there may be intermittent short - lived 
bursts of spike – wave. These spike – wave paroxysms can 
frequently be induced by hyperventilation and less 
commonly by photic stimulation. 

 The features useful in differentiating a complex partial 
seizure and a typical absence are shown in Table  2.2 .    

  Atypical  a bsence  s eizures 
 Atypical absence seizures, similar to typical absence 
seizures, take the form of loss of awareness (absence) and 
hypomotor behaviour. They differ from typical absences 
in clinical form, EEG, aetiology and clinical context 
(Table  2.3 ). Their duration is longer, loss of awareness is 
often incomplete and much less marked, and associated 
tone changes are more severe than in typical absence 

the actions have purposeful elements, are affected by 
the environment and can involve quite complex activity. 
Automatisms should be distinguished from postictal 
confusion. Automatisms are most common in temporal 
and frontal lobe seizures. They are usually divided into: 
   •      Oroalimentary:     orofacial movements such as chewing, 
lip smacking, swallowing or drooling. These are most 
common in partial seizures of mesial temporal origin.  
   •      Mimicry:     including displays of laughter or fear, anger 
or excitement.  
   •      Gestural:     fi ddling movements with the hands, tapping, 
patting or rubbing, ordering and tidying movements. 
Complex actions such as undressing are quite common, 
as are genitally directed actions. These too are most 
common in temporal lobe epilepsy.  
   •      Ambulatory automatisms:     walking, circling, running.  
   •      Verbal automatisms:     meaningless sounds, humming, 
whistling, grunting, words that may be repeated, formed 
sentences. If these occur in temporal lobe epilepsy, it 
indicates that the epilepsy is arising in the non - 
dominant lobe.  
   •      Responsive automatisms:     quasi - purposeful behaviour, 
seemingly responsive to environmental stimuli.  
   •       Violent behaviour  can occur in an automatism, and is 
best considered as a response in an acutely confused 
person. It is especially likely if the patient is restrained. 
The violent actions of the epileptic automatism are never 
premeditated, never remembered, never highly coordi-
nated or skilful, and seldom goal directed; these are useful 
diagnostic features in a forensic context.    

 In about 10 – 30% of seizures, the scalp EEG is 
unchanged and, in the rest, runs of fast activity, localized 
spike – wave complexes, spikes or sharp waves or 
slow activity may occur, or the EEG may simply show 
fl attening (desynchronization). The patterns can be focal 
(indicating the site or origin of the seizure), lateralized, 
bilateral or diffuse.   

  Partial  s eizures  e volving to  s econdarily 
 g eneralized  s eizures 
 Partial seizures (simple, complex or simple evolving to 
complex) may spread to become generalized. The partial 
seizure is often experienced as an aura in the seconds 
before the generalized seizure. The generalized seizure 
usually takes a tonic – clonic form.   

  Generalized  s eizures 
 Consciousness is almost invariably impaired from the 
onset of the attack (owing to the extensive cortical and 
subcortical involvement), motor changes are bilateral 
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  Table 2.2    Clinical features that help differentiate typical absence seizures from complex partial seizures. 

        Typical absence seizure     Complex partial seizure  

  Age of onset    Childhood or early adult    Any age  
  Aetiology/syndrome    Idiopathic generalized epilepsy    Any focal aetiology (or cryptogenic epilepsy)  
  Underlying focal anatomical lesion    None    Limbic structures, neocortex  
  Duration of attack    Short (usually  < 10   s)    Longer, usually several minutes  
  Other clinical features    Slight (blinking, nodding or 

mild loss of tone)  
  Can be prominent, including aura, 

automatism  
  Patient aware that an attack has occurred    Often not    Almost always  
  Postictal    None    Confusion, headache, emotional disturbance 

are common  
  Frequency    May be very numerous 

(hundreds a day) and cluster  
  Usually less frequent  

  Ictal and interictal EEG    3   Hz spike – wave    Variable focal disturbance  
  Photosensitivity    10 – 30%    None  
  Effect of hyperventilation on EEG    Often marked increase    None, modest increase  

  Table 2.3    Clinical features that help differentiate typical and atypical absence seizures. 

        Typical absence seizure     Atypical absence seizure  

  Context    No other neurological signs or symptoms    Usually in context of learning diffi culty, and other 
neurological abnormalities  

  Aetiology    Idiopathic generalized epilepsy    Lennox – Gastaut syndrome and other secondarily 
generalized and cryptogenic generalized epilepsies  

  Consciousness    Totally lost    Often only partially impaired  
  Focal signs in seizures    Nil    May be present  
  Onset/offset of seizures    Abrupt    Often gradual  
  Coexisting seizure types    Sometimes tonic – clonic and myoclonic    Mixed seizure disorder common, all seizure types  

seizures. The onset and cessation of the attacks are not so 
abrupt. Amnesia may not be complete and the patient 
may be partially responsive. The patient appears 
relatively inaccessible, may be ambulant although often 
stumbling or clumsy and needing guidance or support, 
and there can be atonic, clonic or tonic phenomena, 
autonomic disturbance and automatism. The attacks can 
wax and wane and can be of long duration.   

 The ictal EEG shows usually diffuse but often 
asymmetrical and irregular spike – wave bursts at 2 – 2.5   Hz, 
and sometimes fast activity or bursts of spikes and 
sharp waves. The background interictal EEG is usually 
abnormal, with continuous slowing, spikes or irregular 
spike – wave activity, and the ictal and interictal EEGs may 
be similar. The seizures are often not induced by hyper-
ventilation or photic stimulation. 

 Atypical absences occur in the symptomatic epilepsies, 
and are usually associated with learning disability, other 
neurological abnormalities or multiple seizure types. 
They form part of the Lennox – Gastaut syndrome and 
may occur at any age.  

  Myoclonic  s eizures 
 A myoclonic seizure is a brief contraction of a muscle, 
muscle group or several muscle groups due to a cortical 
discharge. It can be single or repetitive, varying in severity 
from an almost imperceptible twitch to a severe jerking 
resulting, for example, in a sudden fall or the propulsion 
of hand - held objects (the  ‘ fl ying saucer ’  syndrome). 
Recovery is immediate, and the patient often maintains 
that consciousness was not lost. During a myoclonic 
jerk, the electromyogram shows biphasic or polyphasic 
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tonic contraction causes the following: extension of the 
neck; contraction of the facial muscles, with the eyes 
opening widely; upturning of the eyeballs; contraction of 
the muscles of respiration; and spasm of the proximal 
upper limb muscles, causing the abduction and elevation 
of the semifl exed arms and the shoulders. If the tonic 
contractions spread distally, the arms rise up and are held 
as if defending the head against a blow, and the lower 
limbs become forcibly extended or contracted in triple 
fl exion. There may be a cry followed by apnoea. The 
spasm may fl uctuate during the seizure, causing head 
nodding or slight alterations in the posture of the 
extended limbs, and autonomic changes can be marked. 
Tonic seizures last less than 60   s. 

 The ictal EEG may show fl attening (desynchroniza-
tion), fast activity (15 – 25   Hz) with increasing amplitude 
(to about 100   mV) as the attack progresses, or a rhythmic 
10   Hz discharge similar to that seen in the tonic phase of 
the tonic – clonic seizure. On a scalp recording, however, 
the ictal EEG changes are often obscured by artefact from 
muscle activity and movement. The interictal EEG is 
seldom normal, usually showing generalized changes. 

 Tonic seizures occur at all ages in the setting of diffuse 
cerebral damage and learning disability, and are invari-
ably associated with other seizure types. Tonic seizures 
are the characteristic and defi ning seizure type in the 
Lennox – Gastaut syndrome, and this is their usual clinical 
setting. They should be differentiated from partial motor 
seizures, which can also show predominantly tonic fea-
tures, and from partially treated tonic – clonic seizures.  

  Tonic –  c lonic  s eizures ( g rand  m al  s eizures) 
 This is the classic form of epileptic attack, the  ‘ convulsion ’  
or  ‘ fi t ’  that typifi es epilepsy in the public imagination. 
It has a number of well - defi ned stages. It is sometimes 
preceded by a prodromal period during which an attack 
is anticipated, often by an ill - defi ned vague feeling or 
sometimes more specifi cally, e.g. by the occurrence of 
increasing myoclonic jerking. If an aura then occurs (in 
fact a simple or complex partial seizure) in the seconds 
before the full - blown attack, this indicates that the tonic –
 clonic seizure is secondarily generalized. The seizure is 
initiated by loss of consciousness, and sometimes the epi-
leptic cry. The patient will fall if standing, there is a brief 
period of tonic fl exion, and then a longer phase of rigidity 
and axial extension, with the eyes rolled up, the jaw 
clamped shut, the limbs stiff, adducted and extended, and 
the fi sts either clenched or held in the main d ’ accoucher 
position. Respiration ceases and cyanosis is common. 
This tonic stage lasts on average 10 – 30   s and is followed 

potentials of 20 – 120   ms in duration followed by tonic 
contraction or hypotonia. Myoclonus can be induced by 
action, noise, startle, photic stimulation or percussion. 

 Myoclonic seizures occur in very different types of 
epilepsy. They are one of the three seizure types in the 
syndrome of Idiopathic Generalized Epilepsy (the other 
two being absence and tonic – clonic seizures) and in this 
syndrome the myoclonus usually has a strong diurnal 
pattern, occurring mainly in the fi rst few hours after 
waking or when dropping off to sleep. Myoclonic seizures 
also occur in the epileptic encephalopathies (e.g. the 
Lennox – Gastaut syndrome) and in epilepsy associated 
with other forms of childhood myoclonic encephalopa-
thy. Focal myoclonus is a feature of focal occipital lobe 
epilepsy and epilepsy arising in the central areas (and if 
continuous is named epilepsia partialis continua). 
Generalized myoclonus can also occur in symptomatic 
epilepsies due to cerebral anoxia, cerebral infections, 
hereditary or acquired metabolic disease, drugs, toxins 
or poisoning. Myoclonus is also the major seizure type 
in the progressive myoclonic epilepsies. Epileptic myoc-
lonus needs to be differentiated from non - epileptic 
myoclonus of spinal and subcortical origin. 

 The ictal EEG usually shows a generalized spike, 
spike – wave or polyspike – wave discharge, which is often 
asymmetrical or irregular, and frequently has a frontal 
predominance. The cortical origin of some myoclonic 
jerks can, however, be detected only on back averaging 
of the EEG. The interictal EEG varies with the cause, 
being usually normal in idiopathic generalized epilepsy, 
and abnormal in other types of myoclonic epilepsy 
showing generalized changes.  

  Clonic  s eizures 
 Clonic seizures consist of clonic jerking that is often 
asymmetrical and irregular. Clonic seizures are most 
frequent in neonates, infants or young children, and are 
always symptomatic. In older children and adults, tonic -
 clonic seizures can be modifi ed by therapy to take the 
form of a clonic seizure. The EEG may show fast activity 
(10   Hz), fast activity mixed with larger - amplitude slow 
waves, or more rarely polyspike – wave or spike – wave 
discharges. These should not be confused with bilateral 
clonic jerking (with or without loss of consciousness, 
even if involving all four limbs), which is a form of partial 
seizure arising in the frontal lobe.  

  Tonic  s eizures 
 Tonic seizures take the form of a tonic muscle contraction 
with altered consciousness without a clonic phase. The 
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  Atonic  s eizures 
 The most severe form is the classic drop attack (astatic 
seizure) in which all postural tone is suddenly lost, 
causing collapse to the ground like a rag doll. The tone 
change can be more restricted, resulting, for example, in 
nodding of the head, a bowing movement or sagging 
at the knees. The seizures are short and followed by 
immediate recovery. Longer (inhibitory) atonic attacks 
can develop in a stepwise fashion with progressively 
increasing nodding, sagging or folding. 

 The seizures occur at any age, and are always associ-
ated with diffuse cerebral damage and learning disability, 
and are common in severe symptomatic epilepsies (espe-
cially in the Lennox – Gastaut syndrome and in myoclonic 
astatic epilepsy). 

 The ictal EEG shows irregular spike – wave, polyspike –
 wave, slow wave or low - amplitude fast activity, or a 
mixture of these, and may be obscured by movement 
artefact. The interictal EEG usually shows diffuse 
abnormalities.  

  Unclassifi able  s eizures 
 Up to a third of seizures in many clinical series are 
considered unclassifi able using the current ILAE classifi -
cation scheme, taking forms that do not conform to the 
typical clinical and EEG patterns described above.   

  The  c linical  c ontext of the  d ifferent 
 s eizure  t ypes 
 The clinical context of the different seizure types is 
summarized in Table  2.4 . It is also important to recognize 
that treatment can markedly modify the form of an epi-
leptic attack, and this can cause confusion. The seizures 
can be shortened, and the aura and the phasic nature of 
a prolonged seizure can be lost. Tonic – clonic seizures can, 
for example, be modifi ed and appear more like clonic or 
atonic attacks.     

  Classifi cation of  p artial  s eizures by 
 a natomical  s ite of  s eizure  o nset 

 From the point of view of epilepsy surgery, it is clearly 
imperative to have a classifi cation of partial seizures 
based on anatomical localization. Thus, various subclas-
sifi cations of partial seizures have been devised based on 
the anatomical site of seizure onset. About 60% of 
complex partial seizures have their origin in the temporal 
lobe and about 40% are extratemporal and, although less 
well studied, a similar pattern probably also applies in the 

by the clonic phase, during which convulsive movements, 
usually of all four limbs, jaw and facial muscles, occur; 
breathing can be stertorous and saliva (sometimes blood 
stained owing to tongue biting) may froth from the 
mouth. The convulsive movements decrease in frequency 
(eventually to about four clonic jerks per second), and 
increase in amplitude as the attack progresses. 

 Autonomic features such as fl ushing, changes in blood 
pressure, changes in pulse rate and increased salivation 
are common. The clonic phase lasts between 30 and 60   s 
and is followed by a further brief tonic contraction of all 
muscles, sometimes with incontinence. The fi nal phase 
lasts between 2 and 30   min and is characterized by fl ac-
cidity of the muscles. Consciousness is slowly regained. 
The plantar responses are usually extensor at this time 
and the tendon jerks are diminished. Confusion is invari-
able in the postictal phase. The patient often has a severe 
headache, feels dazed and extremely unwell, and often 
lapses into deep sleep. On awakening minutes or hours 
later, there may be no residual symptoms or, more com-
monly, persisting headache, dysthymia, lethargy, muscle 
aching and soreness (including stiffness of the jaw). 

 Tonic – clonic seizures can occur at any age and 
are encountered in many different types of epilepsy, 
including idiopathic generalized epilepsy, symptomatic 
generalized epilepsies, epileptic encephalopathies, and in 
various epilepsy syndromes, febrile convulsions and 
acute symptomatic seizures. They have no pathological 
specifi city. 

 The interictal EEG has a variable appearance, depend-
ing on the cause of the tonic – clonic seizures. During the 
tonic phase, the ictal EEG may show generalized fl attening 
(desynchronization). This is followed by low - voltage fast 
activity and then 10   Hz rhythms appear and increase in 
amplitude (recruiting rhythms). These are followed some 
seconds later by slow waves increasing in amplitude and 
decreasing in frequency from 3   Hz to 1   Hz. During the 
clonic phase, the slow waves are interrupted by bursts of 
faster activity (at about 10   Hz) corresponding to the clonic 
jerks and, as the phase progresses, the slow waves widen 
and these bursts become less frequent. With scalp record-
ings, however, these EEG patterns will often be obscured 
by artefact from muscle and movement. As the jerks cease, 
the EEG becomes silent and then slow delta activity 
develops. This persists for a variable period and the EEG 
background rhythms then slowly increase in frequency. 
Minutes or hours usually elapse before the EEG activity 
returns to normal. In patients with Idiopathic Generalized 
Epilepsy, the EEG in the preictal period may show increas-
ing abnormalities with spike – wave or spike paroxysms.  
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 Over - interpretation of the anatomical basis of symp-
toms should be avoided  –  and is responsible for many 
cases of expensive presurgical investigation and failed 
surgery. 

  Partial  s eizures  a rising in the 
 t emporal  l obe 
 Sixty per cent of partial seizures are said to arise in the 
temporal lobes, and these are an important target for 
surgical therapy. Having said this, the temporal lobe 
seizure is often based on an extended neural network, 
extending beyond the mesial temporal structures. As a 
result of this, subclassifi cation, e.g. into opercular, 
temporal polar, basal or limbic types, seems seldom to be 
valid or useful. The distinction into two categories  –  
mesial temporal and lateral temporal  –  is more widely 
accepted, even though symptomatology overlaps owing 
to rapid spread from lateral to mesial cortex (and vice 
versa) and because of the widely distributed nature of 
temporal lobe seizures. This categorization has some 
utility in clinical practice. 

  Epilepsy  a rising in the  m esial  t emporal  l obe 
( l imbic  e pilepsy) 
 The seizures take the form of simple or complex partial 
seizures. The simple partial seizures usually last for 
a matter of seconds only. The complex partial seizures 
typically evolve relatively gradually (compared with 
extratemporal seizures) over 1 – 2   min, have an indistinct 
onset with initially at least some retention of awareness, 
and last longer than most extratemporal complex 
partial seizures (2 – 10   min). The typical complex partial 
seizure of temporal lobe origin has three components 
(Table  2.5 ).   

  Aura 
 An aura can occur in isolation (in which case, the seizure 
is categorized as a  ‘ simple partial seizure ’ ) or it can be the 
initial manifestation of a complex partial seizure. 
Typically, auras of mesial temporal origin are made up 
of visceral, autonomic, cephalic, gustatory, dysmnestic or 
affective symptoms. The most common symptoms are a 
rising epigastric sensation (the most common), an abnor-
mal sense of taste (almost invariably unpleasant) or 
smell, d é j à  vu and a dreamy sensation. Fear is the most 
common affective symptom, although other complex 
emotional feelings occur. Common autonomic features 
in mesial temporal seizures include changes in skin 
colour (pallor or fl ushing), blood pressure, heart rate, 
pupil size and piloerection.  

case of simple partial seizures. Although the epilepsy 
arising in each region can have characteristic clinical fea-
tures, in practice the distinction is often blurred, owing 
to the non - specifi c nature of many epileptic symptoms 
and the tendency for seizures arising in one cortical area 
to spread rapidly to another. Of even more importance is 
the fact, often ignored in too facile a view of the anatomi-
cal basis of seizures, that some seizures have a very 
extended anatomical basis and arise simultaneously in 
different but connected structures. This is particularly 
true of limbic seizures (including some mesial temporal 
and frontal lobe seizures). To talk about strict anatomical 
localization in these seizures is fanciful and oversimplistic 
 –  and this is a mistake often made. 

  Table 2.4    The usual clinical contexts in which different 
seizure types occur. 

   Seizure type     Clinical context  

   Partial seizures   
  Simple, complex, 
secondarily generalized  

  Epilepsies due to any focal or 
multifocal cerebral 
pathology and in 
cryptogenic partial epilepsy  

   Generalized seizures   
  Typical absence seizures    Idiopathic generalized epilepsy  

  Atypical absence seizures    Lennox – Gastaut syndrome  

  Other severe cryptogenic or 
secondarily generalized 
epilepsies  

  Myoclonic seizures    Idiopathic generalized epilepsy  
  Progressive myoclonus 

epilepsies  
  Myoclonic epilepsy syndromes 

of childhood  
  Occasionally in focal occipital 

or frontal lobe epilepsies  

  Clonic, tonic, atonic    Lennox – Gastaut syndrome  
  Other epileptic 

encephalopathies  
  Occasionally in focal frontal 

or parietal lobe epilepsy  

  Tonic – clonic seizures    Epilepsy due to generalized or 
diffuse cerebral pathologies 
or in cryptogenic 
generalized epilepsy  



14  CHAPTER 2

  Automatisms 
 The automatisms of mesiobasal temporal lobe epilepsy 
are typically less violent than in frontal lobe seizures, and 
are usually oroalimentary (e.g. lip smacking, chewing, 
swallowing) or gestural (e.g. fumbling, fi dgeting, repeti-
tive motor actions, undressing, circling, walking, sexually 
directed actions, running), and sometimes prolonged. 
The automatisms are often unilateral, occurring ipsilater-
ally to the side of the seizure. Ipsilateral upper limb 
automatisms combined with contralateral upper limb 
tonic/dystonic spasm are a reliable and very useful lateral-
izing sign. 

 Postictal confusion and headache are common after a 
temporal lobe complex partial seizure, and if dysphasia 
occurs this is a useful lateralizing sign indicating seizure 
originating in the dominant temporal lobe. Amnesia is 
the rule for the absence and the automatism  –  and, if the 
patient can recall the automatism, the seizure must be 
arising outside the mesial structures, usually in the fontal 
cortex. Secondary generalization is much less common 
than in extratemporal lobe epilepsy. 

 The most common pathology underlying this type of 
epilepsy is hippocampal sclerosis (Ammon horn sclero-
sis, mesial temporal sclerosis). This is strongly associated 
(in about 50% of cases) with a history of febrile convul-
sions and the development of complex partial seizures in 
late childhood or adolescence. Other aetiologies include 
dysembryoplastic neuroepithelial tumours (DNETs), 
other benign tumours, arteriovenous malformations, 
cavernomas, gliomas, cortical dysplasias or gliotic damage 
as a result of encephalitis or head injury. Severe seizures, 
and especially status epilepticus, can also result in hip-
pocampal sclerosis. 

 The EEG in mesial temporal lobe epilepsy often shows 
anterior or mid - temporal spikes. Superfi cial or deep 
sphenoidal electrodes can assist in their detection in some 
cases. Other changes include intermittent or persisting 
slow activity over the temporal lobes. The EEG signs can 
be unilateral or bilateral. Modern magnetic resonance 
imaging (MRI) will frequently reveal the abnormality 
underlying the epilepsy.   

  Epilepsy  a rising in the  l ateral  t emporal  n eocortex 
 There is considerable overlap between the clinical and 
EEG features of mesial and lateral temporal lobe epilepsy, 
due presumably to rapid spread and dissemination of 
discharges between these two anatomical areas. However, 
differences in degree exist (Table  2.6 ). Simple auditory 
phenomena such as humming, buzzing, hissing and 
roaring may occur if the discharges occur in the superior 

  Table 2.5    Complex partial seizures of mesial temporal 
lobe origin. 

  Tripartite seizure pattern (aura, absence, automatism; 
although only one feature may be present in any 
individual)  

  Partial awareness commonly preserved, especially in early 
stages, and slow evolution of seizure  

  Auras common and include visceral, cephalic, gustatory, 
dysmnestic, affective, perceptual or autonomic phenomena  

  Dystonic posturing of the contralateral upper limb and 
ipsilateral automatisms common  

  In seizures arising in the dominant temporal lobe, speech 
arrest during the seizures and dysphasia postictally. In 
seizures involving non - dominant temporal lobe, speech 
or vocalizations during the seizure  

  Seizures typically last  > 2   min, with a slow evolution and 
gradual onset/offset  

  Autonomic changes (e.g. pallor, redness and tachycardia) 
common  

  Automatisms usually take an oroalimentary (lip smacking, 
chewing, swallowing) or gestural form (e.g. fumbling, 
fi dgeting, repetitive, motor actions, undressing, walking, 
sexually directed actions, walking, running), and are 
sometimes prolonged  

  Postictal confusion common  

  Seizures tend to cluster  

  Secondary generalization (to tonic – clonic seizure) 
infrequent  

  In patients with hippocampal sclerosis: 
   –      Past history of febrile convulsions  
   –      Onset in mid - childhood or adolescence  
   –      Initial response to therapy, lost after several years     

  Absence 
 Motor arrest or absence is prominent especially in 
the early stages of seizures arising in mesial temporal 
structures, and more so than in extratemporal lobe epi-
lepsy. The patient stops ongoing activity, looks blank and 
stares (the  ‘ motionless stare ’ ). A  ‘ dreamy ’  state is highly 
characteristic. Speech usually ceases or is severely reduced 
if the seizure is in the dominant temporal lobe. In the 
non - dominant lobe, speech may be retained throughout 
the seizure or meaningless repetitive vocalizations can 
occur.  
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  Partial  e pilepsy  a rising in  n on -  t emporal 
 l obe  s tructures 

  Epilepsy  a rising in the  f rontal  l obe 
 Seizures of frontal lobe origin can take the form of 
complex partial seizures, simple partial seizures and sec-
ondarily generalized attacks. About 30% of complex 
partial seizures arise in the frontal lobe. 

 The clinical and EEG features of the complex partial 
seizures overlap with those of temporal lobe origin, not 
least because of the rapid spread from seizure foci in the 
frontal lobe (especially the orbitofrontal cortex) to the 
mesial temporal lobe, and the widely distributed ana-
tomical location of some seizures. There are, however, 
several core features that are strongly suggestive of a 
frontal lobe origin (Table  2.7 ).   

 Typically, complex partial seizures of frontal lobe 
origin are frequent with a marked tendency to cluster. 
The attacks are brief, with a sudden onset and offset, 
without the gradual evolution of the temporal lobe 
seizure. Some types of frontal lobe seizure occur largely 
or exclusively during sleep, and in some patients the epi-
lepsy comprises frequent short nocturnal attacks (some-
times mistaken for parasomnias). The tripartite pattern 

temporal gyrus (Herschel gyrus), and olfactory sensa-
tions, which are usually unpleasant and diffi cult to defi ne, 
with seizures in the sylvian region. More complex 
hallucinatory or illusionary states are produced with 
seizure discharges in association areas, e.g. structured 
visual hallucinations, complex visual patterns, musical 
sounds and speech. Illusions of size (macropsia, microp-
sia), shape, weight, distance or sound can occur. 
A cephalic aura can also occur in focal temporal lobe 
seizures, although this is more typical of a frontal lobe 
focus. Affective, visceral or psychic auras are less common 
than in mesial temporal lobe epilepsy.   

 Lateral temporal lobe seizures typically have more 
motor activity, less prominent motor arrest and may 
more frequently secondarily generalize because of spread 
outside the temporal lobe. It is sometimes claimed 
that consciousness may be preserved for longer than in a 
typical mesial temporal seizure, but this distinction 
is seldom useful clinically. The automatisms can be 
unilateral and have more prominent motor manifesta-
tions than in mesial temporal lobe epilepsy. Postictal 
phenomena, amnesia for the attack and the psychiatric 
accompaniments are indistinguishable from those of the 
mesial temporal form. 

 There is usually a detectable underlying structural 
pathology, the most common being a glioma, angioma, 
cavernoma, hamartoma, DNET, other benign tumour, 
cortical dysplasia and post - traumatic change. There is 
no association with a history of febrile convulsions. 
The age of onset of the epilepsy will depend on the 
aetiology. 

 The interictal EEG often shows spikes over the tempo-
ral region, maximal over the posterior or lateral temporal 
rather than inferomesial electrodes. MRI will reliably 
demonstrate the other structural lesions responsible for 
the epilepsy.   

  Table 2.6    Complex partial seizures of lateral temporal lobe 
origin. 

  Features overlap with those of complex partial seizures of 
mesial temporal origin (see Table  2.5 ) with the following 
differences in emphasis: 
   •      Motor arrest and absence less prominent  
   •      Aura more likely to take the form of complex perceptual 

changes, visual or auditory hallucinations  
   •      Tonic posturing or jerking more common  
   •      More frequent secondary generalization     

  Table 2.7    Clinical features of complex partial seizures of 
frontal lobe origin that help differentiation from seizures 
of temporal lobe origin. 

  Frequent attacks with clustering  

  Brief stereotyped seizures ( < 30   s)  

  Nocturnal attacks common  

  Sudden onset and cessation, with rapid evolution 
and awareness lost at onset  

  Absence of complex aura  

  Version of head or eyes common  

  Prominent motor activity (posturing, jerking and 
tonic spasm)  

  Prominent complex bilateral motor automatisms involving 
lower limbs (can be bizarre and misdiagnosed as 
pseudoseizures)  

  Absence of postictal confusion  

  Frequent secondary generalization  

  History of status epilepticus  
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that the patient actually circles round. Drop attacks or 
freezing attacks are not uncommon in partial seizures 
arising especially mesially or anteriorly. Autonomic 
features are common in frontal lobe epilepsy, and may 
occasionally be an isolated manifestation of an epileptic 
focus. Dysphasia in frontal seizures is often accompanied 
by versive or clonic movements. In epileptic discharges 
from the perisylvian areas, the aphasia is often preceded 
by numbness in the mouth and throat, or salivation, 
swallowing or laryngeal symptoms. Mesial frontal 
foci can result in absence seizures which can be almost 
indistinguishable from generalized absences. Seizures 
arising in the dorsolateral convexity sometimes take 
the form of a sudden assumption of an abnormal 
posture (usually bilateral and asymmetrical) with or 
without loss of consciousness, lasting a second or two 
only and which cluster, with numerous attacks over a few 
minutes. 

 The scalp EEG in frontal lobe epilepsy is often rather 
disappointing. This is partly because the large area of 
frontal cortex is covered by relatively few scalp electrodes 
and also because much of the frontal cortex is hidden in 
sulci or on the medial or inferior surfaces of the frontal 
lobe which are distant from the dorsolaterally placed 
electrodes. Many frontal lobe seizures either fail to show 
a focus, or demonstrate only widespread and poorly 
localized foci. Apparently generalized irregular or bilat-
eral and synchronous spike – wave or polyspike discharges 
with anterior predominance can occur. Sometimes, the 
interictal and ictal EEGs show non - specifi c generalized 
slow activity only.  

  Epilepsy  a rising in the  c entral ( p eri -  r olandic)  r egion 
 The primary manifestations are motor or sensory 
(Table  2.8 ). The motor features can take the form 
of jerking, dystonic spasm, posturing or occasionally 
paralysis, often with clear consciousness (i.e. simple 
partial seizures). The jerking can affect any muscle group, 
usually unilaterally, the exact site depending on the part 
of the precentral gyrus involved in the seizure, and the 
jerks may  ‘ march ’  (the Jacksonian march) from one part 
of the body to another as the discharge spreads over the 
motor cortex. The seizure discharge may remain limited 
to one small segment for long periods of time, and when 
it does spread it is typically very slow (in contrast to the 
very fast spread in more anterior frontal lobe seizures). 
The clonic jerks consist of brief tetanic contractions of 
all the muscles that cooperate in a single movement. 
The seizures spread through the cortex, producing 
clonic movements according to the sequence of cortical 

of aura/absence/automatism is seldom as well defi ned in 
frontal lobe as in mesial temporal lobe complex partial 
seizures. A brief non - specifi c  ‘ cephalic aura ’  can occur, 
but not the rich range of auras of temporal lobe epilepsy. 
The absence (motor arrest) is usually short, and may be 
obscured by the prominent motor signs of the automa-
tism. There are marked qualitative differences between 
frontal and temporal lobe automatisms, although these 
are not always specifi c enough to be reliably of diagnostic 
value. Frontal lobe automatisms, typically gestural, 
involve the lower limbs, especially comprising bilateral 
leg movements (e.g. cycling, stepping, kicking) rather 
than oroalimentary and upper limb automatisms. The 
behaviour in the automatism is sometimes highly excited, 
violent or bizarre, and not infrequently leads to a misdi-
agnosis of non - epileptic attacks (pseudoseizures). In 
some frontal seizures, posturing of the limbs or muscle 
spasm predominates. Urinary incontinence is frequent in 
frontal lobe complex partial seizures, as is vocalization. 
The automatisms are usually short, with minimal 
postictal confusion, and recovery is usually rapid. Frontal 
lobe partial seizures have a more marked tendency to 
evolve into secondarily generalized seizures than do 
those of temporal lobe origin, and the evolution is 
also more rapid. There is also commonly a history of 
status epilepticus, of both the tonic – clonic and the non -
 convulsive types. 

 The manifestations of complex partial seizures from 
different frontal lobe regions may differ, but, because of 
rapid spread of discharges, there is considerable overlap 
between types, and attempts to classify according to site 
of origin have been uniformly unsatisfactory. Various 
patterns of frontal lobe partial seizures occur, many 
with marked motor manifestations (clonic jerking or 
posturing) either bilateral or contralateral. Note that 
consciousness is sometimes retained in the presence of 
bilateral limb jerking, and these attacks are commonly 
misdiagnosed as non - epileptic attacks. Apparently gener-
alized tonic – clonic seizures, without lateralizing features, 
are particularly characteristic of seizures arising in the 
cingulate or dorsolateral cortex, but can occur from other 
frontal lobe locations. Version of the head and eyes 
is common in many types of frontal lobe (and less 
frequently in temporal lobe epilepsy), and is sometimes 
the only seizure manifestation ( ‘ versive seizures ’ ). 
When version occurs in full consciousness at the onset of 
a seizure, this is useful evidence of a focus in the contra-
lateral frontal dorsolateral anterior convexity, but 
in other situations the direction of version is of little 
lateralizing value. Occasionally, version is so marked 
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to Jacksonian seizures, supplementary motor area sei-
zures are often very brief, occur frequently and in 
clusters, sometimes hundreds each day, and are some-
times also precipitated by startle. 

 Somatosensory or special sensory manifestations 
(simple hallucinations) occur if the seizure discharge 
originates in, or spreads to, the post - central region. 
Typically, these take the form of tingling, numbness, 
an electric shock - like feeling, a tickling or crawling 
feeling, burning, pain or a feeling of heat. These symp-
toms are usually accompanied by jerking, posturing or 
spasms because the epileptic discharges usually spread 
anteriorly. The sensory symptoms may remain localized 
or march in a Jacksonian manner. Ictal pain is occasion-
ally a prominent symptom and can be severe and poorly 
localized. 

 Interictal and ictal scalp EEGs in focal epilepsy in 
central regions are often normal because the focus may 
be small and buried within the central gyri.  

  Epilepsy  a rising in the  p arietal and  o ccipital  l obes 
 Focal seizures arise from foci in these locations less 
commonly than from frontal, central or temporal lobe 
regions. The typical manifestations of the seizures are 
subjective sensory and visual disturbances (Table  2.9 ). 

representation. A seizure that begins in the hand usually 
passes up the arm and down the leg and, if it begins in 
the foot, it passes up the leg and down the arm. A seizure 
beginning in the face is most likely to originate in 
the mouth because of the correspondingly large area of 
cortical representation. In seizures arising anywhere in 
the central region, head and eye version is common. 
Arrest of speech (anarthria) may occur if the motor area 
of the muscles of articulation is affected (phonatory 
seizure) and is usually associated with spasm or clonic 
movements of the jaw. After focal seizure activity, there 
may be localized paralysis in the affected limbs (Todd ’ s 
paralysis), which is usually short - lived.   

 If the seizure is initiated in or evolves to affect supple-
mentary motor areas, posturing of the arms may develop, 
classically with adversive head and eye deviation, abduc-
tion and external rotation of the contralateral arm, and 
fl exion at the elbows. There may also be posturing of the 
legs, and speech arrest or stereotyped vocalizations. 
Consciousness is usually maintained unless secondary 
generalization occurs. The classic posture is named by 
Penfi eld the  ‘ fencing posture ’  (resembling as it does the 
 en garde  position), but other postures also occur. 
The posturing is often bilateral and asymmetrical. The 
fencing posture or fragments of it can also occur in 
seizures originating in various other frontal and temporal 
brain regions, presumably due to spread of the seizure 
discharge to the supplementary motor cortex. In contrast 

  Table 2.8    Partial seizures of central origin. 

  Often no loss of consciousness (simple partial seizure)  

  Contralateral clonic jerking (which may or may 
not march)  

  Contralateral tonic spasm  

  Posturing, which is often bilateral, and version of head 
and eyes  

  Speech arrest and involvement of bulbar musculature 
(producing anarthria or choking, gurgling sounds)  

  Contralateral sensory symptoms  

  Short, frequently recurring attacks which cluster  

  Prolonged seizures with slow progression, and episodes 
of epilepsia partialis continua  

  Postictal Todd ’ s paresis  

  Table 2.9    Parietal and occipital lobe epilepsy. 

  Somatosensory symptoms (e.g. tingling, numbness or 
more complex sensations  –  may or may not march)  

  Sensation of inability to move  

  Illusions of change in body size/shape  

  Vertigo  

  Gustatory seizures  

  Elementary visual hallucinations (e.g. fl ashes, colours, 
shapes, patterns)  

  Complex visual hallucinations (e.g. objects, scenes, 
autoscopia, often moving)  

  Head turning (usually adversive, with sensation of 
following or looking at the visual hallucinations)  

  Visual – spatial distortions (e.g. of size [micropsia, 
macropsia], shape, position)  

  Loss or dulling of vision (amaurosis)  

  Eyelid fl uttering, blinking, nystagmus  
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Additional features are common owing to spread to 
adjacent cortical regions.   

 Parietal lobe seizures typically comprise sensory 
manifestations. These may be tingling or a feeling of 
electricity, which can be confi ned or march in a jackso-
nian manner. Sensations of sinking, choking or nausea 
can occur. There may be accompanying loss of tone or a 
sensation of paralysis. Illusions of bodily distortion are 
characteristic, such as a feeling of swelling or shrinking, 
or lengthening or shortening, particularly affecting the 
tongue, mouth or extremities. Ictal pain typically, but not 
exclusively, occurs in parietal seizures. Ictal apraxia, 
alexia and agnosia have been reported. Sexual feelings 
can occur sometimes with erection or ejaculation. 
Gustatory seizures have their origin in the suprasylvian 
region (adjacent to the mouth and throat primary 
sensory region). Ictal vertigo also originates in the supra-
sylvian region. Transient postictal sensory defi cits or 
spatial disorientation occurs. 

 Seizures from the occipital, parieto - occipital and 
temporo - occipital cortex are usually characterized by 
visual symptoms. Elementary visual hallucinations 
(sensations of colours, shapes, fl ashes and patterns) are 
most common, which can be intermittent, stationary, or 
appear to move across the visual fi eld and to grow. More 
complex stereotyped hallucinations/illusions can take the 
form of scenes, animals, people (including self - images), 

or topographical or spatial distortion, alterations of size 
and shape, perseveration or repetition of visual objects, 
or the break - up of visual objects or movement. Vision 
commonly blacks out in occipital lobe seizures, one of 
the few examples of negative epileptic symptomatology. 
The blindness is typically accompanied by the develop-
ment of illusions of lights or colours. Forced head and 
eye turning are common, with the patient believing that 
the visual hallucination is being tracked voluntarily. 
Rapid blinking or eyelid fl utter is frequent in some types 
of occipital seizures. Headache and nausea are common, 
and the attacks are not infrequently misdiagnosed as 
migraine. In the benign occipital epilepsies (especially of 
Panayiotopoulos syndrome,    p. 26 ), the seizures can be 
very prolonged, but most focal seizures in adults last 
seconds or minutes only. Studies have shown that there 
are no clinical or EEG features that help differentiate 
epilepsy arising in the medial or lateral occipital cortex. 
Occasionally, occipital seizures denote mitochondrial 
disease (including Alpers disease), Lafora body disease, 
coeliac disease or metabolic disorders. 

 The EEG in occipital or parietal epilepsy can be normal 
or show appropriate focal discharges, although often the 
epileptic disturbance is poorly localized without correla-
tion to the ictal symptoms. Occipital spike – wave is char-
acteristic of some types of focal occipital seizures, which 
can be confused with idiopathic generalized epilepsy.        
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  3    Epilepsy Syndromes     

    ILAE  Classifi cation of the Epilepsies and 
Epilepsy Syndromes 

 In an attempt to encompass a broader range of clinical 
features than is possible in a classifi cation of seizure type, 
the ILAE published, in 1985, and revised in 1989, a 
 Classifi cation of the Epilepsies and Epileptic Syndromes  
(Table  3.1 ). An epileptic syndrome is defi ned as  ‘ an 
epileptic disorder characterized by a cluster of signs and 
symptoms customarily occurring together ’ . The relation-
ship between the epilepsy syndrome and the underlying 
disease is complex. Although some syndromes represent 
a single disease, others can be the result of many diseases. 
A good example of the latter is the Lennox – Gastaut 
syndrome. Furthermore, the same underlying disease can 
manifest as different epileptic syndromes, an example 
being tuberous sclerosis. The syndromes are often age 
specifi c, and over time in individual patients one epilep-
tic syndrome can evolve into another. Similarly, the same 
seizure type can occur in very different syndromes (e.g. 
myoclonic seizures in the benign syndrome of juvenile 
myoclonic epilepsy and the refractory syndromes of the 
progressive myoclonic epilepsies). The advantages of the 
classifi cation are its fl exibility, the potential for change 
and expansion, and the acknowledgement of the complex 
interplay of factors underlying epilepsy.   

 There are, however, also disadvantages. First, the 
classifi cation is a complex system with very clumsy termi-
nology, and for this reason alone has not gained wide-
spread clinical usage, especially in non - specialist settings. 
A second problem is the maintenance of the distinction 
between focal and generalized epilepsies, which in many 
types of epilepsy is diffi cult to justify and presumes an 
unrealistic level of knowledge of the underlying physio-
logical processes. It is perhaps in recognition of this 
problem that the third category has been introduced, 
although it might have been better to avoid this distinc-
tion altogether. A third problem is that, in the attempt to 

be all inclusive, this classifi cation becomes unwieldy. 
Common syndromes are mixed in with those that are 
extremely rare and syndromes with an identity that is 
contentious are also included. In normal clinical practice, 
the majority of epilepsy cases seen (66% in one series) will 
fall into categories 1.2, 2.3 and 4.1, each of which is a 
poorly defi ned  ‘ non - specifi c ’  category  –  which under-
mines the purpose and value of the scheme. Another 
problem is the arbitrary nature of some categories 
(notably 3 and 4). This results in the grouping of epilep-
sies that have little else in common. Finally, it is diffi cult 
to justify the full epithet  ‘ syndrome ’  for some of the idio-
pathic conditions listed. Some prefer to see the idiopathic 
generalized epilepsies, for example, as a  ‘ neurobiological 
continuum ’  whereas others have split the conditions into 
at least 10 subdivisions. The incidence of different syn-
dromes presenting in one study is shown in Table  3.2 .   

 The categorization is also of limited value from the 
perspective of therapy. Most of the categories can be 
treated by most of the available drug therapies (there are 
exceptions discussed under the relevant sections of this 
book) and this lack of specifi city is disappointing. 

     Localization -  r elated  e pilepsies and  s yndromes 
 These epilepsies and syndromes are sometimes referred 
to as the partial or focal epilepsies. 

  Idiopathic  l ocalization -  r elated  e pilepsies 
and  s yndromes 
 Three conditions are included here, one of them being 
benign childhood epilepsy with centrotemporal spikes 
(see    pp. 24 – 25 ), which is said to account for up to 15% 
of childhood epilepsies, and two much less common 
syndromes, childhood epilepsy with occipital paroxysms 
(see    p. 26 ) and primary reading epilepsy. Other genetic 
and idiopathic syndromes will no doubt be added as 
knowledge advances, such as the recently described syn-
drome of dominantly inherited, nocturnal, frontal lobe 
epilepsy.  

  Symptomatic  l ocalization -  r elated  e pilepsies and 
 s yndromes 
 This category includes the large number of epilepsies due 
to specifi c focal cerebral lesions (e.g. tumour, stroke) in 
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  Table 3.1    International classifi cation of epilepsies and epileptic syndromes. 

     1   Localization - related (focal, local, partial epilepsies and syndromes)  
  1.1   Idiopathic (with age - related onset)  

       •      Benign childhood epilepsy with centrotemporal spike  
   •      Childhood epilepsy with occipital paroxysms  
   •      Primary reading epilepsy      

  1.2   Symptomatic epilepsy  
       •      Chronic epilepsia partialis continua of childhood (Kojewnikow syndrome)  
   •      Syndromes characterized by seizures with specifi c modes of precipitation      

  1.3   Cryptogenic    

  2   Generalized epilepsies and syndromes  
  2.1   Idiopathic (with age - related onset  –  listed in order of age)  

       •      Benign neonatal familial convulsions  
   •      Benign neonatal convulsions  
   •      Benign myoclonic epilepsy in infancy  
   •      Childhood absence epilepsy (pyknolepsy)  
   •      Juvenile myoclonic epilepsy (impulsive petit mal)  
   •      Epilepsy with grand - mal seizures (GTCSs) on awakening  
   •      Other generalized idiopathic epilepsies not defi ned above  
   •      Epilepsies with seizures precipitated by specifi c modes of activation      

  2.2   Cryptogenic or symptomatic (in order of age)  
       •      West syndrome (infantile spasms, Blitz – Nick – Salaam – Kr ä mpfe syndrome)  
   •      Lennox – Gastaut syndrome  
   •      Epilepsy with myoclonic – astatic seizures  
   •      Epilepsy with myoclonic absences      

  2.3   Symptomatic  
  2.3.1   Non - specifi c aetiology  

   •      Early myoclonic encephalopathy  
   •      Early infantile epileptic encephalopathy with suppression burst  
   •      Other symptomatic generalized epilepsies not defi ned above    

  2.3.2   Specifi c syndromes  
   •      Epileptic seizure may complicate many disease states 
 Under this heading are diseases in which seizures are a presenting or predominant feature        

  3   Epilepsies and syndromes undetermined whether focal or generalized  
  3.1   With both generalized and focal seizures  

       •      Neonatal seizures  
   •      Severe myoclonic epilepsy in infancy  
   •      Epilepsy with continuous spike – waves during slow - wave sleep  
   •      Acquired epileptic aphasia (Landau – Kleffner syndrome)  
   •      Other undetermined epilepsies not defi ned above      

  3.2   Without unequivocal generalized or focal features. All cases with generalized tonic – clonic seizures in which clinical and 
EEG fi ndings do not permit classifi cation as clearly generalized or localization related such as in many cases of sleep 
GTCSs are considered not to have unequivocal generalized or focal features    

  4   Special syndromes  
  4.1   Situation - related seizures ( Gelegenheitsanf ä lle )  

       •      Febrile convulsions  
   •      Isolated seizures or isolated status epilepticus  
   •      Seizures occurring only when there is an acute metabolic or toxic event due to factors such as alcohol, drugs, 

eclampsia, non - ketotic hyperglycaemia           

   GTCS, generalized tonic – clonic seizure.   
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  Table 3.2    Annual incidence of different categories of 
epilepsy (from a prospective study in south - west France). 

   International classifi cation of 
epilepsies and epilepsy syndromes: 
category  

   Annual incidence 
per 100   000 
population  

  1.1 Idiopathic localization - related 
epilepsy  

  1.68  

  1.2 Symptomatic localization - 
related epilepsy  

  17.11  

  2.1 Idiopathic generalized epilepsies    6.65  

  2.2 Symptomatic generalized 
epilepsies  

  1.15  

  3 Epilepsies and syndromes 
undetermined whether focal 
or generalized  

  2.92  

  4 Situation - related seizures    37.33  a    

    a Acute symptomatic epilepsy, 25.37; isolated unprovoked 
seizure, 11.70; television epilepsy, 0.26.   

which epilepsy is a variable feature. The epilepsies are 
divided into anatomical site and are described below. 
Chronic epilepsia partialis continua is also included, 
rather strangely, in this category.  

  Cryptogenic  l ocalization -  r elated  e pilepsies 
and  s yndromes 
 This category has been created to include symptomatic 
focal epilepsies in which the aetiology is unknown. With 
increasingly sophisticated neuroimaging techniques, the 
number of cases falling into this category has become 
much smaller than when the classifi cation was fi rst 
proposed.   

  Generalized  e pilepsies and  s yndromes 
 These conditions, similar to the localization - related 
epilepsies, are divided into subcategories on the basis of 
presumed aetiology. 

  Idiopathic  g eneralized  e pilepsies and  s yndromes 
 The idiopathic generalized epilepsies (also called the 
primary generalized epilepsies) are genetic conditions in 
which epilepsy is the major clinical feature. Encompassed 
within this rubric are a variety of age - related syndromes, 
although to what extent the subdivisions are specifi c 
entities or simply a biological continuum is a matter of 

controversy. These common conditions are considered 
in more detail on    pp. 24 – 26 .  

  Cryptogenic or  s ymptomatic  g eneralized  e pilepsies 
 This category includes the epileptic encephalopathies in 
which epilepsy is a major clinical feature of a diffuse 
encephalopathic condition. Included in this category are 
conditions described elsewhere in this book: West syn-
drome (see    pp. 28 – 29 ), the Lennox – Gastaut syndrome 
(see    pp. 29 – 30 ), epilepsy with myoclonic astatic seizures 
(see    p. 24 ) and epilepsy with myoclonic absences. Also 
included are the rare myoclonic syndromes and epileptic 
encephalopathies of infancy. The relative nosological 
position of many of these conditions is often unclear, and 
there is considerable overlap between the core condi-
tions. Also included here are the epilepsies due to mal-
formations, inborn errors of metabolism, and hereditary 
or congenital disorders.   

  Epilepsies and  s yndromes  u ndetermined  a s to 
 w hether  t hey  a re  f ocal or  g eneralized 
 The existence of this category is an acknowledgement that 
the differentiation between focal epilepsy and generalized 
epilepsy is not always easy to make. The category is divided 
into those syndromes with both focal and generalized 
seizures, and those without unequivocal generalized 
or focal features. Included in the fi rst subdivision is a 
miscellany of  ‘ syndromes ’ , including neonatal seizures 
(which have a variety of forms that overlap with 
other categories), infantile myoclonic epilepsy, electrical 
status epilepticus during slow - wave sleep (ESES) and 
the Landau – Kleffner syndrome, which are epileptic 
encephalopathies of unknown pathophysiology. In the 
second subdivision are those epilepsies with tonic – clonic 
seizures in which clinical and EEG features do not allow 
categorization into focal or generalized groups.  

  Special  s yndromes 
 This category includes the  ‘ situational - related syndromes ’  
(refl ex epilepsy), febrile seizures (see    pp. 26 – 28 ), isolated 
seizures (including single seizures and isolated status epi-
lepticus) and the acute symptomatic seizures precipitated 
by acute toxic or metabolic events.    

  The  e pilepsy  s yndromes 

 There are a number of syndromes identifi ed in the ILAE 
 Classifi cation of the Epilepsies and Epilepsy Syndromes  
that are common or important and these are briefl y 
reviewed here. 
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 Some have no specifi c identifi able cause, some a single 
cause and others can result from various identifi able 
conditions. It must be recognized that there is overlap 
between some of these syndromes and there is consider-
able disagreement about the exact nosology. It is assumed 
that the cryptogenic or idiopathic cases have a complex 
polygenic genetic basis, although environmental infl u-
ences also play a part. Most of these syndromes are highly 
age specifi c and assume characteristic clinical forms 
regardless of cause. These may be best conceptualized 
as generic age - related responses of disordered brain 
function or development. 

  Neonatal  s eizures 
 The clinical and EEG features, the cause and the patho-
physiology of seizures in the neonatal period differ from 
those in later life. Clinical signs are necessarily confi ned 
to motor features and are usually focal or multifocal, 
refl ecting the immature synaptic connections in the 
neonatal brain. The EEG changes are variable and non -
 specifi c. Seizures can take the form of tonic attacks, clonic 
seizures, unilateral focal seizures, electrographic seizures 
without overt clinical changes and so - called subtle 
seizures. The seizures can have mild or atypical features 
such as grimacing, staring, eye movements, posturing or 
pedalling movements. 

 Neonatal seizures occur in about 1% of all infants, with 
a higher frequency (up to 23%) in premature babies. 
Although there is no doubt that most neonatal seizures are 
 ‘ epileptic ’ , some subtle and some tonic seizures are not 
associated with any EEG changes and may be subcortical 
in origin and the result of abnormal brain - stem release 
mechanisms. There are a large variety of potential causes, 
the most common being hypoxic – ischaemic encepha-
lopathy, intracranial haemorrhage, neonatal infection 
and metabolic disorders (especially hypocalcaemia, hypo-
magnesaemia and hypoglycaemia). The development of 
neonatal seizures is an ominous sign, not only because 
they often indicate cerebral disease but also because 
the seizures themselves possibly damage the developing 
brain. 

 The prognosis depends largely on the underlying cause. 
Overall, the immediate mortality rate is about 15%, 37% 
develop neurological defi cits and only 48% of infants 
develop normally. Prognosis is worse in premature 
infants, especially those with a gestational age  < 31 weeks. 

 If the seizures are considered non - epileptic, antiepilep-
tic drug treatment is not indicated. Indeed, medication 
may worsen the phenomenon by decreasing the level of 
cortical inhibition over subcortical structures. Whether 
genuine (cortical) but slight (subtle) epileptic seizures 

require treatment is uncertain. Not uncommonly, such 
seizure manifestations remit spontaneously after days or 
weeks and the usefulness of treatment in this situation is 
diffi cult to assess. Opinions vary about the need to treat 
infants with EEG evidence of seizure activity without 
overt clinical signs. There is also disagreement about the 
duration of therapy, although most would aim for as 
short a period as possible. Many neonatal seizures are 
self - limiting and over - long treatment carries its own 
risks. Specifi c treatment is outlined on    pp. 89 – 90 .  

  Idiopathic  g eneralized  e pilepsy 
 The term  ‘ idiopathic generalized epilepsy ’  (IGE; also 
known as primary generalized epilepsy) is used to denote 
a very common and important group of conditions, 
with a probable genetic basis, and in which there is a 
characteristic clinical and electrographic pattern. It has 
been estimated that patients with IGE account for about 
10 – 20% of all those with epilepsy. The identifi cation of 
the genetic basis of IGE has proved elusive. This was 
the fi rst  ‘ pure ’  epilepsy in which an intensive genetic 
search was undertaken, on the basis that there may be a 
single underlying gene (albeit with markedly variable 
penetrance). None was found, and it is now believed 
that the syndromes of IGE have a polygenic basis, but 
disappointingly still no common susceptibility gene has 
been found. There is current interest in the possibility 
that deletions or duplications (copy number variations) 
might be the cause of some of these cases. A contentious 
and unresolved issue, which itself may have confounded 
the search for genes, is the extent to which the  ‘ syndrome ’  
can or should be subcategorized. Nowhere in the study 
of epilepsy is there more divergence of opinion than 
between those who view this epilepsy type as a  ‘ biological 
continuum ’  (possibly with a unitary genetic mechanism) 
and those who subdivide according to clinical pattern. It 
is not currently possible to know where nosological 
reality exists. Table  3.3  shows commonly proposed sub-
divisions, but, even in this matter, different authorities 

  Table 3.3    Some subdivisions of idiopathic generalized 
epilepsy. 

  Epilepsy with myoclonic absences  
  Childhood absence epilepsy (pyknolepsy)  
  Juvenile absence epilepsy  
  Juvenile myoclonic epilepsy  
  Epilepsy with grand - mal seizures on awakening  
  Absence epilepsy with perioral myoclonia  
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and rapid remission on therapy is expected in 80% or 
more of patients. When followed up after 18 years of age, 
only about 20% of previously diagnosed patients are still 
having seizures. Prognosis is better in those with onset of 
seizures before the age of 12 years; they have a more rapid 
response to therapy, a low chance of GTCSs and a high 
remission rate. GTCSs can develop, usually after years of 
exclusively absence seizures and usually in those whose 
response to therapy is incomplete. The nosological 
boundaries between this and the other syndromes of IGE 
are indistinct, and how often tonic – clonic seizures occur 
depends on the inclusiveness of the diagnostic criteria; 
the frequency is reported to be between 3 and 35%. The 
genetic basis is unknown in spite of serious attempts to 
identify susceptibility genes. 

  ‘ Phantom absence ’  is a term used to describe the 
phenomenon of short - lived EEG bursts of spike and wave 
without any obvious clinical signs. These may be quite 
common in some IGE syndromes and also seem to be 
associated with a relatively high incidence of absence 
status. There may be very subtle clinical signs, but some-
times even quite prolonged EEG bursts seem to occur 
without any noticeable clinical change. It is considered 
by some that phantom absences are particularly common 
in patients with the syndrome of epilepsy with grand - mal 
seizures (GTCSs) on awakening (see    p. 24 ) and in others 
the occurrence of phantom absence and tonic – clonic 
seizures is itself a separate syndrome (IGE with phantom 
absences).  

  Juvenile  m yoclonic  e pilepsy 
 Juvenile myoclonic epilepsy (JME; also known as impul-
sive petit mal, Janz syndrome) is the most common 
subtype of idiopathic generalized epilepsy, and accounts 
for up to 10% of all epilepsies. The characteristic seizures 
are brief myoclonic jerks, occurring in the fi rst hour or 
so after waking, and usually in bursts. These are sudden, 
shock - like jerks, affecting mainly the shoulders and arms, 
usually but not always symmetrically. It may not be clear 
whether consciousness is retained or lost. In 80% of 
cases, the myoclonus develops between the ages of 12 and 
18 years (and always between 6 and 25 years), but may 
be unrecognized initially and taken to be early morning 
clumsiness. In about 80% of cases, GTCSs also occur, 
usually months or years after the onset of myoclonus, and 
it is these that often lead to the diagnosis. 

 It is worth enquiring specifi cally about myoclonus in 
anyone presenting with generalized epilepsy. The tonic –
 clonic seizures are usually infrequent (average two per 
year). About a third of patients also develop typical 
absence seizures (usually very brief, lasting 2 – 5   s) and 

subdivide to different extents. It is a dearly held expecta-
tion that, when the genetic basis is clarifi ed, a more 
defi nitive subclassifi cation will become apparent based 
on genotypic – phenotypic correlation, but such a belief 
may be over - optimistic.   

 Core clinical features shared to a greater or lesser 
extent by these syndromes (at least those with onset in 
later childhood or early adult life) are shown in Table  3.4 . 
The treatment of the idiopathic generalized epilepsies is 
described on    pp. 90 – 91 .   

  Childhood  a bsence  e pilepsy 
 Childhood absence epilepsy (pyknolepsy) appears in the 
early and middle years of childhood (peak age 6 – 7 years), 
more commonly in girls than in boys and usually in 
children without learning disability or other neurological 
problems. It accounts for between 1 and 3% of newly 
diagnosed epilepsies and up to 10% of childhood 
epilepsies. The absence seizures usually last 10 – 15   s, and 
are so brief that in many cases they pass unrecognized for 
long periods. Many can occur in a day, and the seizures 
tend to cluster. The loss of consciousness is usually com-
plete, and the patient is unaware that a seizure has 
occurred. Eyes, if closed at onset, open after 2 – 3   s. The 
seizures can be induced by hyperventilation. The classic 
EEG pattern is monotonous, generalized 3   Hz spike –
 wave. In a series of 194 patients with typical clinical 
features and EEG, approximately a third also had gener-
alized tonic – clonic seizures (GTCSs) at some point and 
absence status occurred in 15%. The prognosis is good, 

  Table 3.4    Clinical features of idiopathic generalized 
epilepsy. 

  Onset in childhood or early adult life  

  Positive family history  

  Generalized seizure types  –  myoclonus, generalized 
absence (petit mal) and generalized tonic – clonic seizures  

  Normal EEG background  

  Paroxysms of generalized EEG discharges, either 3   Hz 
spike - and - wave or polyspike bursts, often exacerbated by 
over - breathing and photosensitivity  

  A diurnal pattern of seizure recurrence, with seizures 
especially on waking and during sleep  

  Normal intellect and low co - morbidity  

  Absence of identifi able underlying structural aetiology  

  Excellent response to therapy with sodium valproate  
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associated with a pleasurable sensation, by photic stimu-
lation. Tonic – clonic seizures develop in adolescence or 
adult life. The EEG shows 4 – 6   Hz polyspike – wave, which 
can be triggered by eye opening, and also marked photo-
sensitivity. Benign myoclonic epilepsy is a rare condition, 
occurring in infancy or early childhood, with spontane-
ous remission in most cases and without long - term 
sequelae.  

  Epilepsy with  g rand -  m al  s eizures on  w aking 
 This condition overlaps considerably with other general-
ized epilepsies, especially with JME, in which most 
affected people also have GTCSs on awakening. The EEG 
pattern is a generalized spike – wave. Whether this 
syndrome represents a discrete entity or simply part of the 
spectrum of other forms of IGE has been the subject of 
discussion for several decades, without clear resolution.   

  Myoclonic –  a static  e pilepsy ( m yoclonic 
 a static  p etit  m al) 
 This is an ill - defi ned syndrome with myoclonic and astatic 
(atonic) seizures, and an EEG signature of fast ( > 3   Hz) 
spike – wave. Repeated episodes of non - convulsive status 
epilepticus are reported in severe cases, and usually 
associated with intellectual regression, qualifying the 
condition as an epileptic encephalopathy. Young children 
often have seizures with falls, which can have serious 
consequences. The EEG changes reported in different 
series are also variable. The delineation of this symptom 
complex as a  ‘ syndrome ’  is rather muddled, and cases 
that overlap with benign myoclonic epilepsy, on the 
one hand, and the Lennox – Gastaut syndrome, on the 
other, are reported. Idiopathic and symptomatic forms 
are proposed, and severity and outcome with respect both 
to epilepsy and to cognitive function are very variable. 
However, severe epilepsy with falls and episodes of 
non - convulsive status requires expert attention, and a 
 ‘ syndrome ’  tag assists communication. Recently, missense 
mutations on the  SCN1A  and  GABRG2  genes have been 
described in children with a phenotype consistent with 
myoclonic – astatic epilepsy, and advances in an under-
standing of the genetic bases of the early childhood epi-
lepsies may help clarify the basis of this syndrome.  

  Benign  p artial  e pilepsy with 
 c entrotemporal  s pikes 
 Benign partial epilepsy with centrotemporal spikes 
(BECTS; also known as rolandic epilepsy or benign 
epilepsy with rolandic spikes) is the most common 
 ‘ idiopathic ’  epilepsy syndrome, accounting for perhaps 

again usually on waking. Almost invariably, the absence 
seizures occur in patients with both myoclonus and 
tonic – clonic seizures. About 5% of patients exhibit 
strong photosensitivity, and the myoclonus (and other 
seizures) can be precipitated by photic stimuli. The 
seizures (myoclonus and GTCSs) often have other clear 
precipitants such as lack of sleep, alcohol, hypoglycaemia 
or poor compliance with medication. Myoclonic jerks 
may evolve into myoclonic status, and the tonic – clonic 
seizures are also often preceded by increasing myoclonus. 
About 50% of cases show interictal abnormalities  –  3   Hz 
spike – wave or faster polyspike – wave at 4 – 6   Hz  –  which 
can be symmetrical or asymmetrical. The background 
EEG is normal. In about a third of untreated cases, EEG 
shows a photoparoxysmal response. Intelligence is normal 
and there is usually no other neurological morbidity or 
co - morbidity. It has been claimed that patients show 
typical personality traits, but whether this is really the 
case is unclear. Complete response to treatment can be 
expected in 80 – 90% of cases, but lifelong therapy may be 
needed. Appropriate drug therapy is important (see    pp. 
90 – 91 ) because carbamazepine, vigabatrin, tiagabine and 
phenytoin can exacerbate myoclonus. Imaging is normal, 
although there is an isolated unconfi rmed report of 
quantitative MRI cortical volume change. The genetics of 
JME have been controversial; a non - single gene has been 
found to account for cases (except in rare atypical family 
clusters) and JME is now generally assumed to have poly-
genic inheritance. A family history of epilepsy is found in 
about 25% of cases, and in about 5% of close relatives (of 
whom a third have JME and most of the others have 
other IGE subtypes). The risk of epilepsy in offspring is 
about 5%.  

  Other  IGE   v ariants with  m yoclonus 
 Other types of myoclonic IGE subtypes are less well 
defi ned, and their nosological position less clear cut. 
Myoclonic absences occur at a younger age, have a male 
predominance, an EEG initially at least indistinguishable 
from that of typical absence epilepsy, are associated with 
intellectual disturbance and are much more resistant to 
drug therapy; other seizure types evolve in two - thirds 
of cases. Eyelid myoclonia with or without absence is 
a photosensitive IGE variant, characterized by very 
short attacks comprising jerking of the eyelids and 
upward deviation of the eyes. There may or may not be 
associated absence seizures. The peak age of onset is 6 
years; there is usually a strong family history and a 
marked female preponderance. Many attacks per day can 
occur, and the children may induce attacks, which are 
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a generalized spike – wave is seen. There are no associated 
neurological disturbances and intellect is normal. The 
epilepsy remits in almost all cases, usually by the age of 
12 years, with no long - term sequelae. It is assumed that 
there is a genetic basis to the condition, although no 
genetic abnormality has been consistently described, and 
polygenic inheritance is likely. One family has been 
described with autosomal dominant inheritance and 
linkage to chromosome 15q14. The family history is 
positive for seizures of various types in 40% of cases. The 
treatment of BECTS is described on    p. 91 . 

 The prognosis of the typical condition is good, neuro-
logical development and cognitive function are generally 
normal, and the seizures remit in more than 95% of 
cases. There are, however, children in whom the condi-
tion appears to evolve into other seizure syndromes and 
who develop intractable seizures and neuropsychological 
defi cit. 

 The overlap, even of BECTS, which seems a relatively 
specifi c symptom complex, and other syndromes, is an 
illustration of the boundary problems that exist in all 
epilepsy syndromes. Transitional cases have been labelled 
atypical benign partial epilepsy (ABPE) or pseudo -
 Lennox – Gastaut syndrome, and some authorities con-
sider BECTS, ESES and the Landau – Kleffner syndrome to 
be part of a spectrum. Others consider febrile seizures, 
Panayiotopoulos syndrome and BECTS all to be manifes-
tations of a continuum (the benign childhood seizure 
susceptibility syndrome). Atypical features include bouts 
of status epilepticus, atypical absence seizures, atonic 
seizures, and cognitive and behavioural impairment 
combined with an EEG pattern of slow spike – wave. 
Similarly, although patients with BECTS are lesion free, 
patients who manifest the same phenotype have been 
shown to have hippocampal atrophy, cortical dysplasia, 
lesions of corpus callosum, porencephalic cysts and 
toxoplasmosis.  

  Childhood  e pilepsy with  o ccipital 
 p aroxysms ( b enign  o ccipital  e pilepsy; 
Gastaut -  t ype  i diopathic  c hildhood 
 o ccipital  e pilepsy) 
 This is a well - defi ned syndrome, with mean age of onset 
of 8 years (3 – 15 years), in which seizures occur with 
prominent visual symptomatology, including hemiano-
pia and amaurosis, abstract simple and complex visual 
hallucinations, forced eyelid closure, blinking, eye devia-
tion and prominent postictal headaches, sometimes 
with nausea and vomiting. The visual symptomatology 
typically comprise coloured visual spots of light or 

15% of all epilepsies (Table  3.5 ). The peak age of onset is 
5 – 8 years and over 80% of cases have onset between 4 
and 10 years. The condition is the result of age - related, 
genetically determined, neuronal hyperexcitability in the 
rolandic area, causing characteristic giant EEG spikes and 
seizures, although it is estimated that less than 10% of 
children with the EEG disturbance actually have seizures. 
The seizures are infrequent  –  about 10% of cases have 
only a single attack and 50% only a few attacks. Less than 
20% of cases have 20 or more seizures, and the total 
duration of seizure activity is 3 years or more in only 
10%. About 50% of children have seizures only while 
asleep (typically in non - rapid eye movement [REM] 
sleep at the onset of sleep or just before awakening), 
about 40% both during the day and at night, and in 10% 
seizures occur exclusively during the day. The daytime 
seizures usually occur when the child is tired or bored 
(e.g. on a long car journey).   

 The seizures are highly characteristic, usually begin-
ning with spasm and clonic jerking of one side of the 
face and/or throat muscles. In many cases, the seizures 
sometimes evolve to secondarily generalized tonic – clonic 
attacks. The motor features include speech arrest and a 
gurgling or guttural sound, and profuse salivation is also 
characteristic. There are also often sensory symptoms 
involving one side of the mouth and the throat. The arm 
or rarely the legs can be involved. In most cases con-
sciousness is preserved until the seizures generalize. 

 The EEG shows focal spikes that originate most often 
in the centrotemporal regions, although, on repeated 
EEG recordings, the spikes often wander. The waveform 
and distribution are characteristic. In a small number of 
patients (probably less than 10%, although fi gures vary), 

  Table 3.5    Benign epilepsy with centrotemporal spikes. 

  15% of all childhood epilepsy  

  Age of onset 5 – 10 years  

  Simple partial seizures with frequent secondary 
generalization  

  Partial seizures involve the face, oropharynx and upper limb  

  Seizures typically during sleep and infrequent  

  No other neurological features; normal intelligence  

  Family history  

  EEG shows typical centrotemporal spikes  

  Excellent response to antiepileptic drugs  

  Excellent prognosis with remission by mid - teenage years  
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benign childhood seizure susceptibility syndrome. Some 
cases are included in which the prolonged seizures consist 
only of vomiting, or of syncopal or prominent autonomic 
symptoms. This syndrome is often misdiagnosed as 
migraine, and also needs to be differentiated from other 
occipital epilepsies. The epilepsy usually remits over time 
without adverse sequelae, although a minority of cases 
evolve to other forms of epilepsy. 

 Usually, continuous antiepileptic drug treatment is not 
needed but a small night - time dose of carbamazepine, 
valproate or benzodiazepines will usually suppress all 
seizures. In the acute phase when seizures are prolonged, 
rectal diazepam should be given. Parents should be 
counselled about the condition and the acute manage-
ment of the seizures.  

  Other  b enign  p artial  e pilepsy  s yndromes 
 There are a number of other predominantly childhood 
syndromes with partial epilepsy that are best divided 
according to anatomical origin of the seizures. Epilepsy 
with occipital calcifi cations is an occipital epilepsy 
syndrome in which there is more severe epilepsy and a 
poorer outcome. Many cases are associated with coeliac 
disease, which may be demonstrable only on jejunal 
biopsy. Other rarer but interesting childhood benign 
focal syndromes have been described, sometimes in a 
handful of families only, and include: benign partial 
epilepsy in infancy, idiopathic photosensitive occipital 
lobe epilepsy, idiopathic frontal lobe epilepsy, familial 
temporal lobe epilepsy, autosomal dominant rolandic 
epilepsy with speech dyspraxia and benign focal seizures 
in adolescents.  

  Febrile  s eizures 
 Febrile seizures are defi ned as epileptic events that occur 
in the context of an acute rise in body temperature, 
usually in children aged between 6 months and 5 years, 
in whom there is no evidence of intracranial infection or 
other defi ned intracranial cause (Table  3.6 ). They are 
common. About 2 – 5% of children (7% in Japan and up 
to 14% in the Mariana Islands) will have at least one 
attack, and it has been estimated that between 19/1000 
and 41/1000 infants with fever will convulse. The fi rst 
febrile seizure happens in the second year of life in 50% 
and in the fi rst 3 years in 90%; 4% occur before 6 months 
and 6% after 6 years of age. Boys are slightly more likely 
to have febrile seizures than girls. In over 85%, the 
seizures are generalized and usually brief. Febrile seizures 
are usually subdivided into simple and complex forms. 
Complex febrile seizures are those that last more than 

coloured patterns, growing and moving from the 
periphery to the centre of the visual fi eld as the seizure 
progresses. Consciousness is usually preserved but there 
may be secondary generalization. The EEG shows 
prominent occipital epileptiform spike – wave activity 
which appears after eye closure and is suppressed by 
eye opening. There are often frequent seizures (several 
a day) before treatment but the condition has an 
excellent prognosis with full remission in 60% of cases 
after several years of therapy. The condition needs to be 
differentiated from migraine and also from symptomatic 
occipital epilepsies, which include those due to mito-
chondrial disease (Alpers disease, and mitochondrial 
encephalomyopathy, lactic acidosis and stroke - like 
episodes [MELAS]), coeliac disease or cortical dysplasia. 
Seizures show a complete response to carbamazepine in 
over 90% of cases, and some patients require long - term 
treatment.  

  Early  o nset  b enign  o ccipital  e pilepsy 
( s ynonym: Panayiotopoulos  s yndrome) 
 This is another syndrome with age of onset between 1 
and 14 years (mean 4 – 5 years). Prevalence is estimated 
to be 2 – 3 cases/1000 children, and in one study it 
accounted for 28% of all benign focal epilepsies of 
childhood. Panayiotopoulos considers the condition to 
be due to diffuse maturation - related epileptogenicity 
activating emetic centres and the hypothalamus. The 
clinical presentation is distinctive. In the core syndrome, 
seizures take the form of eye deviation, nausea, retching 
and vomiting, with subsequent evolution into impaired 
consciousness and then clonic hemiconvulsions in 25% 
and convulsions in 20%. The convulsions are often 
nocturnal and awareness may or may not be altered. 
Other autonomic features occur including incontinence 
of urine, pallor, hyperventilation and headache. Typically, 
the seizures are prolonged, often lasting several hours, 
and are therefore classifi ed as episodes of status epilepti-
cus (taking the form of absence or autonomic status 
epilepticus). Despite this high incidence of status, the 
prognosis for the syndrome is excellent and at least 75% 
of patients have fewer than fi ve attacks in total (25% have 
only a single attack). The interictal EEG shows occipital 
spikes, which can be continuous. The EEG discharges are 
abolished by eye opening (the fi xation - off phenomenon) 
and continue to be seen for years after the cessation of 
seizures. The boundaries of the syndrome are less well 
defi ned than in other syndromes, and the condition can 
evolve into other seizure types. It is considered by some 
authorities to be part of the spectrum of BECTS or the 
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should the term  ‘ febrile convulsion ’  be used, because 
both carry signifi cantly different clinical implications. 

 Obviously, in all cases, the aetiology of the fever should 
be established. Febrile seizures occurring before 6 months 
of age in particular raise the possibility of bacterial 
meningitis, and urgent lumbar puncture is indicated. In 
older children, investigation depends on the clinical 
circumstances, but may include lumbar puncture or 
brain scanning. 

 The outcome of febrile seizures has been the subject of 
intensive study, which has concentrated on three aspects: 
the risk of recurrent febrile convulsions, the risk of 
neurological or developmental defi cit, and the risk of 
subsequent non - febrile epilepsy. Although parents, on 
witnessing the fi rst febrile convulsion, almost invariably 
feel that the child is about to die, the mortality risk from 
febrile convulsions is negligible. 

 About 35% of susceptible children will have a second 
febrile seizure and 15% three or more. Recurrence is more 
common if the initial convulsion was at a young age, in 
those in whom the convulsion occurred at a relatively low 
temperature ( < 39 ° C), and in those with prolonged initial 
convulsions. However, even in recurrent attacks, the 
outcome in relation to longer - term neurological function 
is usually excellent. In fact, the mental and neurological 
development of children after a febrile convulsion is 
usually entirely normal, provided that there were no 
pre - existing developmental problems. In about 10 – 20% 
of children, subsequent neurodevelopment problems are 
noted, but these usually refl ect pre - existing problems and 
are not due to the convulsions. Occasionally, prolonged 
convulsions cause acute cerebral damage (the HHE  –  
hemiplegia, hemiatrophy, epilepsy  –  syndrome typically 
develops after febrile status) and, the longer the duration 
of the attack, the more likely is cerebral damage. It is for 
this reason that seizures continuing for 15   min or more 
require emergency therapy. 

 The occurrence of febrile seizures is also associated 
with the later development of subsequent epilepsy. The 
risk of epilepsy is small  –  about 2 – 10% in children with 
a history of febrile seizures, compared with 0.5% in those 
who have not had a febrile seizure. The risk is higher in 
those with pre - existing neurodevelopmental dysfunc-
tion, and in some of these cases the febrile seizure is 
simply the fi rst manifestation of an existing predisposi-
tion to epilepsy. The risk of subsequent epilepsy is 
somewhat higher after complex febrile seizures (10 –
 20%), compared with single febrile seizures (2 – 7.5%). 

 It has been proposed that febrile convulsions 
cause hippocampal sclerosis and, by this mechanism, 

15   min and have strongly unilateral features or those 
that recur within a single illness. Up to a third of all 
febrile convulsions are classifi able as complex. The 
important risk factors seem to be an acute temperature 
rise, and viral infection is the underlying cause of the 
fever in 80%. The seizure usually occurs early, almost 
always within the fi rst 24 hours of the viral illness, and 
in about a quarter of cases is the fi rst recognizable sign 
of the illness. Seventy - fi ve per cent of children affected 
have a temperature  > 39 ° C. There is a family history 
of febrile convulsions in at least 25% of cases, and 
some families have an autosomal dominant pattern of 
inheritance. One population study has shown an associa-
tion between febrile convulsions and polymorphisms in 
the  SCN1A  gene, and similar abnormalities have been 
found in families with generalized epilepsy with febrile 
seizures (GEFS + ). The empirical risk for further seizures 
is 10 – 15% if there is one affected sibling, rising to 
50% if a parent and a sibling have a history of febrile 
seizures.   

 These essentially benign seizures need to be differenti-
ated from the 5 – 10% of fi rst seizures with fever in which 
the seizure is in fact due to viral or bacterial meningitis, 
and other cases where the fever lights up an existing latent 
predisposition to epilepsy. In neither of these situations 

  Table 3.6    Febrile seizures. 

  2 – 5% of all children  

  Peak age of onset 2 – 4 years  

  10 – 20% of children have existing neurodevelopmental 
problems  

  Probably genetic basis to some cases  

  Tonic – clonic seizures  

  Usually at onset of fever  

  35% of children have a second febrile seizure and 15% a 
third (recurrence more likely with early age of onset, 
positive family history)  

  Prognosis worse in complex seizures (prolonged or focal; 
30% of all febrile seizures)  

  May induce hippocampal sclerosis and subsequent 
temporal lobe epilepsy  

  Risk of subsequent epilepsy small (2 – 10%; more likely if 
onset  < 13 months, complex convulsion or existing 
neurodevelopmental problems)  
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variable, and slight spasms consisting of head nodding 
and upward eye deviation or  ‘ shrugging ’  of the shoulders 
are often overlooked; it is a common experience to 
fi nd that, when recorded on video - EEG, the actual 
number of attacks is usually far in excess of that reported 
by parents or carers. The stereotyped and repetitive 
nature is important diagnostically, and even mild 
but repetitive movements in an infant should raise diag-
nostic suspicion. About 5 – 10% of spasms are unilateral, 
and these are invariably associated with focal cerebral 
pathology.   

 The peak age of onset is 4 – 6 months, and the spasms 
rarely develop before the age of 3 months; 90% develop 
in the fi rst year of life. The EEG shows the characteristic 
pattern of hypsarrhythmia in its fully developed form. 
Modifi ed EEG forms frequently occur. 

 In the past up to a third of patients who developed 
West syndrome were thought to have normal neurode-
velopment before the onset of infantile spasms (idio-
pathic or cryptogenic cases). However, with advances in 
MRI, underlying dysplasia and congenital anomalies are 
found in increasing proportions of cases previously cat-
egorized as cryptogenic. Positron emission tomography 
(PET) studies furthermore show unifocal or multifocal 
abnormalities in over 95% of cases, which in the presence 
of normal MRI are claimed to be due to subtle dysplastic 
lesions. A wide variety of conditions has been reported 
to cause this encephalopathy (Table  3.8 ), the most 
common of which are: tuberous sclerosis (7 – 25% of all 
cases), neonatal ischaemia and infections (about 15% of 
all cases), lissencephaly and pachygyria, and hemimega-
lencephaly (about 10% of cases), Down syndrome and 
acquired brain insults.   

subsequent temporal lobe epilepsy. Certainly, at least 50% 
of those with temporal lobe epilepsy and MRI evidence 
of hippocampal sclerosis have a history of febrile convul-
sions, although distinguishing cause from consequence is 
diffi cult. However, there are indisputable animal experi-
mental data showing that focal status epilepticus can 
result in subsequent hippocampal damage, and human 
studies of serial MRI after a febrile convulsion have also 
demonstrated the development of hippocampal atrophy. 
The risk of seizure - induced hippocampal sclerosis has 
been estimated to be about 3% after complex febrile 
seizure and less than 1% after all febrile seizures. As a 
result of this risk, febrile seizures should be treated as 
a medical emergency, and specifi c treatment measures 
are outlined on    pp. 92 – 93 .  

  West  s yndrome 
 West syndrome (Table  3.7 ) is a severe epileptic encepha-
lopathy, with an incidence of 1 – 2/4000 live births, and a 
family history in 7 – 17%. The condition is defi ned by the 
occurrence of a typical form of epileptic seizure (infantile 
spasm) and EEG (hypsarrhythmia). The infantile spasms 
take the form of sudden, generally bilateral and sym-
metrical contractions of the muscles of the neck, trunk 
or limbs. The spasms grow in frequency as the condition 
evolves and, at its peak, seizures occur hundreds of times 
a day. The spasms show a strong tendency to cluster, with 
intensity waxing and waning during the cluster. In the 
most common type, the fl exor muscles are predomi-
nantly affected, and the attack takes the form of sudden 
fl exion with arms and legs held in adduction (the 
so - called salaam attacks). Extensor spasms are less 
common, and are rarely the sole type of seizure. Mixed 
fl exor – extensor spasms commonly occur. Severity is 

  Table 3.7    West syndrome. 

  1 – 2 cases/4000 live births  
  Age - specifi c epileptic encephalopathy  
  Variety of causes  
  Age of onset 4 – 8 months  
  Seizures take the form of infantile spasms (salaam attacks)  
  EEG shows hypsarrhythmia pattern  
  Response to corticosteroids or vigabatrin  
  Spasms remit on therapy or spontaneously  
  Prognosis poor; 5% die in acute phase; learning diffi culty 

and continuing epilepsy are common sequelae  
  20% cryptogenic, 80% symptomatic  

  Table 3.8    Some causes of West syndrome. 

  Neurocutaneous syndromes (especially tuberous sclerosis, 
Sturge – Weber syndrome)  

  Cortical dysplasia (many types)  
  Congenital chromosomal disorders (many types)  
  Inherited metabolic disorders (many types)  
  Mitochondrial disease  
  Neonatal and infantile infections  
  Hypoxic – ischaemic encephalopathy  
  Tumours and vascular disorders  
  Trauma  
  Degenerative disorders  
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clinical and EEG patterns as simply a refl ection of 
severe epilepsy in childhood associated with learning 
disability. In favour of the latter view is the fact that 
there are many underlying causes, there is no specifi c 
histopathological change or specifi c treatment, and it 
can evolve from other epilepsy syndromes (e.g. West 
syndrome, neonatal convulsions). This is a nosological 
jungle and the fi ne distinctions proposed by epilepto-
logists are of largely academic interest only. There are 
few areas of more nosological confusion, even in 
epileptology (a subject blighted by esoteric and largely 
pointless argument about classifi cation). Whatever else, 
the term has acquired wide currency and is used to 
denote a profoundly handicapping clinical symptom 
complex.   

 The Lennox – Gastaut syndrome accounts for between 
1 and 5% of all childhood epilepsies, and occurs in up to 
15% of institutionalized patients with learning disability. 
The age of onset is usually between 1 and 7 years, although 
apparent adult - onset cases are recorded. It can develop 
from West syndrome, myoclonic astatic epilepsy or 
neonatal seizures. Many identifi able cerebral lesions can 
underlie the encephalopathy (Table  3.10 ), although in at 

 The term  ‘ idiopathic West syndrome ’  has been used to 
describe the condition in some patients who recover 
spontaneously after a brief course of infantile spasms. 
Probably less than 5% of patients with West syndrome 
have the truly idiopathic form. Other features include: 
normal psychomotor development at the onset of the 
infantile spasm; symmetrical hypsarrhythmia with 
absence of focal EEG abnormalities (spike - and - slow -
 wave focus) after intravenous diazepam; and reappear-
ance of hypsarrhythmia between successive spasms in a 
cluster in an ictal record. Patients with truly idiopathic 
West syndrome can show normal subsequent neurologi-
cal and cognitive development, and it has been proposed 
that this subgroup represents a form of benign epilepsy 
of childhood. There is no relationship between the sever-
ity of the spasms and the prognosis. 

 Intellectual impairment is the second cardinal clinical 
feature of symptomatic West syndrome. There is often 
some evidence of developmental retardation before the 
onset of the spasms, and occasionally prior epilepsy, but, 
as the spasms develop, the child ’ s behaviour and respon-
siveness are rapidly impaired. Previously gained visual 
and social skills disappear, and severe regression and 
autistic withdrawal are common. 

 West syndrome takes a terrible place among the 
childhood epilepsies because of its severe prognosis in 
terms of seizure recurrence and mental development, 
rapid deterioration of psychomotor status and resistance 
to conventional antiepileptic drug treatment. About 5% 
of children die in the acute phase of spasms, and the 
death rate was much higher before the introduction of 
adrenocorticotrophic hormone (ACTH) therapy. On 
treatment, the spasms remit in almost all cases, with few 
cases having attacks after the age of 3 years. However, 
both the development of the child and the ultimate 
neurological status are usually impaired. Of the survivors 
70 – 96% have learning diffi culty (which in over 50% is 
severe) and chronic epilepsy develops in 35 – 60%. The 
epilepsy can be severe, and evolve into the Lennox –
 Gastaut syndrome. The treatment of West syndrome is 
described on    p. 93 .  

  Lennox – Gastaut  s yndrome 
 This term denotes an ill - defi ned, age - specifi c, epileptic 
encephalopathy with a wide range of causes (Table  3.9 ). 
It was fi rst proposed in 1966 to describe the severe 
epilepsies of childhood in which multiple types of seizure 
are associated with slow spike – wave EEG discharges 
(2 – 3   Hz). Although some take the view that this is 
a specifi c syndrome, others disagree and view the 

  Table 3.9    Lennox – Gastaut syndrome. 

  Epileptic encephalopathy  –  1 – 5% of all 
childhood epilepsies  

  Age of onset 1 – 7 years  

  40% cryptogenic, 60% symptomatic (identifi able 
underlying cause)  

  Learning disability, sometimes severe  

  Multiple seizure types  –  atypical absence, tonic, atonic, 
tonic – clonic, myoclonic  

  Episodes of non - convulsive status epilepticus common 
(75% of patients)  

  Seizures precipitated by sedation and lack of stimulation  

  Characteristic EEG pattern  –  slow spike – wave ( ≤ 2.5   Hz), 
abnormal background, bursts of fast ( ≥ 10   Hz) activity in 
non - REM sleep  

  Evolution over time  

   < 5% seizure remission  

  Poor response to antiepileptic therapy  

   REM, rapid eye movement.   
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sleep, sometimes without clinical manifestations and 
sometimes with tonic attacks, are also highly characteris-
tic and are indeed a diagnostic requirement by some 
authorities. The ictal EEG refl ects the seizure type, 
although the ictal EEG during atypical absence attacks is 
often very similar to the apparently interictal EEG, and 
the distinction between ictal and interictal states, as 
alluded to above, can be diffi cult, with periods of non -
 convulsive status merging into the baseline state. 

 Learning disability is the other major feature of the 
condition. The intellectual impairment may be pro-
found. At least 50% of cases have an IQ  < 50. There may 
be a slow deterioration in skills, although progression is 
not particularly marked, and sometimes better control of 
the epilepsy results in intellectual improvement. 

 Subcategories of the syndrome have been proposed 
although these do not infl uence treatment strategies. 
Differentiation from the severe myoclonic epilepsies of 
childhood, and atypical or severe cases of  ‘ benign partial 
epilepsy ’ , can be problematic but, as the syndromic 
defi nition is vague, so inevitably is the syndromic 
differentiation. The prognosis for control of seizures and 
for the development of intellectual impairment is grave. 

 According to some authors, long remissions from 
seizures or intellectual improvement occur in up to 15% 
of cases, although case defi nitions have not been uniform, 
and this seems optimistic. However, seizures do improve 
in adult life, and rarely is the epilepsy as ferocious as in 
early childhood. Persisting motor slowness and intellec-
tual disability are, however, almost invariable. Many 
patients require institutional care in childhood and in 
adult life, and are dependent on carers for daily activities. 
Life expectancy has not been studied, but the encepha-
lopathy is essentially static, and many patients live 
a stable adult life. Poor prognosis is associated with 
symptomatic aetiology, early age of onset, frequent tonic 
seizures and episodes of non - convulsive status, and a 
persistently slow EEG background. Conversely, a better 
outcome is found in those with onset after the age of 
4 years, normal neuroimaging, EEG responsiveness to 
hyperventilation and faster spike – wave components 
( > 3   Hz). The treatment of the Lennox – Gastaut syndrome 
is described on    p. 94 – 95 .  

  Syndrome of  e lectrical  s tatus  e pilepticus 
 d uring  s low  w ave  s leep 
 ESES (continuous spike – wave of slow sleep [CWES]; 
Table  3.11 ) refers to an epileptic encephalopathy charac-
terized by the presence of generalized 1 – 3   Hz spike – wave 
discharges occupying 85% or more of the EEG of non -

least a third no cause is identifi able (these cases are termed 
 ‘ cryptogenic Lennox – Gastaut syndrome ’ ). About a third 
of cases are due to malformations of brain development. 
About 20 – 30% of cases evolve from West syndrome and, 
when associated with frequent tonic seizures, these 
patients carry a particularly poor prognosis.   

 The epilepsy is very severe, with seizures usually occur-
ring many times a day. These take the form of atypical 
absence, tonic, myoclonic, tonic and tonic – clonic 
seizures, and later complex partial and other seizure types 
develop. The most characteristic are tonic attacks, which 
occur most often in non - REM (but not REM) sleep and 
in wakefulness. They result in falls and the patients are 
prone to repeated head, facial and orthopaedic injuries. 
Tonic seizures are said to occur in between 17 and 95% 
of cases, depending on the nosological inclusivity of the 
report. Atypical absence and tonic – clonic seizures are 
also universal, as are episodes of convulsive and more 
typically non - convulsive status. Indeed, non - convulsive 
status (atypical absence status) may last hours or days 
and be repeated on an almost daily basis. Consciousness 
may be little affected in these periods (which can be 
referred to by carers as  ‘ off days ’ ), although the patients 
are usually obtunded to some extent, and there may 
be additional signs such as alteration of muscle tone, 
myoclonic jerks or increased sialorrhoea. 

 The EEG shows a characteristic pattern. The signature 
of the condition is the presence interictally of long bursts 
of diffuse slow (1 – 2.5   Hz) spike – wave activity, widespread 
in both hemispheres, roughly bilaterally synchronous but 
often asymmetrical. The spike – wave is not induced by 
hyperventilation and there is no photosensitivity. The 
background activity is abnormal with an excess of slow 
activity and diminished arousal or sleep potentials. Bursts 
of fast ( > 10   Hz) activity, especially during non - REM 

  Table 3.10    Underlying aetiology in symptomatic 
Lennox – Gastaut syndrome. 

  Cortical dysplasia (many types)  

  Neurocutaneous syndromes (tuberous sclerosis, 
Sturge – Weber syndrome, hypothalamic hamartoma, 
other forms)  

  Inherited metabolic disorders  

  Evolution from neonatal seizures or West syndrome  

  Ischaemic – hypoxic injury  

  Trauma  
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  Landau – Kleffner  s yndrome 
 The Landau – Kleffner syndrome is a childhood epileptic 
encephalopathy in which persisting aphasia develops in 
association with severe EEG abnormalities and epilepsy 
(Table  3.12 ). It is an uncommon condition with a male 
predominance and usually with no family history. Onset 
occurs at between 18 months and 13 years, in most cases 
between 4 and 7 years. The aetiology and pathogenesis 
of the syndrome, if indeed these are unitary, are unknown. 
The condition develops in children who were previously 
developmentally normal, and presents with a progressive 
aphasia, developing gradually over months or subacutely 
over weeks, although acute presentations are also encoun-
tered. Verbal comprehension and expressive speech both 
become severely affected. The children can become 
almost mute.   

 Rather fruitless and inconclusive discussion has 
revolved around whether or not this is a true aphasia or 
an auditory agnosia, but the language disturbance seems 
particularly to involve the decoding of spoken words. The 
aphasia fl uctuates, and indeed during the course of the 
condition speech can become quite normal, only to 
relapse again. Other inconsistent features include 
behavioural disorder, personality disturbance and intel-
lectual decline. Overt epileptic seizures occur in about 
75% of cases, and are usually mild, but 15% of cases have 
episodes of overt status epilepticus. The epilepsy, but not 
the EEG disturbance, is usually controlled by simple anti-
epileptic therapy. The EEG shows repetitive high - voltage 

 REM sleep. Of children with epilepsy, 0.5% show this 
EEG pattern. The condition is diagnosed during child-
hood (1 – 14 years) with a peak age of onset between 3 and 
5 years. About 30% of children showing this pattern have 
identifi able brain pathology such as previous meningitis 
or brain anoxia, hydrocephalus and developmental 
lesions, and one pair of affected monozygous twins has 
also been reported. There are no specifi c clinical 
signs during sleep. Overt seizures occur in daytime and 
at night, and can take various forms, both focal and 
generalized. Episodes of status are common. The EEG 
pattern usually occurs in children with severe epilepsy 
and learning diffi culty. Furthermore, many children 
exhibit the symptoms of the Landau – Kleffner syndrome, 
and some authorities consider the two conditions to be 
synonymous. However, ESES is also seen in cases of the 
Lennox – Gastaut syndrome and in some cases of BECTS. 
Indeed, whether this is a specifi c epileptic syndrome or 
simply a refl ection of severe epilepsy is uncertain. ESES 
is largely a childhood phenomenon, and the EEG pattern 
usually disappears by the age of 16 years.   

 The EEG pattern is usually resistant to conventional 
antiepileptic therapy, and often long - term corticoste-
roids or ACTH is recommended, albeit without any clear 
evidence of effi cacy. Intravenous immunoglobulin 
therapy has also been used. Oral antiepileptic drugs are 
given to control seizures. Any fi rst - line antiepileptic can 
be used and therapy follows conventional lines, although 
carbamazepine can exacerbate the nocturnal EEG distur-
bance. The EEG disturbance and seizures remit by the 
mid - teens. Cognition improves but most children do not 
gain normal functioning, especially in relation to speech 
and attention.  

  Table 3.11    Electrical status epilepticus during 
slow - wave sleep. 

  Childhood epileptic encephalopathy  
  Age of onset 1 – 14 years  
  0.5% of children with epilepsy  
  EEG shows continuous epileptic activity during non - REM 

sleep ( ≥ 85% of time)  
  Overt seizures occur during wakefulness and sleep  
  Learning disability present in most cases  
  30% of children have an identifi able cause  
  Overlap with Landau – Kleffner syndrome and BECTS  
  Epilepsy often remits by age of 16 years  

   BECTS, benign epilepsy with centrotemporal spikes.   

  Table 3.12    Landau – Kleffner syndrome. 

  Uncommon form of epileptic encephalopathy  
  Pathogenesis uncertain  
  Onset between age 1 and 14 years (usually 4 – 7 years)  
  Dysphasia, fl uctuating  –  often severe  
  Associated behavioural disorder and learning disability 

in some cases  
  EEG shows focal epileptiform patterns often amounting 

to electrographic status epilepticus; also ESES  
  75% have overt seizures, often not frequent or severe, 

various types  
  Overlap with ESES and BECTS  
  Prognosis is variable  
  Treatment with antiepileptic drugs, ACTH/corticosteroids 

and/or multiple subpial transection  

   ACTH, adrenocorticotrophic hormone; BECTS, benign 
epilepsy with centrotemporal spikes; ESES, electrical status 
epilepticus during slow - wave sleep.   
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spikes or spike – wave discharges in a generalized, focal/
multifocal (temporal/bitemporal) distribution, particu-
larly affecting the speech areas of the brain. EEG studies 
have shown the origin of spikes to be over the dorsal 
surface of the superior temporal gyrus. The EEG abnor-
mality is usually severe, and furthermore is activated by 
slow - wave sleep, and may become continuous, evolving 
into the ESES pattern. The pathophysiology of the speech 
disturbance is unclear. It is tempting to see this as a mani-
festation of continuous focal epileptic activity disrupting 
language (i.e. a functional disturbance, a form of non -
 convulsive status epilepticus), and there is a general cor-
relation between the course of the speech disturbance and 
the EEG changes, although this is not always very close. 

Imaging is usually normal, although cases with neurocys-
ticercosis, polymicrogyria and cerebral tumour have been 
described. The long - term prognosis is variable. Some 
children make a complete recovery after years of aphasia, 
and others are left with permanent, sometimes severe, 
speech disturbance and mental impairment. The EEG 
changes usually recover, although ESES may persist. 

 It is suggested that this syndrome is a form of BECTS, 
on the basis of EEG similarities, although its manifesta-
tions are much more severe, severe and its prognosis is 
generally far worse than that of the classic BECTS 
syndrome. 

 The treatment of the Landau – Kleffner syndrome is 
described on    p. 95 .       
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  4    The Causes of Epilepsy     

 It is possible to divide the causes of epilepsy into four 
main categories (Table  4.1 ): 
  1     Idiopathic epilepsy: defi ned as  ‘ an epilepsy of predomi-
nately genetic origin and in which there is no gross 
neuroanatomical or neuropathological abnormality ’ . 
A small number of new mendelian idiopathic epilepsy 
syndromes have been delineated in the past 10 years, but 
these have been in single families, and the genetic basis 
for the vast majority of idiopathic cases is currently 
unknown. It seems likely that these are the result of more 
complex non - Mendelian genomic or developmental 
mechanisms.  
  2     Symptomatic epilepsy: defi ned as  ‘ an epilepsy of an 
acquired or genetic cause, associated with neuroanatomi-
cal or neuropathological abnormalities indicative of 
underlying disease or condition ’ . Included in this cate-
gory are the developmental and congenital disorders 
with cerebral pathological changes, whether genetic or 
acquired (or indeed cryptogenic) in origin.  
  3     Provoked epilepsy: defi ned here as  ‘ an epilepsy in 
which a specifi c systemic or environmental factor is the 
predominant cause of the seizures and in which there are 
no gross causative neuroanatomical or neuropathological 
changes ’ . Some  ‘ provoked epilepsies ’  will have a genetic 
basis and some an acquired basis. The refl ex epilepsies 
are included in this category as well as the epilepsies with 
a marked seizure precipitant.  
  4     Cryptogenic epilepsy: defi ned here as  ‘ an epilepsy of 
presumed symptomatic nature in which the cause has not 
been identifi ed ’ . The number of such cases is diminish-
ing, but currently this is still an important category, 
accounting for at least 40% of adult  –  onset cases of 
epilepsy.      

 Obviously, such a categorization has diffi culties, not 
least being the fact that epilepsy is often multifactorial 

(graphically illustrated by Lennox in 1960 as multiple 
tributaries feeding into the stream that is the patient 
phenotype  –  Figure  4.1 ). Even in the presence of a major 
aetiology, other factors (genetic and environmental) can 
play a part in its clinical manifestations. The range of 
aetiology varies in different age groups, patient groups 
and geographical locations. Broadly speaking, congenital 
and perinatal conditions are the most common causes of 
early childhood - onset epilepsy, whereas in adult life epi-
lepsy is more likely to be due to external non - genetic 
causes, but this distinction is by no means absolute. In 
late adult life vascular disease is increasingly common. In 
certain parts of the world, endemic infections  –  including 
tuberculosis (TB), cysticercosis, human immunodefi -
ciency virus (HIV) and viral diseases  –  are common 
causes. The specifi c  ‘ epilepsy syndromes ’  are also highly 
age dependent.     

  Idiopathic  e pilepsy 

 Heredity plays a very important part in the production 
of epilepsy  –  a fact noted by Hippocrates 2000 years 
ago and only recently fully appreciated again. The 
idiopathic epilepsies are likely to have a strong genetic 
basis, usually polygenic or oligogenic in nature (although 
it has to be said that absolute proof of this is somewhat 
lacking). Gene expression can be variable and infl uenced 
by developmental and to a lesser extent environmental 
factors, and the epilepsies are often also age dependent. 
Single - gene disorders probably underlie only 1 – 2% of all 
epilepsies, and usually in these conditions there are 
additional neurological or systemic features. It is useful 
to categorize the  ‘ pure ’  epilepsies separately from the 
epilepsies associated with other neurological defects, 
although this distinction, like most in medicine, is 
somewhat artifi cial and transitional cases occur in a grey 
area between categories. Epilepsies due to some develop-
mental anomalies have genetic and acquired forms but 
are included here for the sake of convenience. 
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  Table 4.1    An aetiological classifi cation of epilepsy. 

   Main category     Subcategory     Subcategory  

  Idiopathic epilepsy        Pure epilepsies due to single - gene disorders  
          Pure epilepsies with complex non - Mendelian 

genomic mechanisms  

  Symptomatic epilepsy    Predominately genetic or developmental causation    Some of the severe childhood epilepsy syndromes  
          Progressive myoclonic epilepsies  
          Neurocutaneous syndromes  
          Other neurological single - gene disorders  
          Disorders of chromosome function  
          Developmental anomalies of cerebral structure  
      Predominately acquired causation    Hippocampal sclerosis  
          Perinatal and infantile causes  
          Cerebral trauma  
          Cerebral tumour  
          Cerebral infection  
          Cerebrovascular disorders  
          Cerebral immunological disorders  
          Degenerative and other neurological conditions  

  Provoked epilepsy        Provoking factors  
          Refl ex epilepsies  

  Cryptogenic epilepsies          

     Figure 4.1     The multifactorial nature of 
epilepsy was illustrated by Lennox as the 
analogy of a river in which many 
different streams (causes) contribute to 
the occurrence of a seizure.  

  Pure  e pilepsies  a s a  r esult of 
 s ingle -  g ene  d isorders 
 Pure epilepsies resulting from single - gene disorders 
are generally rare conditions, described in families 
(sometimes single families), but are potentially impor-
tant for the mechanistic light that they may throw on 
the more common polygenic epilepsies. Interestingly, 

almost all of the genes identifi ed that contribute to 
susceptibility to epilepsy are genes that code for ion 
channels (Table  4.2 ). In this sense, epilepsy has been 
recognized in recent years to be one of a burgeoning 
group of neurological disorders with intermittent 
symptoms that have underlying ion channel genetic 
defects.   
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families). There is often a strong family history and 
apparently unaffected members in a family can have 
subtle nocturnal events, mistaken as simply restlessness 
or normal sleep phenomena. The patients have purely 
nocturnal frontal lobe seizures  –  sometimes many each 
night  –  without daytime seizures and without other 
symptoms. The seizures are brief, lasting less than 1   min, 
and are clustered around the onset and end of sleep. 
The seizures take the form of spasms with various motor 
and hyperkinetic features, and consciousness may be 
preserved. The onset is in childhood and the seizures 
persist, albeit with varying severity. Magnetic resonance 
imaging (MRI) is negative and the interictal EEG can 
show frontal abnormalities but is often normal. As a 
result of their bizarre form, the seizures can be misdiag-
nosed as parasomnias or even pseudoseizures (in spite of 
the fact that pseudoseizures never arise from sleep), and 
are not uncommonly resistant to therapy. Carbamazepine 
is the usual fi rst - choice drug therapy, but, in cases not 
responsive to carbamazepine, any of the conventional 
antiepileptic drugs can be used.  

  Generalized  e pilepsy with  f ebrile 
 s eizures  p lus 
 Generalized epilepsy with febrile seizures plus (GEFS + ) 
is a heterogeneous form of epilepsy inherited in an auto-
somal dominant fashion, with age - specifi c manifesta-
tions and variable penetrance (penetrance of about 60% 
was found in the original families). Many different muta-
tions have been described in either the  α  -  or the  β  -
 subunits of the voltage - gated sodium channel genes 
 SCNIA  and  SCNIB , and more recently the  γ  2  - subunit of 
the  γ  - aminobutyric acid A (GABA A ) receptor  GABRG2  
gene in families from many places in the world. Functional 
studies have confi rmed that these mutations confer 
abnormal membrane excitability. Febrile seizures are the 
most common feature, and seizures precipitated by fever 
tend to occur throughout childhood. Afebrile seizures of 
varying types, generalized tonic – clonic, myoclonic, atyp-
ical absence and less commonly focal seizures, develop 
later in childhood. Status epilepticus can occur. The 
severity during the active phase is very variable, but the 
condition often remits by late childhood or early adult 
life. The phenotype is so broad that it is arguable whether 
this condition really deserves the epithet  ‘ syndrome ’ . 

 A really interesting question is how often sporadic 
mutations of the sodium channel  γ  - aminoglutamic 
acid (GABA) - receptor genes underlie sporadic febrile 
convulsions or even cryptogenic epilepsy, and this is a 
subject of active research. Another intriguing aspect of 
GEFS +  is its marked phenotypic variability, both within 

  Table 4.2    The single - gene  ‘ pure epilepsies ’ . 

   Syndrome     Genes implicated  a    

  Benign familial neonatal 
convulsions  

   KCNQ2 ,  KCNQ3   

  Generalized epilepsy with 
febrile seizures  +   

   SCN1A ,  SCN1B , 
 GABRG2   

  ADNFLE     CHRNA2 ,  CHRNA4 , 
 CHRNB2   

  Severe myoclonic epilepsy 
of infancy  

   SCN1A ,  GABRG2   

  Autosomal dominant 
partial epilepsy with 
auditory features  

   LGl1   

  Idiopathic generalized 
epilepsy, especially the 
juvenile myoclonic 
epilepsy and childhood 
absence epilepsy subtypes  

   GABRA1 ,  GABRG2 , 
 CLCN2 ,  CACNB4 . 
 CACNA1H ,  SCN1A , 
 EFHC1   

  Benign familial neonatal –
 infantile seizures  

   SCN2A   

    a Mutations in these genes have been clearly associated with 
the disease in family linkage studies.   

  Benign  f amilial  n eonatal  c onvulsions:  
 The syndrome of benign familial neonatal convulsions 
is a condition that is inherited in an autosomal domi-
nant fashion and is due to mutations of the voltage -
 gated potassium channel genes  KCNQ2  and  KCNQ3 . 
The abnormalities of these genes result in reduced 
potassium conductance and hence enhanced neuronal 
excitability. Why the effects are restricted to the fi rst few 
weeks of life is unclear. One plausible hypothesis is that 
the mutated channels are replaced by other potassium 
channels that are upregulated early in life. The seizures 
are usually controlled by phenobarbital, phenytoin or 
valproate.  

  Autosomal  d ominant  n octurnal  f rontal 
 l obe  e pilepsy: 
 Autosomal dominant nocturnal frontal lobe epilepsy 
(ADNFLE) was the fi rst  ‘ pure epilepsy ’  in which the 
causal gene was found. Various mutations in the  α  4  - , 
 α  2  -  and  β  2  - subunits of the nicotinic acetylcholine recep-
tor have been identifi ed in families with this interesting 
condition. Their condition is inherited in an autosomal 
dominant pattern with about 75% penetrance (in most 
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with auditory features (linked to 10q); familial temporal 
lobe epilepsies; and autosomal recessive rolandic epilepsy 
with paroxysmal exercise - induced dystonia and writer ’ s 
cramp. Autosomal dominant rolandic epilepsy with 
speech dyspraxia (ADRESD) is a rare condition with an 
unknown genetic basis but which exhibits anticipation, 
suggesting that it may be a triplet repeat syndrome.   

  Pure  e pilepsies with  c omplex ( p resumed 
 p olygenic)  i nheritance 
 Pure epilepsies with complex inheritance are far more 
common than the single - gene epilepsies. These condi-
tions are divided into the idiopathic generalized epilepsies 
(IGEs) and the benign partial epilepsies of childhood, and 
have been the subject of intensive genetic study, but to 
date no common susceptibility genes have been identi-
fi ed. These conditions are probably best conceptualized 
as polygenic disorders in which the phenotype is the result 
of interactions between susceptibility genes and develop-
mental and probably to a lesser extent environmental 
effects. There has also been recent interest in the possibil-
ity that some cases are due to copy number variations 
rather than mutations or single nucleotide polymor-
phism. There is often no strong family history, and genetic 
studies have to be conducted using case – control method-
ology in large populations. The phenotypes are wide, and 
the concept of epilepsy syndromes as discrete entities 
that are clinically homogeneous and biologically distinct 
frequently cannot be sensibly sustained. More attractive 
is the concept of the neurobiological continuum, in which 
there are widely varying phenotypes with complex 
and probably multiple genetic mechanisms and also 
overlapping phenotypes caused by different gene abnor-
malities. To confuse the picture further, many of these 
phenotypes can result from a range of identifi able 
acquired and congenital brain disorders (symptomatic 
cases). In this sense, the epilepsy syndrome can be thought 
of as a genetically determined endpoint response of 
dysfunctional brain tissue to an acquired insult. The 
extent to which other cryptogenic epilepsies have a genetic 
basis is less clear, but some authorities have proposed that 
the contribution of  ‘ genetic infl uences ’  to epilepsy in 
broad terms is about 60%.   

  Symptomatic  e pilepsy of  g enetic or 
 c ongenital  o rigin 

 Over 250 single - gene and chromosomal disorders result 
in neurological disorders in which epilepsy is part of the 
phenotype (listed on the OMIN database). Most are rare 

and across families. Digenic or oligogenic inheritance has 
been postulated to explain some of this variability. The 
seizures are treated along conventional lines for second-
arily generalized epilepsy, and the prognosis is variable, 
with spontaneous remission of seizures in some cases and 
intractable epilepsy in others.  

  Dravet  s yndrome 
 Dravet syndrome (severe myoclonic epilepsy of infancy 
[SMEI]) is a severe form of epilepsy in which many (but 
not all) patients have mutations in the  SCNIA  gene, the 
same gene that causes the more benign GEFS + , and 
indeed there are families in which both phenotypes 
coexist. Furthermore, despite the frequency of a family 
history, curiously, the mutations are in the vast majority 
of cases new. Seizures develop between the ages of 2 and 
9 months. These are often prolonged attacks, at least 
initially, taking the form of unilateral clonic or tonic –
 clonic seizures, and are precipitated by fever or even hot 
baths. Myoclonic seizures develop later (usually in 
the second year of life) but may not be a prominent 
feature. They take the form of massive myoclonia or 
erratic (segmental) myoclonia, and can be precipitated 
by photic stimuli. Focal seizures, atypical absence and 
episodes of convulsive and non - convulsive status epilep-
ticus are common. Prolonged episodes of non - convulsive 
status can be mistaken for non - epileptic deterioration. 
Other motor signs and intellectual diffi culties occur 
and the epilepsy is entirely intractable to treatment. The 
diagnosis, with seizures precipitated by fever, is highly 
characteristic. However, diagnostic confusion can occur 
with: febrile seizures (initially at least); immunization 
encephalopathy as whooping cough immunization is 
given at a similar age; degenerative diseases; the Lennox –
 Gastaut syndrome; and myoclonic – astatic epilepsy. There 
are also transitional cases sharing features of Dravet syn-
drome and other childhood epileptic encephalopathies. 
The prognosis is very poor with intractable epilepsy, early 
death, severe retardation or institutionalization in all 
cases. Therapy follows conventional lines.  

  Other  s ingle -  g ene  ‘  p ure  e pilepsy ’   s yndromes 
 A ragbag of other single - gene epilepsy syndromes has 
been described, in either single or a few families, and 
include: familial adult myoclonic epilepsy (in a few 
families from Japan); familial autosomal recessive 
idiopathic myoclonic epilepsy of infancy (in an Italian 
family); X - linked infantile spasms; benign familial 
infantile convulsions; familial partial epilepsy with vari-
able foci (linked to 22q); autosomal dominant epilepsy 
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or very rare, manifest initially in childhood, and present 
for diagnosis to paediatric neurological services rather 
than to an epilepsy specialist. In only a few of these condi-
tions does epilepsy have distinctive features or it is a 
predominant or consistent feature: exceptions are the 
progressive myoclonus epilepsies and some neurocutane-
ous syndromes. Some of the conditions associated with 
epilepsy are shown in Table  4.3 .   

 The inborn errors of metabolism are conditions in 
which biochemical defects are inherited, usually in an 
autosomal recessive fashion, and in which the epilepsy 
is one symptom within a much broader spectrum of 
learning disability, and neurological and systemic 
features. These include conditions with intermittent or 
persistent metabolic changes, including hypoglycaemia, 
hyperammonaemia, hypocalcaemia, hyperglycinaemia, 
metabolic acidosis, ketoacidosis, abnormal amino acid or 
oligosaccharide profi le, mucopolysaccharidoses and lipid 
storage diseases. Epilepsy is particularly found in 
Angelman syndrome, Tay – Sachs disease, Niemann – Pick 
disease type C, Krabbe disease, amino acid disorders and 
glycogen storage disorders. In a substantial number of 
cases presenting with epilepsy and learning disability, 
on a congenital basis, no cause can be identifi ed. 
Porphyria is another important cause with geographical 
variation. 

     Angelman  s yndrome 
 This condition, with a frequency of about 1 in every 
10   000 – 20   000 births, accounts for about 6% of all those 
with learning disability and epilepsy. The condition 
usually presents with developmental delay apparent 
between 6 and 12 months of age. It is characterized by 
dysmorphic features, grave learning disability and motor 
handicap, severe epilepsy, a characteristic motor distur-
bance with  ‘ puppet - like ’  movements due to truncal ataxia 
and titubation, a happy demeanour with a rather specifi c 
behavioural phenotype and severe speech disturbance. 
There is a characteristic morphology with protruding jaw, 
wide mouth and widely spaced teeth, occipital depression 
and blue eyes. Epilepsy is present in 85 – 90% of cases, and 
typically can include episodes of absence or myoclonic 
status, myoclonus, absence and tonic – clonic seizures. 
Partial seizures with occipital symptomatology also seem 
common. Jerky movements, additional to ataxia, can 
occur and can be due to unrecognized myoclonus or 
myoclonic status. Angelman syndrome is one cause of the 
Lennox – Gastaut syndrome. In about 80% of cases defects 
are present in the chromosome 15q11 – q13 region, and 
involve a deletion, maternal disomy, imprinting defect or 

  Table 4.3    Some single - gene disorders causing epilepsy. 

  Agenesis of the corpus callosum  
  Alpers disease  
  Aminoacidurias  
  Angelman disease  
  Argininosuccinicaciduria  
  Disorders of biotin and folate metabolism  
  Carnitine palmitoyltransferase 11 defi ciency  
  Choreoacanthocytosis (neuroacanthocytosis)  
  Dentato - rubro - pallido - luysian atrophy  
   d  - Glycine acidaemia  
  Familial cavernoma  
  Fructose - 1,6 - diphosphatase defi ciency  
  Fumarase defi ciency  
  Glucocerebrosidase defi ciency (Gaucher disease)  
  Hexosaminidase A defi ciency  
  Huntington disease  
  Isovaleric acidaemia  
  Krabbe disease (galactosylceramidase defi ciency)  
  Lafora body disease  
  Maple syrup urine disease  
  Menkes disease  
  Methylmalonic aciduria  
  Mitochondrial diseases (MERFF, MELAS, Leigh syndrome)  
  Mucopolysaccharidoses  
  Neuronal ceroid lipofuscinoses  
  Niemann – Pick disease  
  Non - ketotic hyperglycinaemia  
  Ornithine transcarbamylase defi ciency  
  Periventricular heterotopia  
  Peroxisomal enzyme defi ciencies  
  Phenylalanine hydroxylase defi ciency (phenylketonuria)  
  Porphyria  
  Proprionic acidaemia  
  Pyridoxine defi ciency  
  Pyruvate dehydrogenase defi ciency  
  Respiratory chain disorders  
  Rett syndrome  
  Sialidoses  
  Tuberous sclerosis  
  Unverricht – Lundborg disease  
  Urea cycle disorders  
  Wolf – Hirschhorn syndrome  

   MERFF, myoclonic epilepsy with ragged red fi bres; 
MELAS, myoclonic epilepsy, lactic acidosis and stroke - like 
episodes.  
  List excludes the single - gene disorders causing  ‘ pure 
epilepsy ’  –  see Table  4.2 .   
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dase A enzyme activity in the serum or white blood cells 
(with normal hexosaminidase B activity). The acute 
infantile condition Tay – Sachs disease presents in the fi rst 
year of life with severe regression, visual deterioration, 
severe seizures and progressive enlargement of the head. 
An exaggerated startle response and startle - induced 
seizures occur. Death is inevitable by the age of 4 years. 
The condition is relatively common in Ashkenazi Jewish 
populations (91 in 3000 live births and carrier rates of 1 
in 30), and 100 times less common in non - Jewish or 
Sephardic Jewish populations. The juvenile form begins 
with ataxia and then progressive intellectual decline with 
seizures and death by the age of 20 years. The adult forms 
do not commonly cause epilepsy.  

  Menkes  s yndrome 
 This X - linked recessive disorder is the result of mutations 
in the ATPase copper transport gene  ATP7A . A range of 
mutations has been found, which result in an abnormal 
ATPase transport protein and low copper concentrations 
in tissue. Classic Menkes disease presents around the age 
of 2 months with severe neurological regression and 
epilepsy, and other features including characteristic 
changes in the hair (kinky hair), autonomic and gastro-
intestinal dysfunction, and other abnormalities. Death 
occurs between 7 months and 3 years. A few patients have 
been described with a mild condition, with ataxia, tremor, 
weakness, mild intellectual impairment and seizures 
developing in mid to late childhood. Diagnosis is by 
measurement of copper and ceruloplasmin. Genetic 
testing is also available, including prenatal testing. 
Treatment of the underlying condition consists of 
subcutaneous injections of copper histidine or copper 
chloride (250 – 500   mg/day). If given within 10 days of 
birth, developmental outcome can be normalized.  

  Neuroacanthocytosis 
 Neuroacanthocytosis (choreoacanthocytosis) is a pro-
gressive neurological disorder with prominent epilepsy, 
motor dysfunction, myopathy, cognitive and behavioural 
changes, and acanthocytosis of the red blood cells. The 
condition is inherited in an autosomal recessive manner. 
Seizures are observed in almost half of affected individu-
als, are often the initial manifestation and can be very 
severe. Chorea and dystonia are common, particularly 
affecting the facial and buccal muscles, causing dysarthria 
and dysphagia, with resulting weight loss. Habitual 
tongue and lip biting are characteristic. Progressive 
cognitive and behavioural changes have strong frontal 

rarely translocation. This region contains a cluster of 
GABA - receptor subunit genes. Iatrogenic mutations in 
the  UBE3A  gene are found in about 10% of cases. 
Diagnostic genetic testing is available. About 80% of cases 
can be identifi ed via the methylation test, and mutation 
testing of the  UBE3A  gene can be used in cases where 
the methylation test is negative. MRI is normal and 
EEG usually shows large – amplitude slow spike – wave. 
The lifespan is probably normal. Treatment of the 
epilepsy follows conventional lines, and has no specifi c 
features.  

  Gaucher  d isease 
 Gaucher disease (glucocerebrosidase defi ciency, gluco-
sylceramidase defi ciency) is caused by defi cient activity 
of the lysosomal enzyme glucosylceramidase and the 
resultant accumulation of its undegraded substrate, 
glucosylceramide, and other glycolipids. In the central 
nervous system (CNS) glucosylceramide originates from 
the turnover of membrane gangliosides. There is a wide 
phenotypic range, and the condition is usually divided 
into fi ve subtypes. The frequency is about 1 case per 
50   000 – 100   000 live births. There is a marked founder 
effect in some populations and the condition is particu-
larly common in Ashkenazi Jewish populations, Swedish 
populations and the Jenin Arabs. Only types 2 and 3 
are primarily neurological disorders. Type 2 has onset 
of disease before the age of 2 years, and presents as 
regression, profound psychomotor delay and a rapidly 
progressive course, with death in the fi rst 4 years of life. 
Type 3 has a more slowly progressive course, and death 
occurs in the second to fourth decades. Seizures occur 
and may take the form of progressive myoclonic epilepsy. 
The diagnosis of Gaucher disease relies on demonstration 
of defi cient glucosylceramidase enzyme activity in 
peripheral blood leucocytes or other nucleated cells. 
Mutation analysis for the common mutations is avail-
able. Family studies can be carried out.  

  Lysosomal  d isorders ( l ipidoses) 
 The most important lipidosis resulting in epilepsy is due 
to mutation of the hexosaminidase A ( HEXA ) gene. At 
least 90 different disease - causing mutations have been 
identifi ed, of which 6 account for 98% of all cases in 
the Ashkenazi Jewish population but less than 50% in the 
non - Jewish cases. Defects in the enzyme result in a spec-
trum of disorders caused by the intralysosomal storage of 
the glycosphingolipid GM2 ganglioside. The diagnosis 
depends on the demonstration of defi cient hexosamini-
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and lysosomal enzyme panels, are negative. In about 90% 
of cases NPC is caused by an identifi able mutation in the 
 NPC1  gene (and a handful of cases have been described 
with  NPC2  gene mutations). Molecular genetic testing is 
available.  

  Organic  a cidurias and  a minoacidurias 
 These are autosomal recessive conditions. The most 
common is phenylketonuria caused by defects in phenyl-
alanine hydrolase, and over 400 disease - causing muta-
tions in the gene have been described. The prevalence 
shows marked geographical and racial differences, 
ranging between 1 in 2600 and 1 in 200   000 live births, 
and carrier rates between 1 in 26 and 1 in 225 (in Turkey 
and Finland, respectively). It can and should be detected 
by neonatal screening, and early dietary treatment will 
prevent any abnormalities. If the condition is missed, 
learning disability, epilepsy, microcephaly, and motor 
and behavioural disturbances occur. A less common 
cause of phenylalaninaemia is tetrahydrobiopterin defi -
ciency. Other acidurias in which epilepsy occurs include 
argininosuccinicaciduria, tyrosinaemia and histidinae-
mia. They commonly result in epilepsy associated with 
learning disability and other neurological and systemic 
features. Diagnosis is made by screening blood and urine 
for abnormal amino acids. 

 Lactic acidosis is present in blood and urine in Leigh 
syndrome. This is usually due to X - linked or autosomal 
recessive nuclear gene mutations of one of the mitochon-
drial respiratory chain complex I or IV enzymes or 
pyruvate dehydrogenase (X - linked  PDHA1  gene). About 
30% are due to mutations in mitochondrial DNA, which 
have been identifi ed in at least 11 mitochondrial genes. 
The diagnostic features are a subacute encephalopathy, 
seizures (myoclonic or tonic – clonic), and progressive 
dementia with cerebellar and brain - stem signs. Motor 
abnormalities include hypotonia, spasticity, ataxia, 
involuntary movements and bulbar problems. Vomiting, 
hyperventilation and abnormalities of thermoregulation 
are common. Optic atrophy, pigmentary retinopathy, 
deafness and cardiomyopathy are sometimes present. On 
imaging, basal ganglia lucencies are highly characteristic, 
and proton magnetic resonance spectroscopy (MRS) can 
detect high cerebral lactic acid levels. High alanine levels 
are found in plasma. The condition typically presents in 
infancy after a viral disease, but less commonly can occur 
at any age. Leigh syndrome - like conditions also occur 
without the full complement of features, and the complex 
 ‘ neurogenic weakness, ataxia and retinitis pigmentosa ’  

lobe features. The mean age of onset is about 35 years 
of age, but the disease can present at any time between 
10 and 70 years of age. The diagnosis of choreoacan-
thocytosis depends upon the presence of characteristic 
MRI atrophy of the caudate nuclei and T2 - signal increase 
in the caudate and putamen. Acanthocytes are present 
in 5 – 50% of the red cells, and it is usually advised 
that acanthocytes are searched for on fresh smears on 
six separate occasions before the condition is excluded. 
Increased serum concentration of muscle creatine phos-
phokinase is observed in most cases. Acanthocytes 
also occur in McCleod syndrome and abetalipopro-
teinaemia with vitamin E defi ciency. Muscle biopsy 
reveals central nuclei and atrophic fi bres. Missense, 
frameshift, nonsense, splice - site and deletion mutations 
in the  VPS13A  gene are associated with some cases. 
Molecular genetic testing is currently available only 
on a research basis. Acanthocytosis needs to be differenti-
ated clinically from Huntington disease, Lesch – Nyhan 
disease and pantothenate kinase - associated neurode-
generation (PKAN; Hallervorden – Spatz syndrome). 
There is no effective curative therapy and treatment is 
symptomatic and palliative. The disease runs a chronic 
progressive course, leading to major disability within a 
few years and death after 10 years or more. Treatment 
of the epilepsy follows conventional lines and has no 
specifi c features.  

  Niemann – Pick  d isease  t ype  C  
 Niemann – Pick disease type C (NPC) is a lipid storage 
disease presenting in infants, children or adults. NPC is 
inherited in an autosomal recessive manner and has a 
frequency of about 1 in 150   000. The classic presentation 
occurs in middle to late childhood with the insidious 
onset of ataxia, vertical supranuclear gaze palsy, demen-
tia, dystonia and seizures. The seizures are partial or 
generalized, or both. The epilepsy is often refractory to 
medical therapy, but improves if survival is prolonged, 
presumably refl ecting neuronal loss. About 20% of 
affected children have cataplexy induced by laughing. 
Dysarthria and dysphagia eventually become disabling, 
making oral feeding impossible. Adults are more likely to 
present with dementia or psychiatric symptoms. The 
diagnosis of NPC is confi rmed by bone marrow biopsy, 
which shows lipid - laden histiocytes, the biochemical 
demonstration of impaired cholesterol esterifi cation 
and positive fi lipin staining in cultured fi broblasts. The 
diagnosis is often delayed substantially because  ‘ routine ’  
screening tests for metabolic disease, such as urine screens 
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three acute porphyrias that cause epilepsy and other neu-
rological symptoms: acute intermittent porphyria (AIP), 
variegate porphyria and hereditary co - proporphyria 
(HCP). In AIP, seizures occur in about 5% of cases. 

 AIP is the most common hepatic porphyria and the 
most commonly associated with epilepsy. This condition 
is inherited in an autosomal dominant fashion and is 
caused by a defi ciency of porphobilinogen deaminase 
(synonym  –  hydroxymethylbilane synthase [HMB syn-
thase] and uroporphyrinogen I synthase). 

 Most people with this defi ciency are asymptomatic 
(i.e. are carriers). Furthermore, in symptomatic individu-
als, the defi ciency often becomes evident only when the 
susceptible individual is exposed to provoking factors, 
including: intercurrent infection, hormonal changes 
(especially oestrogen or progesterone changes), low calo-
rifi c diet or other dietary changes, or medicinal drugs. 
The drugs that can induce or worsen an attack are those 
that induce aminolaevulinic acid (ALA) synthetase or 
porphobilinogen (PBG) deaminase in the liver, and these 
include most enzyme - inducing antiepileptic drugs, 
which should therefore be avoided. Oral contraceptives, 
some analgesics, some cardiovascular and antihyperten-
sive drugs, ergotamine derivatives, chloramphenicol, 
erythromycin, rifampicin, trimethoprin, ketoconazole, 
nitrofurantoin and sulphonamide antibiotics are among 
the other drugs that frequently precipitate attacks. The 
clinical and biochemical features of the acute attacks 
of variegate porphyria are identical to AIP, except for 
cutaneous photosensitivity which occurs in a third of 
cases. Seizures are relatively common in the acute attacks, 
although chronic epilepsy is seldom a problem. 

 The diagnosis of acute porphyria depends on demon-
strating increased levels of urinary  δ  - ALA and PBG in 
urine which establishes one of the acute porphyrias. 
The diagnosis of AIP is confi rmed if there is a defi ciency 
of PBG deaminase in red blood cells, a test that is 
not, however, always positive in all patients. In some 
patients, only hepatic PBG deaminase is defi cient, requir-
ing liver biopsy to confi rm the diagnosis. Estimations of 
PBG deaminase in red blood cells are a sensitive way of 
detecting latent porphyria in asymptomatic family 
members. 

 In an acute attack, the measurement of PBG in a 
random urine sample is a useful screening test, and, if 
positive, followed by a 24 - hour collection of  δ  - ALA, 
PBG and/or porphyrin. Estimation of faecal porphyrins 
distinguishes between variegate porphyria and HCP 
(Tables  4.4  and  4.5 ). Interpretation of the tests can be 
complex.    

(NARP) is considered to be part of the spectrum of this 
condition. Genetic testing is available.  

  Peroxisomal  d isorders 
 At least 17 autosomal recessive disorders are described 
due to abnormalities of 11 genes coding for peroxisomal 
enzymes. These enzymes act as metabolic pathways in 
the oxidation of long - chain fatty acids, necessary for 
myelin production. Zellweger syndrome and neonatal 
adrenoleucodystrophy are examples, presenting as severe 
seizure disorders that often start in the neonatal period 
and include all seizure types, one of which is infantile 
spasm. Other features include poor feeding, severe 
intellectual regression, bony stippling (chondrodysplasia 
punctata), retinal dystrophy, hearing loss, hypotonia 
and dysmorphic features (including high palate, high 
forehead and shallow orbital ridges). The EEG is severely 
abnormal. In some cases polymicrogyria is present. The 
diagnosis is made by measuring serum long - chain fatty 
acids in plasma, and then fi broblast culture. Mutations 
in 11 different  PEX  genes  –  those that encode peroxins 
 –  have been identifi ed. Mutations of  PEX1  is the most 
common cause, and sequencing of exons 13 and 15 will 
reveal at least one mutation in about 50% of patients. 
Such testing is clinically available. Later in life, X - linked 
adrenoleucodystrophy is the most common peroxisomal 
disorder, but seizures are the presenting symptom in only 
a minority, and are sometimes secondary to hypoglycae-
mia associated with adrenal failure.  

  Porphyria 
 The porphyrias are a group of conditions in which there 
are defi ciencies in one of the eight enzymes of the haem 
biosynthetic pathway (the porphyrin pathway; four of 
the enzymes are located in the mitochondria and the 
other four in the cytosol). The enzyme defi ciency leads 
to underproduction of haem and the accumulation 
of porphyrins which are haem precursors. It is this 
accumulation, rather than the defi ciency of haem, that 
causes the symptoms in most cases. The disorders are 
sometimes inherited and sometimes secondary to severe 
liver disease (porphyria cutaneous tarda). The inherited 
conditions are classifi ed into the acute porphyrias 
(hepatic porphyrias) and cutaneous (erythropoietic) 
porphyrias, depending on the site of accumulation of 
porphyrins or precursors. 

 Neurological disturbance, including epilepsy, is a 
feature of the inherited acute porphyrias (hepatic 
porphyrias), and the major symptoms including pain 
are due to acute neurological dysfunction. There are 



The Causes of Epilepsy  41

 Prevention is possible with simple measures. Patients 
at risk of attacks should eat a normal or high - 
carbohydrate diet. Dieting or weight loss should be 
avoided or carried out only under medical supervision 
and a diet with 90% of the normal haem intake is recom-
mended. Non - enzyme - inducing drugs such as gabapen-
tin, pregabalin, topiramate and levetiracetam are safer 
than conventional therapy for chronic epilepsy. For acute 
therapy, diazepam and clonazepam are relatively safe. 
Magnesium sulphate has also traditionally been used.  

  Pyridoxine  d efi ciency 
 Pyridoxine defi ciency is due to a recessively inherited 
defect in the enzyme glutamic acid decarboxylase. It 
presents in infancy with neonatal convulsions and EEG 
disturbance. It responds rapidly to pyridoxine, and is, 
rarely among the inborn errors of metabolism, entirely 
curable if the diagnosis is made in time. Indeed, pyridox-
ine should be given to any neonate with seizures if no 
other cause is clearly present.  

  Rett  s yndrome 
 This is an X - linked dominant disorder, almost always 
presenting in girls. The defect is in the  MECP2  
gene, which controls RNA production. Birth and devel-
opment in the fi rst 6 months are normal. In the classic 
phenotype, the children then decline with severe mental 
regression with autistic features, motor disturbances with 
highly characteristic manual stereotopies, and eventually 
total quadraparesis, apnoeic attacks, and a complex 
disturbance of breathing and a tendency for gastric 
regurgitation. Short stature, growth failure, wasting and 

 Genetic testing can confi rm the disease, but as there 
are many different mutations in the PBG deaminase 
gene it is not used widely for screening purposes. 
Detection is easier if the familial mutation has been 
identifi ed. Members of a family can be tested to identify 
asymptomatic cases in order to counsel about avoiding 
precipitants. 

 Treatment is with high oral or intravenous glucose 
intake, intravenous haematin (Panhematin) or haem 
arginate (NormoSang) and control of electrolyte 
disturbance. Provoking drugs should be immediately 
discontinued. 

  Table 4.4    The diagnostic tests in the acute porphyrias associated with epilepsy. 

        Urine ALA and PBG levels     Urine porphyrin levels     Faecal prophyrin levels     Red cell porphyrin levels  

  Acute 
intermittent 
porphyria  

  Normal    Increased URO (may 
be normal if not in an 
acute attack)  

  Normal    Normal  

  Variegate 
porphyria  

  Increased (may be normal 
if not in an acute attack)  

  Increased COPRO    Increased COPRO and 
PROTO  

  Normal  

  Hereditary 
coproporphyria  

  Increased (may be normal 
if not in an acute attack)  

  Increased COPRO    Increased COPRO    Normal  

   ALA, aminolaevulinic acid; COPRO , coproporphyrins; PBG, porphobilinogen; PROTO, protoporphyrins; URO, 
uroporphyrins.   

  Table 4.5    Antiepileptic drug use in acute 
intermittent porphyria. 

   Drugs that are unsafe and should be avoided   
  Carbamazepine and oxcarbazepine  
  Lamotrigine  
  Ethosuximide/methsuximide  
  Felbamate  
  Phenytoin  
  Phenobarbital and other barbiturates  
  Valproic acid  

   Drugs that can be used (with care)   
  Clonazepam and other benzodiazepines  
  Gabapentin  
  Levetiracetam  
  Pregabalin  
  Vigabatrin  
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valproate is given. The diagnosis can be made by the 
demonstration of a high serum ammonia, and valproate 
withdrawal and/or treatment of the intercurrent illness 
will reverse the clinical picture. Genetic testing is possible, 
by linkage analysis (with linkage established in the family 
before individual testing), and the disease can be con-
fi rmed by enzymatic testing on hepatic tissue.   

  Progressive  m yoclonic  e pilepsies 
 This is a rather specifi c phenotype, which can be caused 
by a variety of genetically determined neurological disor-
ders (Table  4.6 ). In most parts of the world there are six 
common underlying conditions: mitochondrial disor-
ders, Unverricht – Lundborg disease, dentato - rubro -
 pallido - luysian atrophy (DRPLA), Lafora body disease, 
neuronal ceroid lipofuscinosis and sialidosis. The term 
 ‘ progressive myoclonic epilepsy ’  (PME) should be 
confi ned to those cases where the predominant clinical 
symptom is myoclonus. This needs to be differentiated 
from other progressive encephalopathies with myoclonus 
and from the so - called progressive myoclonic ataxias.   

 There are marked geographical variations in the 
frequency, but in most countries the condition is 
uncommon, accounting for less than 1% of all referrals 
to tertiary epilepsy services. 

  Baltic  m yoclonus (Unverricht – Lundborg  d isease) 
 This is the most benign form of PME. It is an autosomal 
recessive disorder due to mutations in the  EPM1  gene 
coding for the cystatin B protein, a protease inhibitor. 
The most common mutation is an unstable expansion of 
a dodecamer repeat. There is marked geographical varia-
tion, with the condition being especially common in 
Finland (where the incidence is in excess of 1 in 20   000 
people), Scandinavia and the Baltic regions, due to 
founder effects in these isolated populations. Myoclonic 
movements fi rst develop, usually between the ages of 6 
and 15 years, and the condition slowly progresses. Initially 
the myoclonus is easy to control, but eventually it 
becomes intractable and disabling. Other seizures are 
infrequent, although tonic – clonic seizures may be the 
presenting symptom, and are usually easily controlled. 
Ataxia and tremor also develop and become major 
clinical features. There is a very slow intellectual decline, 
but this can be mild. Death used to occur between the 
ages of 30 and 40 years, but with improved treatment 
survival now is often into the seventh decade. The EEG 
has an interesting pattern, sometimes showing spike –
 wave on waking at 3 – 5   Hz and with photosensitivity. 
Diagnosis can be made by genetic testing.  

microcephaly are typical. Language is severely affected 
and speech may cease altogether. Epilepsy occurs in over 
50% of identifi ed cases, and tends to develop when the 
disease has stabilized. The seizures take many forms and 
include episodes of convulsive status epilepticus. The 
latter can be precipitated by inhalation due to gastric 
regurgitation. Often, however, the epilepsy is not severe, 
and can be controlled by relatively small doses of 
conventional antiepileptic therapy. MRI does not show 
specifi c features, but EEG is often severely abnormal with 
predominant slow activity, spikes and spike – wave, 
and frequent electrographic seizures. It has recently 
become clear that the phenotype is much wider than in 
the classic descriptions, and it is recognized that some 
adult women with only mild intellectual disability 
have the same genetic defect. Most cases are due to 
mutations in one of several mutation hotspots in the 
 MECP2  gene. Atypical cases exist with mutations in the 
 CDKL5  gene. Occasional male cases survive who have 
either a 47,XXY karyotype with a normal  MECP2  gene 
on one X chromosome, or somatic mosaicism. Males 
with 47,XY and  MECP2  mutations die in the fi rst years 
of life. Diagnostic genetic testing is available.  

  Urea  c ycle  d isorders 
 Various autosomal recessive disorders of urea cycle 
enzymes occur, with a prevalence of about 1 in 30   000 live 
births, resulting in abnormalities of protein breakdown 
and consequential hyperammonaemia. There are fi ve urea 
cycle enzymes and one co - factor, and defects in each are 
described. The severity of the conditions vary, with some 
rapidly fatal. Ornithine transcarbamylase (OTC) defi -
ciency is the most common defi ciency, with a frequency 
of about 1 in 80   000 live births. It is an X - linked trait, 
with marked phenotypical variation. Male homozygotes 
usually present in infancy with severe neonatal hyperam-
monaemic encephalopathy, whereas female heterozygotes 
may be virtually asymptomatic. In mild or moderately 
affected cases, epilepsy is common, associated sometimes 
with ataxia, tremor and other motor abnormalities. A 
signifi cant number of carrier females exist, presumably 
due to X - chromosome inactivation. These patients can 
also have epilepsy, and are at risk of hyperammonaemic 
crises precipitated, for example, by pregnancy, drugs such 
as corticosteroids or valproate, or intercurrent infection. 
The hyperammonaemic episodes are characterized by 
encephalopathy, vomiting, lethargy, behavioural and psy-
chiatric disturbances, and sleep disorder. The encepha-
lopathy is sometimes misdiagnosed as non - convulsive 
status epilepticus, and this can be a disastrous if further 
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  Table 4.6    Causes of progressive myoclonic epilepsy. 

   Disease      Age at onset     Suggestive clinical 
features  

   Suggestive laboratory 
features  

   Genetics     Gene(s)  

  Unverricht –
 Lundborg disease  

  8 – 13 years    Severe myoclonus, 
mild dementia and 
ataxia  

  None identifi ed    AR     CSTB   

  Lafora disease    10 – 18 years    Severe myoclonus, 
occipital seizures, 
inexorable dementia, 
Lafora bodies  

  Lafora bodies in skin 
biopsies  

  AR     EPM2A  
  EPM2B   

  Myoclonus epilepsy 
and ragged red 
fi bres (MERRF)  

  Variable    Deafness, optic 
atrophy, myopathy, 
myoclonus  

  Ragged red fi bres, 
increased level of pyruvate 
and lactate (blood)  

  Mitochondrial     tRNA lys    

  Sialidoses    Type I    8 – 20 
years  

  Severe myoclonus, 
tonic – clonic seizures, 
ataxia, cherry - red 
spot, visual failure  

  Elevated urinary 
sialyloligosaccharides, 
defi ciency of 
neuroaminidase in 
leucocytes and cultured 
skin fi broblasts  

  AR     NEU   

  Type II    10 – 30 
years  

  Severe myoclonus, 
ataxia, cherry - red 
spot, visual failure, 
dysmorphic features, 
hearing loss  

  Elevated urinary 
sialyloligosaccharides, 
defi ciency of 
neuroaminidase and 
 β  - galactosidase in 
leucocytes and cultured 
skin fi broblasts  

  AR     PPGB   

  Neuronal ceroid 
lipofuscinoses  

  CLN2    2.4 – 4 
years  

  Myoclonic, tonic –
 clonic, atonic or 
atypical absence 
seizures, psychomotor 
delay and ataxia, 
visual failure  

  Curvilinear, rectilinear or 
fi ngerprint lipidic 
inclusions in skin biopsy 
at electron microscopy  

  AR     TPP1   

  CNL3    5 – 10 
years  

  Myoclonus and 
tonic – clonic seizures, 
macular degeneration, 
optic atrophy, 
dementia  

  AR     CLN3   

  CNL4    15 – 50 
years  

  Generalized seizures, 
myoclonic jerks, 
extrapyramidal 
symptoms  

  AR/AD     –   

  Dentato - rubro -
 pallido - luysian 
dysptrophy 
(DRPLA)  *    

  Variable    Seizures, myoclonus, 
ataxia, chorea, 
dementia  

  None identifi ed    AD     ATN1   

   These are the more common causes. The condition can also be due to: biotin - responsive progressive myoclonus, coeliac 
disease, Gaucher disease, GM2 gangliosidosis (juvenile type), hexosaminidase defi ciency, Huntington disease, juvenile 
neuroaxonal dystrophy, Menkes disease, phenylketonuria, tetrahydrobiopterin defi ciencies.  
  AD, autosomal dominant; AR, autosomal recessive.  
   * DRPLA is caused by an expanded trinucleotide repeat in the  ATN1  gene   
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hallucinations. The seizure disorder becomes progres-
sively more severe, and status epilepticus is common. 
There is also a rapidly progressive and severe dementia. 
Ataxia and dysarthria also occur. 

 The condition is progressive, although often in a step-
wise form, and death occurs within 2 – 10 years of the 
onset of the disease, by which time the myoclonus is 
severe and disabling. The EEG may show spike – wave 
initially at 3   Hz, with faster frequencies developing over 
time, and focal occipital spike discharges, although these 
are not a reliable diagnostic fi nding. The myoclonus is not 
associated with EEG change and this helps differentiate 
early cases from myoclonus in IGE. Later EEG signs 
include slowing of background activity and the loss of 
normal sleep patterns. Up to 80% of patients have a muta-
tion in the  EPM2A  gene, which codes for laforin, a tyro-
sine phosphatase protein. Fourteen different mutations 
in 24 families are now known. A second gene,  EPM2B , has 
been identifi ed, which codes for malin, a ubiquitin ligase 
protein. A third locus has recently been described in one 
family. The diagnosis can be confi rmed by histological 
examination of the skin (which should include ecrine 
glands) and liver or muscle biopsy, but genetic testing has 
now rendered this largely unnecessary.  

  Mitochondrial  c ytopathy ( m yoclonic  e pilepsy 
with  r agged  r ed  fi  bres) 
 Mitochondrial cytopathy (myoclonic epilepsy with 
ragged red fi bres [MERRF]) is caused by a range of 
point mutations or deletions of mitochondrial DNA, or 
nuclear genes linked to mitochondrial function, which 
result in dysfunction of the mitochondrial respiratory 
chain. On the inner mitochondrial membrane there are 
over 70 different polypeptides that form the respiratory 
chain and 13 of these polypeptides are encoded by mito-
chondrial DNA; defects have been described in all of 
these. Two classic phenotypes (MERFF and mitochon-
drial encephalopathy with lactic acidaemia and stroke 
[MELAS]) occur, in which seizures are a common and 
important symptom, although intermediate and transi-
tional cases are not uncommon. In a third mitochon-
drial disorder, Leigh syndrome and neuropathy, ataxia 
and retinitis pigmentosa (NARP) continuum, seizures 
are also common but not a predominant feature. 

 The full range of the phenotypes of mitochondrially 
inherited defects is probably not known, and it certainly 
seems possible that some cryptogenic epilepsies will have 
mitochondrial defects as yet undetected. The inheritance 
is, of course, usually maternal. Mitochondrial disease can 
result in forms of epilepsy other than PME. Other forms 

  Dentato -  r ubro -  p allido -  l uysian  a trophy  
 DRPLA is inherited in an autosomal dominant fashion. 
It occurs with markedly varying frequency around the 
world, being particularly common in Japan (a frequency 
of 0.2 – 0.7 per 100   000 people) and in northern Europe. 
It is a triplet - repeat disorder involving the  ATN1  gene, 
which is of uncertain function. The normal repeat 
number is between 6 and 35 and the condition is present 
with full penetrance when the repeat number is  > 48. 
DRPLA is a slowly progressive disorder in which ataxia, 
choreoathetosis, dementia and behavioural changes, 
myoclonus and epilepsy occur. In common with other 
triplet - repeat disorders, signifi cant  ‘ anticipation ’  is 
exhibited, and there is marked phenotypic variation even 
within a family. Fifty per cent of cases present tonic –
 clonic seizures and myoclonus, some present with 
ataxia – athetosis – chorea and others with dementia in a 
 ‘ pseudo - Huntington ’  form. 

 The condition can present at any time from infancy to 
late adult life, the mean age of onset being 30 years. The 
mode of presentation of the condition is age dependent, 
and there is also an inverse relationship between the age 
of onset of symptoms and the number of repeats. 
Individuals with onset before age 20 years invariably have 
epilepsy and frequently present with PME, although 
other forms of generalized seizures (tonic, clonic or 
tonic – clonic seizures) occur. Seizures are rare in indi-
viduals with onset after age 40. The diagnosis of DRPLA 
rests on a positive family history, the characteristic clini-
cal fi ndings, and the detection of an expanded trinucleo-
tide repeat in the  ATN1  gene. The CAG repeat length in 
individuals with DRPLA ranges from 48 to 93. Molecular 
genetic testing is widely available. Diffuse high - intensity 
areas deep in the white matter are often observed on T2 -
 weighted MRI in individuals with adult - onset DRPLA of 
long duration.  

  Lafora  b ody  d isease 
 Lafora body disease, an autosomal recessive condition 
mostly reported from southern Europe, is characterized 
by the presence of Lafora bodies, which are periodic acid –
 Schiff (PAS) - positive intracellular polyglucosan inclu-
sions found in neurons, sweat glands and a variety of 
other sites. The age of onset is between 6 and 19 years 
(usually 12 – 17 years), although many patients have a 
history of isolated febrile or non - febrile seizures earlier 
in childhood, and the disease presents with progressive 
myoclonic and associated tonic – clonic and partial 
seizures. The partial seizures often have occipital or visual 
symptomatology, typically with ictal blindness and visual 
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  Neuronal  c eroid  l ipofuscinosis 
 The neuronal ceroid lipofusinoses (NCLs) are a group of 
inherited lysosomal storage disorders that may present 
with progressive myoclonic epilepsy, and mental and 
motor deterioration. These are the most common of the 
hereditary progressive neurodegenerative diseases, occur-
ring generally in about 1/25   000 live births, but with 
marked geographical variation and a particularly high 
frequency in Finland. The phenotypes are categorized by 
age of onset: infantile neuronal ceroid lipofuscinosis 
(INCL), late - infantile (LINCL), juvenile (JNCL), adult 
(ANCL) and northern epilepsy (NE). Myoclonic epilepsy 
is a feature of all types. Almost all cases are inherited in 
an autosomal recessive manner although an autosomal 
dominant form of adult - onset NCL has been described. 
Carriers show no symptoms. In Santavuori disease 
(INCL), infants are normal at birth and then develop 
retinal blindness and seizures by 2 years of age, followed 
by progressive mental deterioration, and usually death in 
the fi rst decade (although longer survival is possible 
with some mutations). Jansky – Bielschowsky disease 
(LINCL) appears typically between 2 and 4 years of age, 
usually starting with myoclonic epilepsy, followed by 
developmental regression, dementia, ataxia, blindness, 
and extrapyramidal and pyramidal signs. Death is usually 
between 6 and 30 years of age. 

 Batten disease (JNCL) develops between 4 and 10 years 
of age with rapidly progressing visual loss. Epilepsy, 
taking the form of tonic – clonic seizures, complex partial 
seizures or myoclonic seizures, typically appears between 
age 5 and 18 years. Other features include dementia and 
extrapyramidal features, and behavioural disturbance 
and psychosis. Death occurs between the late teens and 
the fourth decade. 

 Kufs disease (ANCL) usually develops around 30 years 
of age, with death occurring about 10 years later. There 
are two major phenotypes. In type A, patients present 
with PME with dementia, ataxia, and late - occurring 
pyramidal or extrapyramidal signs. Seizures are often 
uncontrollable. In type B, behavioural abnormalities and 
dementia are the presenting signs, sometimes associated 
with motor dysfunction, ataxia, extra pyramidal signs and 
suprabulbar signs. Visual failure does not occur. Northern 
epilepsy is characterized by tonic – clonic or complex 
partial seizures, learning disability and motor dysfunc-
tion. Onset occurs between 5 and 10 years of age. 

 The diagnosis of an NCL is based on clinical fi ndings, 
electron microscopy of biopsied tissues and, in some 
instances, assay of enzyme activity or enzyme levels, 
and molecular genetic testing. Causative mutations in 

of myoclonus are characteristic and can be either focal or 
multifocal, but partial seizures and tonic – clonic seizures 
are also not infrequently encountered. 

 The mitochondrial cytopathy that typically causes 
PME is the syndrome of MERRF. This is a multisystem 
disorder with a very variable phenotype, in which myo-
clonic seizures are often the fi rst symptom, followed by 
generalized epilepsy, myopathy, ataxia and dementia. 
Other features are short stature, deafness, optic atrophy, 
retinopathy, ophthalmoparesis and cardiomyopathy 
with Wolff – Parkinson – White syndrome. The clinical 
features are variable, even within families. The EEG 
shows spike – wave at 2 – 5   Hz with a slow background. 
Ragged red fi bres are found on muscle biopsy in 80% of 
cases, and biochemical analysis will show decreased 
activity in respiratory chain enzymes. MRI may show 
atrophy, T2 signal change and basal ganglia calcifi cation. 
In 90% of cases the genetic defect is an A - to - G transition 
at nucleotide 8344 in the tRNA lys  gene of mitochondrial 
(mt)DNA, and some other cases are caused by  T8356C  
or  G8363A  mutations. Genetic testing is available. 
Heteroplasmy is responsible for some of the phenotypi-
cal variation and can complicate genetic diagnosis.  

  Alpers  d isease ( p rogressive  n euronal  d egeneration 
of  c hildhood with  l iver  d isease and  p oliodystrophy) 
 This condition has now been found to be due to a mito-
chondrial defect, inherited by nuclear DNA mutations. 
Most cases are due to mutations in the  POLG1  gene (and 
less often in the  COX II  gene), causing a defi ciency 
in mitochondrial DNA polymerase  γ  (POLG) catalytic 
activity  –  similar to that in another mitochondrial syn-
drome MNGIE. It is a rare condition ( < 1/200   000 births) 
inherited in an autosomal recessive fashion, presenting 
usually in infancy or early childhood with intractable 
seizures and developmental arrest. Late - onset cases 
occasionally occur, in childhood or early adult life, 
presenting typically with status epilepticus. Other signs 
include dementia, spasticity, peripheral neuropathy, 
optic atrophy and gastrointestinal disturbance. Liver 
dysfunction is usually evident and severe hepatic failure 
is common. The seizures in Alpers disease characteristi-
cally take the form of tonic – clonic status epilepticus or 
epilepsia partialis continua (EPC). As with other mito-
chondrial disorders, the seizures can have visual features  
and the EEG and imaging abnormalities are often poste-
rior in location. Antiepileptic therapy follows conven-
tional lines, but the seizures are invariably severe and 
intractable. The prognosis is poor with death usually 
within a short time of diagnosis.  
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important, and are not uncommonly encountered in 
epilepsy clinics. Other rare conditions causing epilepsy 
include hypomelanosis of Ito, epidermal naevus syn-
drome, hereditary haemorrhagic telangiectasia, Parry –
 Romberg syndrome, midline linear naevus syndrome, 
incontinentia pigmenti and Klippel – Tr é naunay – Weber 
syndrome. 

  Tuberous  s clerosis 
 Tuberous sclerosis or tuberous sclerosis complex (TSC) 
is a common and important cause of epilepsy. The 
incidence may be as high as 1 in 5800 live births and there 
is a high spontaneous mutation rate (1 in 25   000). It is 
inherited in an autosomal dominant fashion, and is 
usually caused by mutations of the  TSC1  or  TSC2  genes, 
both tumour - suppressor genes. Mutations of  TSC1  tend 
to result in a milder disease with fewer tubers, and less 
severe epilepsy, renal and retinal disease, although there 
is a large overlap in the phenotypical manifestations of 
mutations in either gene. To date, about 300 unique 
 TSC1  or  TSC2  mutations have been identifi ed in almost 
400 separate patients/families. The  TSC1  mutations are 
primarily small deletions, insertions or nonsense muta-
tions; in contrast,  TSC2  mutations also include signifi -
cant numbers of missense mutations, large deletions and 
rearrangements. Between 60 and 80% of patients with 
TSC have an identifi able  TSC1  or  TSC2  mutation. 
The condition is a form of cortical dysplasia, and the 
histological appearance of the tumours shows similar 
features to other forms of focal cortical dysplasia. 
There is considerable clinical variability in the manifesta-
tions of tuberous sclerosis, and the extent to which some 
other forms of cortical dysplasia represent forme fruste 
cases will no doubt be established by modern genetic 
studies. 

 Epilepsy is the presenting symptom in 80% or more of 
patients. It can take the form of neonatal seizures, West 
syndrome, Lennox – Gastaut syndrome, or adult - onset 
partial or generalized seizures. About two - thirds of 
patients present with seizures before the age of 2 years, 
with motor seizures, drop attacks or infantile spasms. 
About 25% of all cases of West syndrome are due to 
tuberous sclerosis. The skin is abnormal in almost all 
patients, and skin lesions include: hypomelanotic macules 
(87 – 100% of patients), facial angiofi bromas (47 – 90%), 
shagreen patches (20 – 80%), fi brous facial plaques and 
subungual fi bromas (17 – 87%). The facial angiofi bromas 
cause disfi gurement, but none of the skin lesions results 
in more serious medical problems. CNS tumours are 

a variety of genes ( NCL  and  MFSD8  genes) have been 
identifi ed, which vary geographically. MRI shows atrophy 
and sometimes T2 hyperintensity, and visually evoked 
responses (VEPs) and electroretinogram (ERG) responses 
are abnormal. White cells are vacuolated. Electron 
microscopy of white blood cells, skin, conjunctiva or 
other tissues typically reveals lysosomal storage material, 
manifest as fi ngerprint, curvilinear profi les or granular 
osmophilic deposits. The levels of enzyme products of 
each of the six genes can also be assayed. There are six 
causative genes  –   PPT1 ,  CLN2 ,  CLN3 ,  CLN5 ,  CLN6  and 
 CLN8   –  and over 140 mutations described. There is a 
marked geographical variation in the genetic abnormali-
ties, with  CLN8  abnormalities found only in Finland, for 
example. Genetic testing, and also prenatal testing, for 
each are available.  

  Sialidosis 
 Sialidosis is less common than the other causes of PME. 
There are at least two variants. All cases are inherited 
in an autosomal recessive manner. Type 1 sialidosis 
(cherry - red spot myoclonus syndrome) is due to  N  -
 acetylneuraminidase defi ciency: a gene has been mapped 
to chromosome 6p21.3, which results in defective cleav-
age, and thus accumulation, of oligosaccharides, typically 
with inclusion bodies with vacuolation. It has a juvenile 
or adult onset and is characterized by action myoclonus 
and an intention tremor, gradual visual failure and later 
tonic – clonic seizures. There is little in the way of mental 
deterioration. In type 2 sialidosis (also known as galacto-
sidase), there are defects in  β  - galactosidase activity in 
addition to those in  N  - acetylneuraminidase. Timing of 
the onset varies from infancy to the second decade, and 
clinical features include severe myoclonus, tonic – clonic 
seizures, dysmorphic features, coarse facies, corneal 
clouding, skeletal dysostosis, cardiac involvement, 
organomegaly and dementia. One gene has been mapped 
to chromosome 20. The genetic basis of this disorder is 
complex and not completely elucidated, and involves 
both the gene for Neu - 1 and the gene for cathepsin A, 
which forms a complex with Neu - 1. Diagnosis is con-
fi rmed by fi nding elevated urinary sialyloligosaccharides 
and by assaying enzyme activity in leucocytes and cul-
tured skin fi broblasts.   

  Neurocutaneous  s yndromes 
 The so - called neurocutaneous conditions often result 
in epilepsy. Tuberous sclerosis complex, Sturge – Weber 
syndrome and neurofi bromatosis (type 1) are the most 
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the leading cause of morbidity and mortality. The brain 
lesions can be distinguished on the basis of MRI 
studies and comprise subependymal glial nodules (90% 
of cases), cortical tubers (70% of cases) and subependy-
mal giant cell astrocytomas (6 – 14% of cases). Linear 
streaks seen on MRI represent disordered neuronal 
migration. 

 Subependymal giant cell astrocytomas progressively 
enlarge, causing pressure and obstruction, and result in 
signifi cant morbidity and mortality. Psychiatric disorders 
are common and include autism, hyperactivity or 
attention defi cit hyperactivity disorder, and aggression. 
At least 50% of patients have developmental delay or 
learning disability. An estimated 80% of children 
with TSC have an identifi able renal lesion by the age of 
10 years. Five different renal lesions occur in TSC: benign 
angiomyolipoma (70% of affected individuals), epithelial 
cysts (20%), oncocytoma (benign adenomatous hamar-
toma) ( < 1%), malignant angiomyolipoma ( < 1%) and 
renal cell carcinoma ( < 1%). Cardiac rhabdomyomas 
are present in 47 – 67% of patients with TSC. 
Lymphangiomyomatosis of the lung is estimated to occur 
in 1 – 6% of cases and primarily affects women between 
the ages of 20 and 40 years. The retinal lesions are ham-
artomas (elevated mulberry lesions or plaque - like lesions) 
and achromic patches (similar to the hypopigmented 
skin lesions). One or more of these lesions may be present 
in up to 75% of patients and are usually asymptomatic. 
Status epilepticus, renal disease and bronchopneumonia 
are the leading causes of premature death. 

 Diagnostic criteria are shown in Table  4.7 . Molecular 
genetic testing for diagnostic confi rmation and prenatal 
testing of the  TSC1  and  TSC2  genes are available but 
complicated by the large size of the two genes, the large 
number of disease - causing mutations and the high rate 
of somatic mosaicism (10 – 25%).   

 The epilepsy is treated with conventional antiepileptic 
drugs, but in at least a third of cases is highly resistant to 
treatment. It is claimed, on the basis of uncontrolled 
studies, that vigabatrin is especially helpful in infantile 
spasm due to tuberous sclerosis, and this is a niche indica-
tion for this drug. Occasionally, surgical resection of indi-
vidual lesions is curative. Presurgical work - up follows the 
normal principles of epilepsy surgery, and outcome is best 
when data from different modalities of investigation are 
convergent, when there is a single seizure type and a single 
large tuber, and when one cortical tuber is larger or calci-
fi ed. Anterior callosotomy is sometimes useful to alleviate 
drop attacks or severe generalized epilepsy. 

  Table 4.7    Diagnostic criteria of tuberous sclerosis. 

   Major features   
  Facial angiofi bromas or forehead plaque  
  Non - traumatic ungual or periungual fi bromas  
  Hypomelanotic macules (three or more)  
  Shagreen patch (connective tissue naevus)  
  Multiple retinal nodular hamartomas  
  Cortical tuber  
  Subependymal nodule  
  Subependymal giant cell astrocytoma  
  Cardiac rhabdomyoma, single or multiple  
  Lymphangiomyomatosis  
  Renal angiomyolipoma  

   Minor features   
  Multiple randomly distributed pits in dental enamel  
  Hamartomatous rectal polyps  
  Bone cysts  
  Cerebral white matter radial migration lines  
  Gingival fi bromas  
  Non - renal hamartoma  
  Retinal achromic patch  
   ‘ Confetti ’  skin lesions  
  Multiple renal cysts  

   Defi nite tuberous sclerosis complex (TSC): two major 
features or one major feature plus two minor features.  

  Probable TSC: one major feature plus one minor feature.  
  Possible TSC: one major feature or two or more 
minor features.   

 There is no curative therapy for tuberous sclerosis. 
However, control of seizures and treatment of individual 
lesions can greatly improve quality of life. It is important 
to monitor patients regularly for the development of 
lesions  –  a screening protocol is shown in Table  4.8 . 
Patients with retinal lesions seldom develop progressive 
visual loss, so regular ophthalmological evaluations are 
unnecessary. The skin lesions (with the exception of the 
facial angiolipomas) also seldom require therapy. Early 
identifi cation of an enlarging giant cell astrocytoma 
permits its removal before symptoms develop and before 
it becomes locally invasive, and is the rationale for regular 
neuroimaging of children and adolescents with docu-
mented subependymal nodules.    

  Neurofi bromatosis  t ype 1 
 Neurofi bromatosis type 1 (NF1) is a common, domi-
nantly inherited genetic disorder, occurring in about 1 
in 3000 live births. Almost half of all cases are new 
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neurofi bromas seen in adults with NF1 varies from a few 
to hundreds or even thousands. Additional cutaneous 
and subcutaneous neurofi bromas continue to develop 
throughout life, although the rate of appearance may vary 
greatly from year to year. Many patients with NF1 
develop only cutaneous manifestations of the disease and 
Lisch nodules, but the frequency of more serious com-
plications increases with age. Cerebrovascular abnor-
malities in NF1 typically present as stenoses or occlusions 
of the internal carotid, middle cerebral or anterior 
cerebral artery. Small telangiectatic vessels form around 
the stenotic area and appear as a  ‘ puff of smoke ’  ( ‘ moya -
 moya ’ ) on cerebral angiography. There is no curative 
treatment, but annual follow - up by a physician familiar 
with the condition is important. This should include 
annual ophthalmological examination in childhood, less 
frequent examination in adults, regular developmental 
assessment by screening questionnaire (in childhood), 
regular blood pressure monitoring and other studies, as 

mutations. The mutation rate for the NF1 gene is about 
1 in 10   000, among the highest known for any human 
gene. It is a large gene, and many different mutations 
have resulted in the clinical manifestations. Although the 
penetrance is essentially complete, the clinical manifesta-
tions are extremely variable. In NF1, the incidence of 
epilepsy is about 5 – 10%. The epilepsy can take various 
forms and present at any age. Infantile spasms due to 
NF1 are said to have a more favourable outcome than 
other symptomatic types. MRI can show heterotopia, 
other dysplastic lesions and congenital changes, but 
epilepsy can occur even if there are no overt MRI 
abnormalities. 

 Diagnostic criteria are listed in Table  4.9 . Multiple 
caf é  - au - lait spots occur in almost all patients with inter-
triginous freckling. Numerous benign cutaneous or sub-
cutaneous neurofi bromas are usually present in adults. 
Plexiform neurofi bromas are less common but can cause 
disfi gurement and may compromise function or even 
jeopardize life. Ocular manifestations include optic 
gliomas, which may lead to blindness, and Lisch nodules 
(innocuous iris hamartomas). Scoliosis, vertebral dyspla-
sia, pseudarthrosis and overgrowth are the most serious 
bony complications of NF1. Other medical concerns 
include vasculopathy, hypertension, intracranial tumours 
and malignant peripheral nerve sheath tumours.    

 About half of those with NF1 have a learning disability. 
Many of the manifestations are age related, e.g. optic 
gliomas develop in the fi rst 4 years of life. The rapidly 
progressive (dysplastic) form of scoliosis almost always 
develops between 6 and 10 years of age, although milder 
forms of scoliosis without vertebral anomalies typically 
occur during adolescence. Malignant peripheral nerve 
sheath tumours (neurofi brosarcomas) usually occur in 
adolescents and adults. Neurofi bromas can occur in 
almost any organ in the body. The total number of 

  Table 4.9    Diagnostic criteria for neurofi bromatosis 
type 1 ( NF 1). 

   Two or more of the following features (National Institutes of 
Health criteria):   

  Six or more caf é  - au - lait macules  > 5   mm in 
greatest diameter in prepubertal individuals 
and  > 15   mm in greatest diameter in 
postpubertal individuals  

  Two or more neurofi bromas of any type or 
one plexiform neurofi broma  

  Freckling in the axillary or inguinal regions  

  Optic glioma  

  Two or more Lisch nodules (iris hamartomas)  

  Bone lesion such as sphenoid dysplasia or 
thinning of the long bone cortex, 
pseudarthrosis  

  First - degree relative (parent, sib, or offspring) with NF1  

   Only about half the patients with NF1 with a known 
family history of NF meet these criteria for diagnosis by 
age 1 year, but almost all do by age 8 years because many 
features of NF1 increase in frequency with age. Children 
who have inherited NF1 from an affected parent can 
usually be identifi ed within the fi rst year of life because 
diagnosis requires just one feature in addition to a positive 
family history.   

  Table 4.8    Screening protocol for patients with 
tuberous sclerosis. 

      •      Renal ultrasonography (1 – 3 yearly  –  and then renal CT/
MRI, if large or numerous renal tumours are detected)  

   •      Cranial CT/MRI (1 – 3 yearly)  
   •      Regular neurodevelopmental/behavioural evaluations  
   •      Periodic ocular, cardiological, dermatological, 

ophthalmological evaluations  
   •      Echocardiography, electroencephalography, chest CT 

(if symptomatic)     
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 The epilepsy should be treated aggressively to prevent 
neurological deterioration. There are no specifi c features 
to the choice of drug or drug regimen, but control of 
seizures is important to prevent neurological deteriora-
tion. High doses of antiepileptic drugs may be required. 
Status epilepticus should be vigorously treated, because 
failure to rapidly control the status often results in a 
permanent and signifi cant worsening of the neurological 
defi cit. Resective surgery (lesionectomy, hemispherec-
tomy or lobectomy) can greatly improve quality of life 
and seizures, and should be given early consideration in 
any patient in whom control of seizures is poor. Surgical 
resection of abnormal tissue is worthwhile, particularly if 
carried out early in life and early in the course of the 
condition.   

  Epilepsies in  d isorders of 
 c hromosome  s tructure 
 Epilepsy is also a feature of two common chromosomal 
abnormalities: Down syndrome and fragile X syndrome. 
It also takes a highly characteristic form in the rare 
ring chromosome 20. Other uncommon chromosomal 
abnormalities in which epilepsy is found include: trisomy 
12p, 8, 13; ring chromosome 14; partial monosomy 
4p (Wolf – Hirschhorn syndrome); inverted duplication 
of pericentromeric chromosome 15; and Klinefelter 
syndrome (where epilepsy occurs in about 10% of cases). 
In all these conditions, there are additional behavioural 
and intellectual disabilities, and characteristic dysmor-
phic features. The seizures often take multiple forms, 
including myoclonus, and are of variable severity. Genetic 
testing is available for most conditions. In addition to 
these large - scale chromosomal abnormalities, it is 
becoming clear that smaller changes (deletions, duplica-
tions, translocations etc  –  copy number variations) are 
also the cause of epilepsy in cases hitherto considered 
 ‘ cryptogenic ’ . 

  Down  s yndrome 
 The Down syndrome phenotype occurs in about 1 in 
every 650 live births. It is usually caused by trisomy of 
chromosome 21, and triplication of 21q22.3 results in the 
typical phenotype. In 95% of cases the cause is a non -
 dysjunction, and in about 4% an unbalanced transloca-
tion. About 1% of cases are due to mosaicism. The risk 
of trisomy increases with maternal age. Epilepsy is present 
in up to 12% of cases and EEG abnormalities in more 
than 20%. Epilepsy typically develops either in the fi rst 
year of life, due to perinatal or congenital complications, 
or in the third decade, possibly due to the development 

indicated by clinically apparent signs or symptoms. 
Genetic counselling and testing are available, but are 
complex and need to be carried out by units experienced 
in the condition. 

 The treatment of epilepsy follows conventional medical 
lines, and in most cases the epilepsy is easily controlled. 
Surgical therapy usually has no role in the management 
of the epilepsy.  

  Sturge – Weber  s yndrome 
 This is an uncommon sporadic developmental disorder, 
of uncertain causation. The principal clinical features are 
a unilateral or bilateral port wine naevus, epilepsy, hemi-
paresis, mental impairment and ocular signs. The port 
wine naevus is usually, but not exclusively, in the distri-
bution of the trigeminal nerve. It can cross the midline 
and spread into the dermatomal distribution of the upper 
cervical nerve. If it affects the lip or the gum the naevus 
can be enlarged. In 15% of cases the naevus is bilateral. 

 The epilepsy can be focal or generalized. It is often the 
earliest symptom, and most patients with Sturge – Weber 
syndrome develop seizures within the fi rst year of life (at 
least 70%) and almost all have developed epilepsy before 
the age of 4 years. Adult - onset epilepsy can, however, 
occur occasionally. The early seizures are often triggered 
by fever. The seizures take the form of partial or multifocal 
attacks, often with frequent and severe secondary gener-
alization. Convulsive status occurs in over half the cases. 
Seizures developing in the neonatal period can be very 
diffi cult to control and carry a poor prognosis. The hemi-
plegia and mental impairment deteriorate in a step - like 
fashion following a severe bout of seizures, and in Sturge –
 Weber syndrome there is little doubt that brain damage 
can result directly from epileptic attacks, presumably by 
ischaemic or excitotoxic mechanisms. Severe learning dis-
ability is now less common due to better control of the 
epilepsy. Similarly, outcome is better in the few patients 
in whom epilepsy is absent. In addition to the seizures and 
motor disturbance, there can be other neurological fea-
tures. Ophthalmological complications (80%) include 
increased intraocular pressure with glaucoma or buph-
thalmos. Homonymous fi eld defects are common, par-
ticularly when the cerebral lesion is in the occipital region 
(as is frequently the case), and episcleral haemangiomas, 
choroidal naevi and colobomas of the iris can occur. The 
underlying brain pathology is a cerebral angiomatosis 
(often occipital) sometimes with gyral calcifi cation. The 
affected cerebral hemisphere is often atrophic and gliotic. 
The lesion is probably the result of abnormal persistence 
of embryonic primordial vascular plexus. 
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phenotype. The locus of fusion between the deleted short 
and long arms of the chromosome is at p13q13, 
p13q13.3.3 or p13q13.33. Seizures begin between infancy 
and 14 years of age, typically with episodes of non - 
convulsive status epilepticus. These episodes are charac-
terized by confusion, staring, and perioral and eyelid 
myoclonus. The seizures can be very severe, occurring 
daily, and are drug resistant. The prolonged seizures 
may be misdiagnosed as non - epileptic behavioural dis-
turbance. The EEG during episodes shows high - voltage, 
rhythmic, notched, slow - activity waves. Mental regres-
sion and learning disability are present in addition to 
epilepsy. This is a sporadic condition that can be 
identifi ed by genetic testing. Mosaicism is common and 
at least 100 mitoses may need to be examined before 
excluding the condition. The seizures can be highly 
resistant to therapy, which follows conventional lines. 
The treatment of non - convulsive status epilepticus is 
outlined on    pp. 303 – 307 .   

  Epilepsies  a s a  r esult of  d evelopmental 
 a nomalies of  c erebral  s tructure (the 
 ‘  c ortical  d ysplasias ’ ) 
 Cortical dysplasia (synonyms: cortical dysgenesis, mal-
formations of cortical development) is a term that is 
applied to developmental disorders of the cortex produc-
ing structural change (Table  4.10 ). Some of these condi-
tions are caused by identifi able genetic abnormalities. 
Others are caused by environmental infl uences such as 
infection, trauma, hypoxia, or exposure to drugs or 
toxins. In most cases the cause is unclear. The form of 
dysplasia consequent on environmental insults depends 
not only on the nature of the insult, but also on the stage 
of development at which it occurred. Cortical malforma-
tions can be due to abnormal neuronal and glial prolif-
eration, abnormal neuronal migration or abnormal 
synaptogenesis, cortical organization or programmed 
cell death.   

 The true prevalence of these conditions, previously 
thought to be rare, has only become apparent with the 
widespread use of MRI, which can detect cortical dyspla-
sia in cases previously classifi ed as cryptogenic epilepsy. 
Epilepsy is a leading feature of these conditions, usually, 
but not always, in association with learning disability and 
other neurological fi ndings. 

 Drug therapy follows conventional lines (as for any 
focal epilepsy), but, in many cases, the epilepsy can be 
refractory to treatment. Cortical dysplasia is the underly-
ing cause of the epilepsy in up to 30% of children and 
10% of adults referred to epilepsy centres for intractable 

of Alzheimer disease - like neuropathological changes. 
The epilepsy is very variable and can take multiple forms, 
refl ecting the complex pathogenesis. West syndrome is 
common, and Down syndrome can also cause febrile 
seizures and the Lennox – Gastaut syndrome. Usually the 
epilepsy is rather non - specifi c, although frequent, small, 
brief, partial seizures seem particularly common in 
adults. Startle - induced seizures are, however, a character-
istic feature. Treatment follows conventional medical 
lines, and the prognosis and response to treatment vary 
with type and cause. Surgical therapy for epilepsy has no 
role in this syndrome. Genetic testing and prenatal 
screening are available.  

  Fragile  X   s yndrome 
 Fragile X syndrome is a condition resulting from an 
increased number of CGG repeats (typically  > 200) in the 
 FMR1  gene (at Xq27.3) accompanied by aberrant meth-
ylation of the gene. It is an X - linked condition in which 
the presenting symptom is usually learning disability, 
which is moderate in affected males and mild in affected 
females. Fragile X syndrome occurs in about 1 in 4000 
male births and is the most common identifi ed cause of 
learning disability. Carrier rates in females (CAG repeats 
of approximately 50 – 200) may be as high as 1 in 250, with 
some geographical and racial variation. Developmental 
delay is noticed from infancy, and manifests with abnor-
malities of speech, abnormal behaviour, typically with 
tantrums, hyperactivity and autism. Dysmorphic features 
include abnormal craniofacies, with typically a long face, 
prominent forehead, large ears and prominent jaw. After 
puberty macro - orchidism, strabismus and rather abnor-
mal behaviour are evident. Heterozygotic females show a 
milder but similar phenotype. Seizures are present in a 
quarter of cases and EEG abnormalities in a half. The 
seizures usually develop before the age of 15 years, 
sometimes remitting in the second decade of life and 
can take various forms (both generalized and partial) 
with equally variable non - specifi c EEG fi ndings. Repeat 
numbers vary, and mosaicism is common, and these may 
account for the variable clinical features. Genetic testing 
and prenatal testing are widely available. The methylation 
status of the gene can also be identifi ed using Southern 
blot. Identifi cation of the abnormal protein is not usually 
required. The epilepsy is treated by conventional medical 
means and is often easily controlled.  

  Ring  c hromosome 20 
 This is a rare condition, but one in which epilepsy is the 
predominant feature, and it has a highly characteristic 
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a result of somatic mosaicism, and it has been suggested 
that the condition is due to defects in the process of 
programmed cell death (apoptosis) in early fetal life. 

 Hemimegalencephaly always results in severe epilepsy 
presenting in early life, accompanied by learning disabil-
ity, hemiplegia and hemianopia. The epilepsy can take the 
form of neonatal seizures, West syndrome, the Lennox –
 Gastaut syndrome or other less specifi c focal forms. Status 
epilepticus is common and a frequent cause of death in 
the early years. Medical treatment follows conventional 
lines, but is often unsuccessful. Surgical therapy (hemi-
spherectomy or hemispherotomy) can be curative, and 
this is an important condition to identify early, because 
early surgery will prevent seizures, mitigate cognitive 
decline, and improve social behaviour and adjustment  

  Focal  c ortical  d ysplasia 
 Focal cortical dysplasia is a common form of dysplasia, 
important to identify because of its potential for surgical 
therapy. The term encompasses a variety of subtypes with 
different histological appearances, possibly as a result of 
formation at different stages of embryogenesis. In some, 
the cortical lamination is normal, but in others there 
may be associated macrogyria and polymicrogyria. Focal 
dysplasia can occur in any part of the cortex, and varies 
greatly in size. There are often widespread minor dysplas-
tic abnormalities, associated with some forms of focal 
cortical dysplasia, although in the Taylor form, diagnosed 
by the histological presence of  ‘ balloon cells ’ , the dysplas-
tic changes are more limited. 

 Dysplastic tissue generates epileptic discharges directly 
and seizures have been recorded by depth electrodes 
within dysplastic areas, possibly due to deranged GABA -
 ergic inhibition. Epilepsy is the leading symptom, and 
other features depend on the extent of the lesion 
and include learning disability and focal defi cits. Focal 
cortical dysplasia underlies neonatal seizures, West 
syndrome or the Lennox – Gastaut syndrome, but more 
typically does not take a syndromic form and presents in 
childhood or adult life as less specifi c focal or secondarily 
generalized epilepsy. Episodes of EPC or tonic – clonic or 
partial status epilepticus are common. Interictal EEG 
can show rather typical, continuous, focal, slow - wave 
activity. The MRI signs are increased signal on T2 imaging 
and FLAIR (fl uid attenuation inversion recovery), blur-
ring of the grey – white junction and simplifi ed sulcation 
in the Taylor type, and similar but often more widespread 
changes in other types. Some cases of focal cortical dys-
plasia respond well to conventional antiepileptic drug 
therapy but others are highly resistant. Therapy should 

epilepsy. At the other extreme, easily controlled epilepsy 
is not uncommon with mild forms of dysplasia. 
The surgical therapy of cortical dysplasia is described 
on    pp. 349 – 351.  

  Hemimegalencephaly 
 Hemimegalencephaly describes a gross structural abnor-
mality that can be the end - result of various cerebral pro-
cesses and insults. One cerebral hemisphere is enlarged 
and structurally abnormal with thickened cortex, reduced 
sulcation, and poor or absent laminar organization. 
Giant neurons are found throughout the brain and in 
50% of cases balloon cells are found. The condition can 
occur in isolation, associated with other cortical dyspla-
sias, or as part of other syndromes (notably tuberous 
sclerosis or other rarer neurocutaneous syndromes, such 
as epidermal naevus syndrome, Klippel – Trenaunay –
 Weber syndrome, NF1 or hypomelanosis of Ito). The 
restriction of the abnormality to one hemisphere may be 

  Table 4.10    Types of cortical dysplasia. 

   Abnormalities of gyration   
  Agyria (lissencephaly), macrogyria, pachygyria spectrum 

(focal or diffuse) ( LIS1 ,  RELN ,  ARX  and  DCX  genes)  
  Polymicrogyria  
  Cobblestone complex ( FCMD  gene)  
  Schizencephaly ( EMX2  gene)  
  Minor gyral abnormalities  

   Heterotopias   
  Periventricular nodular heterotopia ( FLNA  gene)  
  Subcortical nodular heterotopia  
  Subcortical band heterotopia ( DCX  and  LIS1  gene)  

   Other gross malformations   
  Megalencephaly and hemimegalencephaly  
  Agenesis of corpus callosum  
  Anencephaly and holoprosencephaly  
  Microcephaly  

   Cortical dysgenesis associated with neoplasia   
  Dysembryoneuroepithelial tumour  
  Ganglioglioma  
  Gangliocytoma  

   Other cortical dysplasias   
  Hypothalamic hamartoma  
  Focal cortical dysplasia  
  Tuberous sclerosis ( TSC1  and  TSC2  genes)  
  Microdysgenesis  

   This is an arbitrary classifi cation, based largely on 
neuroimaging appearances; the categories overlap.   
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associated with macrogyria. Macrogyria refers to thick-
ened cortex and can occur as an isolated phenomenon. 
It is variable in extent and, when focal, it is indistinguish-
able on clinical or imaging grounds from some forms of 
focal cortical dysplasia. 

 Most forms of lissencephaly occur without other non -
 cerebral malformations (isolated lissencephaly sequence 
[ILIS]). Isolated lissencephaly is present in 12 in 10 6  
live births. Of isolated cases of lissencephaly 60 – 80% 
are caused by identifi able mutations in  LIS1 , on 17p13.3, 
or in X - linked dominant lissencephaly (XLIS) (in  DCX ) 
on Xq22.3 – q24: in 40% the entire gene is deleted. 
 LIS1  lissencephaly is predominantly posterior in location, 
and the condition occurs in both sexes and is 
sporadic. Conversely, XLIS cases occur almost always in 
boys and the brain anomaly tends to be anterior in 
location. Genetic testing is available for both forms. 
Anterior lissencephaly also occurs with abnormalities 
in the  ARX  gene and a range of phenotypes including 
West syndrome, dystonia and learning disability. 
Posterior lissencephaly can be due to abnormalities in 
the  RELN  gene sometimes associated with cerebellar 
hypoplasia. 

 Other forms of lissencephaly have more widespread 
associations. The best known is the Miller – Dieker syn-
drome, which is caused by large deletions of  LIS1  and of 
several other contiguous genes on 17p13.3 (e.g. 14 - 3 - 3E). 
In this syndrome lissencephaly is associated with epi-
lepsy, facial dysmorphism, microcephaly, small mandi-
ble, failure to thrive, retarded motor development, 
dysphagia, and decorticate and decerebrate postures. 
Other organs, including the kidney and heart, may be 
affected. Survival varies from months to several decades, 
and epilepsy is usually profound and intractable. Genetic 
testing is available. Cobblestone lissencephaly (type II) is 
also found in some patients with muscular dystrophy and 
ocular malformations. 

 Subcortical band heterotopia is caused in about 80% 
of cases by germline deletions in the  DCX  (XLIS) gene 
and almost always (but not exclusively) occurs in females. 
The pachygyria and bands are anteriorly predominant. 
The genetic anomaly in the other 20% of cases has not 
been identifi ed. The rare cases of subcortical band hetero-
topia in boys are probably caused by missense mutations 
in  DCX  or  LIS1 . Subcortical band heterotopia is a much 
more benign condition than lissencephaly. It can present 
in children or in adults, with epilepsy and learning 
disability. Epilepsy occurs in at least 80% of cases, and 
50% of cases present with the Lennox – Gastaut pheno-
type. However, the manifestations of this anomaly can be 

conform to the usual principles and there is nothing 
particularly specifi c about drug choice or usage. Surgical 
resection is possible in restricted and particularly 
small lesions, and surgical work - up follows conventional 
principles. The Taylor form responds particularly well to 
surgery.  

  Schizencephaly 
 Schizencephaly refers to the presence of clefts in the 
cortex, stretching from the surface to the ventricle. The 
clefts are subdivided into open - lip schizencephaly (in 
which the walls of the cleft are separated) and closed - lip 
schizencephaly (in which the walls of the cleft are not 
separated). The clefts can be unilateral or bilateral and 
they are usually perisylvian in location. Schizencephaly is 
often associated with polymicrogyria and less often with 
other focal cortical dysplastic anomalies, corpus callosum 
agenesis or septo - optic dysplasias. The cortex may or may 
not have normal lamination. The pathogenesis in some 
cases is a failure of migration and in others an environ-
mental insult causing focal necrosis of developing cortex. 
The causes are heterogeneous, and include germline 
mutations of the homeobox gene  EMX2  and environ-
mental insults during development, including radiation, 
infection and ischaemia. 

 The clinical presentation can be very variable. Epilepsy 
is the most common symptom ( > 90% of cases), associ-
ated usually but by no means always with learning dis-
ability or cognitive changes. Focal neurological defi cit is 
common in extensive or bilateral cases. Medical therapy 
follows conventional lines and, generally speaking, surgi-
cal resection is not possible.  

  Agyria –  p achygyria  b and  s pectrum 
 Lissencephaly, pachygyria, agyria and subcortical band 
heterotopia are descriptive terms denoting abnormalities 
of cortical gyration, and are grouped together because 
they show an interconnected genetic basis: in all of these, 
the gyration is simplifi ed and the cortex is thickened. 
Lissencephaly (literally meaning smooth brain) is the 
most severe form, in which gyration is grossly diminished 
or even absent. Subcortical band heterotopia (synonym: 
subcortical laminar heterotopia, band heterotopia, 
double cortex syndrome) denotes the presence of a band 
of grey matter sandwiched by white matter below the 
cortical grey matter. The band may be thin or thick and 
can merge with overlying cortex, in which case the cortex 
takes a macrogyric form. When the bands are thin 
and clearly separated from the cortical ribbon, the ribbon 
itself may appear normal. Thicker bands are usually 



The Causes of Epilepsy  53

weeks 13 – 18 of fetal life, and the latter the result of isch-
aemia or perfusion failure between weeks 12 and 24 of fetal 
life. Epilepsy is the leading clinical feature, associated with 
learning disability and focal neurological signs. 

 The severity of all of these depends on the extent of the 
dysplasia. At one extreme the child is severely learning 
disabled with profound epilepsy and quadraparesis, 
whereas at the other the epilepsy is mild and presents in 
adult life. There are various anatomical patterns of dis-
tribution of polymicrogyria, which may or may not have 
clinical specifi city. The distribution of the polymicrogyria 
can be patchy, bifrontal, unilateral, or concentrated in the 
sylvian or central areas. Polymicrogyria is an invariable 
association of schizencephaly and is often associated with 
other cortical dysplasias. Both ischaemic and genetic 
defects can cause bilateral perisylvian polymicrogyria 
(Kuzniecky syndrome ) , a condition in which there is 
severe upper motor neuron bulbar dysfunction and 
diplegia as well as severe epilepsy and learning disability. 
The presenting phenotype is wide, varying from that of 
the Lennox – Gastaut syndrome to patients with mild 
adult - onset seizures. In familial cases of polymicrogyria, 
inheritance conforms to an X - linked or autosomal domi-
nant pattern with reduced penetrance. Some cases are 
sporadic and in other families individuals have clinical 
symptoms but no MRI change. There is marked pheno-
typical heterogeneity. No gene has yet been discovered, 
but linkage has been reported to  X28p  in 22q11.2. 
Polymicrogyria can also occur in the presence of chro-
mosomal abnormalities. The medical therapy of polymi-
crogyria follows conventional lines. Surgical resection is 
only occasionally possible if the polymicrogyria is well 
localized.  

  Periventricular  n odular  h eterotopia 
 The presence of subependymal nodules of grey matter, 
located along the supralateral walls of the lateral ventri-
cles, is known as periventricular nodular heterotopia 
(synonyms: bilateral periventricular nodular heterotopia 
[BPNH], subependymal nodular heterotopia [SENH]). 
The heterotopia is usually bilateral, although not always. 
It is much more common in females and conforms to 
X - linked dominant transmission. Almost all cases have 
shown mutations in the  FLN1  (fi lamin - 1) gene. It is the 
most common, clearly identifi ed form of cortical dyspla-
sia causing epilepsy. At one extreme, the heterotopia can 
be asymptomatic. It commonly presents in older children 
or young adults with mild epilepsy, and at the other 
extreme can account for severe infantile or childhood 
partial epilepsy. Other features reported include early 

slight, and occasional patients present with mild epilepsy 
and normal intelligence. The clinical severity of the syn-
drome seems to correlate with the extent of the cerebral 
anomaly. In two - thirds of those with epilepsy, the seizures 
are intractable. Similarly, patients with pachygyria or 
macrogyria also have epilepsy and learning disability 
of variable severity, depending on the extent and location 
of the anomaly. The histological changes of lissencephaly, 
macrogyria, pachygyria and band heterotopia may merge 
into each other, and in many patients these conditions 
represent a continuous spectrum rather than distinct 
entities. The anomalies are caused by abnormal cortical 
migration, and the factors infl uencing extent or severity 
have not been clearly identifi ed. The cytoarchitecture 
varies, but, in the Miller – Dieker syndrome, for example, 
the lissencephalic cortex is thickened and has four rather 
than six layers (type I or classic lissencephaly). The 
changes can be regional and there may be associated 
dysplastic lesions. 

 Drug treatment follows conventional lines. Resective 
surgical therapy is not indicated, even where the bands 
or lissencephalic changes seem relatively localized, but 
callosotomy may help the occasional patients with 
frequent drop attacks.  

  Agenesis of the  c orpus  c allosum 
 Agenesis of the corpus callosum is a dysplastic anomaly 
that occurs in various genetic and congenital disorders. 
Epilepsy is an invariable association, and often a leading 
symptom. In Aicardi syndrome, the corpus callosum 
agenesis is associated with periventricular heterotopia, 
thin unlayered cortex and diffuse polymicrogyria. It is 
observed only in females (the only exception being males 
with two X chromosomes) and is X - linked with male 
lethality. The causal gene has not yet been identifi ed but 
linkage to Xp22.3 has been reported. The syndrome may 
be due to skewed X - chromosome inactivation. Other 
syndromes with agenesis of the corpus callosum exist, 
and this anomaly may coexist with other dysplastic 
features. The L1 syndrome is associated with mutations 
in the  L1CAM  gene and presents as hydrocephalus, learn-
ing disability, spasticity and epilepsy.  

  Polymicrogyria 
 The appearance of small and prominent gyri, separated by 
shallow sulci, is known as polymicrogyria. Polymicrogyria 
can be diffuse or localized, and varies in severity as well as 
extent. The underlying cortex is invariably thickened, 
and can be unlayered or show an abnormal four - layered 
structure. The former may be a migrational defect in 
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features. The epilepsies are often divided into  ‘ early ’  (i.e. 
seizures occurring within a week of the insult) and  ‘ late ’  
(i.e. chronic epilepsy developing later). There is often a 
 ‘ silent period ’  between the injury and the onset of late 
epilepsy. Presumably, epileptogenic processes are devel-
oping during this period, and this raises the possibility of 
neuroprotective interventions to inhibit these processes 
and prevent later epilepsy. To date, however, no effective 
neuroprotective agent is available, although this is an area 
of intensive research. Antiepileptic drug therapy will 
prevent early epilepsy but does not reduce the frequency 
of late seizures. Early seizures are often not followed by 
late epilepsy  –  a fact that is important to emphasize to 
patients. 

     The  t reatment of  s ymptomatic  e pilepsy  d ue to 
 a cquired  c auses 
 As the form of epilepsy in different causes is often identi-
cal, it is perhaps not surprising (although admittedly 
rather disappointing) that the antiepileptic drug therapy 
for most forms of acquired epilepsy follows similar 
principles whatever the cause. Factors predicting response 
to therapy are also similar for all conditions. This lack 
of specifi city implies that there are similar underlying 
processes of epileptogenesis in epilepsies of many different 
causes. The approach to drug treatment is similar to that 
of any focal or secondarily generalized epilepsy, 
and this is described in Chapter  5  of this book. 
Surgical therapy is appropriate in a number of acquired 
epilepsies, and the assessment for surgery is described in 
Chapter  10 . 

 Treatment also needs to be focused on the cause of the 
epilepsy. Depending on the clinical setting, such therapy 
will infl uence the course of the epilepsy, and in some 
situations effective therapy for the cause will obviate the 
need for antiepileptic therapy. 

  Hippocampal  s clerosis 
 Hippocampal sclerosis is the most common cause of 
temporal lobe epilepsy. It is found in over a third of cases 
of people with refractory focal epilepsy attending hospital 
clinics in whom there is no other structural lesion, but is 
less frequent in population - based cohorts and in patients 
with mild epilepsy. Hippocampal sclerosis typically 
causes complex partial seizures, and the highly character-
istic clinical features and symptom complex associated 
with the syndrome of mesial temporal lobe epilepsy and 
hippocampal sclerosis are described on    pp. 8 – 9 . 

 The principal pathological abnormality is hippo-
campal neuronal cell loss, which has a characteristic

stroke due to vasculopathy, abnormalities of gastric 
motility, short digits, strabismus and cardiac anomalies. 
Depth recordings show that the nodules generate intrin-
sic epileptiform discharges. Periventricular nodules are 
found in about 5% of all cases of hippocampal sclerosis. 
In the presence of heterotopic tissue, temporal lobectomy 
for hippocampal sclerosis  –  even with clinical and EEG 
features typical of mesial temporal epilepsy  –  will usually 
fail to control seizures. In patients being assessed for 
temporal lobectomy it is essential, therefore, to scrutinize 
preoperative MRI with great care to exclude the presence 
of these lesions. Treatment is along conventional medical 
lines, but resective surgery has occasionally been per-
formed in isolated lesions.  

  Other  d ysplasias 
 Various other types of dysplastic lesion exist, including 
sheets of abnormal neurons forming linear streaks in 
the white matter, lesions with a  ‘ tail ’  of abnormal tissue 
stretching to the ventricular surface, abnormal cortical 
patterning (including stellate - like gyral formations), iso-
lated clusters of grey matter within white matter and 
microdysgenesis. The last term refers to abnormally 
placed microscopic clusters of heterotopic neurons often 
associated with abnormal lamination of the cortex. 
Normal brains have occasional heterotopic cells, and dis-
tinguishing the truly pathological from the normal is, to 
an extent, a subjective judgement. As a result of this, 
widely varying estimates of the frequency of microdys-
genesis have been made. At one extreme is a study 
showing microdysgenesis in 38% of postmortem speci-
mens in epilepsy compared with a frequency of only 6% 
in control individuals.    

  Symptomatic  e pilepsy  d ue to 
 a cquired  c auses 

 Almost any acquired condition affecting the cerebral grey 
matter can result in epilepsy, but here only the more 
common forms of acquired epilepsy are mentioned. 
Many of the so - called  ‘ acquired ’  epilepsies have a genetic 
loading, and in some (e.g. hippocampal sclerosis) the 
genetic infl uences may be considerable. The seizures in 
symptomatic and acquired epilepsy usually take a partial 
or secondarily generalized form, and there are often 
no particularly distinctive features associated with any 
particular cause. The seizures also may have a strongly 
 ‘ provoked ’  element, as may those in idiopathic epilepsy. 

 In acute cerebral conditions, e.g. stroke, head injury 
or infections, the epilepsies share a number of general 
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infection (encephalitis or meningitis), vascular damage, 
toxins (e.g. domoic acid) or raised intracranial pressure. 
Familial genetic forms exist and, interestingly, in some 
families, relatives report d é j à  - vu episodes, which may 
represent undiagnosed epilepsy. 

 There is a very clear association with a history of child-
hood febrile convulsions, and one postulation is that the 
febrile convulsions, especially if prolonged or complex, 
damage the hippocampus and result in hippocampal 
sclerosis. Serial MRI studies have demonstrated that 
status epilepticus can also result in hippocampal sclerosis 
and there is clear evidence from animal experimentation 
that prolonged partial seizures can cause hippocampal 
damage. 

 There is also evidence that, in some cases, hippocam-
pal sclerosis may be a congenital lesion, and its frequent 
association with forms of cortical dysplasia (particularly 
subependymal heterotopia) adds some strength to the 
view that hippocampal sclerosis itself may sometimes be 
a form of cortical dysgenesis. 

 The medical treatment of hippocampal sclerosis 
follows conventional lines, similar to that of any focal 
epilepsy, and the seizures can often be well controlled on 
medical therapy. Hippocampal sclerosis is also the most 
common lesion resected in epilepsy surgical practice, and 
is the most common pathology referred for epilepsy 
surgery. The surgical therapy of hippocampal sclerosis is 
dealt with in detail on    pp. 320 – 339 .   

  Prenatal and  p erinatal  i njury 
 Epilepsy has traditionally often been thought to occur 
owing to perinatal injury, although it is now recognized 
that in many such cases there are genetic or other prena-
tal developmental pathologies causing the epilepsy. In 
most children with epilepsy, minor perinatal problems 

distribution with maximum loss in the CA1 and CA3 
regions and in the hilar region of dentate gyrus, and rela-
tive sparing of the CA2 region (Figure  4.2 ). There is also 
dense fi brous gliosis. The cell loss and gliosis result in 
atrophy, and the hippocampus is shrunken and hard-
ened. Another common abnormality is an alteration in 
the laminar arrangement of the dentate gyrus, with dis-
persal of cells or sometimes duplication of the laminar 
structure. There is extensive synaptic rearrangement, 
including recurrent innervation of dentate granule cells 
by their own neurons, which reinnervate instead of pro-
jecting into the hippocampus proper. This aberrant 
 ‘ mossy fi bre ’  innervation results in alterations in excit-
atory and inhibitory balance. A large number of neuro-
chemical changes have been documented in the sclerotic 
hippocampus, although the extent to which these are 
primary changes or simply consequential to the hippo-
campal injury is often unclear. There are also pathologi-
cal changes outside the hippocampus, including 
widespread subpial fi brillary gliosis (Chaslin gliosis) and 
nerve cell loss in the neocortex, and gliosis and volume 
loss in the entorhinal cortex and other mesial structures. 
Cerebellar atrophy and widespread cerebral atrophy are 
also not uncommon. In some series, over 70% of patients 
with hippocampal sclerosis show some evidence of 
microdysgenesis. MRI morphometry has also recently 
shown, in cases of unilateral hippo campal sclerosis, a 
mean 15% reduction of the volume of the rest of the 
temporal lobe, reductions of similar magnitude in the 
parahippocampal gyrus and middle and inferior tempo-
ral gyri, and a 25% reduction in mean size of the superior 
temporal gyrus.   

 The pathogenesis of hippocampal sclerosis is probably 
multifactorial and the histological changes may be the 
end - point of a number of different processes. Known 
causes of hippocampal sclerosis include cerebral trauma, 

     Figure 4.2     The characteristic pattern of 
hippocampal cell loss in hippocampal 
sclerosis  –  note the severe pyramidal cell 
loss of the CA1, CA3 and CA4 regions, 
with relative sparing of the CA2 region. 
Black lines are drawn to outline the 
boundaries of the regions.  
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children studied, although previously attributed to 
immunization, was in fact due an inherited genetic 
defect of the  SCN1A  gene, which codes for the voltage -
 gated neuronal sodium channel. Suggestions that MMR 
(mumps, measles, rubella) vaccine increases the risks 
of autism and epilepsy are now thought to be 
unfounded. Currently conventional medical advice is 
that the immunization is safer than the disease, although 
a small number of children do develop an encephalo-
pathic reaction. Quoted fi gures for a post - measles immu-
nization encephalopathy are 1 – 2/10 6 , compared with the 
risk of encephalopathy following the naturally occurring 
infection of 1 – 2/1000. Currently, the vaccine with the 
greatest risk is the smallpox vaccination, with a rate of 
10 – 300/10 6  of post - vaccination. The vaccines in which 
there is a possible association with post - vaccination 
encephalomyelitis are smallpox, measles, DPT (diphthe-
ria, pertussis and tetanus), Japanese B encephalitis and 
rabies.  

  Degenerative  d iseases and  d ementia 
 Epilepsy is a common feature of degenerative neurologi-
cal disease that involves the grey matter, but is seldom a 
leading symptom in pure leucodystrophy. The most 
common neurodegenerative disorders are the dementias 
in late life. Six per cent of those aged over 65 years have 
dementia, and the rate increases exponentially as a 
function of age. Alzheimer disease is the most common 
cause of dementia, and patients with Alzheimer disease 
are six times more likely to develop epilepsy than age -
 matched controls. Partial and secondarily generalized 
seizures occur, and are usually relatively easily treated 
with conventional antiepileptic therapy. Myoclonus is 
another common fi nding in patients with Alzheimer 
disease, occurring in about 10% of autopsy - verifi ed 
cases, and is a late manifestation. Non - convulsive status 
epilepticus can occur, and is often overlooked. An 
EEG is helpful in diagnosis, and should be considered 
in any person with dementia whose condition acutely 
deteriorates. Seizures also occur in the other common 
dementing illnesses, and are particularly common in 
cerebrovascular disease (see    pp. 64 – 66 ). As the popula-
tion ages, the number of individuals affected by Alzheimer 
disease and other dementias is going to increase, and 
so will the number of cases of epilepsy attributed to 
dementing disorders. 

 Five per cent of patients with Huntington disease have 
epilepsy, usually in the later stages. Epilepsy is more 
common in the juvenile form, and occasionally takes the 
form of a PME. Epilepsy, and indeed status epilepticus, 

are quite irrelevant to the subsequent development of 
epilepsy, or indeed are themselves the result of the under-
lying defects. In controlled studies only severe perinatal 
insults, e.g. perinatal haemorrhage and ischaemic –
 hypoxic encephalopathy, have been found to increase the 
risk of subsequent epilepsy. Factors such as toxaemia, 
eclampsia, forceps delivery, being born with the  ‘ cord 
round the neck ’ , low birthweight and prematurity have 
only a very modest association, if any, with subsequent 
epilepsy. Factors reported in some studies are not 
confi rmed in others, but in one large case – control study, 
early gestational age, vaginal bleeding during pregnancy, 
birth by caesarean section and socioeconomic factors 
were found to confer a small risk of subsequent 
epilepsy.  

  Cerebral  p alsy 
 This term encompasses many pathologies, both prenatal 
and perinatal, and both genetic and acquired. It therefore 
has little utility, although it is in widespread use. Whatever 
the cause, cerebral palsy is indicative of cerebral damage, 
and thus is strongly associated with epilepsy. In the US 
National Collaborative Perinatal Project, a prospective 
cohort study of infants followed to the age of 7 years, 
epilepsy was found to occur in 34% of children with 
cerebral palsy, and cerebral palsy was present in 19% of 
children developing epilepsy. In the same cohort the risk 
of learning disability (associated with cerebral palsy) was 
5.5 times higher among children developing epilepsy 
after a febrile seizure than in children with a febrile 
seizure alone. Learning disability (IQ  < 70) was present in 
27% of the children with epilepsy, and seizures were 
present in about 50% of children with learning disability 
and cerebral palsy.  

  Post -  v accination  e ncephalopathy 
 The possible role of immunization (particularly pertussis 
 –  whooping cough  –  immunization) in causing a child-
hood encephalopathy and subsequent epilepsy and learn-
ing disability has been the subject of intense study, with 
contradictory claims. There is a fairly general consensus 
now that the risk of vaccine - induced encephalopathy 
and/or epilepsy, if it exists at all, is extremely low. Risk 
estimates in the literature have included: risk of a febrile 
seizure, 1/19   496 immunizations; risk of an afebrile 
seizure, 1/76   133 immunizations; risk of encephalopathy 
after pertussis infection, 0 – 3/10 6  immunizations. The 
situation is complicated by the fi ndings of a recent study 
which showed that encephalopathy, in 11 of the 14 
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admitted to hospital are categorized as severe and more 
than 70% as mild. The extra risk of epilepsy is highest 
during the fi rst year, with onset of epilepsy peaking 4 – 8 
months post - injury, and diminishes during the ensuing 
years. After 10 years only severe injuries still exhibit an 
increased risk of seizures. In one large study the incidence 
of epilepsy at 1 year post - injury was  < 1% (but three times 
the population risk) after mild injury,  < 1% (but seven 
times the population risk) after moderate injury and 6% 
(but 100 times the population risk) after severe injury. 
The 30 - year cumulative incidence of seizures is 2.1% for 
mild injuries, 4.2% for moderate injuries and 16.7% for 
severe injuries. In a recent well - conducted study from 
Denmark, using the National Hospital Register, the risk 
of epilepsy was increased after a mild brain injury 
(relative risk [RR] 2.22, 95% confi dence interval [CI] 
2.07 – 2.38) and severe brain injury (7.40, 6.16 – 8.89). The 
risk was increased more than 10 years after mild brain 
injury (1.51, 1.24 – 1.85) and severe brain injury (4.29, 
2.04 – 9.00). 

 Post - traumatic epilepsy is much more frequent after 
open head injury. This is particularly so in penetrating 
wartime injuries with between 30 and 50% of patients 
developing subsequent epilepsy. Overall, the risk of 
late epilepsy, if early epilepsy is present, is about 25% 
compared with 3% in patients who did not have 
early seizures. The risk of epilepsy after open head 
injury is greatest if the extent of cerebral damage is large 
and involves the frontal or temporal regions. About 50 –
 60% of cases have their fi rst (late) seizure within 12 
months of the injury, with most cases developing 
within 4 – 8 months after the injury and 85% within 
2 years. 

 Calculations of the risk of epilepsy in various circum-
stances after injury have been made. The presence of a 
dural breach (e.g. with a depressed fracture), an intracra-
nial haematoma and long post - traumatic amnesia ( ≥ 24   h) 
has been found consistently to increase signifi cantly the 
risk of subsequent epilepsy. In one series, the risk of 
seizures by 2 years was 27% in the presence of depressed 
skull fracture, 24% with subdural haematoma (and 44% 
if this was severe enough to need surgical evacuation), 
23% with intracranial haematoma and 12% with long 
post - traumatic amnesia. In another study, risks of single 
and combined factors were calculated. The risk of late 
epilepsy after an intracranial haematoma alone was 35% 
and after a depressed fracture alone was 17%. If three 
factors were combined, the risk of post - traumatic 
epilepsy exceeded 50%. Conversely, in the absence of 
a depressed fracture, intracranial haematoma or early 

can be the presenting feature of Creutzfeldt – Jakob 
disease. Generalized tonic – clonic or partial seizures 
occur in 10% of established cases, and myoclonus in 
80%, and these can be induced by startle or other stimuli. 
The EEG usually shows the repetitive periodic discharges. 
In the terminal stages of the condition, the myoclonus 
and epilepsy usually cease.  

  Post -  t raumatic  e pilepsy 
 Head trauma is an important cause of epilepsy. Estimates 
of frequency of injury and of the risk of post - traumatic 
epilepsy have varied widely in different studies, partly as 
a result of different defi nitions and changes in diagnosis 
and management. The fi gures given below are best - guess 
estimates based on modern practice. It is customary to 
draw a distinction between open head injury, where the 
dura is breached, and closed head injury, where there is 
no dural breach. Post - traumatic seizures are traditionally 
subdivided into immediate, early and late categories. 
Immediate seizures are defi ned as those that occur within 
the fi rst 24 hours after injury, early seizures are those that 
occur within the fi rst week and late seizures occur after 1 
week. 

 Closed head injuries are most common in civilian 
practice, usually from road traffi c accidents, falls or rec-
reational injuries, and in different series have accounted 
for between 2 and 12% of all cases of epilepsy. If mild 
injury is included, the incidence of traumatic brain injury 
in the USA has been estimated to be as high as 825 cases 
per 100   000 per year, with about 100 – 200/100   000 per 
year admitted to hospital. Early seizures after closed head 
injury occur in about 2 – 6% of those admitted to hospital, 
with a higher frequency in children than in adults. Early 
seizures indicate a more severe injury, but have not been 
found generally to be an independent predictive risk 
factor of late seizures. Approximately 5% of patients  –  
estimates have varied between 2 and 25%  –  requiring 
hospitalization for closed head trauma will subsequently 
develop epilepsy (late post - traumatic seizures). Mild 
head injury  –  defi ned as head injury without skull frac-
ture and with less than 30   min of post - traumatic amnesia 
 –  is, in most studies, not associated with any markedly 
increased risk of epilepsy. Moderate head injury  –  defi ned 
as a head injury complicated by skull fracture or post -
 traumatic amnesia for more than 30   min  –  is followed by 
epilepsy in about 1 – 4% of cases. Severe head injury  –  
defi ned as a head injury with post - traumatic amnesia of 
more than 24   h, intracranial haematoma or cerebral con-
tusion  –  is followed by epilepsy, in most studies, in about 
10 – 15% of patients. Less than 10% of all head injuries 
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  Epilepsy  a fter  n eurosurgery 
 Neurosurgery is in effect a form of cerebral trauma, 
and not surprisingly can cause epilepsy. It is obviously 
important to defi ne this risk, because it can infl uence the 
indications for surgery, and it is an important topic for 
preoperative counselling. The risk of late postoperative 
seizures is greater in patients with younger age, early 
postoperative seizures and severe neurological defi cit. 
The incidence of seizures varies according to the nature 
of the underlying disease process, its site and its extent. 
A large retrospective study found an overall incidence of 
17% for postoperative seizures in 877 consecutive 
patients undergoing supratentorial neurosurgery for 
non - traumatic conditions. The patients had no prior 
history of epilepsy and the minimum follow - up was 
5 years. The incidence of seizures ranged from 4% 
in patients undergoing stereotactic procedures and 
ventricular drainage to 92% for patients being surgically 
treated for cerebral abscess. The risk of craniotomy for 
glioma was 19%, for intracranial haemorrhage 21% and 
for meningioma removal 22%. All these risks were greatly 
enhanced if seizures occurred preoperatively. Among 
patients developing postoperative seizures, 37% did so 
within the fi rst postoperative week, 77% within the fi rst 
year and 92% within the fi rst 2 years. If early seizures 
occurred (i.e. those occurring in the fi rst week), 41% of 
patients developed late recurrent seizures. 

 Studies after unruptured aneurysm show an overall 
risk of developing epilepsy of about 14%. The risk of a 
middle cerebral aneurysm resulting in epilepsy is 19%, 
and anterior communicating aneurysms and posterior 
communicating aneurysms carry a risk of about 10%. If 
the aneurysm has bled, causing an intracranial haema-
toma, the incidence of epilepsy is much higher, as it is if 
patients have perioperative complications including 
hemiparesis or meningitis, implying parenchymal 
damage. The overall risk of developing epilepsy after 
shunt procedures is about 10%, although this depends on 
the site of the shunt insertion. As is the case after cerebral 
trauma, the risks of epilepsy after neurosurgery are great-
est in the fi rst postoperative year, although a substantial 
proportion of cases (about 25%) experience their fi rst 
seizures in the second postoperative year. 

 Whether or not the prophylactic use of anticonvul-
sants after neurosurgical procedures is worthwhile is 
highly controversial. The best studies seem to show no 
effect, although all investigations in this area have been 
open to criticism. More defi nitive investigations are 
required, but currently it is usual to prescribe prophylac-
tic anticonvulsant drugs for several months after major 

seizures, the risk of late epilepsy is less than 2% even if 
post - traumatic amnesia exceeds 24   h. Other factors found 
in some studies only to increase the rate of late seizures 
include the presence of early seizures, prolonged coma, 
depressed fracture without dural breach and the presence 
of an unreactive pupil at the time of injury. 

 The pathophysiology of post - traumatic epilepsy is 
complex and multifactorial. The kinetic energy imparted 
to the brain tissue produces pressure waves that disrupt 
tissue and lead to histopathological changes, including 
gliosis, axonal damage, wallerian degeneration and cystic 
white matter lesions. In addition, iron liberated from 
haemoglobin generates free radicals that disrupt cell 
membranes and have been implicated in post - traumatic 
epileptogenesis. Iron and other compounds have also 
been found to provoke intracellular calcium oscillations. 
Hippocampal damage after head injury also seems 
common ( > 80% in one series), and this may be due to 
enhanced excitability secondary to the death of inhibitory 
dentate hilar neurons. Such hyperexcitability can last for 
months after the trauma with reorganization of excit-
atory pathways such as mossy fi bre sprouting. 

 Post - traumatic epilepsy can be diffi cult to treat, and in 
one series after open head injury 53% of patients still had 
active epilepsy 15 years after the injury. The risks of epi-
lepsy are increased in those who have a family history of 
epilepsy, confi rming the often multifactorial nature of 
epilepsy. 

 Antiepileptic drug therapy reduces the risk of early 
seizures. However, there has been controversy about 
the role of longer - term prophylactic antiepileptic drug 
treatment after head trauma. Early retrospective reports 
suggested that such prophylactic treatment reduced the 
incidence of subsequent epilepsy, although none of 
the subsequent large - scale prospective trials showed 
any protective effect on late seizures. Nevertheless, in 
some centres it is still usual to prescribe antiepileptic 
drugs after severe head injury for a period of 6 months 
or so. 

 There is typically a latent period between the head 
injury and the development of late epilepsy, usually of a 
few months but sometimes longer. Presumably, during 
this period, epileptogenic processes are occurring, and 
thus there is a clear potential for neuroprotective inter-
ventions to inhibit or abolish these processes. This is an 
area in which there is intensive research, but currently no 
specifi c therapy has been shown to be effective. Trials of 
antioxidants, antiperoxidants, steroids and chelating 
agents have taken place, but none has been shown to have 
any protective effect.  
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age. These tumours are typically frontal or temporal in 
location and the outcome for seizure control is good if 
the tumour can be resected.  

  Dysembryoplastic  n euroepithelial  t umours 
 The DNET is a pathological entity only recently differen-
tiated from other forms of  ‘ benign glioma ’ . They are in 
fact a relatively common cause of  ‘ tumoral epilepsy ’ , 
accounting for 10 – 30% of resected tumours in the tem-
poral lobe. DNETs are developmental in origin and the 
tumours coexist with other forms of cortical dysplasia, 
including focal cortical dysplasia, heterotopias and micro-
dysgenesis. The tumours are most commonly situated in 
the temporal lobe (two - thirds), but can occur in any cor-
tical region. They are benign tumours with only a slight 
propensity for growth, and epilepsy is usually the only 
clinical symptom. The epilepsy can present in children or 
adults, and the seizures are usually partial in nature and 
vary considerably in severity. Surgical resection is indi-
cated only if lack of seizure control warrants the risks 
involved. Surgical resection, or even partial resection, will 
usually control the seizures and DNETs are thus an 
important pathology to identify (see    pp. 340 – 341 ).  

  Hamartomas 
 These benign tumours account for 15 – 20% of tumours 
removed at temporal lobectomy; they are more common 
in children. Their pathological features include prolifera-
tion of glial and neuronal elements, and they can be 
associated with other types of cortical dysplasia. Indeed 
the distinction of cortical dysplasia, hamartomas and 
relatively indolent neoplasms, such as DNETs, can be 
blurred. The classic clinicopathological fi nding in TSC is 
the periventricular glial nodule or subependymal tuber. 
Histologically, these lesions are hamartomas and consist 
of foci of gliosis, which include both glial cells and 
neurons. Surgical resection of isolated hamartomas is 
often curative. In tuberous sclerosis complex, however, 
individual tubers are usually only one part of a wider 
epileptogenic process, and only rarely can a seizure focus 
be localized to a single cortical tuber that can be success-
fully resected.  

  Hypothalamic  h amartomas (and  g elastic  e pilepsy) 
 Hypothalamic hamartomas are a particular form of 
hamartoma. These are benign tumours, usually small 
and sometimes confi ned to the tuber cinerium. They are 
present in young children, and characteristically present 
with gelastic seizures, learning disability and behavioural 
disturbance, and later with precocious puberty. They are 

supratentorial neurosurgery and then gradually to with-
draw the medication unless seizures have occurred.   

  Cerebral  t umours 
 Brain tumours are responsible for about 6% of all newly 
diagnosed cases of epilepsy. The rate is greatest in adults, 
and about a quarter of adults presenting with newly 
developing focal epilepsy have an underlying tumour, 
compared with less than 5% in children. Seizures occur 
in about 50% of all people with brain tumours. The 
frequency of seizures is high in tumours in the frontal, 
central and temporal regions, lower in posterior 
cortically placed tumours and very low in subcortical 
tumours. The surgical therapy of tumours is considered 
on    pp. 339 – 341 . 

  Gliomas 
 Gliomas are the most common form of brain tumour 
causing epilepsy. Slow - growing, low - grade, well -
 differentiated gliomas are the most epileptogenic lesions. 
In the Montreal series of 230 patients with gliomas, sei-
zures occurred in 92% of those with oligodendrogliomas, 
70% of those with astrocytomas and 37% of those with 
glioblastomas. Overall, slow - growing or benign tumours 
account for 5 – 10% of all adult epilepsies, and less in 
children. The history of epilepsy will often have extended 
for decades, sometimes even into infancy. In chronic 
refractory tumoral epilepsy, oligodendrogliomas account 
for between 10 and 30%, dysembryoplastic neuroepithe-
lial tumours (DNETs or DNTs) for 10 – 30%, astrocyto-
mas for 10 – 30%, gangliogliomas for about 10 – 20% and 
hamartomas for between 10 and 20%. These tumours 
are sometimes associated, particularly if situated in the 
temporal lobe, with hippocampal sclerosis. The genera-
tion of epileptic discharges does not take place within the 
tumoral tissue (the exception is in the DNETs  –  
see below) but in the surrounding tissue, and this has 
implications for surgical therapy. The mechanisms of 
epileptogenesis in patients with brain tumours include 
impaired vascularization of the surrounding cerebral 
cortex, morphological neuronal alterations, changes in 
the excitatory and inhibitory synaptic mechanisms, and 
genetic susceptibility.  

  Gangliogliomas 
 These are mixed tumours that are composed of neoplas-
tic glial and neuronal cell types and comprise 10% or 
more of the neoplasms removed at temporal lobectomy. 
Seizures are the primary presenting symptom in 80 – 90% 
of patients with gangliogliomas, and can develop at any 
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meningitis) and  Neisseria meningitides  (meningococcal 
meningitis).  Haemophilus infl uenzae  type b (Hib) used to 
be a leading cause but new vaccines have virtually eradi-
cated the condition in western countries. Meningococcal 
meningitis is the most serious common but vaccines are 
now also available. Its incidence varies, and in Europe, 
for example, the highest incidence is in Scotland and 
Iceland. Ninety - fi ve per cent of cases are due to sero-
groups B and C, and the case fatality rate is between 5 
and 10%. Treatment is with penicillin or rifampicin, but 
antibiotic resistance is growing. Viral meningitis is 
common but is usually mild and rarely results in 
epilepsy. 

 Encephalitis is most commonly due to viral infection, 
but other infectious agents can cause postencephalitic 
epilepsy (Table  4.11 ). The most common serious viral 
encephalitis is due to herpes simplex virus type 1 (HSV -
 1). The incidence of severe HSV - 1 encephalitis is about 
1/10 6  per year, but it is possible that more minor infection 
occurs that escapes detection. It has indeed been postu-
lated that many cases of epilepsy, currently considered 
cryptogenic, are due to occult viral infection  –  although 
hard evidence in support of this point of view is entirely 
lacking. Immunological studies show varicella virus also 
to be a common cause of CNS infection, but overt vari-
cella encephalitis is less common than HSV - 1 encephali-
tis. In the USA, St Louis virus (a mosquito - borne 
arbovirus) is common. In Asia, Japanese B viral encepha-
litis results in up to 15   000 deaths annually. Two recent 
viral encephalitides that are increasing in frequency are 
those due to West Nile virus and Nipah virus.   

 Seizures are a frequent symptom in the acute phase of 
severe HSV encephalitis, and many survivors are left with 
neurological sequelae including severe epilepsy. The sei-
zures take partial and secondarily generalized forms, and 
status epilepticus is common. The prognosis for epilepsy 
(and other sequelae) is worse in those with delayed anti-
viral treatment and with a low Glasgow Coma Scale score 
at the height of the illness. Of the other viral encephaliti-
des, enteroviral encephalitis is usually mild without 
sequelae and arboviral encephalitis has a variable prog-
nosis (depending on viral type). 

 The clinical diagnosis can be confi rmed by serological 
tests, from cerebrospinal fl uid (CSF) and serum, and by 
neuroimaging. Viral encephalitis needs to be differenti-
ated from acute disseminated encephalomyelitis (ADEM), 
which can present with a very similar picture, and other 
causes of non - infectious encephalopathy. Precise diagno-
sis of viral encephalitis can be diffi cult. HSV may be 
isolated from CSF in up to 50% of cases of neonatal HSV 

diagnosed by MRI, but the lesions can be very subtle, 
especially if small, without mass effect, and isodense on 
both T1 -  and T2 - weighted sequences. 

 Gelastic seizures are highly characteristic of tumours 
of the fl oor of the third ventricle and particularly of 
hypothalamic hamartomas (although they do occur 
occasionally in temporal lobe epilepsy). The seizures start 
before the age of 3 years in most cases, and are often very 
frequent. The attacks are brief, and take the form of 
sudden laughter associated with other variable motor 
features (clonic movements, head and eye deviation). 
The laughter is  ‘ mirthless ’ , is not associated with 
any emotional feelings of joy or happiness, and occurs in 
situations that do not provoke humour. The combina-
tion of severe gelastic epilepsy, precocious puberty and 
intellectual impairment can be a devastating disability. 
The seizures do not usually respond to conventional drug 
therapy, but surgical resection of the tumours can be very 
successful, with complete seizure remission expected in 
about 50% of cases.  

  Meningioma 
 Epilepsy is the fi rst symptom of meningioma in 20 – 50% 
of cases. Meningiomas located over the convexity, falx or 
parasagittal regions or sphenoid ridge are especially likely 
to cause epilepsy. There is no relationship between the 
presence of epilepsy and histological type. Surgical resec-
tion can be expected to stop seizures in about 30 – 60% of 
operated cases.   

   CNS   i nfection 
 CNS infections are an important risk factor for epilepsy. 
Seizures can be the presenting or the only symptom, or 
one component of a more diffuse cerebral disorder. 

  Meningitis and  e ncephalitis 
 The risk of chronic epilepsy after encephalitis or menin-
gitis is almost sevenfold greater than that in the popula-
tion in general. The increased risk is highest during the 
fi rst 5 years after infection, but remains elevated for up 
to 15 years. The risk is much higher after encephalitis (RR 
16.2) than bacterial meningitis (RR 4.2) or aseptic men-
ingitis (RR 2.3). The presence of early seizures (i.e. during 
the acute phase of the infection) greatly infl uences the 
risk of subsequent unprovoked seizures. As encephalitis 
and bacterial meningitis are more prevalent in childhood 
and early adult life, most cases of postinfectious epilepsy 
develop in young individuals. 

 The most common forms of bacterial meningitis 
are now due to  Streptococcus pneumoniae  (pneumoccal 
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bilaterally, is evident. EEG is a useful complementary test 
for the diagnosis of HSV encephalitis, showing focal 
unilateral or bilateral periodic discharges localized in the 
temporal lobes. Viral encephalitis should be treated with 
aciclovir or other antiviral therapies, and the earlier 
therapy is started the better the outcome. The epilepsy is 
treated along conventional lines. 

 Patients with acquired immune defi ciency syndrome 
(AIDS) and other immunocompromised states have 
a different range of pathogens (see Table  4.11 ), and 
cerebral infection is a common feature of the condition; 
the most common opportunistic CNS infections are 
cryptococcal meningitis, toxoplasmosis, tuberculosis and 
cytomegalovirus (CMV) encephalitis. Seizures may also 
be a sign of progressive multifocal leucoencephalopathy 
in HIV, although usually it is a minor aspect of the 
clinical presentation.  

  Cerebral  m alaria 
 Seizures, and typically status epilepticus, are particularly 
common in the acute phase of cerebral malaria. 
Convulsive and focal seizures can occur, but in young 
children in a coma seizures can be subtle, taking 
minor forms such as eye deviation or changes in 
respiratory pattern or salivation. Prolonged convulsions 
are associated with increased mortality and also neuro-
logical defi cits in survivors, so detection and emergency 
therapy are important. The benzodiazepines, particularly 
diazepam, should be used initially, and phenobarbital 
used as second - line therapy. Artemisinin derivatives 
should be given as antimalarials in the acute phase, 
combined with cinchona alkaloids such as mefl oquine. 
Chronic epilepsy is common after cerebral malaria, 
particularly if seizures occurred in the acute phase, and 
one study has shown a 9 – 11 (CI 2 – 18) - fold increase 
in risk of epilepsy compared with children without 
malaria.  

  Pyogenic  c erebral  a bscess 
 Pyogenic brain abscess is an uncommon but serious 
cause of infective epilepsy. Abscesses range in size from 
microscopic foci of infl ammatory cells to major encap-
sulated necrotic areas of a cerebral hemisphere exerting 
signifi cant mass effect. Modern imaging has greatly 
improved the survival rate and management of brain 
abscesses but the mortality rate of acute cerebral abscess 
is still 5 – 10%. The estimated annual incidence of brain 
abscesses in the USA is 1 in 10   000 hospital admissions, 
and abscess surgery accounts for 0.7% of all neurosurgery 

infection but is rarely found in specimens obtained from 
older children and adults with HSV encephalitis. 
Serological testing during the acute and convalescent 
phases of illness is of little immediate value in the diag-
nosis of HSV or enteroviral encephalitis. In contrast, the 
presence of arbovirus - specifi c immunoglobulin M (IgM) 
in spinal fl uid is diagnostic of arboviral encephalitis. 
Polymerase chain reaction (PCR) is much more sensitive, 
with a 95% sensitivity and 100% specifi city found in 
patients with biopsy - proven HSV encephalitis. PCR 
techniques show excellent specifi city and sensitivity in 
the diagnosis of enteroviral meningitis. MRI may be 
normal early in the course of HSV encephalitis, but 
within days focal oedema, typically in the temporal lobes 

  Table 4.11    Causes of infectious encephalitis. 

   Causes of infective encephalitis in the 
immunocompetent patient   
  Viral: herpes simplex virus (HSV) type 1, other herpes 
viruses (e.g. varicella, HSV type 2, CMV, EBV, HSV type 
6), measles, mumps, rubella, rabies, arbovirus (e.g. 
Japanese B, St Louis, West Nile, equine and tick - borne 
viruses), adenovirus, HIV, infl uenza (A, B), enterovirus, 
poliovirus  

  Bacterial and rickettsial (uncommon):  Bartonella  spp., 
 Borrelia burgdorferi ,  Brucella  spp.,  Leptospira interrogans , 
 Listeria monocytogenes ,  Mycobacterium tuberculosis , 
 Mycoplasma pneumoniae ,  Rickettsia rickettsii , Q fever and 
other rickettsial infections,  Treponema pallidum , 
leptospirosis,  Nocardia actinomyces ,  Salmonella typhi , 
 Legionella   

  Protozoal (uncommon): malaria ( Plasmodium falciparum ), 
 Toxoplasma gondii ,  Naegleria fowleri ,  Acanthamoeba  spp., 
cysticercosis,  Echinococcus  spp.,  Trypanosoma  spp., 
schistosomiasis  

  Fungal (uncommon): blastomycosis, coccidioidomycosis, 
histoplasmosis, cryptococci, aspergillosis, candidiasis  

   Causes of infectious encephalitis in the 
immunocompromised patient   
  Viral: enterovirus, cytomegalovirus, HSV types 1, 2, 6, JC 
virus, measles, rubella, varicella  

  Protozoal: amoebic meningoencephalitis, toxoplasmosis  

  Fungal:  Cryptococcus neoformans , coccidioidomycosis, 
blastomycosis, histoplasmosis,  Aspergillus ,  Candida   

   CMV, cytomegalovirus; EBV, Epstein – Barr virus.   
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in between 30 and 80% of cases, and can sometimes 
develop years after the acute infection. All patients with 
preoperative seizures are likely to continue to have sei-
zures postoperatively, and the risk remains high for 
several years after the acute infection. Epilepsy is more 
likely after frontal lobe abscesses. Epilepsy after a cerebral 
abscess can be very diffi cult to control. Antiepileptic drug 
treatment follows the usual principles, but in severe cases 
resection of the abscess cavity can be considered. Severe 
secondarily generalized epilepsy following a frontal 
abscess can respond to corpus callosotomy (see    pp. 356 –
 357 ). Given the high likelihood of developing seizures, all 
patients with supratentorial brain abscesses should rou-
tinely be placed on prophylactic antiepileptic drugs for at 
least 1 – 2 years. If no seizures occur at this stage, the drugs 
can be then withdrawn, but only if the EEG shows no 
epileptogenic activity.  

  Neurocysticercosis 
 Worldwide, neurocysticercosis (NCC) is the most 
common parasitic disease of the CNS and a major cause 
of epilepsy in endemic areas such as Mexico, India and 
China. Epilepsy is the most common clinical manifesta-
tion and usual presenting feature of NCC. The condition 
is a helminthiasis caused by the encysted larval stage, 
 Cysticercus cellulosae , of the pork tapeworm  Taenia 
solium.  In the fi rst stage, the human (defi nitive) host 
ingests undercooked diseased pork containing viable 
cysticerci from within which the scolex (head) of 
the organism evaginates in the gut and attaches to the 
intestinal mucosa. Over 3 months, the tapeworm matures 
to a length of 2 – 7   m. Gravid segments containing eggs are 
released into the faeces, often unknown to the host. 
After ingestion, eggs hatch and activate in the pig (inter-
mediate host) small intestine and develop in the CNS 
and striated muscle. Humans become intermediate 
hosts by ingesting infected tissue, and the lifecycle is com-
pleted in the human CNS, skin and muscle. Parenchymal 
cysts usually lie dormant for many years and symptoms 
usually coincide with larval death and an intense 
infl ammatory response caused by the release of larval 
antigens. The solitary cerebral parenchymal lesion is a 
common form of presentation, but lesions are often 
multiple. Over time, the cysts shrink progressively and 
then calcify or disappear completely. Seizures are the 
most common symptom and develop when a cyst is 
degenerating or around a chronic calcifi ed lesion. In the 
racemose form of NCC, the cysts can obstruct CSF fl ow 
and present with mass effect, hydrocephalus or basal 
arachnoiditis (the treatment of these cases differs from 

operations. Brain abscesses occur at any age but are most 
common in young adult life. The abscesses develop in 
association with a contiguous suppurating process 
(usually otitis media, sinus disease or mastoiditis; 50%), 
due to haematogenous spread from a distant focus 
(25%), as a complication of intracranial surgery (15%) 
and as a result of trauma (10%). Brain abscesses related 
to middle - ear infection are the most commonly encoun-
tered and are often solitary, developing in the inferior 
portion of the ipsilateral temporal lobe. Brain abscess is 
a rare complication of bacterial meningitis in adults; it is, 
however, more common in infants, particularly those 
with Gram - negative meningitis. Haematogenous meta-
static spread from distant parts of the body frequently 
leads to the development of brain abscesses. The most 
common site of origin is a pyogenic lung infection, such 
as a lung abscess, bronchiectasis, empyema, cystic fi brosis 
or acute endocarditis. Other potential primary foci 
include osteomyelitis, wound and skin infections, chole-
cystitis, pelvic infection and other forms of intra -
 abdominal sepsis. Brain abscesses from blood - spread 
infections are most likely to occur in the middle cerebral 
territory and at the grey – white matter junction, and are 
frequently multifocal. Brain abscess complicates approxi-
mately 3 – 15% of penetrating craniocerebral injuries, 
especially those caused by gunshot injuries. 

 The species of bacterium responsible for brain abscesses 
depends on the pathogenic mechanism involved. 
Commonly isolated organisms are streptococci, includ-
ing aerobic, anaerobic and microaerophilic types.  Strep. 
pneumoniae  is a rarer cause of brain abscesses, which are 
often the sequel to occult CSF rhinorrhoea and also to 
pneumococcal pneumonia in elderly patients. Enteric 
bacteria and  Bacteroides  spp. are isolated in 20 – 40% of 
cases and often in mixed culture. Anaerobic organisms 
have become increasingly important organisms and in 
many instances more than a single bacterial species is 
recovered. Gram - negative bacilli rarely occur alone. 
Staphylococcal abscesses account for 10 – 15% of cases 
and are usually caused by penetrating head injury or 
bacteraemia secondary to endocarditis. Clostridial infec-
tions are most often post - traumatic. Rarely  Actinomyces  
or  Nocardia  spp. are the causative agents of a brain 
abscess. 

 The diagnosis of brain abscesses has been greatly 
facilitated by modern imaging, and most cases can now 
be identifi ed rapidly. Surgical resection (see    pp. 343 and 
356 ) is the treatment of choice. The mortality rate is 
about 10% and up to 50% of patients have permanent 
neurological defi cit after brain abscesses. Epilepsy follows 
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 The mainstay of treatment is the control of seizures 
with antiepileptic drugs. Seizures caused by a single cyst 
are usually easily controlled. It is not a general policy to 
use anti - cysticercal drugs, especially with single lesions, 
because the enhancing cysticerci shown on imaging are 
by defi nition dying away and will resolve spontaneously. 
Multiple lesions are generally treated with anti - parasitic 
drugs, although these drugs are contraindicated in 
the presence of cerebral oedema. If needed, two anti -
 cysticercal drugs are in wide use in endemic areas 
 –  albendazole and praziquantel  –  although there are no 
controlled trials to establish specifi c indications, defi ni-
tive doses and treatment duration. If anti - cysticercal 
drugs are to be used, steroids need to be given in 
co - medication to prevent a sudden rise in intracranial 
pressure and exacerbation of symptoms. The role of 
surgical biopsy in diagnosis is discussed below.  

  Tuberculoma 
 TB remains a major problem in developing countries and 
the incidence is also rising in industrialized countries 
with increasing migration and the spread of HIV. The 
most common form of TB is pulmonary infection, and 
the incidence of intracranial tuberculoma (tuberculous 
abscess) has decreased, particularly in western countries, 
owing to the BCG vaccination programme. In the early 
twentieth century tuberculomas accounted for about a 
third of all space - occupying lesions. The incidence fell 
dramatically throughout the century, although recently it 
has started rising again, and today tuberculomas account 
for about 3% of all cerebral mass lesions in India, for 
example, and 13% of all cerebral lesions in HIV - infected 
patients. The diagnosis of intracranial tuberculoma 
depends on neuroimaging. Although both CT and MRI 
are equally sensitive in visualizing the intracranial tuber-
culoma, MRI is superior in demonstrating the extent and 
maturity of the lesion, especially for brain - stem lesions. 
A  ‘ target lesion ’  in an enhanced CT scan is considered 
highly characteristic of tuberculoma, although this sign 
may also be produced by cerebral toxoplasmosis. 

 Tuberculomas present particularly with epilepsy, and 
therapy for the epilepsy follows conventional lines. 
Surgical resection of the tuberculoma was the usual 
procedure in the past, but increasingly a conservative 
approach is now initially taken. Surgery is still indicated 
in the initial stages in cases of diagnostic uncertainty, and 
where larger, symptomatic mass lesions cause midline 
shift and severe intracranial hypertension. In patients 
presenting simply with epilepsy, it is now usual to treat 
with anti - tubercular and antiepileptic drugs (with a short 

those presenting simply with epilepsy and is outside the 
scope of this book). 

 Diagnosis is made by imaging and by serological tests. 
CSF and EEG are rather non - specifi c. Computed tomog-
raphy (CT) is particularly useful for showing calcifi ed 
inactive lesions. MRI is superior for demonstrating 
subarachnoid or intraventricular cysts and for showing 
infl ammation around a cyst. Cysts may be single or 
multiple and at different pathological stages at any given 
time. A classifi cation system that corresponds to parasite 
viability has been proposed, with divisions into active, 
transitional and inactive forms. In the active stage the CT 
appearance is that of a rounded, hypodense area or there 
may be a CSF - like signal on MRI. The  ‘ starry night ’  effect 
 –  the presence of multiple eccentric mural nodules  –  is 
characteristic of NCC, although it may also be seen in 
cases of toxoplasma infection. The transitional stage is 
due to cystic degeneration. This appears on CT as a 
diffuse hypodense area with an irregular border which 
enhances with contrast. They usually appear as high 
signal areas on T2 - weighted MRI. Lastly, when the cyst 
dies, the lesion either disappears or becomes a calcifi ed 
inactive nodule of low intensity on proton - weighted MRI 
or homogeneous high density on CT scan. Standard 
enzyme - linked immunosorbent assay (ELISA) diagnostic 
techniques have proved less useful than hoped for because 
of high false - negative and false - positive rates. Newer 
enzyme - linked immunoelectron transfer blot (EITB) 
assays on CSF or serum appear to have higher sensitivity 
(98%) and specifi city (100%) in multiple cysticercosis. Its 
superiority to ELISA is due to its ability to detect up to 
seven glycoproteins specifi c to  T. solium . It is visualized 
similarly to a western blot, so that non - specifi c bands can 
be ignored, thereby ruling out cross - reactivity. Recently, 
an antigen detection ( ‘ capture ’ ) assay specifi c for viable 
metacestodes in CSF has been designed. So far, this 
has proved to be perhaps the most reliable method 
of detecting active cases of NCC in epidemiological 
studies. Serology is a sensitive way of detecting exposure, 
but in endemic areas, where population exposure 
rates are high, positive serology in any individual does 
not necessarily imply that NCC is the cause of the 
symptoms. 

 Cerebral tuberculoma is the main differential diagno-
sis, but there are imaging differences. Typically, the lesions 
of NCC are well circumscribed, discrete,  < 20   mm in size 
and superfi cially located; they enhance relatively little, 
may have visible scolexes and less perilesional oedema, 
and only occasionally cause midline shift. Multiple cysts 
have the characteristic  ‘ starry sky ’  appearance. 
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less common in deep haematomas and rare after subten-
torial haemorrhage. The epilepsy almost always develops 
within 2 years of the haemorrhage. The risk of seizures 
after subarachnoid haemorrhage is between 20 and 34%, 
and the risk of chronic epilepsy among survivors of 
subarachnoid haemorrhage is highest in those with early 
seizures, intracerebral haematoma or other persisting 
neurological sequelae.  

  Cerebral  i nfarction 
 After cerebral infarction, epilepsy occurs in about 6% of 
patients within 12 months and 11% within 5 years of the 
stroke. Epilepsy is more common in cerebral infarcts 
located in the anterior hemisphere, and involving the 
cortex. The standardized mortality ratio (SMR) for 
epilepsy after infarction has been found to be 5.9 (95% 
CI 3.5 – 9.4), and the risk of developing seizures is highest 
during the fi rst year, and higher if there is a history of 
recurrent stroke. There is an inverse correlation between 
age and risk of seizures with a peak in patients younger 
than 55 years. In a multivariant analysis, early seizures 
and recurrent strokes were the only clinical factors shown 
to predict the occurrence of epilepsy after infarction.  

  Occult  d egenerative  c erebrovascular  d isease 
 Epilepsy can also complicate occult cerebrovascular 
disease. Patients with late - onset epilepsy are signifi cantly 
more likely to have otherwise asymptomatic ischaemic 
lesions on CT than age - matched controls, and it has been 
estimated from such CT - based studies that overt or 
occult cerebrovascular disease underlies about half of the 
epilepsies developing after the age of 50 years. Late - onset 
epilepsy can be the fi rst manifestation of cerebrovascular 
disease. Between 5 and 10% of patients presenting with 
stroke have a history of prior epileptic seizures in the 
recent past, and in the absence of other causes new - onset 
seizures should prompt a screen for vascular risk factors.  

  Arteriovenous  m alformations  
 An arteriovenous malformation (AVM) is a racemose 
network of arterial and venous channels that communi-
cate directly, rather than through a capillary bed. Between 
17 and 36% of supratentorial AVMs present with sei-
zures, with or without associated neurological defi cits, 
and 40 – 50% with haemorrhage. Smaller AVMs ( < 3   cm 
diameter) are more likely to present with haemorrhage 
than large ones. Conversely, large and/or superfi cial mal-
formations are more epileptogenic, as are AVMs in the 
temporal lobe. About 40% of patients with large AVMs 
have epilepsy, and epilepsy is the presenting symptom in 

course of adjunctive steroids), and to defer surgery. 
When medical therapy is initiated, without diagnostic 
confi rmation from a biopsy, the patient should be 
carefully monitored and, if the mass does not decrease in 
size after 12 – 16 weeks of therapy, surgical therapy should 
be considered (the indications for this our outlined 
on    pp. 343 – 344 ). With early diagnosis and a balanced 
combination of surgical and medical management, 
tuberculomas are now potentially curable. 

  Acute  s eizures with  CT   e vidence of a  s ingle 
 e nhancing  l esion 
 Newly developing seizures associated with a single 
enhancing lesion on CT are a common clinical problem 
in endemic areas such as India. The differential diagnosis 
includes NCC, TB, gliomas and other tumours, toxoplas-
mosis and other infective lesions. Over 90% of the lesions 
in India are due to NCC, and currently the usual manage-
ment strategy is to screen the patient for other signs of 
TB, and if none is present not to give anti - tubercular 
therapy. CT is repeated in 12 – 16 weeks and, if the lesion 
has not regressed, or has increased, a review of diagnosis 
including surgical biopsy is the preferred approach (   pp. 
343 – 344 ). Antiepileptic drugs are given.    

  Cerebrovascular  d isease 
 Epilepsy can complicate all forms of cerebrovascular 
disease. Stroke is the most commonly identifi ed cause of 
epilepsy in elderly people, and occult stroke also explains 
the occurrence of many cases of apparently cryptogenic 
epilepsies in elderly individuals. A history of stroke has 
been found to be associated with an increased lifetime 
occurrence of epilepsy (odds ratio [OR] 3.3; 95% CI 
1.3 – 8.5). Among the other vascular determinants, only a 
history of hypertension was associated with the occur-
rence of unprovoked seizures (OR 1.6; 95% CI 1.0 – 2.4). 
The risk of unprovoked seizures rises to 4.1 (95% CI 
1.5 – 11.0) in individuals with a history of both stroke and 
hypertension. 

  Cerebral  h aemorrhage 
 The reported risk of chronic epilepsy due to intracranial 
haemorrhage has varied greatly from series to series, but 
is generally in the region of 5 – 10%. The incidence of early 
epilepsy (seizures in the fi rst week) is higher, up to 30% 
in some series, with status epilepticus in about 10%. Early 
seizures do not necessarily lead to chronic epilepsy, 
although they increase the long - term risk, and about a 
third of those with early seizures continue to have a liabil-
ity for epilepsy. Epilepsy is common after large haemor-
rhages and haemorrhages that involve the cerebral cortex, 



The Causes of Epilepsy  65

haemorrhage from cavernomas is generally less severe 
than haemorrhage from AVMs. Retinal, skin and liver 
lesions have occasionally been reported, presumably on a 
genetic basis. Familial clustering can be found in 10 – 30% 
of cavernous haemangiomas, and familial cases have been 
found to be linked to genes at three different loci: the 
 CCM1 ,  CCM2  and  CCM3  genes. Forty per cent of familial 
cases are due to  CCM1 , with higher rates among Hispanic 
individuals. Genetic testing is available. 

 The lesions are usually diagnosed on CT or 
MRI, whereas cerebral angiography often shows no 
abnormality. Typical CT appearances are those of a well -
 circumscribed hyperdense area with moderate enhance-
ment and variable mass effect. CT may also show previous 
bleeding, calcifi cation, oedema or cystic areas associated 
with the lesion. MRI is the most sensitive investigation. 
On T2 - weighted images the typical appearance of caver-
nomas is that of a reticulated core of mixed signal repre-
senting blood in various states of degradation surrounded 
by a hypointense haemosiderin halo. T1 - weighted images 
show a similar pattern but they are less sensitive. There is 
slight contrast enhancement in some cases. 

 Cavernous malformations are twice as likely to be asso-
ciated with seizures as other vascular lesions, such as 
AVMs, or tumours with similar volume and location, 
and the seizures are probably produced by the deposition 
of blood breakdown products, notably iron, around the 
lesions during leaks or small haemorrhages. The risk 
of overt haemorrhage from a cavernoma is of the order 
of 0.5 – 2% per annum. 

 Medical therapy follows conventional lines, and 
seizures can often be controlled on relatively simple 
antiepileptic drug regimens. Surgical therapy is outlined  
on    pp. 342 – 343 , and resection is useful in patients with 
single lesions and particularly in those with superfi cial, 
easily accessible, cortical lesions. Focused beam radiation 
is an alternative therapy.  

  Venous  m alformations 
 Venous malformations are congenital anomalies of 
normal venous drainage. They are the most commonly 
documented intracranial vascular malformation by either 
brain imaging or postmortem examination, with a preva-
lence as high as 3%. They can be associated with cavern-
ous malformations or, more rarely, with AVMs. On MRI 
they appear as a stellate vascular or contrast - enhancing 
mass. Angiography typically shows a caput medusa 
appearance in the late venous phase. These lesions are 
thought neither to have a high risk of haemorrhage nor 
to cause epilepsy.  

about 20%. Irrespective of the initial presentation, a 
signifi cant proportion of patients with cerebral AVMs 
will develop epilepsy after diagnosis. The risk of seizures 
seems to be higher the younger the patient at the time of 
diagnosis. In one study, among patients aged between 10 
and 19 years, there was a 44% risk of epilepsy by age 20. 
This risk declined to 31% for patients aged 20 – 29 and to 
6% for patients aged 30 – 60. The annual risk of bleeding 
of an AVM is in the region of 2% per year, irrespective 
of whether the malformation presented with haemor-
rhage, and the average mortality rate is about 1% per 
year. The risk depends on the size of the AVM, its growth, 
the presence of aneurysms, the type of feeding and 
draining vessels, and the anatomy. AVMs also show 
highly characteristic MRI appearances, with high signal 
on T2 - weighted images, often with a notch - like confi gu-
ration, and areas of decreased signal intensity represent-
ing previous intralesional bleeding. The treatment of  
large lesions is usually carried out with the aim of pre-
venting haemorrhage rather than controlling epilepsy. 
However, the complete resections of small AVMs will 
often control seizures.  

  Cavernous  h aemangiomas ( c avernomas) 
 Cavernous haemangiomas are well - circumscribed ham-
artomatous lesions consisting of irregularly walled sinu-
soidal vascular channels, located within the brain but 
without intervening neural tissue, with large feeding 
arteries or draining veins. Pathologically, they consist of 
endothelium - lined  ‘ caverns ’  fi lled with blood and sur-
rounded by a matrix of collagen and fi broblasts. They 
have the potential to haemorrhage, calcify or thrombose 
and are multiple in 50% of cases. They account for 5 – 13% 
of vascular malformations of the CNS and are present in 
0.02 – 0.13% of postmortem series. Most of these lesions 
present in the third and fourth decades of life, but 20 –
 30% present earlier in childhood or early adult life. 
Cavernomas can increase in size and number over time, 
particularly in genetically determined cases and in those 
in whom cavernomas have developed after cerebral irra-
diation. However, in most cases, the factors infl uencing 
the development of new lesions or growth of existing 
lesions is unknown. At least 15 – 20% of patients remain 
symptom free throughout their lives. Patients present 
with seizures (40 – 70%), focal neurological defi cits (35 –
 50%), non - specifi c headaches (10 – 30%) and cerebral 
haemorrhage. The seizures are typically partial in nature 
and often brief, infrequent and minor in form. Cavernous 
malformation can lead to death from cerebrovascular 
accident, but, because of their low fl ow characteristics, 
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likely to occur in large lesions and lesions that abut the 
cortex, and occasionally MS presents with an acute mass 
lesion with seizures. Although in some patients epilepsy 
precedes MS by years or decades, there is no evidence 
of an increased risk of epilepsy before the onset of the 
symptoms due to MS. 

 ADEM is an acute infl ammatory demyelinating disor-
der that can follow systemic infections, and is immuno-
logically mediated. Epilepsy is a feature of the acute 
attack, and occurs much more commonly than in an 
acute attack of MS. ADEM can follow infections with 
many different viruses (notably measles, mumps, rubella, 
varicella, HIV, hepatitis A and B, Epstein – Barr virus, 
CMV) or other infectious agents (notably  Mycoplasma , 
 Streptococcus ,  Borrelia ,  Campylobacter  and  Legionella  
spp., and  Chlamydia leptospira ). The incidence after 
measles infection is about 1 in 1000, after varicella 
infection, about 1 in 10   000 and after rubella infection 
about 1 in 20   000.   

  Infl ammatory and  i mmunological  d iseases 
of the  n ervous  s ystem 
 Epilepsy can be a complication of many infl ammatory 
and immunological diseases affecting the CNS. The 
mechanisms of seizures can be due to the direct effect of 
immunological processes (e.g. in Rasmussen encephali-
tis) or an indirect effect due to vascular disease and 
cerebral infarction (e.g. in the cerebral vasculitides). In 
many conditions the mechanisms are unknown. 

  Rasmussen  e ncephalitis 
 This is a rare progressive neurological disorder, of 
unknown cause, in which severe epilepsy coexists with 
slowly progressive atrophy of one cerebral hemisphere. 
The condition usually begins in late childhood, but can 
start in adults and also in young children. Pathologically, 
there is severe atrophy of one hemisphere with histo-
logical evidence of perivascular lymphocytic infi ltration, 
neuronal loss and microglial nodule formation. The 
pathological changes are strikingly unilateral, and where 
changes do occur in the opposite hemisphere they are 
usually minor. The cause is unclear, although viral and 
immunological factors have been implicated. The 
genomes of various viruses have been found in biopsy 
tissue, including the Epstein – Barr virus and HSV, and 
IgG, IgA and C3 have been found. Glu - R3 antibodies have 
been reported in the sera of some patients. None of these 
fi ndings, however, appears to be consistently present. 

 Clinically, the condition is highly characteristic, with 
the slow development of severe epilepsy, a progressive 

  Collagen  v ascular  d iseases and  o ther 
 c erebral  v asculitides 
 The epilepsy can be due to the primary disease process 
and also to the secondary complications such as arterial 
hypertension, infarction, vasculitic changes, immuno-
logical reactions, and hepatic or renal failure. Epilepsy is 
a common symptom of all forms of cerebral vasculitis, 
and particularly in systemic lupus erythematosus (SLE). 
In SLE, seizures can be the presenting and only symptom, 
and occur during the course of the illness in about 25% 
of cases. Seizures are particularly common in severe or 
chronic cases and in lupus - induced encephalopathy. 
Epilepsy can also occur in Beh ç et disease, Sj ö gren syn-
drome, mixed connective tissue disease, Henoch –
 Sch ö nlein purpura, and other forms of large - , medium -  or 
small - vessel vasculitis, sometimes on the basis of 
infarction.  

  Other  v ascular  d isorders 
 Cortical venous infarcts are particularly epileptogenic, at 
least in the acute phase, and may underlie a signifi cant 
proportion of apparently spontaneous epileptic seizures 
complicating other medical conditions and pregnancy. 
Seizures also occur with cerebrovascular lesions second-
ary to rheumatic heart disease, endocarditis, mitral valve 
prolapse, cardiac tumours and cardiac arrhythmia, or 
after carotid endarterectomy. Infarction is also an impor-
tant cause of seizures in neonatal epilepsy. Seizures are 
part of the acute presentation of eclampsia, posterior 
reversible encephalopathy syndrome (PRES), hyperten-
sive encephalopathy and malignant hypertension, and in 
the anoxic encephalopathy that follows cardiac arrest or 
cardiopulmonary surgery. Unruptured aneurysms occa-
sionally present as epilepsy, especially if large and if 
embedded in the temporal lobe, e.g. a giant middle cere-
bral or anterior communicating aneurysm.   

  Other  n eurological  d isorders 
  Demyelinating  d isorders 
 Several clinical series have reported an association 
between epilepsy and multiple sclerosis (MS). In one 
small population - based study, patients with MS had a 
threefold but non - signifi cant increase (SMR 3.0; 95% CI 
0.6 – 8.8) in the risk of epilepsy compared with the general 
population. In another series the cumulative risk of epi-
lepsy in patients with MS was found to be 1.1% at 5 years, 
1.8% at 10 years and 3.1% at 15 years. The mean interval 
until the onset of epilepsy is about 7 years after the onset 
of MS. Convulsive status epilepticus has been reported 
more frequently in patients with MS. Epilepsy is more 
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seizures with myoclonus and cerebellar ataxia and some-
times dementia. Coeliac disease may also cause cerebral 
vasculitis.  

  Other  i mmune -  m ediated  d isorders 
 Myoclonus and seizures are also a prominent feature of 
Hashimoto thyroiditis, a relapsing encephalopathy asso-
ciated with high titres of thyroid antibody. Epilepsy is 
also a feature, although often not prominent, of the 
primary granulomatous diseases of the CNS such as 
sarcoidosis. 

 Anti - NMDA receptor encephalitis is a common form 
of acute encephalopathy, usually affecting women of 
whom 50% will have an ovarian teratoma. It presents 
with the rapid development of psychiatric symptoms 
seizures (approx 75%), stupor or coma, characteristic  
dyskinesias and autonomic instability and respiratory 
disturbance. 

 Paraneoplastic disorders can cause seizures. EPC can 
occur as a paraneoplastic phenomenon. This is usually in 
the context of a paraneoplastic  ‘ cortical encephalomyeli-
tis ’  due to various tumours (notably small cell lung 
cancer and breast carcinoma). The MRI scan can show 
non - specifi c T2 - weighted signal changes. Seizures also 
occur in limbic encephalitis of paraneoplastic origin  –  
often associated with memory loss, and psychiatric and 
behavioural changes. 

 Limbic encephalitis associated with voltage - gated 
potassium channel antibodies is another condition pre-
senting acutely with seizures memory disturbance and 
neuropsychiatric changes. The seizures often take the 
form of very frequent short complex partial seizures  
some of which secondarily generalize. The diagnosis is 
made by measuring levels of the antibody, and treatment 
is with immunosuppression.    

  Provoked  s eizures 

 One of the worst aspects of having epilepsy is the lack of 
predictability of seizures. For many people, the fact that 
a seizure can occur without warning on a more or less 
random fashion is far more problematic than the actual 
seizure itself. If there was suffi cient advanced notice of 
seizures, the negative impact of epilepsy would be greatly 
reduced. Why seizures occur when they do is one of the 
major unanswered research questions in epilepsy. Of 
some interest is the tantalizing demonstration that subtle 
alterations in the EEG occur in the minutes or even hours 
before a seizure in some patients, without any clinical 

hemiparesis and other signs of unilateral hemisphere 
dysfunction. The condition usually presents with partial 
epilepsy. This can take any form and typically progresses 
and is diffi cult to control. Episodes of EPC are highly 
characteristic. Secondarily generalized seizures also occur. 
As the epilepsy worsens, the patients develop a slowly 
progressive hemiparesis, which evolves over months or 
years. Unilateral cognitive dysfunction and other neuro-
logical signs, such as aphasia (if the dominant hemisphere 
is involved), occur. Hemianopia occurs in 50% of cases 
eventually. Psychiatric disturbances are common. MRI 
demonstrates progressive cortical atrophy, typically 
beginning around the sylvian fi ssure and eventually 
extending to involve the whole hemisphere. Patchy white 
matter hyperintensity also occurs involving one hemi-
sphere predominantly, and sometimes the contralateral 
cerebellum. The CSF is usually normal although it may 
show oligoclonal bands. The EEG shows multifocal epi-
leptiform discharges predominantly, but not necessarily 
exclusively, over the affected hemisphere. 

 Treatment of the epilepsy is diffi cult. Conventional 
therapy is frequently ineffective, especially in the case of 
focal motor seizures or EPC, which can persist in spite of 
massive antiepileptic therapy. Corticosteroids, plasma-
pheresis and antiviral agents (ganciclovir, zidovudine) 
have been given with some success but seem usually not 
to have major benefi t. The best reported results are with 
high - dose intravenous immunoglobulin, and frequently 
repeated courses may be required. Hemispherectomy or 
large multilobar resection is recommended in a propor-
tion of cases and will alleviate the epilepsy in most oper-
ated cases. The evaluation for hemispherectomy and its 
timing can be diffi cult, and should be carried out by an 
experienced unit. The condition tends to  ‘ burn out ’  after 
a number of years, leaving the patient with permanent 
and severe unihemispherical dysfunction.  

  Gastrointestinal  i nfl ammatory  d isorders  
 Seizures are the most common neurological complication 
of the infl ammatory bowel diseases (ulcerative colitis and 
Crohn disease), occurring in one series in 6% of cases. 
The epilepsy may be a direct effect or caused indirectly by 
dehydration or sepsis. Neurological complications occur 
in about 10% of patients with Whipple disease, and the 
condition presents neurologically in 5%. In a series of 
cases with neurological symptoms, myoclonus occurred 
in 25% and seizures in 23%. About 10% of patients with 
coeliac disease have neurological symptoms, and epilepsy 
is associated with several rather distinctive neurological 
including seizures with occipital calcifi cation on CT, and 
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avoiding precipitants will lessen the propensity to 
seizures. 

  Stress 
 Emotional stress is commonly thought to provoke attacks 
in many individuals, although attempts to defi ne or 
quantify stress prove highly elusive. Where some mea-
surement is possible, studies usually show a modest asso-
ciation between worsening seizures and stress, although 
this can be complex and stress reduction in many people 
has a disappointing lack of effect. A wide variety of often 
spurious psychic explanations has been made in this dif-
fi cult area.  

  Alcohol 
 In people with pre - existing epilepsy, acute alcohol intoxi-
cation and, even more potently, acute alcohol withdrawal 
can precipitate generalized seizures. A 20 - fold increase in 
the incidence of seizures is found in patients consuming 
large quantities of alcohol, and avoidance of alcohol is 
sometimes all that is required to prevent seizures. 
Antiepileptic drug treatment in patients with alcohol 
problems is often problematic, owing to interactions, 

sign or any conscious awareness. Unfortunately, cur-
rently, in spite of considerable research, there seems to 
be no reliable way of utilizing these changes in a clinical 
setting to provide advanced warning to a patient, although 
implanted deep brain stimulators triggered by EEG 
change and seizure onset are being investigated. An 
interesting and quirky development has been the claim 
that dogs can be trained to recognize that a seizure is 
about to occur. Such  ‘ epilepsy dogs ’  are now available 
in a number of countries, but their clinical utility or 
general applicability has not been subjected to rigorous 
research. 

 Provoked seizures can be divided into three 
categories: 
  1     Seizure precipitants: factors that do not invariably 
produce seizures, but that make a seizure more likely to 
happen. It has been claimed that 50 – 60% of people with 
epilepsy report that precipitants can be identifi ed.  
  2     Metabolic, toxic and drug - induced seizures: acute met-
abolic or toxic insults do not cause  ‘ brain injury ’  but can 
precipitate seizures.  
  3     Refl ex seizures: in a small number of patients, seizures 
are not unpredictable, but are invariably triggered by an 
identifi able precipitant  –  these are the refl ex epilepsies 
(see below).    

  Seizure  p recipitants  
 In many types of epilepsy, both idiopathic and symptom-
atic, seizures are more likely to occur at times of stress, 
menstruation, sleep deprivation, fever, alcohol intake/
withdrawal, metabolic disturbance, hypoglycaemia, etc. 
(Table  4.12 ). These are commonly known as  ‘ seizure 
precipitants ’ .   

 Epilepsy has a multifactorial causation and of course 
the differentiation of  ‘ underlying cause ’  from a  ‘ seizure 
precipitant ’  is simply one of degree. In a study of 
500 drug - resistant patients, published in 1983, it was 
concluded that in 17% seizure - inducing factors made a 
signifi cant contribution to the occurrence of seizures, 
and that manipulating these factors in these cases 
could greatly improve seizure control. It makes 
sense therefore to consider seizure precipitants as much 
a cause as any other. Attention to these factors can 
improve seizures in susceptible persons, and this is 
particularly true of avoidance of alcohol, sleep depriva-
tion and stress. Where precipitants are invariable, their 
avoidance may obviate the need for antiepileptic drug 
therapy  –  this is usually only possible in patients with a 
history of mild epilepsy and infrequent seizures. In most 
other patients antiepileptic drugs are needed, although 

  Table 4.12    Seizure precipitants. Factors that commonly 
infl uence the precipitation of seizures. 

   Common factors   
  Stress  
  Emotional disturbance  
  Sleep deprivation and fatigue  
  Sleep – wake cycle  
  Alcohol and alcohol withdrawal  
  Hypoglycaemia  
  Metabolic disturbances  
  Toxins and drugs  
  Menstrual cycle  
  Fever or ill health  
  Photic stimulation  

   Less common factors   
  Startle  
  Fright  
  Dietary changes  
  Sexual intercourse  
  Pain  
  Fasting  
  Allergy  
  Hormonal changes  
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of why this should be are largely lacking. In susceptible 
individuals, the avoidance of fatigue or sleep deprivation 
greatly reduces seizures, and on occasions drug therapy 
can be averted.  

  The  m enstrual  c ycle and  c atamenial  e pilepsy 
 The occurrence of seizures in females often fl uctuates in 
relation to the menstrual cycle. About 10% of all women 
with epilepsy note a striking pattern, usually with seizures 
occurring during or just before menstruation. This may 
be due to factors such as the high oestrogen levels in the 
follicular phase of menstruation, premenstrual tension or 
water retention. Progesterone has a mild antiepileptic 
effect, and the rapid fall in progesterone levels just before 
menstruation may be relevant. Fluid retention has also 
been suggested to have a role, but diuretics are seldom 
helpful in therapy. Occasionally, seizures occur only 
around menstruation, and the epilepsy is then referred to 
as catamenial epilepsy. 

 Clobazam (10   mg/day; see    p. 174 ) or acetazolamide 
(250 – 750   mg/day; see    p. 275 ) can be given intermittently 
each month around menstruation (usually for periods of 
3 – 5 days), or at other susceptible times during the men-
strual cycle, to control catamenial epilepsy. In practice 
this approach is only occasionally effective, and there are 
very few women in whom intermittent therapy alone will 
control seizures, even where there is a striking catamenial 
pattern. 

 Perhaps surprisingly, even where the frequency of sei-
zures is clearly related to menstruation, attempts to infl u-
ence hormonal factors have proved equally ineffective. 
Trials of contraceptive therapy, progesterone, hormone 
replacement therapy and even oophorectomy have been 
reported. None is generally effective.  

  Fever and  g eneral  i ll -  h ealth 
 Fever, general ill - health and intercurrent illness are 
potent precipitants of seizures, and effective antipyretic 
therapy or treatment of intercurrent illness will lower 
susceptibility to seizures in many people. This relatively 
non - specifi c effect, in patients with existing epilepsy, 
should be differentiated from the phenomenon of child-
hood  ‘ febrile convulsions ’  (see    pp. 26 – 28 ). Many patients 
consider that seizures are more likely to occur at times 
of general ill - health, lowered mood or when feeling 
 ‘ run down ’ . For these reasons taking vitamins or herbal 
remedies, regular exercise, adopting healthy lifestyles 
and measures to improve general health are frequ-
ently advised. At an anecdotal level these can greatly 
improve epilepsy, although rigorous scientifi c evidence of 

systemic toxicity, poor compliance and psychosocial 
problems. Where possible the patient should abstain 
from alcohol, and drug treatment can probably be 
avoided. Seizures are also common in the 24 hours after 
acute alcohol withdrawal, taking the form of myoclonus 
and tonic – clonic convulsions, sometimes with photosen-
sitivity. This period can be covered with benzodiazepine 
or clomethiazole therapy under medical supervision.  

  Sleep and  f atigue 
 The timing of seizures in relation to the sleep – wake cycle 
is intriguing. In the syndrome of IGE, all seizure types 
(absence, myoclonic and tonic – clonic seizures) are par-
ticularly likely to occur within an hour or so of waking or, 
less commonly, when drifting off to sleep or in the fi rst 2 
hours of sleep (most commonly in non - rapid eye move-
ment [REM] stage 2 sleep). About 60% of children with 
benign rolandic epilepsy have attacks confi ned to sleep. 
In autosomal dominant frontal lobe epilepsy, attacks 
occur only in sleep, and numerous attacks can occur each 
night without a single event during the day. Some patients 
with other forms of generalized or partial epilepsy also 
have attacks only in sleep, and focal EEG disturbances can 
be activated by light sleep. Seizures of frontal lobe origin 
have a particular propensity to occur during sleep. The 
EEG disturbances in electrical status epilepticus during 
slow - wave sleep (ESES) and in the Landau – Kleffner 
syndrome are also greatly enhanced by sleep. 

 Seizures occurring in sleep often have less serious 
social consequences than daytime attacks. Therapy may 
not need to be as intensive as in daytime epilepsy, and 
occasional patients prefer not to have any drug treat-
ment. Drug treatment carries the risk of converting a 
pattern of regular nocturnal attacks into less frequent 
daytime seizures with catastrophic social consequences 
 –  an important consideration when changing therapy in 
a patient whose seizures are confi ned to sleep. It should 
not be forgotten, however, that nocturnal tonic – clonic 
seizures carry a particular risk of sudden death, especially 
if the patient sleeps alone where the seizures are unwit-
nessed and therefore where emergency attention can not 
be provided. Advice about treatment should, therefore, 
be given on an individual basis. 

 Sleep deprivation and fatigue are undoubted precipi-
tants of seizures in many people, and a few patients have 
attacks only when in these situations. Young adults with 
IGE seem particularly liable. EEG abnormalities, and 
therefore presumably also seizures, are also enhanced by 
sleep deprivation in many people with partial epilepsy. 
Fatigue can provoke attacks, although formal studies 
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  Alcohol -  and  t oxin -  i nduced  s eizures 
 Alcohol abuse is a potent cause of acute symptomatic 
seizures, and indeed of epilepsy, in many societies. There 
are various mechanisms. Binge drinking can result in 
acute cerebral toxicity and seizures. Alcohol withdrawal 
in an alcohol - dependent person carries an even greater 
risk of seizures. Withdrawal seizures are typically tonic –
 clonic in form, occurring 12 – 24   h after withdrawal, and 
are associated with photosensitivity. Seizures can also be 
caused by the metabolic disturbances associated with 
binge drinking (notably hypoglycaemia, hyponatraemia 
and hepatic failure), the cerebral damage due to trauma, 
cerebral infection, subdural haematoma, the chronic 
neurotoxic effects of chronic alcohol exposure or to acute 
Wernicke encephalopathy caused by thiamine defi ciency. 
It has been estimated that 6% of patients with alcohol 
problems investigated for epilepsy have an additional 
identifi able causative lesion. 

 The risk of a fi rst generalized tonic – clonic seizure in 
patients with chronic alcohol problems is sevenfold 
greater than in non - alcoholic controls, and in the USA, 
for example, 15% of patients with epilepsy have alcohol 
problems. The risk of seizures is increased only with a 
daily alcohol intake of 50   g/day or more, and the higher 
the intake the higher the risk. Odds ratios according to 
alcohol intake have been calculated to be 3.0 (95% CI 
1.7 – 5.4) for a daily intake of 51 – 100   g/day, 7.9 (95% CI 
2.9 – 21.9) for 101 – 200 g/day and 16.6 (95% CI 1.9 – 373.4) 
when the intake is  > 200   g/day. 

 Seizures can also be provoked by exposure to many dif-
ferent toxins. Potent causes include heavy metal poisoning 
and carbon monoxide poisoning (where carboxyhaemo-
globin levels are  > 50%). Although acute toxic exposure 
causes seizures, these are usually part of an acute encepha-
lopathy. Whether low - level long - term exposure to carbon 
monoxide or to lead or other heavy metals carries any risk 
is quite unclear. This is a contentious and murky area in 
which claims are made without scientifi c backing, in 
which science is tangled up with legal processes and 
in which much nonsense is perpetuated. To what extent 
organophosphate poisoning can result in seizures is 
equally contentious, and reliable data seem to be absent.  

  Drug -  i nduced  s eizures 
 A wide range of drugs, toxins and illicit compounds can 
cause acute symptomatic seizures and epilepsy, although 
seizures accounted for less than 1% of 32   812 consecutive 
patients prospectively monitored for drug toxicity. As 
many as 15% of drug - related seizures present as status 

effectiveness is lacking. Complementary and alternative 
therapies for epilepsy are outlined on    pp. 118 – 121 .   

  Metabolic,  t oxic and  d rug -  i nduced  s eizures 
  Metabolic  d isorders 
 Many types of metabolic or endocrine disturbances can 
result in epilepsy. Hyponatraemia is the most common 
electrolyte disturbance to result in seizures, which typi-
cally occur if the serum sodium falls rapidly below 
115   mmol/L. Seizures also routinely occur in the presence 
of hypernatraemia, hypocalcaemia, hypercalcaemia, 
hypomagnesaemia, hypokalaemia and hyperkalaemia. 
Ten per cent of patients with severe renal failure have 
seizures, caused by the metabolic disturbance, renal 
encephalopathy, dialysis encephalopathy or dialysis dis-
equilibrium syndrome. Asterixis may develop into myoc-
lonus and then epilepsy. The rate of change of the 
metabolic parameters is an important factor, and acute 
hyponatremia, for instance, is much more likely to cause 
seizures than chronic or slowly developing hyponatre-
mia. Seizures are a common occurrence in hepatic failure. 
Hepatic encephalopathy may be overlooked and routine 
liver function tests can be relatively normal; hyperam-
monaemia is sometimes diagnostically helpful. Reye syn-
drome should be considered in patients with liver failure, 
especially children, in whom it is associated with intake 
of aspirin. 

 Hypoglycaemia is a potent cause of seizures, which can 
occur if the blood sugar level falls to  < 2.2   mmol/L. This 
is commonly due to insulin therapy in patients with dia-
betes, but can also be due to insulinoma and occasionally 
to drugs such as quinine and pentamidine. Non - ketotic 
hyperglycaemia frequently causes seizures. Levels of 
blood sugar as low as 15 – 20   mmol/L can cause seizures if 
there is associated hyperosmolarity. The seizures in non -
 ketotic hyperglycaemia are focal and this implies the 
presence of cerebral pathology (usually cerebrovascular 
disease). Diabetic ketoacidosis does not frequently result 
in seizures. 

 Thyroid disease can result in seizures that are due 
either to immunological mechanisms or directly to hor-
monal change or hormonally induced metabolic change. 
Twenty per cent of patients with severe myxoedema have 
seizures. Hashimoto encephalopathy, a steroid - responsive 
encephalopathy associated with high levels of antithyroid 
antibody, is an immunologically determined condition 
that results in altered consciousness, focal signs, and 
other features of encephalopathy including myoclonus 
and tonic – clonic seizures.  
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epilepticus. In a population - based survey from Richmond, 
Virginia, drug overdose was the reported cause in 2% of 
children and 3% of adults with status epilepticus. Drugs 
can cause seizures due to intrinsic epileptogenicity, 
patient idiosyncrasy, antiepileptic drug interactions, 
impairment of the hepatic or renal drug metabolism, 
drug withdrawal phenomena and direct cerebral toxicity 
(especially in intentional overdosage). 

 The drugs most commonly associated with seizures are 
shown in Table  4.13 . Although most psychotropic drugs 
carry a risk of inducing seizures, the risk seems to be 
highest with the aliphatic phenothiazines (e.g. chlor-
promazine [1 – 9% risk], promazine, trifl uoperazine). The 

  Table 4.13    Drugs commonly associated with seizures. 

   Analgesics   
  Meperidine  
  Tramadol  

   Antiepileptic drugs   
  Phenytoin  
  Carbamazepine  
  Gabapentin  
  Lamotrigine  
  Tiagabine  
  Vigabatrin  

   Anaesthetics   
  Lidocaine  
  Propofol  
  Sevofl urane  

   Antidepressants   
  Clomipramine  
  Amitriptyline (tricyclic 

antidepressant)  
  Imipramine  
  Maprotiline  
  Amoxapine  
  Bupropion  

   Respiratory drugs   
  Isoniazid  
  Theophylline  

   Antibacterials   
  Penicillins (IV)  
  Mefl oquine  
  Imipenem/cilastatin  
  Ciprofl oxacin  

   Antipsychotics   
  Clozapine  
  Olanzapine  
  Quetapine  
  Phenothiazines (chlorpromazine)  
  Lithium  

   Antiviral   
  Zidovudine  

   Drugs of abuse   
  Cocaine  
  Amphetamines  
  Phencyclidine (PCP)  
  MDMA (ecstasy)  

   Withdrawal   
  Benzodiazepines  
  Barbiturates  
  Baclofen  
  Alcohol  

   Chemotherapy/
Immunosuppressants   
  Cyclosporin  
  Chlorambucil  
  Ifosfamide  

   Miscellaneous   
  Busulphan  
  Iodinated contrast media  

use of clozapine is associated with a 1 – 4% risk of seizures 
and with interictal epileptiform abnormalities. The piper-
azine phenothiazines (acetophenazine, fl uphenazine, 
perphenazine, prochlorperazine, trifl uoperazine), halo-
peridol, sulpiride, pimozide, thioridazine and risperidone 
are thought to have the lowest epileptogenic potential, 
although fi rm data are lacking. The risk of seizures with 
antidepressant drugs ranges between  < 1% and 4%, and 
varies with the drug category. Agents accompanied by a 
high risk of seizures include clomipramine and second -
 generation antidepressants, amoxapine, maprotiline 
and amfebutamone. The risk of seizures with tricyclic 
antidepressants (other than clomipramine), citalopram, 
moclobemide and nefazodone is thought to be lower. 
The seizure risk with the selective serotonin reuptake 
inhibitors (fl uoxetine, sertraline, paroxetine), mono-
amine oxidase inhibitors (MAOIs) and trazodone is 
probably lower, although defi nitive data are lacking. All 
these drugs in overdose carry a signifi cant ( > 10%) risk of 
seizures. The opiate analgesic meperidine is metabolized 
in the liver to normaperidine, a potent proconvulsant, 
which tends to accumulate after prolonged administra-
tion and renal failure. The monocyclic antidepressant 
amfebutamone, which is used to assist the cessation of 
smoking, provokes seizures in 1 in 1000 patients. Pethidine 
can also result in seizures, especially in the presence of 
renal impairment or in combination with MAOIs. 
Lidocaine - related neurotoxicity is common with intra-
venous use, especially with advanced age, congestive heart 
failure, shock, and renal and hepatic failure. The anaes-
thetics enfl urane, propofol and isofl urane can be procon-
vulsant. Quinine and the other antimalarial drugs, 
especially mefl oquine, can provoke acute seizures, and are 
relatively contraindicated in epilepsy. Various traditional 
remedies, including evening primrose oil and some 
Chinese and Indian herbal medicines, can provoke 
seizures.   

 Neurotoxic reactions may occur frequently with  β  -
 lactam antibiotics (semi - synthetic penicillins and cepha-
losporins), probably due to GABA - antagonist action. 
Benzylpenicillin, cefazolin and imipenem/cilastatin have 
higher neurotoxic potential, and the risk is increased at 
higher doses, in the presence of renal failure, blood – brain 
barrier damage and pre - existing CNS disorders, co -
 medication with nephrotoxic agents or drugs lowering 
seizure threshold. Isoniazid can induce seizures by antag-
onizing pyridoxal phosphate (the active form of pyridox-
ine), which is involved in GABA biosynthesis. Seizures 
have also been reported, especially in elderly patients, as 
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usually applied to patients whose seizures are precipi-
tated by internal infl uences such as menstruation, or to 
situations where the precipitating factors are vague 
or ill - defi ned (e.g. fatigue, stress), or to patients with 
existing epilepsy where seizures are more likely to occur 
due to specifi c precipitants (e.g. sleep deprivation, 
alcohol); transitional cases occur, however, in what can 
be a nosological grey area. The refl ex epilepsies are some-
times subdivided into simple and complex types. In the 
simple forms the seizures are precipitated by simple 
sensory stimuli (e.g. fl ashes of light, startle) and in the 
complex forms by more elaborate stimuli (e.g. specifi c 
pieces of music). The complex forms are much more 
heterogeneous and the syndromes are less well defi ned 
than the simple refl ex epilepsies. In hospital practice 
about 5% of patients show some features of refl ex epi-
lepsy. The stimuli most reported to cause seizures include 
fl ashing lights and other visual stimuli, startle, eating, 
bathing in hot water, music, reading and movement. 

  Visual  s timuli,  p hotosensitivity and 
 p hotosensitive  e pilepsy 
 The most common refl ex epilepsies are those induced by 
visual stimuli. Flashing lights, bright lights, moving visual 
patterns (e.g. escalators), eye closure, moving from dark 
into bright light, and viewing specifi c objects or colours 
have all been reported to induce seizures. 

 Photosensitive epilepsy is a form of simple refl ex epi-
lepsy. The term should be confi ned to those individuals 
who show unequivocal EEG evidence of photosensitivity, 
and differentiated from other, usually more complex, 
cases in which seizures can apparently be precipitated by 
visual stimuli but in whom EEG evidence of photosensi-
tivity cannot be demonstrated. Photosensitivity (strictly 
defi ned) is present in the general population with a fre-
quency of about 1.1/100   000, and 5.7/100   000 in the age 
range 7 – 19, and is very strongly associated with epilepsy. 
About 3% of people with epilepsy are photosensitive and 
have seizures induced by photic stimuli (usually viewing 
fl ickering or intermittent lights or cathode ray monitors, 
bright lights or repeating patterns). 

 The fl icker frequency precipitating photosensitivity 
varies from patient to patient, but is most commonly in 
the 15 – 20   Hz range. The peak age of presentation of pho-
tosensitive epilepsy is 12 years, the male:female ratio is 
2:3, and the propensity to photosensitivity declines with 
age. Most patients with photosensitivity have the syn-
drome of IGE, although photosensitivity also occurs in 
patients with focal epilepsy arising in the occipital region. 
In IGE, myoclonus, absence and tonic – clonic seizures 

a result of aminoglycosides, metronidazole, quinolones 
and amantadine. Quinolones (nalidixic acid, norfl oxacin, 
ciprofl oxacin) probably enhance seizure activity by 
inhibiting GABA binding to membrane receptors. The 
tetracyclines seem to be less proconvulsant than these 
other antibiotics. Zidovudine and other antiviral agents 
have caused seizures in HIV patients. Seizures (and non -
 convulsive status epilepticus) have been reported after 
administration of intravenous contrast media, and the 
risk is as high as 15% in patients with brain metastases. 

 The anticancer chemotherapeutic agents can provoke 
seizures, especially chlorambucil (5%), and ciclosporin 
(1 – 3%), asparaginase, tacrolimus and amfebutamone, 
but also the platin drugs, vinca alkaloids, bleomycin, 
anthracyclines and azathioprine. 

 Theophylline is a potent convulsant that can result in 
seizures or status epilepticus, possibly due to the anti -
 adenosine action.  β  Blockers and other antiarrhythmic 
agents have been reported to precipitate seizures, particu-
larly in overdose. Cimetidine, levodopa, insulin, thiazide 
diuretics, lidocaine, salicylates, chemotherapeutic agents, 
 l  - asparaginase and baclofen have been reported to cause 
seizures. The non - steroidal analgesics also predispose to 
seizures, e.g. non - steroidal anti - infl ammatory drugs 
(NSAIDs), tramadol, diamorphine and pethidine. 

 Seizures may be precipitated after sudden withdrawal 
of any antiepileptic drug but seem to be a particular 
problem in benzodiazepine, carbamazepine and barbitu-
rate withdrawal. 

 Recreational drugs can cause seizures. The greatest 
risk is with the stimulant drugs such as cocaine, amphet-
amine and ecstasy (3,4 - methylenedioxymethamphet-
amine, MDMA). The hallucinogens such as phencyclidine 
( ‘ angel dust ’ ) and lysergic acid diethylamide (LSD) less 
commonly cause seizures. The opiates and the organic 
solvents are least epileptogenic, although past or present 
heroin use has been shown to be a risk factor for 
provoked and unprovoked seizures (OR 2.8; 95% CI 
1.5 – 5.7). Of the performance - enhancing drugs, erythro-
poietin has strong epileptogenic potential. By contrast, in 
one study, use of marijuana by men was shown to have 
a protective action against non - provoked seizures (OR 
0.4; 95% CI 0.2 – 0.8) and provoked seizures (OR 0.2; 95% 
CI 0.1 – 0.8).   

  Refl ex  e pilepsy 
 The term  ‘ refl ex epilepsy ’  is used to describe cases in 
which seizures are evoked consistently by a specifi c envi-
ronmental trigger. In some cases the stimulus can be 
highly specifi c and in others less so. The term is not 
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ity, even at doses that do not provide complete seizure 
control.  

  Startle -  i nduced  e pilepsy 
 Startle can precipitate seizures in susceptible individuals, 
and occasionally is the only precipitant. Startle - induced 
seizures usually occur in patients with a frontal or central 
focus and usually in lesional epilepsy. The seizures usually 
take a form similar to a tonic seizure, and the EEG is 
commonly normal or shows rather non - specifi c changes. 
A susceptibility to startle is more common in late child-
hood and adolescence, and may resolve as the patient gets 
older. The most common stimulus is a loud noise, but 
touch, sudden movement or fright can also precipitate 
attacks. Startle - induced epilepsy must be differentiated 
from hyperekplexia, which has a very similar clinical 
form, but which is not a form of epilepsy. Treatment can 
be diffi cult although carbamazepine and the benzodiaz-
epine drugs have been said, at an anecdotal level, to be 
most likely to control the attacks.  

  Primary  r eading  e pilepsy 
 This is a specifi c rare epilepsy syndrome in which clonic 
jerking of the jaw or perioral muscles, which can evolve 
to a generalized convulsion, is precipitated by reading. 
The age of onset is usually 12 – 25 years. The condition 
has various forms. In some patients, the attacks occur 
only after prolonged reading. In individual cases, differ-
ent aspects of reading seem to act as precipitating factors 
 –  content, comprehension, context, reading diffi cult or 
unfamiliar passages, music, nonsense passages and 
foreign languages. In other patients, reading may precipi-
tate jaw jerking after a few seconds. In some cases, there 
is evidence of focal onset of the epilepsy and others have 
features classifi able as a form of  ‘ praxis - induced ’  juvenile 
myoclonic epilepsy (JME  –  see    pp. 232 – 24 ). The physi-
ological basis of this curious syndrome is unclear, but 
there is a positive family history in about 25% of cases. 
The seizures can usually be aborted if reading is termi-
nated as soon as the clonic jerking develops. Conventional 
antiepileptic drugs have been used with variable success. 
In the variants that resemble JME, therapeutic approaches 
are similar to those employed in JME and the prognosis 
is excellent.  

  Other  f orms of  r efl ex  e pilepsy 
 Other simple refl ex epilepsies include cases with seizures 
induced by movement, touching or tapping. These should 
be differentiated from paroxysmal kinesogenic choreo-
athetosis and stimulus - sensitive myoclonus. Hot - water 

can be precipitated by photic stimuli, and factors such as 
sleep deprivation or alcohol intake have additive effects 
 –  partying can involve all factors, and seizures are 
common the morning after the night before. Alternating 
patterns (such as in some video games, or when looking 
down large escalators) can precipitate seizures in photo-
sensitive patients, as can disco lights or poorly tuned 
cathode ray TV screens (which fl icker at the mains alter-
nating current frequency of 50   Hz in the UK and Europe, 
but not in the USA). Other common stimuli include 
bright light shimmering off moving water, or the fl icker-
ing of light through trees from a moving vehicle, and the 
transition from relative darkness into bright light. 

 Most photosensitive patients have non - photically 
induced seizures also, but photic seizures can be pre-
vented or reduced by wearing glasses with tinted or polar-
ized lenses, and by avoiding situations known 
to induce photosensitive responses. Photosensitivity 
also occurs in some patients with occipital lobe epilepsy 
and in some of the benign occipital focal epilepsy 
syndromes. 

 Television - induced seizures (and, far less common, 
seizures induced by video games or computer screens) 
can be reduced by taking the precautions listed in 
Table  4.14 . In photosensitive individuals with occipital 
lobe epilepsy, seizure discharges may also be caused by 
fi xation - on or fi xation - off stimuli.   

 Treatment with valproate, benzodiazepine drugs or 
levetiracetam usually completely abolishes photosensitiv-

  Table 4.14    Tactics that can reduce the risk of television -
 induced seizures in susceptible individuals. 

  Use a small screen, or view screen from a distance, use a 
remote control for changing channels (thereby reducing 
the area of screen in the visual fi eld)  

  View the screen from an angle  

  Use a 100   Hz television screen, a non -
 interlaced computer screen with a high refresh 
rate or a liquid crystal display  

  Close or cover one eye  

  Keep the screen contrast and brightness low  

  Avoid exposure when sleep deprived  

  Avoid looking at a fi xed fl ickering pattern  

  Use polarizing glasses  
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epilepsy is a remarkable syndrome, common in parts of 
India but rare elsewhere, in which seizures are induced by 
pouring hot water over the head or immersion in hot 
water. The attacks take the form of tonic – clonic or partial 
seizures. Complex forms of a wide variety of other stimuli 
have been reported to induce seizures  –  and among 
the strangest are: telephones, noise of a vacuum cleaner, 

specifi c memories, writing and touch. These conditions 
are heterogeneous in terms of aetiology, EEG and seizure 
type. The mechanisms underlying these (and other) refl ex 
epilepsies are uncertain and specifi c  ‘ refl ex arcs ’  have not 
been identifi ed. Prevention of the precipitating cause is 
sometimes helpful, as is drug treatment along conven-
tional lines.      
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  5    Principles of Treatment     

   Why  t reat  e pilepsy? The  a ims 
of  t reatment 

 All treatment is a balance between risk and benefi t. 
Treatment decisions in epilepsy are sometimes complex 
and judgements fi nely balanced. Our Hippocratic promise 
is  ‘ to abstain from doing harm ’ , and the risks of harm 
from medical and surgical therapy are seldom far from 
the surface. Decisions about treatment should, in essence, 
be made by the patient and/or carer. The role of the treat-
ing physician is to assist decision - making by providing 
information and advice and to provide a sound context. 

     Seizure  c ontrol 
 There is good evidence that antiepileptic drugs substan-
tially reduce seizure recurrence. This of course is a 
primary goal and the extent to which therapy will control 
seizures in different clinical settings is discussed below. 
Complete seizure control is a common aim, but should 
not be pursued at the cost of severe adverse effects. The 
art of therapy is to ensure that an appropriate balance 
between the effectiveness and side effects of therapy is 
struck. This can be diffi cult to achieve, and these aspects 
are discussed further below.  

  Avoidance of  s ide  e ffects 
 Side effects are considered in more detail later in this 
chapter and in the sections related to individual drugs in 
Chapter  8 . Adverse effects can be generally classifi ed as 
follows. 

  Idiosyncratic  r eactions 
 These include immunologically determined, allergy and 
hypersensitivity reactions, and are usually rare, but can 
be severe and occasionally life threatening (see    pp. 
116 – 117 ).  

  Dose -  r elated  r eversible  s ide  e ffects 
 These are common, usually mild, typically central 
nervous system (CNS) or gastrointestinal in nature, and 
are reversible when the dose is lowered. The occurrence 
of these effects depends on dose and also rate of 
incrementation.  

  Long -  t erm  i rreversible  s ide  e ffects 
 These are not strictly dose related, although they are 
more common in patients who have taken high - dose 
therapy for long periods. They are not necessarily revers-
ible, and can affect many body symptoms. They are 
usually but not always mild in nature.  

  Teratogenicity 
 For a discussion of teratogenicity, see  pp. 139 – 141   .   

  Avoidance of  s ocial  c onsequences of  e pilepsy and 
 s econdary  h andicap 
 Therapeutic endeavours should be also aimed at mini-
mizing the adverse consequences of epilepsy within the 
broader context of the patient ’ s life and experience. These 
effects  –  the effects of  ‘ having epilepsy  ’   –  can be far 
greater than simply having seizures and require a holistic 
approach to therapy in which drug treatment is often 
only a small part. The establishment of a good patient –
 doctor relationship, counselling, psychological therapy 
and lifestyle advice are all important. The overall aim is 
to encourage as normal a lifestyle as possible, and to 
balance risks and benefi t.  

  Suppression of  s ubclinical  e pileptic  a ctivity 
 Antiepileptic drug therapy, as a rule, should be aimed at 
suppressing seizures and not at reducing EEG activity. 
However, in selected situations, therapy can be targeted 
at EEG disturbances where these are considered to 
be causing clinical impairment ( ‘ subclinical activity  ’ ). 
These particular circumstances include: reduction of 
3   Hz spike – wave paroxysms in patients with idiopathic 
generalized epilepsy; abolition of EEG changes in the 
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  Prevention of  e pilepsy 
 To date, there is no evidence that antiepileptic drugs  
prevent the long - term development of the process of 
epilepsy (epileptogenesis), although they do, at the time 
of therapy, act to suppress seizures. Thus there is usually 
little point in prophylactic therapy in patients at risk of 
epilepsy (e.g. after head injury or stroke) except at times 
of very high risk.    

  The  r isks of  e pilepsy and  i ts  t reatment 

 Active epilepsy is associated with signifi cant risks in 
terms of both mortality and morbidity and, in making 
treatment choices, it is obviously important to know the 
extent of these risks and of risk reduction on therapy. 
The benefi ts need also to be set against the risks of the 
treatment itself. 

  Risks of  e pilepsy 
 The risk of death (mortality) and disability (morbidity) 
in epilepsy has been extensively studied in recent years. 

  Mortality in  e pilepsy 
 Epilepsy is a potentially life - threatening condition, a fact 
that is often overlooked. The key question is the extent 
to which this can be avoided by adequate drug treatment. 
Deaths associated with epilepsy can be classifi ed into 
three categories: 
  1     Those caused directly by the seizures, such as acciden-
tal death and sudden unexplained death in epilepsy 
(SUDEP)  
  2     Those related indirectly, or only partly, to epilepsy, e.g. 
suicide  
  3     Those due to other factors, e.g. the underlying causes 
of the epilepsy.    

 Successful antiepileptic drug therapy should prevent 
deaths in the fi rst category, may prevent some deaths in 
the second category, but will have no preventive effect in 
the third category. 

 The risk of death is best expressed as a standardized 
mortality rate (SMR), which is defi ned as the ratio of 
deaths in patients with epilepsy to that of age -  and sex -
 matched control populations. 

  Newly  d iagnosed  e pilepsy 
 In one study, 161 (29%) of 564 patients with newly 
diagnosed epilepsy had died within 6 years of the 
diagnosis. The rate of death was over three times that 
expected in an age - matched population. However, the 

Landau – Kleffner syndrome; abolition of photosensitiv-
ity; reduction in slow spike – wave paroxysms in patients 
with Lennox – Gastaut syndrome and other epileptic 
encephalopathies; and in refractory status epilepticus. 
In most individuals, it is not appropriate to try to 
reduce focal interictal epileptic activity by drug therapy, 
which anyway is often not possible, but there are excep-
tions and this is a judgement that requires specialist 
consideration.  

  Reduction of  m ortality and  m orbidity 
 Epileptic seizures occasionally result in death or acciden-
tal injury. The suppression of seizures will reduce this 
risk.  

  Prevention of  e pileptogenesis 
 It has been postulated that epileptic seizures induce 
cerebral changes that lead to further seizures. If this is the 
case, antiepileptic therapy, by controlling seizures, will 
potentially lessen the chances of this happening. Although 
a protective effect has been demonstrated in animal 
experimentation, there is no good evidence for any such 
action in human epilepsy. It is likely that antiepileptic 
drugs merely exert a suppressive effect on seizures, and 
have no infl uence on the long - term natural course of the 
disease. Similarly, the use of antiepileptic drugs prophy-
lactically does not seem to prevent epilepsy developing in 
individuals at high risk, e.g. after head injury, neurosur-
gery, stroke or tumour. One specifi c example is after 
febrile seizures, and it is now generally agreed that con-
tinuous pharmacological prophylaxis, in children aged 
 > 1 year, after febrile seizures is ineffective. Neuroprotective 
strategies using other types of drug are in development, 
and this is an area of intensive research activity, but as 
yet no effective neuroprotective therapy is available.  

  Improving  q uality of  l ife 
 The effi cacy of antiepileptic drugs is conventionally 
assessed by measuring their impact on seizure frequency 
but, in recent years, the effect of drug therapy on quality 
of life has been the subject of intensive study. Not sur-
prisingly, studies have consistently shown that complete 
seizure freedom is by far the most important predictor of 
improved quality of life. However, even where seizure 
freedom is not achieved, drug - induced reductions of 
seizure frequency or severity can be benefi cial, as can the 
positive psychotropic effects of some drugs. These must 
be balanced against the side effects, particularly the 
cognitive and neurological effects, of medication  –  a 
balance sometimes diffi cult to achieve.  
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particular risk because of the association with high 
seizure rates. Drug reduction can be a specifi c risk and 
because of this needs to be carried out with extreme 
caution in patients at risk of generalized convulsions. 
Suboptimal drug levels are another risk factor in some 
studies. 

 SUDEP is usually the result of respiratory arrest in the 
aftermath of a convulsive seizure, although cardiac 
arrhythmias may be responsible for a proportion of cases. 
Respiratory effort after a seizure can be restarted by stim-
ulation and arousal, and this is perhaps why SUDEP is 
rare in witnessed seizures. For this reason, it is important 
to come to the assistance of a person in a convulsive 
seizure and dangerous to leave the person unattended. 

 In population - based studies, the risk has been found 
to be about 1 case per 1000 – 2000 people on treatment 
for epilepsy per year. The rates of SUDEP in different 
populations are proportional to the frequency of tonic –
 clonic convulsions  –  and in patients with well - controlled 
epilepsy the risk is very small, whereas in patients with 
severe intractable epilepsy the risk may be as high as 
1 – 2/100 patients per year. It has been estimated that  –  as 
a rough approximation  –  SUDEP will occur in 1 in every 
2000 – 5000 tonic – clonic convulsions. In the average 
patient, the risk is therefore small and, as is often worth 
pointing out, less than the risk of death due to a road 
traffi c accident in many countries. 

 SUDEP deaths would be potentially preventable if 
seizures were brought under control. The potential for 
prevention was demonstrated in a recent sentinel audit 
carried out by the Department of Health in the UK which 
found, on the basis of a case - note review, that 39% 
of deaths in patients with epilepsy might have been 
prevented with more appropriate drug therapy.  

  Status  e pilepticus 
 About 20% of patients with convulsive status epilepticus 
admitted to intensive care will not survive. Death is 
usually due to the underlying cause, which may not be 
remediable, but some death is iatrogenic. Skilful therapy 
will lessen both morbidity and mortality rates. Status 
accounts for less than 2% of deaths among people 
with epilepsy, and it is comparatively more common in 
children, especially those with learning disability.  

  Death in an  a ccident 
 The SMR for accidental death was found in one study to 
be 5.6 (95% CI 5.0 – 6.3). Accidents occur in employment, 
outside and in the home, and the problem is worse if the 
seizures involve falls. Common causes of death are falling 

excess mortality was due almost entirely to the underly-
ing disease, and not the epilepsy itself, and AED treat-
ment would be unlikely to have much impact on mortality 
rates at this stage.  

  Chronic  a ctive  e pilepsy in  a dults 
 In contrast to new - onset epilepsy, much of the excess 
mortality in patients with chronic active epilepsy is 
seizure or epilepsy related. Thus, in one study of 601 
adult outpatients attending tertiary referral clinics and 
followed for 3 years, the SMR was 5.1 (95% confi dence 
interval [CI] 2.9 – 3.1), with 24 deaths being recorded in 
1849 patient - years of follow - up. Most patients in this 
population had long - standing intractable partial or sec-
ondarily generalized seizures. Of the 24 deaths, 14 were 
seizure related, and 11 of these were classifi ed as SUDEP. 
As risk is much greater in convulsive seizures, and in 
patients with frequent seizures, successful AED therapy 
could have an important preventive role.  

  Chronic  a ctive  e pilepsy in  c hildren 
 In a community - based study in Nova Scotia, mortality 
rates among 693 children followed up for 14 – 22 years 
were 0/97 for absence epilepsy, 12/511 (2%) for partial 
and primarily generalized seizures, and 9/36 (25%) or 
4/49 (8%) for secondarily generalized seizures with onset 
before or after 1 year of age respectively. Only one patient 
died as a result of SUDEP. In another paediatric commu-
nity - based study, mortality rates associated with symp-
tomatic epilepsy were 50 - fold higher than in the general 
population, but there was no increased mortality in idio-
pathic epilepsy. Thus, in children, the risks of seizure -
 related deaths are less than in adults, and effective drug 
treatment will therefore have less impact on mortality.   

  Causes of  s eizure -  r elated  d eaths 
 There is an obvious potential for AED treatment to 
reduce the risk of seizure - related death, the main causes 
of which are as follows. 

  Sudden  e xplained  d eath in  e pilepsy 
 SUDEP is the most common seizure - related cause of 
death in epilepsy. It almost always occurs after a convul-
sive seizure, and the risk in other seizure types is very 
small or negligible. The higher the number of convulsive 
seizures, the higher the risk  –  particularly if the seizures 
are unwitnessed. Thus, patients at high risk are those with 
a high rate of convulsive seizures, or seizures occurring 
when asleep and alone. Young adults, and patients with 
learning disability and structural cerebral lesions, are at 
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tively. Burns occurred during cooking in 78% of cases. 
Two patients had skull fractures. Orthopaedic injuries 
usually occurred at home (73%). In cases of seizures in 
water, fi ve of six occurred while swimming. Injury 
occurred once in every 11 generalized tonic – clonic sei-
zures and every 5 seizures with a fall. The signifi cant risk 
factors for injury were generalized tonic – clonic seizures, 
high frequency of seizures and seizures with a fall. 

 Among 247 consecutive cases of active epilepsy from 
3 epilepsy clinics in north - east Thailand, 91 had a sei-
zure - related injury, and the risk is greatest in those with 
frequent daytime tonic – clonic seizures (a probability 
estimate can be calculated on the researchers ’  website  –  
 http://sribykku.webs.com ). 

 Fractures of vertebral bodies are common in 
convulsive seizures (crush fractures), occurring in 
15 – 16% of patients in two series. Neurological defi cit 
due to cervical cord injury in a convulsive seizure is 
rarer, and only 7 cases of serious paraparesis were 
observed in about 3500 person - years of follow - up in a 
residential centre for patients with severe epilepsy, which 
corresponds to an incidence of about 1 case per 500 
person - years. 

 Head injury is common in severe epilepsy but is usually 
relatively minor. In a 12 - month survey of 255 patients 
with severe epilepsy in residential care, 27   934 seizures 
were recorded, of which 12   626 (45.2%) were associated 
with falls. There were 766 signifi cant head injuries, 422 
requiring simple dressing and 341 sutures. There was one 
recorded skull fracture, and two post - traumatic haema-
tomas, one extradural and one subdural. Thus, 1 in 37 
falls resulted in the need for sutures and about 1 in 6000 
falls resulted in a potentially life - threatening intracranial 
haemorrhage. A recent European study found that the 
hazard ratio for concussion in patients with generalized 
epilepsy compared with the general population was 6.8 
(95% CI 1.1 – 42.6). 

 Fractures of facial bones are also common, although 
there are no authoritative estimates of frequency or 
severity. In a population - based survey of patients with at 
least one seizure per year, 24% reported a head injury, 
16% a burn, 10% a dental injury and 5% a fracture due 
to seizures in the previous 12 months. It has been 
estimated that, in epilepsy, fractures occur at a frequency 
of about one per person every 14 years, compared with a 
population risk of one per person every 50 years. 
Osteoporosis may be more common in patients with 
epilepsy, possibly as an effect of drug therapy, and this 
can predispose to fractures. A posterior dislocation of the 

from heights, road traffi c accidents and accidents in 
domestic settings. Drowning in a bath was a leading cause 
and, in another study, 58 of 2381 drowning deaths 
recorded in a 5 - year period were seizure related. Effective 
control of seizures will greatly lessen the risk of accidental 
death.  

  Suicide 
 In a recent Danish study of 21   169 cases of suicide in 
Denmark between 1981 and 1997, 492 (2.32%) of the 
suicide cases had epilepsy compared with a rate of 
epilepsy among a random matched sample of over 
400   000 people in the general population of 0.74%. Those 
with both epilepsy and co - morbid psychiatric disease 
were almost 14 times more likely to commit suicide, 
adjusting for socioeconomic factors, than those with 
neither condition. In cases series, suicide is reported to 
account for between 2 and 10% of all deaths in epilepsy. 
The suicide is commonly by drug overdose, and occurs 
usually in patients with depression and psychosis. In July 
2008, the US Food and Drug Administration (FDA) 
issued a warning, based on placebo - controlled, random-
ized controlled trials (RCTs) of antiepileptic drugs, that 
some epilepsy drugs double the risk of suicidal behaviour 
or thoughts. Whether this is really a drug effect or the 
psychiatric effects of epilepsy is unclear, and most accept 
the latter explanation (see    pp. 111 – 112 ). Effective treat-
ment of the epilepsy and the psychiatric co - morbidities 
of epilepsy will lessen the risk of suicide.   

  Morbidity in  e pilepsy 
 It is perhaps not surprising that epilepsy results in 
higher rates of morbidity. It is obvious that seizures with 
falls carry the risk of accidental injury. There is also 
often expressed a concern about the risk of seizures 
to cerebral function, and the psychosocial effects of 
epilepsy can be profound. These adverse effects are 
potentially alleviated by reducing seizure frequency or 
severity. 

  Accidental  i njury 
 Among 100 consecutive epileptic patients attending the 
author ’ s clinic, 27 patients reported 222 seizure - related 
injuries. The total number of seizures per year was 4459, 
of which 1094 were with a fall (24.5%). Soft - tissue injury 
was the most common (61%), followed by burns (17%), 
head injury (14%), orthopaedic injury (5%) and injuries 
in water (3%). The most common site of soft - tissue 
injury and burns was to the face: 49% and 38% respec-
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patients with epilepsy had diffi culty accepting the 
diagnosis, signifi cant fears about the risks of future 
seizures, anxiety about the effect of stigma and about 
the effects on employment, self - esteem, relationships, 
schooling and leisure activities. Patients with epilepsy 
carry higher rates of anxiety and depression, social isola-
tion, unmarried status and unemployment, and are more 
likely to be unemployed or registered as permanently 
sick. These aspects are covered in the following sections. 
The psychosocial morbidity of epilepsy can be greatly 
ameliorated if seizures are brought under complete 
control, although the label of epilepsy (being epileptic) 
can itself be a cause of morbidity even if seizures are fully 
controlled.  

  Psychiatric  c o -  m orbidity 
 Epilepsy is associated with a very signifi cant psychiatric 
morbidity. This is usually subcategorized into: psychosis, 
depression, anxiety, personality disorder and organic 
mental disorders. The relationship is complex, the 
mechanisms multifactorial and some adverse events 
are drug induced. These topics are covered in more 
detail elsewhere (see    pp. 107 – 116 ). Estimates of the 
lifetime prevalence for a major depressive episode in 
the general population ranges from 3.7% to 6.7%. In 
patients with epilepsy, rates range from 11% (current 
depression) to 62% (lifetime - to - date depressive dis-
order), with a mean of 30% across studies. Prevalence 
is lower (3 – 9%) in patients with good seizure control. 
Anxiety disorders are reported in 10 – 25% of patients 
and mixed anxiety and depressive disorders in 8.5%. 
Interictal psychosis is said to be present in about 15% of 
all patients with epilepsy, although rates have varied 
considerably. 

 In patients with epilepsy, the prevalence of axis II 
personality disorders ranges from 18% to 61% across 
studies, with a mean of 31%. There has been some 
debate about the presence of an  ‘ epileptic personality ’ , 
which comprises features of affective dysphoria, 
viscosity, hyposexuality, religiosity, hypergraphia, hypo-
activity and aggressiveness. It is doubtful whether these 
personality traits are in reality independently related to 
epilepsy. 

 The organic mental disorders classifi cation of 
Lindqvist and Malmgren (the LM scheme) is a useful 
classifi cation system of psychiatric disorders in which 
the organic mental disorder specifi c to epilepsy (and to 
epilepsy surgery) are divided into six categories  –  and 
this scheme is described further on   pp. 114 – 115. 

shoulder is a characteristic injury and said to occur only 
in major convulsions. 

 Scalding or burning is also relatively common among 
people with epilepsy in all societies. The risk depends 
upon social habits: in some African villages, epilepsy is 
known as the  ‘ burn disease ’  because of the frequency of 
seizure - related burns incurred by falling into open 
fi res. In western societies, burns due to falls against 
radiators, from hot fl uids, during showering or during 
cooking are common injuries. In one survey of 244 
outpatients in the UK, 25 (12%) reported having been 
burned seriously enough to warrant medical attention 
and 12 (5%) required hospitalization. Many of these 
injuries could be prevented by simple advice (such as 
the use of shielded radiators or using a microwave to 
cook).   

  Cerebral  d amage 
 One issue that has been the subject of intensive research 
is the extent to which seizures can result in cerebral 
damage or changes that render the person more likely to 
have further seizures or produce motor, sensory or 
cognitive impairment. The current consensus view is that 
cerebral damage from short self - limiting seizures is 
extremely unusual, and furthermore that such seizures 
do not increase the risk of further seizures. The risk 
after prolonged seizures (e.g. status epilepticus) is 
quite a different matter, and severe status can result in 
signifi cant cerebral damage and consequent cognitive 
decline, a risk that is probably greatest in children 
and that increases the longer the seizure persists. A 
particular question relates to childhood febrile seizures 
and whether they lead to later epilepsy (see    pp. 27 – 
28 ). 

 In some of the childhood epilepsy syndromes, there is 
evidence that ongoing epilepsy results in cerebral damage. 
The clearest example is the Sturge – Weber syndrome 
where stepwise deterioration in motor skills follows 
bouts of seizures. In the severe epileptic encephalopathies 
of childhood (e.g. West syndrome, the Lennox – Gastaut 
syndrome, myoclonic – astatic epilepsy, electrical status 
epilepticus during slow - wave sleep [ESES]), progressive 
cognitive decline does occur but it is not clear to what 
extent, if any, this is due to ongoing seizures or to the 
underlying process.  

  Psychosocial  m orbidity of  e pilepsy 
 The diagnosis of epilepsy also carries psychosocial 
morbidity. In all large studies, a high proportion of 
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balance, weight gain, insulin resistance, modifi cation of 
thyroid levels, alterations in sex hormone levels, derma-
tological, connective tissue and cosmetic changes, 
Dupuytren contracture, and changes to hair and gum 
hypertrophy. There are also occasionally irreversible side 
effects, including nephrolithiasis with topiramate and 
visual fi eld restrictions with vigabatrin. 

 It has been suggested that some of the newer anti-
epileptic drugs are, overall, better tolerated than older 
agents, but this claim should be regarded cautiously 
because, in many comparative studies, the choice of titra-
tion schedules or dosing regimens is such that it could 
bias the fi ndings in favour of the innovative product. 
Moreover, clinical exposure to the newer drugs is still 
relatively limited and experience shows that it may take 
many years for important adverse effects to be discovered 
(see    pp. 84 – 85 ). What is clear, however, is that many of 
the metabolic and endocrine effects are due to metabolic 
interactions at the hepatic level and in protein binding, 
and drugs that are free from interactions and not protein 
bound have signifi cant advantages.  

  The  r isks of  AED   p rescribing in  c o -  m orbid  d isease 
 Prescribing drugs in various conditions is complicated 
because of interactions with other medication and 
therapies  –  this is a major problem in some infections 
(including HIV), the major psychoses, immunological 
conditions, transplant practice and dialysis. Prescribing 
in pregnancy also has specifi c risks (see    pp. 139 – 144 ). 

  Liver  d isease 
 Although many antiepileptic drugs undergo hepatic 
metabolism, their clearance is seldom affected by hepatic 
disease to an extent that it infl uences the risk:benefi t 
ratio, except in severe hepatic failure. Similarly, decreased 
protein binding of phenytoin and valproate has little 
bearing on risk assessment, even though it is relevant for 
a correct interpretation of total serum drug concentra-
tions. Valproate should be avoided if possible in patients 
with liver dysfunction due to its potential hepatotoxic 
effects. Phenobarbital and benzodiazepines should be 
avoided in advanced stages of hepatic failure because of 
the risk of induction or aggravation of hepatic encepha-
lopathy. Theoretically, non - metabolized drugs, such as 
gabapentin and vigabatrin, are an attractive option for 
treating patients with hepatic impairment.  

  Porphyria 
 Seizures may be a component of an attack of acute 
intermittent porphyria. Prescribing can be diffi cult 

 Antiepileptic drugs are also associated with psychiatric 
adverse events including, for example: 
   •      barbiturates with depression and attention defi cit 
hyperactivity disorder in children  
   •      phenytoin with toxic schizophreniform psychoses  
   •      valproate with acute and chronic encephalopathies  
   •      vigabatrin, topiramate and other drugs with depression 
and alternative psychoses  
   •      levetiracetam with irritability, aggressivity and 
psychosis.      

  Risks of  a ntiepileptic  d rug  t herapy 
 AED therapy itself carries risks, and these can be 
summarized as follows. 

  Life -  t hreatening  s ide  e ffects  –   AED   h ypersensitivity 
 Life - threatening adverse effects are rare with all major 
antiepileptic drugs, and result from idiosyncratic or 
hypersensitivity reactions affecting the bone marrow, 
liver, skin or other organs (these are described further on 
   pp. 116 – 118 ).  

  Other  l ife -  t hreatening  s ide  e ffects 
 There are not many other life - threatening side effects. 
Severe bradyarrhythmias have been recorded after 
intravenous phenytoin, and possibly also after oral 
lamotrigine. Aspiration pneumonia can occur with 
nitrazepam in young children, and respiratory arrest can 
be induced by high - dose intravenous benzodiazepines. 
Agammaglobulinaemia or hypogammaglobulinaemia 
has been described due to carbamazepine, lamotrigine, 
levetiracetam and phenytoin therapy, and can lead to a 
severe immunodefi cient state. The drug – drug interac-
tions of some antiepileptic drugs with antibiotics, immu-
nosuppressants and oncological drugs can also have 
serious consequences.  

  Non -  l ife -  t hreatening  s ide  e ffects 
 There is a large range of side effects, which vary with 
each individual drug, and are described in Chapter  8 . 
The most signifi cant involve the CNS and include 
cerebellovestibular and oculomotor symptoms (ataxia, 
dysarthria, dizziness, tremor, diplopia, blurred vision and 
nystagmus), drowsiness, fatigue, impairment of cognitive 
function, and disorders of mood and behaviour. Less 
commonly, motor disturbances occur including choreo-
athetosis and tics. 

 Non - CNS reversible side effects include gatro - 
intestinal, metabolic and endocrine effects. Examples are:  
the induction of folate defi ciency, vitamin D defi ciency, 
disturbances of lipid metabolism, changes in acid – base 



Principles of Treatment  81

because the enzyme - inducing antiepileptic drugs can 
precipitate acute attacks (see    pp. 40 – 41 ).  

  Renal  f ailure 
 Renal failure is associated with a decreased protein 
binding of phenytoin and valproate. The clearance of 
gabapentin, levetiracetam, pregabalin and vigabatrin will 
be reduced in severe renal failure, necessitating dose 
adjustments.  

  Cardiac  d isease 
 Uncontrolled generalized tonic – clonic seizures are 
likely to be hazardous in patients with severe heart 
disease. The antiepileptic drugs that act on membrane 
ion channels can induce cardiac arrhythmias in predis-
posed patients. Carbamazepine, phenytoin, lamotrigine, 
oxcarbazepine and possibly topiramate should be gener-
ally avoided in patients with pre - existing disturbances in 
the cardiac conduction system or cardiomyopathies. 
Routine ECG should be obtained to exclude cardiac 
disease before starting treatment with these drugs, espe-
cially in elderly patients and in those with a history sug-
gestive of heart disease. Intravenous administration of 
phenytoin should be carried out only with extreme 
caution in patients with cardiac disturbances.     

  Choice of  a ntiepileptic  d rug  t herapy 
 b ased on  s eizure  t ype 

 Epilepsy can take various forms and can be the result of 
many different pathological processes. To a large extent, 
however, individual drugs will have similar antiepileptic 
effects regardless of the clinical form or cause of the 
seizures, at least in the non - syndromic epilepsies of 
adulthood. There are exceptions to this rule, but the 
remarkable non - specifi city of therapy is a striking feature 
of most partial and tonic – clonic epilepsies of adult life, 
regardless of cause. This is perhaps because the anti-
epileptic drugs act mechanistically on the fi nal physio-
logical processes of epilepsy which are similar whatever 
the cause. Side effects vary, however, more than effi cacy, 
and the choice of drugs is often infl uenced more by this 
rather than by any consideration of relative effi cacy. It is 
usual to divide therapy according to seizure type  –  and 
the choice of drugs in newly diagnosed epilepsy and in 
chronic epilepsy (in the author ’ s practice) is shown in 
Tables  5.1  and  5.2 .   

 The childhood syndromes have much more specifi city 
and drug therapy needs to be chosen only after a 
syndromic diagnosis has been made. Treatment of 

  Table 5.1    Newly diagnosed patients: choice of initial 
monotherapy   (based on the author ’ s preferences) .  

   Seizure type     Drug  a    

  Partial seizures, secondarily 
generalized tonic – clonic 
seizures, primary generalized 
tonic – clonic seizures  

  Carbamazepine, 
lamotrigine, levetiracetam, 
oxcarbazepine, valproate  

  Absence seizures (typical 
absence)  

  Lamotrigine, levetiracetam, 
valproate  

  Myoclonic seizures    Levetiracetam, valproate  

  Atypical absence, tonic and 
atonic seizures  

  Lamotrigine, levetiracetam, 
topiramate, valproate  

    a Drugs are in alphabetical order.   

the major childhood syndromes is considered below 
(see    pp. 89 – 96 ). 

  Generalized  t onic –  c lonic  s eizures 
 A wide range of drugs is licensed for use in tonic – clonic 
seizures whether primarily or secondarily generalized. In 
almost all RCTs and open studies, the available anti-
epileptic drugs show similar comparative effi cacy. 

  Newly  d iagnosed  a nd/or  d rug -  n a ï ve  p atients 
 Monotherapy is the rule. The choice of medication is 
show in Table  5.1 . It is currently usual practice to start 
therapy with carbamazepine (in its slow - release formula-
tion), lamotrigine or valproate. However, there is also 
suffi cient evidence to recommend levetiracetam, phe-
nytoin, oxcarbazepine or topiramate. Choice varies with 
doctor and patient preference. Other drugs are usually 
reserved for second - line therapy. 

 Various comparative studies have been carried out, but 
no one drug has been found to be consistently superior 
or inferior in terms of seizure control. The most striking 
fi nding from all these studies is the similarity, not the 
difference, in responder rates among the various drugs.  

  Patients with  c hronic  e pilepsy 
 Again, there are no antiepileptics that are clearly superior 
to others in the control of tonic – clonic seizures in chronic 
epilepsy. Many patients who fail to respond to one drug 
will, however, respond to another and it is usual (and 
logical) in this situation to rotate a patient through trials 
of treatment with all appropriate therapies  –  and this 
strategy is discussed on    pp. 101 – 104 .  
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and is similar (though slightly wider) than that of tonic –
 clonic epilepsy. As with tonic – clonic seizures, it is cur-
rently usual practice to start therapy with carbamazepine 
(in its slow - release formulation). However, monotherapy 
with lamotrigine, valproate, levetiracetam, phenytoin, 
oxcarbazepine or topiramate is also licensed and shown 
to be equally effective in population terms. As is the case 
for tonic – clonic seizures, the choice varies with the 
doctor and the patient. 

 Various comparative studies have been carried out, but 
no one drug has been found to be consistently superior 
or inferior in terms of seizure control. The most striking 
fi nding from all these studies is the similarity, not the 
difference, in responder rates among the various 
drugs.  

  Patients with  c hronic  e pilepsy 
 Again, a range of antiepileptic drugs is available (see 
Table  5.2 ), without any showing clear superiority in the 
control of partial - onset seizures in chronic epilepsy. As is 
the case in tonic – clonic epilepsy, it is usual therefore to 
recommend sequential trials of treatment of all appropri-
ate therapies in non - responders (see    pp. 101 – 104 ).   

  Generalized  a bsence  s eizures 
 Generalized absence seizures occur only in the syndrome 
of idiopathic generalized epilepsy. Valproate is the most 

  Idiopathic  g eneralized  e pilepsy 
 There is a clinical impression, often voiced, that valproate 
is a better choice than carbamazepine for fi rst - line therapy 
of the generalized tonic – clonic seizures in the syndrome 
of idiopathic generalized epilepsy. However, there is little 
if any conclusive evidence to support this proposition, and 
indeed most well - conducted studies show little difference 
in effi cacy between any of the major antiepileptic drugs. 
However, myoclonus and/or absence seizures often 
coexist with tonic – clonic seizures in idiopathic general-
ized epilepsy. These seizures types respond well to valpro-
ate or levetiracetam, and are frequently worsened by 
carbamazepine or oxcarbazepine, so it seems reasonable 
to start therapy with either valproate or levetiracetam. 
Lamotrigine or topiramate would be further choices, but 
these have more variable effects on moyclonus and so are 
both usually reserved as a second line in idiopathic gener-
alized epilepsy. Other second line drugs are shown in 
Table  5.2 .   

  Partial -  o nset  s eizures 
 The principles of therapy and the choice of drugs are very 
similar to those in patients with tonic – clonic seizures. 

  Newly  d iagnosed  a nd/or  d rug -  n a ï ve  p atients 
 As is the case with tonic – clonic seizures, monotherapy is 
the rule. The choice of medication is shown in Table  5.1  

  Table 5.2    Choice of medication in different seizure types in chronic epilepsy. 

   Seizure type     Drugs that show proven effi cacy     Drugs that can worsen seizures  a    

  Partial seizures, 
secondarily generalized 
tonic – clonic seizures, 
primary generalized 
tonic – clonic seizures  

  Acetazolamide, clobazam, clonazepam, carbamazepine, 
eslicarbazepine, felbamate, gabapentin, lacosamide, 
lamotrigine, levetiracetam, oxcarbazepine 
phenobarbital, phenytoin, pregabalin, primidone, 
tiagabine, topiramate, valproate, vigabatrin, zonisamide  

    

  Absence seizures 
(typical absence)  

  Acetazolamide, clobazam, clonazepam, ethosuximide, 
lamotrigine, levetiracetam, phenobarbital, topiramate, 
valproate, zonisamide  

  Carbamazepine, gabapentin, 
phenytoin, pregabalin, oxcarbazepine, 
tiagabine, vigabatrin  

  Myoclonic seizures    Clobazam, clonazepam, lamotrigine, levetiracetam, 
phenobarbital, piracetam, topiramate, valproate, 
zonisamide  

  Carbamazepine, gabapentin, 
lamotrigine, oxcarbazepine, phenytoin, 
pregabalin, tiagabine, vigabatrin  

  Atypical absence, tonic 
and atonic seizures  

  Acetazolamide, clobazam, clonazepam, lamotrigine, 
levetiracetam, phenobarbital, phenytoin, primidone, 
rufi namide, topiramate, valproate, zonisamide  

  Carbamazepine, gabapentin, 
oxcarbazepine, phenytoin, pregabalin, 
tiagabine, vigabatrin  

    a The drugs listed are those with have a specifi c worsening effect on seizures. In addition to this list, most drugs worsen seizures 
in occasional patients.   
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high, but the drug is very well tolerated. It is primarily 
effective in cortical myoclonus, but may also have some 
value in other myoclonic syndromes, and has most use 
in the treatment of myoclonus in the progressive myo-
clonic epilepsy syndromes. 

 Some drugs exacerbate absence or myoclonic seizures 
(Table  5.2 ). The  γ  - aminoglutamic acid (GABA) - ergic 
antiepileptic drugs vigabatrin, tiagabine, pregabalin and 
gabapentin are frequently associated with aggravation of 
myoclonus, and can indeed precipitate myoclonus for the 
fi rst time in susceptible patients. Phenytoin has been 
reported to worsen the myoclonus in Lafora body disease, 
although the evidence is not conclusive. Both carbamaze-
pine and phenytoin can aggravate myoclonus in juvenile 
myoclonic epilepsy. 

  Therapies for  s pecifi c  m yoclonic  s yndromes 
 Specifi c therapy has been attempted in a number of the 
progressive myoclonic epilepsies, although none has an 
uncontested place in treatment regimens. Antioxidant 
treatments have been used for some years in the treat-
ment of ceroid lipofuscinosis.  N  - Acetylcysteine has some 
advocates in the Unverricht – Lundborg disease; although 
often prescribed, it is doubtful whether these compounds 
have any major benefi cial effect, and the early claims 
made for this therapy have been retracted. Alcohol has a 
benefi cial effect on the myoclonus in Unverricht –
 Lundborg disease, as indeed it does in some forms of 
subcortical myoclonus.  

  Myoclonus in  f ocal  e pilepsy 
 What is often known as focal myoclonus is equivalent 
physiologically to a partial motor seizure, and can be 
treated with any drug used for focal epilepsy. One par-
ticularly intractable form of focal myoclonus is epilepsia 
partialis continua. AED treatment in this situation can be 
fruitless and diffi cult, and immunological therapy can 
be helpful where the myoclonus is the result of an infl am-
matory disorder.   

  Atypical  a bsence,  a tonic and  t onic  s eizures 
 These seizure types occur largely in the context of the 
Lennox – Gastaut syndrome or the other severe epileptic 
encephalopathies. The drug treatment is essentially 
similar for each, although full control of seizures is 
usually not possible. 

 Valproate or lamotrigine is recommended by most 
as the fi rst choice of drug. Traditional alternatives 
are the benzodiazepine drugs (e.g. clobazam or clonaze-
pam), acetazolamide, phenobarbital and primidone. 

common fi rst choice AED. Other drugs that are some-
times used as fi rst - line therapy, but that have less reliable 
effects, are levetiracetam, lamotrigine, topiramate, 
zonisamide and the benzodiazepines. 

 For many years ethosuximide had been the standard 
drug but it is largely ineffective in controlling generalized 
tonic – clonic seizures, which often coexist with absence 
seizures, and has a number of troublesome adverse effects. 
It still has a role, particularly in children, where there is 
anxiety about the idiosyncratic effects of valproate. 

 First - line therapy can be expected to fully control 
absence seizures in over 90% of patients. In non - respond-
ers (or those in whom valproate is inappropriate) trials 
of alternative fi rst - line monotherapies should be made, 
and then of second - line therapies (shown in Table  5.2 ). 
About 10 – 20% of absence seizures will be resistant to 
monotherapy, but only about 10% or so of patients will 
not gain full control of the seizures on appropriate single 
or combination drug therapy.  

  Myoclonic  s eizures 
 Myoclonus occurs in various clinical settings (Table  5.3 ). 
The myoclonus in idiopathic generalized epilepsy is gen-
erally well controlled on single drug therapy with valpro-
ate, which is the drug of fi rst choice. Where valproate is 
inappropriate or ineffective, other agents that are some-
times used are levetiracetam, lamotrigine, topiramate, 
zonisamide and the benzodiazepines.   

 The myoclonus in symptomatic, generalized, progres-
sive myoclonic epilepsy or in the focal epilepsies is 
more diffi cult to treat, and drug combinations may be 
necessary. 

 One second - line agent worth considering is piracetam. 
This extraordinary compound is the only drug uniquely 
effective in myoclonus and has no effect in other types of 
epilepsy. The doses required for myoclonus are extremely 

  Table 5.3    Epilepsies in which myoclonus is part of the 
phenotype. 

  Idiopathic generalized epilepsy  
  Benign myoclonic epilepsy syndromes of childhood  
  Severe epilepsy syndromes of childhood  
  Progressive myoclonic epilepsies  
  Focal epilepsies in the central region  
  Symptomatic focal epilepsies due to mitochondrial disease, 

inherited or acquired metabolic disease, infections, 
drugs and toxins  



84  CHAPTER 5 

in the use of drugs in different countries, e.g. phenytoin 
is more widely prescribed in the USA than elsewhere, 
carbamazepine in northern Europe and valproate in the 
Francophone world. The pattern of drug usage further-
more varies widely within countries and even within the 
same institution.  

  Cost of  d rugs 
 The cost of drugs varies considerably, and furthermore 
differs in different countries and regions. The newer 
drugs are far more expensive than the older alternatives, 
and the following are typical UK prices charged to the 
National Health Service in 2004. The average 28 - day cost 
of prescribing carbamazepine, lamotrigine, phenytoin 
and valproate is between  £ 2 and  £ 12 ( £ 9 and  £ 15 for the 
controlled - release formulations). The comparable costs 
of the newer drugs are: gabapentin 1800   mg  –   £ 8; leveti-
racetam 4   g  –   £ 83; oxcarbazepine 1200   mg  –   £ 44; tiagabine 
30   mg  –   £ 76; and topiramate 400   mg  –   £ 109.  

  Licensing of  d rugs 
 There has in recent years been a remarkable growth in 
the number of drugs available for the treatment of 
epilepsy. Newer drugs have specifi c licences based on the 
evidence from clinical trials. Most such clinical trials are 
carried out fi rst with the drug used as add - on therapy in 
refractory partial epilepsy. Their licence is then restricted 
to combination therapy, with no licence for monother-
apy (despite the fact that there are no examples of anti-
epileptic drugs that are effective as add - on therapy but 
ineffective when used alone). Monotherapy licences have 
to await monotherapy trials. 

 Although off - label prescribing is common in epilepsy, 
in the age of growing litigation and bureaucratic over-
sight, this carries risks and should be discouraged at least 
in non - specialist practice or without explicit justifi cation. 
The current British and European licensed indications of 
the newer drugs are shown in Table  5.6 .   

 The older drugs  –  carbamazepine, clobazam, clonaz-
epam, ethosuximide, phenobarbital, primidone, phe-
nytoin and valproate  –  were all licensed at a time when 
strict licensing regulations did not exist, and have been 
permitted to continue to be prescribed on the basis of a 
 ‘ grandfather clause ’ . They carry no regulatory age limita-
tions or restrictions to combination therapy or seizure 
type.  

  Time  i t  h as  t aken to  r ecognize  s ide  e ffects  –  the 
 n eed for  c aution 
 Another general point of importance is that it has 
taken many years for some important side effects to be 

Levetiracetam has promise in these types of epilepsy, at an 
anecdotal level, but formal studies are limited. Phenytoin 
may be useful for tonic seizures, but may exacerbate 
atonic seizures. Topiramate (target maintenance dose 
6   mg/kg per day) has been shown to be effective in many 
open and controlled studies. Zonisamide has been shown 
to be effective in all these seizure types. Felbamate also has 
a powerful effect in atypical absence, tonic and atonic 
seizures, and the drug still has a useful place in refractory 
cases where other medication has failed. Rufi namide is a 
drug newly licensed specifi cally for the treatment of these 
seizure types in the Lennox Gastaut Syndrome. 

  Drugs  t hat  e xacerbate  s eizures 
 Carbamazepine and oxcarbazepine are frequently 
reported to exacerbate atypical absence and tonic sei-
zures. Tiagabine can dramatically worsen atypical absence 
seizures, resulting sometimes in a rather characteristic 
non - convulsive status epilepticus (see    p. 242 ). It is likely 
that gabapentin, pregabalin and vigabatrin have similar 
effects. Benzodiazepine can exacerbate tonic seizures, and 
occasionally precipitate tonic status epilepticus.   

  Other  f actors  i nfl uencing  d rug  c hoice 
  Tailoring  d rugs to  d ifferent  p atient  p rofi les 
 In spite of the disappointing lack of differentiation 
between drugs in the regulatory trials, it is absolutely clear 
that, in routine clinical practice, qualitative differences do 
exist. The art of therapy is to tailor the drugs to individual 
patient needs, and the recognition of drug differences is 
at the heart of skilful prescribing. On an empirical basis, 
among patients with partial - onset epilepsy, for example, 
one can discern several distinctive patient profi les, com-
monly encountered in clinical practice, that require dif-
ferent approaches. Clinical experience suggests that 
certain drugs convey certain advantages in these groups, 
either because of a lower risk of side effects in susceptible 
people or because of particular effectiveness. There are no 
controlled data on many of these points, and Table  5.4  
summarizes the author ’ s own preferences.   

 There are also other clinical factors that infl uence drug 
choice. People differ, for example, in their willingness to 
risk specifi c side effects (e.g. weight gain). Preferences will 
depend on age, gender or co - morbidity, co - medication 
and dosing frequencies, cost and such factors as risks in 
pregnancy (Table  5.5 ).   

 Prescribing patterns also vary, and are dependent on 
such factors as prior experience, marketing pressures, the 
medical system within which they work, and teaching 
and information sources. There are marked differences 
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  Table 5.4    Tailoring antiepileptic drugs in partial - onset epilepsy to patient characteristics   (based on preferences from the 
author ’ s clinical practice)  . 

   Patient characteristics     Drugs that are particularly suitable  a       Drugs that should be particularly avoided  

  Patients with severe partial - onset 
seizures  

  Clobazam, carbamazepine, lacosamide, 
levetiracetam, oxcarbazepine, phenytoin, 
topiramate, zonisamide  

  Gabapentin, lamotrigine, valproate  

  Patients who wish particularly to 
avoid cosmetic effects  

      Phenobarbital, phenytoin, primidone, 
valproate (for its effects on hair)  

  Patients with prominent anxiety    Clobazam (and other benzodiazepines), 
carbamazepine, gabapentin, 
phenobarbital, pregabalin, valproate  

  Levetiracetam  

  Patients with prominent depression    Carbamazepine, lamotrigine, valproate    Levetiracetam, vigabatrin, phenobarbital  

  Patients with renal stones        Acetazolamide, topiramate, zonisamide,  

  Patients with migraine    Topiramate, valproate      

  Patients with the need to lose weight 
(or not to gain weight)  

  Topiramate, zonisamide    Gabapentin, pregabalin, valproate  

  Patients with hyponatraemia        Carbamazepine, oxcarbazepine  

  Patients at particular risk from allergy    Clobazam, gabapentin, lacosamide, 
levetiracetam, pregabalin, topiramate, 
vigabatrin  

  Acetazolamide, carbamazepine, 
felbamate, lamotrigine, oxcarbazepine, 
phenytoin, zonisamide  

  Patients at particular risk of heart 
disease  

      Carbamazepine, lamotrigine, 
oxcarbazepine  

  Patients at risk from osteoporosis    Gabapentin, levetiracetam, pregabalin    Phenobarbital, phenytoin  

  Patients in whom the risk of hepatic 
enzyme interactions have to be 
avoided (e.g. those co - mediated with 
antibiotics, immunosuppressive drugs, 
oncological drugs, antipsychotics)  

  Clobazam, gabapentin, lacosamide, 
levetiracetam, pregabalin, topiramate, 
vigabatrin  

    

    a First - line drugs.   

recognized (Table  5.7 ). In the light of this experience, it 
is wise, generally, to exercise caution when using newly 
licensed drugs, the full side - effect profi le of which may 
not yet be completely apparent.    

  Evidence for  c omparative  e ffi cacy in  c hronic 
 e pilepsy:  m eta -  a nalysis of  r egulatory  d rug  t rials 
 As part of the FDA rules, to be licensed, a new candidate 
AED is required to show superiority to a comparator, not 
just simple equivalence. From the clinical (in contrast 

to the regulatory) perspective, this has had one serious 
disadvantage  –  all new drugs have been compared in the 
RCTs primarily with placebo, rather than with each other. 
Thus, the trials do not individually give much informa-
tion to the clinician about the  relative  benefi ts of indi-
vidual drugs. One way around this problem has been to 
perform meta - analyses of trials, and to use meta - 
analytical statistical methods to compare and contrast 
the effectiveness of individual drugs undergoing trials 
against placebo. Such analyses have obvious and 
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  Table 5.5    Factors infl uencing choice of treatment regimen 
in epilepsy. 

  Personal patient - related factors  
  Age and gender  
  Co - morbidity (physical and mental)  
  Social circumstances (employment, education, 

domestic, etc.)  
  Emotional circumstances  
  Attitude to risks of seizures and of medication  
  Factors related to the epilepsy  
  Syndrome and seizure type  
  Severity and chronicity  
  Aetiology (less important in chronic epilepsy)  
  Factors related to the drug  
  Mechanism of action  
  Strength of therapeutic effects  
  Severity and nature of side effects  
  Formulation  
  Drug interactions and pharmacokinetic properties  
  Cost  

   This list illustrates the sort of factors that infl uence choice 
of drugs. It is not comprehensive, and the importance of 
factors will vary from individual to individual.   

well - known disadvantages, but currently provide the best 
information available for making drug choices. The fi rst 
meta - analysis of antiepileptic drugs was carried out in 
Liverpool and has become justly infl uential. In a recent 
update, 36 randomized clinical trials were analysed in 
which 1 of 8 new antiepileptic drugs was tested against 
placebo as add - on treatment in patients with refractory 
partial epilepsy. The results are shown in Figure  5.1 . This 
shows that the mean odds ratio (OR) with their 95% CIs 
of responder rates (i.e. having a  ≥ 50% improvement in 
seizures on therapy compared with a baseline period). 
In this analysis, all drugs were found to be statistically 
superior to placebo (i.e. the means and 95% CIs are all 
 > 1), and, although there are striking (almost twofold) 
differences between the mean ORs for different drugs, the 
CIs are wide and overlap, and thus these differences are 
not statistically signifi cant.   

 One criticism of this method of display is that drugs 
are being compared at the dosages used in the clinical 
trials, and that higher doses of the seemingly less effective 
drugs might produce better ORs. Analysis at different 
doses does certainly produce different mean values, and 
this effect is most clearly shown for topiramate and 
levetiracetam. 

 The rate of premature withdrawal from the RCT is a 
commonly used measure of tolerability. Similar to all 

surrogate measures, this measure has limitations and, 
for example, can be unduly infl uenced by transient initial 
side effects and dose escalation regimens. Nevertheless, 
it is a useful measure of overall tolerability and it is 
susceptible to meta - analysis using the same statistical 
treatment as for effi cacy comparisons. Figure  5.2  illus-
trates the results of a meta - analysis of withdrawal rates of 
the eight antiepileptic drugs. The mean ORs show an 
almost fourfold difference in tolerability, but again, as 
the CIs overlap, the differences were not statistically dif-
ferent. It is also noteworthy that the confi dence limits for 
three drugs (lamotrigine, gabapentin and levetiracetam) 
overlap the placebo response, indicating no signifi cant 
difference in withdrawal rate between placebo and active 
therapy.   

 Other analyses are possible from the same data - set, 
including a  ‘ number - needed - to - treat ’  analysis that 
does show statistical differences between the relatively 
weaker effectiveness of lamotrigine and gabapentin 
compared with levetiracetam, topiramate, vigabatrin or 
oxcarbazepine. 

 The validity of these meta - analyses has been the 
subject of wide - ranging criticism. Not least, all studies 
were on fi xed doses, and there is no doubt that there 
would be different responses at different doses. 
Nevertheless, the overriding message from the analysis 
is that none of the newer drugs has any unequivocal 
superiority in terms of effi cacy or tolerability to any of 
the others.  

  Evidence for  c omparative  AED   e ffi cacy in 
 m onotherapy 
 The landmark monotherapy study for traditional drugs 
was the double - blind multicentre comparison of phe-
nytoin, carbamazepine, phenobarbital and primidone 
carried out by the American Veterans ’  Administration 
collaborative network. In this study 622 patients were 
randomized to treatment with 1 of the 4 drugs and 
followed for 24 months or until toxicity or lack of seizure 
control required a treatment switch. The patients 
were adults, and a mixture of newly diagnosed drug -
 na ï ve patients and patients who had been previously 
undertreated. Overall treatment success was highest with 
carbamazepine or phenytoin, intermediate with pheno-
barbital and lowest with primidone, but the proportion 
of patients rendered free of seizures on the four drugs 
(between 48% and 63%) did not differ greatly. Differences 
in failure rates were explained primarily by the fact that 
primidone caused more intolerable acute adverse effects, 
such as nausea, vomiting, dizziness and sedation (in fact 
this was perhaps because too high a dose was used 
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  Table 5.6    Licensed indications of the new antiepileptic drugs   (in the UK, 2009) .  

   Drug     Licensed indications as adjunctive therapy     Licensed indications for monotherapy  

  Eslicarbazepine    Partial onset seizures refractory to therapy in adults    Not licensed in monotherapy  

  Gabapentin    Partial and secondary generalized seizures;  ≥ 6 years    Partial and secondarily generalized seizures  ≥ 12 years  

  Lacosamide    Partial and secondarily generalized seizures;  ≥ 16 years    Not licensed in monotherapy  

  Lamotrigine    Partial and generalized seizures and Lennox – Gastaut 
syndrome;  ≥ 2 years.  

  Partial and generalized seizures (primarily or 
secondarily generalized) seizures and Lennox –
 Gastaut syndrome;  ≥ 13 years. 
 Absence seizures;  ≥ 2 years  

  Levetiracetam    Partial seizures and secondarily secondary 
generalization;  ≥ 1 month 
 Myoclonic and tonic – clonic seizures in juvenile 
myoclonic epilepsy,  ≥ 12 years  

  Partial and secondarily generalized seizures  ≥ 16 years  

  Oxcarbazepine    Partial and tonic – clonic seizures (primarily or 
secondarily generalized) seizures;  ≥ 6 years  

  Partial and tonic – clonic seizures (primarily or 
secondarily generalized) seizures;  ≥ 6 years  

  Piracetam    Myoclonic seizures    Not licensed in monotherapy  

  Pregabalin    Partial and secondarily generalized tonic – clonic 
seizures; ≥ 18 years  

  Not licensed in monotherapy  

  Rufi namide    Seizures in the Lennox – Gastaut syndrome;  ≥ 4 years    Not licensed in monotherapy  

  Tiagabine    Second - line therapy in partial and secondarily 
generalized tonic – clonic seizures;  ≥ 12 years  

  Not licensed in monotherapy  

  Topiramate    Partial and tonic – clonic seizures (primarily or 
secondarily generalized) seizures and the Lennox –
 Gastaut syndrome;  ≥ 2 years  

  Partial and tonic – clonic seizures (primarily or 
secondarily generalized) seizures;  ≥ 6 years  

  Vigabatrin    Therapy - resistant partial and secondarily generalized 
tonic – clonic seizures; no age limit specifi ed  

  Monotherapy in infantile spasms; no age limit 
specifi ed  

  Zonisamide    Partial seizures with or without secondary 
generalization;  ≥ 18 years  

  Not licensed in monotherapy  

   Based on guidelines from the summary of product characteristics of the individual medicines in the UK. Indications may vary 
in other countries.   

  Table 5.7    Latency between the introduction of antiepileptic drugs to the market and the discovery of important adverse effects. 

   Drug     Adverse reaction     Incidence of side effects     Year of 
marketing  

   Year of discovery 
of side effects  

  Phenobarbital    Shoulder – hand syndrome    Up to 12%    1912    1934  
  Phenytoin    Rickets and osteomalacia    Up to 5%  a      1938    1967  
  Trimethadione    Teratogenicity    30 – 50%    1944    1970  
  Valproic acid    Hepatotoxicity    1 in 600 to 1 in 50   000    1967    1977  
  Vigabatrin    Visual fi eld defects    30 – 40%    1989    1997  

    a Frequency in the 1960s, now lower.   
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initially). This study confi rmed the widely held view 
that  –  in terms of antiepileptic effi cacy  –  there was little 
to choose between the four drugs, and that the main 
differences relate to their side - effect profi les. A follow - on 
study comparing carbamazepine and valproate in 480 
adult patients showed no differences in the control of 
secondarily generalized seizures, although carbamaze-
pine was more effective in complex partial seizures. 

 Two randomized open British studies, on the other 
hand, found no differences in effi cacy when valproate and 
carbamazepine were compared in adults and children 
with newly diagnosed partial and/or generalized tonic –
 clonic seizures. In two additional randomized studies, 
carbamazepine, valproate, phenytoin and phenobarbital 
were compared as initial therapy in drug - na ï ve, newly 
diagnosed children and adults. No differences in effi cacy 
were noted, but phenobarbital was withdrawn more often 
in children because of side effects. A similar comparative 
open monotherapy study in adults found no signifi cant 
differences among carbamazepine, phenytoin and val-
proate in effi cacy or side effects. Similarly, the effi cacy of 
valproate against absence seizures was found to be similar 
to that of ethosuximide. Taking these studies together, a 
few general conclusions can be reached. It seems clear that 
there are no major differences in effi cacy between any of 
the drugs that are used for the treatment of focal epilepsy. 
Among these traditional drugs, carbamazepine may have 
slightly better effi cacy in partial seizures than valproate, 
and both carbamazepine and phenytoin are better toler-
ated than phenobarbital in newly diagnosed epilepsy in 
children, but not adults (Table  5.8 ).   

 As far as newer drugs are concerned, comparative 
monotherapy data are also limited. There have been a 
number of randomized studies in adults comparing 
lamotrigine with carbamazepine and phenytoin and 
no major differences in effi cacy were found, even 
though lamotrigine showed some tolerability advantages, 
particularly in elderly people. Gabapentin has been 
compared with carbamazepine in one double - blind 
monotherapy study, which showed no differences in 
effi cacy at higher gabapentin doses. Topiramate has 
been compared in similar studies with carbamazepine 
and valproate, and oxcarbazepine with carbamazepine, 
valproate and phenytoin, and in none of these studies 
were signifi cant differences in effi cacy seen at comparable 
doses. In newly diagnosed epilepsy, topiramate 100 and 
200   mg/day was found to be as effective as carbamazepine 
600   mg/day or valproate 1250   mg/day. Oxcarbazepine 
and topiramate have both been shown to be superior to 
placebo in monotherapy (using an active control design). 

     Figure 5.1     Odds ratios for 50% responder rates from 
placebocontrolled, adjunctive - therapy randomized controlled 
trials (RCTs) of eight recently introduced antiepileptic drugs. 
This fi gure shows the summary odds ratios (overall odds ratio 
and 95% confi dence intervals) of the RCTs of eight newly 
introduced antiepileptic drugs. Note that the horizontal scale 
is logarithmic and that there are marked differences between 
the mean odds ratios. However, as the confi dence intervals 
overlap, there is no statistical difference. Note also that, as the 
confi dence intervals are all to the right of the vertical line, all 
drugs are signifi cantly more effi cacious than placebo.  

     Figure 5.2     Odds ratios for rates of premature withdrawal 
from published placebo - controlled, adjunctive - therapy RCTs 
of eight recently introduced antiepileptic drugs. This fi gure 
shows the summary odds ratios (overall odds ratio and 95% 
confi dence intervals) of the RCTs of eight newly introduced 
antiepileptic drugs. Note that the horizontal scale is 
logarithmic and that there are marked differences between the 
mean odds ratios. However, as the confi dence intervals 
overlap, there is no statistical difference.  
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idiopathic generalized epilepsy, valproate was found to 
be better tolerated than topiramate and more effi cacious 
than lamotrigine in generalized epilepsies, especially 
idiopathic generalized epilepsy.    

  Treatment of  s pecifi c  e pilepsy  s yndromes 

 There are some specifi c aspects of therapy of some 
epilepsy syndromes. 

  Neonatal  s eizures 
 If the seizures are considered non - epileptic, AED treat-
ment is not indicated. Indeed, medication may worsen the 
phenomenon by decreasing the level of cortical inhibition 
over subcortical structures. Whether genuine (cortical) 
but slight (subtle) epileptic seizures require treatment is 
uncertain, especially in infants who are not paralysed for 
artifi cial ventilation. Not uncommonly such seizure 
manifestations remit spontaneously after days or weeks 
and the usefulness of treatment in these situations is dif-
fi cult to assess. Opinions vary about the need to treat 
infants with EEG evidence of seizure activity without overt 
clinical signs. There is also disagreement about the dura-
tion of therapy, although most would aim for as short a 
period as possible. Many neonatal seizures are self - 
limiting and over - long treatment carries its own risks. 

Monotherapy trials, in which vigabatrin and gabapentin 
were compared with carbamazepine in patients with 
newly diagnosed epilepsy, also failed to show any advan-
tages in effi cacy in favour of the newer drugs and, if 
anything, there was a trend for rates of freedom from 
seizures to be higher in the groups assigned to 
carbamazepine. 

 The most striking fi nding from all these studies is the 
similarity  –  not the difference  –  in responder rates among 
the various drugs in patients with partial - onset epilepsy. 
As a result of this, choice in these patients will depend to 
a large extent on tolerability considerations, cost and 
other factors. The most infl uential recent investigation 
was SANAD, a 0 long - term, multicentre, non - blinded, 
but randomized controlled, trial in the UK. Arm A 
recruited 1721 mostly newly diagnosed patients, for 
whom the treating physicians would have given carbam-
azepine (mostly those with partial epilepsy), and patients 
were randomised to treatment with carbamazepine, gab-
apentin, lamotrigine, oxcarbazepine or topiramate was 
given. The effi cacy of all drugs was roughly similar 
although lamotrigine performed slightly better than the 
others, largely because of better tolerability. In arm B, 716 
patients were recruited, for whom valproate would have 
been chosen (mostly generalized or unclassifi ed epilep-
sies), and patients were randomised to treatment with 
valproate, lamotrigine or topiramate. For those with 

  Table 5.8    Comparative monotherapy studies of standard antiepileptic drugs in partial and tonic – clonic seizures. 

        No. of studies     Treatment failure     12 - month remission     Time to fi rst seizure  

   Partial epilepsy                   
  Carbamazepine vs valproate    5    ND    ND    Slight advantage to 

carbamazepine  a    
  Carbamazepine vs phenobarbital    4        ND    ND  
  Phenytoin vs valproate    4        ND    ND  
  Phenytoin vs phenobarbital        Slight advantage to 

phenytoin  b    
  ND    ND  

   Generalized epilepsy                   
  Carbamazepine vs valproate    4    ND    ND    ND  
  Carbamazepine vs phenobarbital    3    ND    ND    ND  
  Phenytoin vs valproate    5    ND    ND    ND  
  Phenytoin vs phenobarbital        Advantage to phenytoin  c      ND    ND  

   The signifi cance was measured by the hazard ratio; ND, no signifi cant difference.  
   a Difference 1.22 (CI 1.04 – 1.44).  
   b Difference 1.97 (CI 1.09 – 1.97).  
   c Difference 4.32 (CI 1.77 – 10.6).   
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drugs and lifestyle modifi cation. In the few patients in 
whom this is ineffective, combination therapy can then 
be tried, mixing any of the conventional fi rst - line medi-
cations. Less than 10% of patients with IGE have seizures 
that are truly refractory. 

  Generalized  t onic –  c lonic  s eizures in  i diopathic 
 g eneralized  e pilepsy 
 As most antiepileptic clinical trials have been seizure 
rather than syndrome oriented, it is at present unclear 
whether the generalized tonic – clonic seizures of IGE 
respond to a different AED profi le than the generalized 
tonic – clonic seizures in other types of epilepsy. 

 There is a clinical suspicion, held by many, that valpro-
ate is more effective in the tonic – clonic seizures in IGE 
than in tonic – clonic seizures of other types, and more 
effective than any other antiepileptic in this condition, 
although there is little hard evidence from clinical trials 
to support this. Nevertheless, valproate is the usual fi rst -
 line therapy and, if this is ineffective or inappropriate, 
most would now suggest lamotrigine, levetiracetam or 
topiramate as alternative monotherapy. Carbamazepine 
is an effective therapy for tonic – clonic seizures in IGE, 
but it can exacerbate absence or myoclonus. This restricts 
its use, but nevertheless it remains a good choice in 
appropriate cases, and in special situations such as in 
pregnancy. 

 These seizures occur predominantly shortly after 
waking, when drowsy or while asleep, and the timing of 
some AED therapy can be varied to account for this. 
Sometimes avoiding sudden waking can prevent tonic –
 clonic seizures. Waking slowly, and drifting from sleep to 
wakefulness in a gradual fashion, can be very helpful. 
Sometimes tonic – clonic seizures occur after a prodromal 
period of increasing myoclonus. If this prodrome is long 
enough ( > 30   min), emergency clobazam or midazolam 
can prevent the seizure occurring. 

 Lifestyle advice is very important in avoiding tonic –
 clonic convulsions, especially those occurring on awak-
ening. The avoidance of sleeplessness, late nights and 
alcohol will often markedly reduce the occurrence of sei-
zures. The use of prophylactic clobazam or lorazepam at 
other times of risk (e.g. after a late night, alcohol, fatigue 
or stress) can be useful.  

  Absence  s eizures in  i diopathic  g eneralized  e pilepsy 
 The absence seizures in IGE are usually well controlled 
on monotherapy with valproate, ethosuximide, leveti-
racetam or lamotrigine. These are commonly used drugs 
of fi rst choice and the benzodiazepines, phenobarbital 

 For all other neonatal seizures, however, treatment is 
urgent. Management demands meticulous specialized 
paediatric care, usually on an intensive care unit, 
and details are beyond the scope of this book. EEG 
monitoring is desirable and artifi cial ventilation often 
required. The treatment should be directed primarily 
at the causal disorder where this is possible, and immedi-
ate investigation is required to ascertain the cause. 
Hypoglycaemia requires immediate correction with 
2 – 4   mL/kg of a 20 – 30% solution of glucose intrave-
nously. Hypocalcaemia requires the slow intravenous 
injection of 2.5 – 5% calcium gluconate with ECG 
monitoring. Hypomagnesaemia requires 2 – 8   mL of a 
2 – 3% solution of magnesium sulphate intravenously, or 
0.2   mL/kg of a 50% solution intramuscularly. Pyridoxine 
defi ciency, although rare, responds dramatically to 50 –
 200   mg pyridoxine. Infections, other metabolic disorders 
(e.g. hyperammonaemia, organic aciduria) and mass 
lesions require specifi c therapy. 

 Emergency antiepileptic drugs are indicated for all but 
isolated seizures. Traditional practice is to load the infant 
with either phenobarbital or phenytoin. Phenobarbital is 
given to obtain a blood level of 20   mg/mL, which requires 
a loading dose of 20   mg/kg followed by a maintenance 
dose of 3 – 4   mg/kg per day intravenously or intramuscu-
larly. Phenytoin is a second - line drug, with a loading dose 
of 15 – 20   mg/kg administered intravenously at a rate not 
exceeding 1 – 2   mg/kg per min, and with a maintenance 
dose of 3 – 10   mg/kg per day to obtain a plasma level of 
between 15 and 20   mg/mL. It is mandatory to monitor 
blood levels in the fi rst 2 – 3 weeks of life because of abrupt 
changes in half - lives of the drugs. Others tend to post-
pone the use of these long - acting antiepileptics until the 
diagnosis is clarifi ed and/or after shorter - acting agents 
such as diazepam, lorazepam or clonazepam have failed. 
The shorter - acting drugs are given for 24 – 48   h and then 
withdrawn.  

  Idiopathic  g eneralized  e pilepsies 
 The clinical features of this common and important 
syndrome (IGE; also known as primary generalized 
epilepsy) are described on    pp. 22 – 24 , and genetic coun-
selling on    pp. 123 – 124 . The seizure types in this condi-
tion are tonic – clonic, absence and myoclonic seizures. 
On monotherapy with one of the fi rst - line antiepileptic 
drugs, complete control of seizures can be expected in at 
least 75% of patients, whether they have generalized 
tonic – clonic seizures alone or in combination with 
absence or myoclonic attacks. The treatment strategy 
should be to try alternative monotherapies with fi rst - line 
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  Benign  p artial  e pilepsy  s yndromes 
of  c hildhood 
 There is a variety of syndromes of partial epilepsy at 
various stages of childhood that has an excellent progno-
sis. The clinical features of these conditions are consid-
ered on    pp. 24 – 25  and genetic counselling on    p. 124 . 

  Benign  e pilepsy with  c entrotemporal  s pikes 
 In this common childhood epilepsy syndrome, therapy is 
usually gratifyingly straightforward and indeed drug 
treatment is not necessary in all cases. If attacks are 
infrequent or mild, regular therapy seems inappropriate, 
especially as some children have only a few attacks before 
the epilepsy remits. Tonic – clonic seizures carry greater 
risks than the partial attacks and may tip the balance 
towards therapy. The partial seizures, when frightening 
and distressing, can warrant treatment, even if they are 
infrequent. If treatment is decided upon, over - medication 
and polypharmacy should be avoided. Both carbamaze-
pine and valproate are highly effective, often at low doses. 
Other drugs also shown to be effective in open studies 
(albeit in usually small numbers of patients) include 
levetiracetam, lamotrigine and topiramate. EEG distur-
bances in patients without seizures  –  a very common 
occurrence  –  do not require any treatment. Withdrawal 
of medication should be considered after 1 – 2 years free of 
attacks even if the EEG has not normalized. Occasional 
cases seem to evolve into a more serious form of epilepsy 
(including into ESES and the Landau – Kleffner syndrome) 
but, in most, seizures remit without long - term sequelae.  

  Panayiotopoulos  s yndrome 
 In Panayiotopoulos syndrome, the principles of treat-
ment are similar. Over 1000 children have been reported 
in several large case series. Various drugs have been used 
without any clear comparative analysis. Therapy has been 
shown to control seizures immediately in  > 90% of cases 
and in all patients seizures remitted within 1 – 6 years of 
onset. Long - term treatment is not necessary where 
seizures are infrequent, a common occurrence because, 
in most cases, the child may have only one or two seizures 
in total. An alternative approach is to avoid regular 
medication and use rescue medication (as for febrile 
seizures) in prolonged attacks.  

  Benign  o ccipital  l obe  p artial  s yndromes 
 In the occipital lobe partial syndromes, seizures are more 
frequent and drug therapy is usually required. Valproate 
may be the drug of choice before carbamazepine, and 
one has a strong clinical impression that the drug is 

and topiramate reserved for more resistant cases. The 
dosage required to obtain full control is usually only 
moderate.  

  Myoclonic  s eizures in  i diopathic 
 g eneralized  e pilepsy 
 The myoclonic seizures in IGE are usually treated fi rst 
with valproate. Alternative therapies of proven effi cacy 
include levetiracetam, topiramate, lamotrigine and ben-
zodiazepine drugs (e.g. clobazam, clonazepam).  

  Drugs  t hat  m ay  e xacerbate  s eizures in  i diopathic 
 g eneralized  e pilepsy 
 Vigabatrin and tiagabine can exacerbate primarily gener-
alized tonic – clonic seizures, and have no role in the 
therapy of IGE. 

 Gabapentin should also be avoided because it has little 
effect in generalized tonic – clonic seizures. Vigabatrin, 
tiagabine, gabapentin, carbamazepine and oxcarbazepine 
can also exacerbate absence and myoclonus.  

  Other  s ubcategories of  i diopathic 
 g eneralized  e pilepsy 
 The above principles of therapy apply to the various pro-
posed subcategories of IGE, including juvenile myoclonic 
epilepsy, childhood absence seizures and tonic – clonic 
seizures on awakening. Eyelid myoclonia can be consid-
ered a type of myoclonus, and the syndromes with this 
as a predominant sign are treated in the same way 
as other myoclonic epilepsies (albeit accounting for their 
distinctive prognoses).  

  Lifestyle  m easures 
 Lifestyle manipulation can be very helpful in many 
cases of IGE, especially in adolescence. The avoidance 
of sleep deprivation, sleeping late after a late night 
and excessive alcohol intake can be very benefi cial. 
Many patients learn to recognize dangerous times, and 
take individual avoidance measures. Alternative or 
complementary medicine can be a useful adjunct to 
therapy (see    pp. 118 – 121 ). Photosensitive patients should 
be counselled to avoid relevant stimuli (see    pp. 72 – 73 ). 
Occasionally, patients with established mild epilepsy can 
avoid drug treatment altogether with these simple mea-
sures. Patients with juvenile myoclonic epilepsy typically 
also have psychosocial problems that have been attrib-
uted to an  ‘ unstable personality ’  (although this is not a 
feature of the condition in most patients), and in one 
series psychiatric diffi culties were found in 14%. These 
should be addressed.   
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Suitable two -  or three - times - daily doses, during the 
episode of fever, are 0.3 – 0.5   mg/kg rectally or 5   mg orally 
for children aged  < 3 years and 7.5   mg orally for 
those aged  > 3 years. One meta - analysis has shown that 
11.2% of children treated with diazepam during febrile 
episodes have a seizure compared with 17.2% treated 
with placebo. It is also commonly accepted that intermit-
tent diazepam is particularly effective in those at high risk 
of recurrences. 

 Intranasal or buccal midazolam (0.2   mg/kg) is an alter-
native. Measures to lower temperature, including tepid 
sponging and removal of clothing, should also be taken 
to prevent a seizure. Administration of paracetamol or 
ibuprofen has not been shown to prevent febrile seizures. 
Unfortunately, as the seizure occurs before the fever is 
apparent in at least a third of cases, prophylaxis is often 
not feasible. 

 Any underlying cause must be identifi ed and treated. 
Blood and urine culture and full haematological and 
biochemical screening tests should be carried out. 
Cerebrospinal fl uid (CSF) examination should be carried 
out whenever there is a suspicion of meningitis, in all 
children aged  < 18 months at the time of presentation of 
the fi rst seizure, and in any child with meningism. 
Computed tomography (CT) should be performed 
before lumbar puncture in children with focal defi cit 
after a prolonged convulsion or in those who do not 
recover consciousness. Serological and other investiga-
tions depend on clinical circumstances and it is diffi cult 
to provide general rules. Antibiotic therapy should be 
given as appropriate.  

  Long -  t erm  p rophylaxis 
 In the past, antiepileptics were commonly given for long -
 term prophylaxis in children with a liability to recurrent 
febrile seizures. However, with increasing concern 
about the risks to learning and development, long - term 
therapy is now recommended for a very small number of 
children who are at a particularly high risk of frequent or 
complex febrile seizures. An infl uential meta - analysis of 
nine placebo - controlled studies reviewed the effect of 
prophylactic treatment on the recurrence rate of febrile 
seizures. The risk was signifi cantly lower in children 
receiving continuous phenobarbital or sodium valproate 
than in those receiving placebo, but four children would 
have to be treated with valproate, and eight with pheno-
barbital, to prevent one recurrence, and typically now 
treatment is given only to those at risk of recurrent 
episodes who have had prolonged seizures lasting 30   min 
or more, and/or who have signifi cant pre - existing 

particularly effective in seizures with occipital foci. In the 
clinical studies, both result in over 80% control of 
seizures. Clobazam can be used in seizure clusters. Drug 
withdrawal should be considered after several years of 
remission and, in photosensitive forms, photosensitivity 
on the EEG can be used as a guide to withdrawal.   

  Febrile  s eizures 
 The clinical features of febrile seizures are considered on 
   pp. 26 – 28  and genetic counselling on    pp. 124 and 125 . 

  Emergency  a ntiepileptic  t reatment 
 As prolonged febrile seizures carry a risk of causing cere-
bral damage, urgent therapy is required for any seizure 
lasting more than a few minutes. The aim of therapy is 
the rapid termination of the attack and thus the preven-
tion of potential brain damage. 

 Ninety per cent of seizures are self - limiting, but, if a 
seizure continues for 5   min or more, emergency therapy 
is needed. The standard treatment is the administration 
of diazepam solution at a dose of 0.5 – 1   mg/kg either by 
intravenous injection (at a rate not exceeding 2   mg/min) 
or, as is common in out - of - hospital settings, by rectal 
instillation. A convenient ready - made proprietary prepa-
ration for rectal instillation exists  –  Stesolid. If there is no 
rapid effect, the same dose should be repeated. In an out -
 of - hospital setting, a maximum of two doses can be 
given. Diazepam should not be given by intramuscular 
injection or via rectal suppositories as absorption by 
either method is too slow. Alternatives to diazepam in the 
out - of - hospital setting include intramuscular or buccal 
midazolam 0.1 – 0.2   mg/kg. 

 In a hospital setting diazepam is given intravenously at 
0.2 – 0.5   mg/kg up to a total (rectal plus intravenous dose) 
of 2 – 3   mg/kg over 30   min. A total dose of 20 – 30   mg 
diazepam is often required, but higher doses are usually 
not helpful. An alternative is lorazepam 0.05 – 0.1   mg/kg. 
It is rare for these measures not to terminate seizures, but 
if there is no rapid response an emergency infusion of 
phenobarbital can be initiated at a dose of 20   mg/kg at a 
rate no faster than 100   mg/min (with full intensive care 
unit [ICU] care). 

 Opinions differ about the value of cooling, but it is 
often recommended that the child should be cooled 
immediately using, for example, cold water, cold fl annels, 
tepid sponging and removal of clothes and bedcovers.  

  Emergency  p rophylactic  t reatment 
 In susceptible children, prophylactic diazepam can be 
given rectally or orally as soon as a fever develops. 
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therapy (more than 5 months) at 40   IU/day was shown 
to be more effective than high - dose short - term therapy. 

 Oral steroids are less extensively prescribed, although 
they are better tolerated than ACTH. In one prospective, 
randomized, blinded study, the effi cacy of prednisone 
(2   mg/kg per day) was inferior to that of high - dose ACTH 
(150   IU/day) given for 2 weeks, but no differences were 
found when ACTH was administered at lower doses. 
Other studies have shown superiority of ACTH over oral 
steroids, although the reason is not clear. There is also a 
feeling that the long - term intellectual outcome of patients 
treated with ACTH is better than that of those treated 
with oral steroids, although the evidence for this is essen-
tially anecdotal.  

  Vigabatrin 
 Vigabatrin is widely used as an alternative to ACTH. It 
acts extremely rapidly and induces remission in over 50% 
of cases. Concern about the effects on the retina has 
tempered its use, not least because visual fi eld testing is 
not possible in young children. Recently, also, brain 
vacuolation has been reported in several infants treated 
with vigabatrin, and if confi rmed this too may weigh 
against the use of this drug. Five randomized studies have 
been reported comparing vigabatrin and hormonal 
therapy. Vigabatrin was shown to be superior to ACTH 
in the treatment of spasms in tuberous sclerosis, but less 
effective in other aetiologies. In the long term, the effi cacy 
of both ACTH and vigabatrin is maintained in about 
75% of cases. In tuberous sclerosis, vigabatrin seems not 
only more effi cacious than hormonal therapy but also to 
have a better outcome in terms of intellectual function. 

 There is general agreement that the outcome is better 
if the spasms are brought urgently under control. Chiron 
recommends the following treatment schedule: initial 
therapy should be with vigabatrin 100   mg/kg per day for 
1 week or ACTH. If vigabatrin is chosen and there is an 
incomplete response, the dose should be increased to 
150   mg/kg per day. If there is still an incomplete response, 
hydrocortisone 15   mg/kg per day is added to vigabatrin 
100   mg/kg per day for 2 weeks. If there is still an incom-
plete response, hydrocortisone should be replaced by 
ACTH. If ACTH is initially chosen, it should be switched 
to vigabatrin (as above) if ineffective within 4 weeks or 
increased in dose. The duration of ACTH or vigabatrin 
treatment in controlled patients will be determined by 
the balance between the risks of therapy, including visual 
fi eld defects on vigabatrin, and the risk of relapse of 
seizures and the effects on cognition. As neither is 
fully known, decisions are to a large extent empirical. 

neurological disturbance. The antiepileptic drugs used 
are either phenobarbital 15   mg/kg per day or valproate 
20 – 40   mg/kg per day in two divided doses. Regular pyri-
doxine or phenytoin was found in the meta - analysis not 
to prevent recurrences.  

  Parental  c ounselling 
 The occurrence of a febrile seizure is a profoundly dis-
tressing experience, and almost all parents at the time of 
a fi rst febrile seizure think that the child is about to die. 
Parents should be reassured that the risk of brain damage 
is extremely small, and that febrile seizures are common 
and harmless and are a presage of epilepsy in only a small 
percentage of cases. Information about the management 
of subsequent seizures should be given. The parents 
should be instructed to stay calm, place the child on his 
or her side, not to force anything between the teeth and 
where appropriate to administer emergency therapy (as 
above). If the seizure lasts more than 5   min, the emer-
gency services should be called and the child brought 
immediately to the nearest medical facility.   

  West  s yndrome 
 The clinical features of West syndrome are summarized 
on    pp. 28 – 29 . Infantile spasms are among the most 
serious and resistant of epilepsy syndromes, but opinions 
about management vary. Adrenocorticotrophic hormone 
(ACTH) is usually the preferred fi rst - line therapy in the 
USA and Japan. Vigabatrin is usually given fi rst in most 
European countries and in Asia and Canada. 

   ACTH  and  c orticosteroid  t herapy 
 ACTH and corticosteroids have for many years been con-
sidered the standard therapy, in spite of relatively limited 
controlled data and serious risks of medium - term toxic-
ity. ACTH is usually preferred to oral corticosteroids. The 
usual initial recommended daily dose of ACTH is 40   IU 
(3 – 6   IU/kg), given for between 1 and 5 months. Seizures 
remit in 75% of cases, but relapse occurs in about a third 
of cases after therapy is withdrawn. If seizures relapse 
either on therapy or after withdrawal, the ACTH should 
be recommenced immediately and doses of 60 – 80   IU 
may be needed. The incidence of adverse events is 
very high and almost all children develop cushingoid 
symptoms. Other common adverse effects include infec-
tions, increased arterial blood pressure, gastritis and 
hyperexcitability. These are often severe. The mortality 
rate of therapy is between 2% and 5%. Lower doses 
(20   IU) have been used but are less effi cacious and higher 
doses of ACTH (150   IU) have a greater effect initially but 
do not have greater longer - term effi cacy. Long - term 
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AED to existing therapy. In these studies, felbamate, 
lamotrigine, topiramate and rufi namide have all been 
shown to be superior to placebo and, although all were 
maintained in the long - term follow - up, no single drug 
was highly effective. 

 As alternative fi rst - line therapies, the usual recom-
mendations are for valproate or lamotrigine. Valproate 
has a broad - spectrum activity against all the seizure types 
experienced in the syndrome (notably tonic, atonic, 
atypical absence, myoclonic, tonic – clonic seizures and 
status epilepticus). The drug has been reported to control 
seizures completely in 10% of cases, but this seems 
optimistic. It should be prescribed with caution in 
patients aged  < 3 years in view of the risk of hepatic failure 
(see    pp. 116 – 118 ). Lamotrigine is an alternative initial 
therapy. In one double - blind randomized study of 169 
patients, lamotrigine reduced the frequency of all major 
seizures from a weekly median of 16.4 at baseline to 9.9, 
and 33% of patients experienced at least a 50% reduction 
in seizures. It seems particularly effective in preventing 
falls. Lamotrigine has also been shown to improve cogni-
tion and quality - of - life ratings in the syndrome. 

 Caution needs to be exercised, particularly when 
used in combination with valproate, in view of their 
marked pharmacokinetic interaction. Topiramate (at a 
target maintenance dosage of 6   mg/kg per day) was 
shown in a double - blind, placebo - controlled trial to 
result in at least a 50% reduction in the frequency of 
seizures in 33% of patients, with a median reduction in 
the frequency of drop attacks of 14.8%. In the open - label 
extension (with a mean topiramate dosage of 10   mg/kg 
per day) there was a reduction in drop attacks of at least 
50% in 55% of the patients, and 15% of the patients had 
no drop attacks for at least 6 months. 

 Other therapies can also be tried. Clobazam, clonaze-
pam and nitrazepam are all widely prescribed. Clobazam 
probably confers less drowsiness than clonazepam and is 
often combined with valproate. Small doses of nitraze-
pam can be helpful. Benzodiazepines can exacerbate tonic 
seizures. Zonisamide has a broad spectrum of anti-
epileptic activity, and was reported to reduce seizure 
frequency by 50% or more in 32% of 132 patients reported 
in open - label studies from Japan. Levetiracetam in small 
series has been shown to have similar effi cacy. Felbamate 
has been shown to have a powerful effect in the Lennox –
 Gastaut syndrome. In a double - blind, placebo - controlled 
study of 73 patients, felbamate therapy resulted in a 34% 
decrease in the frequency of atonic seizures and a 19% 
decrease in the frequency of all seizures. Quality of life 
was improved and the improvement was maintained for 

The persistence of EEG multifocal spikes is the best 
predictor of relapse of spasms in infants and most pae-
diatricians will discontinue vigabatrin monotherapy at 
around 2 years of age if the EEG is normal.  

  Other  t herapies 
 The value of antiepileptic therapy in West syndrome is 
diffi cult to assess, but most conventional antiepileptic 
drugs are relatively ineffective. Valproate and clonaze-
pam control 25 – 30% of cases, but relapse rates are high. 
Carbamazepine can worsen the spasms. Topiramate, 
lamotrigine, felbamate and zonisamide have all been 
reported to help in small open - case series. Nitrazepam 
has been used but carries life - threatening side effects. 
High - dose pyridoxine is often given and there are prom-
ising reports about intravenous immunoglobulin. The 
ketogenic diet and thyrotrophin - releasing hormone have 
been reported to be occasionally helpful in refractory 
cases. 

 In the few cases of infantile spasms in which positron 
emission tomography (PET) shows clear - cut focal abnor-
malities, surgical resection can be performed with 
complete abolition of the spasm. The longer - term effects 
on neurological function of large surgical resection have 
not been fully established. Equally it is not clear to what 
extent cognitive development is affected by such radical 
treatment.   

  Lennox – Gastaut  s yndrome 
 The clinical features of the Lennox – Gastaut syndrome 
are described on    pp. 29 – 30 . It is a severe encephalopathy 
in which seizures are notoriously resistant to therapy. 
Complete control of seizures is rare, and almost all 
patients require polytherapy. A balance has to be drawn 
between optimum control of seizures and side effects, 
a compromise that is often diffi cult to achieve. It is 
important to resist the tendency  –  in the face of severe 
epilepsy  –  to escalate treatment. Such an escalation is 
seldom effective, and high - dose polypharmacy may cause 
drowsiness, which is a potent activator of the atypical 
absence and tonic seizures and non - convulsive status 
epilepticus. In addition to control of seizures, some 
authorities recommend therapy to try to ameliorate 
interictal EEG disturbances, on the basis that this may 
improve cognition and responsiveness. To what extent 
this is a valid approach is unclear. 

  Antiepileptic  d rug  t herapy 
 There have been fi ve double - blind, placebo - controlled 
trials in this syndrome, all involving the addition of an 
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  Multidisciplinary  a pproach to  t herapy 
 In all the epileptic encephalopathies, AED treatment is a 
small part of management. A multidisciplinary team 
approach is vital, needing input from other specialties 
and disciplines including psychology, psychiatry, educa-
tion, speech and language therapy, physiotherapy and 
occupational therapy. Joint neuropsychological and 
speech and language therapy assessment is particularly 
important in diagnosis of the Landau – Kleffner syndrome 
and its subsequent management. All these children 
will have special educational needs and the choice of 
appropriate educational settings, in either mainstream or 
special school settings, will need careful assessment and 
be tailored to individual need.   

  Landau – Kleffner  s yndrome and ESES 
 The clinical features of these conditions are described 
on    pp. 30 – 32 . In the Landau – Kleffner syndrome control 
of seizures is often possible with rather modest antiepi-
leptic treatment. Lamotrigine and valproate have been 
shown to be effective, as have benzodiazepine, sultiame, 
levetiracetam and topiramate. However, even if the sei-
zures are controlled, the EEG abnormalities may not dis-
appear and the aphasia may not improve. If one accepts 
that the speech disturbance was caused by the EEG dis-
turbance, then more aggressive antiepileptic therapy to 
suppress the EEG disturbance is a logical approach, even 
in the absence of overt seizures. All antiepileptic drugs 
have been tried in the syndrome, although vigabatrin, 
oxcarbazepine and carbamazepine may worsen the EEG 
abnormalities and are therefore sometimes avoided, as 
should therapy with vigabatrin, gabapentin/pregabalin 
and tiagabine. ACTH or high - dose corticosteroids are 
also commonly given for periods of several months. The 
relative benefi ts of these approaches are unclear, and no 
comparative trials have been carried out. Assessment of 
any therapy is made diffi cult by the fl uctuating course of 
this curious condition. 

 There was a fashion for surgical treatment using the 
technique of multiple subpial transection, although 
results are very variable and, even if there is improve-
ment, it may be months or years after the operation. 
It seems quite unclear, to this author at least, whether 
the operation ever improves the long - term prognosis. All 
this is unsatisfactory, but, until a better understanding of 
the underlying pathophysiology and of the prognostic 
determinants is gained, therapy can be only empirical. 

 The EEG pattern of ESES does not generally require 
specifi c treatment. Indeed, it is often not possible 
to abolish the spike – wave by oral antiepileptic therapy. 

at least 12 months in subsequent open - label follow - up 
studies. However, the hypersensitivity reactions now limit 
its use to patients not responding to other appropriate 
medication. 

 Phenytoin and carbamazepine are generally of little 
benefi t in the Lennox – Gastaut syndrome, and should 
generally not be used. Carbamazepine in particular can 
exacerbate atypical absence and myoclonic seizures. 
Barbiturates carry the potential for worsening hyperac-
tivity and behavioural disorders, and their sedative effects 
can exacerbate atypical absence and tonic seizures. 
Vigabatrin shows some effect in the Lennox – Gastaut syn-
drome but often exacerbates myoclonic seizures, as can 
gabapentin and tiagabine. The latter drug in particular 
has a propensity to induce non - convulsive status in some 
patients. 

 A new AED, rufi namide, was licensed in 2007 for use 
only in the Lennox – Gastaut syndrome  –  via the fast - track 
process for  ‘ orphan ’  diseases. It has proven effi cacy in 
clinical trials (see    pp. 235 – 238 ), but experience of its 
long - term clinical use is limited. 

 Other adjunctive treatments have been tried, in small 
studies, with very limited success. These include imipra-
mine, amantadine, bromide, allopurinol and fl unarizine. 
ACTH at doses of 30 – 40   IU/day is reported to be effective 
if started early but is now seldom used. Steroids can also 
be given in short courses to tide a patient over a bad 
patch.  

  Non -  p harmacological  t herapy 
 The ketogenic diet has its greatest role in this syndrome. 
In one study, a signifi cant effect was demonstrated 
after 3 months of therapy and, when considering all 
syndromes together, 38% of patients randomized to 
the ketogenic diet had a  > 50% reduction in seizures 
compared with 6% not on the diet. 

 Resective surgery has an extremely limited role in the 
Lennox – Gastaut syndrome. Individuals with focal or 
unihemispherical disease may occasionally be amenable 
to surgical treatment. Corpus callostomy can be used for 
the treatment of atonic and tonic drop attacks, but the 
initially benefi cial effects seem to wear off and this opera-
tion is now seldom carried out. Vagal nerve stimulation 
is reported to have led to a  > 50% decrease in seizures in 
37 – 73% of patients, but the results of these trials are not 
in accord with clinical experience which shows a much 
lower response rate. 

 The underlying cause of the Lennox – Gastaut syn-
drome should be treated where possible, and this may 
greatly ameliorate the seizures.  
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Europe. The lack of consensus refl ects more the differing 
social rather than medical contexts of therapy. 

 One proposition recently researched is that early 
effective therapy will improve long - term outcome, and 
thus that early antiepileptic drug therapy will prevent the 
establishment of chronic epilepsy. There is a striking lack 
of clear evidence to support this rumour, and there seems 
to be no reason currently to modify the traditional 
approach. 

  Factors  i nfl uencing the  d ecision to  t reat 
  Diagnosis 
 It is essential generally to establish a fi rm diagnosis of 
epilepsy before therapy is started. This is not always easy, 
particularly in the early stages of epilepsy. There is almost 
no place at all for a  ‘ trial of treatment ’  to clarify the diag-
nosis, as it seldom does. Rarely should treatment be 
started before a diagnosis is confi rmed. 

 A good fi rst - hand witnessed account is essential, 
because diagnostic tests are often non - confi rmatory. In 
practice, the misdiagnosis rate is quite high, e.g. about 
20% of all patients referred to a tertiary level epilepsy 
service have psychogenic attacks. The diagnosis is also 
often delayed. In one study, in over a third of patients, a 
fi rm diagnosis could be made only 24 months after the 
onset of seizures.  

  The  r isk of  r ecurrence of  s eizures 
 The estimation of the risk of recurrence of seizures 
is obviously a key factor in deciding whether or not 
to initiate therapy. Most studied has been the risk of 
recurrence after a fi rst isolated attack (i.e. the risk of a 

If treatment is decided upon, ethosuximide, benzodiaz-
epine drugs, ACTH, corticosteroids, as well as other con-
ventional antiepileptic drugs (phenytoin, phenobarbital 
and valproate), and also immunoglobulin therapy have 
been used.  

  Severe  m yoclonic  e pilepsy of  i nfancy 
(Dravet  s yndrome) 
 The conventional antiepileptic drugs that have been 
shown to have effi cacy are valproic acid, benzodiazepines 
and topiramate. Recently, stiripentol, an inhibitor of 
cytochrome P450, has been demonstrated to be effective 
in combination with clobazam in an RCT. Stiripentol 
increases the concentration of norclobazam, an active 
metabolite of clobazam, and this undoubtedly explains 
some of its effect, but it probably also has independent 
action. Phenytoin, carbamazepine and lamotrigine can 
worsen seizures in this syndrome. Long - term outcome 
data are sparse. Mortality rates are around 15% and in 
survivors seizures persist into adulthood.   

  Principles of  t reatment of  n ewly 
 d iagnosed  p atients 

 The decision to initiate drug therapy has important 
implications. In addition to its biological effects, therapy 
confers illness status, confi rms the state of  ‘ being epilep-
tic ’ , and can affect self - esteem, social relationships, 
education and employment. The decision to treat 
depends essentially on a balance between the benefi ts and 
drawbacks of therapy, and should be tailored to 
the requirements of the individual patient; there are no 
absolute rules (Table  5.9 ).   

 The balance is sometimes diffi cult to defi ne. The ben-
efi ts of therapy include the lower risk of recurrence of 
seizures, and thus of potential injury and even death, and 
the psychological and social benefi ts of more security 
from seizures. The drawbacks of therapy include the 
potential drug side effects, the psychological and social 
effects, the cost and the inconvenience. Chronic, long -
 term or subtle side effects are not easily detected, and 
weigh heavily on the decision to treat. One example is the 
potential adverse effect on learning in children, and 
partly because of this paediatricians initiate therapy less 
early than neurologists treating adults. 

 Practice varies in different countries. In the USA, for 
example, a higher proportion of patients is treated after 
a single seizure than in the UK and more often too by 
emergency loading therapy. Practice is also divided in 

  Table 5.9    Criteria that should be satisfi ed before initiating 
drug therapy. 

  Diagnosis should be certain  

  Risk of seizure recurrence should be suffi cient  

  Seizures must be suffi ciently troublesome (this depends on 
seizure type, severity, frequency, timing and precipitation)  

  Adequate compliance should be likely  

  Patient has been fully counselled about the role of therapy  

  Other therapy modalities should have been considered 
(lifestyle changes, avoiding precipitants, etc.)  

  Patient ’ s wishes have been taken account of fully  
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1 – 36) and the median number of partial seizures was 6 
(range 1 – 180). If more than one spontaneous seizure has 
occurred, the risk of further attacks in the future without 
treatment is, in most clinical circumstances, over 80%, 
and generally speaking the more seizures that have 
occurred before therapy, the greater the risk of further 
attacks. 

 The risk of recurrence is infl uenced by the following 
factors. 

  Aetiology 
 This is a most important factor. The risk is greater in 
those with structural cerebral disease, and least in acute 
symptomatic seizures provoked by metabolic factors or 
exposure to drugs or toxins. The risk of recurrence of 
idiopathic or cryptogenic seizures is approximately 50%, 
and lower after provoked seizures, provided that the 
provoking factor is removed. In those with pre - existing 
learning disability or cerebral damage, the risk approaches 
100% (see Figure  5.4 ).  

   EEG  
 Informed opinion concerning the prognostic value of 
EEG is confl icting. Although there is no doubt that the 
risk of recurrence is high if the EEG shows spike – wave 
discharges, the value of a normal EEG or an EEG with 
other types of abnormality after a single seizure, if there 
is any value at all, is slight.  

  Age 
 The risk of recurrence is somewhat greater in those aged 
 < 16 or  > 60 years, probably because of the confounding 
effect of aetiology.  

second seizure). Investigations have produced confl icting 
fi ndings, largely as a result of methodological issues, but 
most would now accept that between about 50 and 80% 
of all patients who have a fi rst non - febrile seizure will 
have further attacks. The risk of recurrence is high 
initially and then falls over time. In a national UK study, 
the risk after the fi rst seizure was 44% in the initial 6 
months, 32% in the next 6 months and 17% in the second 
year (Figure  5.3 ). It follows therefore that the greater the 
elapsed time since the fi rst attack, the less likely is subse-
quent recurrence (Figure  5.4 ).   

 In many cases, by the time of presentation, seizures 
will have already recurred. In a hospital - based study from 
the UK, the median number of tonic – clonic seizures 
occurring before the diagnosis was made was 4 (range 

     Figure 5.3     National General Practice 
Study of Epilepsy (NGPSE): actuarial 
percentage of recurrence after fi rst 
seizure. A study of 564 patients followed 
prospectively from the time of diagnosis. 
Within 3 years of the fi rst seizure, 78% 
of patients had a recurrence of their 
attacks. If attacks had not recurred 
within 6, 12 or 18 months, the chance of 
recurrence was substantially reduced, 
falling to 44, 32 and 17%, respectively.  

     Figure 5.4     Actuarial percentage recurrences after fi rst seizure 
by aetiological category.  
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  The  r isks of antiepileptic drug  t reatment 
 The benefi ts of treatment need to be balanced against the 
risk of adverse effects from the antiepileptic drugs.  

  The  p atient ’ s  w ishes 
 This factor overrides all others. The role of the physician 
is to explain the relative advantages and disadvantages of 
therapy; the fi nal decision must be left to the patient. 
Individuals differ greatly in their views about epilepsy 
and its treatment, e.g. for some seizure control is para-
mount  –  such as for driving or employment. Others have 
concerns about the concept of long - term medication or 
specifi c side effects and would prefer to risk an occasional 
seizure, particularly if their attacks do not inconvenience 
them unduly. 

 The physician must explain the purpose and limita-
tions of antiepileptic drugs. The points covered should 
include: the likelihood of success of therapy; the suppres-
sant rather than curative role of therapy; the potential 
side effects; the potential risks of withholding therapy; 
guidance in the event of idiosyncratic reactions; the need 
for regular medication; the importance of regular drug 
taking; guidance when a dose is missed; and the likely 
duration of therapy.   

  A  p rotocol for  t reatment in 
 d rug -  n a ï ve  p atients 
 It will be clear that there can be no absolute rules about 
when to start therapy and when not to do so. In general 
terms, if there is a risk of recurrence of convulsive sei-
zures, treatment will be indicated. In other circumstances, 
however, the requirement to initiate therapy can be quite 
individual. Where seizures are infrequent and minor, 
where non - convulsive seizures occur exclusively at night 
or in the benign syndromes of childhood epilepsy, treat-
ment is often not indicated at all even in established cases. 
To reiterate, in all situations, the patient should be given 
advice based on the best available data and be allowed to 
make the fi nal decision. 

 A protocol for the initial treatment of newly diagnosed 
patients is as follows (summarized in Table  5.10 ; the 
usual initial and maintenance doses and maximal incre-
mental/decremental rates in routine practice are shown 
in Table  5.11 ).   

     Establish the  d iagnosis 
 There is little place for a  ‘ trial of treatment ’ . Investigation 
will usually involve EEG, neuroimaging, and other inves-
tigations as necessary. Neuroimaging should be with 
MRI in all patients with partial - onset epilepsy, patients 

  Seizure  t ype and  s yndrome 
 Partial seizures are more likely to recur than generalized 
seizures, again because of the confounding effect of 
aetiology. In most of the childhood epilepsy syndromes, 
recurrent seizures are almost inevitable. The exceptions 
are the benign partial syndromes. Many patients with 
benign partial epilepsy syndromes of childhood or 
Panayiotopoulos syndrome (see    p. 26 ) often have a single 
attack only.   

  The  t ype,  t iming and  f requency of  s eizures 
 Some types of epileptic seizure have a minimal impact on 
the quality of life, e.g. simple partial seizures, absence 
or sleep attacks. The benefi ts of treating such seizures, 
even if they happen frequently, can be outweighed by the 
disadvantages. If the baseline frequency of seizures is very 
low, the disadvantages of treatment can be unacceptably 
high. It would be unusual to treat a person who has fewer 
than one seizure per year, especially if this was confi ned 
to sleep, or it was a minor or partial seizure.  

  Compliance 
 Antiepileptic drugs need to be taken reliably and 
regularly to be effective, and to avoid adverse events or 
withdrawal seizures. The decision to treat should be 
reconsidered in all circumstances in which compliance is 
likely to be poor.  

  Refl ex  s eizures and  p rovoked  s eizures 
 Occasionally, seizures occur only in specifi c circum-
stances or with certain precipitants (e.g. photosensitivity, 
fatigue or alcohol; see   pp. 67 – 74). Avoiding these circum-
stances may obviate the need for drug treatment.  

  The  r isks of  m ortality and  m orbidity in  e arly 
 e pilepsy 
 The mortality rate of epilepsy in the early years after 
diagnosis is two to three times that in the general popula-
tion. The excess mortality is due almost entirely to the 
underlying cause of the seizures (e.g. stroke, tumour) and 
risks from other causes are slight. SUDEP, however, can 
occur in early epilepsy, and rarely indeed in the fi rst 
seizure. Opinion is divided about whether a patient 
should be counselled about this risk on the fi rst consulta-
tion  –  this will depend on clinical circumstances. 
Certainly, however, SUDEP should be discussed with 
most patients at some point early after diagnosis, and 
particularly if therapy is to be withheld. 

 Accidental injury and the psychosocial and psychiatric 
morbidity of epilepsy are outlined on    pp. 78 – 79 and 
107 – 116 .  
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serum level monitoring). In about 60 – 90% of patients, 
these simple steps for initial therapy will result in 
complete control of seizures. In remaining patients the 
following applies: 
   •      Failure of fi rst monotherapy: alternative monotherapy 
should be tried with another appropriate fi rst - choice 
antiepileptic drug. The second drug should be intro-
duced incrementally at suitable dose intervals, and the 
fi rst drug then withdrawn in slow decremental steps. The 
second drug should be titrated fi rst to low maintenance 
doses and, if seizures continue, the dose increased incre-
mentally to the maximal dose.  
   •      Failure of repeated monotherapies: if the above steps 
fail, a third alternative monotherapy should be tried in 
the same manner, or polytherapy used.    

 If seizures continue, or recur after initial therapy with 
two to three drugs tried in monotherapy as above, the 
diagnosis should be reassessed. It is not uncommon in 
this situation to fi nd that the attacks do not have an 
epileptic basis. Investigation should be considered 
to exclude the possibility of a progressive lesion. The 
possibility of poor compliance should be explored. 
Alternative monotherapies or polytherapy should be 
considered. The patient should be referred for specialist 
advice.  

  Avoid  p recipitating  f actors 
 Avoiding factors that precipitate seizures can be very 
important. Excess alcohol intake (or its abrupt with-
drawal) was a predominant factor in 6% of fi rst seizures 
in one UK series, and accounted for 27% of fi rst seizures 
in those between the ages of 30 and 39 years. 
Photosensitivity is encountered mainly in adolescents 
with IGE, and is described on    pp. 72 – 73 . Sleep depriva-
tion is also a major precipitating factor for seizures in 
susceptible individuals, and is often a contributory factor 
in those abusing alcohol. All these factors seem to be 
relevant particularly in patients with IGE.   

  Counselling and  i nformation  p rovision 
 In addition to the topics listed in Table  5.12 , it is some-
times important to offer counselling and information on 
a broader range of topics and lifestyle issues. The need 
for this will depend on individual circumstances. Most 
patients with newly diagnosed epilepsy enter rapid remis-
sion, and the epilepsy should not pose major problems, 
a fact that it is important to emphasize. The counselling 
required is not as intense or comprehensive as for chronic 
active epilepsy, where seizures are likely to persist. A 
balance is needed.  

  Table 5.10    Principles of antiepileptic drug prescribing in 
patients with newly diagnosed epilepsy. 

      •      Aim for complete control without adverse effects  
   •      Diagnosis of epileptic seizures should be unequivocal  
   •      Seizure type, syndrome and aetiology should be 

established  
   •      Baseline haematological and biochemical investigations 

should be performed before initiation of drug therapy  
   •      Use one drug at a time (monotherapy) at least initially  
   •      Initial titration should be to low maintenance doses  
   •      Further upward titration will depend on response and 

side effects  
   •      If fi rst drug fails, alternative monotherapies should be 

tried  
   •      Upward and downward titration should be in slow, 

stepped doses  
   •      Polytherapy should be used only if monotherapy with at 

least the fi rst three drugs chosen has failed to control 
seizures  

   •      Patients should be fully counselled about goals, role, risk, 
outcome and logistics of drug treatment     

with fi xed neurological defi cit, onset of seizures in the 
fi rst year of life or after the age of 15 without good 
explanation.  

  Identify and  c ounsel  a bout  p recipitating  f actors 
 If these can be avoided, this occasionally obviates the 
need for drug therapy.  

  Decide  u pon the  n eed for  AED   t herapy 
 If therapy is needed, baseline biochemical and haemato-
logical parameters should be measured and an electro-
cardiogram (ECG) carried out.  

  Counsel 
 Counselling should be given about the topics listed in 
Table  5.12 . Patients should be given clear instructions to 
seek immediate medical attention if signs of hypersensi-
tivity or idiosyncratic drug reactions develop.    

  Monotherapy 
 Start monotherapy with the chosen fi rst - choice drug, 
initially at low doses, and titrate slowly up to a low main-
tenance dose (see Table  5.11 ). Emergency drug loading 
is seldom necessary except where status epilepticus 
threatens. 

 If seizures continue, titrate the dose upwards to higher 
maintenance dose levels (guided, where appropriate, by 
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  Table 5.12    Topics for information provision and 
counselling in newly diagnosed epilepsy. 

      •      Nature of epilepsy  
   •      First aid management of seizures  
   •      Avoidance of precipitating factors, including alcohol and 

sleep deprivation  
   •      Purpose of medication and likely duration  
   •      Nature of common adverse effects of medication  
   •      Need to take medication regularly  
   •      Risks of seizures (including SUDEP) and advice 

regarding common hazards  
   •      Legal aspects of driving  
   •      Interaction with other drugs, especially oral 

contraceptive pill (where relevant)  
   •      Possibility of teratogenicity, where relevant     

   SUDEP, sudden unexplained death in epilepsy.   

  Table 5.11    Usual dosing regimens and fastest routine incremental and decremental rates in adults   (values in this table are 
based on the author ’ s own practice, and may vary from those published elsewhere) .  

   Drug     Initial 
dose 
(mg/day)  

   Drug initiation: 
usual dose 
increment (mg/
day) stepped up 
every 2 weeks  

   Usual initial 
maintenance 
dose on 
monotherapy 
(mg/day)  

   Usual 
maximum 
dose in 
monotherapy 
(mg/day)  

   Dosing 
intervals 
(per day)  

   Drug reduction: 
usual dose 
decrement (mg/
day) stepped down 
every 2 – 4 weeks  

   Maintenance 
doses can be 
different 
when given as 
co - medication  

  Carbamazepine  a      100 – 200    200    400 – 1600    2400    2 – 3    200    Yes  
  Clobazam    10    10    10 – 30    30    1 – 2    10    No  
  Clonazepam    0.25    0.25 – 0.5    0.5 – 4    4    1 – 2    0.5    No  
  Eslicarbazepine    400    200 – 400    800 – 1200    1200    1    400    Yes  
  Ethosuximide    250    250    750 – 1500    1500    2 – 3    250    Yes  
  Gabapentin    300 – 400    300 – 400    900 – 3600    3600    2 – 3    300 – 400    No  
  Lacosamide    50    50    200 – 400    400    2    50    No  
  Lamotrigine    12.5 – 25    50    100 – 400    600    2    50 – 100    Yes  
  Levetiracetam    125 – 250    250 – 500    750 – 4000    4000    2    250 – 500    No  
  Oxcarbazepine    300    300    900 – 2400    3000    2 – 3    300    Yes  
  Phenobarbital    30    15 – 30    30 – 120    180    1 – 2    15 – 30    Yes  
  Phenytoin    200    25 – 100    200 – 450    500    1 – 2    50    Yes  
  Pregabalin    50    50    150 – 400    600    2 – 3    50    No  
  Primidone    62.5 – 125    125 – 250    250 – 1000    1500    1 – 2    125 – 250    Yes  
  Rufi namide    400    400    1200 – 3200    3200    2    400    Yes  
  Tiagabine    15    4 – 5    30 – 45    56 – 60    2 – 3    4 – 5    Yes  
  Topiramate    25 – 50    25 – 50    75 – 300    600    2    50    Yes  
  Valproate    200 – 500    200 – 500    500 – 2000    3000    2 – 3    200 – 500    Yes  
  Vigabatrin    500    500    1000 – 3000    4000    2    500    No  
  Zonisamide    50    50    200 – 400    600    1 – 2    50    Yes  

    a Values are for the slow release formulation, which is the formulation of choice, particularly at high doses.   

  Outcome of  t herapy 
 The outcome of therapy in newly diagnosed cases is 
generally good. In about 70% seizures will be brought 
under rapid control. If long remission occurs (say for 2 – 5 
years), the risk of subsequent recurrence is low (approxi-
mately 10%) and most patients are eventually able to 
discontinue medication. About two - thirds of patients 
started on therapy will enter a 1 - year remission within 
a year of initiating treatment, and three - quarters will be 
in 3 - year remission at a point 5 years after starting 
therapy. 

 The presence of the following factors has been found 
to lessen the chance of achieving early remission: high 
frequency of tonic – clonic seizures before therapy; 
symptomatic epilepsy with structural cerebral disease; 
childhood epilepsy syndrome; partial or secondarily gen-
eralized seizures; and additional neurological handicap 
or learning disability.    
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  Principles of  t reatment of  p atients with 
 e stablished  a ctive  e pilepsy 

 The goal of drug therapy in newly diagnosed cases is the 
complete control of seizures, which is attained in about 
60 – 70% of patients within a few years of the onset of the 
condition. This means that about 30 – 40% of cases have 
continuing seizures, and the treatment of this  ‘ chronic 
active ’  epilepsy is more complex and more diffi cult than 
that of a drug - na ï ve case. Different issues are raised, and 
the perspectives of therapy are different. 

 Complete seizure control in patients with chronic 
epilepsy can be obtained eventually, even with skilful 
treatment, in only perhaps 30%, although it should be 
possible to lessen the frequency or severity of seizures in 
other cases. There remain a number of patients  –  perhaps 
10% of all those developing epilepsy  –  whose seizures 
remain severe, frequent or intractable. Although small in 
number, these patients require a high level of medical 
input. The epilepsy often coexists with additional learn-
ing disability, psychosocial problems or other neurologi-
cal handicaps, and these factors complicate medical 
therapy further. 

 With active epilepsy there are high rates of morbidity 
and even mortality. Treatment involves more than anti-
epileptic drug therapy, but should be targeted at medical 
co - morbidity, and psychological, psychiatric and social 
issues. Counselling on a wide range of topics is often 
required, and is best achieved via a team approach. Issues 
vary in different individuals and patient groups. A large 
population - based survey of patients on antiepileptic 
drugs was carried out in the UK, commissioned by the 
NHS; the areas in which epilepsy was considered by the 
respondents to be impacting on their lives are listed in 
Table  5.13 .   

  Antiepileptic  t reatment  p rotocol 
for  p atients with  e stablished 
 a ctive  e pilepsy 
 Recent studies have shown that a systematic approach to 
the antiepileptic drug therapy of chronic patients can 
result in seizure freedom in about 30% of cases and 
signifi cant improvement in a further 50%. Taking a 
nihilistic view (that nothing can be done to improve 
seizure control in chronic epilepsy) is a common 
mistake that consigns many patients to lifelong 
disability. 

 When fi rst seeing a patient with chronic uncontrolled 
epilepsy, a two - stage procedure should be adopted: 

  Table 5.13    Survey of the impact of epilepsy by age group  
 (CSAG survey, 2001) .  

  Mild seizures    Severe seizures  

   Impact     Percentage 
of 
responders  

   Impact     Percentage 
of 
responders  

   ≤ 16 years ( n     =    33; impacts 
reported, 61)  

   ≤ 16 years ( n     =    54; impacts 
reported, 121)  

  School life    36    School life    33  
  Psychological    27    Psychological    31  
  Social life    24    Social life    30  
  Sports    18    Sports    15  
  Need to take 
tablets  

  15    Supervision    11  

  Sleep    9    Sleep    11  
  Learning 
diffi culties  

  9    Play    7  

  None    9    Need to take 
tablets  

  7  

  17 – 65 years ( n     =    568; 
impacts reported, 140)  

  17 – 65 years ( n     =    347; 
impacts reported, 842)  

  Driving ban    48    Work    51  
  Work    36    Psychological    35  
  Social life    19    Social life    32  
  Psychological    18    Driving ban    28  
  Loss of 
confi dence  

  8    Supervision    10  

  None    11    Independence    9  

   > 65 years ( n     =    127; impacts 
reported, 191)  

   > 65 years ( n     =    28; impacts 
reported, 57)  

  Driving ban    32    Driving ban    39  
  Psychological    19    Psychological    29  
  Work    14    Seizures    21  
  Bad memory    9    Work    21  
  None    19    Social life    14  
          Loss of 

self - confi dence  
  11  

          Mobility    11  
          Supervision    11  

   UK Survey of 3455 unselected people with epilepsy who 
were taking antiepileptic drugs; 1157 individuals had had a 
seizure in the past year and a seizure severity score (using 
the National Hospital Seizures Severity Scale) possible to 
assess, and completed a questionnaire about the impact 
of epilepsy on their lives. The results are summarized in 
this table.   

fi rst assessment and second devising a treatment plan 
(Table  5.14 ).   

 The treatment plan can take a number of months 
to complete, requiring patience and tenacity, and the 
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procedure should be explained in advance to the patient 
to maintain confi dence and compliance. This needs the 
expenditure of time and effort by the doctor, who should 
be available throughout for guidance and reassurance. 
Perseverance brings rewards, however, and resolute indi-
viduals will, following this protocol, become established 
on effective long - term therapy.  

  Assessment 
  Review the  d iagnosis of  e pilepsy 
 An eye - witnessed account of the attacks should be 
obtained, and the previous medical records inspected. A 
series of normal EEG results should alert one to the pos-
sibility that the attacks are non - epileptic, although this is 
not an infallible rule.  

  Establish  a etiology 
 It is important at this stage to ascertain the cause of the 
epileptic attacks, and especially to exclude progressive 
pathology. This will often require EEG and MRI of 
suffi cient quality (see    pp. 322 – 323 ) and clinical 
chemistry.  

  Table 5.14    Principles of treatment in chronic active 
epilepsy. 

   Assessment   
      •      Review diagnosis and aetiology (history, EEG, imaging)  
   •      Classify seizures and syndrome  
   •      Review compliance  
   •      Review drug history:  
   •      Which drugs were useful in the past?  
   •      Which drugs were not useful in the past?  
   •      Which drugs have not been used in the past? (also dose, 

length of therapy and reasons for discontinuation)  
   •      Review precipitants and non - pharmacological factors     

   Treatment plan   
      •      Document proposed sequence of drug  ‘ trials ’   
   •      Decide what background medication to continue  
   •      Decide upon the sequence of drug additions and 

withdrawals  
   •      Decide the duration of drug  ‘ trials ’   
   •      Decide when to do serum - level monitoring  
   •      Consider surgical therapy  
   •      Consider non - pharmacological measures (lifestyle, 

alternative therapy, etc.)  
   •      Recognize the limitations of therapy  
   •      Provide information on above to patient     

  Table 5.15    Methods for improving compliance with 
drug therapy. 

   Information about drug treatment:   
      •      Role  
   •      Limitations  
   •      Expected effi cacy  
   •      Potential side effects     

   Therapeutics:   
      •      Monotherapy if possible  
   •      Minimize dosing frequency where possible (to once or 

twice a day)  
   •      Introduce drugs in a slow incremental fashion  
   •      Use appropriate formulation (solution, chewtabs, 

sprinkles where needed)     

   Aide memoire:   
      •      Drug wallet  
   •      Regular reminders  
   •      Cues, alarm wristwatch     

   Reinforcement of importance of compliance at clinic visits.   

  Classify  s eizure  t ype 
 This has some value in guiding the choice of 
medication.  

  Review  p revious  t reatment  h istory 
 This is an absolutely essential step, often omitted. 
The response to a drug is generally speaking relatively 
consistent over time. Find out which antiepileptic drugs 
have been previously tried, what was the response 
(effectiveness/side effects), what was the maximum dose 
and why was the drug withdrawn.  

  Review  c ompliance 
 This can be a reason for poor seizure control. A drug 
wallet, fi lled up for the whole week, can be of great assis-
tance for patients who often forget to take the medica-
tion. Other methods for improving compliance are listed 
in Table  5.15 .     

  Therapy 
 A treatment plan (schedule) should be formed on the 
basis of this assessment, documented in medical records 
and discussed with the patient. 

  Treatment  p lan 
 Although meta - analysis has shown that none of the cur-
rently available fi rst -  and second - line drugs is signifi cantly 
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caused unacceptable side effects. There is obviously little 
point in continuing a drug that has had little effect, yet it 
is remarkable how often this is done.  

  Duration of  t reatment  t rial 
 This will depend on the baseline seizure rate. The trial 
should be long enough to differentiate the effect of 
therapy from that of chance fl uctuations in seizures.  

  Drug  w ithdrawal 
 Drug withdrawal needs care. The sudden reduction in 
dose of an AED can result in a severe worsening of 
seizures or in status epilepticus, even if the withdrawn 
drug was apparently not contributing much to seizure 
control. It is therefore customary, and wise, to withdraw 
medication slowly, a caution that applies particularly to 
barbiturate drugs (phenobarbital, primidone), benzodi-
azepine drugs (clobazam, clonazepam, diazepam) and 
carbamazepine. Table  5.11  lists the fastest decremental 
rates that are recommended in normal clinical practice. 
In many situations even slower rates of withdrawal are 
safer. 

 The only advantage of fast withdrawal is better compli-
ance and the faster establishment of new drug regimens. 
Only one drug should be withdrawn at a time. If the 
withdrawal period is likely to be diffi cult, the dangers can 
be reduced by covering the withdrawal with a benzodi-
azepine (usually clobazam 10   mg/day), given during the 
phase of active withdrawal. A benzodiazepine can also be 
given if clustering of seizures following withdrawal 
occurs. 

 It is sometimes diffi cult to know whether seizures 
during withdrawal are due to either the withdrawal or 
simply the background epilepsy, and whenever possible 
a long - term view should be taken and overreaction in the 
short term avoided. 

 Sometimes the simple withdrawal of a drug will result 
in improved control of seizures by improving well - being, 
assuring better compliance and reducing interactions.  

  Drug  a ddition 
 New drugs added to a regimen should also be introduced 
slowly, at least in the routine clinical situation. This 
results in better tolerability, and is particularly important 
when adding benzodiazepines, carbamazepine, lamotrig-
ine, levetiracetam, primidone or topiramate. Too fast an 
introduction of these drugs will almost invariably result 
in side effects. It is usual to aim initially for a low main-
tenance dose, but in severe epilepsy higher doses are often 
required.  

better than any other in population terms, one thing 
is clear  –  individual patients who have failed to respond 
to one drug may well respond to an alternative. Therefore, 
it is logical, in any patient in whom improvements 
in seizure control are desired, to try one suitable drug 
after another. The treatment plan therefore should 
comprise, at its heart, a sequence of what are in effect 
 n     =    1 treatment trials, each to be tried in turn if the 
previous trial fails to meet the targeted level of seizure 
control. 

 The effectiveness of this stepwise approach was shown 
in one study in which a total of 265 drug additions were 
studied in 155 adult patients with chronic epilepsy 
(defi ned as epilepsy active at least 5 years after initiation 
of therapy). Other therapy was varied (and some drugs 
withdrawn) according to normal clinic practice. If one 
drug addition was ineffective, another would be tried. Of 
the 155 patients, the study found that, after one, two or 
three drug additions, 28% overall were rendered seizure 
free by this protocol of active medication change; 16% of 
all drug additions resulted in seizure freedom (defi ned as 
seizure freedom at last follow - up for 12 months or 
longer), and a 50 – 99% seizure reduction occurred in a 
further 21%. 

 Ideally, each antiepileptic should be tried in a reason-
able dose added to a baseline drug regimen  –  usually one 
or two other antiepileptic drugs  –  and, as the drug is 
added, withdrawal or change in dose of other drugs may 
be needed. Thus decisions have to be made about: which 
drugs to trial and in what sequence, and which drugs to 
retain as a baseline regimen; which drugs to withdraw; 
and the duration of each treatment trial. 

  Choice of  d rugs to  i ntroduce or  r etain 
 Generally these should be drugs that are appropriate for 
the seizure type and that have not been previously used 
in optimal doses or that have been used and did prove 
helpful. Rational choices depend on a well - documented 
history of previous drug therapy. Attention also needs to 
be paid to drug interactions. The initial dose and 
maximum incremental increases in dose in routine prac-
tice are shown in Table  5.11 . 

 It is usual to maintain therapy with either one or two 
suitable antiepileptic drugs. If drugs are being withdrawn, 
it is wise to maintain one drug as an  ‘ anchor ’  to cover the 
withdrawal period.  

  Choice of  d rugs to  w ithdraw 
 These should be drugs that have been given an adequate 
trial at optimal doses and that either were ineffective or 
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potentials for pharmacokinetic interaction because this 
will only compromise response.    

  Treatment of  p atients with  e pilepsy 
in  r emission 

 Epilepsy can be said to be in remission when seizures 
have not occurred over long periods of time (convention-
ally 2 or 5 years). At some point after the initiation of 
therapy 70 – 80% of patients will enter a remission. Cases 
of untreated epilepsy also remit, although exactly how 
many is not known. In the long term, at least 50% of all 
patients are in remission and off medication. 

 The clinical management of ongoing therapy in 
patients in remission is generally straightforward. In 
most cases little medical input is required, with appropri-
ate care provided at primary care level and annual visits 
to the specialist. The seizure type, epilepsy syndrome, 
aetiology, investigations and previous treatment should 
be recorded. Routine haematological or biochemical 
checks are recommended on an annual basis in an 
asymptomatic individual. Enquiry should be made 
about long - term side effects (e.g. bone disease in 
postmenopausal women) and counselling about issues 
such as pregnancy made where appropriate. At some 
point, however, the calm of this ideal situation is likely 
to be disturbed by the question of discontinuation of 
therapy. 

     Discontinuation of  d rug  t herapy 
 It is often diffi cult to decide when (if ever) to discontinue 
drug treatment. The decision should be made by a 
specialist who is able to provide an estimate of the risk of 
re - activation of the epilepsy. This risk is infl uenced by 
the factors listed in Table  5.16 , but it must be 
stressed that withdrawal is never entirely risk free. 
The decision whether or not to withdraw therapy will 
depend on the level of risk that the patient is prepared to 
accept.    

  Probability of  r emaining  f ree of  s eizures 
 a fter  d rug  w ithdrawal 
 The best information comes from the Medical Research 
Council (MRC) AED withdrawal study, which included 
1013 patients who had been free of seizures for 2 years or 
more (Figure  5.5 ). Within 2 years of starting drug with-
drawal 59% remained free of seizures (compared with 
79% of those who opted to stay on therapy). Other 
studies have had essentially similar fi ndings.   

  Concomitant  m edication 
 Changing the dose of one antiepileptic (either incremen-
tal or decremental) can infl uence the levels of other drugs, 
and the changing levels of concomitant medication can 
contribute to changing side effects or effectiveness.  

  Limits on  t herapy 
 Drug therapy will fail in about 10 – 20% of patients. In this 
situation, the epilepsy can be categorized as  ‘ intractable ’ . 
Here the aims of therapy change to achieving the 
best compromise between inadequate seizure control 
and drug - induced side effects. Individual patients will 
take very different views about where to strike this 
balance.   

  Counselling 
 Counselling should be offered for chronic patients, as for 
new patients, on the topics listed in Table  5.12 . Those 
with chronic active epilepsy, however, have additional 
problems  –  fears about the risks of future seizures, anxiety 
about the stigmatizing effects of epilepsy, and its effects 
on employment, self - esteem, relationships, schooling 
and leisure activities. The areas on which the condition 
impacted were demonstrated in one large survey of 3455 
people on treatment for epilepsy in the UK, which 
are summarized in Table  5.13 . Many of these could be 
ameliorated by appropriate counselling and these topics 
should be addressed. The issues depend on age and the 
severity of epilepsy.  

  Monotherapy  v s  c ombination  t herapy 
 Single - drug therapy will provide optimal seizure control 
in about 70% of all patients with epilepsy, and should be 
chosen whenever possible. The advantages of monother-
apy are: 
   •      better tolerability and fewer side effects  
   •      simpler and less intrusive regimens  
   •      better compliance  
   •      no potential for pharmacokinetic or pharmacodynamic 
interactions with other antiepileptic drugs.    

 Combination therapy is needed in about 30% of all 
those developing epilepsy, and in a higher proportion of 
those with epilepsy that has remained uncontrolled in 
spite of initial monotherapy (chronic active epilepsy). 
The choice of drugs in combination has not been satis-
factorily studied. It has been proposed, but without any 
substantial supporting evidence, that mixing drugs with 
differing modes of action has a synergistic effect  –  a 
strategy (irrationally) named  ‘ rational polytherapy ’ . It 
makes sense too to avoid, where possible, drugs with 
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  Period of  s eizure  f reedom 
 The longer the patient is seizure free, the less the chance 
of relapse, e.g. the overall risk of relapse after drug with-
drawal after a 5 - year period of freedom from seizures is 
under 10%.  

  Duration of  a ctive  e pilepsy 
 This is probably an under - studied factor. There is a 
strong impression that the shorter the history of active 
seizures (i.e. the duration of time from the onset of 
epilepsy to the onset of remission), the less the risk of 
relapse.  

  Type and  s everity of  e pilepsy 
 The type of epilepsy, and its aetiology, is an important 
infl uence on prognosis. The presence of symptomatic 
epilepsy, secondarily generalized or myoclonic seizures, 
neurological defi cit or learning disability greatly lessens 
the chance of remission, and also increases the chances 
of recurrence should remission occur. A higher number 
of seizures before remission, a greater number of drugs 
being taken to control the seizures, and the presence of 
two or more seizure types (a surrogate for severity 
of epilepsy) all increase the risk of relapse.  

   EEG  
 The value of EEG in predicting the outcome of patients 
in remission is controversial, as it is in most other areas 
of prognostication. The persistence of spike – wave in 
those with IGE is the most useful prognostic EEG feature, 
indicating a higher chance of relapse. Other EEG abnor-
malities have no great prognostic utility, and the presence 
of focal spikes or changes in EEG background are of little 
help in estimating the chances of remission or relapse 
after drug withdrawal. In general, the EEG has more 
prognostic value in children than in adults.  

  Age 
 There is no clear overall relationship between age and the 
risk of relapse, although there are age - specifi c syndromes 
that have specifi c prognostic patterns. There is a 
low chance of relapse in the benign epilepsies of child-
hood or in generalized absence epilepsy. These data 
simply emphasize the obvious point that the overriding 
determinant of prognosis is the type and aetiology of 
epilepsy. 

 The risk factors are additive and, if two or more 
adverse factors are present, the risk of recurrence is 
 > 70%. On the other hand, if positive factors exist, 
such as a long duration of remission, a short history of 

  Table 5.16    Some factors that increase the risk of seizure 
recurrence after withdrawal of therapy in patients with 
epilepsy in remission. 

      •      Short duration of freedom from seizures prior to drug 
withdrawal  

   •      Age  > 16 years  
   •      History of myoclonic seizures or secondarily generalized 

seizures  
   •      History of multiple seizure types  
   •      Certain epilepsy syndromes (e.g. juvenile myoclonic 

epilepsy, childhood encephalopathies)  
   •      Symptomatic epilepsy  
   •      Progressive aetiology  
   •      History of seizures after treatment was initiated  
   •      Seizure control requiring multiple drug therapy  
   •      Eeg showing generalized spike – wave discharges  
   •      Presence of learning disability or associated neurological 

handicaps  
   •      Previous attempts to withdraw therapy followed by 

recurrence     

     Figure 5.5     Actuarial percentage of patients seizure - free 
amongst those randomized to continuing or to slow 
withdrawal of antiepileptic drugs. A study of 1013 patients 
seizure - free for at least 2 years, randomized to either slow 
withdrawal of their antiepileptic drug therapy or to continuing 
drug therapy. Two years after randomization 78% of those 
who continued treatment and 59% of those who had 
treatment withdrawn were seizure - free, but thereafter the 
differences in recurrence rate between the two groups 
diminished  
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25% in the fi rst 6 months after withdrawal; this should 
be explained carefully to the patient. As a result of this, 
the UK driving licence authority recommends that 
driving be avoided during drug withdrawal and for 6 
months afterwards; this (non - binding) advice should be 
given to patients. 

 The fastest recommended rates of withdrawal are given 
in Table  5.11 , although in many instances there is no 
need to proceed so rapidly. In general terms, the slower 
the withdrawal, the less likely are seizures to recur. If 
seizures do recur, the drug should be immediately 
restarted at the dosage that controlled the attacks. 

 A further issue, which must be emphasized to a patient 
before attempting drug withdrawal, concerns the longer -
 term prognosis if seizure relapse occurs after drug with-
drawal. At least 10% of patients will not regain full 
remission even if the drug is replaced at the dosage that 
previously resulted in long remission. Why this should 
be the case is unclear but, in some patients at least, it 
seems that recurrence alters the risk of subsequent 
seizures.  

  Counselling and  d ecision -  m aking 
 The withdrawal of therapy can have marked psychologi-
cal benefi ts. It often removes the stigma of a  ‘ diagnosis ’  
and may ameliorate the sense of  ‘ being ill ’ . 

 Side effects, sometimes not recognized on chronic 
therapy, may also be reversed. On the other hand, the 
recurrence of seizures can have both psychological and 
social consequences, and carries a risk of morbidity and 
even mortality. These issues demand careful consider-
ation and discussion. It must be emphasized to the patient 
that there is no guarantee that withdrawal of treatment 
will be successful and that, if seizures do recur, there is no 
guarantee that a return to therapy will ensure future 
remission. An estimate of the risks of recurrence on with-
drawal from, and of further recurrence on return to, 
therapy should be given. The benefi ts of drug withdrawal 
should also be discussed. The decision to initiate 
withdrawal must be made by the patient  –  not the physi-
cian  –  and only after full appreciation of the issues 
involved. The role of the clinician is to provide informa-
tion and to respond to queries and concerns; it is never 
appropriate to insist on drug withdrawal. The personal 
circumstances of the individual patient can be overriding. 
In adults, the avoidance of seizures is often of greater 
importance than in children, e.g. in relation to holding a 
driving licence or employment. In women, the question 
of future pregnancy and of a drug - free pregnancy may be 
uppermost. In children, concerns about the effects of 

epilepsy, mild epilepsy before remission or idiopathic 
epilepsy with a normal EEG, the risks are lower than 
the mean relapse rate of 40% found in the MRC study. 
A predictive model has been developed on the basis 
of the study, which takes into account some of these 
features and provides useful estimates of relapse rate 
(Table  5.17 ).     

  How to  w ithdraw  t herapy  –  the  i mportance 
of  s low  r eduction 
 When a decision to withdraw therapy is made, the drugs 
should be discontinued one at a time slowly. Of patients 
who are going to experience a recurrence of seizures on 
withdrawal 50% do so during the reduction phase and 

  Table 5.17    Mathematical basis of model predicting risk of 
recurrence of seizures after drug withdrawal   (from MRC 
drug withdrawal study) .  

   Starting score for all to 
patients    =     − 175  

   Factor value 
added to score  

     

  Age  >  16 years    45      

  Taking more than 1 AED    50      

  Seizures occurring after 
the start of treatment  

  35      

  History of any tonic –
 clonic seizure (generalized 
or partial in onset)  

  35      

  History of myoclonic 
seizures  

  50      

  EEG while in remission:          
  not done    15      
  abnormal    20      

  Duration of seizure - free 
period (years),  D   

  200/ D       

  Total score     T       

  Exponentiate  T /100          

  ( Z     =    e  T /100 )     Z       

   Probability of seizure 
recurrence   

   By 1 year      By 2 years   

  On continued treatment    1 – 0.89  Z      1 – 0.79  Z    

  On slow withdrawal of 
treatment  

  1 – 0.69  Z      1 – 0.60  Z    

   AED, antiepileptic drug.   
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 A variety of short - lived ( < 24   h) postictal affective 
symptoms can occur after individual seizures or clusters 
of seizures. In one study of the postictal state, symptoms 
of depression occurred in 43%, anxiety in 45%, hypoma-
nia in 22%, and active and passive suicidal thoughts in 
8% and 13%, respectively.  

  Depression 
 The main features of a depressive episode include: 
lowered mood, reduced energy and concentration, 
diminished capacity for enjoyment or interest, marked 
tiredness after minimal effort, disturbed sleep (hyper-
somnia or insomnia), reduced appetite and weight loss, 
reduced self - esteem and self - confi dence, ideas of guilt or 
worthlessness and  ‘ somatic symptoms ’  (early morning 
waking, diurnal variation in mood [worst in morning], 
psychomotor retardation/agitation and loss of libido). 
In severe depression there may be recurrent thoughts of 
death and suicide, delusions, hallucinations and stupor. 
In epilepsy, it is important to differentiate the effects of 
medication or cognitive problems, and the Neurological 
Disorders Depression Inventory for Epilepsy (NDDI - E) 
is a rating scale specifi cally designed for patients with 
epilepsy. The Beck Depression Inventory has also been 
validated in epilepsy. 

  Antidepressant  d rug  t herapy 
 The mainstay of treatment of depression is with antide-
pressant drugs. Many antidepressants are used in epilepsy 
and citalopram, mirtazepine, normiphensine, amitripty-
line and reboxetine have been subjected to clinical trials 
specifi cally in patients with epilepsy. The largest clinical 
antidepressant trial to date, the National Institute of 
Mental Health (NIMH) STAR - D (sequenced treatment 
alternatives to relieve depression) trial, was recently com-
pleted. The trial protocol consisted of patients sequen-
tially moving through four treatment levels depending on 
whether or not they responded to a particular antidepres-
sant or combination of antidepressants. The purpose of 
the trial was to determine the effectiveness of different 
treatments for people with major depressive disorder who 
did not respond to the initial antidepressant treatment 
choice. In treatment level 1, all patients received citalo-
pram. A third entered remission and a further 
10 – 15% showed a clinically signifi cant response. Those 
who did not respond were switched to treatment level 2, 
in which the citalopram was either changed to sertraline, 
venlafaxine or cognitive – behavioural therapy (CBT) or 
augmented with buspirone or bupropion (both contrain-
dicated in epilepsy) or CBT. Of the patients treated within 

drugs on learning may encourage earlier drug withdrawal. 
It is not possible to make general recommendations, and 
the wishes of the individual patient should be paramount. 
One study has shown how poorly physician expectations 
are predictive of patients ’  decisions in this area.    

  Psychiatric  d isorders in  e pilepsy 

 There is a huge and contradictory literature on the psy-
chiatric risks of epilepsy. Indeed, for many years, epilepsy 
was considered a  ‘ psychiatric disease ’  and there is no 
doubt that there are complex but close relationships with 
various psychiatric conditions. At a rough approxima-
tion, about a third to half of adults with epilepsy 
have psychiatric diffi culties, in a broad sense, and in a 
population - based study the rate of psychiatric disorders 
among children with epilepsy was 27%, compared with 
7% in the general population. The more chronic or 
more severe the epilepsy, the higher the rate of psychiat-
ric disorders. The cause of psychiatric disturbances in 
epilepsy is multifactorial and includes the biological 
effects of seizures, the genetic and neurological context 
of the epilepsy, the effects of drugs and social factors. 
The issue is complicated by the bidirectional nature of 
the relationship. 

  Depression and  a nxiety 
 Conventional mood disorders are encountered in 
many patients with epilepsy, and these include anxiety, 
depression, dysthymia and panic disorders. Intermittent 
affective – somatoform symptoms are frequently present 
in chronic epilepsy and include irritability, depressive 
moods, anergia, insomnia, atypical pains, anxiety, phobic 
fears and euphoric moods. Some are present continually 
but others show marked variation in relation to seizure 
activity. Prodromal dysphoria and peri - ictal dysphoria 
are common. 

  Ictal and  p ostictal  a ffective  s ymptoms 
 Many patients with focal seizures report prodromal states 
of depression, irritability or anxiety occurring hours to 
days before a seizure. The symptomatology of simple or 
complex partial seizures affecting limbic structures 
includes fear, anger, depression and sexual excitement. 
These can be severe, and can be confused diagnostically 
with primary panic attacks, which are also common in 
patients with epilepsy. Ictal depression may range from 
mild feelings of sadness to profound hopelessness and 
despair. 
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level 2 25% eventually became symptom free. Level 3 
treatment included mirtazepine or nortriptyline and, 
in level 4, antidepressant drug combinations, such as 
mirtazepine plus venlafaxine, were used. Although this 
trial was not carried out in patients with epilepsy (in 
whom bupropion is contraindicated and nortriptyline 
best avoided), a simple and evidence - based pathway for 
the treatment of depression in epilepsy (based on 
the other factors discussed above) would be to start 
treatment with citalopram, and then if remission of 
symptoms is not achieved progress through sertraline, 
mirtazepine and venlafaxine. Recommended starting 
doses, usual treatment dose and maximum doses as 
observed in routine psychiatric practice are outlined in 
Table  5.18 .   

 On initiation of therapy with antidepressant drugs, 
common symptoms include a temporary worsening of 
anxiety and agitation, which usually passes after the fi rst 
week or two. In very anxious patients, low - dose short -
 term benzodiazepine cover (e.g. diazepam 2   mg three 
times a day) may be given, and normal starting doses may 
be halved. Hyponatraemia, common in patients on 
oxcarbazepine or carbamazepine, can be exacerbated by 
most selective serotonin reuptake inhibitors (SSRIs) and 
is often seen in the older patient group. Mirtazepine is 
less likely to cause hyponatraemia, or sexual side effects, 
but often causes sedation and weight gain. The SSRIs and 
the serotonin – noradrenaline reuptake inhibitor (SNRI) 
venlafaxine should be taken in the morning because 
evening use can lead to initial insomnia. Fluoxetine is 
often said to have an  ‘ activating ’  effect and may be useful 
in fatigued or lethargic patients, and those with psycho-
motor retardation. It also has the added benefi t of being 
one of the few antidepressants that does not cause signifi -
cant weight gain, a particular problem in patients taking 
antiepileptic drugs that also induce weight gain, such as 
valproate, gabapentin and pregabalin. In the UK it is the 
only antidepressant currently licensed for use in children 
and adolescents aged  < 18 years. Its other benefi t is that 
the main active metabolite, norfl uoxetine, has a half - life 
of 4 – 16 days, and in patients who regularly forget to take 
their medication this can often help to prevent SSRI 
discontinuation symptoms emerging.  

  The  e ffects of  a ntidepressants on  s eizures 
 One concern is that antidepressants lower the seizure 
threshold. However, the incidence of seizures in people 
without epilepsy treated with SSRI, noradrenergic and 
specifi c serotoninergic (NaSS) and SNRI antidepressants 
is actually signifi cantly lower than would be expected in 
the general population (citalopram  < 0.3%, sertraline 0%, 

fl uoxetine 0.2%, duloxetine 0.0%, mirtazepine 0.04%, 
venlafaxine 0.1%) with the exception of bupropion. 
Fluoxetine and citalopram have been reported to produce 
antiepileptic effects in open - label studies of non - depressed 
epileptic patients, reducing seizure frequency by as much 
as 35 – 64%, and it may be that seizures that occur after 
starting SSRIs merely refl ect the increased risk of seizures 
associated with the depressive disorder. Tricyclic antide-
pressants (TCAs, particularly high - dose) and tetracyclic 
antidepressants are felt to pose a greater level of risk. 
However, in patients with epilepsy on antiepileptic 
drugs, the risks of antidepressant - induced seizures seem 
very low. 

 Another possible risk is that antidepressant use can 
 ‘ switch ’  depressed patients into a manic state in those 
with hitherto undiagnosed bipolar disorder presenting 
with depression as the index episode. There are certain 
features in the history that should act as a red fl ag for this 
possibility and would warrant specialist referral before 
initiating antidepressant therapy: 
   •      Prepubertal, adolescent or postpartum onset  
   •      A hypersomnic/psychomotor retarded or catatonic 
psychotic episode  
   •      Positive family history for bipolar disorder or consecu-
tive generation mood disorder  
   •      An episode of pharmacologically induced hypomania.    
 In general, the risk of switching is thought to be lower 
with SSRIs than with TCAs.  

  Drug  i nteractions  b etween  a ntidepressant and 
 a ntiepileptic  d rugs 
 Carbamazepine, phenytoin, primidone and barbiturates 
are potent inducers of the cytochrome P450 (CYP) 
enzymes at regular doses, as are oxcarbazepine and topi-
ramate at higher doses; these enzymes are involved in the 
metabolism of TCAs and all SSRIs and SNRIs. The drugs 
affected include amitriptyline, nortriptyline, doxepine, 
clomipramine, mianserin, nomifensine, bupropion and, 
to a lesser extent, citalopram and paroxetine. The doses 
of these antidepressants will often need to be increased 
when used alongside these antiepileptic drugs. 

 Valproate is a broad - spectrum inhibitor of drug 
metabolism and has been associated with a 50 – 60% 
elevation in plasma amitriptyline and nortriptyline 
concentrations. Valproate also increases concentrations 
of clomipramine and paroxetine. Certain SSRIs also 
inhibit CYP enzymes: fl uoxetine and fl uvoxamine are 
mild - to - moderate inhibitors of CYP3A4, the primary 
enzyme involved in carbamazepine metabolism. 

 Neither paroxetine nor sertraline affects plasma 
concentrations of carbamazepine or phenytoin, but 



Principles of Treatment  109

  Table 5.18    Commonly used antidepressants and antipsychotics: doses, receptor binding and other effects. 

   Antidepressant/ 
antipsychotic  

   Starting 
dose/timing  

   Usual 
treatment dose  

   Maximum 
dose  

   Pharmacology     Adverse/other effects  

  Citalopram    10 – 20   mg, 
morning 
(use 10   mg if 
very anxious 
 ±  panic)  

  20 – 40   mg    60   mg    H 1 , inhibits 
CYP2D6  

  Inconsistent effect at lower doses 
 Effective in elderly people  

  Sertraline    50   mg, 
morning  

  50 – 100   mg    200   mg    SRI, DRI, sigma 
1 binding  

  Good for atypical/psychotic 
(delusional) depression  

  Fluoxetine    20   mg 
morning  

  20 – 40   mg    60   mg    SRI, NRI, 
5HT 2C  
antagonist. 
Inhibits 
CYP2D6/3A4  

  Energizing and fatigue - reducing 
effect  

  Mirtazepine    15   mg, night    30   mg    45   mg     α  2 , H 1 , 
5HT 3/2A/2C   

  No signifi cant sexual dysfunction 
 Weight gain 
 Sleep restoring 
 Less nausea/gastrointestinal 

problems 
 Anxiolytic  

  Venlafaxine XL    75   mg, 
morning  

  150   mg    225   mg    SRI, NRI    Extended - release version reduces 
side effects, particularly nausea 

 May be linked to more robust and 
longer remission rates 

 Metabolized by CYP2D6  

  Risperidone    2   mg    4 – 6   mg    16   mg (doses 
 > 8   mg are 
rarely used)  

  5HT 2A , D 2 ,  α  1 , 
 α  2 , 5HT 7   

  EPSE at higher doses, 
hyperprolactinaemia, 
hypertriglyceridaemia, insulin 
resistance, HONK 

 Less weight gain than olanzapine 
and clozapine 

 Higher doses may be required due 
to enzyme induction by 
carbamazepine/phenytoin 
(CYP3A4)  

  Olanzapine    5   mg    5 – 15   mg    20   mg    mACh, 5HT 2A , 
D 1 – 4 ,  α  1/2 , H 1 , 
5HT 3/6 , 
5HT - C  

  Weight gain, sedation (less than 
clozapine) 

 Poses defi nite cardiometabolic, 
dyslipidaemia and diabetes risks 

 EPSE not common 
 Enzyme induction possible with 

carbamazepine (CYP1A2)  

  Quetiapine    25 – 100   mg 
(depending 
on age)  

  400 – 600   mg    750 – 800   mg    D 2 , 5HT 2A/1A/2C , 
H 1 ,  α  1 ,  α  2 , 
M 1   

  Virtually no EPSE 
 No hyperprolactinaemia 
 Sedation 
 Intermediate to high risk of 

dyslipidaemia/insulin resistance  
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therapy these views are challenged, alternative possibili-
ties explored, and a more helpful set of attitudes and 
beliefs encouraged.  

  Electroconvulsive  t herapy 
 Epilepsy is not a contraindication to electroconvulsive 
therapy (ECT), and in fact there is good evidence that 
ECT actually increases seizure threshold. However, the 
use of ECT has declined signifi cantly in routine clinical 
psychiatric practice, although it is still employed (albeit 
rarely) in patients with severe depression, treatment -
 resistant mania and, on a very occasional basis, in 
psychosis.  

  Deep  b rain  s timulation for  t reatment -  r esistant 
 d epression 
 Up to 20% of patients with epilepsy and depression fail 
to respond to pharmacological or psychotherapeutic 
interventions and may then require a trial of ECT. 

sertraline doses of between 25 and 100   mg have been 
associated with both valproate and lamotrigine toxicity. 
There are several reports of plasma phenytoin concentra-
tions increasing to toxic levels after initiation with fl uox-
etine, probably due to CYP2C9 inhibition. Phenytoin 
levels can also rise with co - medication with trazodone, 
viloxazine and imipramine. 

 Citalopram, mirtazepine and venlafaxine have the least 
impact on the CYP enzyme system.  

  Cognitive –  b ehavioural  t herapy 
 It is likely that affective disorders respond better to a 
combination of pharmacotherapy and psychological 
therapy than to either modality alone. CBT usually 
involves 12 – 16 sessions with a specially trained psycholo-
gist or psychiatrist, during which patients ’  unhelpful 
beliefs about themselves and the world with which they 
interact are explored. The behaviours that result from 
these beliefs act to reinforce the depressed state. In the 

Table 5.18 Continued

   Antidepressant/ 
antipsychotic  

   Starting 
dose/timing  

   Usual 
treatment dose  

   Maximum 
dose  

   Pharmacology     Adverse/other effects  

  Amisulpiride    200   mg    400 – 800   mg    1200   mg    D 3 . Possible D 2  
partial 
agonist  

  Low EPSE 
 May cause dose - dependent QTc 

prolongation 
 Can increase prolactin  

  Clozapine    12.5   mg    300 – 700   mg 
(adjusted 
according to 
plasma level 
and response)  

  900   mg    D 1 – 4 , 5HT 2A/C , 
 α  1/2 , H 1 , mACh, 
5HT 3/6/7   

  Weight gain, sedation, 
hypersalivation, constipation, 
bowel obstruction, 
agranulocytosis, myocarditis, 
seizures 

 Sudden hyperosmolar syndrome/
diabetic ketoacidosis 

 High cardiometabolic risk 
 Reduces suicide risk 
 Cannot be combined with 

carbamazepine or lamotrigine 
because of risk of 
agranulocytosis 

 Needs slow introduction with 
EEG monitoring 

 Specialist monitoring registration  

   5HT, serotonin; CYP, cytochrome P450; D, dopamine; DRI, dopamine reuptake inhibition; EPSE, extrapyramidal side effects; 
H, histamine; HONK, hyperosmotic non - ketotic acidosis; mACh, muscarinic acetylcholine receptor; NRI, noradrenaline 
reuptake inhibitor; SRI, serotonin reuptake inhibitor.   
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  1     Recurrent obsessional thoughts  –  ideas, images or 
impulses that repeatedly enter the patient ’ s mind in a 
stereotyped form. These are recognized as the patient ’ s 
own thoughts, but are felt to be distressing and are 
usually resisted  
  2     Compulsive acts or rituals that are stereotyped repeti-
tive behaviours, which are not enjoyable and do not 
result in the completion of useful tasks.    
 Their function is to prevent some objectively unlikely 
event, often involving harm to or caused by the patient. 
Resisting the compulsive act usually leads to an immedi-
ate increase in anxiety. Obsessive – compulsive disorder 
may also follow or be terminated by temporal lobe 
surgery.  

  Suicide 
 Suicide accounts for about 1.5% of deaths worldwide. 
The suicide rate of epilepsy is estimated to be between 4 
and 8%, but two large population studies shown increased 
standardized incidence ratios of 2.1 and 1.7 for suicide in 
patients with epilepsy, although the differences were not 
statistically signifi cant. It has been stated that the lifetime 
prevalence of suicidal ideation is roughly twice as high 
among patients with epilepsy as among the general popu-
lation. The risk of suicide seems greatest in those who are 
on antipsychotic medication and also those with tempo-
ral lobe epilepsy (compared with other types). The risk is 
also increased after temporal lobe surgery  –  and of 193 
patients followed up after temporal lobectomy for 5 – 24 
years, 9 of 37 deaths were by suicide. 

  FDA  g uidance on  s uicide  r isk  a ssociated with  AED s 
 One particular rumour that has blighted this area was the 
suggestion made in 2008 by the FDA that antiepileptic 
medication increased the risk of suicide. This followed a 
review of 199 placebo - controlled trials with a total of 
27   863 patients in the drug arms and 16   029 patients in 
the placebo arms. There were four completed suicides in 
the treatment group, a rate of about 1 in 7000. Suicidal 
behaviour or ideation occurred in 1 in 270 of the drug -
 treated group compared with 1 in 416 of the placebo 
group. The overall number needed to harm was 2 per 
1000 and the OR was signifi cant at 1.8. In subanalyses for 
each individual drug, carbamazepine and valproate 
appeared to reduce suicidal behaviour and ideation 
events, although this effect was not signifi cant; neverthe-
less, the alert currently includes the entire class of anti-
epileptic drugs. The manufacturers of lamotrigine then 
submitted three additional placebo - controlled trials, 
which were not part of the primary analysis. In these 

Despite this, some patients remain severely depressed. 
Chronic stimulation to modulate subgenual cingulate 
grey matter and interconnected frontal and subcortical 
regions has been tested in experimental situations. 
Whether these approaches would be benefi cial in epilepsy 
and depression has not been demonstrated.   

  Atypical  a ffective  d isorders in  e pilepsy  –  the 
 i nterictal  d ysphoric  s yndrome 
 Many patients with epilepsy have  ‘ atypical affective 
disorder ’  (with symptoms that do not conform to the 
 Diagnostic and Statistical Manual of Mental of Mental 
Disorders  [DSM] criteria for depression or anxiety). The 
most common is the  ‘ interictal dysphoric syndrome ’ . 
This condition is sometimes intermittent and sometimes 
chronic, and the symptomatology includes: irritability, 
low mood, insomnia, anxiety and occasional euphoria, 
depressive mood, anergia, anhedonia, poor concentra-
tion, guilt, recurrent thoughts of death, a sense of worth-
lessness, weight loss/gain, pain, labile affective symptoms 
(fear, anxiety), and sometimes paroxysmal irritability 
and euphoria. Anhedonia can be very prominent  

  Generalized  a nxiety  d isorder 
 In various studies, the prevalence of anxiety disorders 
in epilepsy has ranged from 12% to 60%. The main 
symptoms include persistent nervousness, trembling, 
muscular tension, sweating, light - headedness, palpita-
tions, dizziness and epigastric discomfort.  

  Panic  d isorder 
 Patients with epilepsy were six times more likely to have 
panic disorder than the general population, with a preva-
lence estimated to range from 5% to 30%. The essential 
features of panic disorder are recurrent attacks of severe 
anxiety (panic), which are not restricted to any particular 
situation or set of circumstances and are therefore unpre-
dictable. Episodes of interictal panic are more protracted 
than those seen in the ictal phase, usually lasting from 
5   min to 20   min but sometimes persisting for several 
hours. The feeling of fear or panic is very intense ( ‘ feeling 
of impending doom ’ ) and associated with a range of auto-
nomic symptoms (tachycardia, blood pressure fl uctua-
tion, diffuse diaphoresis and shortness of breath). It is 
important to differentiate true panic attacks from partial 
seizures, which sometimes can have similar symptoms.  

  Obsessive –  c ompulsive  d isorder 
 The prevalence of obsessive – compulsive disorder is 
about 15% in patients with temporal lobe epilepsy and 
less common in other forms. The two key features are: 
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approximately 1.5% (compared with 0.07 – 0.09 in the 
general population). EEG changes seem to occur in about 
7% of patients treated with antipsychotic drugs. 
One study found a risk of 0.3% for risperidone and 
0.9% for olanzapine and quetiapine. The risk with 
clozapine increased in a dose - dependent manner from 
1.0% with low doses ( < 300   mg/day) to 2.7% with moder-
ate doses and 4.4% with high - dose (600 – 900   mg/day) 
treatment. The fear of eliciting additional seizures has 
led to an exaggerated sense of caution in antipsychotic 
drug use. In patients co - medicated with antiepileptic 
drugs, the risk of an increase in seizures is lower. The 
potential risk becomes an issue mainly in those who are 
seizure free, in whom the recurrence of seizures has a 
generally greater impact. 

 The side effects of the antipsychotic drugs are a major 
problem, in particular sedation, weight gain, worsening of 
glycaemic control, extrapyramidal effect, haematological 
toxicity and hepatotoxicity. In addition, pharmacokinetic 
interactions are common with enzyme - inducing antiepi-
leptics, because the antipsychotics and antiepileptics may 
share metabolic pathways. Carbamazepine and other 
enzyme - inducing antiepileptic drugs lower concentra-
tions of haloperidol, chlorpromazine, clozapine, olanzap-
ine, risperidone and quetiapine. These interactions can be 
very marked (by up to 50% on occasions) and clinically 
important. Valproate has few interactions, and the anti-
psychotics do not generally affect AED concentrations. 

 Sometimes exacerbations of interictal psychosis are 
prolonged and non - responsive to treatment. In these 
cases clozapine can be used, but it can precipitate seizures 
and also carries a signifi cant risk of leucopenia, and 
close monitoring of blood counts is necessary. ECT has 
occasionally been used, and is often strikingly effective, 
but there is a theoretical risk of ECT - induced status 
epilepticus.  

  Ictal  p sychosis 
 This is the short - term psychosis that occurs in a non -
 convulsive seizure, and in which the features are due to 
the epileptic activity itself. It is really an example of 
complex partial status epilepticus. The seizure symptom-
atology includes psychiatric features such as inaccessibil-
ity, delusions, illusions, visual or auditory hallucinations, 
ideas of reference, paranoia, thought disorder, and often 
a rather curious but characteristic perseverative obsessive 
insistence on oppositions (such as black/white, good/
bad, right/left). The hallucinatory experiences often have 
religious content. The attacks typically last hours, but can 
be much more prolonged (occasionally continuing for 

three trials there were nine suicidal behaviour or ideation 
events, only one of which occurred in the drug arm, with 
the other eight occurring in the placebo arm. 

 The FDA advice has raised signifi cant concerns that 
patients might stop their antiepileptic drugs, placing 
them at a much higher risk of accidental injury and 
SUDEP. Furthermore, the data on suicide need to be 
collected in a prospective and systematic way and, in the 
author ’ s view, given the complexity of the interrelation-
ship of epilepsy, depression and suicide, this meta - 
analysis is insuffi ciently robust to be of much value.    

  Psychosis 
 Psychosis in epilepsy is usually differentiated into inter-
ictal, ictal and postictal categories. However, in practice, 
these distinctions are not necessarily clear cut and the 
clinical course of many patients demonstrates a mixed 
picture. Psychosis can also occur in an  ‘ alternating ’  pattern 
and after temporal lobe surgery    (see pp. 316 – 317, 337) . 

  Interictal  p sychosis 
 A grumbling chronic interictal psychosis, with occasional 
exacerbation, is often seen in patients with severe epi-
lepsy. Prevalence rates vary, but a recent review suggested 
that 15 – 20% of patients with epilepsy reported psychotic 
disorders and that these are somewhat more common in 
temporal lobe epilepsy. The psychosis is similar to that of 
primary schizophrenia and, although there is a great 
overlap of symptoms, generally there is, in the interictal 
psychosis of epilepsy, greater preservation of affect, fewer 
negative symptoms and arguably greater insight. The 
positive symptoms are similar, e.g. those of thought dis-
order, delusions and hallucinations. Psychotic features 
may be quite mild, and complicated by irritability, 
anxiety, paranoia and dysphoria. The interictal psychosis 
of epilepsy almost always develops only after the epilepsy 
has been present for many years (usually after a decade 
or so of seizures) and almost always in patients in whom 
epilepsy control has been poor. 

 In most cases antipsychotic medication is required. 
Sulpiride is a good drug for mild psychosis, and its addi-
tional anxiolytic effects can be helpful. During acute 
exacerbations of psychotic behaviour, risperidone, olan-
zapine or quetiapine may become necessary. The recom-
mended starting, maintenance and maximum doses are 
given in Table  5.18 . 

 Treatment is complicated by the fact that almost all 
available antipsychotics are mildly epileptogenic, with 
seizure incidence rates (in patients who previously had 
not had seizures) ranging from approximately 0.1% to 
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  Forced  n ormalization ( a lternating  p sychosis) 
  ‘ Forced normalization ’  is a term coined by Landolt in 
1958. He defi ned this as  ‘ the phenomenon characterized 
by the fact that, with the recurrence of psychotic states, 
the EEG becomes more normal, or entirely normal, as 
compared with previous and subsequent EEG fi ndings ’ . 
More recently, the concept has been loosened to refer to 
almost any psychiatric disorder occurring in patients 
whose seizure frequency is reduced (disregarding the 
EEG altogether), and elaborate explanatory theories have 
been derived from doubtful evidence. One criticism of 
the original concept, and particularly of the loose extrap-
olation to include seizures as well as EEG change, is that 
the reverse situation is much more commonly observed 
in clinical practice  –  that psychotic behaviour is increased 
at times of seizure exacerbation or worsening EEG 
change. In the eyes of most epileptologists, the concept 
of forced normalization is of dubious validity and little 
practical importance, except perhaps in very occasional 
circumstances. Furthermore, the scalp EEG is a notori-
ously insensitive tool at detecting epileptic activity in 
medial limbic structures and a normal scalp EEG is by no 
means a reliable predictor of quiescent epilepsy. 

 The exact mechanism of this pattern is unclear. 
Antipsychotics, antidepressants and anxiolytic drugs, as 
appropriate, can be used to treat these episodes. In some 
individuals the psychosis may be at least in part due to 
the new introduction of an AED (which causes the remis-
sion of seizures), and not to the effect on seizure control. 
In this situation, the correct therapy is the replacement 
of this drug by others. In exceptional cases it is deemed 
better to allow seizures to continue rather than risk psy-
chotic breakdown.   

  Personality  d isorders 
 Personality disorders are defi ned as an  ‘ enduring pattern 
of inner experience and behaviour that deviates markedly 
from the expectations of the individual ’ s culture ’ . These 
are manifested by abnormalities in: 
   •      the patient ’ s way of seeing him -  or herself, other people 
or events  
   •      the range, intensity, lability and appropriateness of 
affectivity  
   •      impulse control  
   •      interpersonal functioning.    
 In patients with epilepsy, the prevalence of personality 
disorders has been said to range from 18% to 61% 
(mean 31%). 

 Much has been written on personality disorders in 
patients with epilepsy, a lot of which is based on little fi rm 

months or years). The attacks are usually self - limiting, 
and the symptoms frequently fl uctuate or  ‘ cycle ’ .  

  Postictal  p sychosis 
 A postictal psychosis is defi ned as a psychotic episode 
occurring within 7 days of the last generalized tonic –
 clonic seizure or cluster of complex partial seizures. There 
are a number of common but unusual clinical features: 
   •      A delay between the onset of psychiatric symptoms and 
the time of the last seizure  
   •      Relatively short duration of psychosis  
   •      Affect - laden symptomatology  
   •      The clustering of symptoms into delusional and 
affective - like psychoses  
   •      The onset of postictal psychosis after a long duration 
of epilepsy (for a mean period of  > 10 years)  
   •      A prompt response to low - dose antipsychotics or 
benzodiazepines.    
 Most episodes occur in patients aged between 30 and 40 
years, and in 86% they follow a clear increase in 
generalized seizure frequency. The lucid interval can last 
between 1 and 6 days (mean 2.5) in 75%, after which 
hallucinations (mainly auditory) are found in about a 
third and delusions (mainly persecutory) in a quarter. 
The psychopathology is similar to that of the primary 
psychoses, but mood is often markedly abnormal; 
paranoid delusions and both auditory and visual halluci-
nations are common, and hypomania and religiosity 
are common. The mixture of grandiose and religious 
delusions in the presence of elevated mood and a feeling 
of mystic fusion of the body with the universe is charac-
teristic. It is likely that at least some cases of apparently 
 ‘ postictal psychosis ’  are not in fact  ‘ postictal ’  at all but 
result from ongoing seizure activity  –  and thus can be 
categorized as cases of non - convulsive status epilepticus. 
It has been proposed that the psychosis should be subdi-
vided into two types: fi rst, a nuclear type representing the 
established clinical picture as an indirect after - effect of 
seizure activity and, second, an atypical peri - ictal type, 
occurring as a direct manifestation of limbic epileptic 
discharges (i.e. complex partial status). During the psy-
chotic episode, lorazepam is the drug of choice, and is 
sometimes suffi cient alone. In other cases, antipsychotic 
drugs are needed, as for the interictal psychosis. Indeed 
the distinction between the postictal and interictal psy-
chosis of epilepsy is blurred, more so than often appreci-
ated, and the postictal psychosis is sometimes simply an 
exacerbation of the interictal condition; furthermore, 
after repeated episodes of postictal psychosis, some indi-
viduals develop a clear chronic interictal psychotic state.  
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prevent or minimize disruption due to intermittent 
behavioural instability. Some patients require antide-
pressants or anxiolytic therapy. Antipsychotic agents are 
helpful in those prone to signifi cant irritability, outbursts 
of temper and bouts of aggression. A low - potency anti-
psychotic such as sulpiride, administered continuously, 
can be a useful adjunctive therapy and prevent adverse 
behavioural exacerbations in some individuals. 

  Organic  m ental  d isorders 
 An interesting attempt to classify the personality and 
other  ‘ organic mental disorders ’  (OMDs) associated with 
epilepsy has been made by Lindqvist and Malmgren (the 
LM scheme). The OMDs are divided into six basic 
categories: 
  1     asthenoemotional disorder  
  2     emotional – motivational blunting disorder (EMD)  
  3     somnolence – sopor – coma disorder (SSCD)  
  4     confusional – disorder (CD)  
  5     hallucination – coenestopathy – depersonalization dis-
order (HCDD)  
  6     Korsakoff amnestic disorder (KAD).    

 Each disorder can occur separately or together with 
one or more OMDs, and all six disorders may be seen in 
epilepsy. However, three are more specifi c to this disor-
der: the asthenoemotional disorder, the EMD and the 
HCDD. 

 In one study, a series of 70 patients, 54 underwent 
temporal and 16 underwent extratemporal resections. 
When presurgical evaluation was carried out on all 
patients, 38.6% of patients were reported to have an 
OMD, of which asthenoemotional disorder (22.9%) and 
EMD (15.7%) were the most common. Postoperatively, 
60.9% of patients showed an OMD at some time, the 
most common diagnosis again being the asthenoemo-
tional disorder in both temporal and extratemporal lobe 
resections (49.1% and 50%, respectively). The frequency 
of EMD was signifi cantly higher in the extratemporal 
resection group (37.5% compared with 9.4% in patients 
with temporal lobe resections). Patients with preopera-
tive anxiety – depressive disorders (ADs) as well as pre -  
and/or postsurgical asthenoemotional disorder were 
signifi cantly more likely to develop an AD postopera-
tively than patients with no such history. This risk was 
also reported to be higher for patients with a presurgical 
asthenoemotional disorder than for those who newly 
developed this disorder after surgery. Laterality or site of 
resection, histopathology and seizure outcome were not 
signifi cantly correlated to pre -  and/or postsurgical diag-
noses of asthenoemotional disorder. One year after the 

evidence. Furthermore, the biological effects of the epi-
lepsy, the effects of drug treatment, and the secondary 
handicap of living with epilepsy or growing up with epi-
lepsy may all contribute to personality diffi culties. It 
must also be stressed that most patients with epilepsy 
have perfectly normal personalities. 

 Specifi c patterns of personality disturbance have been 
postulated. These include fi ve features said to occur more 
often in temporal lobe epilepsy (Geschwind syndrome): 
changes in sexual behaviour (usually a decreased interest 
in sexual matters), hypergraphia (compulsive writing), 
hyper - religiosity (an expansive interest in religious 
matters), aggression and viscosity  –  defi ned as the ten-
dency to prolong interpersonal encounters, and often 
associated with circumstantial and pedantic speech. 
Laterality of the seizure focus is also reported to infl uence 
personality diffi culties, although evidence here seems 
especially poor. Those with left - sided epileptogenic foci 
are said to be more ideative (i.e. to have philosophical 
interests, sense of personal destiny), with a tendency to 
have a poor opinion about themselves ( ‘ tarnish their own 
image ’ ), whereas those with right - sided foci have been 
described as being more emotional, with a tendency to 
alternate between periods of sadness and periods of 
elation, and to have a high opinion of themselves ( ‘ polish 
their own image ’ )  –  this has been referred to as the 
syndrome of temporal hyperconnection. This contrasts 
with the Kl ü ver – Bucy syndrome which occurs as a con-
sequence of bilateral anterotemporal destructive lesions 
and comprises oral exploratory behaviour, hypersexual-
ity and decreased aggression. It may be seen in patients 
with temporal lobe epilepsy who have had a unilateral 
temporal lobectomy, and who then undergo compromise 
of the contralateral temporal lobe due to a brain injury, 
cerebrovascular disease or other pathology. 

 It has also been pointed out that some of these person-
ality traits in mild forms have positive implications, in 
that they make these people honest, reliable, dependable 
and upstanding members of the community. Patients 
with juvenile myoclonic epilepsy have been reported as 
having a tendency to show immaturity and lability of 
mood and emotion, although, again, evidence to support 
these propositions is poor. 

 The treatment of personality problems in epilepsy can 
be diffi cult. As in all other personality disorders, the 
mainstay of therapy is psychological treatments such as 
CBT, counselling and supportive psychotherapy. These 
should be aimed at helping the individual and those in 
his or her environment to identify and to cope with the 
specifi c problem areas. A careful choice of AED could 



Principles of Treatment  115

irritation. Drugs associated with more severe psychiatric 
adverse events include: barbiturates with depression and 
attention defi cit hyperactivity disorder in children; phe-
nytoin with toxic schizophreniform psychoses; valproate 
with acute and chronic encephalopathies; vigabatrin, 
topiramate and other drugs with depression and alterna-
tive psychoses, and agitation; and levetiracetam with 
irritability, aggressivity and psychosis. The ability of leve-
tiracetam to cause irritability and dysphoria (a  ‘ short 
fuse ’ ) in a small number of patients can be very promi-
nent in occasional patients and have particularly severe 
consequences. The side effects do not correlate particu-
larly with specifi c antiepileptic mechanisms of action, and 
certain individuals seem particularly prone to psychiatric 
side effects (from any drug)  –  and predictive factors said 
to increase the risk of psychiatric adverse effects include 
a history of drug - resistant epilepsy, a history of febrile 
convulsions (suggesting that early limbic injury predis-
poses to psychiatric vulnerability that can be triggered by 
antiepileptic drugs), and previous and familial psychiatric 
history.  

  Psychiatric  d isturbance and  p ersonality 
 c hange  a fter  e pilepsy  s urgery 
 Epilepsy surgery carries a risk of precipitating psychiatric 
disturbance. The most common problems are mood 
swings, anxiety and depression. These are seen in 20 – 30% 
of people who undergo surgery for epilepsy. Although 
distressing, these are generally mild and remit within 
weeks or months, although some people may need anti-
depressant medication or counselling. 

 More severe psychiatric breakdown may also occur. 
When temporal lobectomy was fi rst introduced in the 
1950s, it had been hoped that it would alleviate the 
psychosis of epilepsy as well as seizures; indeed, psychosis 
was seen as a positive indication. However, it was rapidly 
recognized that temporal lobectomy also often made 
psychosis worse. The literature in this area is extensive 
but the main themes are as follows: some patients can be 
cured of their psychosis after surgery (although relapse is 
common); more commonly, however, the psychosis can 
be exacerbated by surgery and new psychosis occurs in 
about 5% of patients after temporal lobectomy. Psychosis 
is more common if seizures are not controlled by surgery 
and if bilateral preoperative EEG abnormalities were 
present. Right - sided resections in some series are associ-
ated with an increased vulnerability to developing psy-
chosis postoperatively. In a recent study of individuals 
who had undergone epilepsy surgery in London, about 
10% of patients undergoing temporal lobectomy suffered 

resective surgery, the prevalence of the asthenoemotional 
disorder was equivalent to the preoperative degree.  

  Disorders of  s exual  f unction 
 Hyposexuality has been long recognized as a feature of 
epilepsy in both men and women. Between 30 and 60% 
of men with epilepsy have reported lack of desire and 
impotence, and in one study 21% of men with chronic 
epilepsy had not experienced sexual intercourse. Among 
women, self - reports of dyspareunia, vaginismus and 
arousal insuffi ciency are common, and also dissatisfac-
tion with sexual experience. There are a number of 
potential mechanisms. Clearly the psychosocial diffi cul-
ties encountered by people with epilepsy could play a 
part, including stigmatization, lack of self - esteem, 
restricted lifestyles, parental overprotection, and depres-
sion and anxiety. Biological changes including altered 
levels of sex hormones (especially free levels) are found 
in epilepsy, due to seizures and drug therapy; these too 
could contribute to sexual diffi culties. Seizures involving 
limbic structures might also be expected to alter sexual 
behaviour, and there is evidence (albeit inconclusive) 
that those with temporal lobe epilepsy have a greater 
degree of sexual dysfunction than those with generalized 
epilepsy. Antiepileptic drugs can alter the metabolism of 
sex hormones and affect their protein binding. Epilepsy 
surgery can also profoundly change, usually lowering, 
sexual drive. Treatment should begin with a careful anal-
ysis of potential causes (some of which may, of course, 
be quite independent of the epilepsy or its treatment). 
Psychosexual counselling can be very helpful. Control of 
seizures and reduction of antiepileptic therapy (including 
the withdrawal of sedative drugs) may improve sexual 
functioning, as can individual or couple sex therapy.   

  Acute  p sychotic or  d epressive  s tates 
 i nduced by  a ntiepileptic  d rugs 
 Although many antiepileptic drugs have a role in the 
management of bipolar disorder, virtually all these drugs 
have also been reported to precipitate severe adverse psy-
chiatric reactions, notably acute psychosis or depression. 
The risk seems greatest in patients with a previous history 
of psychiatric disorders. How frequently this occurs is 
not clearly known, but levetiracetam, phenobarbital, 
topiramate and vigabatrin carry perhaps the greatest risk. 
These antiepileptic drugs should be used with caution in 
patients with concurrent psychosis, and carbamazepine 
or valproate might be preferred options. 

 Many of the drugs can also cause mild psychiatric 
symptoms, particularly feelings of depression, anxiety or 
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2 – 6 cases per 10 6  of the general population. The risk 
for carbamazepine, for example, is between 1 in 50   000 
and 1 in 200   000 for aplastic anaemia, 1 in 700   000 for 
agranulocytosis and 1 in 450   000 for death associated with 
these events. Felbamate is the only antiepileptic drug 
where the risk of bone marrow suppression is so high 
as to severely restrict its clinical use, with an incidence 
of aplastic anaemia estimated to be between 1 in 2000 
and 1 in 37   000. Rare cases of aplastic anaemia have also 
been associated with phenytoin, ethosuximide and 
valproate. Selective suppression of bone marrow cells 
may lead to agranulocytosis and pure cell aplasia. 
Sporadic cases of immune - mediated thrombocytopenia 
or agranulocytosis have been reported with carbamaze-
pine, lamotrigine, phenytoin, felbamate, primidone and 
tiagabine; the thrombocytopenia due to valproate is 
more common and not immune mediated. Pseudo -
 lymphoma syndrome, which may be part of the DRESS 
(drug rash [or reaction] with eosinophilia and systemic 
symptoms) syndrome spectrum, can be caused by 
phenytoin and less commonly other antiepileptics with 
an aromatic structure.  

  Hepatic  f ailure 
 The overall incidence of hepatotoxicity has been estimated 
at 1 in 26   000 to 1 in 34   000. Drug - induced liver toxicity 
can be due to immune - mediated mechanisms or direct 
cytotoxic damage. Valproate and felbamate are associated 
with the greatest risk of potential liver toxicity. The risk of 
fatal hepatotoxicity with valproate varies with age and 
clinical context. The highest risk (1 in 600) is found in 
children aged  < 2 years with complex neurological disor-
ders receiving polytherapy. In older patients the incidence 
is no more than 1 in 37   000 for monotherapy and 1 in 
12   000 for polytherapy, and fatalities beyond 20 years of 
age are exceedingly rare (it has been estimated that 132 
patients have died of valproate - induced liver failure and/
or pancreatitis). The pathogenic mechanism of valproate -
 induced hepatotoxicity is probably a direct toxic action of 
valproate and/or its metabolite. There is some evidence 
that the children at risk may have undiagnosed urea cycle 
enzyme disorders or mitochondrial disease (and, in par-
ticular, Alpers disease). Early recognition of liver failure is 
important in improving outcome, and blood measure-
ments of liver enzymes, ammonia and prothrombin time 
are essential if vomiting or somnolence occurs. The risk 
of hepatic failure on felbamate is between 1 in 26   000 and 
1 in 34   000 exposures. The mechanism of felbamate -
 induced liver toxicity is not clearly understood, but may 
depend on the formation of reactive toxic metabolites. 

a depressive or psychotic episode after surgery of a sever-
ity that required hospitalization, and many more needed 
consultation and treatment. Compounding these prob-
lems is the fact that no preoperative risk factors have been 
identifi ed that reliably predict postoperative psychiatric 
disturbance. The lack of preoperative psychopathology 
does not seem to protect against postoperative anxiety or 
depression. There is also no clear relationship between 
psychiatric disturbance and either the lateralization of 
the surgery or the nature of the pathological tissue. 
Postoperative psychosis should be treated in the same 
fashion as interictal psychosis, and usually responds to 
therapy, but occasional cases are resistant and permanent 
psychotic states unfortunately do occur after temporal 
lobectomy, although the frequency or extent of this risk 
is not clearly known. 

 The occurrence of personality change after surgery is 
a poorly studied subject, but one of great concern. 
Various changes have been well documented, but their 
frequency and the factors predicting risk are largely 
unknown. Well recognized are changes in sexuality 
(usually hyposexuality), emotionality (fl attening of emo-
tional responses), impulsivity and obsessive – compulsive 
disorders. Anxiety, depression, personality change and 
psychotic breakdown can also occur after temporal lobe 
resections. Studies of the effect of epilepsy surgery on 
OMDs are described above. 

 Counselling patients in this situation is diffi cult. In 
general patients, particular caution must be communi-
cated to patients with a strong past or family history of 
psychopathology, as they have inherent biological 
vulnerability. Although it is not clear if co - morbid 
psychopathology as such increases the risk of postopera-
tive psychopathology, the burden of surgery is likely 
to be greater in someone who has an ongoing psychiatric 
illness. Also, candidates for surgery with poor psychoso-
cial support, strained personal and familial circum-
stances, poor understanding of the process or 
unreasonable expectations are especially likely to develop 
postoperative psychopathology.   

  Life -  t hreatening  i diosyncratic  r eactions 
 d ue to  a ntiepileptic  d rug  t herapy 

 Life threatening idiosyncratic reactions due to anti-
epileptic drugs are thankfully rare (Table  5.19 ).   

     Haematological  r eactions 
 The risk of marrow and/or hepatic failure has been 
calculated for various drugs. Aplastic anaemia occurs in 
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severe reaction needs to be differentiated from com-
monly occurring minor hypersensitivity reactions due to 
the same drugs (see below). 

 The DRESS syndrome is a severe form of hypersensi-
tivity characterized by fever, skin eruption, eosinophilia, 
atypical lymphocytosis, arthralgia, lymphadenopathy 
and multiorgan involvement. It occurs most frequently 
with phenytoin (2.3 – 4.5 cases per 10   000 exposures) and 
carbamazepine (1.0 – 4.1 cases per 10   000 exposures). 
Cases have also been reported with lamotrigine. Pseudo -
 lymphoma, sometimes part of the DRESS syndrome, is a 
rare complication of phenytoin and other antiepileptic 
drugs with an aromatic structure. 

 Stevens – Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN; Lyell syndrome) are related severe cuta-
neous reactions, resulting in bullous reactions accompa-
nied by mucosal involvement and skin detachment. The 
risk is highest (1 in 50 to 1 in 300) with lamotrigine in 
paediatric practice, particularly when a high starting 
dosage is used or when the child is co - medicated with 
valproate. This limits the use of lamotrigine in young 
children, and the risk should be clearly mentioned to all 
patients initiating lamotrigine therapy. In adults, the 
incidence of lamotrigine - induced SJS is in the order of 

Aromatic antiepileptic drugs have been recognized as a 
cause of severe immune - mediated hepatitis, as part of the 
spectrum of DRESS or in isolation. The risk for carbam-
azepine is 16 cases per 100   000 treatment years. Rare cases 
of severe lamotrigine - induced liver toxicity have been 
reported.  

  Pancreatitis 
 Pancreatitis occurs with valproate in 1 in 40   000 cases, 
and most commonly occurs during the fi rst year of treat-
ment or after an increase in dosage. Age  < 20 years, poly-
therapy, chronic encephalopathy and haemodialysis are 
possible risk factors.  

  Skin  r eactions and the  a nticonvulsant 
 h ypersensitivity  s yndrome 
 The arene oxide - producing drugs  –  phenytoin, carbam-
azepine, phenobarbital, primidone and lamotrigine  –  can 
all cause acute hypersensitivity. This is a potentially fatal 
reaction and occurs in about 1 of 1000 – 10   000 exposures. 
The main manifestations include fever, rash and lymph-
adenopathy accompanied by multiorgan system abnor-
malities. The reaction may be genetically determined and 
siblings of affected patients may be at increased risk. This 

  Table 5.19    Serious idiosyncratic reactions associated with individual antiepileptic drugs. 

        SJS/TEN     Liver toxicity     Pancreatitis     Aplastic anaemia     Agranulocytosis     SLE  

  Acetazolamide     +      +      –      +      +      –   
  Carbamazepine     +      +      +      +      +      +   
  Ethosuximide     +      +      –      +      +      +   
  Felbamate     +      +      +      +      +      +   
  Gabapentin     –      –      –      –      –      –   
  Lamotrigine     +      +      +      +      –      –   
  Levetiracetam     –      +      +      –      –      –   
  Oxcarbazepine     +      +      –      –      –      –   
  Phenobarbital     +      +      –      –      +      +   
  Phenytoin     +      +      –      +      +      +   
  Pregabalin     –      –      –      –      –      –   
  Primidone     +      +      –      –      +      +   
  Tiagabine     +      –      –      –      –      –   
  Topiramate     +      +      +      –      –      –   
  Valproic acid     +      +      +      –      –      +   
  Zonisamide     +      +      –      +      +      –   

   Eslicarbazepine, lacosamide and rufi namide  –  no serious hypersensitivity reported to date, but experience is relatively limited.  
  Clobazam, clonazepam and piracetam  –  defi nitive data not available.  
  SJS, Stevens – Johnson syndrome; TEN, toxic epidermal necrolysis or Lyell syndrome.   
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patients taking potentially allergenic antiepileptic drugs, 
especially at the start of therapy. However, this strategy 
has been shown to provide neither advance warning of 
an idiosyncratic reaction nor suffi cient early identifi ca-
tion, and the author ’ s view is that regular monitoring is 
neither necessary nor helpful. However, it seems reason-
able to advise that a full haematological and biochemical 
screen be carried out before starting treatment (or adding 
any new antiepileptic drug), and regularly in high - risk 
groups and in patients with impaired ability to 
communicate. 

 In selected cases, re - challenge is the only conclusive 
method to confi rm causality. It should not be contem-
plated after a severe reaction. Skin tests or other bio-
chemical tests are currently not reliable enough to be 
diagnostically useful.  

  Treatment 
 Early identifi cation of idiosyncratic drug reactions is life 
saving. Patients should be warned to report symptoms or 
signs. Even with the early signs of an idiosyncratic reac-
tion, the offending drug should be immediately discon-
tinued. In most cases, it is appropriate to substitute 
another antiepileptic drug considered safe in the specifi c 
context. In patients with hypersensitivity reactions to one 
aromatic antiepileptic drug, other aromatic anticonvul-
sants should be avoided. Agents with low allergenic 
potential include benzodiazepines, levetiracetam, gabap-
entin, pregabalin and topiramate. In patients with early 
symptoms or the suspicion of an idiosyncratic reaction, 
baseline and specialized haematological and biochemical 
tests should be immediately performed. The full gamut 
of laboratory tests should be carried out to evaluate a 
possible multiorgan involvement. Treatment with corti-
costeroids is controversial, although most physicians 
elect to start prednisone at a dose of 1 – 2   mg/kg if symp-
toms are severe. Patients with specifi c organ involvement 
need to be managed by the appropriate specialist. Patients 
with SJS and TEN, in particular, should be admitted to a 
high dependency unit with adequate supportive manage-
ment in terms of wound care, hydration, nutritional 
support, and prevention of infection and other 
complications.   

  Complementary and  a lternative 
 t herapy in  e pilepsy 

 A defi nition of complementary therapy is  ‘ treatment that 
complements mainstream medicine by contributing to a 
common whole, by satisfying a demand not met by 

1 in 1000, and is again highest with fast escalation, higher 
initial doses and co - medication with valproate. The risk 
is between 1 and 10 per 10   000 with carbamazepine, 
lamotrigine, phenytoin and phenobarbital. The risk of 
SJS seems to be genetically determined and there is a 
recently described association in Chinese individuals 
between carbamazepine - induced SJS and a specifi c 
human leucocyte antigen (HLA) type. 

 Allergic skin rash, without the features of SJS or TEN, 
is much more common. It typically occurs between days 
5 and 60 of therapy, although it can occur at other times 
and occasionally occurs after months or years of therapy 
perhaps due to some cross - reactivity. Skin reactions occur 
in at least 5% of individuals exposed to phenytoin or 
carbamazepine. A rash can also occur with lamotrigine 
 –  with a frequency of about 7% in those not co - medicated 
with valproate and up to 20% in those co - medicated with 
high valproate doses. Oxcarbazepine has a somewhat 
lower rate of skin rash than carbamazepine. 

 At least for skin reactions, there is considerable cross -
 reactivity among these drugs. In one study, 20 of 
42 patients (48%) who had a rash from phenytoin or 
carbamazepine also developed a rash after switching to 
the other drug. Of 51 patients who had a rash from 
carbamazepine, 14 (27%) also had a rash from oxcar-
bazepine. It is therefore wise to avoid, if possible, the use 
of antiepileptic drugs with a potential for cross - reactivity. 
Valproate or clobazam seem to be safe alternatives in 
patients who had a rash from aromatic anticonvulsants. 
Other antiepileptic drugs with a low risk of inducing 
hypersensitivity reactions include gabapentin, levetirace-
tam, pregabalin, topiramate, tiagabine and vigabatrin. 

 The outcome of hypersensitivity reactions depends on 
rapid recognition and discontinuation of the offending 
agent. If the drugs are continued, in spite of developing 
reactions, mortality rates rise steeply. Steroids can 
be given, and care of conjunctival and skin lesions is 
important. Immediate hospitalization is recommended, 
and some patients require intensive care.  

  Systemic  l upus  e rythematosus 
 Carbamazepine and, to a lesser extent, phenytoin, etho-
suximide, valproate, lamotrigine and other antiepileptic 
drugs can rarely induce or activate systemic lupus erythe-
matosus. This drug - induced condition is sometimes not 
easily differentiated from the idiopathic form of the 
disorder.   

  Prevention 
 It is often advised that regular haematological and bio-
chemical screening tests should be carried out in all 
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benefi t. In one study a 29% decrease in the frequency of 
seizures occurred in those trained in progressive muscu-
lar relaxation techniques, which was signifi cantly better 
than in a control group of those treated by  ‘ sitting 
quietly ’ . In another study 12 patients who had at least 6 
seizures in an 8 - week baseline period were trained in 
the technique of progressive muscular relaxation and 
followed for 6 months, and a mean reduction in seizures 
of 54% was observed. 

 EEG biofeedback has been extensively studied. This is 
an operant conditioning technique that aims to alter EEG 
rhythms of impending seizures. There is quite clear 
experimental evidence in cats, as well as less clear human 
data, which show positive effects. In one combined analy-
sis of 18 studies, 82% of 174 patients showed seizure 
reductions of at least 30% when biofeedback was 
employed; 55 patients became seizure free for at least a 
year. It has been claimed that most patients with epilepsy 
who show clinical improvement with EEG biofeedback 
also show contingency - related EEG changes and a shift 
towards EEG normalization. However, not all responders 
show EEG changes, and some patients who do show EEG 
changes show little clinical response. A few individual 
patients have been rendered seizure free and have been 
able to withdraw from AED therapy. A controlled and 
blinded trial of galvanic biofeedback was also considered 
in a recent Cochrane review in 18 patients with refractory 
epilepsy, and 60% showed a 50% or greater reduction of 
seizure frequency compared with 0% in the sham feed-
back group. There is general agreement that biofeedback 
(in its various forms) is a useful therapy for some patients, 
but it has not been widely applied perhaps because it is 
time and labour intensive.  

  Other  n on -  p harmacological  t herapies 
 Exercise has been clearly shown to improve the control 
of seizures in a number of studies, from institutions and 
outpatient clinics. A mean 40% reduction in seizures was 
observed in one study of aerobic dancing. The authors of 
one well - conducted study consider that the effects take 
months to develop and certainly exercise is no quick fi x. 
Furthermore, some seizures occur during exercise, but 
the reduction in total number of seizures is much greater 
than the relatively few seizures induced by hard exercise. 
Another important effect was  ‘ the normalization of the 
life situation for severely affected hypoactive and under-
stimulated epileptic patients ’ . 

 Acupuncture has been used for thousands of years to 
treat epilepsy, and there are many anecdotal accounts of 
long - term reduction of seizures and even status epilepti-
cus  –  there is a very large Chinese literature on this topic. 

orthodoxy, or by diversifying the conceptual frameworks 
of medicine ’ . One recent survey of 228 people with 
epilepsy found that 39% had used a non - conventional 
treatment and 25% specifi cally for epilepsy. There is no 
doubt that many patients feel dissatisfi ed by conventional 
therapy and seek what they consider more natural 
and gentler treatments. In epilepsy, a wide variety of 
techniques and therapies has been tried, although it has 
to be said that few have a scientifi c basis or have clearly 
established effectiveness by contemporary scientifi c stan-
dards. Whitmarsh has provided a comprehensive and 
critical review to which the reader is referred, and this 
text borrows heavily from this. 

     Psychological  t herapies to  r educe  s eizure 
 f requency 
 These are known as  ‘ countermeasures ’  and various 
different approaches have been attempted, including 
hypnosis, meditation, yoga, biofeedback, operant or 
classic conditioning, and changing arousal levels. Stress 
reduction techniques of various types are very commonly 
employed in epilepsy, and have undoubted benefi t, 
although there are few controlled studies in this impor-
tant area. 

 Hypnosis combined with aromatherapy, routinely 
applied to patients in one epilepsy centre in 100 people, 
found a helpful and lasting effect. There is a report of 
hypnosis that reduced jacksonian seizures on one patient 
from 35 a week to 5 a week. 

 Meditation (of various forms) and yoga (and similar 
techniques) are commonly employed by patients with 
epilepsy, and have an enthusiastic following. There is at 
least one open study of meditation that showed a moder-
ate benefi t in reducing seizures and also changes in EEG 
parameters. A well - controlled study of Sahaja yoga 
(included in the Cochrane review) divided 32 patients 
with uncontrolled epilepsy into three groups. Group I 
( n     =    10) was the yoga group, who practised Sahaja yoga 
meditation under the guidance of an instructor twice 
daily for 20 – 30   min for the 6 - month duration of the 
study. Group II ( n     =    10) practised mimicking exercises 
in the same environment as group I and were provided 
with the same attention. Group III ( n     =    12) was a control 
group, just being followed up in outpatients. Four of 10 
patients in the active group became seizure free after 6 
months of practice, compared with none of 22 in the 
controls. Nine in the active group had more than a 50% 
reduction in seizure frequency compared with just 1 
among the 22 controls. 

 Similarly, relaxation methods are widely practised and 
there are at least four well - controlled studies that show 
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of patients. Attempts to refi ne the preparation have so far 
proved fruitless. Another Chinese traditional herbal 
mixture has been reported to be very helpful as an adjunct 
to orthodox antiepileptic therapy, and cannabis has been 
used quite extensively by patients in Canada  –  in one 
survey 48% had tried it and 21% were active users. There 
is a certain amount of experimental evidence showing 
that cannabis can improve epileptic discharges.  

  Homoeopathy 
 There are no controlled studies of homoeopathic 
remedies in epilepsy, but open - case series demonstrate 
some improvements. There are striking individual 
case reports of improvement on homoeopathic therapy, 
and one very positive clinical trial in 10 epileptic 
dogs. However, homoeopathic clinics, in the UK at least, 
do not on the whole make many claims for effi cacious 
remedies in epilepsy, although moderate improvement is 
reported.  

  Special  d iets and  n utritional  s upplements 
 The ketogenic diet is widely accepted now as mainline 
therapy for a few children with severe epilepsy (see    pp. 
128 – 129 ). However, other diets are also increasingly 
being used as complementary therapy. The Atkins diet 
(60% fat, 30% protein and 10% carbohydrate) has gained 
favour, no doubt because of its superfi cial resemblance 
to the ketogenic diet (typically 80% fat, 15% protein and 
5% carbohydrate). In a small open study of six children 
and adults, 50% became seizure free. The best results 
were seen in those who attained ketosis. Fasting also 
undoubtedly helps epilepsy and, on this basis, low - car-
bohydrate diets have been attempted and have advocates. 
Oligoantigenic diets are widely used in paediatric prac-
tice, and have been the subject of limited scientifi c inves-
tigation. One interesting double - blind study in a 
19 - year - old woman with frequent seizures, a history of 
allergies and eosinophilia was carried out. She was found 
by an elimination diet to be sensitive to beef. Seizures 
occurred soon after taking capsules containing beef, but 
not chicken, and she remained free from seizures long 
term by avoiding any beef products, having stopped anti-
convulsant medication. Diets are also commonly used by 
patients with adult epilepsy. The author has had one 
patient who was convinced that eating eggs stopped his 
seizures. Other patients have tried gluten - free diets with 
some success. 

 Nutritional supplements are very commonly used by 
patients, and all sorts of combinations of vitamins and 
trace elements are widely sold  –  and various spurious 

One study showed improvement in 89% of 98 cases 
treated with courses of scalp electro - acupuncture (30   min 
of electrical stimulation to the scalp at 2 – 3.5   Hz given 
daily for 15 days and repeated with a week - long break 
between courses). There are fewer western studies, and 
the conventional well - conducted controlled studies have, 
however, failed to show improvement. A Cochrane 
review of the effects of acupuncture in epilepsy found no 
evidence of benefi t. There is also some literature on acu-
puncture in animal experimentation where it is claimed 
that the technique confers antiepileptic properties. 

 There are case reports of chiropractic therapy report-
ing huge improvements in individual patients, e.g. cor-
recting  ‘ upper cervical malalignment ’  in a 6 year old was 
reported to reduce the frequency of absence seizures 
from 25 a day to fewer than 1 a day. Another case report 
purported to show that chiropractic adjustment at the 
C6 – 7 level aborted all seizure activity in a 21 - year - old 
woman who previously had daily convulsive seizures. 
Other anecdotal reports exist, but there is, however, a 
complete absence of published investigations with any 
controlled methodology. 

 Finally, mention should be made of  ‘ music therapy ’ . 
Normalization of the EEG in 23 of 29 patients with epi-
lepsy who listened to a Mozart sonata for two pianos 
(K448) for 10   min has been clearly demonstrated (the 
 ‘ Mozart effect ’ ), and there is one case report of an 8 - year -
 old girl with that Lennox – Gastaut syndrome whose sei-
zures were greatly reduced by listening to the sonata for 
10   min/hour. Other musical forms have had some 
success. Another well - documented case report showed a 
remarkable improvement in the seizure control of a 
patient with a hypothalamic hamartoma and previously 
totally resistant gelastic and secondarily generalized epi-
lepsy.  ‘ Medical resonance therapy music ’  is a commercial 
product (on CD) of computer - generated contemporary 
music designed for therapeutic effects rather than listen-
ing pleasure, which the manufacturers claim results in a 
75% reduction in seizures.  

  Herbal  m edicine 
 Herbal medicine is widely used in epilepsy in many parts 
of the world. In a recent review, 150 plants were said to 
be recorded as used in traditional medicines and 10 were 
thought to warrant further investigation. The Chinese 
mixture  Saiko - Keishi - To  is made up of nine plants. In one 
recent open study, when given to 24 patients with fre-
quent seizures, 6 became seizure free and 13 improved in 
the frequency or severity of seizures, and in another study 
there was a reduction in seizures of at least 25% in 33% 
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testing will also depend on adequate identifi cation of the 
familial mutation, and in some conditions (e.g. general-
ized epilepsy with febrile seizures plus [GEFS + ]) a large 
number of disease - producing mutations at different loci 
in different genes have been described, rendering genetic 
analysis diffi cult in routine clinical practice. Testing can 
also involve the identifi cation of biochemical or histo-
chemical markers of disease status. In the absence of 
individual data, genetic counselling will fall back on 
careful examination of relatives and the pattern of 
inheritance. 

  Autosomal  d ominant  i nheritance 
 If there is full penetrance, there is a 50% risk to offspring 
and siblings. Unaffected members of the family carry no 
risk of transmission. In conditions that are not fully pen-
etrant, the siblings and offspring have a risk of carrying 
the gene without expressing the phenotype, the risk 
depending on the extent of penetrance. Examples of auto-
somal dominant  ‘ pure epilepsies ’  are benign familial neo-
natal seizures (0.85 penetrance), autosomal dominant 
nocturnal frontal lobe epilepsy (ADNFLE; 0.9 penetrance) 
and GEFS +  (variable penetrance). Other autosomal dom-
inant conditions with epilepsy include tuberous sclerosis, 
dentato - rubro - pallido - luysian atrophy (DRPLA), acute 
intermittent porphyria and neurofi bromatosis 1.  

  Autosomal  r ecessive  i nheritance 
 The siblings of probands will have a 25% chance of 
being affected, a 50% chance of inheriting one disease -
 causing allele and being a carrier, and a 25% chance 
of inheriting both normal alleles and being unaffected. 
The normal siblings of a proband have a two - thirds 
chance of being a carrier. The offspring of a proband are 
all obligate heterozygotes. Consanguinity increases the 
risk. The chance of disease in subsequent generations 
depends on the frequency of the affected allele in the 
population and thus the rate of mating between two 
heterozygotes. Most inherited neurological conditions 
causing epilepsy are inherited in this manner, including 
the Unverricht – Lundborg disease, sialidosis, neuronal 
ceroid lipofuscinosis and many inherited enzyme defi -
ciencies (Table  5.20 ).    

  X -  l inked  i nheritance 
 The mutations are usually transmitted from heterozy-
gous healthy females (carriers) to 50% of their 
offspring. Usually all male offspring will have the disease, 
because they lack the second normal copy of the gene 

analytical procedures of hair and other tissue are avail-
able to try to ascertain  ‘ defi ciencies ’ . Vitamin E at a 
dosage of 400   IU/day has been formally studied in one 
double - blind study in which there was a responder rate 
of 83%. Vitamin D (at doses of between 4000 and 
16   000   IU/day) has in open studies reduced the frequency 
of seizures by about 30%. However, at an anecdotal level 
in normal clinical practice, neither vitamin D nor vitamin 
E has proved at all effi cacious. Supplements of fi sh oils 
(omega - 3 fatty acids), taurine, selenium, zinc, manganese 
and magnesium have all been reported to improve seizure 
control in some patients and are widely used.  β  -
 Hydroxybutyrate is a food supplement that has been the 
subject of a number of studies, and can induce ketosis in 
high doses.    

  Genetic  c ounselling in  e pilepsy 

 Hippocrates recognized over 2000 years ago that epilepsy 
was a  ‘ genetic disorder ’ , and in recent years the impor-
tance of genetic factors has been re - emphasized. Epilepsy, 
however, is a heterogeneous condition, and genetic infl u-
ences will vary in different syndromes and aetiologies.  
Counselling on this topic has become an important 
part of contemporary practice  –  for diagnostic and 
prognostic assessment and also for predictive testing in 
individuals at risk and assessing risk. 

 Counselling needs to be carried out by experienced 
personnel who understand the various diffi cult aspects 
relating to: 
   •      analytical validity  
   •      clinical validity  
   •      clinical utility  
   •      ethical and legal aspects.    
 All these aspects differ, e.g. it is quite possible for 
clinical validity to be present but not utility, or analytical 
validity to be good but clinical validity to be poor. 
However, all are important, and there is absolutely no 
place for casual or uninformed counselling, however well 
intentioned. 

  Single -  g ene  d isorders 
 In Chapter  4 , some single - gene disorders underlying epi-
lepsy are described, and counselling in these conditions 
should always be carried out. The risk of passing on a 
genetic defect will depend on the mode of inheritance, 
although variations in penetrance, which may depend on 
other genes, developmental stage or environmental 
factors, complicate this. Often the feasibility of predictive 
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  Table 5.20    Genetic testing in epilepsy. 

   Disorder     Gene(s)     Diagnostic validity     Clinical utility  

  Benign familial neonatal 
convulsions  

   KCNQ2  
  KCNQ3   

  High in correct 
clinical context  

  Limited  –   KCNQ2/KCNQ3  mutational analysis does 
not alter management or prognostic implications  

  Benign familial neonatal –
 infantile seizures  

   SCN2A     High in correct 
clinical context  

  Limited  –   SCN2A  mutational analysis does not alter 
management or prognostic implications  

  Generalized epilepsy with 
febrile seizures plus  

   SCN1A, 
SCN1B, 
GABRG2   

  High in correct 
clinical context  

  No  –  variable expressivity of mutations. Mutation 
does not inform about prognosis or treatment  

  Severe myoclonic epilepsy 
of infancy  

   SCN1A     High in correct 
clinical context  

  Yes  –  early optimization of antiepileptic therapy. 
Implications for genetic counselling  

  Autosomal dominant 
nocturnal frontal lobe epilepsy  

   CHRNA4, 
CHRNB2, 
CHRNA2   

  High in correct 
clinical context  

  Yes  –  establish aetiology, no need of follow - up 
imaging. Implications for genetic counselling  

  Autosomal dominant partial 
epilepsy with auditory features  

   LGI1     High in correct 
clinical context  

  Yes  –  establish aetiology, no need of follow - up 
imaging. Implications for genetic counselling  

  Unverricht – Lundborg disease     CSTB     High    Yes  –  inform about prognosis and treatment. 
Implications for genetic counselling. Detection of 
at - risk individual  

  Lafora disease     EPM2A  
  EPM2B   

  High    Yes  –  inform about phenotype, prognosis and 
treatment. Implications for genetic counselling. 
Detection of at - risk individual  

  Myoclonus epilepsy and 
ragged red fi bres  

   tRNA lys      High    Yes  –  variable expressivity of mutations. Mutation 
does not inform about prognosis or treatment. 
Implications for genetic counselling. Detection of 
at - risk family members  

  Sialidoses     NEU  
  PPGB   

  High    Yes  –  inform about prognosis. Implications for genetic 
counselling. Detection of at - risk family members  

  Late infantile neuronal ceroid 
lipofuscinoses  

   TPP1     High    Yes  –  inform about prognosis. Implications for genetic 
counselling. Detection of at - risk family members  

  Juvenile neuronal ceroid 
lipofuscinoses  

   CLN3         Yes  –  inform about prognosis. Implications for genetic 
counselling. Detection of at - risk family members  

(hemizygosity). Fifty per cent of female siblings will be 
carriers and 50% will be normal. Female offspring will be 
carriers. In most diseases female carriers will be healthy, 
although in some conditions signs of the disease, usually 
but not always minor, can be detected owing to inactiva-
tion of one X chromosome (a process known as lioniza-
tion, which is an epigenetic change, in other words a 
change in gene action without change in DNA). There is 

no male - to - male transmission of the disease. An example 
of a typical recessive X - linked condition with epilepsy is 
Rett syndrome. 

 Uncommonly, some X - linked genes show a dominant 
effect and heterozygous females express the full pheno-
type and males do not survive.  LIS1  lissencephaly and 
periventricular nodular heterotopia are examples of 
dominant X - linked conditions.  
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are responsible for causing diseases, including copy 
number variations and epigenetic factors. 

 Many forms of epilepsy show a complex inheritance, 
and recurrence risks can be estimated only from empiri-
cal data based on the number of affected members and 
the degree of relationship. Examples of common epilepsy 
syndromes showing this pattern are the syndromes of 
idiopathic generalized epilepsy (IGE),  benign epilepsy 
with centrotemporal spikes (BECTS) and febrile 
seizures.  

  Genetic  c ounselling in  s pecifi c  n on -
  m endelian  e pilepsy  s yndromes 
 As an example of the above points, some aspects of risk 
and counselling for specifi c syndromes are described here 
 –  and the issues involved emphasize the complex nature 
of counselling in all but the single - gene disorders with 
high penetrance. 

  Idiopathic  g eneralized  e pilepsy 
 In this condition, there is a strong but complex genetic 
component. Occasional mendelian families also exist. 
For most sporadic cases, no diagnostic tests are 
available. 

 For sporadic cases, the risk of developing IGE in fi rst -
 degree relatives is about 5 – 15%, and the risk to a second -
 degree or more distant relative is hardly elevated and 
close to that in the general population. A concordance 
rate of about 70 – 80% exists in monozygotic twins, 
increasing to 90% when EEG changes are considered. 

 The Rochester study established the following risk esti-
mates. The risk for siblings was 6%, increasing to 8% if 
photosensitivity was found in the proband or if a parent 
had epilepsy, to 12% when a parent also showed general-
ized EEG abnormalities, and to 15% when the sibling 
showed a generalized EEG trait. The risk to offspring of 
an affected individual was 4 – 9% (8.7% in female and 
2.5% in male offspring). 

 An interesting feature of IGE is its clinical variability 
within a family. In a study of 74 families with at least 
three affected members, only 25% of the families were 
concordant for a specifi c IGE syndrome. In various 
studies, putative susceptibility loci have been localized on 
several different chromosomes. So far no genetic mecha-
nism has been found which is responsible for the general-
ity of cases. 

 The risk of inheritance of EEG patterns (in contrast to 
epilepsy) is higher, about 25 – 30% for 3   Hz spike – wave or 
generalized polyspike – wave patterns. 

  Mitochondrial  i nheritance 
 In human cells, 1% of DNA is carried in the mitochon-
dria. Mitochondrial gene defects are transmitted via 
the maternal line, and no male - to - male transmission 
occurs. A characteristic of mitochondrial (mt) disease is 
marked variation in the severity and manifestations of 
the condition, because the proportion of mutated 
mtDNA varies among different cells; in some cells all 
mitochondria carry the mutated mtDNA (homoplasmy), 
whereas, in others, only a fraction of the mtDNA is 
mutated (heteroplasmy). Expression of the disease 
is strongly infl uenced by the amount and tissue distribu-
tion of mutated mtDNA, and the proportion of offspring 
with the condition cannot therefore be determined by 
simple mendelian rules. For the same reason, the off-
spring or sibling risk of manifesting the disease cannot be 
predicted. An example of an epilepsy inherited via 
mtDNA is the progressive myoclonus epilepsy due to 
myoclonic epilepsy with ragged red fi bres (MERRF). 
To complicate matters, some nuclear genes are also 
involved in mitochondrial function and, in these condi-
tions, mitochondrial dysfunction has a mendelian pattern 
(e.g. Alpers disease which is inherited in an autosomal 
recessive fashion).   

  Multigenic and  c omplex  g enetic  d isorders 
 Most common disorders show a complex aetiology that 
includes a variety of  genetic and environmental factors 
 –  these conditions are said to exhibit  ‘ complex inheri-
tance ’ . Carrying a genetic defect does not confer disease, 
but increases the  ‘ susceptibility ’  and increases the risk of 
a disease. 

 In multigenic disorders, the disease develops when 
several gene - producing mutations coexist. There may be 
affected family members, but usually not very many. 
Affected members are more likely to be close relatives. 
The risk of recurrence for different degree relatives indi-
cates the complexity of the genetic component. The 
higher the concordance rate among monozygotic twins, 
the stronger the contribution of genetic factors to the 
disorder. The lower the risk for relatives of probands, 
the higher the number of genetic factors involved. In 
many common diseases with complex inheritance, 
rare families exist where a single gene carries a major risk 
and the disease follows a  ‘ mendelian ’  (single - gene) 
inheritance pattern. These families are important because 
they may give a clue to the genes involved in the 
more common cases with complex patterns of genetic 
disease. In some conditions, other genetic mechanisms 
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 Affected individuals in GEFS +  families have mutations 
on  SCN1A ,  SCN2A ,  SCN1B  and  GABRG2  genes, but 
these are not common in sporadic cases. One locus on 
chromosome 19p has also been found in a single family 
with apparently autosomal dominantly inherited febrile 
seizures. 

 Genetic counselling has currently to be based on the 
empirical risks outlined above, except where there is 
familial clustering. No genetic testing is available in spo-
radic cases.   

  Genetic  c ounselling in  s pecifi c  m endelian 
 e pilepsy  s yndromes 
 Counselling for mendelian epilepsies is less empirical but 
can still be complicated. There are over 100 single - gene 
neurological conditions with epilepsy as part of the phe-
notype (Table  5.20  shows the more common examples) 
and the reader is referred to texts on these conditions for 
advice about counselling. 

  Benign  f amilial  n eonatal  c onvulsions 
 Genetic testing for benign familial neonatal convulsions 
includes the mutational screening of  KCNQ2  and  KCNQ3  
using genomic DNA from patients. This is expensive and 
should be reserved for cases in which the clinical diagno-
sis is highly likely. For genetic counselling, the risk esti-
mate is typical of any autosomal dominant single - gene 
disorder with high penetrance, with a 50% risk of trans-
mission for offspring or siblings of affected individuals.  

  Benign  f amilial  n eonatal –  i nfantile  s eizures 
 Benign familial neonatal – infantile seizures (BFNIS) is 
due to mutations affecting  SCN2A , the gene encoding the 
 α  2  - subunit of the neuronal voltage - gated sodium channel. 
So far, only a few families with BFNIS have been reported 
and mutational screening of  SCN2A  can help confi rm the 
diagnosis in highly suggestive families but has no other 
particular clinical utility.  

  Benign  f amilial  i nfantile  s eizures 
 The mode of inheritance of benign familial infantile sei-
zures (BFIS) is typically autosomal dominant, although 
occasionally the disease is transmitted from apparently 
healthy individuals. It is not clear whether this is due to 
incomplete penetrance or diffi culties in collecting a 
reliable history from adults. Furthermore, non - familial 
cases with idiopathic seizures with onset within the 
fi rst year of age, spontaneously remitting and showing 
overlapping clinical features with BFIS, have been 
described. Two different BFIS loci have been identifi ed 

 Occasional mendelian families exist and, in these fami-
lies, the risks are higher. Genes for rare autosomal domi-
nant families have been mapped or identifi ed for 
childhood absence epilepsy (CAE) (chromosome 8q) and 
for juvenile myoclonic epilepsy (JME) (chromosome 6p 
and the  GABRA1  gene on chromosome 5q).  

  Benign  e pilepsy with  c entrotemporal  s pikes 
 The genetics of this condition are complex and ill under-
stood. Concordance in monozygotic twins has varied 
from 0% to 100% in different studies. For most sporadic 
cases, the risk of developing epilepsy in fi rst - degree rela-
tives is about 15%, rising to 30% if centrotemporal EEG 
abnormalities are found. Rolandic epilepsy has also been 
found to segregate in association with other very rare 
mendelian neurological conditions such as autosomal 
dominant rolandic epilepsy with speech dyspraxia, and 
autosomal recessive rolandic epilepsy with paroxysmal 
exercise - induced dystonia and writer ’ s cramp. 

 It is presumed that there is a strong but genetic com-
ponent in this condition, with multiple genes involved; 
currently no genetic testing is available.  

  Severe  m yoclonic  e pilepsy of  i nfancy 
 This sporadic condition is usually caused by mutations 
in the neuronal sodium channel gene  SCN1A  during 
gametogenesis. Various mutations and also deletions 
have been described. Thus, the condition has a genetic 
basis, but is usually not  ‘ inherited ’ . Genetic analysis of the 
 SCN1A  gene is possible, and can help refi ne diagnosis, 
but, when the mutations are sporadic and during game-
togenesis, there is no increased risk to relatives. 

 However, in a few cases, there is a positive family 
history; in these cases, a germline mutation is probably 
responsible, and counselling may be required to assist 
relatives in determining risk.  

  Febrile  s eizures 
 In monozygotic twins 35 – 70% clinical concordance has 
been found. Population - based studies have shown an 
increased risk for fi rst - degree relatives ranging from 8% 
in white people to up to 20% in Japanese individuals. In 
most cases, inheritance seems likely to be polygenic, 
although there are a few reported large families with 
dominant inheritance. From the counselling point of 
view, it is therefore important to gain a detailed family 
history before estimating risk rates. There is also a two -  
to tenfold increased risk of developing later afebrile 
seizures, but the later epilepsy probably has a major 
environmental as well as a genetic basis (see    pp. 26 – 28 ). 
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are not present in patients with common forms of tem-
poral lobe epilepsy. It is inherited in an autosomal domi-
nant fashion, and screening of  LGI1  is recommended in 
suggestive families for diagnosis confi rmation. However, 
there is variable expression and limited prognostic value 
in genetic tests.  

  Benign  f amilial  a dult  m yoclonic  e pilepsy 
 Benign familial adult myoclonic epilepsy is inherited in 
an autosomal dominant fashion with high/complete 
penetrance and genetic heterogeneity. Linkage has been 
identifi ed to chromosome 8q24 and chromosome 
2p11.1 – q12.2. Sporadic cases are occasionally found, and 
may be due to new mutations. Genetic tests are not 
available.   

  Genetic  c ounselling in the  p rogressive 
 m yoclonic  e pilepsy  s yndromes 
 Unverricht – Lundborg disease, Lafora body disease, 
MERRF, sialidoses and neuronal ceroid lipofuscinoses 
are the most common forms. All are inherited in an auto-
somal recessive manner except MERRF, which has a 
mitochondrial pattern of inheritance, and some cases of 
adult - onset neuronal ceroid lipofuscinosis, which seem 
to have dominant inheritance. 

  Unverricht – Lundborg  d isease (Baltic  m yoclonus) 
 This condition is due to a mutation in the gene encoding 
cystatin B ( CSTB ). The most common mutation is an 
expansion of an unstable dodecamer repeat in the 
5 ′  - untranslated region, which suppresses transcription. 
In the general population, 2 or 3 repeats usually occur, 
whereas up to 100 repeats are found in patients. There is 
no correlation between clinical severity or age at onset 
and size of expansion. Genetic testing is available.  

  Lafora  b ody  d isease 
 Lafora body disease results from mutations in either the 
 EPM2A  or the  EPM2B  gene. Lafora bodies detected in 
skin biopsies are a useful clinical marker, but genetic 
testing based on mutational screening of  EPM2A  and 
 EPM2B  has a high sensitivity and is now the preferred 
diagnostic tool, and it can be used for risk assessment.  

  Myoclonus  e pilepsy and  r agged  r ed  fi  bres 
 MERRF is inherited mitochondrially as a missense muta-
tion ( A8344G ) affecting tRNA lys . Genetic analysis of 
 A8344G  mutations is sensitive and genetic testing can be 
used for diagnosis, prenatal diagnosis and to identify at -
 risk individuals.  

on chromosomes 19q and 2q. Other families exist without 
linkage to either focus. Other cases exist with overlap 
with the syndrome of familial infantile seizures and 
paroxysmal choreoathetosis (ISCA syndrome). Some 
cases of BFIS have shown  SCN2A  mutations, but screen-
ing of this gene is usually negative and should not be 
routinely requested.  

  Generalized  e pilepsy with  f ebrile  s eizures  p lus 
 This condition has an autosomal dominant mode of 
transmission, and three major causal genes have been 
identifi ed: voltage - gated sodium channel subunits  α  1  
and  β  1  genes ( SCN1A  and  SCN1B , respectively) and the 
GABA A  - receptor subunit  γ  gene ( GABRG2 ). Incomplete 
penetrance and variable expression of the disease suggest 
that minor alleles might infl uence the phenotype. Genetic 
counselling should take into account the variability 
of the disease, which may manifest with severe or mild 
phenotypes and incomplete penetrance (about 80%) 
lowers the risk for relatives of probands. The three genes 
so far identifi ed account for only about 20% of the 
GEFS +  phenotypes and, although screening is possible, 
it is expensive and the current advice is that it should 
be undertaken only to confi rm diagnosis when febrile 
plus seizures are consistently found in different family 
members.  

  Autosomal  d ominant  n octurnal  f rontal  l obe 
 e pilepsy 
 Autosomal dominant nocturnal frontal lobe epilepsy 
(ADNFLE) is an inherited autosomal dominant condi-
tion with 80% penetrance. The condition is due to muta-
tions in the neuronal acetylcholine receptor  α  4  -  and 
 β  2  - subunit genes ( CHRNA4  and  CHRNB2)  or the  α  2  -
 subunit of the acetylcholine receptor  –   CHRNA6.  Analysis 
of the condition is complicated by clinical as well as 
genetic heterogeneity, and seizures may be subtle and are 
frequently misdiagnosed as sleep disorders such as night-
mares, hysteria and paroxysmal dystonia. Genetic screen-
ing of  CHRNA4  and  CHRNB2  is available, and may be 
attempted when the transmission pattern supports auto-
somal dominant inheritance.  CHRNA6  mutations have 
been identifi ed in only a single family so far and routine 
screening is not available.  

  Autosomal  d ominant  p artial  e pilepsy with 
 a uditory  f eatures 
 This rare condition is due to mutations in the  LGI1  gene. 
It is almost invariably present in families although one 
sporadic case has been described. Mutations in this gene 
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the gene that encodes for an integral membrane protein 
( CLN3 ). More than 20 different mutations have been 
observed so far but a 1 - kb deletion is found in 70% of 
disease chromosomes, suggesting a strong founder effect. 
Diagnosis is by electron or mutational screening of 
 CLN3 . The genetic basis of the adult form (Kufs disease) 
has not been identifi ed, and electron microscopic exami-
nation of muscle biopsies to detect curvilinear bodies is 
the only diagnostic test available.  

  Dentato -  r ubral -  p allido -  l uysian  a trophy ( DRPLA ) 
 This condition (   p. 44 ) is caused by a CAG trinucleotide 
expansion in the  ATN1  gene. The disease is particularly 
common in Japanese populations (with a prevalence of 
0.2 – 0.7 in 100   000), but occurs less frequently in other 
ethnic groups. The normal allele contains 6 – 35 repeats, 
and the disease has been found to be caused when the 
repeat number exceeds 47. The highest number of repeats 
recorded in any case to date is 93. There is a tendency 
to genetic anticipation, with younger age of onset in 
succeeding generations, and an inverse correlation 
between the age at onset and the size of the expanded 
CAG repeat. Targeted mutation analysis by PCR ampli-
fi cation of the trinucleotide repeat region, followed by gel 
electrophoresis, is now a reliable and widely available 
diagnostic test.      
 
  

  Sialidoses 
 The sialidoses are very rare autosomal recessive lyso-
somal disorders characterized by complex phenotypes 
subgrouped into sialidosis types I and II. Clinical 
diagnosis can be confi rmed by documenting elevated 
urinary sialylyloligosaccharides and a defi ciency of  α  -  N  -
 acetylneuraminidase in leucocytes and cultured skin 
fi broblasts. Mutations can be detected in the neuramini-
dase gene ( NEU ) on chromosome 6p and in cathepsin 
A gene on chromosome 20q encoding a 32 - kDa protein 
(protective protein for  β  - galactosidase or PPGB). 
Biochemical assays focus on measuring the activity 
levels of neuraminidase and  β  - galactosidase. Mutational 
screening of the  NEU  and  PPGB  genes is a powerful 
tool for confi rming the clinical diagnosis in probands 
and can be utilized in prenatal diagnosis and carrier 
identifi cation.  

  Neuronal  c eroid  l ipofuscinoses 
 This disease complex has a variety of forms. The late 
infantile neuronal ceroid lipfuscinosis (NCL) is due to 
mutations of a gene identifi ed as encoding tripeptidyl 
peptidase 1 (TPP1). Diagnosis can be by electron micro-
scopic detection of typical curvilinear lipidic inclusions, 
and genetic testing is also now available. The juvenile 
type (Batten disease  –   CLN3 ) is caused by mutations in 



127

  6    Treatment of Epilepsy in 
Specifi c Groups     

   Treatment of  e pilepsy in  c hildren 

  General  c onsiderations 
 The treatment of epilepsy in infancy and early childhood 
differs in a number of ways from that in late childhood 
or adult life. 

  Clinical  c ontext 
 The aetiologies, clinical features and response to treat-
ment of epilepsy are very different. Both seizures and 
antiepileptic drugs can affect behaviour, learning, school-
ing, and social and emotional development. Special 
attention is needed to overall mental and neurological 
development. Approximately 20 – 30% of children with 
epilepsy have learning disabilities and, in many cases, 
attention to intellectual impairment takes precedence 
over epilepsy. Careful psychological and educational 
assessment is needed to identify problems and tailor 
treatment and educational programmes.  

  Social  i mpact of  e pilepsy 
 The impact of epilepsy on the life of children can be 
very different from that in adults (see Table  5.13  in 
Chapter  5 ). Growing up with seizures affects the develop-
ment of personality and can interfere with many aspects 
of everyday life, schooling and choice of career. Support 
for the child and his or her family is an important part 
of management. It is essential to spend time providing 
information and advice, and there are few areas where 
counselling is so important. Children with epilepsy 
should have a lifestyle that is as normal as possible, and 
the common tendency to over - protect ( ‘ cocoon ’ ) chil-
dren should be discussed with parents and consciously 
avoided. Small increases in risk are to be preferred to 
extensive prohibitions.  

  Epilepsy with  f alls 
 Where epilepsy occurs with falls (e.g. drop attacks in the 
Lennox – Gastaut syndrome), special precautions are nec-
essary. These epilepsies inevitably interfere with daily 
activities, and special schooling measures and protection 
of the head and face by wearing an adequate helmet is 
often required.   

  Treatment of  d ifferent  e pilepsy 
 s yndromes 
 The categorization of an epilepsy syndrome is far more 
important in children than in adults. The type of treat-
ment, the effect of treatment and the prognosis vary con-
siderably between different syndromes, and epilepsy is 
much more heterogeneous in children than in adults. 
The specifi c therapies of the common syndromes are out-
lined    on pp. 89 – 95 .  

  Specifi c  t herapies of  d ifferent  a etiology 
 There are a number of specifi c medical therapies for 
several of the inherited metabolic disorders that cause 
childhood epilepsies, which should not be overlooked. 
Table  6.1  lists some of these.    

  Antiepileptic  d rug  t reatment 
 Antiepileptic drug regimens in young patients are often 
different from those in adults and also change with 
age through childhood. Absorption of antiepileptic drugs 
is usually faster in infants and young children than 
in adults. The half - lives of most antiepileptic drugs 
are prolonged in the fi rst 1 – 3 weeks of life and shorten 
thereafter. The metabolism of antiepileptic drugs is 
faster during childhood and slows to adult rates during 
adolescence. Thus, higher doses per unit of weight are 
required by children, and dosage requirements can 
change over time. 

 The pharmacodynamic effects of antiepileptic drugs 
may also differ. The paradoxical effect of barbiturates 
and benzodiazepines causing excitation in children and 
sedation in adults is an example. 
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in adults, and these drugs should generally not be 
used as fi rst - line therapy except for special situations (e.g. 
vigabatrin in West syndrome associated with tuberous 
sclerosis). Details of studies of individual drugs in 
children are found in Chapter  8 .  

  The  k etogenic  d iet 
 The ketogenic diet is a high - fat, low - carbohydrate 
diet that was introduced into epilepsy therapy in the 
1920s, and which in recent times has been the subject 
of a resurgence of interest. Its use is confi ned to the 
treatment of severe childhood epilepsy that has proved 
resistant to more conventional therapy. It has no role in 
adult epilepsy, where its use has proved diffi cult and 
dangerous. 

 The diet is high in fat and low in carbohydrate, with 
adequate protein, and provides nutrition with 1   g/kg 
of protein and 5 – 10   g of carbohydrate per day, the 
remainder of the calories (usually 75% of the recom-
mended daily allowance) being in the form of long - chain 
triglycerides. The diet must be followed strictly, an 
arduous and diffi cult task for the child and parent(s) 
alike. 

 Exactly how the diet exerts its undoubted antiepileptic 
effect is unknown. It mimics the biochemical changes of 
starvation (low carbohydrate intake) and this results in a 
switch from aerobic to ketogenic metabolism and 
the production of ketone bodies in the liver. These are 
transported into the brain by a monocarboxylic acid 
transporter, where they are utilized instead of glucose for 
energy production. This metabolic change has marked 
antiepileptic effects, as demonstrated in animal and 
human studies. To alter metabolism, however, requires 
dedication to a diet that is diffi cult to maintain and often 
unpalatable. 

 The diet is usually reserved for children with West 
syndrome, the Lennox – Gastaut syndrome or other less -
 specifi c forms of severe epilepsy. A special indication is 
in children with glucose transporter protein (GLUT - 1) 
defi ciency and pyruvate dehydrogenase defi ciency, where 
the diet is fi rst - line therapy and can be life - saving. 
Patients with gastrostomy tubes in place may be 
ideal candidates. The diet is potentially dangerous, and 
should be avoided, in pyruvate carboxylase defi ciency, 
porphyria, carnitine defi ciency, fatty acid oxidation 
defects and mitochondrial disorders (Table  6.2 ).   

 The exact constitution of the diet must be calculated 
individually for each patient. The ratio of fats to carbohy-
drates and protein is based on the age, size, weight and 

 Side effects are diffi cult to recognize in infants and in 
those with learning disability, and children may not be 
able to communicate their symptoms. These groups 
therefore require extra surveillance for side effects. 

 In school - aged children, three - times - daily regimens 
(requiring dosing at school) should be avoided, because 
the middle dose is easily overlooked and can embarrass 
the child. Slow - release preparations of carbamazepine 
and sodium valproate have made it possible to maintain 
adequate plasma levels with twice - daily dosing. 

 The use of the newly marketed antiepileptic drugs in 
paediatrics has not been as extensively studied as 

  Table 6.1    Disorders presenting in infancy with epileptic 
seizures for which there is a specifi c non -  AED  treatment. 

   Disorder     Diagnostic test     Treatment  

  Glucose 
transporter 
defi ciency type 
1 (Glut - 1)  

  CSF:plasma glucose 
ratio  < 0.5 
 Mutation in 
 Glut1  gene  

  Ketogenic 
diet  

  Biotinidase 
defi ciency  

  Biotinidase 
assay  –  blood  

  Biotin  

  Pyridoxine 
defi ciency  

  Trial of treatment 
 Urinary  α  - aminoadipic 
semialdehyde 
dehydrogenase 
 Mutation in antiquitin 
gene  

  Pyridoxine  

  Pyridoxal 
5 ′  - phosphate 
defi ciency  

  Trial of treatment 
 CSF neurotransmitters  

  Pyridoxal 
phosphate  

  Serine 
biosynthesis 
disorders  

  Low CSF serine levels 
 Enzyme activity in 
fi broblasts  

  Serine  

  Fatty acid 
oxidation 
disorders  

  Urine organic acids 
 Blood acylcarnitines  

  Diet  

  Creatinine 
synthesis 
disorders  

  MRS 
 Urine guanidinoacetic 
acid  

  Creatinine  

   AED, antiepileptic drug; CSF, cerebrospinal fl uid; MRS, 
magnetic resonance spectroscopy.   
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drug therapy, which is an added benefi t. Other benefi ts 
of the diet include improvement in behaviour in those 
with and without autism. The diet can be given for 
months or years. A typical period of treatment is 1 – 2 
years, if the diet proves initially successful. About 10% of 
children maintain the diet for 4 or more years, and one 
patient is reported who has maintained the diet for 15 
years with no major side effects. Discontinuation of the 
diet should take place gradually over 3 – 6 months. 

 Side effects are not uncommon (Table  6.3 ). Vomiting, 
dehydration and food refusal are common initially 
but are transitory. Other minor side effects include 
constipation, oesophageal refl ux and acidosis. The effect 
of the diet on growth is a problem. A recent review of the 
diet in 237 children showed that the rate of weight gain 
decreased at 3 months but then remained constant for up 
to 3 years. There is also an effect on height. Renal stones 
occur in 5 – 8% of patients. Hypercholesterolaemia is 
common. Rare side effects that have been reported 
include cardiomyopathy, pancreatitis, bruising, vitamin 
defi ciency, hypoproteinaemia, Fanconi renal tubular 
acidosis and prolonged Q – T interval. In adults, for whom 
the diet is not normally recommended, coronary heart 
disease and myocardial infarction have occurred, associ-
ated with hypercholesterolaemia.     

  Treatment of  e pilepsy in  p atients with 
 a dditional  h andicaps 

 The treatment of people with learning disabilities is 
complicated by a number of different issues (Table  6.4 ). 

activity level of the patient. A young child or infant is 
often prescribed a 3:1 diet to provide additional protein 
and older children a 4:1 diet. Obese children and 
adolescents are usually given a 3:1 diet. Calorie intake is 
generally about 75% of the recommended daily intake 
for age. Fluid intake must be rigorously maintained, 
and supplementation with magnesium, zinc, vitamin 
D, vitamin C, vitamin B complex and calcium is 
recommended. 

 The effects on epilepsy can be dramatic. Early studies 
in the 1920s and 1930s consistently showed impressive 
results, and these have been largely confi rmed in more 
recent investigations carried out to modern standards. A 
recent study from Johns Hopkins University showed, at 
1 year, a reduction in seizures of more than 50% in 50% 
of 150 treated children, and a reduction of more than 
90% in 27%. At 3 – 6 years, 44% maintained the improve-
ment. The use of the diet allows a reduction of adjunctive 

  Table 6.2    Indications and contraindications of the 
ketogenic diet. 

   Indications   
  Refractory epilepsy in children  

  Glucose transporter protein defi ciency (GLUT - 1)  

  Pyruvate decarboxylase defi ciency  

  Epilepsy with encephalopathy (e.g. West syndrome, 
Lennox – Gastaut syndrome)  

  Tuberous sclerosis complex and other severe epilepsies 
with cortical dysplasia  

  Rett syndrome and other severe epilepsies of 
metabolic origin  

  Severe myoclonic epilepsy of infancy (SMEI, Dravet 
syndrome)  

  Formula - fed infants  

  Gastrostomy tube - fed children  

  Certain mitochondrial disorders  

   Contraindications   
  Pyruvate carboxylase defi ciency  

  Porphyria  

  Carnitine defi ciency (primary)  

  Fatty acid oxidation defects  

  Table 6.3    Side effects of the ketogenic diet. 

  Constipation  
  Exacerbation of gastro - oesophageal refl ux  
  Water - soluble vitamin defi ciency (if unsupplemented)  
  Elevated serum cholesterol, triglycerides, and low - density 
lipoprotein - cholesterol  
  Renal stones  
  Growth inhibition  
  Weight loss  
  Worsening of acidosis with illnesses  
  Bone fractures  
  Vitamin D and selenium defi ciency  
  Cardiomyopathy  
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  Overlooking  e pileptic  p henomenon and the  r ole of 
 i nterictal  d isturbance 
 Brief non - epileptic seizures can be overlooked. 
Behavioural problems can be a manifestation of seizure 
activity or interictal activity. Autistic behaviour in 
particular can be correlated with epileptic activity. 
Occasionally drug therapy based on the EEG can be 
justifi ed. In the Landau – Kleffner syndrome, autistic 
features can be a manifestation of EEG activity even in 
the absence of clinical  ‘ seizures ’ . In the Lennox – Gastaut 
and other syndromes, uncontrolled evidence suggests 
that behavioural disturbances may be improved if 
interictal EEG disturbances are reduced by antiepileptic 
therapy.  

  Overlooking  s ide  e ffects 
 Vigilance for side effects is particularly important. In the 
presence of cerebral damage, drug side effects tend to be 
more frequent, occur at lower serum levels and take 
unusual forms. This is particularly the case with cogni-
tive, neurological or behavioural effects. Examples are 
confusion, neurological side effects, behavioural changes 
and mental deterioration, encephalopathy and weight 
gain that may be attributed to neuroleptics or inactivity. 
Hypotonic children are hypersensitive to the muscle -
 relaxing effects of benzodiazepines, and dystonia and 
ataxia may occur in patients with pre - existent motor 
defi cits. 

 The lack of ability to communicate means that side 
effects of drugs are not reported and may be overlooked, 
and indeed the frustration of being unable to communi-
cate may itself enhance behavioural disorder. It is an 
essential duty of the prescribing physician to maintain  
vigilance for side effects, to prevent distress or harm.  

  Misdiagnosis of  e pilepsy 
 Various repetitive mannerisms, bruxism, head - rocking 
and other stereotypies, common in learning disability, 
may be misdiagnosed as epileptic. In Rett syndrome, 
various non - epileptic phenomenon such as hyperventila-
tion, Valsalva manoeuvres, syncopes and stereotypies are 
common and can be mistaken for epilepsy.  

  Seizure  e xacerbation  c aused by  a ntiepileptic  d rugs 
 Many drugs will cause an increase in seizure activity 
in the occasional individual with learning disability, 
and this can sometimes be severe. This is an under - 
recognized problem particularly in patients with learning 
disability. Sedative drugs exacerbate seizures in many 

These include diffi culties in recall and communication, 
the coexistence of mental illness, the fact that decisions 
on therapy are often made on the basis of carers or family 
( ‘ management by proxy ’ ), the unusual form that epilepsy 
may take, the poorer adaptive and social skills and addi-
tional speech diffi culties of the individual, and sometimes 
challenging behaviour. There is, furthermore, a rather 
nihilistic tendency to under - investigate epilepsy, which 
should be resisted.   

  Antiepileptic  d rug  t reatment 
 Between 25 and 50% of those with severe learning dis-
ability have epilepsy, often associated with other physical 
and behavioural co - morbidities that infl uence antiepi-
leptic drug therapy. The epilepsy in patients with learning 
diffi culty is furthermore often severe and resistant 
to drug therapy. The usual principles of antiepileptic 
drug therapy apply, although certain points need specifi c 
emphasis: 

  Table 6.4    Specifi c problems of diagnosis and management 
in handicapped patients. 

   Problems of diagnosis   
      •      Communication  
   •      Diffi culty in recall  
   •      Unusual forms that the epilepsy can take  
   •      Distinguishing between epileptic seizures and 

psychogenic attacks  
   •      Distinguishing between epilepsy and mannerisms 

and stereotypies  
   •      Identifying neuroleptic -  and other drug - induced 

symptoms  
   •      Co - morbid psychiatric and other conditions     

   Problems of treatment   
      •      Communication and  ‘ management by proxy ’   
   •      Interictal disturbances  
   •      Diffi culties in recognizing side effects (e.g. sedation, 

behavioural change)  
   •      Unusual forms of side effects  
   •      Seizure exacerbations caused by antiepileptic drugs  
   •      Brittle epilepsy and tendency to status epilepticus  
   •      Avoiding seizure - induced brain damage  
   •      Treating co - morbidities and  ‘ diagnostic overshadowing ’   
   •      Attitude of family and carers  
   •      Risks of over - medication  
   •      Unusual choice of drugs and drug formulations     
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result from episodes of severe seizures in the Sturge –
 Weber syndrome, and thus status epilepticus and pro-
longed seizures in this condition should be treated very 
aggressively. Early control of epilepsy in Down syndrome 
also improves prognosis. The early surgical resection of 
focal lesions, especially cortical dysplasias, if successful in 
controlling seizures, will sometimes greatly improve 
developmental progress.  

  Psychiatric  c onsiderations 
 Affective disorder and other mental health problems are 
twice as likely in those with learning disorder and epi-
lepsy. Depression can be overlooked and attributed to the 
learning disability ( ‘ diagnostic overshadowing ’ ), and 
needs to be treated as in a patient without handicap. 
Non - epileptic attack disorders are more common in 
people with intellectual handicap, perhaps partly because 
of the limited communication skills with which to express 
emotional confl icts.   

  Surgical  t herapy 
 Surgery can benefi t a small number of individuals with 
epilepsy. The presence of handicap is not itself a bar 
to considering this. However, assessment should be 
carried out in experienced centres, and other issues such 
as quality - of - life gain and informed consent are often 
problematic.  

  Choice of  d rugs 
 In general, broad - spectrum antiepileptic drugs should 
be used and monotherapy should be the aim where 
possible. The non - sedative drugs are preferred. In many 
patients with learning disability, there is a preference for 
drugs such as lamotrigine, valproate, topiramate and 
zonisamide, and the avoidance of phenytoin, barbitu-
rates and pregabalin. Levetiracetam can be helpful, but 
great care needs to be taken in view of its strong tendency 
to worsen behaviour and especially cause aggressive 
behaviours. Carbamazepine is an excellent drug in focal 
epilepsy in patients with learning disability but should 
be avoided in generalized seizure disorders due to its 
tendency to exacerbate atypical absence or myoclonic 
seizures. 

 However, drugs can have specifi c effects in patients with 
learning disability. Lamotrigine has mood - stabilizing 
effects, and benefi cial effects on behaviour social 
engagement in patients with the Lennox – Gastaut syn-
drome and other conditions with learning disability. It can 
increase attention and alertness. Conversely, hyperactivity 
and irritability, exacerbation of myoclonic seizures 

individuals and should generally be avoided. Drowsiness 
commonly worsens seizures and doses of any drug induc-
ing somnolence should be reduced. 

 Carbamazepine and oxcarbazepine may exacerbate 
 ‘ minor ’  generalized seizures, atypical absences and 
myoclonic or atonic seizures. Benzodiazepines can cause 
or exacerbate tonic seizures, and vigabatrin and tiagabine 
can cause serious exacerbation in absence, tonic and 
myoclonic seizures, and cause non - convulsive status 
epilepticus. Lamotrigine has been shown to exacerbate 
seizures in severe myoclonic epilepsy of infancy and 
levetiracetam has been reported to cause new generalized 
tonic – clonic seizures in patients with learning disabilities. 
Phenytoin can worsen seizures and function of patients 
with the Unverricht – Lundborg disease. In patients with 
myoclonic epilepsies (including the Lennox – Gastaut syn-
drome) carbamazepine, oxcarbazepine, tiagabine and 
vigabatrin can exacerbate seizures.  

  Serial  s eizures,  c lusters and  e pisodes of  s tatus 
 These are common in patients with severe epilepsy and 
learning diffi culty. They can be precipitated by seemingly 
minor problems such as intercurrent infections or trivial 
environmental changes. Emergency therapy (see    pp. 
287 – 288 ) is often needed earlier and more frequently 
than in a non - handicapped population. Drug regimens 
may need to be modifi ed as handicapped individuals 
often show special sensitivities to the usual drugs. 
Tailored regimens for emergency intervention need to be 
defi ned for each individual, based on previous experi-
ence. It is helpful to document these in writing, and to 
have them available to all carers and emergency medical 
services.  

  Over -  m edication 
 Over - medication in the face of intractable epilepsy is a 
particular problem in handicapped individuals. The 
reasons are complex and include the severity of the epi-
lepsy, the need for a third party to decide upon treatment 
on behalf of the individual, the diffi culty in communicat-
ing side effects and the carer ’ s tendency to over - protect. 
It is vital to resist this tendency. Great benefi ts (without 
loss of seizure control) are often gained by reducing the 
overall antiepileptic drug load.  

  Prevention of  s eizure -  i nduced  b rain  d amage 
 There is some evidence that seizures may damage the 
developing brain in some epilepsy conditions. The best 
example is the stepwise motor deterioration that may 
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an individually tailored solution, and the issues involved 
(and the risks taken) should be explicitly agreed with the 
individual, the family and professional carers.   

  Epilepsy in  e lderly  p eople 

 Epilepsy is a frequent and generally under - recognized 
problem in elderly people. Annual incidence rates in a 
recent study were 87 per 100   000 in the 65 – 69 age group, 
147 per 100   000 of people in their 70s, and 159 per 
100   000 of people in their 80s, and about 30% of new 
cases now occur in people aged  > 65 years. The prevalence 
rate of treated epilepsy in those aged  > 70 years is almost 
double that in children. Currently, about 0.7% of the 
elderly population are treated for epilepsy, and epilepsy 
in elderly people is now the third most common neuro-
logical condition after dementia and stroke. As the 
number of elderly people in the population is rising, the 
number of elderly people requiring treatment for epi-
lepsy is also greatly increasing. The medical services must 
catch up to make adequate provision. 

 Cerebrovascular disease accounts for between 30 and 
50% of cases, but this can be occult. Epilepsy is the fi rst 
manifestation of previously silent cerebrovascular disease, 
and imaging evidence of cerebrovascular disease is found 
in about 15% of those presenting with apparently idio-
pathic late - onset epilepsy. The onset of seizures in elderly 
people can be a harbinger of future stroke and, in a recent 
study of 4709 individuals with seizures starting after the 
age of 60 years, there was a 2.89 - fold (95% confi dence 
interval [CI] 2.45 – 3.41) increased incidence of subse-
quent stroke. In fact, the onset of seizures was a greater 
risk factor for stroke than either elevated cholesterol level 
or hypertension. Seizures also follow stroke, with a fre-
quency of about 6% in the acute phase after stroke and 
11% in the fi rst 5 years after ischaemic stroke. Subdural 
haematoma is another underdiagnosed cause of epilepsy 
in elderly people, and cerebral tumours account for 
between 5 and 15% of all late - onset epilepsies. Ten per 
cent of the late - onset epilepsies are due to metabolic 
causes, such as alcohol, pyrexia, dehydration, infections, 
and renal or hepatic dysfunction. Drug - induced epilepsy 
is common in elderly people both because drugs are given 
more frequently and because of the complex pharmaco-
kinetics in elderly people. 

     Diagnosis 
 It can be diffi cult to differentiate seizures from the abun-
dance of other causes of  ‘ funny turns ’  in elderly people. 

blepharospasm, tics and Gilles de la Tourette syndrome -
 like symptoms can occur. Severe valproate toxicity is a 
greater risk in patients with developmental delay and 
inborn errors of metabolism, particularly mitochondrial 
disorders, which can go unrecognized. It should be used 
with caution in infants with learning disability. Gabapentin 
has been associated with aggression, myoclonus, hyperex-
citability, temper tantrums and involuntary choreiform in 
patients with learning disability. 

 Drug formulation is also an issue in some situations, 
and especially in those unable to swallow pills or with 
parenteral feeding.  

  Institutional  c are 
 Overall, among individuals requiring long - term institu-
tional care, between 30 and 50% have epilepsy. Epilepsy 
has been found to occur in 50% of those with IQ levels 
 < 20, and in 35% of those with IQ levels in the 35 – 50 
range. Seizures are particularly common in those with 
postnatal cerebral damage. The frequency of handicap 
among those with epilepsy is diffi cult to ascertain. In a 
1983 study of 223 adults with epilepsy in Finland, 30% 
had an IQ of  < 50, 20% were institutionalized and 15% 
were completely dependent. A more recent study, also 
from Finland, found handicap in 20% of children with 
epilepsy compared with 1% of controls. 

 The needs of individuals with multiple handicaps are 
often complex, and care is diffi cult to organize. In patients 
with severe epilepsy, the seizures usually pose the major 
problem but, in others, the problems of epilepsy are sec-
ondary to the other handicaps. Epilepsy adds a dimension 
that care providers often fi nd diffi cult to deal with. The 
responsibility of dealing with potentially life - threatening 
seizures is felt to be too great by many otherwise compe-
tent authorities. It is therefore often diffi cult to fi nd 
suitable residential, daytime or vocational placements for 
people with epilepsy. A few specialized institutions 
provide expert epilepsy care and, although these provide 
a secure environment from the epilepsy point of view, 
they may be geographically distant, risking family 
estrangement. All institutions dealing with epilepsy 
require specialist medical input, and a failure to monitor 
the epilepsy is a dereliction of care. Teamwork is needed, 
with facilities for outpatient and inpatient treatment and 
good communication between the different professional 
groups and also the family. Care can be shared between 
an institution and the family, and in both settings a 
balance has to be set between over - protection and neglect. 
This balance can be very diffi cult to defi ne or achieve, and 
there is no one single correct position. Individuals deserve 
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they can usually be controlled on medication, is of over-
riding importance. 

 Management often involves other professionals. 
Confi dence needs to be rebuilt, mobility restored and the 
home circumstances reviewed. Advice and input from 
social services, remedial and occupational therapists are 
often needed. A home visit to identify sources of poten-
tial danger is helpful. A personal alarm can be very useful, 
as can counselling and written advice for friends and 
relatives. Factors known to precipitate seizures should be 
avoided, such as inadequate sleep, excess alcohol or 
hypoglycaemia. 

 Uncontrolled seizures are likely to be more hazardous 
in an elderly patient. Convulsive attacks carry greater 
risks in patients with cardiorespiratory disorders, and the 
elderly, fragile patient is more susceptible to fractures as 
a consequence of seizure - induced falls.  

  Principles of  a ntiepileptic  d rug  t herapy 
 The general principles of drug treatment in elderly people 
are generally similar to those in other adults. However, 
there are some aspects that deserve special mention. 

  Pharmacokinetic  d ifferences 
 The relationship between dose and serum level can be 
much more variable in elderly people than in young 
adults, and published pharmacokinetic values are often 
expressed as mean values that do not necessarily take into 
account the wide range in elderly people. Protein binding 
may be reduced as albumin concentrations are lower in 
elderly people. Clearance is often lower in elderly people 
due to reduced hepatic capacity and lower glomerular 
fi ltration rates (Table  6.5 ), and the volume of distribution 
for lipid - soluble drugs is often increased. For all these 
reasons, the half - life of many drugs is longer than in 
young adults. The interaction of the many medicaments 
taken by elderly people can greatly complicate the han-
dling of drugs, by competition for absorption, protein 
binding, hepatic metabolism and renal clearance. In the 
USA people aged  > 65 years comprise 13% of the popula-
tion and yet receive 32% of prescribed medications and, 
in one study of epilepsy patients aged 75, a mean of three 
medications per patient were being taken in addition to 
the prescribed antiepileptic drugs.    

  Pharmacodynamic  d ifferences 
 There are pharmacodynamic differences between elderly 
people and young adults. Anecdotal evidence suggests 
that elderly people are more sensitive to the neurological 
side effects of drugs, and also that lower drug doses are 

Syncope, hypoglycaemia, transient ischaemic attacks, 
transient global amnesia, vertigo and non - specifi c dizzi-
ness affl ict up to 10% of the older population. Syncope 
can have cardiac causes or it may be due to blood 
pressure changes or impairment of the vascular refl exes 
linked to posture, and carotid sinus hypersensitivity is 
also common. Acute confusional states or fl uctuating 
mental impairment can be ictal, postictal or result 
from non - convulsive status, but are frequently misdiag-
nosed as manifestations of functional psychiatric illness, 
dementia or vascular disease. The history may be less well 
defi ned, and the differentiating features less clear cut 
than in younger patients, and pathologies may coexist. 

 There are furthermore various EEG changes that are 
easily mistaken for epileptogenic patterns. Brief runs of 
temporal slow activity, especially on the left, become 
increasingly evident after the age of 50 years and should 
be considered a normal variant. Small sharp spikes 
during sleep and drowsiness also increase in frequency 
with age. Runs of temporal – parietal activity can occur in 
individuals over the age of 50 years (the subclinical rhyth-
mic electrographic discharge in adults [SREDA] pattern) 
and are not associated with epilepsy. Cerebrovascular 
disease produces focal and bilateral temporal changes 
that are also commonly mistaken for epilepsy, and yet 
do not provide any assistance in determining which 
patients with vascular disease will or will not develop 
overt epileptic seizures.   

  General  a spects of  m anagement 
 Seizures in elderly people have a serious impact. Postictal 
states can be prolonged. A confusional state lasting more 
than 24 hours has been found to occur in the wake of 
14% of seizures in elderly people, and in some cases 
confusion lasted over a week. Postictal Todd paresis is 
also more common than in young people, and seizures 
are commonly misdiagnosed as a stroke. Fractures and 
head injuries are a potential risk. Falling in a seizure can 
mark a watershed in an older person ’ s life, after which 
there is a sharp decline in functional independence. The 
loss of confi dence and fear of further falls can render the 
person electively housebound. This loss of confi dence 
can be compounded by other factors including the stig-
matization of epilepsy, the assumption of impending 
death, the reaction of family and friends, the exclusion 
from activities, marginalization, loss of a driving licence, 
disempowerment and a perception of a shrinkage of 
life space. 

 Reassurance that seizures do not usually indicate cere-
bral tumour, psychiatric disorder or dementia, and that 
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  Systemic  s ide  e ffects 
 Membrane - stabilizing drugs (e.g. phenytoin, carbamaze-
pine, lamotrigine) carry a risk of promoting arrhythmia 
and hypotension, which is increased in elderly people, 
although the extent of this risk is unknown. Other side 
effects in elderly people include the dangers of loss 
of bone mass due to enzyme - inducing drugs such as phe-
nytoin, carbamazepine or phenobarbital, a particular risk 
in postmenopausal women. Phenytoin and carbamaze-
pine also pose potential problems and should be used 
cautiously in individuals with autonomic dysfunction, 
e.g. in diabetes. Carbamazepine has an anticholinergic 
effect that can precipitate urinary retention.  

  Compliance 
 Compliance with medication can be poor owing to 
memory lapses, failing intellect or confusion. In these 
situations, drug administration should be supervised. 
The provision of a weekly drug wallet can also be worth-
while. Other methods of improving compliance include 
using simple drug regimens, providing clear written 
instructions and clearly labelled medication, avoiding 
childproof bottles and blister packs, employing assistance 
from carers, relatives and others, and home visits or tele-
phone contact by a specialist nurse.  

  Drug  d osing and  r egimens 
 For all the above reasons, therapy should generally be 
initiated with lower doses than in the young adult. Renal 
and hepatic function and plasma protein concentrations 
should be measured before therapy is started. Blood level 
measurements should be made at regular intervals, 
for relevant drugs, at least until stable regimens have 
been achieved. Drug combinations should be avoided 
where possible, and the advantages of monotherapy over 
polytherapy are greater in elderly people than in young 
adults.   

  Antiepileptic  d rugs in  e lderly  p eople 
 Annoyingly, most drugs have not been subjected to rigor-
ous trials in elderly people, and as a result data on the use 
of antiepileptic drugs in this group are generally sparse. 
This is an area where studies are needed. 

  Carbamazepine 
 Carbamazepine is the drug usually given initially in 
partial epilepsy. This preference is supported to a certain 
extent by evidence from a meta - analysis of individual 
data from 1265 elderly patients from 5 trials, in which 

suffi cient to control seizures in elderly people 
compared with younger adults. The adverse effects of 
drugs in elderly people may take unfamiliar forms. 
Confusion, general ill - health, affective change, or 
uncharacteristic motor or behavioural disturbances 
can occur with many antiepileptic drugs. Thus, the 
 ‘ therapeutic ranges ’  defi ned in younger age groups do 
not necessarily apply to elderly people, and should be 
generally adjusted downwards. It is important to be 
vigilant for unusual side effects  –  both neurological 
and metabolic.  

  Table 6.5    Average changes in apparent oral clearance of 
older and newer antiepileptic drugs in elderly patients. 

   Antiepileptic drug     Decrease in drug clearance 
in elderly people compared 
with young adults (%)  

  Carbamazepine    25 – 40  
  Felbamate    10 – 20  
  Gabapentin     ∼ 30 – 50  
  Lacosamide     ∼ 10 – 35  
  Lamotrigine     ∼ 35  
  Levetiracetam     ∼ 20 – 40  
  Oxcarbazepine     ∼ 25 – 35  a    
  Phenobarbital     ∼ 20  
  Phenytoin     ∼ 25  b    
  Tiagabine     ∼ 30  
  Topiramate     ∼ 20  
  Valproic acid     ∼ 40  c    
  Vigabatrin     ∼ 50 – 85  d    

   Acetazolamide, clobazam, clonazepam  –  clearance 
reduced but extent not clear.  
  Eslicarbazepine, ethosuximide, pregabalin, zonisamide  –  
no defi nitive data  
  Primidone (derived phenobarbital)  –  as per phenobarbital.  
  Piracetam, rufi namide  –  no change in clearance in 
elderly people (in the absence of hepatic/renal 
dysfunction).  
   a MHD, the active metabolite of oxcarbazepine.  
   b Decrease in clearance of unbound drug may be greater.  
   c Decrease in unbound drug clearance. Clearance of 
total (unbound  +  protein bound drug) may not 
change.  
   d These patients, who had various pathologies, were 
preselected to cover a wide range of impaired renal 
function.   
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found lower rates of drop - out due to adverse events on 
lamotrigine (18%) compared with carbamazepine (42%). 
No difference in effi cacy was found. There are pharma-
cokinetic differences in the disposition of lamotrigine in 
elderly people. The plasma clearance of lamotrigine is 
reduced by about a third when compared with young 
adults. The drug is about 55% bound to plasma proteins 
and undergoes extensive hepatic metabolism, and also 
interacts with other antiepileptic drugs, all of which can 
result in age - related irregularities. 

 It is wise to initiate therapy at lower doses than in 
young adults. Recommended maintenance doses are 
100   mg in monotherapy, 50 – 100   mg when co - medicated 
with valproate alone, or 200   mg in patients co - medicated 
with other enzyme - inducing antiepileptic drugs. Drug -
 level measurements should be made regularly until a 
stable regimen is established.  

  Levetiracetam 
 The lack of drug interactions, and the simple pharmaco-
kinetics, of levetiracetam are advantages in elderly people, 
although detailed studies of its usefulness in this group 
have not been carried out. Anecdotal evidence suggests, 
however, that levetiracetam is useful and safe although 
surveillance is needed for behavioural side effects. Age -
 related changes in renal function can greatly affect the 
clearance of the drug, and doses should be reduced 
accordingly (see    pp. 201 – 202 ). An initial dose of 125   mg 
is recommended, with incremental steps of 125 – 250   mg 
until an initial maintenance dosage of 750 – 1500   mg/day 
is reached.  

  Phenobarbital 
 Phenobarbital was once widely used in elderly people, 
but in recent years it has fallen from fashion, in recogni-
tion of the risk of adverse neurological and psychiatric 
effects. It is partly eliminated by the kidneys and, as renal 
excretion declines with age, one might expect concentra-
tions of phenobarbital to be higher per milligram per 
kilogram dosage. There have been surprisingly few 
comprehensive studies of metabolism or of absorption, 
metabolic or elimination parameters, and no studies 
of interactions, in elderly individuals. This is a galling 
omission because phenobarbital has been widely used for 
many years, and there are intensive pharmacokinetic 
studies in other age groups. Anecdotal experience 
suggests that elderly people are more sensitive to the 
sedative side effects of phenobarbital, especially when 
co - medicated with benzodiazepine. 

carbamazepine showed a non - signifi cant trend towards 
superior control of seizures when compared with valpro-
ate. There is little information about age - related changes 
in the pharmacokinetics of carbamazepine  –  surprisingly, 
in view of its widespread use. One study of a small 
number of patients showed a 40% reduction in clearance 
in elderly people, and a longer half - life, compared with 
young adults, whereas a study in normal volunteers 
showed no age - specifi c changes in the area under the 
concentration – time curve, in the elimination rate con-
stants or in carbamazepine 10,11 - epoxide concentra-
tions. Side effects that are more common or more 
troublesome in elderly people include hyponatraemia 
and a small risk of drug - induced osteoporosis. Elderly 
patients are more vulnerable to antiepileptic drug -
 induced impairment of gait, as well as action and postural 
tremor, and possibly other subtle adverse neurological 
effects. 

 It is usual to initiate carbamazepine therapy slowly in 
individuals aged  > 65 years, and only cautiously to incre-
ment the dosage. The slow - release formulation should 
always be used, because this causes fewer side effects. A 
reasonable regimen would be to initiate therapy on 
100   mg/ day, and to increase the dose by 100   mg incre-
ments every 2 weeks, to an initial maintenance dose of 
400   mg/day. This can be then be increased as clinically 
indicated.  

  Gabapentin 
 Gabapentin is absorbed by a saturatable transport mech-
anism, and it is not known if this is affected by age. As it 
is not metabolized, and there is minimal protein binding, 
age - related changes in distribution or metabolism should 
not be expected. Age - related decreases in renal function 
signifi cantly increase the renal clearance of gabapentin, 
so the dose should be reduced in elderly people if renal 
function is impaired (see    p. 187, 189 ). For all these 
reasons, one would not expect age to modify gabapentin 
usage, provided that renal function is unimpaired, and it 
should be a particularly safe drug in elderly people. Its 
effectiveness has been demonstrated in one of the few 
randomized clinical trials designed for elderly people, 
and its generally mild action is well suited to the often 
mild epilepsy in this age group.  

  Lamotrigine 
 Lamotrigine has been studied relatively extensively in 
elderly people. A double - blind randomized monotherapy 
comparison in elderly patients with new - onset epilepsy 
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as carbamazepine in this indication. There are pharma-
cokinetic differences in elderly people compared with 
young adults. Free valproate concentrations are increased 
and in one study the percentage of unbound valproate 
was found to be 10.7% in elderly people compared with 
6.4% in younger people. A 65% decrease in valproate 
clearance and a 67% increase in free valproate concentra-
tions in old age were found in one study, and the half - life 
of valproate can be doubled in elderly people. Other 
studies have found lesser effects, and there is clear 
variability between patients. Valproate generally has few 
interactions at the hepatic level, and this is an advantage 
over other conventional antiepileptic drugs in older 
patients, who are often taking a cocktail of other drugs 
for various conditions. The drug should not be used 
if there is evidence of hepatic disease. There is an impres-
sion that encephalopathic side effects of valproate are 
more common in elderly people and these should be 
carefully monitored. 

 For all these reasons, valproate should be initiated in 
elderly people at lower doses than those used in younger 
adults. A recommended starting dosage is 200   mg/day, 
and this should be increased in 200   mg increments to an 
initial maintenance dose of 600   mg. Whether the slow -
 release ( ‘ chrono ’ ) formulation has any real advantage is 
unclear.    

  Treatment of  e pilepsy in  w omen 

 There are aspects of therapy specifi c to women with 
epilepsy that are dealt with here. 

  Fertility and  e ndocrine  e ffects 
  Fertility 
 Fertility rates have been shown to be lower in women with 
treated epilepsy than in an age - matched control popula-
tion. In one study of a general population of 2052   922 
people in England and Wales, the overall fertility rate was 
47.1 (95% CI 42.3 – 52.2) live births per 1000 women with 
epilepsy per year compared with a national rate of 62.6. 
The difference in rates was found in all age ranges between 
20 and 39 years (Figure  6.1 ). The reasons for these lower 
rates are probably complex. There are undoubtedly social 
effects: women with epilepsy have low rates of marriage, 
marry later, and suffer social isolation and stigmatization. 
Some avoid having children because of the risk of epilepsy 
in the offspring, and some because of the teratogenic 
potential of antiepileptic drugs. Other patients have 
impaired personality or cognitive development. However, 

 It would seem reasonable to use lower dosage than 
in young adults. The usual starting dose is 30 – 60   mg 
at night. Because older persons are more sensitive to 
the neurological side effects of phenobarbital, dosage 
increments should be cautious and carefully monitored.  

  Phenytoin 
 Phenytoin is commonly prescribed to elderly people, in 
spite of its complex pharmacokinetics; indeed it is 
probably the most prescribed antiepileptic drug in the 
USA despite the view of clinical authorities that it should 
be not be recommended as either a fi rst - line or even a 
side - line medicine. As it is metabolized by saturatable 
processes, age - related declines in hepatic size and 
function could be expected to be of real signifi cance. 
However, published studies are inadequate, and results 
have been confl icting. Early reports suggested that free 
phenytoin concentrations do indeed increase with 
age, although others showed increased clearance, partly 
attributable to the decreased albumin concentrations, 
and others showed no difference in the various elimina-
tion parameters between young and elderly people. The 
metabolism of phenytoin can be saturated at lower levels 
than in younger people. The picture is therefore rather 
confusing and advice is diffi cult to give. It would be 
wise to initiate therapy with phenytoin cautiously, at a 
relatively low dose (initial maintenance of 200   mg/day) 
followed by small dose increments (50   mg steps) as 
clinically indicated. Frequent measurements of phenyt-
oin serum levels are essential. The measurement of free 
phenytoin concentrations is worthwhile in special cir-
cumstances (but not routinely), especially in ill or debili-
tated patients where serum albumin concentrations 
are low.  

  Topiramate 
 Studies of topiramate in elderly people are very limited, 
but it has good effi cacy and can be safely used. Clearance 
is reduced in the presence of hepatic or renal impairment. 
The incidence of central nervous system side effects 
can be reduced with a slow - dose titration. For these 
reasons, dosage should be lower than in young adults. A 
recommended initial dose is 25   mg at night and dosage 
increments can be made in 25   mg steps to an initial main-
tenance dosage of between 50 and 100   mg/day in 
monotherapy.  

  Valproate 
 Valproate is widely used in elderly people, particularly to 
control generalized tonic – clonic seizures. It is as effective 
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in itself infl uence fertility and ovulation, presumably 
mediated via hypothalamic mechanisms. It is known in 
animal experimentation, for example, that limbic (and 
particularly amygdaloid) seizures can cause anovulation, 
elevated serum testosterone levels and the accumulation 
of follicular cysts in the ovaries. Similarly, a recent study 
of 50 women with temporolimbic epilepsy found that 28 
patients had menstrual irregularities; 10 with PCOS and 
amenorrhoea, oligoamenorrhoea, or abnormally long or 
short menstrual cycle intervals; 19 of the 28 women with 
epilepsy and menstrual disorders had readily identifi able 
reproductive endocrine disorders including PCOS, hypo-
thalamic amenorrhoea and hyperprolactinaemia. There 
was no relationship with antiepileptic drug usage and the 
authors concluded that the endocrine problems were 
related to the epilepsy itself. 

 Limbic seizures have also been associated with lack of 
libido, anorgasmia, dyspareunia, vaginismus, or insuffi -
cient vaginal lubrication and reduced genital blood fl ow 
during erotic stimulation. Similarly, sexual interest and 
activity can change after epilepsy surgery. 

 The effects of antiepileptic drugs on sex hormone levels 
has been the subject of study. There is no doubt that the 
hepatic enzyme - inducing antiepileptics (e.g. phenytoin, 
carbamazepine, phenobarbital, lamotrigine) can infl u-
ence hormone levels, possibly particularly by action on 
the cytochrome P450 enzymes CYP19. Changes include 
elevated levels of sex hormone - binding globulin concen-
trations, lowered androgen, changes in testosterone and 
oestrogen levels, increased cortisol and prolactin levels, 
and an exaggerated luteinizing hormone (LH) response 
to the gonadotrophin and thyrotrophin - releasing 
hormone (TRH) stimulation. The causes may, however, 
be complex and the clinical relevance is not clear. 

 The main focus on the reproductive effects of antiepi-
leptic drugs has been on the possibility that antiepileptic 
drugs can induce PCOS. PCOS is defi ned as ovulatory 
dysfunction with clinical evidence of hyperandrogenism 
and/or hyperandrogenaemia in the absence of identifi able 
adrenal or pituitary pathology. This should be differenti-
ated from the simple fi nding of polycystic ovaries which 
occur in up to 80% of some female populations (depend-
ing on age and other factors), and which do not have any 
signifi cant pathological signifi cance. PCOS has both 
genetic and environmental causes and has a prevalence 
ranging from about 4% up to 18% in the general female 
population, and from 10% to 20% in populations of 
women with epilepsy. The question of antiepileptic 
drug - induced PCOS has been the topic of considerable 
controversy. Initial studies from Finland suggested that 

there are other biological factors that could lead to 
reduced fecundity, and smaller studies have shown that, 
when women with such severe co - morbidities were 
excluded, fertility rates approach those of the general 
population.   

 Endocrine dysfunction and also antiepileptic drugs 
can affect fertility and this is discussed below. The lower-
ing of fertility is a worrying fi nding which is another 
important source of disadvantage for women with 
epilepsy. If there are potentially preventable causes, these 
should be sought. 

 Fertility in men due to epilepsy or drug therapy is a 
poorly studied area. It has been suggested that there is 
reduced sperm motility or morphology in patients with 
epilepsy on long - term antiepileptic drug treatment 
and that this may be due to a direct effect of phenytoin, 
carbamazepine and valproic acid on sperm membrane 
function.  

  Polycystic  o varian  s yndrome and 
 e ndocrine  f unction 
 Among the known endocrine problems in epilepsy are 
anovulatory cycles, hypothalamic amenorrhoea, polycys-
tic ovary syndrome (PCOS), hyperprolactinaemia, pre-
mature menopause, and changes in androgen and other 
sex hormones. 

 It has been estimated, in different studies, that between 
a third and two - thirds of menstrual cycles in women with 
epilepsy are anovulatory, compared with 8 – 14% in con-
trols. The causes are complex, and having seizures may 

     Figure 6.1     Live birth rates in mothers with epilepsy on 
treatment compared with general population (study of a UK 
population of over 2 million persons).  
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useful sign of inadequate oestrogenic effect, but it is not 
infallible, and contraceptive failure can occur without 
midcycle bleeding. Occasionally, 80 or even 100    µ g estra-
diol is needed for contraceptive effect. In addition,  ‘ tricy-
cling ’  a 50    µ g oestrogen preparation can be employed, 
which entails taking 3 - monthly packets of the contracep-
tive without a break, followed by an interval of 4 days 
rather than the usual 7. Women should be advised that, 
even using higher - dose preparations, there is a higher risk 
of contraceptive failure, and fi gures of 3 failures per 1000 
women - years are quoted compared with the 0.3/1000 rate 
in the general population, although the rates are probably 
lower with tricycling. It is also worth pointing out that the 
higher - dose contraceptives that are prescribed undergo 
rapid metabolism, and the oestrogen levels attained are 
equivalent to those provided by lower - dose contraceptives 
in non - epileptic women, and so there is no excess risk of 
oestrogen - induced complications such as thrombosis. 

 There is no risk of such interactions with non - CYP3A 
enzyme - inducing drugs (e.g. vigabatrin, valproate, cloba-
zam, gabapentin, lamotrigine, levetiracetam, pregabalin, 
valproate or vigabatrin). These drugs do not affect the 
metabolism of the combined pill and so a 30    µ g estradiol 
compound can be safely taken. However, the combined 
contraceptive pill tends to lower lamotrigine levels 
by 40 – 60%, so starting the pill in patients co - medicated 
with lamotrigine can result in poorer control, and 
higher lamotrigine dosage may be required. Furthermore, 
lamotrigine levels can rise quickly in the pill - free 
week and result in side effects and, for these reasons, 
lamotrigine is not a good choice in patients on the con-
traceptive pill. 

 In spite of the well - known risks of drug interaction, 
the inappropriate prescribing of low - dose contraceptives 
with enzyme - inducing drugs is widespread. In a large UK 
general practice survey, 17% (390/2341) of all women 
with epilepsy were on an oral contraceptive. Of these, 200 
were co - medicated with an enzyme - inducing antiepilep-
tic drug, and 44% (87 of the 200) were taking a contra-
ceptive pill with less than 50    µ g estradiol. That this is a 
real problem is shown in one study that reported that 
8.5% of pregnant women with epilepsy reported oral 
contraceptive failure.  

  Progesterone -  o nly  p reparation 
 The progesterone - only pill (the  ‘ mini - pill ’ ) is affected 
in a similar manner, and patients should take at least 
double the usual dose or use alternative forms of 
contraception.  

valproate therapy in particular induces PCOS. In one 
study, 30 – 40% of patients taking valproate therapy had 
polycystic ovaries and hyperandrogenism, compared 
with 5 – 15% of those taking carbamazepine or lamotrig-
ine. However, no difference between valproate -  and car-
bamazepine - treated patients was found in other studies. 
In one randomized open - label study, hyperandrogenism 
and ovulatory dysfunction developed in 44% of those 
randomized to valproic acid compared with 23% of those 
on lamotrigine if treatment was initiated before age 26 
years, whereas the rates were similar (24% vs 22%) if 
treatment was started after age 26 years. Furthermore, 
studies have shown the reversal of the syndrome on 
switching from valproate to lamotrigine therapy or 
withdrawal of valproate therapy. Valproate can induce 
obesity and this, in turn, can lead to peripheral insulin 
resistance, hyperandrogenism and hyperinsulinaemia, 
and on theoretical grounds these could contribute to the 
induction of polycystic ovaries. How valproate does 
induce obesity is also unclear, but this may be due to 
increased leptin levels. 

 Endocrine function in general has been poorly studied. 
In young female patients one small cross - sectional inves-
tigation failed to fi nd any differences in those treated with 
valproate or carbamazepine when compared with healthy 
controls in terms of linear growth, polycystic ovaries and 
sexual maturation. However, long - term follow - up 
showed normal endocrine function in those who had 
come off medication but an increased prevalence of 
endocrine disorders including PCOS among those 
remaining on antiepileptic therapy. Withdrawal of 
carbamazepine in seizure - free male and female patients 
has also been shown to result in an increase in serum 
testosterone and free androgen index.   

  Contraception 
  The  c ombined  o ral  c ontraceptive 
 There is no reason why women with epilepsy should not 
take the combined oral contraceptive. However, drugs 
that induce hepatic enzyme activity (particularly the 
CYP3A family enzymes  –  barbiturates, phenytoin, primi-
done, oxcarbazepine and carbamazepine) increase the 
metabolism of the oestrogen and progesterone compo-
nents of the pill (sometimes by 50%), thereby reducing 
its effi cacy. Topiramate lowers the level of oestrogen by 
30% by a different mechanism. Patients co - medicated 
with these drugs therefore need higher doses of the pill to 
achieve contraceptive effect, and a preparation with at 
least 50    µ g estradiol should be safe in most women, but 
not all. Breakthrough bleeding (midcycle bleeding) is a 
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  Teratogenicity of  a ntiepileptic  d rugs 
 In clinical practice, it is this topic that raises the greatest 
concern among women with epilepsy, and the issues 
must be fully discussed. 

 The fi rst report of an antiepileptic drug - induced mal-
formation was in 1963 (due to methphenytoin). In 1968, 
Meadows conducted a pioneering enquiry and concluded 
that congenital malformations were twice as common in 
children exposed  in utero  to antiepileptic drugs as would 
be expected in unexposed populations, and this has set 
the scene for numerous subsequent investigations, which 
have demonstrated conclusively that antiepileptics do 
increase the rate of malformations. Evidence includes: 
animal testing showing patterns of malformation similar 
to those seen clinically; drug - specifi c effects; malforma-
tion rates in the offspring of mothers with epilepsy on 
treatment higher than those off treatment; mean antiepi-
leptic drug levels higher in the mothers of infants with 
malformations than in those without; and infants of 
mothers on polytherapy with higher malformation rates 
than those exposed to single - drug treatment. Factors 
complicating studies in this area are, however, the poten-
tial for seizures themselves to cause malformations, 
although this effect is probably small, social, dietary and 
socioeconomic factors, resulting in greater maternal 
ill - health, and maternal genetic factors that increase the 
risk of both epilepsy and malformations (particularly in 
idiopathic or cryptogenic epilepsy). Much of the evidence 
is highly contradictory, and this area is a minefi eld in 
which accurate clinical advice is diffi cult to give. However, 
carbamazepine and lamotrigine are considered by many 
to be the least teratogenic of the commonly used antiepi-
leptic drugs. 

 It is worth remembering too that when advising on this 
matter in relation to newer antiepileptic drugs: fi rst, even 
today, the full range of the teratogenicity has not been 
not established, as the number of pregnancies studied is 
small; second, the risk of even major malformations was 
not noticed until the traditional drugs had been in exten-
sive use for decades; and third, negative animal results 
are not a reliable indicator of safety. Any claims for safety 
for newer drugs should be taken in this context. Currently 
the advice from the package inserts is to avoid the use of 
any of these drugs in pregnancy until more defi nitive 
advice can be given. 

  Major  m alformations  a ssociated with 
 a ntiepileptic  d rugs 
 The most common major malformations associated 
with traditional antiepileptic drug therapy (phenytoin, 

  Injectable  c ontraceptives 
 Medroxyprogesterone acetate (Depo - Provera ® ) has no 
interactions with antiepileptics, because there is virtual 
100% clearance on fi rst pass through the liver, and 
enzyme induction should have no effect. The progesto-
gen implant Implanon ®  is affected by enzyme - inducing 
drugs, and so should not be used in women with 
epilepsy.  

  Postcoital  c ontraception (the  m orning -  a fter  p ill) 
 The effi cacy of this contraceptive is also affected by 
enzyme - inducing antiepileptic drugs, and so the fi rst 
dose should be doubled and a second single dose given 
12   h later.  

  Intrauterine  c ontraception ( c oils) 
 Coils are not affected by enzyme - inducing drugs.   

  Menstruation and  c atamenial  e pilepsy 
 There is no doubt that, in a sizeable proportion of women 
with active epilepsy, the pattern of seizures is related to 
the menstrual cycle. Oestrogen is mildly epileptogenic, 
and the high oestrogen concentration in the follicular 
phase of the menstrual cycle is a possible underlying 
cause for the greater propensity to seizures at this time. 
Premenstrual tension and water retention are other pos-
sible contributory factors. 

 Epilepsy in which the seizure pattern has a strong rela-
tionship to the menstrual cycle is referred to as catame-
nial epilepsy. There have been attempts to devise special 
treatment approaches to patients with catamenial sei-
zures. Hormonal manipulation has been attempted with 
oral progesterone or norethisterone, with only marginal 
benefi t. Attempts to abolish the menstrual cycle by hor-
monal means or even oophorectomy have had surpris-
ingly disappointing results. In most patients seizures tend 
to continue at much the same frequency, albeit with some 
loss of pattern regularity. Intermittent antiepileptic 
therapy, taken around the risk period each month, has 
also been widely tried. Therapy with diuretics or acetazol-
amide for 5 – 7 days has not proved generally successful. 
Clobazam, taken in the same manner, has shown more 
promise, with improvement noted in one study in 78% 
of women. This approach in routine clinical practice, 
however, produces a worthwhile effect in only a small 
number of women. Reasons for these disappointing 
results include irregularities of the cycle, the fact that the 
catamenial exacerbation is seldom reliably linked to any 
particular day of the cycle and tolerance to the effects of 
clobazam.  
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have been reported in humans on carbonic anhydrase 
inhibitors, but there have now been reported a number 
of malformations associated with topiramate usage, in a 
relatively small denominator, and this drug should be 
avoided in pregnancy. Gabapentin causes hydroureter 
and hydronephrosis in rabbits, but there have been no 
reported human pregnancy abnormalities. Uniquely, 
phenytoin therapy has been clearly associated with an 
increased risk of neuroblastoma, although the absolute 
risk is very small. Various recent data has been presented 
giving a malformation rate for fi rst trimester exposure to 
levetiracetam of between 0 – 3.1%. 

 Drug dosage has also been shown to be relevant in the 
case of valproate  –  with higher rates of malformations 
linked to dosages  > 1000   mg/day, and also lamotrigine 
with dosages  > 200   mg/day. In fact, in one study, the rate 
of malformations associated with valproate at doses 
 < 1000   mg/day were less than the rate associated with 
lamotrigine at doses  > 200   mg/day.  

  More  m inor  d evelopmental  a bnormalities 
 In addition to the major malformations, less severe 
dysmorphic changes ( ‘ fetal syndromes ’ ) have been 
postulated, although there is little agreement about their 
frequency or indeed in some instances even their 
existence. The problem is further complicated by the 
confounding infl uences of socioeconomic and genetic 
factors. The fetal phenytoin syndrome was the fi rst to be 
described, and is said to comprise a characteristic pattern 
of facial and limb disturbances (Table  6.6 ). Most of these 
features are, however, minor and overlap with the normal 
variation seen in children born to healthy mothers. 
Recent prospective and blinded studies have shown that 
only hypertelorism and distal digital hypoplasia occurred 
with any greater frequency, and even these associations 
are weak. Furthermore, the nail hypoplasia tends to 
disappear during childhood. Cases of a  ‘ carbamazepine 
syndrome ’  are reported with craniofacial abnormalities, 
growth retardation, neural tube defects and fi ngernail 
hypoplasia. Reports of barbiturate  ‘ syndromes ’  have been 
published, comprising facial changes and developmental 
delay. The complexity of the subject is shown by one 
report of four siblings with the classic  ‘ hydantoin syn-
drome ’  born to a mother taking phenytoin and primi-
done for the fi rst three pregnancies but only primidone 
during the fourth. A  ‘ carbamazepine syndrome ’  has been 
claimed on the basis of a few case reports that are uncon-
vincing. Finally, recent interest has focused on a  ‘ valpro-
ate syndrome ’  said to occur in up to 50% of infants born 
to mothers on valproate; again no blinded studies have 
been carried out and the true status of this syndrome is 

phenobarbital, primidone, benzodiazepine, valproate, 
carbamazepine) are cleft palate and cleft lip, cardiac mal-
formations, midline defects, neural tube defects, hypo-
spadias and skeletal abnormalities. Unfortunately, 
because most studies have been of women on multiple 
drug therapy, the risks of individual drugs are not fully 
established. 

 The risk of spina bifi da has been particularly well 
studied. The background population risk of spina bifi da 
is approximately 0.2 – 0.5% with geographical variation. 
Valproate is associated with a 1 – 2% risk of spina bifi da 
aperta, a risk that is dose related. Carbamazepine carries 
a risk of spina bifi da aperta of about 0.5 – 1%. It is instruc-
tive to note that the induction of neural tube defects by 
valproate (and to a lesser extent carbamazepine) was not 
noticed in animal toxicology. The mechanism of produc-
tion of drug - induced spina bifi da may be different from 
that in unexposed populations, which could reduce the 
protective action of folate. 

 The overall risk of malformations due to exposure to 
phenytoin was thought at one time to be particularly 
high, but recent studies of phenytoin monotherapy have 
shown a very low incidence of major defects. It may be 
that the previously high rates were attributable to poly-
therapy and exposure to high levels of phenytoin at a time 
when blood level control was not possible. 

 One study purported to demonstrate smaller head cir-
cumference in babies of mothers on carbamazepine, but 
the statistical basis of this observation was not well 
founded. Small increases in rates of pre -  and postnatal 
growth retardation have been found in controlled studies 
of mothers taking antiepileptics, but the growth differ-
ences had disappeared by the time the offspring were 5 
years old. 

 It is not clear whether or not the benzodiazepines have 
any teratogenic potential, although there are case reports 
of facial clefts, and cardiac and skeletal abnormalities. 

 Although the patterns of malformations associated 
with all epilepsy drugs seem to overlap, there are some 
specifi c features. In addition to the malformations men-
tioned above, valproate is also particularly associated 
with skeletal and midline abnormalities, lamotrigine and 
phenytoin with oral clefts, and carbamazepine with con-
genital heart defects. Both carbamazepine and valproate 
have been associated also with hypospadias. Infants, born 
to mothers taking vigabatrin, with spina bifi da, cleft 
palate, absent diaphragm and conjoined twins have been 
reported. Topiramate, in animal models, causes right -
 sided ectrodactyly and rib and vertebral abnormalities, a 
pattern similar to that observed with acetazolamide, also 
a carbonic anhydrase inhibitor. No similar abnormalities 
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there is no doubt that these occur at a higher frequency 
among infants born to women with epilepsy (between a 
two -  and sevenfold increase), the association could be 
attributed at least in part to genetic, environmental or 
socioeconomic factors. A recent study showed that 41 
children exposed to valproate monotherapy had, when 
measured at school age, signifi cantly lower verbal IQ 
(VIQ) scores when compared with 52 children exposed 
to carbamazepine and 21 to phenytoin monotherapy, 
and the rates were highest after fetal exposure to valpro-
ate doses  > 800   mg/day. Low VIQ was also associated with 
the occurrence of fi ve or more tonic – clonic seizures 
during pregnancy in a regression analysis. 

 There were higher rates of dysmorphic features in the 
children exposed to valproate, and these were most 
common in those with low VIQ scores. Some caution 
needs to be exercised in interpreting these results. The 
study was a retrospective survey, the mothers were not 
randomized to different monotherapies, there was only a 
40% response rate, and there are some inconsistencies, 
e.g. the fact that signifi cant differences in VIQ rates were 
not found in fetuses exposed to valproate polytherapy, 
nor was there a signifi cant dose response. Other smaller 
studies have not consistently confi rmed these results. 
This is of course an extremely important issue, but one 
where the quality of evidence is not strong and further 
study is needed, although really no major randomized 
prospective study is now either feasible or ethically justi-
fi ed given these potential purported risks.   

  Pregnancy 
 There are a number of other issues, in addition to tera-
togenesis, that need to be considered when considering 
the issues of epilepsy and pregnancy. 

  Effects of  e pilepsy on  p regnancy and  d elivery 
 About 3 – 4 live births per 1000 women of child - bearing 
age with epilepsy occur each year. Epilepsy has been 
reported in retrospective (and therefore selected) series 
to increase by up to threefold the risks of various common 
complications (Table  6.7 ). The perinatal mortality rate 
has been found to be twice that of the general population. 
No large - scale prospective investigation has been carried 
out, but there seems little doubt that these pregnancies 
require special consideration. The obstetrician may be 
more likely to recommend intervention and to manage 
the case in a distinctive manner. About 1 – 2% of all 
women with epilepsy will have tonic – clonic seizures 
during delivery and this can clearly complicate labour, 
and occasional maternal and fetal fatalities have been 
reported. The fetal heart rate can be dramatically slowed 

quite unclear. There are also reports of alcohol and ben-
zodiazepine  ‘ syndromes ’ .    

  Cognitive  d isability as a  t eratogenic  r isk 
 Even greater controversy exists in relation to the question 
of whether maternal drug usage results in developmental 
delay, and cognitive and learning disability. Although 

  Table 6.6    Some features reported to occur in fetal 
anticonvulsant syndromes. 

  Growth  
      •      Pre -  and postnatal growth defi ciencies  
   •      Microcephaly     

  Craniofacial  
      •      Short nose, low cranial bridge  
   •      Hypertelorism  
   •      Epicanthic fold  
   •      Strabismus and other ocular abnormalities  
   •      Low - set ears and other aural abnormalities  
   •      Wide mouth, and prominent lips  
   •      Wide fontanelles  
   •      Cleft palate and cleft lip     

  Limbs  
      •      Hypoplasia of nails  
   •      Transverse planar crease  
   •      Short fi ngers  
   •      Extra digits     

  Cerebral  
      •      Learning disability  
   •      Developmental delay     

  General  
      •      Short neck, low hairline  
   •      Rib, sternal and spinal anomalies  
   •      Widely spaced hypoplastic nipples  
   •      Hernias  
   •      Undescended testicles  
   •      Neuroblastoma and neural ridge tumours  
   •      Cardiac and renal abnormalities  
   •      Hypospadias  
   •      Neural tube defects     

   This is a list of reported abnormalities, although many are 
uncontrolled observations and the frequency of the 
anomalies is unclear. The contribution of antiepileptic 
drugs is unclear, and genetic, environmental and 
socioeconomic factors may also have a role in their 
development.   
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 However, most debate has revolved around the postu-
lation that tonic – clonic seizures damage the fetus through 
lactic acidosis or hypoxia. The hypoxia is usually very 
short - lived and the placenta is a well - buffered system, and 
these risks seem intuitively likely to be small. Fetal asphyxia 
manifested by prolonged bradycardia has been recorded 
after a maternal seizure, and one case of postictal fetal 
intracranial haemorrhage has been recorded. However, 
these are probably exceptional, and in most situations 
isolated seizures are harmless. One study suggested that 
fi rst - trimester seizures are accompanied by a higher risk 
of fetal malformation than seizures at other times, 
although methodological issues cloud the reliability of the 
conclusions. Stillbirth has been recorded after a single 
seizure or series of seizures, but this must be very rare. 

 Partial absence or myoclonic seizures have no known 
effects upon a fetus. 

 Status epilepticus during pregnancy results in greater 
risks, both of fetal morbidity and mortality and of mater-
nal mortality. A 50% infant mortality rate and 30% 
maternal mortality rate were reported in one early study, 
although more recently there was only 1 case of status -
 induced fetal death in 36 episodes and no maternal 
deaths.  

  Pharmacokinetics of  a ntiepileptic  d rugs 
during  p regnancy 
 Pregnancy, particularly in the last trimester, can exert 
marked effects on the pharmacokinetics of antiepileptic 
drugs. Serum levels of phenobarbital and phenytoin can 
fall by up to 40% during pregnancy, and rise to pre -
 pregnancy levels in the fi rst month after delivery. Similar 
falls in the active metabolites of oxcarbazepine and leve-
tiracetam are reported. Carbamazepine levels decline less 
in general and this is another reason for choosing this 
drug in pregnancy. The greatest problems seem to arise 
with lamotrigine, with levels falling in some patients by 
60% and, if there is a fall, this is reversed in the few days 
postpartum. 

 Drug dosage may need modifi cation. In all patients, it 
is good practice to measure baseline levels and then to 
check levels with at least one measurement made in the 
fi rst and second trimesters and more frequently in the 
third trimester. Weekly levels are required in some 
patients on lamotrigine in whom seizure control is criti-
cally linked to serum level.  

  Screening for  f etal  m alformations 
 Some malformations can be detected in the prenatal phase. 
If therapeutic termination of pregnancy is acceptable, 

by a seizure, and fetal monitoring is recommended 
during vaginal delivery. Home birth should not generally 
be contemplated.    

  Effect of  p regnancy on the  r ate of  s eizures 
 Pregnancy has an unpredictable effect on the frequency 
of seizures. In a recent large study, 59% of seizure - free 
patients remained seizure free during pregnancy. 
Traditionally it has been said that seizure control 
improves in a third of patients during pregnancy and 
worsens in a third. Recent evidence suggests, however, 
that seizure control deteriorates only in a relatively small 
proportion of patients on modern therapy, although one 
consistent observation is that the more severe the pre -
 pregnancy epilepsy, the more likely are seizure exacerba-
tions. There are a number of potential causes for increased 
seizures including hormonal effects, non - compliance 
with medication, inappropriate dose reductions, chang-
ing drug disposition and serum levels, fl uid retention, 
vomiting, stress, anxiety and sleep deprivation. Seizures 
are particularly likely around the time of labour and 
delivery  –  about 1 – 2% of all susceptible. 3 patients will 
have a tonic – clonic seizure at this time, and for this 
reason the author ’ s practice is to recommend clobazam 
10   mg to be taken at the onset of the second stage of 
labour.  

  The effect of  s eizures on the  f etus 
 This is a controversial area. Clearly, in the later stages 
of pregnancy, a convulsion carries the risk of trauma to 
the placenta or fetus, especially if the woman falls, and 
convulsive seizures can also precipitate premature 
labour. 

  Table 6.7    Complications of pregnancy that occur with 
increased frequency in women with epilepsy. 

      •      Bleeding  in utero   
   •      Premature separation of the placenta  
   •      Toxaemia of pregnancy and pre - eclampsia  
   •      Miscarriage and stillbirth  
   •      Intrauterine growth retardation, low birthweight  
   •      Perinatal mortality  
   •      Premature labour  
   •      Breech and other abnormal presentations  
   •      Forceps delivery, induced labour, caesarean section  
   •      Precipitant labour  
   •      Psychiatric disorders  
   •      Seizures and status epilepticus     
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be insuffi cient to protect against haemorrhage and fresh 
frozen plasma should be given intravenously. Similarly, 
if there is evidence of neonatal bleeding, or if concentra-
tions of factors II, VII, IX or X fall below 25% of normal, 
an emergency infusion of fresh frozen plasma is required. 
It was also previously recommended that the mother 
take oral vitamin K (20   mg/day) in the last trimester, 
although the evidence that this improves neonatal clot-
ting is rather contradictory and this practice has been 
largely abandoned.  

  New -  o nset  e pilepsy during  p regnancy 
 The incidence of new - onset epilepsy in women at child -
 bearing age is about 20 – 30 cases per 100   000 women, and 
so epilepsy occurring by chance during pregnancy is not 
uncommon. Occasionally, epileptic seizures occur only 
during pregnancy (gestational epilepsy) but this is a rare 
pattern. Certain underlying conditions have a propensity 
to present during pregnancy. Some meningiomas grow 
in size faster during pregnancy as a result of oestrogenic 
stimulation. Arteriovenous malformations are also 
said to present more commonly in pregnancy although 
evidence for this is weak. The risk of ischaemic stroke 
increases 10 - fold in pregnancy, underlying causes includ-
ing arteriosclerosis, cerebral angiitis, moya - moya disease, 
Takayasu arteritis, embolic disease from a cardiac or 
infective source, and primary cardiac disease. 
Haematological diseases can also present as stroke, 
including sickle cell disease, antiphospholipid antibody 
syndrome, thrombotic throbocytopenic purpura, and 
defi ciencies in antithrombin, proteins C and S, and factor 
V Leiden. There is also a higher incidence of subarach-
noid haemorrhage and cerebral venous thrombosis. 
Pregnancy can predispose to cerebral infections due to 
bacteria (including  Listeria  spp.), fungi ( Coccidioides  
spp.), protozoa ( Toxoplasma  spp.), viruses and HIV 
infection, which can compromise fetal development. 
Epilepsy can be the presenting symptom, or occur, in all 
these conditions. 

 The extent of the investigation will depend on the 
clinical setting. Radiation with X - rays (including com-
puted tomography) should be avoided wherever possible. 
The risks of magnetic resonance imaging (MRI) to the 
developing fetus are unknown; nevertheless, MRI is the 
imaging modality of choice if urgent imaging is required. 
In the non - urgent situation, investigation should be 
deferred until the pregnancy is completed. 

 The treatment of new - onset epilepsy follows the same 
principles in the pregnant as in the non - pregnant woman. 
The underlying cause may also need specifi c therapy.  

screening procedures should include, where appropriate, 
a high - quality ultrasound scan at 10, 18 and 24 weeks, 
measurement of  α  - fetoprotein levels and amniocentesis. 
About 95% of signifi cant neural tube defects can be 
detected prenatally in this manner, as well as cleft palate, 
major cardiac kidney and midline defects, and thus 
ultrasound protocols such as these can almost (but not 
completely) eliminate the risk of a live birth with these 
malformations.  

  Folic  a cid  s upplementation 
 The fetus of a woman with epilepsy is at a greater than 
expected risk of a neural tube defect, particularly if the 
mother is taking valproate, but an association is also 
noted with exposure during pregnancy to other antiepi-
leptics. It has been said that the pathological mechanism 
of antiepileptic drug - induced neural tube defects differs 
from the naturally occurring form. A recent Medical 
Research Council (MRC) trial of folic acid supplementa-
tion during pregnancy showed a 72% protective effect 
against neural tube defects in women who had conceived 
a fetus previously with neural tube defects, and a positive 
primary preventive action has also been demonstrated. 
Although there has been no specifi c study in epilepsy, and 
despite the fact that the pathophysiology may differ, it 
would seem reasonable for all women with epilepsy to be 
given folic acid supplementation during pregnancy, espe-
cially as many patients with epilepsy have low serum and 
tissue folate levels owing to enhanced drug - induced 
hepatic metabolism. This advice is given notwithstanding 
the weak evidence that folic acid may predispose to 
increased seizures (an effect not seen in clinical practice). 
A dosage of at least 4   mg/day is recommended on an 
empirical basis, because lower dosage may not fully 
restore folate levels.  

  Vitamin  K  
 When the mother is taking enzyme - inducing antiepilep-
tic drugs, the infant may be born with a relative defi -
ciency of vitamin K - dependent clotting factors (factors 
II, VII, IX and X) and proteins C and S. This predisposes 
to infantile haemorrhage, including cerebral haemor-
rhage. The neonate should therefore receive 1   mg vitamin 
K i.m. at birth and at 28 days of life. Previous concern 
that intramuscular vitamin K increased the risk of 
neuroblastoma has been dismissed, but there is possibly 
a slight increase in the rate of later acute lymphoblastic 
leukaemia. If any two of the clotting factors fall below 
50% of their normal values, intramuscular vitamin K will 
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tion, overbreathing, pain and emotional stress can greatly 
increase the risk of seizures. Elective caesarean section 
should be considered in patients at particular risk. A 
history of status or life - threatening tonic – clonic seizures 
is an indication for a caesarean section and, if convulsive 
seizures or status occur during delivery, an emergency 
caesarean section should be performed. Intravenous 
lorazepam or phenytoin should be given during labour if 
severe seizures occur and the patient should be prepared 
for a caesarean section. 

 There is a maternal as well as an infant mortality asso-
ciated with severe seizures during delivery. The hypoxia 
consequent on a seizure may be more profound in gravid 
women. Resuscitation facilities should be immediately at 
hand in the delivery suite.  

  Puerperium 
 There is still an increased risk of seizures in the puerpe-
rium, and precautions may be necessary. It is sometimes 
helpful to continue clobazam for a few days after delivery 
to cover this period. If antiepileptic drug dosage had been 
increased due to the fall of levels during pregnancy, the 
dosage should be returned during the fi rst week to its 
previous level; this is necessary because the pharmacoki-
netic changes of pregnancy are rapidly reversed in the 
puerperium and if dosages are not lowered acute antiepi-
leptic drug toxicity will result. Drugs circulating in the 
mother ’ s serum cross the placenta. If maternal antiepi-
leptic drug levels were high, the infant may experience 
withdrawal symptoms (tremor, irritability, agitation 
and even seizures) and neonatal serum levels should be 
measured in cases at risk.  

  Breast -  f eeding 
 The concentration of most antiepileptic drugs in breast 
milk is less than 30% that of plasma; exceptions are 
concentrations of ethosuximide, gabapentin, lamotrig-
ine, levetiracetam, phenobarbital and topiramate. 
Furthermore, even if a drug is present in signifi cant con-
centrations in breast milk, the amount ingested by the 
infant is usually much less than would normally be con-
sidered necessary for clinical effects. Only in the case of 
ethosuximide, lamotrigine and phenobarbital (including 
from primidone) are signifi cant doses absorbed. Thus, 
only with these drugs  –  and possibly levetiracetam, 
although data are sparse  –  are precautions necessary at 
least at normal doses. The problem of lamotrigine is 
compounded if co - medication with valproate, which 
prolongs the half - life of the drug, is given. Particular 

  Eclampsia and  p re -  e clampsia 
 Most new - onset seizures in the late stages of pregnancy 
(after 20 weeks) are caused by eclampsia. Pre - eclampsia 
is characterized by hypertension, proteinuria, oedema, 
and abnormalities of hepatic function, platelets and clot-
ting parameters. About 1 – 4% of cases progress to eclamp-
sia. The eclamptic encephalopathy results in confusion, 
stupor, focal neurological signs and cerebral haemor-
rhage as well as seizures. The epilepsy can be severe and 
progress rapidly to status. The incidence of eclampsia in 
western Europe is about 1 in 2000 pregnancies, but it is 
more common in some developing countries with rates 
as high as 1 in 100. It carries a maternal mortality rate of 
between 2 and 5% and signifi cant infantile morbidity and 
mortality. 

 Traditionally, obstetricians have used magnesium sul-
phate for the treatment of seizures in eclampsia, and the 
superiority of magnesium over phenytoin and/or diaze-
pam has been clearly demonstrated in recent randomized 
controlled studies. Not only does magnesium confer 
better control of seizures, but there are also fewer com-
plications of pregnancy, and infant survival is better. 
Magnesium also seems to lessen the chance of cerebral 
palsy in low birth weight babies and has been shown to 
decrease secondary neuronal damage after experimental 
traumatic brain injury. The mechanism by which mag-
nesium sulphate acts in eclampsia is unclear; it may do 
so via its infl uence on  N  - methyl -  d  - aspartate (NMDA) 
receptors or on free radicals, prostacyclin, other neuro-
chemical pathways or, more likely, by reversing the 
intense eclamptic cerebral vasospasm. It is possible that 
patients would benefi t from magnesium and a conven-
tional antiepileptic, but this has not been investigated. 
Magnesium sulphate is given intravenously as a loading 
dose of 4   6   g over 20   min followed by a maintenance dose 
of 1 – 2   g/h as a continuous intravenous infusion. In about 
10% of cases, seizures will recur, and in this situation a 
further 2   g bolus of magnesium is given.   

  Labour and the  p uerperium 
  Management of  l abour 
 Regular antiepileptic drugs should be continued during 
labour. If oral feeding is not possible, intravenous 
replacement therapy can be given for at least some drugs. 
Tonic – clonic seizures occur in about 1 – 2% of susceptible 
mothers, and in patients at risk oral clobazam (10 – 20   mg) 
is useful when given at the onset of labour as additional 
seizure prophylaxis. Fetal monitoring is advisable. Most 
women have a normal vaginal delivery, but sleep depriva-
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   •      Genetic counselling in relation to both the risks of 
epilepsy and any underlying cause  
   •      Risks of teratogenicity due to drugs  
   •      Risks of seizures in pregnancy  
   •      Prenatal diagnosis and, where appropriate, therapeutic 
termination  
   •      Folate and vitamin K  
   •      Lifestyle issues  
   •      The principles of antiepileptic drug therapy and the 
optimization of therapy, and compliance  
   •      Issues in relation to delivery, labour and obstetric 
issues  
   •      The chances of changes in seizure frequency  
   •      Measuring blood levels  
   •      Breast - feeding.     

  Therapy  r eview 
 As most of the major malformations are established 
within the fi rst trimester, many within the fi rst 8 weeks, 
optimization of therapy should be carried out before 
conception. This is a counsel of perfection often not real-
ized, yet it is of great importance. Referral of a woman 
for a review of drug therapy when she is 10 weeks ’  preg-
nant is too late to make changes that will minimize the 
teratogenic risks. 

 It is important to establish whether antiepileptic 
therapy is needed at all. This will be an individual deci-
sion, based on the estimated risk of exacerbation of 
seizures and their danger (remembering that tonic –
 clonic seizures can result in injury and occasionally death 

caution is advised in the case of maternal phenobarbital 
ingestion, as in neonates the half - life of phenobarbital is 
long (up to 300   h) and the free fraction is higher than in 
adults; neonatal levels can therefore sometimes exceed 
maternal levels. The neonatal half - lives of phenytoin and 
valproate are also increased (Table  6.8 ). The long - half life 
of  N  - desmethylclobazam also means that caution should 
be observed in relation to this drug, although adequate 
data are not available. It seems sensible to watch for 
neonatal lethargy, irritability and feeding diffi culties as 
signs that the infant is affected by maternal antiepileptic 
drug intake. Serum levels of the antiepileptics can also be 
measured in the infant, and indeed perhaps should 
always be measured.    

  Maternal  e pilepsy 
 Maternal epilepsy carries other risks for the infant. There 
is a danger of dropping the child or leaving the child 
unattended during a seizure and sensible precautions 
should be taken, such as avoiding carrying the child 
unaccompanied, changing and feeding the infant at fl oor 
level, and bathing the infant only when someone else is 
present.   

  Preconception  c ounselling and 
 t herapy  r eview 
  Counselling 
 The mother ’ s antiepileptic drug regimen should be 
reviewed before conception; the counselling should 
include the following: 

  Table 6.8    Pharmacokinetic parameters of antiepileptic drugs transmitted to the fetus in breast milk. 

        Dose of antiepileptic drug 
acquired from breast milk (%)  a    

   Breast milk:plasma 
concentration ratio  

   Elimination 
half - life (h)  

   Adult     Neonate  

  Carbamazepine     < 5    0.3 – 0.4    5 – 26    8 – 28  
  Ethosuximide     > 50    0.9    30 – 60    40  
  Lamotrigine     > 50    0.6    12 – 60    n/k  
  Phenobarbital     > 50    0.4 – 0.6    75 – 120    45 – 300  
  Phenytoin     < 5    0.2 – 0.4    7 – 42    15 – 100  
  Valproate     < 5    0.01    12 – 17    30 – 60  

    a Amount of drug received in a fully breast - fed infant, expressed as a percentage of the lowest recommended daily therapeutic 
dose for an infant (Dr M O ’ Brien, personal communication).  
  n/k, not known.   
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to both mother and fetus). The decision will balance 
the risks of teratogenicity against the risks of worsening 
epilepsy. Some women with partial or non - convulsive 
seizures will elect to withdraw therapy even if seizures are 
active or likely to become more frequent. Conversely, 
some women who are free of seizures will wish to 
continue therapy because of the social and physical risks 
of a recurrence of seizures. 

 In many patients it is reasonable to withdraw therapy 
for the fi rst half of pregnancy and then to reinstate the 
drugs; this approach is based on the fact that the terato-
genic risk is greatest in the fi rst trimester and the physical 
risk of seizures greatest in the later stages of pregnancy. 
The relative risks need to carefully assessed, however, and 
a specialist review is needed before embarking on this 
course. 

 If the woman elects to continue therapy, the appropri-
ate regimen in most cases is the minimally effective dose 
of the single antiepileptic that best controls the epilepsy. 
A few women with severe epilepsy will need combination 
therapy, but this should be avoided wherever possible. It 
is useful to measure the serum drug concentrations that 
give optimal control of the epilepsy before contraception. 
These values form a starting point on which to base 
subsequent drug dosage adjustments.  

  The  u se of  v alproate and  p rescribing in  i diopathic 
 g eneralized  e pilepsy 
 A particular issue relates to the use of valproate which 
now, particularly because of the teratogenic risks and the 
possibility of a risk of later cognitive impairment in the 
offspring, should be avoided wherever possible, if other 
equally effective treatment options are available. The 
main problems arise in patients with idiopathic general-
ized epilepsy (IGE; including juvenile myoclonic epi-
lepsy) in which valproate is undoubtedly the most 
effective therapy. There are no universally applicable 
guidelines and decisions about therapy need to be indi-
vidually decided and will depend on such factors as 
seizure frequency, prior experience with other drugs, 
outcome of previous pregnancy, maternal preferences 
and the clinical and social context. Lamotrigine is an 
alternative but often less effective and its prescription in 
pregnancy is associated with pharmacokinetic and other 
problems. The handling of levetiracetam may be less 
problematic in pregnancy but data on pregnancy out-
comes are insuffi cient at present to guarantee safety and 
lack of teratogenicity. In the author ’ s own practice, car-
bamazepine is often recommended which controls tonic –
 clonic seizures to the same extent as valproate in cases of 
IGE but can aggravate myoclonic seizures.      
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  7    Pharmacokinetic Principles of 
Antiepileptic Drug Treatment     

     To use drugs effectively, the reader should be aware of 
certain pharmacokinetic principles, some of which are 
enumerated here (see also pharmacopoeia   , pp. 365 – 377 ); 
ignorance of these aspects of simple pharmacology will 
expose a patient to risks and ineffi ciencies.  

  Drug  a bsorption 

     Oral  a bsorption 
 This process depends on both the physical and the phar-
macological properties of the drug and the biological 
properties of the person ingesting it. Physical properties 
include the formulation of the tablets, the lipid solubility, 
the binding and the degree of ionization at the pH levels 
in the gastrointestinal (GI) tract. Solutions are usually 
rather more quickly absorbed than tablets or capsules. 

 The movement from the GI tract to plasma for most 
drugs is a passive process which depends on factors 
including the following: 
   •      The concentration gradient across the gut membrane  
   •      The lipid solubility of the drug: as the non - ionized 
form of the drug is generally the most lipid soluble, 
absorption is quickest of drugs that are not ionized at 
physiological pH level  
   •      The absorption area and time in contact with the 
absorption surface: although acidic drugs are less ionized 
in the stomach than the small intestine, most orally 
administered drugs, whether acidic or basic, depend 
largely on the small intestine for absorption because of 
its large absorptive area.    

 Several antiepileptics are absorbed by an active trans-
port system (e.g. gabapentin, pregabalin and possibly 
phenytoin). The gabapentin absorption mechanism has 
a limited capacity, and higher doses may saturate the 
system. At saturated levels, increases in dosage do not 

greatly increase drug uptake. P - glycoprotein (see below) 
is widely distributed in the GI tract and it could have a 
role in the absorption of antiepileptic drugs. The expres-
sion of the drug can be induced and inhibited by other 
drugs, many of which are also inhibitors or inducers of 
the cytochrome P450 enzyme CYP3A4, and some of the 
so - called hepatic enzyme effects may in fact be due to 
alterations of oral absorption. 

 The following parameters are important to know for 
any drug being administered orally.  

   p  K  a  
 The p K  a  is the pH at which there is maximum ionization. 
The equation pH    =    p K  a     +    log[ionized drug/total drug] will 
provide the concentration of drug available for absorp-
tion in the GI tract environment with its varying pH 
levels. Some drugs have different structural properties at 
different pH levels and may have different p K  a  values for 
each structural subtype (e.g. clonazepam, gabapentin).  

  Oral  b ioavailability 
 This is the proportion of the oral dose that is absorbed 
and therefore available for use by the body. It is impor-
tant to know to what extent such factors as age, gender 
or food taken with the drug alter its bioavailability. 
For drugs requiring an active system for absorption, 
the bioavailability may be reduced at higher doses as the 
system becomes saturated (e.g. as for gabapentin). As a 
result of the dependence of absorption on gut motility, 
drugs with a low bioavailability tend to show high dose -
 to - dose variability of absorption. Motility is also reduced 
in some gastrointestinal diseases and in acute illness. 
Certain drugs interact with antiepileptics to reduce 
absorption, an example being the interaction of antacids 
and phenytoin. If possible, several hours should elapse 
between dosing with individual drugs that have the 
potential to interact at the level of absorption. Food has 
an effect on the absorption of a number of antiepileptic 
drugs, but is only clinically important routinely in the 
case of tiagabine (which should always be taken at the 
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  Rectal  a dministration 
 Some drugs are readily absorbed by the rectal mucosa. 
This is an important mode of administration in emer-
gency practice, because the rate of absorption is often very 
rapid. Solutions are better absorbed than lipid - based sup-
positories. The conveniently packaged Stesolid prepara-
tion of diazepam is a good example of a valuable liquid 
formulation that has greatly improved the therapy of 
febrile seizures, in contrast to the wax - based diazepam 
suppository, which is absorbed rectally much more slowly.  

  Parenteral  a dministration 
 Parenteral formulations are needed in acute situations 
(e.g. status, acute seizures) and for temporary substitu-
tion of oral administration (e.g. in acute illness or perop-
eratively). Most antiepileptics cannot be given by 
intramuscular administration, as the extent and rate of 
absorption are inadequate. Only phenobarbital or mid-
azolam  –  for emergency therapy  –  can usefully be given 
intramuscularly. Phenytoin, which crystallizes at tissue 
pH, can result in muscle necrosis. Intravenous adminis-
tration is possible for many antiepileptics and special 
formulations are available to minimize thrombophlebitis 
and other local complications (e.g. the Diazemuls ®  for-
mulation of diazepam and the fosphenytoin formulation 
of phenytoin).  

  Buccal and  i ntranasal  a dministration and  i nhalation 
 There has been recent interest in these forms of admin-
istration for acute seizures. Midazolam has been assessed 
rigorously by buccal and intranasal instillation, and 
absorption is excellent. The inhalation of antiepileptic 
drugs to obtain immediate effect in acute situations is 
also under investigation.    

  Drug  d istribution 

 Once in the plasma, drug molecules are available for 
transfer to other body areas (compartments); the resulting 
drug concentrations at different sites are determined by 
the process of distribution. Drug distribution is complex, 
depending on diverse factors, some of which differ over 
time in the same individual. Distribution to most sites is 
by concentration - driven passive transfer across lipid 
membranes. Lipid solubility is an important determinant 
of this. The more lipid soluble the drug, the greater 
its penetration into tissue. The blood – brain barrier has 
particularly tight intercellular junctions and only lipid -
 soluble drugs are able to cross it to enter the brain. 

end of a meal  –  it is important to advise patients about 
this; if taken without food, high levels rapidly occur, and 
cause transient side effects). 

 The oral bioavailability of most antiepileptics 
approaches 100%. The exceptions are carbamazepine 
(75 – 85%), clonazepam (80%) and gabapentin (depen-
dent on saturation and sometimes below 60%). These 
drugs are particularly subject to variable absorption. 
Different formulations of phenytoin have slightly differ-
ent bioavailability and this too is occasionally clinically 
important.  

   T  max  
 The time taken for peak serum levels to be reached 
following oral ingestion is known as  T  max . This refl ects a 
balance of absorption, distribution and elimination, and 
is in effect the beginning of the time when elimination 
exceeds absorption. For practical purposes, for most 
drugs the rate of absorption is, however, the major factor. 
At steady state, for drugs that are subject to autoinduc-
tion,  T  max  is reached earlier than after the initial phase of 
drug therapy. The importance of this is shown in the case 
of carbamazepine, where initial  T  max  can be 4 – 8   h and the 
 T  max  at steady state 1 – 3   h.  

  Modifi ed -  r elease  f ormulations 
 The absorption of the standard preparation of many anti-
epileptics is relatively fast. Modifi ed - release formulations 
can be used to slow down absorption for more prolonged 
effect or to produce less fl uctuation in serum levels. The 
slow (or controlled) - release formulations are modifi ed 
by such devices as coating the tablets in an acid - insoluble 
covering, increasing the size of the drug particles or 
embedding the drug in a matrix. The bioavailability of 
such preparations can differ from that of the unmodifi ed 
parent. The slow - release formulation of carbamazepine, 
for example, can have lower bioavailability than the stan-
dard preparation.  

  Generic  f ormulations 
 Generic formulations of a compound are required to 
have a bioavailability that is approximately similar to the 
proprietary compound. Rates of absorption do, however, 
vary somewhat, even if the extent of absorption does not. 
For most drugs, in all but the occasional patient, generic 
formulations are probably acceptable. However, for some 
drugs, in susceptible patients and particularly those who 
are seizure free, switching from one formulation to 
another risks changes in pharmacokinetics and seizure 
recurrence.  
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Thus, if  V  d  is approximately 0.05   L/kg (5% of body 
volume) the drug is confi ned to the vascular compart-
ment, if it is 0.15   L/kg the drug is confi ned to the extracel-
lular water, and if it is 0.5   L/kg the drug is distributed 
throughout the total body water. Higher values indicate 
that the drug is concentrated in tissue.  V  d  can also be used 
to make a rough estimate of peak plasma level after the 
initial dose (very approximately equal to dose/ V  d ).    

  Protein  b inding 
 The protein binding of a drug is expressed as a percent-
age, denoting the proportion of the total plasma concen-
tration that is bound chemically to plasma proteins. The 
bound portion is not available for distribution. Plasma 
protein binding may alter in disease states (e.g. hepatic 
or renal disease), and tends to fall with age. There can be 
competition for binding sites between drugs. The effects 
of mild alterations in protein binding are often complex, 
but usually have few practical clinical implications. 

     Drug  t ransport  s ystems  a cross the  b lood –  b rain 
 b arrier  –   ‘  d rug  r esistance ’   p roteins 
 Many drugs have been shown to be actively removed 
from the brain by transport systems (some referred to as 
 ‘ drug resistance ’  systems), and the relevant genes and 
transporter proteins have been identifi ed. Genes for the 
latter include  MDR1  (P - glycoprotein; multiple drug -
 resistance protein) and  MRP1 . Their importance has long 
been known in cancer therapy, but recent interest has 
focused on antiepileptic drugs. P - glycoprotein mediates 
the absorption of drugs such as phenytoin, phenobarbi-
tal, lamotrigine and felbamate across the blood – brain 
barrier, and over - expression may be one mechanism 
of drug resistance. Although this is an obviously attrac-
tive idea, there is little evidence currently to support it, 
and it is also quite obvious that there must be many 
factors infl uencing  ‘ drug resistance ’ . Some are related to: 
the drug  –  mode of action, dose, pharmakokinetics; the 
patient  –  receptor status, enzyme induction, lifestyle 
(alcohol, stress, lack of sleep); the epilepsy  –  aetiology, 
syndrome, extent/position of lesion, severity. Genetic 
variations in drug - resistance proteins probably play a 
minor role in most patients, and indeed the idea that 
drug resistance is a unitary concept is inherently unlikely.   

  Other  f actors  i nfl uencing  d rug  d istribution 
 Other lipid tissues (e.g. muscle and fat) compete with 
brain for lipid - soluble drugs, and the concentration of a 
drug in any one compartment will depend on equilibrium 
with the others. The distribution of less lipid - soluble 
drugs may depend on blood fl ow through an organ 
(e.g. intravenous phenobarbital into brain during status 
epilepticus). Mathematical modelling of drug concentra-
tions in the various compartments is possible in chronic 
oral and acute intravenous therapy, and an appreciation 
of intravenous drug distribution is necessary in the 
emergency therapy of status epilepticus (see    pp. 288 –
 289 ). The amount of drug available for distribution is the 
free fraction in the plasma, which is considerably lower 
than total plasma concentrations for protein - bound 
drugs (e.g. valproate, phenytoin).  

  Apparent  v olume of  d istribution 
 The apparent volume of distribution ( V  d ) is a proportion-
ality constant that provides an estimate of the extent of 
distribution of the drug in tissues (Table  7.1 ). It is defi ned 
as the volume of fl uid that would be required to contain 
the drug if a single compartment were assumed. The 
larger the volume of distribution, the greater the distribu-
tion in tissues (and the greater the risk of accumulation). 

  Table 7.1    Volume of distribution ( V  d ) of common 
antiepileptic drugs. 

   Drugs with very low   V   d  ( < 0.15   L/kg)   
  Nil  

   Drugs with low   V   d  (0.15 –  < 0.5   L/kg)   
  Valproate  

   Drugs with moderate   V   d  (0.5 – 0.8   L/kg)   
  Ethosuximide  
  Felbamate  
  Lacosamide  
  Levetiracetam  
  Oxcarbazepine  
  Phenobarbital  
  Phenytoin  
  Pregabalin  

   Drugs with a high   V   d  ( > 0.8   L/kg)   
  Carbamazepine  
  Clobazam  
  Clonazepam  
  Eslicarbazepine  
  Gabapentin  
  Lamotrigine  
  Primidone  
  Rufi namide  
  Tiagabine  
  Topiramate  
  Vigabatrin  
  Zonisamide  
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drug, i.e. that available for distribution. The clinical 
utility of  ‘ free blood level ’  measurements is outlined 
   on p. 156 .    

  Drug  e limination ( m etabolism 
and  e xcretion) 

 A drug is cleared (eliminated) from the body by the 
processes of metabolism and excretion. 

The most important in epilepsy is the displacement of 
bound phenytoin by valproate, and this can account for 
the signs of phenytoin toxicity on co - medication with 
valproate, with  ‘ normal ’  total phenytoin blood levels. 
Tiagabine is also displaced by valproate, and this may also 
be an important effect.  

  Total and  f ree  a ntiepileptic  s erum  l evel 
 The total serum level refers to the total plasma concentra-
tion of a drug, i.e. both its bound and its unbound 
fractions. The free serum level is the amount of unbound 

  Table 7.2    Some of the known interactions of antiepileptic drugs with hepatic enzyme systems. 

   Enzyme     Antiepileptic drugs 
metabolized by enzyme  

   Antiepileptic drugs 
that induce enzyme  

   Antiepileptic drugs 
that inhibit enzyme  

   Other drugs that 
induce enzyme  a    

   Other drugs that 
inhibit enzyme  a    

  CYP3A4    Carbamazepine    Carbamazepine    Stiripentol    Glucocorticoids    Many others 
including:  

  Clobazam    Felbamate        Rifampicin    Cimetidine  
  Clonazepam    Oxcarbazepine            Ciclosporin  
  Ethosuximide    Phenobarbital            Diltiazem  
  Midazolam    Phenytoin            Erythromycin  
  Phenytoin    Primidone            Fluconazole  
  Tiagabine    Rufi namide            Fluvoxamine  
  Zonisamide    Topiramate            Verapamil  
                  Grapefruit juice  

  CYP2C9    Phenytoin    Carbamazepine    Eslicarbazepine    Rifampicin    Amiodarone  
  Phenobarbital    Phenytoin    Valproate        Chloramphenicol  
  Valproate    Phenobarbital            Fluoxetine  
      Primidone            Fluoxamine  
                  Miconazole  

  CYP2C19    Diazepam    Carbamazepine    Felbamate    Rifampicin    Cimetidine  
  Lacosamide    Phenytoin    Lacosamide        Fluoxamine  
  Phenytoin    Phenobarbital    Oxcarbazepine (weak)          
  Phenobarbital    Primidone    Stiripentol          
  Valproate        Topiramate (weak)          

  CYP2E1    Felbamate            Alcohol      
  Phenobarbital            Isoniazid      

  UGT1A4    Lamotrigine    Carbamazepine    Valproate          
  Oxcarbazepine (MHD 
derivative)  

  Lamotrigine              

  Phenobarbital    Oxcarbazepine              
  Valproate    Phenytoin              
      Phenobarbital              

    a A selection of drugs known to interact commonly with the antiepileptic drugs.   
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  Table 7.3    Metabolic pathways of antiepileptic drugs. 

   Drug     Phase 1 reactions     Phase 2 reactions  a       Percentage of drug 
eliminated by 
phase 1 reaction  

   P450 enzymes 
identifi ed in the 
phase 1 reactions  b    

  Carbamazepine    Epoxidation, hydroxylation    Conjugation    75    CYP3A4  
              CYP2C8  
              CYP1A2  

  Clobazam    Demethylation, hydroxylation    Conjugation        CYP3A4  
  Clonazepam    Reduction, hydroxylation    Acetylation        CYP3A4  
  Eslicarbazepine    Hydrolysis    Conjugation          
  Ethosuximide    Oxidation    Conjugation    70    CYP3A4  
  Gabapentin    Renal excretion without metabolism        0      
  Lacosamide     O  - Desmethylation        30    CYP2C19  
  Lamotrigine    No phase 1 reaction    Conjugation (UGT1A4)    0      
  Levetiracetam    Hydrolysis by non - hepatic enzymes        0      
  Oxcarbazepine    Reduction    Conjugation     < 5      
  Phenobarbital    Oxidation, glucosidation, 

hydroxylation  
  Conjugation    30    CYP2C9  

  CYP2C19  
  CYP2E1  

  Phenytoin    Oxidation, glucosidation, 
hydroxylation  

  Conjugation    90    CYP2C9  
  CYP2C19  
  CYP3A4  

  Pregabalin    Renal excretion without metabolism        0      
  Primidone    Transformation to phenobarbital and a phenylethyl derivative, 

then metabolized as per phenobarbital  
        

  Rufi namide    Hydrolysis by hepatic carboxylesterases          
  Tiagabine    Oxidation    Conjugation    90    CYP3A4  
  Topiramate  c      Hydroxylation, hydrolysis    Conjugation     < 25      
  Valproate    Oxidation, hydroxylation, 

epoxidation, reduction  d    
  Conjugation    10    CYP4B1  

  CYP2C9  
  CYP2A6  
  CYP2B6  
  CYP2C19  

  Vigabatrin    Renal excretion without metabolism        0      
  Zonisamide    Acetylation, reduction    Conjugation    20 (acetylation)    CYP3A4  

    a Conjugation (phase 2) is always by glucuronidation involving the UDPGT (uridine diphosphate glucuronosyl transferase) 
family of enzymes.  
   b This lists known enzymes. Other enzymes, not yet fully characterized, play a part in the metabolism of many of these drugs.  
   c In non - induced patients, most topiramate is excreted renally without metabolism.  
   d Some of the biotransformation of valproate is via non - P450 enzyme systems.   

     Drug  m etabolism ( b iotransformation) 
 Most antiepileptics are metabolized in the liver by hepa-
tocyte microsomal enzymes. Metabolism is frequently in 
two phases (Tables  7.2  and  7.3 ). The metabolites are 
usually less biologically active, although this is not always 
the case (e.g. phenobarbital from primidone, desmethyl-

clobazam from clobazam). Most oxidation process are 
carried out by the cytochrome microsomal P450 enzyme 
system, although there are exceptions, e.g. the oxidation 
of valproate via a non - microsomal branched - chain fatty 
acid enzyme system involving monoamine oxidase, and 
the hydrolysis of levetiracetam by enzymes in red blood 
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effects of valproate occur on phenytoin and carbamaze-
pine epoxide concentrations.  
   •      Other inhibiting effects occur, but are generally less 
important. These include the effects of phenytoin and 
phenobarbital on the metabolism of each other, and the 
inhibiting effects of carbamazepine and oxcarbazepine 
on phenytoin metabolism. Felbamate is by far the 
strongest inhibitor of CYP enzyme activity and has 
been shown to result in clinically signifi cant elevations 
of the levels of phenytoin, valproate, phenobarbital, 
carbamazepine epoxide and  N  - desmethylclobazam.    

 Other non - antiepileptic drugs are also involved in inter-
actions at the level of hepatic enzymes, including: many 
antipsychotic drugs, many antidepressants, many onco-
logical and immunosuppressant drugs, many antibiotics 
(including rifampicin, erythromycin, clarithromycin), 
theophylline, warfarin, antifungal drugs, antihypertensive 
drugs (e.g. verapamil, diltiazem) and many cardiovascular 
drugs. The list of known interactions is very long, and 
before any co - medication is considered the potential for 
drug interaction should be checked.  

  Drug  e xcretion 
 Most drugs and their metabolites are excreted via the 
kidney. Nearly all the various processes of renal excretion 
are mediated by concentration - dependent passive trans-
fer, although acidic molecules, including the glucuronide 
conjugates, are also actively pumped into the proximal 
renal tubules. The more polar the molecule, the less 
resorption occurs in the distal tubule. Severe renal disease 
affects this process and can result in impaired excretion 
and greater drug accumulation. Mild renal disease rarely 
has any practically important effects on antiepileptic drug 
handling. Some antiepileptics are excreted without prior 
hepatic metabolism (e.g. gabapentin, piracetam, prega-
balin and vigabatrin) and doses have to be reduced in 
severe renal disease. Alkalinization of the urine will 
reduce the absorption of acidic drugs from the renal 
tubules and this is an interaction that can affect the blood 
levels of phenobarbital (and is used therapeutically in 
barbiturate overdose). 

 Drugs can also be excreted through the lungs, 
sweat, tears and maternal milk, but, with the exception 
of the pulmonary excretion of gaseous anaesthetics 
used in status, these routes of excretion are generally 
of no importance with regard to the antiepileptic 
drugs, although excretion in maternal milk does have 
implications for prescribing in breast - feeding women 
(see    pp. 144 – 145 ).  

cells and other tissues. In phase 2 reactions the resulting 
metabolites are conjugated, usually by glucuronidation. 
The conjugates are almost always biologically inert and 
more polar (therefore more easily excreted) than the 
parent drugs. Biotransformation rather than renal excre-
tion of unchanged drug is the main route of elimination 
for most antiepileptics (see drug excretion section below).    

  Drug  i nteractions  d ue to  i nduction/ i nhibition 
of  h epatic  e nzymes 
 The most important antiepileptic drug interactions 
are those mediated by changes in the cytochrome P450 
enzyme system. These metabolic processes can be induced 
or inhibited by antiepileptic drugs, and also autoinduced 
(induction of the drug ’ s own metabolism). In fact carba-
mazepine, phenytoin and phenobarbital are among the 
most potent enzyme inducers in the pharmacopoeia. 
Pharmacokinetic interactions between antiepileptics 
(and other drugs) are therefore very common and can 
have a serious impact on clinical therapeutics. In recent 
years the characterization of the isoenzymes involved in 
antiepileptic drug metabolism has greatly improved our 
understanding of drug interactions. 

 There are two main families of enzymes. The 
cytochrome P450 enzyme system is involved in the 
phase 1 metabolism of a number of antiepileptic drugs 
(see Table  2.4  in Chapter  2 ). Five of the isoenzymes 
(CYP3A4, CYP2C9, CYP2C19, CYP2E1 and CYP1A2) 
are the most important from the point of view of the 
antiepileptic drugs. Phase 2 reactions (conjugation) are 
usually mediated by the uridine glucuronyl transferase 
enzyme families (UGTs), of which 16 subtypes are 
recognized. 

 Examples of the most common and important interac-
tions between antiepileptic drugs in routine epilepsy 
practice are as follows: 
   •      The inducing effects of carbamazepine, phenytoin, 
phenobarbital and primidone on cytochrome P450 and 
UGT enzymes, which commonly result in clinically sig-
nifi cant reductions in levels of carbamazepine, ethosuxi-
mide, lamotrigine, oxcarbazepine, tiagabine, topiramate, 
valproate and zonisamide, e.g. in one study, valproate 
concentrations were reduced by 76%, 49% and 66% by 
co - medication with phenobarbital, phenytoin and carba-
mazepine, respectively.  
   •      The inhibiting effects of valproate on CYP2C9, 
CYP2C19 and UGT1A4 can elevate levels of phenobarbi-
tal and lamotrigine, sometimes by as much as 80%, and 
almost always necessitate dosage modifi cation. Lesser 
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   V V C K Cm= ′ +( )max  

where  V  is the velocity of the process,  V  max  the maximum 
velocity possible,  K  m  the Michaelis – Menten constant and 
 C  the concentration of the drug. For most drugs, 
the required serum concentrations are well below their 
 K  m  values, and in these circumstances  V  is virtually equal 
to  V  max  (i.e. metabolism is not saturated). These drugs 
have a linear relationship between drug dose and 
serum level in the ranges that are clinically useful, so -
 called  ‘ fi rst - order kinetics ’ . A few antiepileptic drugs, 
however, have levels close to saturation (e.g. phenytoin, 
thiopental). When concentrations reach levels that 
overwhelm the capacity of the system (i.e. where  V  is 
close to  V  max ), the velocity of metabolism cannot be 
increased. In this situation, small increases in dose may 
result in large and unpredictable rises in the level in 
the blood.  

  Steady -  s tate  v alues 
 Steady - state values are those that are achieved when, 
for any particular drug dose, the pharmacokinetic pro-
cesses reach equilibrium. The time to steady state ( T  ss ) 
is dependent on many factors, but as a rule of thumb 
it is equal to fi ve times the elimination half - life of the 
drug. In long - term treatment, steady - state values (e.g. 
for serum levels, clearance,  V  d , half - life,  T  max ) are gener-
ally of greater use to clinicians than values at initial 
dosing.    

  Blood  l evel  m easurements 

 When a steady state has been reached, there is a fairly 
consistent relationship between plasma concentration of 
any drug and the concentration in brain or other tissues. 
It should therefore be possible to defi ne those plasma 
levels that are associated with optimal clinical effects 
(i.e. an optimal balance between effectiveness and side 
effects). As a result of biological variation, such levels 
vary from individual to individual (Table  7.4 ), but 
nevertheless a range can be developed that is based on 
statistical or population parameters. This is the  ‘ target 
range ’  (also known as the  ‘ therapeutic range ’  or the 
 ‘ optimal range ’ ).   

 In practice, skill is needed to interpret serum 
drug concentrations wisely. The clinician should know 
when to ignore as well as when to heed blood level 
information. 

  Elimination  h alf -  l ife 
 This is the period of time after absorption over which 
half the drug is eliminated from the body. For most 
drugs this depends primarily on their metabolism. There 
can be marked interindividual variation as well as intra-
individual changes over time. Drug interactions can 
also have marked effects on elimination half - life. Three -
 quarters of a drug is eliminated within two half - lives, 
and approximately 93% within four half - lives. Once a 
steady state has been reached, at a very rough approxima-
tion, dosing a drug at intervals at least as frequently as 
one half - life will keep trough levels within 50% of peak 
concentrations.  

  Fraction (of  d ose)  e xcreted  u nchanged 
in  u rine ( F u (x) ) 
 After a drug is given intravenously and the patient ’ s urine 
is collected for seven half - lives, the proportion of the 
drug present in an unchanged form ( F u (x) ) measures the 
contribution of renal excretion to total drug elimination 
(the rest being eliminated by metabolism). If this fraction 
( F u (x) ) is high, renal impairment may require drug doses 
to be lowered; if it is low, renal impairment is unlikely to 
seriously affect drug kinetics. Similarly, high values of 
 F u (x)  imply that modifi cation of drug dosage will be 
unnecessary in hepatic disease, and low  F u (x)  values 
that such modifi cation may be necessary. In elderly 
people, as renal excretory capacity falls, it is wise to 
consider lower than average doses of drugs with high 
 F u (x)  values. Antiepileptic drugs with a high  F u (x)  value 
include gabapentin, levetiracetam, piracetam, pregabalin 
and vigabatrin.  

  Clearance 
 This is defi ned as the amount of drug excreted over a unit 
of time. Plasma clearance is a measure of the amount of 
drug removed from the plasma. Renal clearance is a 
measure of the amount of drug removed by the kidneys. 
As a general rule, if  F u (x)  is low, then clearance is largely 
dependent on hepatic metabolism; conversely, if  F u (x)  is 
high, clearance is largely dependent on renal excretion. 
When drugs are avidly metabolized in by the liver, 
clearance values can be as high as 1.4   L/kg per h (i.e. the 
rate of hepatic blood fl ow).  

  Kinetics of  b iotransformation 
 Metabolism is an enzyme - catalysed process that is poten-
tially saturatable, described by the Michaelis – Menten 
equation:
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salivary concentration of phenobarbital, for example, 
varies with salivary pH, and meaningful results must 
account for this. Similarly, valproate salivary concentra-
tions, for various pharmacological reasons, have no 
consistent relationship with plasma concentrations.  

  Target  r ange 
 The target range is an estimate derived largely from hos-
pital studies with a bias towards relatively severe cases. In 
fact there are many individuals whose epilepsy is well 
controlled at  ‘ suboptimal ’  levels  –  for instance, at least a 
third of patients treated with phenytoin. There are also 
others whose seizures are only controlled, without side 
effects, at  ‘ supraoptimal ’  levels. Drug response varies a lot 
in epilepsy, but generally speaking the more severe the 
epilepsy, the higher the required blood levels. Thus, 
patients with frequent seizures or those with partial epi-
lepsy often have higher  ‘ therapeutic ranges ’  than those 
with less severe forms of epilepsy. The effectiveness and 
side effects will vary in individuals due to genetic, consti-
tutional and exogenous factors, which may not correlate 
well with blood levels. For all these reasons, too rigid an 
adherence to the  ‘ range ’  is totally inappropriate, and 
in all cases treatment must be tailored to individual 
requirements; the patient should be treated, not his or 
her blood level. 

 The concept of a  ‘ target range ’  has most utility in 
the case of drugs that have a moment - by - moment action 
on cellular membrane function; phenytoin, carbamaze-
pine, ethosuximide and lamotrigine, drugs acting at 
membrane ion channels, are the best examples of this 
(Table  7.5 ). Where drugs have more indirect antiepileptic 
actions, or multiple actions, blood level may be less 
well correlated with effect, e.g. in the case of gabapentin, 
vigabatrin and topiramate. Also, the concept of a thera-
peutic range is undermined where pharmacological 
tolerance develops as, for example, with barbiturates or 
benzodiazepines.    

  The  ‘  i ndividualized ’   t herapeutic  r ange 
 It is sometimes feasible to establish empirically a 
plasma concentration range for an individual patient 
in which the best therapeutic response is obtained. 
The measurement of blood levels during periods of 
optimal response will provide a useful reference. As 
emphasized above, the individualized therapeutic ranges 
can differ markedly from the published population - based 
ranges.  

     Timing of  b lood  s amples 
 Generally, blood samples should be taken at steady state, 
i.e. at a period after any dose change that is greater than 
fi ves times the drug elimination half - life. Steady - state 
serum levels of drugs with short half - lives fl uctuate 
through the day in patients on oral medication, and 
thus blood sampling should be taken at a similar 
time (the trough level  –  that taken before the morning 
dosing  –  is a conventional preference) to assess blood 
level changes. For drugs with a long half - life (e.g. pheno-
barbital), there is little diurnal fl uctuation and timing is 
unimportant.  

  Rapid  a ssay 
 Technology exists for the rapid assay of the commonly 
used drugs. It can be extremely helpful to have blood level 
data available before a consultation and in large clinics it 
is cost - effective to offer an immediate assay service 
(equivalent to having the blood sugar results during a 
diabetes clinic).  

  Salivary vs  s erum  c oncentrations 
 The salivary concentration of certain drugs (e.g. etho-
suximide, carbamazepine, phenytoin) correlates well 
with the unbound (free) serum concentration. Salivary 
measurements avoid the need for venepuncture and so 
are particularly acceptable in children. However, mea-
surement is more diffi cult and more prone to error than 
serum measurements, and can be complicated by gingi-
vitis and dose residues in the mouth, and so have not 
been widely adopted and have fallen from favour. 
It should also be noted that the relationship between 
unbound drug concentration in plasma and drug 
concentration in saliva is not the same for all drugs. The 

  Table 7.4    Factors infl uencing levels of antiepileptic drugs. 

   Drug factors   
  Formulation  
  Interactions  

   Patient factors   
  Genetic/constitutional factors affecting pharmacokinetics 
(absorption, metabolism, excretion)  
  Disease states affecting pharmacokinetics (renal, hepatic, 
changes in plasma proteins, gastrointestinal disturbance)  
  Pregnancy, nutritional status, body weight changes  
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  Table 7.5    Value of measurement of blood levels of antiepileptic drugs. 

   Drug     Target 
level 
(mmol/L)  

   Value of blood 
level measurements 
in routine practice  

   Comments  

  Carbamazepine    20 – 50     +++     Measurements useful because response is closely linked to 
blood level, although kinetics are linear and often dose change 
can be made simply on a clinical basis. Measurements useful 
also to monitor the effects of drug interactions and because 
both the parent drug and the active metabolite contribute to 
clinical effect  

  Ethosuximide    300 – 700     +++     Measurements useful because response is closely linked to 
blood level, although kinetics are linear and often dose change 
can be made simply on a clinical basis  

  Lamotrigine    10 – 60     ++     Response is only partially correlated with blood level. 
However, measurement is useful where lamotrigine levels are 
affected by antiepileptic drug interactions, interactions with 
the contraceptive pill and pregnancy  

  Oxcarbazepine    50 – 140  a       +     Measurements of limited usefulness only as response is not 
broadly linked to blood level. However, as parent drug and 
active metabolite contribute to clinical effect, it is sometimes 
useful to monitor changes  

  Phenobarbital    50 – 130     ++     Measurements have moderate utility, but tolerance 
complicates assessment, and the upper limit is imprecise 
because of the sedative effects  

  Phenytoin    40 – 80     +++     Measurements useful because response is closely linked to 
blood level, and because it is hazardous to alter dose without 
measurements owing to non - linear kinetics  

  Primidone    25 – 50  b       ++     Measurement of the derived phenobarbital levels of moderate 
utility (see above) but measurement of primidone level is of 
only limited usefulness  

  Topiramate    10 – 60     +     Measurements of limited usefulness only as response is not 
broadly linked to blood level. However, serum level 
measurement useful to monitor effects of drug interactions  

  Valproate    300 – 700     ++     Measurement is of only limited usefulness, as response is only 
partially correlated to blood level and this varies widely 
through the day. However, serum level measurement is useful 
to monitor effects of drug interactions  

  Zonisamide    30 – 140     +     Measurements of limited usefulness only as response is not 
broadly linked to blood level. More experience with blood 
level monitoring in this drug may lead to reassessment of value  

  Benzodiazepines (e.g. 
clobazam and 
clonazepam)  

       0     There is no consistent relationship between blood levels and 
clinical response  

  Eslicarbazepine, 
lacosamide, rufi namide  

       0     The usefulness of routine measurements of these drugs has not 
been established  
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   Drug     Target 
level 
(mmol/L)  

   Value of blood 
level measurements 
in routine practice  

   Comments  

  Felbamate, gabapentin, 
levetiracetam, 
pregabalin tiagabine  

       0     Target blood levels have been quoted, but their usefulness 
in routine practice is doubtful. The measurements are 
required only in exceptional circumstances or to check 
compliance  

  Vigabatrin         0     Blood level not correlated with pharmacological effect 
(irreversible enzyme inhibition  

   +++ Useful, measurements required often.  
  ++ Useful, measurements used in routine practice.  
  + Limited usefulness, measurements occasionally required.  
  0, no general utility, measurement only required in exceptional circumstances (or to check compliance).  
   a MHD derivative.  
   b Primidone levels  –  measurement of derived phenobarbital levels is more useful.   

Table 7.5 Continued

  Total vs  f ree  s erum  d rug  c oncentrations 
 Routine analytical methods measure the total drug 
concentration (i.e. the protein - bound and unbound 
[free] fractions), whereas it is actually the free fraction 
that is available for biological action. Measurement of the 
total level is satisfactory as there is usually a consistent 
relationship between the free and the total levels. 
However, in certain states this relationship can be altered, 
e.g. in low protein states, severe renal disease, severe 
hepatic disease, pregnancy, old age and the neonatal 
period. In these situations the free levels may be higher 
than would be predicted from the total concentration, 
and reliance on total concentration may be misleading. 
Some advocate the routine direct measurement of free 
levels in all these situations. However, assay techniques 
are diffi cult and the results less accurate, and in routine 
practice free level estimations are rarely required.  

  Active  m etabolites 
 Some drugs are converted into active metabolites (see 
pharmacopoeia,    pp. 374 – 375 ), and interpretation of 
parent drug level measurements without accounting for 
the potential contribution of the active metabolite can 
lead to therapeutic errors. Carbamazepine is metabolized 
to a 10,11 - epoxide which can cause side effects similar to 
those of the parent drug. Measurement of the concentra-

tion of the parent drug alone may be misleading, espe-
cially as the proportion of carbamazepine converted to 
carbamazepine 10,11 - epoxide can vary markedly (e.g. in 
the presence of enzyme - inducing co - medication). In the 
case of clobazam and primidone, the concentrations of 
the active metabolites at steady state are much higher 
than those of the parent drug, and in this situation 
measurements of the level of the metabolites are more 
informative.   

  When is  b lood  l evel  m easurement 
 r equired? 
 There is no doubt that the practice of monitoring 
plasma drug concentrations has improved the quality 
of epilepsy care. It has led to an appreciation of the 
variability of drug levels, kinetic principles and drug 
interactions, and the value of tailoring doses to individual 
patient needs. 

 Feedback from blood level measurement has improved 
clinical experience and clinical acumen and, as a result, 
effective therapy can often be chosen now on purely 
clinical grounds, as shown in a recent study in which 
there were no differences in outcome between patients 
randomized to have their regimens adjusted empirically 
and those in whom dosage was tailored based on drug 
concentration measurements. 
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   •      increase drug doses in patients fully controlled, simply 
because the serum level is below the therapeutic range  
   •      lower drug doses in patients without side effects because 
the serum level is above the therapeutic range  
   •      ignore adverse effects because the levels are within the 
therapeutic range.    

 The importance of  ‘ treating the patient, not the serum 
level ’  cannot be overstated.     
 
  

 The situations in which blood level measurements 
are most often required are shown in Table  7.6 , and 
it will be apparent that these are relatively restricted; 
the variability of phenytoin levels is one example 
(Figure  7.1 ).     

 In many clinical situations drug - level monitoring is 
wrongly relied upon, and measurements made unneces-
sarily or interpreted incorrectly. The most common 
mistake is to adhere too closely to the  ‘ therapeutic range ’ , 
and it is incorrect, for example, to: 

     Figure 7.1     Distribution of steady - state serum phenytoin 
concentrations in 131 adult epileptic patients on admission to 
a residential centre. Note the large variability observed in 
patients receiving the same dosage.  

  Table 7.6    Indications for blood level monitoring. 

      •      To identify a pharmacokinetic cause for poor therapeutic 
response in spite of adequate dosage. The measurement 
of levels of the parent drug and active metabolites may 
be necessary  

   •      To identify the cause of adverse effects where these 
might be drug induced. The measurement of levels of 
the parent drug and active metabolites may be necessary  

   •      To monitor phenytoin dose changes in view of the 
non - linear kinetics and lack of predictability of the 
phenytoin dose – blood level relationship  

   •      To measure pharmacokinetic changes in the presence of 
physiological or pathological conditions known to alter 
drug disposition (e.g. pregnancy, liver disease, renal 
failure, gastrointestinal disease, hypoalbuminaemic 
states)  

   •      To identify and minimize the consequences of adverse 
drug interactions in patients receiving multiple drug 
therapy  

   •      To identify which drugs require dosage changes to 
optimize therapy in patients on antiepileptic drug 
polytherapy  

   •      To assess changes in bioavailability when a drug 
formulation has been changed  

   •      To identify poor compliance     
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  8    The Antiepileptic Drugs     

   Carbamazepine           

       
   Proprietary name : Tegretol  a    

   Primary indications   
  Monotherapy and adjunctive therapy in partial and generalized seizures (excluding absence, 
tonic and myoclonic seizures) and in childhood epilepsy syndromes. Adults and children  

   Commonly used as fi rst - line drug   
  Yes  

   Usual preparations   
  Tablets: 100, 200, 400   mg; chewtabs: 100, 200   mg; modifi ed - release formulations: 200, 
400   mg; liquid: 100   mg/5   mL; suppositories: 125, 250   mg  

   Usual dosage  –  adults   
  Initial: 100 – 200   mg at night; increased by increments of 200   mg every 2 weeks  
  Maintenance: 400 – 1600   mg/day (maximum 2400   mg)  
  (modifi ed - release formulations  –  require 15 – 35% higher doses for same bioavailability)  

   Usual dosage  –  children   
   < 1 year, 100 – 200   mg/day (initial dose 50   mg/day)  
  1 – 5 years, 200 – 400   mg/day (initial dose 100   mg/day)  
  5 – 10 years, 400 – 600   mg/day (initial dose 200   mg/day)  
  10 – 15 years, 600 – 1000   mg/day (initial dose 200   mg/day)  
  (higher for modifi ed - release formulation)  

   Dosing intervals   
  2 – 3 times/day (2 – 4 times/day at higher doses or in children)  

   Is dose commonly affected by co - medication?   
  Yes  

   Is dose affected by renal/hepatic disease?   
  Severe hepatic disease  

   Does it affect dose of other drugs?   
  Yes  

N

O NH2

Handbook of Epilepsy Treatment, Third Edition         Simon Shorvon

© 2010 Simon Shorvon.  ISBN: 978-1-405-19818-9
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 Carbamazepine: pharmacokinetics  –  average adult values 

  Oral bioavailability    75 – 85%  
  Time to peak levels    4 – 8 h  
  Volume of distribution    0.8 – 2   L/kg  
  Biotransformation    Hepatic epoxidation and hydroxylation, and then conjugation  
  Elimination half - life    5 – 26   h (varies with co - medication)  
  Plasma clearance    0.133   L/kg per h (varies with co - medication)  
  Protein binding    75%  
  Active metabolite    Carbamazepine epoxide  
  Metabolism by hepatic enzymes    Yes  –  CYP3A4, CYP2C8, CYP1A2 and then UGT (15%)  
  Inhibition or induction of hepatic enzymes    Yes  –  induces of CYP2B6, CYP2C, CYP2C19, CYP3A, 

CYP1A2, UGT1A4  
  Drug interactions    Common  

   CYP, cytochrome P450 enzyme; UGT, uridine glucuronyl transferase.   

   Does it affect the contraceptive pill?   
  Yes  

   Serum level monitoring   
  Very useful  

   Target range   
  Carbamazepine 20 – 50    μ mol/L, 4 – 12    μ g/mL  
  Carbamazepine 10,11 - epoxide  –    < 9    μ mol/L  

   Common/important adverse events   
  Drowsiness, fatigue, dizziness, ataxia, diplopia, blurring of vision, sedation, headache, 
insomnia, gastrointestinal disturbance, tremor, weight gain, impotence, effects on 
behaviour and mood, hepatic disturbance, rash and other skin reactions, bone marrow 
dyscrasia, leucopenia, hyponatraemia, water retention, endocrine effects, effects on cardiac 
conduction, effects on immunoglobulins  

   Risk of hypersensitivity   
  Yes  

   Major mechanism of action   
  Inhibition of sodium channel conductance. Also action on monoamine, acetylcholine and 
NMDA ( N  - methyl -  d  - aspartate) receptors  

   Main advantages   
  Highly effective, extensively studied and usually well - tolerated therapy; proven relative 
safety in pregnancy  

   Main disadvantages   
  Minor adverse effects especially on initiating therapy; occasional severe hypersensitivity and 
other toxicity; variable absorption; potential for drug interaction; active metabolite  

   Comment   
  Drug of fi rst choice in adults and children in partial seizures, tonic - clonic seizures and 
some childhood epilepsy syndromes  

     a Name of proprietary brand available in the UK.   
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 Carbamazepine (CBZ) is the veritable workhorse of the 
antiepileptic drugs. Initial open clinical trials were carried 
out in the early 1960s, and the fi rst controlled trial in 
1966. It was licensed in Britain in 1965, then in Europe 
and fi nally in the USA in 1974. It rapidly became estab-
lished as the major fi rst - line antiepileptic drug for partial 
and secondarily generalized seizures, a position that it 
retains in spite of the many antiepileptic drugs licensed 
since. It is the most commonly prescribed drug in Europe 
for epilepsy, and is very widely used worldwide. 

 It was originally developed in the search for new anti-
psychotic compounds as an alternative to chlorproma-
zine. Disappointingly, no strong effect against psychosis 
was noticed, and then, as has been the case for many 
antiepileptics, its value in epilepsy was discovered largely 
by chance. Its fi rst clinical licence was for its analgesic 
effect in trigeminal neuralgia, and it remains a drug of 
choice in trigeminal neuralgia and other neuralgic pain. 

 It is a tricyclic compound, related chemically to chlor-
promazine and the tricyclic antidepressants, and is now 
widely used for the treatment of epilepsy, bipolar disor-
der and other psychiatric syndromes, neuropathic pain 
syndromes and trigeminal neuralgia. 

     Physical and  c hemical  c haracteristics 
 Carbamazepine (5 H  - dibenzyl[ b , f ]azepine - 5 - carbox-
amide, molecular weight 236.3) is a crystalline substance, 
which is virtually insoluble in water, but highly soluble in 
lipid and organic solvents. It is stable at room tempera-
tures, but its bioavailability can be reduced by up to 50% 
by hot or humid conditions or when there has been 
absorption of moisture, and so care is needed in storage.  

  Mode of  a ction 
 Carbamazepine binds to the neuronal sodium channel, 
pre -  and postsynaptically, and this binding results in a 
use -  and frequency - dependent blockade of the channel 
and thus the inhibition of high - frequency repetitive fi ring 
and excitatory neurotransmission. This is its main mode 
of action (an action shared by phenytoin and also, among 
other actions, by lamotrigine, felbamate, topiramate and 
zonisamide). It also affects various protein and signalling 
pathways. It has also been proposed that carbamazepine 
acts on other receptors including the purine, monoamine 
and acetylcholine receptors.   

  Pharmacokinetics 
  Absorption 
 The gastrointestinal absorption of carbamazepine is 
rather slow and variable, and this is a disadvantage of the 

drug. Between 75 and 85% of the drug is absorbed 
after oral ingestion of the immediate - release or chewable 
formulations, and 10 – 35% lower for the slow - release 
formulations. Absorption can, however, be erratic and 
change over time, with marked intraindividual variation, 
and different formulations have different absorption 
characteristics. It does not appear to make any difference 
whether the drug is taken before or after food. The bio-
availability of modifi ed - release formulations is 15 – 35% 
lower, but these formulations produce smoother serum 
level profi les and are generally preferred in all clinical 
situations. Peak levels are reached between 4 and 8   h after 
absorption. 

 Preparations of carbamazepine in sorbitol do exist for 
rectal administration, but are not used in routine clinical 
practice. There is no parenteral preparation of carbam-
azepine currently marketed, although intravenous for-
mulations are under development.  

  Distribution 
 Approximately 75 – 80% of the drug is bound to plasma 
proteins. The free fraction of carbamazepine ranges 
from 20% to 24% of the total plasma concentration, and 
cerebrospinal fl uid (CSF) carbamazepine levels vary in a 
range from 17% to 31%. The relationship between dose 
and plasma concentrations, in the normal clinical range, 
is linear, but there is a large inter -  and intraindividual 
variability in the protein binding and the ratio of bound 
to unbound drug. Salivary levels bear a constant relation-
ship to free blood levels, and can be a useful method of 
assaying drug concentrations. Hair concentrations are 
also reliably related to dose, and can be used to monitor 
compliance. 

 The protein binding of the 10,11 - epoxide is 50%. The 
apparent volume of distribution of carbamazepine is 
between 0.8 and 2.0   L/kg in adults, and of the 10,
11 - epoxide it is 0.59 – 1.5   L/kg. Brain levels are somewhat 
higher than plasma levels, for both carbamazepine 
epoxide and the parent drug, and there appears to be 
rather non - specifi c binding of carbamazepine to brain 
tissue, uninfl uenced by gliosis.  

  Biotransformation and  e xcretion 
 Carbamazepine is extensively metabolized in the liver. 
The major pathway is fi rst epoxidation to carbamazepine 
10,11 - epoxide (CBZ epoxide) and then hydrolysis to 
carbamazepine 10,11 -  trans  - dihydrodiol, followed by 
glucuronidation and sulphuration, and less than 1% of 
the drug is excreted unchanged in the urine. The main 
pathway is epoxidation via the cytochrome P450 CYP3A4 
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the mean population values are similar to those in adults. 
The diurnal variation in levels in children is greater than 
in adults, and to avoid peak dose side effects it is often 
necessary to use two -  or three - times - a day dosing and the 
slow - release formulation. In gastrointestinal disease, the 
absorption of carbamazepine can be quite severely 
reduced, and drug levels require careful monitoring. 

 In the presence of severe liver disease, carbamazepine 
pharmacokinetics may be disordered and dose reduc-
tions needed, but moderate disease has little effect. Renal 
disease has no effect on carbamazepine kinetics, and 
dialysis does not have a marked effect on carbamazepine 
plasma levels. Severe congestive cardiac failure has been 
shown to result in abnormally slow absorption, and the 
drug is also cleared and metabolized at a slower rate. The 
water and sodium retention induced by the antidiuretic 
action of carbamazepine can also aggravate cardiac 
failure. 

 The absorption of carbamazepine is not modifi ed 
during the fi rst two trimesters of pregnancy. In the last 
trimester, the unbound levels of carbamazepine and CBZ 
epoxide are not changed (nor is their ratio), but total 
levels fall as maternal plasma protein concentrations 
decline towards the end of pregnancy. These effects are 
relatively minor, and dose adjustments are only occasion-
ally needed. If clinically indicated, measurement of free 
levels can be useful. Breast milk concentrations of carba-
mazepine are about 20 – 70% of those of maternal plasma. 

 As a result of the wide variation in the dose – serum 
level relationship, at both an inter -  and an intraindividual 
level, carbamazepine (and CBZ epoxide) levels are com-
monly measured. There is a relationship between carba-
mazepine level and therapeutic effectiveness, but no 
invariable  ‘ therapeutic range ’ . Thus, although levels are 
useful as a guide, particularly in long - term therapy, there 
is little point in adhering to any predetermined target 
range, and daily dosage should be tailored to individual 
need. Having said this, the maximum effect is usually 
observed between 10 and 50    μ mol/L. The CBZ epoxide 
has antiepileptic action and also contributes to the side 
effects of carbamazepine, and for this reason it is often 
useful to measure the serum levels of both carbamazepine 
and CBZ epoxide. The target range for the CBZ epoxide 
is up to 9    μ mol/L.  

  Drug  i nteractions 
 Drug interactions involving carbamazepine are common 
and often clinically important. The drug is a potent 
hepatic enzyme inducer of CYP3A4 in particular and this 
is the major source of interaction. However, interactions 

enzyme system. The drug induces its own metabolism 
and there is a marked increase in clearance and a fall of 
about 50% in serum half - life during the fi rst few weeks 
of carbamazepine therapy. This autoinduction is usually 
completed within a month. Carbamazepine is also subject 
to heteroinduction by other enzyme - inducing antiepilep-
tic drugs. 

 After a single dose, the elimination half - life is between 
20 and 65   h but, because of autoinduction, on chronic 
therapy the half - life is usually between 5 and 26   h (and 
3 – 23   h for the 10,11 - epoxide), although there is marked 
individual variation. In the post - induced state, a new 
steady state after changes in drug dosage will be achieved 
within 3 days. Autoinduction is complete within 2 – 30 
days of initiation of therapy. 

 CBZ epoxide levels are generally about 50% of carba-
mazepine plasma levels, although the ratio is subject to 
marked variation. The rate of metabolism varies 
both within and between individuals, and is affected by 
age, co - medication and dosing schedules. There is a 
relatively low extraction ratio ( < 10%), which refl ects 
the limited ability of the liver to handle the plasma car-
bamazepine load. As a result of the low intrinsic clearance 
and low extraction ratio, changes in hepatic blood 
fl ow do not alter carbamazepine clearance to any great 
extent. 

 The mean clearance of carbamazepine is 0.133   L/kg per 
h but individual values are very variable. 

 Greater variations in serum levels are found during 
once - daily, rather than two -  or three - times - a - day, dosing 
regimens. One study showed a mean 79% change between 
peak and trough levels on twice - daily dosing, which was 
reduced to 40% on four - times - a day dosing. Peak - level 
side effects are common in clinical practice, and these can 
be avoided by fl attening out the diurnal blood level 
swings, which can be achieved by more frequent dosing 
or the use of the controlled - release formulation of carba-
mazepine. There are no signifi cant differences in the 
absorption and steady - state concentrations, effi cacy or 
tolerability between conventional and chewable tablets, 
or suspension and syrup. 

 There are no major differences between children and 
adults in the absorption, protein binding or distribution 
of carbamazepine or CBZ epoxide. The volume of distri-
bution in infants is, however, one to one and a half times 
that of the adult level. The clearance of carbamazepine is 
higher in infants and young children, and the ratio of 
CBZ epoxide:carbamazepine levels ranges from 16% to 
66%. In older children, absorption, half - life and clear-
ance show marked intraindividual variations, although 
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with CYP2C9, CYP2C19 and CYP1A2 also occur. In 
addition it is itself highly susceptible to enzyme induction 
(including autoinduction), and any drug that infl uences 
CYP3A4 (of which there are many) can have a marked 
effect on carbamazepine levels. The fi rst metabolite of 
carbamazepine (carbamazepine 10,11 - epoxide) itself has 
antiepileptic action and a toxic profi le, which compli-
cates the prediction of the clinical consequences of car-
bamazepine interactions.  

  The  e ffect of  o ther  d rugs on  c arbamazepine  l evels 
 The interactions with antiepileptic drugs are listed in 
Tables  8.1  and  8.2 . The effects can be due to induction 
or competitive or non - competitive inhibition of both 
carbamazepine and CBZ epoxide metabolism.   

  Antiepileptic  d rugs 
 Among the antiepileptic drugs, one of the most impor-
tant interactions is the lowering of carbamazepine levels 
due to phenytoin (Figure  8.1 ), which can be so marked 
that carbamazepine concentrations cannot be raised 
to therapeutic levels without causing intoxication  –  
presumably as a result of high CBZ epoxide levels. Less 

  Table 8.1    Effects of carbamazepine on the serum 
concentrations of other antiepileptic drugs. 

   Increased 
concentration  

   Decreased 
concentration  

   Variable 
(increase, 
decrease or 
no change)  

   No effect  

  Phenobarbital 
metabolically 
derived from 
primidone  

  Clobazam    Phenytoin    Gabapentin  

  Clonazepam    Phenobarbital    Pregabalin  

  Diazepam        Vigabatrin  

  Ethosuximide          

  Felbamate          

  Lamotrigine          

  Levetiracetam          

  Midazolam          

  Oxcarbazepine  a            

  Primidone          

  Rufi namide          

  Stiripentol          

  Tiagabine          

  Topiramate          

  Valproic acid          

  Zonisamide          

    a Monohydroxymetabolite.   

  Table 8.2    Effect of other antiepileptic drugs on serum 
concentrations of carbamazepine. 

   Increased 
concentration  

   Decreased 
concentration  

   No effect  

  Stiripentol    Felbamate  b      Ethosuximide  
  Valproic acid  a      Phenobarbital    Gabapentin  
  Valpromide  a      Phenytoin    Lamotrigine  c    
      Primidone    Levetiracetam  
      Oxcarbazepine    Pregabalin  
      Rufi namide 

(minor effect)  
  Topiramate  

          Tiagabine  
          Vigabatrin  d    
          Zonisamide  d    

    a Little effect on serum carbamazepine concentration, but 
marked increase in serum carbamazepine - 10,11 - epoxide, 
particularly with valpromide.  
   b The decrease in serum carbamazepine concentration is 
associated with an increase in serum 
carbamazepine - 10,11 - epoxide.  
   c Possible appearance of neurotoxic effects may be related 
to a pharmacodynamic interaction.  
   d Variable effects have been reported in some studies.   

     Figure 8.1     The pharmacokinetic interaction between 
carbamazepine and phenytoin: 50% fall in plasma 
carbamazepine level following the addition of phenytoin as 
co - medication.  
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  Non -  a ntiepileptic  d rugs 
 Carbamazepine co - medication can compromise clinical 
effects of antidepressants, antipsychotic drugs, oral anti-
coagulants,  β  blockers, chemotherapeutic agents and 
theophylline (and others) by lowering their serum levels 
(Table  8.4 ). Carbamazepine also induces the metabolism 
of the oestrogen content of the oral contraceptive, carry-
ing the risk of contraceptive failure (see    pp. 138 – 139 ). The 
levels of the common tricyclic antidepressants, clozepine, 
haloperidol, olanzapine, ciclosporin, nimodipine, doxy-
cycline, vincristine and oral anticoagulants have been 
shown to be routinely reduced by as much as 30 – 60% 

commonly, similar effects can be due to felbamate, 
lamotrigine and phenobarbital.   

 The effects of valproate depend on a balance of induc-
tion, inhibition and protein displacement. Even where 
carbamazepine levels are unchanged on valproate co -
 medication, CBZ epoxide levels may be increased by as 
much as four times, an interaction resulting form valpro-
ate - induced inhibition of the enzyme epoxide hydrolase. 
The valproic acid prodrug, valpromide, is associated with 
an even greater inhibition, with up to eightfold increases 
in CBZ epoxide levels. Co - medication with stiripentol 
can double carbamazepine levels. Carbamazepine levels 
are not affected by gabapentin, levetiracetam, pregabalin, 
tiagabine, topiramate or vigabatrin. 

 Serum carbamazepine levels in monotherapy have 
been shown to fl uctuate by between 23 and 45% diur-
nally; this fl uctuation will be greater in the presence of 
combination therapy, and the use of the slow - release for-
mulation is advised in any patient on moderate doses of 
carbamazepine in combination with other drugs.  

  Non -  a ntiepileptic  d rugs 
 Various drugs and classes of drug inhibit the metabolism 
of carbamazepine, and this can result in marked increases 
in carbamazepine serum levels (Table  8.3 ). These include: 
the macrolide antibiotics such as erythromycin, 
which can increase levels two -  to threefold; the calcium 
channel blockers diltiazem and verapamil, which can 
double levels (nifedipine has no effect); cimetidine, which 
can cause a 20 – 30% increase in carbamazepine levels 
(ranitidine has no effect); imidazole drugs such as nifi mi-
done; propoxyphene, which increases concentrations by 
30 – 60%; and antidepressants and antipsychotics such 
as fl uoxetine, respiridone, fl uvoxamine and viloxazine. 
Other drugs that increase carbamazepine levels markedly 
include danazol and the experimental antiepileptic 
denzimol.     

  The  e ffect of  c arbamazepine on  l evels of  o ther  d rugs 
  Antiepileptic  d rugs 
 Carbamazepine itself induces the metabolism and hence 
lowers the concentration of a wide variety of concur-
rently administered drugs, including phenytoin, etho-
suximide, felbamate, lamotrigine, rufi namide, tiagabine, 
topiramate and valproate, although this is not usually 
a very marked effect. Dose adjustments are most often 
needed for lamotrigine and valproate. The effects of 
carbamazepine on levels of phenobarbital and phenytoin 
are complex and variable.  

  Table 8.3    Effect of other drugs on serum concentrations 
of carbamazepine. 

  A Drugs causing an increase in serum carbamazepine 
concentration  
   Antidepressants   
  Fluoxetine  
  Fluvoxamine  
  Nefazodone  
  Trazodone  
  Viloxazine  

   Antimicrobials   
  Clarithromycin  
  Erythromycin  
  Fluconazole  
  Isoniazid  
  Ketoconazole  
  Metronidazole  
  Ritonavir  
  Troleandomycin  

   Miscellaneous   
  Cimetidine  
  Danazol  
  Dextropropoxyphene  
  Diltiazem  
  Risperidone  
  Quetiapine  
  Ticlopidine  
  Verapamil  

  B Drugs causing a decrease in serum carbamazepine 
concentration  

  Probenecid  
  St John ’ s wort  
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 The dose - related side effects are often exacerbated by 
fl uctuations in serum level, and the use of the slow -
 release formulation of carbamazepine will greatly reduce 
these. There are few antiepileptic drugs where a slow -
 release formulation has such clear - cut advantages, and in 
clinical practice it has become common to recommend 
the slow - release formulation routinely in all patients on 
twice - daily dosage or in patients on co - medication. Most 
clinical studies of the drug were conducted using normal 
formulations, and this may explain why side effects were 
more commonly reported than is the experience in 
routine clinical practice. 

  Neurological and  g astrointestinal  s ide  e ffects 
 These are common on initiating treatment with carbam-
azepine or when the dose becomes too high. Once a stable 
regimen has been established, however, adverse neuro-
logical effects are uncommon or mild. The most common 
side effects (especially when initiating therapy) are seda-
tion, fatigue, diplopia, headache, depression, dizziness, 
nausea and ataxia. Weight gain is occasionally reported. 

when carbamazepine co - medication is prescribed; these 
are signifi cant interactions that may have clinical effects. 
Carbamazepine can also increase the serum levels of other 
drugs by competing with or inhibiting their metabolism; 
the most common examples are listed in Table  8.4 .      

  Adverse  e ffects 
 The reported frequency of side effects in different studies 
has varied greatly, but overall between 30 and 50% of 
individuals taking carbamazepine will experience some, 
albeit usually mild, side effects especially on initiation 
of therapy (Table  8.5 ). These are not only usually mild 
but also often transient. Less than 5% of patients 
will need to withdraw the medication because of 
side effects.   

  Table 8.4    Effects of carbamazepine on the serum 
concentrations of other drugs. 

    Decreased concentration  

   Antidepressants      Antimicrobials      Antipsychotic 
drugs   

  Amitriptyline    Albendazole    Chlorpromazine  
  Bupropion    Doxycycline    Clozapine  
  Citalopram    Indinavir    Haloperidol  
  Clomipramine    Itraconazole    Mesoridazine  
  Desipramine    Metronidazole    Olanzapine  
  Desmethylclomi-

pramine  
  Praziquantel    Quetipine  

  Doxepin        Risperidone  
  Imipramine        Ziprasidone  
  Mianserin          
  Mirtazepine          
  Nefazodone          
  Nortriptyline          
  Paroxitine          
  Protriptyline          

   Immunosupressants      Steroids      Miscellaneous   
  Ciclosporin A    Dexamethasone    Fentanyl  
  Sirolimus    Hormonal 

contraceptives  
  Meperidine  

  Tacrolimus    Hydrocortisone    Methadone  

   Oral anticoagulants     Methylprednisolone    Metyrapone  
  Dicoumarol    Prednisone    Misonidazole  
  Warfarin    Prednisolone    Paracetamol  
          Theophylline  
          Thyroxine  
          Vecuronium  

  Table 8.5    Frequency of adverse effects of carbamazepine 
monotherapy ( VA  study) therapy. 

   Effect     Percentage 
of patients  a   
( n     =    231)  

   Percentage at 
12 - month 
visit  b   ( n     =    130)  

  Sedation    42    8  

  Weight gain large 
weight gain  

  32    9  

  8    3  

  Nystagmus    30    6  

  Gastrointestinal symptoms    29    6  

  Gait problems    25    4  

  Change in affect or mood    24    4  

  Tremor    22    5  

  Cognitive disturbances    18    3  

  Rash    11    1  

  Diplopia    10    0  

  Impotence    7    2  

    a Percentage of patients in whom each type of adverse effect 
occurred at any time during the trial (mean follow - up, 36 
months);  
   b Percentage of patients in whom each type of adverse effect 
was noted at the 12 - month visit.   
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 Carbamazepine can markedly exacerbate atypical 
absence, tonic and myoclonic seizures, and has been said 
to worsen the aphasia in occasional patients with the 
Landau – Kleffner syndrome.  

  Hypersensitivity,  d ermatological,  h epatic and 
 h aematological  s ide  e ffects 
 Carbamazepine may cause acute hypersensitivity. This 
most commonly affects the skin and bone marrow, 
although hepatic and renal hypersensitivity can very 
rarely occur. 

 When carbamazepine was fi rst introduced, a number 
of serious skin reactions were recorded. These included 
fatal cases of Stevens – Johnson syndrome, Lyell syn-
drome, DRESS (drug - related rash eosinophilia and 
systemic symptoms) and exfoliative dermatitis. It has 
been suggested that the rashes were due to the carbam-
azepine incipient in the early formulations, although 
there seems no doubt that carbamazepine itself can cause 
severe skin reactions. It has also been postulated that the 
lack of serious recent problems is due to the slow incre-
mentation of dosage now recommended. Although the 
rate of severe skin reactions on carbamazepine has fallen, 
carbamazepine is still the third most common drug to 
cause Stevens – Johnson syndrome (14 cases per 100   000). 

 Among Han Chinese people in Taiwan, an exception-
ally strong association has been noted with HLA - B * 1502 
allele and the occurrence of a Stevens – Johnson syndrome 
reaction. This allele occurs in 8% of Han Chinese people 
and in 1 – 2% of Caucasians, and is in linkage disequilib-
rium with a causative polymorphism that has not been 
identifi ed. It has been recommended that genetic testing 
for this polymorphism should be carried out in suscep-
tible populations before initiating therapy. 

 Although a Stevens – Johnson syndrome or other severe 
skin reactions are rare, minor skin rash is common  –  
occurring in about 5 – 10% of people in whom carbamaze-
pine therapy is initiated. When a rash appears, it is often 
diffi cult to distinguish between the beginnings of severe 
hypersensitivity and a benign rash, and so discontinua-
tion of therapy is usually recommended. However, some 
paediatricians particularly give a short course of steroids 
when a rash appears. The rash fades with the steroids and, 
if it does not recur on steroid withdrawal, the drug is 
continued. The rash is mediated by activation of the sup-
pressor - cytotoxic subset of T cells, and successful desen-
sitization by the reintroduction of the drug at very low 
doses has been carried out without complications. 

 Systemic lupus erythematosus has very rarely been 
induced by carbamazepine, although less often than with 

These can be largely avoided by starting treatment at a 
low dose and incrementing the dose slowly. 

 When the drug level is too high, a highly characteristic 
side - effect pattern occurs with visual blurring or diplopia 
and unsteadiness (described often as if being on a boat), 
and sometimes dizziness. These side effects tend to be 
manifest a few hours after dosing, and are due to peak 
blood levels either of the carbamazepine itself or of its 
10,11 - epoxide. Peak level side effects can be reduced in 
frequency and intensity by switching to the slow - release 
formulation of the drug, or by increasing the frequency 
of dosing. These reversible transient neurotoxic side 
effects are more common in patients taking combination 
therapy and also in elderly people. 

 The carbamazepine 10,11 - epoxide:carbamazepine 
ratio is particularly high in infants and children, and this 
metabolite can contribute to adverse effects. For the same 
reason, carbamazepine intoxication in children is com-
monly caused by metabolic interactions with frequently 
prescribed co - medication, particularly macrolide antibi-
otics. Carbamazepine - induced intermittent ataxia can 
occur in infants after the intake of syrup formulations, 
which produce high post - absorptive peaks in serum drug 
concentrations, especially when high doses are ingested 
to compensate for the high drug clearance in this age 
group. 

 The only other common neurological side effects due 
to carbamazepine are drowsiness, cognitive slowing and 
memory disturbance. Although these are frequently 
complained about in the clinic and blamed on drug 
therapy (including carbamazepine), a causative associa-
tion can often not be established with certainty. 
Furthermore, formal testing of the drug in normal doses 
in normal volunteers has failed to show any marked seda-
tive effect or change in cognitive ability. 

 Other rarer central nervous system (CNS) side effects 
include asterixis, dystonia, insomnia and tremor. 
Sporadic psychiatric disturbances have occurred in rela-
tion to carbamazepine therapy, but these are generally 
rare, and are less prominent with carbamazepine than 
with most of the other older or newer antiepileptic drugs. 
At very high levels, coma can occur, and sometimes 
seizures. It was claimed when the drug was fi rst intro-
duced that the drug had a  ‘ positive psychotropic action ’  
owing putatively to its tricyclic structure (such claims are 
now not made and, interestingly, similar claims were 
made for phenytoin, phenobarbital, lamotrigine and 
levetiracetam when they were introduced  –  refl ecting 
over - ambitious marketing, placebo effect or simply over -
 optimism on the part of the doctor or patient). 
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symptomatic hyponatraemia with nausea, weakness and 
dizziness. Caution is needed when prescribing carbam-
azepine to elderly people on low - sodium diets, and all 
patients should be monitored for symptoms of hypona-
traemia. As a general rule, if the serum sodium is 
 > 125   mmol/L in the absence of symptoms, no action is 
needed. If hyponatraemia becomes symptomatic, or 
where levels are repeatedly  < 120   mmol/L, even in the 
absence of symptoms, the carbamazepine dosage should 
be reduced. 

 Elevated hepatic enzymes are found in up to 5 – 10% of 
patients taking carbamazepine, owing to induction of the 
hepatic enzyme systems, but these changes are without 
clinical signifi cance. 

 Carbamazepine can induce a variety of changes in 
circulating pituitary and sex hormones, but the clinical 
signifi cance of these effects is quite unclear. Carbamazepine 
can have, usually minor, effects on testosterone (free, 
albumin bound and sex hormone - binding globulin 
[SHBG] bound), luteinizing hormone and prolactin. 
Hyposexuality, effects on menstruation and reproductive 
function have been attributed, on rather shaky evidence, 
to carbamazepine therapy. Free cortisol levels can be 
increased. Complex effects on the biochemistry of thyroid 
function occur, but frank hypothyroidism is rare 
(although it can occur in those with a predisposition or 
pre - existing hypothyroid state). Thyroxine (T 4 ) levels can 
be reduced without hypothyroidism, owing to effects on 
binding, and the measurement of thyroid - stimulating 
hormone concentrations is a reliable way of assessing 
thyroid status. 

 Mild hypocalcaemia and lowered vitamin D levels 
have been recorded, but frank osteomalacia has not. 
Although it has been suggested that antiepileptic drugs 
can contribute to osteoporosis, there is no conclusive 
evidence that carbamazepine can cause signifi cant bone 
disease. 

 Carbamazepine may alter cholesterol metabolism, 
leading to elevations of the low - density lipoprotein 
(LDL):total cholesterol ratio, apparently in women and 
children in particular. The higher LDL:cholesterol ratio 
and low apolipoprotein A - I levels theoretically could 
increase the risk of atherosclerosis. Interestingly, elevated 
cholesterol concentrations also signifi cantly decrease 
plasma carbamazepine concentrations by enhancing total 
body clearance. 

 Levels of immunoglobulins have been shown to 
be decreased in some patients on carbamazepine. 
Occasionally a severe and irreversible defi ciency state 
can develop.  

phenytoin. Isolated renal effects have occasionally been 
reported. 

 About 20 cases of carbamazepine hepatotoxicity had 
been reported by the 1980s, with a mortality rate of about 
25%. The risk is now cited to be about 16 cases per 
100   000 treatment years. It usually occurs within 3 – 4 
months of initiation of therapy. This takes the form of 
either a hypersensitivity - induced granulomatous hepati-
tis or acute hepatitis with hepatic necrosis. The hepatic 
disturbance is often associated with other signs of 
hypersensitivity. 

 Severe haematological complications have also been 
recorded. During the fi rst 25 years of clinical usage of 
carbamazepine, 31 cases of thrombocytopenia, 27 cases 
of aplastic anaemia, 10 cases of agranulocytosis and 8 
cases of pancytopenia were reported. The prevalence of 
aplastic anaemia is now estimated to be between 0.5 and 
2 cases per million and the prevalence of agranulocytosis 
1.4 cases per million. The overall risk of death due to 
marrow suppression is 2.2 cases per million. These 
hypersensitivity reactions usually develop in the fi rst 
few months of therapy, and carry an appreciable mortal-
ity rate. They seem to be more common in elderly 
people. 

 In contrast to the rarity of severe hypersensitivity, 
carbamazepine frequently results in lowered total white 
blood cell and neutrophil counts. This is usually of no 
clinical signifi cance. A white cell count  < 5000   cells/mm 3  
is encountered in between 10 and 30% of adults or 
children treated with carbamazepine, and does not seem 
to be dose related. If the neutrophil count is  < 1200   cells/
mm 3 , the patient should be monitored carefully but dose 
reduction is not necessary if the neutropenia is asymp-
tomatic. If the neutrophil count falls to  < 900   cells/mm 3  
the drug dosage should be reduced. In this situation 
restitution of the white count usually occurs within a 
few days. If red blood cell counts are also reduced in the 
presence of normal iron and low reticulocyte counts, the 
drug should be stopped.  

  Hyponatraemia and  o ther  e ndocrine and 
 b iochemical  c hanges 
 Carbamazepine has a dose - related antidiuretic effect, 
resulting in low serum sodium and water retention. This 
effect is very common, and is especially frequent in 
elderly people. The mechanism is obscure, and evidence 
has been adduced for both a renal and a pituitary effect. 
Usually, the mild hyponatraemia and water retention are 
asymptomatic, and require no correction. Occasionally, 
a large fl uid load (typically, pints of beer) will cause 
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  Overdose 
 Death can occur when very large quantities of carbam-
azepine are taken. The lowest known lethal dose is 60   g. 
In one series, 2 of 23 cases died. The highest serum level 
reported was 65    μ g/L and the patient survived, as did 
one patient taking 400 200 - mg tablets. At levels above 
170    μ mol/L, coma and seizures occur. Overdose can 
also be complicated by cardiac arrhythmia, respiratory 
depression, seizures, hallucinations, anticholinergic 
effects, chorea, ataxia and gastrointestinal effects. 

 Gastric lavage is useful, because gastric emptying is 
delayed by the drug, as is haemoperfusion. Forced diure-
sis, peritoneal dialysis and plasmapheresis are now con-
sidered to be contraindicated. Seizures should be treated 
with benzodiazepines.   

  Antiepileptic  e ffect 
 The drug was introduced on the basis of a number of 
open clinical studies before the introduction of current 
regulatory licensing regulations, which require strictly 
monitored randomized controlled studies. The open 
studies have, however, uniformly shown great effective-
ness in adults and children, and in monotherapy and 
combination therapy. These studies were followed, 
after years of licensed experience, by a series of large - 
scale comparative studies, in which some element of ran-
domization and control was introduced, and these too 
consistently showed superiority over placebo and 
valproate in partial epilepsy, and usually equal effective-
ness when compared with phenytoin, valproate, pheno-
barbital, primidone, lamotrigine and clonazepam in 
generalized convulsive epilepsy. In some studies, carba-
mazepine was found to be more effective than 
phenobarbital. 

 In the large comparative veterans ’  study, for example, 
1 - year remission rates were recorded in 58% and 44%, 
respectively, of patients with generalized and/or partial 
seizures. Complete freedom from seizures occurred with 
carbamazepine more frequently than with phenobarbital 
at 1, 2 and 3 years of follow - up (Figure  8.2 ). A second 
prospective randomized comparative study of 243 adults 
with previously untreated tonic – clonic or partial epi-
lepsy, with or without secondary generalized seizures, 
compared patients randomized to phenobarbital, phe-
nytoin, carbamazepine or sodium valproate monother-
apy. Complete seizure control was achieved in 27% and 
1 - year remission after 3 years of follow - up in 75%, with 
no difference between drugs. Adverse effects necessitat-
ing withdrawal were more common in phenobarbital -
 treated patients (22%) than in patients treated with 

  Cardiac  e ffects 
 Carbamazepine can rarely cause bradycardia, Adams –
 Stokes attacks, aggravation of sick sinus syndrome, 
tachyarrhythmias and development of congestive heart 
failure. Very occasionally these are potentially life 
threatening and this is a risk in those with underlying 
cardiac disease and particularly in elderly people. Heart 
block has, however, been reported in otherwise healthy 
children and in patients with tuberous sclerosis. Caution 
should therefore be employed, or the drug avoided, 
in those with pre - existing heart disease and especially 
in those with atrioventricular conduction defects. 
Very rarely, there is cardiac involvement in acute 
hypersensitivity.  

  Teratogenicity 
 Large - scale prospective studies show a rate of major 
congenital malformations of 2 – 3% in association with 
carbamazepine monotherapy, a risk that is only 1 – 2% 
greater than in the general untreated population. This is 
a lower risk with valproic acid or higher doses of lamotrig-
ine. The risk of neural tube defects is 0.5 – 1%. In a case –
 control study based on 8005 cases of malformations in 
an international registry, 299 infants had been exposed 
 in utero  to carbamazepine. Among these infants, the only 
signifi cant malformations were hypertelorism and local-
ized skull defects, spina bifi da on monotherapy and 
cardiac malformations on polytherapy. 

 Prospective population - based studies do not suggest 
any adverse effects on postnatal cognitive development 
in children exposed to carbamazepine  in utero . In 
contrast to earlier reports, there is no real evidence 
of a risk of reduced head circumference or other 
body measures in infants exposed to carbamazepine 
 in utero .  

  Other  s ide  e ffects 
 About 5 – 10% of individuals develop mild gastrointestinal 
side effects such as nausea, vomiting or diarrhoea. Other 
rare side effects that have been reported include colitis 
and stomatitis, and renal failure (usually in the context 
of acute hypersensitivity). A retinopathy and effects on 
the retinal pigment epithelium can occur as a result 
of carbamazepine (as with other tricyclic compounds), 
usually causing asymptomatic alterations in colour 
vision. Very occasional renal effects including protein-
uria, haematuria, nephrotic syndrome and renal 
failure have been recorded in patients on carbamazepine 
therapy.  
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1721 patients with epilepsy, for whom carbamazepine 
was deemed to be preferable to valproate as an initial 
treatment choice, were randomized to carbamazepine, 
gabapentin, lamotrigine, oxcarbazepine or topiramate. 
Carbamazepine had signifi cantly higher 12 - month remis-
sion rates than gabapentin, and non - signifi cantly higher 
rates than lamotrigine, topiramate and oxcarbazepine. 

  Children 
 There are no class I or II RCTs on partial epilepsy in 
children. However, a double - blind randomized trial 
compared carbamazepine 600   mg/day with valproate 
1250   mg/day or topiramate 100 or 200   mg/day in children 
with newly diagnosed epilepsy (partial - onset seizures in 
most cases), and the time to exit (primary outcome 
measure) was similar for the different treatment arms. In 
an open study in newly diagnosed children, patients were 
randomized to valproate ( n     =    130) or carbamazepine 
( n     =    130) and followed for 3 years with similar results in 
both primary generalized seizures and partial - onset sei-
zures. In another study, 167 children aged 3 – 16 years, 
with tonic – clonic or partial seizures, were randomly allo-
cated to treatment with phenobarbital, phenytoin, val-
proate or carbamazepine; 73% of patients achieved 
1 - year remission by 3 years of follow - up, with minor 
differences between the three assessed drugs (the pheno-
barbital arm was terminated prematurely because of side 
effects). 

 Carbamazepine is generally considered to be the drug 
of choice for complex partial and secondarily generalized 
seizures in adults and children, and to be superior to other 
drugs in these patients. Carbamazepine is also considered 

carbamazepine (11%), valproate (5%) or phenytoin 
(3%). A double - blind randomized trial compared carba-
mazepine and vigabatrin in 459 patients, fi nding higher 
seizure - free rates with carbamazepine (58%) than with 
vigabatrin (38%). In a recent double - blind study in 
newly diagnosed partial - onset or generalized tonic –
 clonic seizures, patients were randomized to controlled -
 release carbamazepine (400 – 1200   mg/day,  n     =    285) or 
levetiracetam (1000 – 3000   mg/day,  n     =    291), and each 
drug was equally effective with 73% seizure free for at 
least 6 months at the last evaluated dose. Of those achiev-
ing remission on carbamazepine, 85% did so at the lowest 
dose level (400   mg/day). The rates of seizure freedom and 
the time to fi rst seizure were similar for carbamazepine 
(immediate - release tablets) and lamotrigine in a double -
 blind randomized trial including 260 newly diagnosed 
adult patients with partial - onset or generalized tonic –
 clonic seizures. In another randomized controlled trial 
(RCT), topiramate 100   mg/day or 200   mg/day was com-
pared with carbamazepine 600   mg/day, and no signifi -
cant difference was observed. Carbamazepine has also 
been compared with oxcarbazepine in a double - blind 
randomized study of 235 patients with newly diagnosed 
partial - onset or generalized tonic – clonic seizures, with 
no differences found.   

 A randomized comparison of carbamazepine and 
valproate in 300 adults with newly diagnosed generalized 
epilepsy was made in the open, multicentre EPITEG 
study. Overall control of primary and secondary general-
ized seizures was similar on both drugs, but adverse 
effects were more common with carbamazepine. In the 
SANAD (Standard and New Antiepileptic Drugs) study, 

     Figure 8.2     The proportion of patients 
continuing on therapy with 
carbamazepine, phenobarbital, 
phenytoin and primidone. Patients were 
randomized to one of the four drugs and 
followed for 36 months. More than 50% 
of patients randomized to phenytoin or 
carbamazepine remained on therapy, 
signifi cantly more than those on 
phenobarbital or primidone.  



The Antiepileptic Drugs  169

acute nausea, diplopia, dizziness and drowsiness, and 
slow introduction at a low dose reduces the risk of 
this reaction. The slow - release formulation should be 
prescribed if the drug is poorly tolerated, and this 
formulation should be used anyway if the drug is taken 
at a dose of 800   mg/day or higher. It is usual to give the 
drug at a twice - a - day regimen, and the use of the slow -
 release formulation on a twice - daily basis (equivalent to 
four - times - a - day dosing of the conventional formulation 
in terms of blood level fl uctuations) is a far better option 
than a higher dosing frequency in most situations. 

 Measurements of plasma concentrations are advisable 
at the early stages of medication to establish baseline 
measures, when changes of seizure control or medication 
occur, or where toxic side effects are suspected. The 
tolerability of carbamazepine is generally good, but side 
effects can occur and elderly people, in particular, 
tolerate carbamazepine (and other antiepileptic drugs) 
less well. Blood count and serum sodium levels should 
be checked regularly (annually in patients on stable 
doses). Plasma carbamazepine and CBZ epoxide mea-
surements are moderately helpful in choosing regimens, 
but are only poorly correlated with clinical effects. 
Diurnal interindividual and intraindividual variation, 
variability in plasma protein binding and co - medication 
affect plasma concentrations of carbamazepine and CBZ 
epoxide. Therefore, there is no universal  ‘ therapeutic ’  
level, although plasma concentrations are usually kept 
between 20 and 50    μ mol/L. Having said this, low doses 
and low blood levels will completely control seizures in 
many cases, and some patients do not experience side 
effects when the range is exceeded. 

 In children the same therapeutic principles apply. 
Children aged  < 1 year require a maintenance dose of 
100 – 200   mg, between 1 and 5 years a maintenance dose 
of 200 – 400   mg, between 5 and 10 years 400 – 600   mg, and 
between 10 and 15 years 400 – 1000   mg. As the clearance 
of carbamazepine in children is faster, three - times - daily 
dosing is often required. 

 In combination therapy, drug interactions are some-
times problematic. These can be complex and interactions 
of both carbamazepine and CBZ epoxide metabolism can 
complicate their interpretation. In combination therapy, 
the blood levels are even more diffi cult to interpret. 

 Of the antiepileptic drugs for which there is suffi cient 
information, carbamazepine is considered to be the safest 
antiepileptic drugs for use in pregnancy (but is classifi ed 
as a category C teratogen by the US Food and Drug 
Administration [FDA]).   

by many to be the drug of choice in benign childhood 
epilepsy with centrotemporal spikes (benign rolandic 
epilepsy), and other benign partial epilepsy syndromes.  

  Generalized  s eizures 
 The use of carbamazepine in the generalized epilepsy 
syndromes is more controversial. 

 In adults with idiopathic generalized epilepsy, carba-
mazepine will, according to most studies and analyses, 
control tonic – clonic seizures with the same effi cacy as 
valproate or other antiepileptics, but it can exacerbate 
absence or myoclonic seizures. It is probably more effi ca-
cious than valproate in the secondarily generalized 
seizures (seizures with partial onset and secondary gen-
eralization). In the generalized seizure syndromes of 
childhood, however, its value is less clearcut. In idio-
pathic generalized epilepsy, it is usually avoided because 
of its adverse effects on absence seizures or myoclonus, 
but it nevertheless is as effective in controlling tonic -
 clonic seizures as valproate or other drugs. Some authors 
have reported benefi t in the Lennox – Gastaut syndrome, 
but most consider carbamazepine to be contraindicated, 
and it can certainly exacerbate myoclonus and the non -
 convulsive generalized seizures in this syndrome, even 
when controlling the convulsive attacks. Infantile spasms 
and febrile convulsions are also generally resistant to car-
bamazepine therapy.   

  Clinical  u se in  e pilepsy 
 Carbamazepine is one of the most widely used antiepilep-
tic drugs in the world, and certainly one of the most widely 
studied. It is the drug of fi rst choice for the entire range of 
partial seizure types (simple partial, complex partial and 
secondarily generalised seizures), and in the cryptogenic 
and symptomatic partial seizure syndromes. It is often the 
fi rst drug tried in these patients in routine practice. 

 Carbamazepine is also useful in generalized tonic –
 clonic seizures associated with idiopathic generalized 
epilepsy, but usually has little value against other forms 
of generalized seizure types or generalized epilepsy syn-
dromes. It may exacerbate myoclonus, generalized 
absence seizures and other non - convulsive types. 

 It is usual in adults to start at 100   mg/day (or, in 
induced patients, 200   mg/day) and to double this 
dose every 2 weeks to a level of 400 – 800   mg/day in two 
divided doses. In adults, maintenance doses of between 
400 and 1600   mg are commonly used, although higher 
doses (up to 2800   mg) are occasionally required and 
tolerated. Starting at a higher initial dose often results in 
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   Proprietary name : Frisium  a    

   Primary indications   
  Adjunctive and monotherapy in epilepsy. Also for intermittent therapy, one - off 
prophylactic therapy. Adults and children  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablet, capsule: 10   mg  

   Usual dosage  –  adults   
  Initial: 10   mg/day; increase by increments of 10   mg/day; maintenance 10 – 30   mg/day  

   Usual dosage  –  children   
  3 – 12 years: initial dose 0.25   mg/kg per day; maintenance dose 0.25 – 1.5   mg/kg per day  

   Dosing intervals   
  Once or twice a day  

   Is dose commonly affected by co - medication?   
  No  

   Is dose affected by renal/hepatic disease?   
  Severe hepatic disease  

   Does it affect dose of other drugs?   
  Yes  –  usually slight effect, occasionally clinically signifi cant  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Not useful  

   Common/important adverse events   
  Drowsiness, sedation, asthenia, ataxia, weakness and hypotonia, diplopia, mood and 
behavioural change, dependency, withdrawal symptoms  

   Risk of hypersensitivity   
  Yes  –  but slight  

   Major mechanism of action   
  GABA A  - receptor agonist  

   Main advantages   
  Highly effective in some patients with epilepsy resistant to fi rst - line therapy; fewer 
side effects than with other benzodiazepines  

   Main disadvantages   
  Development of tolerance in up to 50% of patients  

   Comment   
  Drug of second choice in patients with partial and generalized epilepsy  

     a Name of proprietary brand available in the UK.  
  GABA,  γ  - aminobutyric acid.   
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that of other benzodiazepine drugs is not clearly known, 
but this could refl ect differential binding to the various 
GABA A  - receptor subunits (at least 16 have already been 
identifi ed). The drug may also exert an action away from 
the GABA receptor, affecting voltage - sensitive calcium 
ion conductance and sodium channel function. Studies 
to investigate whether common genetic variations in the 
channel correlate with effects have proved negative.   

  Pharmacokinetics 
  Absorption 
 Clobazam has an oral bioavailability of about 90%. It is 
absorbed rapidly and the time to peak plasma concentra-
tions ( T  max ) after oral dosing is 1 – 4   h. Absorption is rela-
tively unaffected by age or gender. The rate of absorption 
is reduced when the drug is taken with or after meals, but 
the extent of absorption is unaffected. For the patient 
with epilepsy the timing of ingestion is seldom critical. It 
could be given rectally, and is rapidly absorbed, but this 
method of administration has not been adopted in clini-
cal practice.  

  Distribution 
 The plasma protein binding of clobazam has been found 
to be 83%, and the proportion of bound to unbound 
drug is independent of clobazam concentrations. There 
is a higher free (unbound) proportion, however, in situ-
ations where plasma protein concentrations are greatly 
lowered, e.g. in advanced hepatic or renal disease, and 
dosage should be reduced in these situations. Clobazam 
is distributed widely, but the concentration in brain is 
proportional to the concentration of the unbound drug 
in the serum, as is the drug concentration in saliva. There 
is a good correlation between plasma concentration and 

 Clobazam is a remarkable drug, the role of which in 
epilepsy is often underestimated. This is partly because it 
is a benzodiazepine, with all the encumbrance of this 
drug class, but there has also been a surprising lack of 
promotion by its manufacturers, in a market place not 
generally characterized by reticence. The drug has a 
1,5 - substitution instead of the usual 1,4 - benzodiazepine 
structure. It is unique in this regard, and this structural 
change results in an 80% reduction in its anxiolytic activ-
ity and a 10 - fold reduction in its sedative effects, when 
compared with diazepam in animal studies. The drug was 
introduced as an anxiolytic and its potent antiepileptic 
effects were demonstrated later. Its human antiepileptic 
effect was fi rst reported a decade after its introduction. It 
has been licensed in Europe since 1975 and in Canada 
since 1988, but it is unavailable in the USA. It is widely 
used in specialist epilepsy clinics, where this underdog of 
a drug has many champions. 

     Physical and  c hemical  c haracteristics 
 Clobazam (molecular weight 300.73) is a crystalline 
powder, relatively insoluble in water throughout the 
range of physiological pH, and therefore cannot be given 
by intravenous or intramuscular injection. It is a weak 
organic acid. It is also relatively insoluble in lipids, with 
lipid solubility about 40% of that of diazepam.  

  Mode of  a ction 
 Clobazam acts at the benzodiazepine - binding site of the 
 γ  - aminobutyric acid A (GABA A ) - receptor complex, thus 
enhancing the inhibitory neurotransmitter action of 
GABA at the ligand - gated chloride ion channel. It 
enhances the conductance of the channel up to a concen-
tration of 3    μ mol. Quite why its action is distinct from 

 Clobazam: pharmacokinetics  –  average adult values 

  Oral bioavailability    90%  
  Time to peak levels    1 – 4   h  
  Volume of distribution    0.9 – 1.8   L/kg  
  Biotransformation    Hepatic demethylation and hydroxylation and then conjugation  
  Elimination half - life    10 – 30   h (clobazam); 50   h ( N  - desmethylclobazam)  
  Plasma clearance    0.021 – 0.038   L/h per kg ( N  - desmethylclobazam)  
  Protein binding    83%  
  Active metabolite     N  - Desmethylclobazam  
  Metabolism by hepatic enzymes    CYP3A4  
  Inhibition or induction of hepatic enzymes    Generally slight effects only  
  Drug interactions    Usually minor only  
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between 300 and 3500   ng/mL, about 10 times higher than 
the usual clobazam concentrations (20 – 350   ng/mL).    

  Drug  i nteractions 
 Clobazam has a potential for complex interactions, 
although usually these are clinically insignifi cant. It can 
cause either elevation or reduction in phenytoin, pheno-
barbital or carbamazepine drug levels. However, some 
patients with high phenytoin levels develop phenytoin 
toxicity when clobazam is added. Carbamazepine epoxi-
dation can also be enhanced by clobazam co - medication. 
A rare but unpredictable increase in sodium valproate 
levels has also been reported, resulting in a confusional 
state, and clobazam and valproate combinations should 
be carefully observed. Desmethylclobazam levels can 
be raised and clobazam levels lowered in patients on 
combination therapy with phenobarbital, phenytoin or 
carbamazepine. In the great majority of patients, however, 
the clinical effects of these interactions are slight and in 
normal practice problems are rare. However, the adverse 
effects occasionally observed when clobazam is added to 
polytherapy regimens can be caused by occult drug 
interactions.   

  Adverse  e ffects 
  Central  n ervous  s ystem and  o ther  e ffects 
 As clobazam has been so widely used in psychiatric 
practice as an antianxiolytic, its side - effect profi le is well 
known. The side effects are essentially similar to those of 
other benzodiazepines, although sedation is much less 
common than in other drugs (Table  8.6 ). The frequency 

dose in an individual patient, but there are large interin-
dividual variations. The drug does enter breast milk to 
some extent, and the potential for side effects should be 
considered in breast - fed infants.  

  Biotransformation and  e xcretion 
 Clobazam is metabolized in the liver to  N  -
 desmethylclobazam (otherwise known as norclobazam). 
This is an important fact, because  N  - desmethylclobazam 
could be responsible for much of the antiepileptic effect 
of the drug (Figure  8.3 ). Arguing against this proposition 
is the fact that the lipid solubility of the metabolite is lower 
than that of the parent drug, and that its affi nity for the 
benzodiazepine receptor is at least 10 - fold less than that 
of clobazam. However, the half - life of norclobazam is very 
much longer, about 50   h or so in healthy volunteers, but 
less in patients on other enzyme - inducing drugs, and its 
plasma concentration is considerably higher than that of 
the parent drug. This is swings and roundabouts, and the 
exact role of the metabolite has not been fully established. 
The elimination half - life of clobazam is variable, usually 
from 10   h to 30   h, with the longest half - lives being in 
elderly people, and the shortest in patients receiving other 
antiepileptic drugs. Desmethylclobazam is itself conju-
gated in the liver and excreted in the bile as the glucuro-
nide and in the urine as a sulphate. At normal clinical 
doses the plasma concentration of the metabolite is 

     Figure 8.3     Plasma concentrations of clobazam and  N  -
 desmethylclobazam after 28 days of therapy with clobazam 
20   mg/day. Note that the  N  - desmethylclobazam levels at 
steady state are 10 times greater than those of clobazam. This 
explains why the active metabolite may be responsible for 
much of the pharmacological action of clobazam.  

  Table 8.6    Summary of the reported side effects of 
clobazam, diazepam and placebo from 70 double - blind 
studies of the anxiolytic effects of clobazam. 

        Clobazam 
( n     =    1690)  

   Diazepam 
( n     =    1084)  

   Placebo 
( n     =    889)  

  Drowsiness    25.8    45.5    9.9  
  Dizziness    7.0    12.0    2.8  
  Headache    2.1    3.2    2.9  
  Nausea    1.6    1.5    2.1  
  Dry mouth    3.0    2.3    0.9  
  Constipation    2.1    3.4    0.3  
  Depression    1.7    2.2    0.3  

   Table shows the percentage of patients reporting 
side effects.   
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this author is aware, no fatal side effects have been 
reported.   

  Antiepileptic  e ffect 
 The drug was introduced before double - blind placebo -
 controlled clinical trials had become a fundamental 
requirement. The fi rst report was an open study by 
Gastaut in 1977, who became a great enthusiast of the 
drug, noting positive results in 76% of 140 patients with 
severe epilepsy, an effect maintained, however, in only 
53% after a few months. Many other trials have followed. 
There have more recently been nine double - blind trials 
in refractory partial epilepsy, and all demonstrated 
striking benefi t. In one study, over 50% of patients 
showed a greater than 50% reduction of seizures, and in 
another the mean reduction was 30%. The largest of the 
clobazam double - blind cross - over trials involved 129 
adults, mainly with resistant partial - onset seizures, and 
involved 12 weeks on active medication and 12 weeks on 
placebo. Fifteen per cent of patients achieved seizure 
freedom. As the trials were all carried out in patients with 
longstanding chronic and previously refractory epilepsy, 
this is an impressive result  –  and certainly better than 
observed with many other currently available drugs. 
A recent Cochrane review concluded that  ‘ clobazam 
as an add - on treatment may reduce seizure frequency 
and may be most effective in partial - onset seizures. 
However, it is not clear who will best benefi t and over 
what timeframe ’ . 

 The drug has also been the subject of numerous open 
studies, often with a wider range of patients, and some 
reported quite remarkable effects. The biggest study is a 
retrospective survey from Canada of 877 patients, which 
showed a greater than 50% response in more than 40% 
of patients, and 10 – 30% became seizure free; at 4 years 
40 – 50% of patients continued the drug. The seizure 
frequency for each seizure type, except tonic seizures, was 
reduced by more than 50% in 40 – 50% of patients. 
Twenty per cent of patients stopped clobazam because of 
poor effi cacy, 4% stopped for safety - related reasons 
including drug interactions and 8% stopped for both 
reasons. Possible side effects (predominantly somno-
lence) were reported by 32%; however, in only 11% were 
the side effects suffi ciently severe to cause discontinua-
tion of medication. Tolerance leading to discontinuation 
of clobazam was reported in 9%. 

 It has been claimed, on an anecdotal basis, that patients 
with partial seizures but no widespread cerebral impair-
ment obtain the most worthwhile benefi t. Patients with 
secondarily generalized seizures also respond, however, as 

in clinical trials of its anxiolytic effect has been reported 
to lie between 20 and 85%. In clinical trials, the most 
common side effects reported were sedation and drowsi-
ness, a feeling of dissociation, dizziness, dry mouth, 
nausea, headache and depression. Amnestic effects are 
reported. Occasionally, behavioural disturbances, insom-
nia, irritability and disinhibition are reported, especially 
in institutionalized populations. Muscle fatigue and 
weakness occur and it should not be used in patients with 
severe respiratory disease. As with other benzodiazepines, 
because it can cause disorderly recruitment of motor 
units, the drug should not be given to patients with 
myasthenia gravis. In clinical trials, the side effects were 
of a severity suffi cient to change dose or terminate treat-
ment in 5 – 15% of patients. In clinical practice it must be 
said that side effects are seemingly less common, possibly 
refl ecting the different patient group. Of all these side 
effects, sedation is the most important, but the measured 
effects of normal dosages of clobazam on cognitive tests 
have been shown to be very slight. There is a slight risk 
of dependency, as with all benzodiazepines, although 
in epilepsy patients this is not common. There are no 
defi nitive data on teratogenicity.    

  Tolerance and  s ymptoms on  w ithdrawal 
 Undoubtedly, clinically the most problematic phenom-
enon is the tendency for clobazam to lose its benefi cial 
effect (the development of tolerance). This is a property 
shared by all benzodiazepines, but in animal studies 
tolerance developed more frequently with clobazam than 
with clonazepam. It is traditionally claimed that 30 – 50% 
of patients prescribed clobazam can expect to develop 
tolerance, although more recent studies show lower pro-
portions, and this problem, in routine clinical practice, 
may have been exaggerated. Despite the importance of 
tolerance, the mechanisms are unknown, and the fre-
quently quoted  ‘ downregulation of the GABA A  receptor ’  
is descriptive rather than explanatory. Better news is that 
tolerance to the sedative effects is much more prominent 
than tolerance to the antiepileptic effects and, if a patient 
develops sedation on starting treatment, it is well worth 
while persisting with therapy, because the sedation 
usually wears off within a week or so. Tolerance is more 
common at higher doses and with continuous rather 
than intermittent therapy. 

 Withdrawal symptoms (irritability, restlessness or dif-
fi culties in concentrating) are noticeable in about 5 – 10% 
of patients during the fi rst few weeks after withdrawal. 
Idiosyncratic allergic reactions are very rare and, as far as 
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do those with absence seizures, myoclonus, the Lennox –
 Gastaut syndrome, startle epilepsy, non - convulsive status 
epilepticus, electrical status during slow - wave sleep 
(ESES), refl ex epilepsies, alcohol withdrawal seizures and 
seizures that accompany the benign childhood partial 
epilepsies. 

 There have been no large - scale trials of clobazam in 
monotherapy in adults, but a recent multicentre Canadian 
study in 235 drug - na ï ve children with recent - onset 
partial, secondarily generalized and generalized tonic –
 clonic seizures found the drug as effective as monother-
apy with phenytoin or carbamazepine. 

 No clear relationship has been found between serum 
level and seizure control, but it is complicated by the 
development of tolerance. An optimum range of serum 
levels in chronic epilepsy has not been established. 

 Other studies in specifi c circumstances include a com-
parison with phenytoin in cysticercosis in which cloba-
zam provided superior effi cacy, a prophylactic study of 
the prevention of febrile seizures in which intermittent 
clobazam reduced the risk of recurrent seizures from 
12.0% on placebo to 1.7% on clobazam, and studies in 
catamenial epilepsy and non - convulsive status. In each of 
these indications, the drug showed marked effi cacy  

  Clinical  u se in  e pilepsy 
 Clobazam should be considered as adjunctive therapy 
whenever treatment with a single fi rst - line antiepileptic 
drug has proved ineffective. In the author ’ s own practice, 
clobazam is often the fi rst adjunctive drug to be tried. It 
is effective in a wide range of epilepsies, although perhaps 
best in those with partial seizures alone. It can be used 
in patients with Lennox – Gastaut syndrome and other 
primarily and secondarily generalized epilepsies. It is 
effective in a broad spectrum of other types of epilepsy 
and non - convulsive status syndromes. It is, in routine 
practice, very well tolerated, with few side effects. Its mild 
anxiolytic effect is also useful in some patients with 
epilepsy. The development of tolerance is the most prom-
inent clinical problem. Manoeuvres such as drug holi-
days, initiation at very low doses or the use of very high 
doses have all failed to circumvent this problem. 

 In Canada, clobazam is particularly popular where, in 
children, clobazam monotherapy is used as fi rst - line 
treatment for many epilepsy syndromes, including 
benign myoclonic epilepsy of infancy, most unspecifi ed 
cryptogenic and symptomatic generalized epilepsies, and 
idiopathic, symptomatic and cryptogenic partial epilep-
sies. It is relatively contraindicated in children with 
abnormal behaviour. 

 Clobazam also has a particularly useful role in other 
situations. It is helpful as a temporary therapy to cover 
drug withdrawal or a period during which other major 
medication changes are under way. It is also useful as 
one - off prophylactic therapy on special occasions when 
it is particularly important to prevent a seizure (e.g. on 
days of travel, interviews, examinations). Although there 
are no formal studies of the drug used in this way, the 
effect is often rapid and reliable, and the low incidence 
of side effects makes it an ideal choice for such therapy. 

 Clobazam can also be used in intermittent therapy for 
fever to prevent febrile seizures and in catamenial epi-
lepsy (see    p. 139 ), and is the best available drug for these 
purposes. It can be used to prevent clusters of seizures 
developing (with 10   mg given after the fi rst seizure) and 
in non - convulsive status epilepticus. 

 In children, the usual starting dose is about 0.25   mg/
kg per day and this is increased over a few weeks to 
0.5   mg/kg per day. The maximum dose is usually 1.5   mg/
kg per day. In adults it is administered orally at a dose of 
10 – 20   mg/day (occasionally 30   mg/day), usually taken at 
night or in a twice - daily regimen. The only available 
preparation is as 10   mg tablets. Higher dosages are seldom 
effective and should be avoided. The rectal administra-
tion of the drug has been explored experimentally, but is 
not used in clinical practice. There are no parenteral 
formulations. Blood level monitoring is not commonly 
performed. It should not be used in patients with myas-
thenia or severe respiratory disease, or in those with 
severe hepatic disease. Withdrawal should be gradual 
(routinely, 10   mg every 1 – 2 months). It is advisable to 
observe the same precautions with clobazam as with 
other benzodiazepine drugs in relation to the risk of 
dependency.   

  Clonazepam           

 Clonazepam was one of the earliest benzodiazepine drugs 
used for epilepsy. It was licensed in Europe in 1975 and 
then in North America and throughout the world. It is a 
1,4 - substituted benzodiazepine, a structure shared with 
diazepam and all the other antiepileptic drugs of this 
class, with the notable exception of clobazam. It has in 
the past been widely used, although now it has largely 
been superseded by other drugs with fewer side effects. 

     Physical and  c hemical  c haracteristics 
 Clonazepam is a crystalline powder (5 - (2 - chlorophenol) -
 1,3 - dihydro - 7 - nitro - 2 H  - 1,4 - benzodiazepin - 2 - one; 
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   Proprietary name : Rivotril  a    

   Primary indications   
  Monotherapy and adjunctive therapy in partial and generalized seizures (including 
absence and myoclonus) and also the Lennox – Gastaut syndrome, neonatal seizures, 
infantile spasms and status epilepticus. Adults and children  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablets: 0.5, 1, 2   mg; liquid: 1   mg and 2.5   mg in 1   mL diluent  

   Usual dosage  –  adults   
  Initial: 0.25   mg at night; increments of 0.25 – 0.5   mg/day every 2 weeks  
  Maintenance: 0.5 – 4   mg/day  

   Usual dosage  –  children   
  Initial:  < 1 year: 0.25   mg/day 
 1 – 5 years: 0.25   mg/day 
 5 – 12 years: 0.25   mg/day 
 Maintenance: 
  < 1 year: 1   mg/day 
 1 – 5 years: 1 – 2   mg/day 
 5 – 12 years: 1 – 3   mg/day  

   Dosing intervals   
  Once or twice a day  

   Is dose commonly affected by co - medication?   
  No  

   Is dose affected by renal/hepatic disease?   
  Severe hepatic disease  

   Does it affect dose of other drugs?   
  No  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Not useful  

   Common/important adverse events   
  Drowsiness, sedation, asthenia, ataxia, weakness and hypotonia, diplopia, mood and 
behavioural change, drooling and hypersalivation, dependency, withdrawal 
symptoms  

   Risk of hypersensitivity   
  Yes  –  but slight  

   Major mechanism of action   
  GABA A  - receptor agonist  

   Main advantages   
  Useful action especially in children; wide spectrum of activity  

   Main disadvantages   
  Side effects, particularly sedation; tolerance; withdrawal syndrome  

   Comment   
  Second - choice antiepileptic drug, with wide spectrum of activity, used particularly in 
children. Use limited by side effects  

    a Name of proprietary brand available in the UK.   
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  Distribution 
 Clonazepam is 86% bound to plasma proteins, with a 
volume distribution of between 1.5 and 4.4   L/kg, refl ecting 
its high lipid solubility. It rapidly crosses into the brain, 
where it is passively absorbed with a linear brain:plasma 
concentration ratio.  

  Biotransformation and  e xcretion 
 Clonazepam is metabolized in the liver fi rst by nitro -
 reduction and then by acetylation and hydroxylation, 
and the metabolic processes are greatly infl uenced 
by genetic factors (especially acetylator status). There 
are various metabolites, none of which has clinically 
important pharmacological activity. The clearance of 
clonazepam is slow, in adults approximately 0.09   L/kg per 
h. Less than 0.5% of the parent drug is recovered 
unchanged in the urine. As metabolism is infl uenced by 
individual genetic variation, the half - life of clonazepam 
is very variable, falling in most patients between 20 and 
55   h. In studies in neonates half - lives have been recorded 
of 20 – 43   h and in children of 22 – 33   h. There seems to 
be no correlation between antiepileptic effi cacy and 
plasma level.  

  Drug  i nteractions 
 It is rare for clonazepam to alter levels of other drugs in 
any clinically relevant manner, although minor effects 
are common. Clonazepam levels are lowered by co -
 administration with carbamazepine or phenobarbital and 
presumably other enzyme - inducing drugs. Lamotrigine 
can raise clonazepam levels. However, these effects are 
seldom of clinical importance.   

  Adverse  e ffects 
  Neurological  e ffects 
 The most common important side effect of clonazepam 
is sedation. There is no doubt that, even at low doses, a 
signifi cant number of patients experience unacceptable 
levels of drowsiness and this limits the value of the drug 
in normal clinical practice. This adverse effect seems to 
be less marked in children than in adults, which might 
explain the greater popularity of clonazepam among 
paediatricians than among neurologists treating adults. 
Other side effects are much less troublesome and 
are typical of those of other benzodiazepine drugs. These 
include incoordination, hypotonia, blurred vision, hyper-
activity, restlessness, irritability, short attention span, 
behavioural change, psychosis, depression and other 
neuropsychiatric effects. This list may be long, but the 

molecular weight 315.7) with p K  a  values of 1.5 and 10.5, 
and is virtually undissociated throughout the physiologi-
cal pH range. It is highly lipid soluble.  

  Mode of  a ction 
 Clonazepam, similar to all other benzodiazepines, is an 
agonist at the GABA A  receptor. The benzodiazepines 
increase channel opening frequency at the GABA A  recep-
tor, resulting in enhanced chloride conductance and neu-
ronal hyperpolarization. Clonazepam has higher affi nity 
binding to the benzodiazepine receptor than diazepam or 
other benzodiazepines, and furthermore clonazepam 
binds to subgroups of the GABA A  receptor that do not 
bind the other benzodiazepine drugs. In the rat, clonaz-
epam alone binds in the spinal cord and striation and has 
a high concentration in the cerebellum. The drug also has 
some action on sodium channel conductance.   

  Pharmacokinetics 
  Absorption 
 Clonazepam is well and reliably absorbed, with an oral 
bioavailability of 80% or more. It reaches a peak plasma 
level within 1 – 4   h of oral administration in most people, 
although this may be delayed up to 8   h. Intravenous 
preparations are widely used for emergency therapy. 
Buccal or intranasal administration of a solution has been 
explored, but is not in common clinical usage.  

 Clonazepam: pharmacokinetics  –  average adult values 

  Oral bioavailability    80%  

  Time to peak levels    1 – 4   h  

  Volume of distribution    3   L/kg  

  Biotransformation    Hepatic reduction, 
hydroxylation and acetylation  

  Elimination half - life    20 – 55   h (mean 30)  

  Plasma clearance    0.09   L/kg per h  

  Protein binding    86%  

  Active metabolite    None  

  Metabolism by hepatic 
enzymes  

  CYO3A4  

  Inhibition or induction of 
hepatic enzymes  

  Generally slight effects only  

  Drug interactions    Usually minor only  
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side effects are not commonly dose limiting. Behavioural 
changes seem to be more prominent in patients 
with psychiatric problems. The mixture of hypotonia, 
hypersecretion, somnolence and ataxia is characteristic 
and can be troublesome, especially in young children.  

  Other  s ide  e ffects 
 Hypersecretion and hypersalivation may be troublesome 
in infants and children. In infants, too, cardiovascular 
depression and respiratory depression have been 
observed. Similar to other benzodiazepines, clonazepam 
may occasionally increase the frequency of certain seizure 
types (e.g. tonic seizures). Occasional idiosyncratic aller-
gic reactions including marked leucopenia have been 
observed. As with other benzodiazepines, because of an 
effect on motor unit recruitment, it should not be used 
in myasthenia gravis. The teratogenicity of clonazepam 
has not been well studied, although an increased risk of 
major malformations has been reported in individual 
cases, as have growth retardation and dysmorphism.  

  Tolerance and  s ymptoms on  w ithdrawal 
 Tolerance to the antiepileptic effects has been well 
described, and is common (although possibly less 
common than with clobazam) and troublesome. Cross -
 tolerance between benzodiazepine drugs is observed. 
Withdrawal symptoms can be prominent, and in one 
study in children symptoms occurred in over 50%. The 
symptoms most commonly reported on withdrawal 
include seizures, increased anxiety, insomnia, restless-
ness, confusion and occasionally catatonia, and these are 
most marked in patients with psychiatric co - morbidity. 
Sudden withdrawal carries a serious risk of seizure exac-
erbation and status epilepticus. Gradual withdrawal 
minimizes these problems and, in routine practice, with-
drawal at a decremental rate not exceeding 0.5   mg/month 
is strongly advised.  

  Overdose 
 Benzodiazepine overdose produces respiratory depres-
sion and coma, and death is common if untreated. 
Supportive therapy is effective, and activated charcoal, 
exchange transfusions and fl umazenil infusion can be 
used.   

  Antiepileptic  e ffect 
 Clonazepam is a potent antiepileptic drug, and is effec-
tive against most types of seizures and in most syndromes. 
However, because of its potential to cause sedation and 
other side effects, and the problem of tolerance, it is now 

not commonly used in routine practice, but is reserved 
as second - line adjunctive therapy in severe epilepsy. 

 Although it has a wide spectrum of activity, its main 
role nowadays is in the treatment of the generalized epi-
lepsies, and especially those with a myoclonic element, 
and is indeed one of the drugs of choice for this indica-
tion in the progressive myoclonic epilepsies, primary 
generalized epilepsy and also the symptomatic secondary 
myoclonic epilepsies. It can be useful against all the 
seizure types in the Lennox – Gastaut syndrome. It is fre-
quently used by specialists in movement disorders for 
subcortical myoclonus. It is also undoubtedly effective in 
absence epilepsy, and may work where other drugs have 
failed, and has a useful effect against tonic – clonic seizures 
whatever their cause. Early reports suggested that it was 
useful in partial seizures, although a recent literature 
review concluded that its effect is relatively modest. 
However, it is occasionally used in benign rolandic epi-
lepsy and epilepsia partialis continua. Clonazepam has 
also been shown to be relatively safe in acute intermittent 
porphyria, and intravenous clonazepam is effective in 
controlling neonatal convulsions. 

 Clonazepam is still used widely in the treatment of 
various forms of status epilepticus. Its indications are 
exactly the same as those for diazepam, and its effective-
ness is similar. It can be given intravenously or rectally 
in the emergency setting (see    pp. 307 – 308 ). In status 
epilepticus, clonazepam has a longer duration of action 
(about 24   h) than diazepam (about 2   h).  

  Clinical  u se in  e pilepsy 
 Clonazepam is used less often than clobazam in most 
countries (France may be an exception). The reason is its 
greater propensity to cause side effects, including behav-
ioural problems in children, somnolence and ataxia. It 
should be considered when myoclonus or other general-
ized seizures have failed to respond to other fi rst - line 
medications. Clonazepam is usually introduced very 
slowly, starting in children with approximately 0.025   mg/
kg per day and gradually increasing the dose to 0.1   mg/
kg per day. The initial dosage in adults is usually 0.25   mg 
and this is increased slowly to between 0.5 and 4   mg/day 
in a once -  or twice - daily regimen. It is more widely used 
in status epilepticus as a perfectly reasonable alternative 
to diazepam.   

  Eslicarbazepine  a cetate           

 Eslicarbazepine acetate (Zebinex ® ; known previously 
as BIA 2 - 093) is a voltage - gated sodium channel blocker 
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   Proprietary name : Zebinix  a    

   Primary indications   
  Adjunctive therapy in refractory partial - onset seizures. Adults only  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablets: 400   mg, 600   mg, 800   mg; suspension: 50   mg/mL  

   Usual dosage  –  adults   
  Initial: 200 – 400   mg at night; increments of 400   mg every 2 weeks  
  Maintenance 800 – 1200   mg/day  

   Dosing intervals   
  Once a day  

   Is dose commonly affected by co - medication?   
  Yes  

   Is dose affected by renal/hepatic disease?   
  Dose adjustments needed in moderate renal disease  

   Does it affect dose of other drugs?   
  Yes  

   Does it affect the contraceptive pill?   
  Yes  

   Serum level monitoring   
  Utility not established  

   Common/important adverse events   
  Headache, dizziness, somnolence, nausea, diplopia, vomiting, blurred 
vision, vertigo, fatigue, constipation and diarrhoea others as with 
oxcarbazepine but probably less hyponatremia  

   Risk of hypersensitivity   
  None to date  

   Major mechanism of action   
  Inhibition of voltage - dependent sodium conductance.  

   Main advantages   
  It is not metabolized by CYP enzymes; properties similar to oxcarbazepine 
but may cause less hyonatraemia; once daily dosing  

   Main disadvantages   
  New antiepileptic drug with limited clinical experience. Properties similar 
to oxcarbazepine  

   Comment   
  Drug of second choice for partial seizures. Its pharmacological and clinical 
properties are similar to those of oxcarbazepine  

     a Name of proprietary brand available in the UK.   
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  Distribution 
 About 30% of eslicarbazepine is bound to plasma protein. 
The volume of distribution is 2.7   L/kg. Data on distribu-
tion in the CSF and brain in routine practice are not yet 
available.  

  Biotransformation and  e xcretion 
 Eslicarbazepine acetate is rapidly hydrolysed with peak 
levels of eslicarbazepine reached within 2 – 3   h of dosing. 
Eslicarbazepine is glucuronidated (about 30% of the total 
dose) but not metabolized by the CYP enzymes, and is 
then excreted by the kidneys (two - thirds unchanged and 
one - third as the glucuronide). Formal studies have 
shown few differences between kinetic parameters in 
healthy young adults and elderly people, and the clear-
ance in young adults with epilepsy is similar to that in 
elderly people with epilepsy. In those with renal impair-
ment, where the creatinine clearance is  < 30 – 60   mL/min, 
the dose should be halved, but there are no data on 
people with creatinine clearance levels  < 30   mL/min. 
Haemodialysis removes eslicarbazepine completely. 
Moderate liver impairment has no effect on the kinetics 
of eslicarbazepine and there are no data in severe hepatic 
failure. There are also no data in pregnancy.  

  Drug  i nteractions 
 Eslicarbazepine inhibits CYP2C9 but none of the other 
P450 enzymes. Eslicarbazepine acetate has no effect on 
carbamazepine, lamotrigine levetiracetam or valproate. 
Phenytoin levels may rise in co - medication. Eslicarba-
zepine acetate decreases the plasma levels of steroid 
oral contraceptives, and may reduce contraceptive 

that was identifi ed for clinical development in the 
mid - 1990s by Bial. It is related to carbamazepine, but 
unlike carbamazepine is not metabolized to carbamaze-
pine 10,11 - epoxide. Eslicarbazepine acetate is metabo-
lized to eslicarbazepine, which is responsible for its 
activity. Oxcarbazepine is also a prodrug of eslicarbaze-
pine, but is metabolized into the  R  - isomer ( R  -
 licarbazepine) as well as the  S  - isomer ( S  - licarbazepine) 
(Figure  8.4 ). Differences between eslicarbazepine acetate 
and oxcarbazepine are presumably largely due to this 
metabolic distinction. Eslicarbazepine acetate was 
licensed in 2009 for use in Europe.   

     Physical and  c hemical  c haracteristics 
 Eslicarbazepine acetate is the  S  - isomer ( S ) - 10 - acetoxy -
 10,11 - dihydro - 5 H  - dibenz[ b , f  ]azepine - 5 - carboxamide 
and has a molecular weight of 296.32. It is a neutral 
compound, insoluble in water but freely soluble in 
organic solvent.  

  Mode of  a ction 
 Eslicarbazepine is, similar to carbamazepine and oxcar-
bazepine, a sodium channel blocker, with a similar profi le 
to oxcarbazepine.   

  Pharmacokinetics 
 The pharmacokinetics have been studied in patients and 
healthy volunteers. 

  Absorption 
 Absorption is virtually complete with peak levels 2 – 3   h 
after dosing and unaffected by food.  

 Eslicarbazepine: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    2 – 3   h  a    
  Volume of distribution    2.7   L/kg  a    
  Biotransformation    Hydrolysis to eslicarbazepine, and then glucuronidation (33%), 

with 67% excreted unchanged  
  Elimination half - life    13 – 20   h  a    
  Plasma clearance    0.055   L/kg per h  a    
  Protein binding    30%  a    
  Active metabolite    Eslicarbazepine  
  Metabolism by hepatic enzymes    Non - CYP enzymes: hydrolysis and conjugation  
  Inhibition or induction of hepatic enzymes    Inhibits CYP2C9  
  Drug interactions    Common  

    a Refers to eslicarbazepine, the active metabolite.   



180  CHAPTER 8 

effectiveness. Carbamazepine, phenobarbital and phe-
nytoin decrease plasma eslicarbazepine levels, but valpro-
ate, lamotrigine, gabapentin, clobazam, levetiracetam 
and topiramate have no effect on eslicarbazepine levels. 
Eslicarbazepine acetate 1200   mg, when given once daily 
to females co - medicated with the combined oral contra-
ceptive, resulted in a mean decrease of 37% and 42% in 
systemic exposure to levonorgestrel and ethinylestradiol, 
respectively, caused presumably by an induction of 
CYP3A4.   

  Adverse  e ffects 
 In the clinical trials, the most frequent adverse effects 
were headache, dizziness, somnolence, nausea, diplopia, 

     Figure 8.4     Metabolism and excretion of of eslicarbazepine 
acetate.  
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vomiting, blurred vision, vertigo, fatigue, constipation 
and diarrhoea (Table  8.6 ). These were generally dose 
related. At 1200   mg/day, 19% of patients discontinued 
the clinical trial because of side effects (compared with 
4.5% in the placebo group). Most side effects were mild 
to moderate and less than 5% of patients had side effects 
rated as severe. Hyponatraemia was recorded in only four 
patients in the clinical trials, which is a much lower rate 
than with oxcarbazepine, but patient selection in the 
trials would have acted to avoid hyponatremia. There are 
no post - marketing data as yet and very limited long - term 
data, and no data on teratogenicity. 

  Antiepileptic  e ffect 
 Effi cacy data are based on several phase 2 and three phase 
3 studies. The latter were multicentre, double - blind, ran-
domized, placebo - controlled studies in 1049 adult refrac-
tory patients enrolled by 125 sites in 23 countries. In the 
pooled analysis of the intention - to - treat fi ndings, the 
50% responder rates were on 21% for placebo and for 
eslicarbazepine acetate 23% at 400   mg/day, 36% at 
800   mg/day and 43% at 1200   mg/day, with signifi cant dif-
ferences between placebo and eslicarbazepine acetate at 
doses of 800 and 1200   mg/day. The relative reduction in 
seizure frequency on eslicarbazepine was 18% on 400   mg/
day, 29% on 800   mg/day and 31% on 1200   mg/day com-
pared with 9% on placebo. Of the 857 patients who com-
pleted the double - blind phase, 833 (97%) entered the 
long - term extension phase and 612 completed 1 year of 
treatment, a retention rate of 73.5%.   

  Clinical  u se in  e pilepsy 
 Eslicarbazepine acetate is a recently licensed antiepileptic 
drug, with, at the time of writing, very limited experience 
in routine clinical practice. It is very similar to oxcarbaze-
pine, and in fact oxcarbazepine is a prodrug of eslicar-
bazepine. Whether it will prove in the longer run to have 
any advantage over oxcarbazepine, a much more estab-
lished compound, remains to be seen. The main differ-
ence is that oxcarbazepine is also metabolized to the 
 R  - isomer of licarbazepine and differences between the 
drugs are presumably largely related to this aspect of 
metabolism. There are a number of favourable features 
to eslicarbazepine that are worth emphasizing. The drug 
is hydrolysed and then undergoes glucuronidation 
without signifi cant involvement of CYP - mediated 
metabolism, which is an advantage over carbamazepine, 
for example. It seems to have effi cacy in combination 
with other sodium channel - blocking drugs and can, it is 
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  Ethosuximide           

seems reasonable to give the compound in once - a - day 
dosing which is also a relative advantage over some other 
antiepileptic drugs. On the less positive side are its inter-
action with the contraceptive pill, which may reduce its 
effectiveness, its other drug interactions and dosing that 
has to be modifi ed in those with renal impairment. In 
summary, eslicarbazepine acetate seems a promising new 
antiepileptic drug.   

claimed, be used in combination with carbamazepine. It 
seems relatively well tolerated (at least from data from 
the clinical trials) with discontinuation rates similar to 
other major antiepileptic drugs, including pregabalin and 
levetiracetam. The lack of hyponatremia (if confi rmed in 
less selected populations) and better tolerability at higher 
dose would be advantages. No idiosyncratic reactions 
have been reported and relatively little weight gain. It 

      
   Proprietary names : Zarontin,  a   Emeside  a    

   Primary indications   
  Monotherapy or adjunctive therapy for generalized absence seizures. Adults and children  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Capsules: 250   mg; syrup: 250   mg/5   mL  

   Usual dosage  –  adults   
  Initial: 250   mg; then increased by increments of 250   mg/day every 2 weeks  
  Maintenance: 750 – 1500   mg/day  

   Usual dosage  –  children   
  Initial: 10 – 15   mg/kg per day  
  Maintenance: 20 – 40   mg/kg per day  

   Dosing intervals   
  2 – 3 times/day  

   Is dose commonly affected by co - medication?   
  Yes  

   Is dose affected by renal/hepatic disease?   
  Hepatic disease and severe renal disease  

   Does it affect dose of other drugs?   
  No  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Very useful  

   Target range   
  300 – 700    μ mol/L  

   Common/important adverse events   
  Gastrointestinal symptoms, drowsiness, ataxia, diplopia, headache, dizziness, hiccups, 
sedation, behavioural disturbances, acute psychotic reactions, extrapyramidal symptoms, 
blood dyscrasia, rash, lupus - like syndrome, severe hypersensitivity  

   Risk of hypersensitivity   
  Yes  –  marked risk  
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 In the 1950s and 1960s a series of succinimide drugs 
were widely prescribed for the treatment of all types of 
epilepsy. Their toxicity limited their utility, however, and 
today only ethosuximide is in general use. Ethosuximide, 
introduced into clinical practice in 1958, has only one 
indication  –  the treatment of generalized absence seizures 
(petit - mal seizures). Its usage has largely ended with the 
introduction of newer drugs, but some paediatricians still 

   Major mechanism of action   
  Inhibition of calcium T - channel conductance  

   Main advantages   
  Well - established treatment for generalized absence seizures; less risk of hepatic toxicity 
than valproate in young children  

   Main disadvantages   
  Side effects common; risk of hypersensitivity; no effect against tonic – clonic seizures  

   Comment   
  Drug now usually of second choice for typical generalized absence seizures (petit mal)  

     a Name of proprietary brand available in the UK.   

 Ethosuximide: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  

  Time to peak levels     < 4   h  

  Volume of distribution    0.65   L/kg  

  Biotransformation    Hepatic oxidation then 
conjugation  

  Elimination half - life    40 – 70   h (adults; varies 
with co - medication) 
 30 – 40   h (children; varies 
with co - medication)  

  Plasma clearance    0.010 – 0.015   L/kg per h  

  Protein binding     < 10%  

  Active metabolite    None  

  Metabolism by hepatic enzymes    CYP3A4, CYP2E1 and 
then conjugation  

  Inhibition or induction of 
hepatic enzymes  

  No  

  Drug interactions    Common  

occasionally consider this drug as fi rst - line therapy for 
absence seizures, although this role has been largely 
superseded by valproate, levetiracetam, lamotrigine and 
topiramate, or more often now for patients resistant to 
these newer fi rst - line therapies. 

     Physical and  c hemical  p roperties 
 Ethosuximide (molecular weight 141.2) is a white crystal-
line racemate, freely soluble in water and alcohol, and it 
has a p K  a  of 9.3. It is a racemate mixture, but with no 
stereoselectivity.  

  Mode of  a ction 
 The drug exerts a voltage - dependent blockade of low -
 threshold T - type calcium currents in the thalamus and 
this is almost certainly the mechanism of its effect against 
absence seizures. The drug also enhances postsynaptic 
GABA action and affects ATPase and membrane trans-
port processes, but these effects are thought not to con-
tribute to its antiepileptic properties.   

  Pharmacokinetics 
  Absorption 
 Ethosuximide is rapidly absorbed, with an oral bioavail-
ability of over 90%. Peak plasma levels are probably 
mostly reached within 4   h of administration, although 
some studies have shown some delay with peak levels in 
some patients reached only after 7   h. The syrup formula-
tion tends to be more rapidly absorbed than the capsules, 
but both formulations are bioequivalent.  

  Distribution 
 Ethosuximide is widely distributed. Concentrations in 
saliva, CSF and tears are similar to those in plasma. The 
apparent volume of distribution after oral administration 
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is 0.62 – 0.65   L/kg body weight in adults and 0.69   L/kg in 
children. There is negligible plasma protein binding. The 
drug readily crosses the placenta and also readily crosses 
into breast milk (with a breast milk:serum ratio of 0.8 –
 0.9) and the serum levels of a breast - feeding infant are 
approximately 30 – 50% of those of the mother.  

  Biotransformation and  e limination 
 Ethosuximide shows linear kinetics over the usual dosage 
ranges. The drug is extensively metabolized in the liver, 
fi rst by oxidation and then by conjunction. The major 
enzymes involved are the CYP3A subgroup of the hepatic 
cytochrome P450 system, with some contribution from 
CYP2E1. The metabolites have no signifi cant antiepilep-
tic action. About 10 – 20% of the drug is excreted 
unchanged in the urine. Ethosuximide is cleared slowly, 
with a mean half - life in adults of 40 – 70   h and 30 – 40   h in 
children and neonates. The steady state is reached in 12 
days in adults and 6 days in children. There is consider-
able interindividual variability, but the elimination half -
 life is unaffected by drug dosage. The total body clearance 
is 0.010 – 0.015   L/kg per h and may be slightly lower in 
women. Ethosuximide does not induce hepatic micro-
somal enzymes, nor is there autoinduction. 

 Renal disease, unless very severe, does not affect etho-
suximide concentrations; 50% of the drug is removed by 
6   h of dialysis. The effect of hepatic disease has not been 
formally studied, but, as ethosuximide is heavily metabo-
lized, one would expect severe hepatic disease to alter its 
pharmacokinetics. Haemodialysis and peritoneal dialysis 
readily remove ethosuximide from the plasma.  

  Drug  i nteractions 
 Ethosuximide does not generally affect serum levels of 
other antiepileptic or non - antiepileptic drugs. 

 However, co - medication can affect ethosuximide 
levels. Sodium valproate has variable and complex effects, 
but can result in an increase of up to 50% in ethosuxi-
mide levels owing to valproate - induced inhibition of 
ethosuximide metabolism. Co - medication with carbam-
azepine can result in a signifi cant decrease (up to 50%) 
in ethosuximide plasma concentrations, as a result of the 
hepatic enzyme - inducing properties of carbamazepine. 
Co - medication with phenytoin and phenobarbital also 
lowers ethosuximide levels. The potential for interactions 
with the newer antiepileptic drugs has not been studied. 
Rifampicin, a classic inducer of CYP3A, has been shown 
to increase the clearance of ethosuximide by 90%. Other 
drugs acting on this enzyme system would also be 
expected to have a similar effect.   

  Adverse  e ffects 
  Idiosyncratic  r eactions 
 Ethosuximide has the potential to cause severe idiosyn-
cratic reactions. The skin is most commonly affected, 
followed by the formed elements of the blood and the 
liver, and to a lesser extent the nervous system and 
kidneys. These reactions range from non - specifi c symp-
toms such as lymphadenopathy, arthralgias, eosinophilia 
and fever to more severe allergic dermatitis, rash, ery-
thema multiforme, Stevens – Johnson syndrome, autoim-
mune thyroiditis, myocarditis, pericarditis and systemic 
lupus erythematosus. Blood dyscrasias have occurred but 
are rare, and include aplastic anaemia and agranulocyto-
sis. In the early years of therapy, severe haematological 
effects were thought to be relatively common. However, 
only eight cases of ethosuximide - associated aplastic 
anaemia were reported between 1958 and 1994, all with 
onset 6 weeks to 8 months after initiation of ethosuxi-
mide therapy. Most patients were on polypharmacy, and 
fi ve of the eight patients died.  

  Other  s ide  e ffects 
 The side effects in 12 clinical trials published between 
1958 and 1966 are summarized in Table  8.7 . The overall 
incidence of adverse effects ranged from 26% to 46%. 
The most common adverse effects involve the gastroin-
testinal system, and include nausea, abdominal discom-
fort, anorexia, vomiting and diarrhoea. These are dose 
dependent but occasionally are severe enough to pre-
clude therapy. Ethosuximide can also cause a wide range 
of dose - dependent CNS effects. The most common are 

  Table 8.7    Summary of the adverse effects due to 
ethosuximide; data from 12 early studies, published 
between 1958 and 1966, each involving 50 or more 
subjects receiving ethosuximide. 

   Adverse effect     Range (median), %  

  Any adverse effect    26 – 46 (37)  
  Gastrointestinal disturbances 

(nausea, abdominal discomfort, 
anorexia, vomiting and diarrhoea)  

  4 – 29 (13)  

  Drowsiness    0 – 16 (7)  
  Rash    0 – 6 (0)  
  Ataxia    0 – 1 (0)  
  Dizziness    0 – 4 (1)  
  Hiccups    0 – 5 (0)  
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In another study complete control of seizures was 
obtained in 47% of patients, an effect closely correlated 
to plasma level. 

 The effectiveness of the drug has been shown to be 
equal to that of valproate in fi ve controlled trials, and 
furthermore the drugs in combination can have a syner-
gistic effect in patients who have not responded ade-
quately to either drug alone. Tolerance does not develop 
with ethosuximide. Although ethosuximide does not 
generally control tonic – clonic seizures, a gratifying effect 
is occasionally encountered in resistant idiopathic gener-
alized epilepsy. This lack of effect in tonic – clonic seizures 
is a disadvantage compared with valproate, which has a 
much broader spectrum of action. 

 Ethosuximide has a moderate effect in atypical absence 
seizures (in the Lennox – Gastaut syndrome), and is 
reported to be helpful in absence status epilepticus, 
severe myoclonic epilepsy in infancy, juvenile myoclonic 
epilepsy, epilepsy with myoclonic absences, eyelid myo-
clonia with absences, epilepsy with continuous spike and 
wave during slow - wave sleep, photosensitive seizures, the 
Landau – Kleffner syndrome, Angelman syndrome and 
gelastic seizures. 

 It probably has little or no effect in simple partial, 
complex partial or partial secondarily generalized tonic –
 clonic seizures. 

 Plasma level measurements of ethosuximide are useful 
in defi ning dosage, and there is a clear relationship 
between plasma level and clinical effectiveness. The target 
range of drug levels is between 300 and 700    μ mol/L. 

  Clinical  u se in  e pilepsy 
 Ethosuximide remains a useful drug in the treatment of 
childhood absence seizures, although its fi rst - line use has 
been largely supplanted, particularly in older children or 
young adults, by other drugs and especially by valproate 
because of the latter ’ s superior action in tonic – clonic 
seizures. It still has a place in the treatment of young 
children where there is a risk of valproate - induced hepa-
totoxicity. It may be usefully added to valproate in 
patients whose absence seizures are not controlled on 
valproic acid monotherapy, and also in a number of 
childhood syndromes (see above). In addition, it has a 
limited role in other seizure types where more conven-
tional therapy has failed. 

 A common starting dose for children is 10 – 15   mg/kg 
per day, with subsequent titration according to the 
patient ’ s clinical response. Older children and adults 
often initiate ethosuximide at 250   mg/day and increase by 
250   mg increments until the desired clinical response is 

insomnia, nervousness, dizziness, hiccups, lethargy, 
fatigue, ataxia, and behavioural changes such as aggres-
sion, euphoria, irritability and hyperactivity. Headache is 
a particular problem, occurring in one in eight treated 
children and is often not dose dependent. The effect of 
ethosuximide on cognition is unclear.   

 There are some reports of memory, speech and emo-
tional disturbances, and ethosuximide can certainly 
occasionally cause severe behavioural changes, particu-
larly irritability, depression and anxiety, delirium, 
hallucinations and occasionally a psychotic reaction. 
The psychotic reaction has been attributed to  ‘ forced 
normalization ’ , but seems to occur with a higher 
frequency with ethosuximide than with other anti -
 absence drugs. For this reason, the drug should be used 
with caution in patients with a history of psychiatric 
disturbance. However, other reports show striking cogni-
tive improvement on ethosuximide therapy, possibly 
related to the better control of spike – wave discharges. 
Other rarer neurological side effects include bradykine-
sia, parkinsonism and other extrapyramidal symptoms. 
Sedation can be a problem and is not uncommon after 
the increase in plasma level of ethosuximide in patients 
in whom valproate has been added. Occasionally, a severe 
encephalopathy can be induced by ethosuximide, as it 
can by other succinimide drugs. 

 The incidence of ethosuximide - related granulocytope-
nia ranged from 0% to 7% in early studies, and is dose 
dependent. This is of no concern, but must be distin-
guished from the severe marrow depression in ethosuxi-
mide hypersensitivity. Some teratogenic effects have been 
reported, but the incidence of these is quite unknown.  

  Overdose 
 Cases of ethosuximide overdose have been reported. 
Coma and respiratory depression occur and treatment is 
by supportive measures. Additional recommended mea-
sures include the use of activated charcoal, gastric lavage 
and haemodialysis. Exchange transfusion and forced 
diuresis have no value.   

  Antiepileptic  e ffect 
 Ethosuximide, like valproate, is highly effective in con-
trolling generalized absence seizures. Although it was 
introduced before the current vogue for randomized 
controlled trials, well - conducted open studies in the 
1970s demonstrated a clear and powerful effect in often 
previously resistant patients. In one study of 37 patients, 
19% were rendered free from seizures, and 49% had a 
 > 90% reduction and 95% a  > 50% reduction in seizures. 
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closely correlated with serum levels. Nevertheless, the 
dose should still be escalated according to clinical 
response rather than serum level. The therapeutic range 
is generally between 300 and 700    μ mol/L (40 – 100    μ g/
mL), although patients with refractory seizures may need 
a serum concentration of up to 1000    μ mol/L. Routine 
laboratory monitoring of blood count is not useful in 
preventing idiosyncratic haematological reactions. 
However, if the total white blood cell count falls to  < 3500 
or the proportion of granulocytes to  < 25% of the total 
white blood cell count, the dose should be reduced or the 
drug withdrawn.    

reached. Ethosuximide can be administered as once - , 
twice -  or even three - times - daily dosing, with meals to 
maximize seizure control while minimizing adverse 
effects. In younger children, maintenance dosages are 
usually between 15 and 40   mg/kg per day. In older chil-
dren and adults, common maintenance doses are 750 –
 1500   mg/day. Ethosuximide withdrawal should be carried 
out at a decremental rate not exceeding 250   mg every 2 
weeks. 

 Serum level monitoring of ethosuximide is more 
useful than of any other antiepileptic drug with the 
exception of phenytoin, and effectiveness and toxicity are 

  Gabapentin           

      
   Proprietary name : Neurontin  a    

   Primary indications   
  Partial or secondarily generalized epilepsy: adjunctive therapy in adults and children  ≥ 6 
years. Monotherapy in adults and children  ≥ 12 years (Europe; not licensed for monotherapy 
in the USA)  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Capsules: 100, 300, 400. 600, 800   mg  
  250   mg/5   mL oral solution  

   Usual dosage  –  adults   
  Initial: 300 – 400   mg/day; increased by increments of 300 – 400   mg/day (600 – 800   mg/day at higher 
doses) every 2 weeks  
  Maintenance: 900 – 3600   mg/day  

   Usual dosage  –  children   
  Initial: 10 – 15   mg/kg per day  
  Maintenance 40   mg/kg per day age 3 and 4 years; 25 – 35   mg/kg per day age 5 – 12 years  

   Dosing intervals   
  2 – 3 times/day  

   Is dose commonly affected by co - medication?   
  No  

   Is dose affected by renal/hepatic disease?   
  Severe renal disease  

   Does it affect dose of other drugs?   
  No  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Not useful  

   Common/important adverse events   
  Drowsiness, dizziness, ataxia, headache, tremor fatigue, weight gain, exacerbation of non -
 convulsive generalized seizures  

   Risk of hypersensitivity   
  No  

NH2 COOH
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indications. The drug then underwent trials in 8 non -
 epilepsy indications, including neuralgic pain, and was 
licensed for use in pain and other indications, and by 
2003 gabapentin was one of the 50 most prescribed drugs 
in the USA with almost US$2.7 billion of sales in 2003. 
The sales in non - epilepsy indications accounted for up to 
90% of all sales according to some estimates. Meanwhile, 
in epilepsy, it was soon realized that greater effectiveness 
was possible with higher doses than those used in the 
clinical trials, and this has revived interest in the drug. 

 Gabapentin has now achieved a solid place as second -
 line treatment in partial epilepsy, with moderate effect 
and certain advantages over other, possibly stronger, 
therapies. It is currently approved for adjunctive therapy 
in partial epilepsy in many countries and for monother-
apy for epilepsy in 30 countries (but not the USA). It has 
larger use in other indications and the Cochrane group 
has found effi cacy in pain from cancer and in diabetic 
neuropathy, postherpetic neuralgia, migraine and peri-
operative pain, and there are reports of effectiveness in 
movement disorders and cocaine dependence. 

     Physical and  c hemical  c haracteristics 
 Gabapentin is a highly soluble crystalline substance 
(molecular weight 172.24), with two p K  a  values, 3.7 and 
10.7, and at physiological pH it is a zwitterion, an electri-
cally neutral compound carrying both positive and nega-
tive charges. It has a chemical structure that is very 
similar to that of GABA, with the same four - carbon chain 
but with an additional cyclohexyl ring incorporated.  

  Mode of  a ction 
 Gabapentin does not act at the GABA A  receptor, in spite 
of its close structural similarity. Similar to pregabalin, 
gabapentin binds to the  α  2  –  δ  protein associated with the 

 Gabapentin, although only recently introduced, has had 
a colourful history. The drug was designed as a GABA 
agonist, with a close structural relationship to GABA, 
although subsequent clinical and experimental evidence 
has shown little or no action at the GABA receptor. It was 
fi rst studied as an antispastic drug and an analgesic, but 
early clinical trials of its antispastic action proved disap-
pointing. Attention then turned to its antiepileptic action, 
although this was not a priority with the manufacturers 
who considered that they had more effi cacious alterna-
tives. However, an antiepileptic drug action was shown 
on the basis of a series of clinical trials, and it became 
licensed widely in the USA, Britain, Europe and other 
countries for this indication. Initial clinical experience in 
routine practice in epilepsy was, however, rather disap-
pointing, although its off - label effects on neurogenic pain 
were generally considered stronger and, in their enthusi-
asm to pursue these indications, the manufacturers were 
then heavily fi ned for improper marketing of off - label 

   Major mechanism of action   
  Action on  α  2  –  δ  - subunit of the voltage - gated calcium channel.  

   Main advantages   
  Lack of side effects, especially at low doses; good pharmacokinetic profi le  

   Main disadvantages   
  Lack of therapeutic effect in severe cases; absorption variable, especially at high doses; seizure 
exacerbation in some cases  
   Comment   
  Effective second - choice antiepileptic drug for partial epilepsy, particularly in mild cases. Easy to 
use and few side effects at low doses  

     a Name of proprietary brand available in the UK.   

 Gabapentin: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 65% (dose dependent)  
  Time to peak levels    2 – 3   h  
  Volume of distribution    0.65 – 1.04   L/kg  
  Biotransformation    Not metabolized  
  Elimination half - life    5 – 9   h  
  Plasma clearance    0.120 – 0.130   L/kg per h  
  Protein binding    None  
  Active metabolite    None  
  Metabolism by hepatic enzymes    No  
  Inhibition or induction of 

hepatic enzymes  
  No  

  Drug interactions    None  
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voltage - gated calcium channel. It is thought that the drug 
may act by infl uencing the traffi cking of the calcium 
channels to the membrane. Other actions may include 
subtle effects on a wide variety of neurotransmitters 
including noradrenaline, glutamate, acetylcholine, sub-
stance P and calcitonin gene - related peptide.   

  Pharmacokinetics 
  Absorption 
 The bioavailability of gabapentin is only about 60% at 
doses of 1800   mg/day or less and 35% or less for doses 
 > 3600   mg/day, even when given in a three - times - daily 
regimen. This is because gabapentin is actively trans-
ported across the gut wall by an  l  - amino acid transporter 
that is saturatable. Absorption varies considerably 
between individuals. What few data there are suggest that 
age has little effect on absorption; nor does food, although 
food rich in neutral amino acids or monosaccharides 
may enhance absorption. As absorption is incomplete 
and relies on an active transport system, caution should 
be exercised when gabapentin is used in those clinical 
circumstances in which absorption might be expected to 
be compromised. Peak serum levels are achieved within 
2 – 4   h of oral dosing.  

  Distribution 
 The volume of distribution of the drug is 0.65 – 1.04   L/kg 
at steady state. Gabapentin is not bound to plasma pro-
teins at all. The drug readily crosses the blood – brain 
barrier, utilizing the  l  - amino acid transport system, 
which is saturatable, and plasma:brain concentrations fall 
at higher plasma concentrations. Two clearance mecha-
nisms, active transport and passive diffusion, limit its 
accumulation. The CSF concentration is 7 – 35% of the 
plasma concentration and rises for hours after the peak 
concentration.  

  Biotransformation and  e limination 
 The drug is not metabolized at all and is completely 
excreted in an unchanged form. This lack of hepatic 
metabolism is of course a great advantage, and there are 
no pharmacokinetic drug interactions. 

 Gabapentin is eliminated unchanged entirely by renal 
excretion with an elimination half - life of 5 – 9   h. The renal 
clearance is 0.120 – 0.13   L/kg per h and is linearly corre-
lated with creatinine clearance. Gabapentin clearance 
varies with age - related changes in creatinine clearance 
and glomerular fi ltration rate. Clearance is highest in 
young children, and children between the ages of 1 
month and 5 years require approximately 30% higher 

doses to achieve a given plasma concentration than chil-
dren aged 5 – 12 years. Age - related and disease - related 
decreases in renal function signifi cantly reduce gabapen-
tin clearance, and the dose needs to be lower in patients 
with creatinine clearance levels  < 60   mL/min. In haemo-
dialysis, the dosing should be related to creatinine clear-
ance, with small supplemental doses given immediately 
after each 4   h of dialysis. 

 Steady - state levels are achieved within a few days, 
however, and the half - life does not change on chronic 
administration nor is it infl uenced by co - medication. 
Serum levels of gabapentin are not routinely measured 
and there are few data on the correlation between serum 
level and effectiveness.  

  Drug  i nteractions 
 Gabapentin has no known pharmacokinetic drug inter-
actions owing to its lack of protein binding and hepatic 
metabolism. There is potential for interaction at the renal 
level, but no specifi c effects have been reported.   

  Adverse  e ffects 
 Gabapentin has the reputation of having very few side 
effects, with only sedation and fatigue, dizziness, weight 
gain, ataxia, headache, tremor, nausea and diplopia being 
at all prominent in the clinical trials and usually only of 
mild intensity. However, experience shows that some 
individuals develop pronounced drowsiness even at low 
doses. Weight gain is often a signifi cant clinical problem. 

 In the early double - blind studies, 44% of patients 
reported adverse effects on gabapentin 900   mg. Similar 
levels of side effects were recorded in later studies on 
1200   mg. The pooled data from all the studies are shown 
in Table  8.8 . Most of the adverse effects were mild and, 
overall, only 7.4% of 1748 patients who received gabap-
entin in any clinical study have been withdrawn from the 
study owing to adverse events.   

 The effect of gabapentin on mood is unpredictable. It 
has been variously reported to improve, have no effect 
on and adversely affect mood, and there are reports of 
aggressive behaviour, hyperactivity and irritability in 
patients with learning disability. In formal studies of cog-
nition, no adverse effects have been reported on atten-
tion, psychomotor speed, language and speech in healthy 
volunteers or in patients with complex partial seizures. 

 Worsening of seizures is a particularly marked phe-
nomenon in some patients treated with gabapentin. In 
the US study, 19% of patients treated with gabapentin 
1800   mg/day, and in the UK study 20% treated 
with 1200   mg/day, experienced a worsening of seizure 
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or placebo. Twenty - fi ve per cent of the gabapentin patients 
showed a reduction in partial seizures of at least 50% 
compared with 9.8% of those taking placebo. In a similar 
study from the USA, patients were randomized to 600, 
1200 or 1800   mg/day of gabapentin or placebo. The per-
centage of patients with a reduction in seizures of at least 
50% ranged from 18% to 26% with gabapentin and 8% 
with placebo. These trials showed that the drug has anti-
epileptic action in partial epilepsy; however, the number 
of responders is disappointingly low and, at the doses 
tried, the drug seems rather weak. 

 Since licensing, it has become customary to prescribe 
much higher doses and, although these doses have not 
been studied in double - blind controlled trials, there is a 
universal clinical impression that higher doses are more 
effective, at least in some patients. The side effects at 
higher doses are also more prominent. 

 Gabapentin has a narrow spectrum of activity and is 
not effective in primarily generalized seizures, absence 
seizures and myoclonus (and indeed absence seizures and 
myoclonus are frequently worsened by the drug). 

 In newly diagnosed patients, gabapentin has shown 
similar or less effi cacy than carbamazepine or lamotrigine 
in open and controlled studies. In the SANAD study, 
gabapentin was signifi cantly less effi cacious than lamotrig-
ine in terms of time to treatment failure and to carbam-
azepine in terms of time to 12 - month remission. 

 Long - term follow - up studies have demonstrated 
sustained benefi t without the emergence of longer - term 
toxicity or new toxicity. However, in long - term retention 
studies, fewer than 40% of patients taking gabapentin 
remained on the drug for 6 years and fewer than 4% 
became free from seizures. 

 A double - blind trial of gabapentin for benign rolandic 
epilepsy (with centrotemporal spikes) demonstrated sta-
tistically signifi cant superiority of gabapentin over placebo.  

  Clinical  u se in  e pilepsy 
 Gabapentin is a useful drug in the treatment of partial 
and secondarily generalized tonic – clonic seizures. It has 
an excellent pharmacological profi le, and its lack of 
protein binding, metabolism and drug interactions is an 
attractive property. It has particular value in renal or 
hepatic disease and in patients on complicated drug regi-
mens. It can be rapidly titrated, which is an advantage in 
some settings. Also, it is relatively well tolerated although 
side effects do occur, particularly at higher doses. The 
severe behavioural or psychiatric disturbances found 
with other drugs do not occur with gabapentin nor do 
idiosyncratic or serious systemic side effects. 

frequency. Gabapentin can also specifi cally worsen 
myoclonus and absence seizures. 

 Gabapentin has been given to over 10 million patients, 
for various indications, and remarkably few potentially 
serious side effects have been reported. The incidence of 
rash is 0.5% and that of neutropenia 0.2%. ECG changes 
and/or angina was reported in 0.05% of cases. There are 
extremely rare reports of Stevens – Johnson syndrome and 
hepatotoxicity. There are no consistent changes in any 
other clinical or laboratory measure, and no serious idio-
syncratic or hypersensitivity reactions. Pancreatic carci-
noma was reported in the animal toxicology studies, but 
there have been no clinical reports of pancreatic disease. 
Three cases of massive gabapentin overdose have been 
reported without serious effects. 

 The abrupt withdrawal of gabapentin has been associ-
ated with a range of symptoms, many related to sympa-
thetic overactivity, and as with all other antiepileptics in 
routine practice the drug should be withdrawn gradually.  

  Antiepileptic  e ffects 
 Gabapentin has been studied in a series of open and 
double - blind, randomized controlled investigations in 
partial epilepsy, and a consistent picture has emerged. The 
large multicentre study carried out in the UK randomized 
patients to add - on therapy with either gabapentin 1200   mg 

  Table 8.8    The 10 most common adverse effects of 
gabapentin reported in clinical trials; number (percent) of 
patients with adverse effects. 

        Controlled studies    All studies  

   Placebo 
 ( n     =    307)  

   Gabapentin 
 ( n     =    485)  

   Gabapentin 
 ( n     =    1160)  

      56.7    76.1    81.4  
   Adverse events   
  Somnolence    9.8    20.2    24.4  
  Dizziness    7.8    17.9    20.3  
  Ataxia    5.2    13.2    17.4  
  Fatigue    4.9    11.1    14.7  
  Nystagmus    4.9    9.3    15.0  
  Headache    9.1    8.7    15.2  
  Tremor    3.9    7.2    15.0  
  Diplopia    2.0    6.4    10.7  
  Nausea and/or 

vomiting  
  7.5    6.0    9.3  

  Rhinitis    3.9    4.5    8.7  
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  Lacosamide           

 There are, however, disadvantages. The drug appears 
to have only a rather modest effi cacy, and most patients 
with severe epilepsy derive little benefi t. Furthermore, a 
substantial minority of patients treated with gabapentin 
have a worsening of seizure frequency and occasionally 
this deterioration can be marked. In addition the drug is 
ineffective in most generalized seizure types including 
tonic – clonic and absence seizures, and in myoclonus. 
Although its pharmacokinetic profi le is generally good, 
its absorption is erratic, particularly at higher doses, and 
this can be problematic. 

 Its main role is therefore in mild epilepsy, in elderly 
people and in patients in whom dose - limiting side effects 
are commonly experienced on other drugs. 

 It is common practice to titrate this dose up at weekly 
intervals to a maximum of 3600   mg/day. The usual initial 
maintenance doses are between 900 and 2400   mg/day. 
In children aged 3 – 12 years, the usual starting dose is 

10 – 15   mg/kg per day, and this can be increased within 
a week or so to the usual maintenance dose of 40   mg/kg 
per day in children aged 3 and 4 years, and 25 – 35   mg/kg 
per day in children aged 5 – 12 years. Dosages up to 50   mg/
kg per day have been well tolerated. 

 Although all the trials used three - times - a - day dosing, 
a twice - a - day regimen seems equally effective. However, 
at high doses, dosing three or four times daily will prob-
ably avoid saturation of the processes of absorption. 
In routine practice withdrawal can be carried out at 
weekly decremental rates of 400   mg. Serum antiepileptic 
drug levels can be helpful to assess absorption, particu-
larly where higher doses are contemplated, but serum 
level is not closely related to effectiveness. The dose 
should be halved in patients with creatinine clearance 
values between 30 and 59   mL/min, reduced by a further 
half where creatinine clearance is between 15 and 29   mL/
min, and reduced further at lower levels.   

      
   Proprietary name : Vimpat  a    

   Primary indications   
  Adjunctive therapy of partial - onset seizures. Adults only  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablets: 50, 100, 150, 200   mg tablets; intravenous solution 10   mg/mL; syrup 15   mg/mL  

   Usual dosage  –  adults   
  Initial: 50   mg/day; increased by increments of 50   mg/day every 2 weeks  
  Maintenance: 200 – 400   mg/day  

   Dosing intervals   
  Twice a day  

   Is dose commonly affected by co - medication?   
  No  

   Is dose affected by renal/hepatic disease?   
  No  

   Does it affect dose of other drugs?   
  No  

   Interactions with the contraceptive pill   
  No  

   Serum level monitoring   
  Utility not established  

   Common/important adverse events   
  Dizziness, headache, nausea, diplopia ataxia, memory impairment, somnolence, 
tremor, vertigo, constipation, pruritus, asthenia, fatigue  
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 Lacosamide: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    0.5 – 4   h  
  Volume of distribution    0.5 – 0.8   L/kg  
  Biotransformation     O  - Desmethylation  
  Elimination half - life    12 – 16   h  
  Plasma clearance    No published data  
  Protein binding     < 15%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    CYP2C19  
  Inhibition or induction of 

hepatic enzymes  
  Inhibits CYP2C19  

  Drug interactions    Some drug interactions  

   Risk of hypersensitivity   
  None to date  

   Major mechanism of action   
  Inhibition of sodium channel conductance  

   Main advantages   
  Well - documented effi cacy, seemingly well tolerated  

   Main disadvantages   
  Limited clinical experience, nervous system and gastrointestinal adverse effects  

   Comment   
  Newly licensed antiepileptic drug  

     a Name of proprietary brand available in the UK.   

 Lacosamide (Vimpat ®  [SPM 927], formerly known as 
harkoseride) was initially synthesized as an intravenous 
antiepileptic for status epilepticus. Studies have been 
conducted in parallel in patients with epilepsy and neu-
ropathic pain. The drug was licensed in 2009 as adjunc-
tive therapy for refractory partial epilepsy, but its range 
of effects has not yet been fully explored. 

     Chemistry 
 Lacosamide, ( R ) - 2 - acetamido -  N  - benzyl - 3 - methoxyprop
ionamide, is an amino acid with a chemical formula 
C 13 H 18 N 2 O 3  (molecular weight 250.30). It is a soluble 
crystalline powder.  

  Mode of  a ction 
 Lacosamide selectively enhances slow inactivation of 
voltage - gated sodium channels without affecting fast 

inactivation, which is an action not shared by other 
sodium channel blockers. Another mechanism that may 
or may not contribute to its effi cacy in epilepsy and neu-
ropathic pain is an effect on the collapsin response medi-
ator protein 2 (CRMP - 2).   

  Pharmacokinetics 
  Absorption 
 Lacosamide is rapidly and completely absorbed after oral 
administration. The oral bioavailability is approximately 
100%. Peak plasma concentrations occur between 0.5 
and 4   h after the dose. The pharmacokinetics are linear. 
Food intake has no infl uence on absorption.  

  Distribution 
 Lacosamide is  < 15% bound to plasma proteins and is 
distributed in total body water, with an apparent volume 
of distribution of about 0.5 – 0.8   L/kg.  

  Metabolism and  e limination 
 The plasma half - life of lacosamide is approximately 12 –
 16   h. Steady - state plasma concentrations are achieved 
after 3 days. Approximately 40% of orally administered 
lacosamide are excreted unchanged in the urine, and 
another 30% are recovered in the form of the inactive 
 O  - desmethyl metabolite SPM 12809. The cytochrome 
P450 isoenzyme CYP2C19 is involved in the formation 
of SPM 12809, but the variations in CYP2C19 genotype 
seems to have no major infl uence on plasma lacosamide 
concentrations. 

 Preliminary data suggest that, in elderly people, steady -
 state plasma lacosamide concentrations are 10 – 35% 
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intake of lacosamide at any dose. Lacosamide has no 
effect on the pharmacokinetics or hormonal effects of an 
oral contraceptive containing 0.03   mg ethinylestradiol 
and 0.15   mg levonorgestrel in healthy individuals.   

  Serum  l evel  m onitoring 
 There is insuffi cient information on the value of moni-
toring lacosamide plasma concentrations.   

  Adverse  e ffects 
 Adverse events (Table  8.9 ) observed during the 
lacosamide clinical trials included dose - related CNS 
and gastrointestinal system adverse effects. Dizziness, 
diplopia, headaches, nausea and vomiting are the most 
common events. Other side effects include ataxia, 
memory impairment, somnolence, tremor, vertigo, con-
stipation, pruritus, asthenia and fatigue. 

 In the three pivotal, double - blind controlled trials, 
overall discontinuation rates during the treatment period 
were 18%, 23% and 38% in the groups assigned to lacos-
amide doses of 200   mg/day, 400   mg/day and 600   mg/day, 
compared with 13% among patients randomized to 
placebo. Dizziness was the most common adverse event 
leading to premature withdrawal, especially in the 
600   mg/day group. A small, dose - related increase in P – R 
interval was observed with lacosamide treatment, with a 
mean increase from baseline to the end of the mainte-
nance phase of 1.4   ms, 4.4   ms and 6.6   ms for 200, 400 
and 600   mg/day lacosamide, compared with a 0.3   ms 
decrease for placebo. The incidence of treatment - 
emergent fi rst - degree atrioventricular (AV) block was 

higher than those recorded in non - elderly adults (which 
may refl ect decreased renal function). 

 In individuals with mild or moderate renal impair-
ment, the lacosamide area under the curve (AUC) is 
increased by approximately 30% compared with healthy 
individuals and in those with severe renal impairment 
(creatinine clearance  < 30   mL/min) by approximately 
60%, and dosage should be reduced. 

 Individuals with hepatic impairment (Child – Pugh 
score B) showed approximately 50% higher AUC com-
pared with healthy people, which was attributed, in part, 
to reduced renal function in these patients. No dosage 
adjustment is thought to be needed in patients with mild -
 to - moderate hepatic insuffi ciency.  

  Drug  i nteractions 
 Overall, lacosamide exhibits a low drug – drug interaction 
potential, and no dose adjustment is necessary when 
lacosamide is co - administered with other drugs. 

  Effects of  o ther  d rugs on  l acosamide  c oncentrations 
 In a population pharmacokinetic study, co - medication 
with enzyme - inducing antiepileptic drugs (carbamaze-
pine, phenytoin, phenobarbital) reduced lacosamide 
exposure by 25%. Digoxin, metformin, omeprazole and 
a combined oral contraceptive do not infl uence the phar-
macokinetics of lacosamide.  

  Effect of  l acosamide on  o ther  d rugs 
 In clinical studies, plasma concentrations of concomitant 
antiepileptic drugs were unaffected by concomitant 

  Table 8.9    Incidences of treatment emergent adverse events reported by  ≥ 10% of subjects in any lacosamide treatment group, 
based on a pooled analysis of the three double - blind pivotal lacosamide trials in patients with refractory partial - onset seizures. 

   Side effect     Placebo, % 
( n     =    364)  

   Lacosamide 200   mg/
day, % ( n     =    270)  

   Lacosamide 400   mg/
day, % ( n     =    471)  

   Lacosamide 600   mg/
day, % ( n     =    203)  

   Lacosamide total, 
% ( n     =    944)  

  Dizziness    8    16    30    53    31  
  Headache    9    11    14    12    13  
  Abnormal 
co - ordination  

  2    4    7    15    8  

  Tremor    4    4    6    12    7  
  Nystagmus    4    2    5    10    5  
  Diplopia    2    6    10    16    10  
  Vision blurred    2    2    8    16    8  
  Nausea    4    7    11    17    11  
  Vomiting    3    6    9    16    9  
  Fatigue    6    7    7    15    9  
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0.4% for lacosamide and 0% for placebo. It is too early 
to say whether the full range of lacosamide side effects 
has been recognized.  

  Effi cacy 
 Adjunctive treatment with lacosamide was evaluated in a 
number of phase 2 and 3 trials in adults with simple 
partial - onset seizures and/or complex partial - onset sei-
zures, with or without secondary generalization. Both the 
oral and parenteral formulations were tested in clinical 
trials, although the intravenous formulation was studied 
for safety only. Lacosamide also underwent a parallel 
clinical development in patients with diabetic neuro-
pathic pain. 

 The three pivotal, randomized placebo - controlled, 
clinical trials in epilepsy patients titrated lacosamide up 
to the target dose of 200   mg/day, 400   mg/day and 600   mg/
day administered as adjunctive therapy in adults with 
uncontrolled partial - onset seizures. In the fi rst trial, the 
median percentage reduction in seizure frequency, from 
baseline to maintenance, was 10% in the placebo group 
and 26%, 39% and 40% in the lacosamide 200   mg/day, 
400   mg/day and 600   mg/day groups, respectively. 
Reductions in seizure frequency over placebo were sig-
nifi cant for the lacosamide 400   mg/day (28.4%) and 
600   mg/day (21.3) groups. In the second placebo - 
controlled trial, there was a median percentage reduction 
in seizure frequency of 35% and 36% for lacosamide 
200   mg/day and 400   mg/day, respectively, compared with 
21% for placebo. The proportion of patients showing at 

least a 50% reduction in seizure frequency was 26% in 
the placebo group, 35% in the 200   mg/day group and 
41% in the 400   mg/day group (these results were all sig-
nifi cantly different on statistical testing). In the third 
trial, a reduction in seizure frequency of at least 50% was 
recorded in 38.3% of patients treated with 400   mg/day 
and in 41.2% of patients treated with 600   mg/day lacos-
amide, compared with 18.3% of patients allocated to 
placebo. The difference versus placebo was statistically 
signifi cant at both doses. Among the patients who com-
pleted the pivotal trials, 3.3% and 4.8% of those taking 
lacosamide 400   mg/day and 600   mg/day, respectively, 
were seizure free compared with 0.9% of the patients in 
the placebo arm. There is very little post - marketing 
experience.  

  Place in  c urrent  t herapy 
 Lacosamide is a new antiepileptic drug with a novel mode 
of action. It is licensed as adjunctive therapy for the 
treatment of partial - onset seizures in individuals aged 16 
years or more in Europe and in those aged 17 years or 
more in the USA. It has a number of advantageous 
features, including good pharmacokinetics and a low 
potential for drug – drug interactions. The effi cacy 
data show potential utility in partial epilepsy. There is 
little experience in other epilepsy types. The usual effec-
tive dose range appears to be 200 – 400   mg/day, to be 
achieved after gradual titration. It is too early to predict 
the value of this drug, but the initial experience is 
promising.   

      
   Proprietary name : Lamictal  a    

   Primary indications   
  Adjunctive or monotherapy of partial seizures and generalized seizures, and seizures 
associated with the Lennox – Gastaut syndrome in those aged  ≥ 13 years. Adjunctive 
therapy of partial seizures and generalized seizures, and monotherapy of typical 
absence seizures in those aged 2 – 12 years  

   Commonly used as fi rst - line drug   
  Yes  

   Usual preparations   
  Tablets: 25, 50, 100, 200   mg; dispersible chewtabs: 2, 5, 25, 100   mg  

   Usual dosage  –  adults   
  Initial: 12.5 – 25   mg/day; increased by increments of 50 – 100   mg/day every 2 weeks  
  Maintenance: 200 – 600   mg/day (depends on co - medication  –  see text and Tables  8.13  
and  8.14 ).  
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  Lamotrigine           



The Antiepileptic Drugs  193

   Usual dosage  –  children   
  Depends on co - medication; see Tables  8.13  and  8.14   

   Dosing intervals   
  Twice a day  

   Is dose commonly affected by co - medication?   
  Yes  

   Is dose affected by renal/hepatic disease?   
  Avoid in hepatic disease  

   Does it affect doses of other drugs?   
  No  

   Does it affect the contraceptive pill?   
  No (although contraceptive may lower doses of lamotrigine)  

   Serum level monitoring   
  Useful  

   Target range   
  2 – 20   mg/L  

   Common/important adverse events   
  Rash (sometimes severe), blood dyscrasia, headache, ataxia, asthenia, diplopia, 
nausea, vomiting, dizziness, somnolence, insomnia, depression, behavioral effects, 
psychosis, tremor  

   Risk of hypersensitivity   
  Marked risk  

   Major mechanism of action   
  Inhibition of sodium channel conductance  

   Main advantages   
  Moderate effectiveness, generally well tolerated  
   Main disadvantages   
  High instance of rash (occasionally severe) and other side effects, complicated 
pharmacokinetics  
   Comment   
  A useful antiepileptic, especially in generalized epilepsies  

     a Name of proprietary brand available in the UK.   

 The history of epilepsy has seen many drugs developed 
on incorrect premises, and lamotrigine is a recent 
example. In the 1960s it was postulated  –  wrongly  –  that 
the antiepileptic effects of phenytoin and phenobarbital 
could be mediated through their antifolate properties. 
Lamotrigine was then developed as an antifolate drug. 
However, as it turns out, lamotrigine does not have a 
marked antifolate action and there is, anyway, no correla-
tion between an anti - folate action and antiepileptic 
effects. Such is fortune, however  –  lamotrigine was then 
found to have a pronounced antiepileptic effect. 

     Physical and  c hemical  c haracteristics 
 Lamotrigine (3,5 - diamino - 6 - [2,3 - dichorophenyl] - 1,2,4 -
 triazine; molecular weight 256.1) is a triazine compound 
unrelated chemically to any other antiepileptic. It is a 
weak base, p K  a  5.7, and is poorly soluble in water or 
ethanol.  

  Mode of  a ction 
 In its short life, a whole range of mechanisms of action 
has been postulated for lamotrigine, only later to be dis-
counted. It seems now that the antiepileptic action is 
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1.5 – 2.5 times plasma concentrations. Lamotrigine is 55% 
bound to plasma proteins.  

  Metabolism and  e limination 
 The drug undergoes extensive metabolism in the liver, 
largely to the inert glucuronide conjugate, most of which 
is renally excreted, and its metabolism results in complex 
pharmacokinetics. In chronic therapy, less than 10% of 
the drug is excreted unchanged in the urine. Metabolism 
is via the uridine diphosphate glucuronosyl transferase 
(UDPGT) enzymes, without prior involvement of the 
CYP family of enzymes. 

 Plasma clearance shows marked intraindividual varia-
tion and is affected strongly by age and co - medication. 
In monotherapy, plasma clearance values are higher in 
children (0.038   L/kg per h) than in adults (0.044 – 0.084   L/
kg per h). Elimination half - lives are broadly similar in 
children and in adults (32   h in children vs 23 – 37   h in 
adults). Younger children have higher clearance values 
than older children, and older children and adults higher 
levels than elderly people. 

 These differences may be due to a relative reduction in 
liver size and hepatic blood fl ow in adolescents compared 
with young children, and diminished glucuronidation at 
older ages. A comparison of single 150   mg oral doses in 
healthy young and elderly volunteers revealed a 37% 
lower clearance in elderly people and a 27% higher 
maximum plasma concentration ( C  max ) and 55% higher 
values of plasma AUC. Some but not all investigators 
have shown autoinduction. 

largely due to its effect in blocking voltage - dependent 
sodium channel conductance, an action similar to that 
of carbamazepine or phenytoin. Indeed, the drug binds 
to the same amino acid residues as phenytoin, although 
it has different binding kinetics. Whether or not the 
drug has any more direct neurotransmitter action is 
uncertain, although antiglutamate and antiaspartate 
actions have been suggested, and also an action on 
kynurenic acid which may modulate the glycine - binding 
site on the  N  - methyl -  d  - aspartate (NMDA) receptor. 
Lamotrigine also modulates voltage - dependent calcium 
conductance at N - type calcium channels and potassium 
conductance. In experimental seizure models lamotrig-
ine has a rather similar profi le of action to that of 
phenytoin.   

  Pharmacokinetics 
  Absorption and  d istribution 
 Lamotrigine is well absorbed orally with a bioavailability 
approaching 100%. Peak concentrations occur within 
1 – 3   h after dosing in adults (1 – 6   h in children), and a 
linear relationship exists between dose and concentration 
in the normal clinical dosing ranges. There is a second 
smaller lamotrigine peak after oral administration attrib-
uted to intestinal reabsorption of the drug sequestered in 
the stomach. Absorption is not affected by food. 
Lamotrigine is 55% bound to plasma proteins and has a 
volume of distribution of between 0.9 and 1.3   L/kg in 
adults and 1.5   L/kg in children. Brain concentrations are 

 Lamotrigine: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    1 – 3   h (1 – 6   h in children)  
  Volume of distribution    0.90 – 1.31   L/kg  
  Biotransformation    Hepatic glucuronidation without phase 1 reaction  
  Elimination half - life    12 – 60   h (varies considerably with co - medication; monotherapy, 

29   h; polytherapy with a combination of valproate and enzyme 
inducers: approximately 25   h; polytherapy with valproate 
without enzyme inducers: 60   h; polytherapy with enzyme 
inducers without valproate approx 13   h)  

  Plasma clearance    0.044 – 0.084   L/kg per h (varies considerably on co - medication)  
  Protein binding    55%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    Only phase 2 glucuronidation via UGT1A4 (80%)  
  Inhibition or induction of hepatic enzymes    Iinducer of UGT1A4  
  Drug interactions    Common  
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pregabalin, tiagabine, vigabatrin and zonisamide) have 
no signifi cant effect on lamotrigine pharmacokinetics. 
No clear differences have been observed in combination 
with felbamate, and co - medication with topiramate 
results in either slightly decreased or unchanged plasma 
concentrations. 

 The clearance of lamotrigine can be affected by non -
 antiepileptic enzyme - inducing drugs. A common example 
is the fall in half - life of lamotrigine by up to 50% when the 
oral contraceptive is added as co - medication, and this can 
require dosage change. This effect is not seen when valpro-
ate is taken in co - medication. Hormone replacement 
therapy in older women has a similar effect.   

  Adverse  e ffects   
 In monotherapy, side effects of lamotrigine are generally 
slight and the drug has a reputation of being well toler-
ated. Certainly, in clinical trials, it has been slightly better 
tolerated than carbamazepine at the onset of therapy, 
although in chronic therapy there is little to choose 
between them. In polytherapy, the impact of side effects 
is much increased.   

  Central  n ervous  s ystem  e ffects 
 The most common side effects of lamotrigine  –  noted in 
both adjunctive therapy and monotherapy  –  are head-
ache, asthenia, rash, nausea, sleepiness and dizziness 
(Tables  8.10  and  8.11 ). Sedation can occur but is usually 
not prominent and the lack of sedation is an advantage 
of this drug over others. Other side effects are ataxia, and 
blurred and double vision. There have been reports of 
behavioural change, aggression, irritability, agitation, 
confusion, chorea, hallucinations and psychoses, but 
these side effects are uncommon.   

 In isolated individual cases, however, severe reactions 
do occur. Diplopia and unsteadiness seem particularly 
common when the drug is used in combination with 
carbamazepine, but whether this is a pharmacodynamic 
or a pharmacokinetic interaction is not known. Certainly, 
lowering either the carbamazepine or the lamotrigine 
dose in this situation will usually reverse the visual 
disturbance. 

 Lamotrigine causes few adverse psychomotor and 
cognitive effects. Motor function, as measured by body 
sway, adaptive tracking, smooth pursuit or saccadic eye 
movements, is unaffected by lamotrigine 100 – 300   mg. 
Similarly, no effect has been seen on psychomotor speed, 
sustained attention, verbal memory, language and mood 
measures in healthy volunteers.  

 The plasma clearance of lamotrigine can greatly 
increase towards the end of pregnancy, and as a result 
doses of lamotrigine may need to be doubled during 
pregnancy to maintain constant serum levels. This change 
is reversed in the few days after delivery and so dose 
adjustments made in pregnancy should be rapidly 
reversed (see    p. 142 ). Lamotrigine is excreted in consider-
able amounts in breast milk, which in combination with 
slow infantile elimination can result in similar plasma 
concentrations in the infant and mother  –  a potential 
hazard in breast - feeding. 

 Clearance is not signifi cantly affected by renal impair-
ment. Haemodialysis removes about 20% of lamotrigine 
in a 4 - h session. 

 Gilbert syndrome, a common disorder of conjugation 
characterized by altered UDPGT activity, results in 
decreased clearance and prolongation (by approximately 
35%) of the half - life. 

 Hepatic disease can have a marked effect on lamotrig-
ine clearance. Mild - to - moderate disease reduces clear-
ance by about 15% and severe disease by about 40%.  

  Drug  i nteractions 
 The hepatic glucuronidation of lamotrigine is not 
via cytochrome P450 enzymes, and thus lamotrigine 
does not induce CYP activity and hence has little effect 
on the metabolism of other drugs, such as the enzyme -
 inducing antiepileptic drugs, the contraceptive pill or 
warfarin. 

 Unfortunately, the concomitant administration of 
other antiepileptic drugs does have a profound effect on 
the metabolism of lamotrigine. Enzyme inducers reduce 
the half - life from a mean of 29   h to 15   h in adults, and 
this effect is even greater in children (half - life of lamotrig-
ine was reduced to 7 – 14   h in some clinical trials). Sodium 
valproate lengthens the half - life, by mechanisms that are 
unclear, four to ten times, to 60   h or more. In children, 
the half - life falls to  < 10   h in those co - medicated with 
enzyme - inducing antiepileptics and is between 15 and 
27   h when valproate is given with inducers, and 44 and 
94   h with valproate alone. 

 As a result of these major interactions, lamotrigine 
dosage needs to be modifi ed according to concomitant 
therapy and, conversely, when the dose of co - medication 
is altered, lamotrigine levels will also change. In young 
children, pronounced peak – trough fl uctuations may 
occur in co - medication with enzyme - inducing drugs, 
and more frequent dosing intervals may be required. 

 Drugs that are not hepatic enzyme inducers or inhibi-
tors (e.g. ethosuximide, gabapentin, levetiracetam, 
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separate lamotrigine from other antiepileptic drugs in 
this regard. The lamotrigine - associated skin rash is typi-
cally maculopapular or erythematous, associated with 
pruritus, and usually appears within the fi rst 4 weeks of 
initiating treatment. Occasionally, the rash may be more 
severe (erythema multiforme) or progress to desquama-
tion with involvement of the mucous membrane 
(Stevens – Johnson syndrome) and to toxic epidermal 
necrolysis.   

 The frequency of skin rash is higher in children than 
in adults, and early reports suggested that as many as 1 
in 50 to 1 in 100 children developed a potentially life -
 threatening rash. This high frequency was probably due 
to the effects of valproate co - medication on lamotrigine 
levels, and the frequency of rash is greatly reduced with 
slow escalation of lamotrigine doses or its use in low 
doses or as monotherapy. 

 Rash resulting in hospitalization occurs in 8 per 1000 
children started on lamotrigine. The rate of serious skin 
rash in adults is 0.8 – 1.3 per 1000. 

  Table 8.10    Adverse effects in newly diagnosed patients on 
monotherapy  –  pooled data from comparative trials of 
lamotrigine, carbamazepine and phenytoin. 

   Adverse 
effects  

   Lamotrigine 
( n     =    536)  

   Carbamazepine 
( n     =    338)  

   Phenytoin 
( n     =    95)  

  Median –
 modal dose 
(mg/day)  

  100 – 200    600    300  

  Headache (%)    18    17    19  
  Asthenia (%)    15    20    29  
  Rash (%)    11    14    9  
  Nausea (%)    10    7    4  
  Sleepiness (%)    8    17    29  
  Dizziness (%)    9    13    12  

  Table 8.11    Adverse events reported by 10% of more of 
patients receiving lamotrigine in a double - blind study 
of lamotrigine tolerability. 

   Adverse events     Lamotrigine 
( n     =    334)  

   Placebo 
( n     =    112)  

  Dizziness (%)    50  a      18  
  Headache (%)    37    36  
  Diplopia (%)    33  a      11  
  Ataxia (%)    24  a      5  
  Blurred vision (%)    23  a      9  
  Nausea (%)    22    15  
  Rhinitis (%)    17    19  
  Somnolence (%)    14  a      7  
  Pharyngitis (%)    13    12  
  Incoordination (%)    12    6  
  Flu - like symptoms (%)    11    9  
  Cough (%)    10    8  
  Rash (%)    10    5  
  Dyspepsia (%)    10    5  
  Vomiting (%)    10    9  

    a Signifi cant difference compared with placebo.   

  Hypersensitivity 
 Idiosyncratic hypersensitivity has been a major concern, 
particularly in children, and predominantly affects the 
skin (Table  8.12 ). Many antiepileptic drugs cause allergic 
skin rash, but the incidence of rash and its severity 

  Table 8.12    The rates of rash due to lamotrigine in 
children and adults in relation to co - medication with other 
antiepileptic drugs. 

   AED therapy     Total 
no. of 
patients  

   All rash 
(%)  

   DC rash 
(%)  a    

   Hosp/
SJSrash 
(%)  b    

   Paediatric (younger than 16 years)   
  LTG  +  EIAED    394    9.6    4.1    0.8  
  LTG  +  VPA only    145    20.0    9.0    1.4  
  LTG  +  VPA  +  
NEIAED  

  145    21.4    10.3    1.4  

  LTG alone    192    13.5    3.1    1.6  

   Adult (older than 16 years)   
  LTG  +  EIAED    2240    6.7    2.0    0.1  
  LTG  +  VPA only    205    19.5    12.2    2.0  
  LTG  +  VPA  +  
NEIAED  

  10    20.0    10.0    0  

  LTG alone    420    14.5    6.0    0  

   EIAED, enzyme - inducing antiepileptic drugs; NEIAED, 
non - enzyme - inducing antiepileptic drugs; LTG, 
lamotrigine; VPA, valproic acid.  
   a rash leading to discontinuation of treatment;  
   b rash leading to hospitalization or Stevens – Johnson 
syndrome (SJS).   
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  Antiepileptic  e ffect 
  Partial -  o nset  s eizures 
 There have been 10 placebo - controlled trials exploring 
the use of lamotrigine as add - on therapy in refractory 
epilepsy. Nine of the ten showed lamotrigine to be sig-
nifi cantly better than placebo, with a total decrease in 
seizures on lamotrigine of between 17 and 59%. Most 
trials showed a reduction in seizures of approximately 
25 – 30%, and a 20 – 30% responder rate. In the largest of 
the trials, lamotrigine at a dose of 500   mg/day proved 
more effective than lamotrigine 300   mg/day or placebo as 
add - on therapy, reducing the total frequency of seizures 
by 36% and producing a reduction in seizure frequency 
of more than 50% in 34% of patients. Lamotrigine has 
also been studied in a large double - blind trial in 199 
children, and a reduction in partial seizures of more than 
50%, compared with the baseline frequency, was seen in 
42% of lamotrigine - treated and 16% of placebo - treated 
children. 

 A meta - analysis of adjunctive therapy with lamotrigine 
in refractory partial epilepsy has been carried out in 
which lamotrigine was compared with other recently 
introduced antiepileptic drugs in chronic epilepsy. In 
general terms, these analyses suggest that lamotrigine is 
somewhat less effective than most other new antiepilep-
tics, although equal in effi cacy to gabapentin.  

  Generalized  s eizures 
 There is also now good evidence that lamotrigine is effec-
tive in generalized tonic – clonic, typical and atypical 
absence seizures. This is a signifi cant advantage over 
other conventional antiepileptic drugs, and is, in this 
author ’ s opinion, the drug ’ s main merit. Lamotrigine can 
have a marked effect on seizures in the Lennox – Gastaut 
syndrome, and in one pivotal randomized controlled, 
double - blind study, for example, in a total of 169 patients, 
the median frequency of all major seizures decreased in 
the lamotrigine group from 16.4 to 9.9 vs 13.5 to 14.2 
compared with placebo. Seizure reduction of  > 50% was 
seen signifi cantly more often in the lamotrigine - treated 
patients (33% vs 16%). 

 The infl uence of lamotrigine on myoclonus is, however, 
variable. Some cases are improved, but in others the 
myoclonus is aggravated and lamotrigine can even 
precipitate myoclonic status epilepticus. Aggravation of 
severe myoclonic epilepsy in infancy (Dravet syndrome) 
and the progressive myclonic epilepsies (PMEs) is 
particularly common with lamotrigine. In myoclonus in 
the idiopathic generalized epilepsies, lamotrigine is not 

 Cross - reactivity is a nuisance, and the rate of rash is 
much higher in those who have already exhibited rash on 
phenytoin or other arene oxide antiepileptic drugs. 

 Hypersensitivity can be accompanied by a systemic 
illness with fever, malaise, arthralgia, lymphadenopathy 
and eosinophilia. Sporadic cases of multiorgan failure 
associated with disseminated intravascular coagulation 
have also been reported as part of a hypersensitivity reac-
tion, sometimes associated with acute renal failure. 
Isolated cases of pseudolymphoma, agranulocytosis and 
hepatotoxicity have also been recorded.  

  Other  a dverse  e ffects 
 Other side effects reported with lamotrigine include 
diarrhoea, abdominal pain, dyspepsia, rhinitis, tremor, 
infection, fever, bronchitis and fl u - like symptoms. The 
drug can increase the requirement for therapy in diabetes 
insipidus and precipitate a fl are - up of ulcerative colitis. 
A paradoxical increase in seizures occasionally occurs. 

 Lamotrigine has been shown to have less effect on 
female sex hormones and insulin than valproate in 
females, and less effect on testosterone levels and sexual 
functioning than carbamazepine in males. There is one 
report of an increased desmopressin requirement in chil-
dren treated for diabetes insipidus. It has been suggested 
that the rate of sudden unexpected death in epilepsy 
(SUDEP) is slightly increased in those medicated on 
lamotrigine. Evidence is weak and confl icting. Several 
case reports of severe and unequivocal ECG QRS prolon-
gation have been published, and this may increase the 
risk of cardiac arrhythmia. 

 Lamotrigine is associated with a slight increase in 
the risk of major malformations due to a teratogenic 
effect. In the manufacturer ’ s pregnancy register, there 
were 23 live - born infants with major defects out 
1145 pregnancies. A further three pregnancies were 
terminated because of major defects and one fetal death 
with major birth defects. A higher frequency of major 
malformations occurs in combination with valproate. 
In one large registry, lamotrigine effects were greater at 
higher doses.  

  Overdose 
 Cases of overdose up to 15   g have been reported, and can 
be fatal. Ingestion of up to 4500   mg is not associated with 
respiratory depression, although stupor, seizures, ataxia, 
and other cerebral and metabolic disturbances occur. 
Supportive therapy can be supplemented by gastric 
lavage and the use of activated charcoal, midazolam and 
fl uid loads.   
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treatment compared with 21% of the 14 patients receiving 
placebo. Occasionally, absence seizures are exacerbated 
and there is a single case report of recurrent absence status 
epilepticus precipitated by lamotrigine therapy.   

  Clinical  u se in  e pilepsy 
 Lamotrigine is available in tablets containing 25, 50, 100 
and 200   mg. Formulations of 5, 25 and 100   mg tablets are 
also available. There is no parenteral preparation. 

 The drug is usually prescribed on a twice - daily basis, 
although a single daily dose can be used if it is taken with 
valproate alone. The drug is currently licensed as fi rst -  
and second - line treatment for primary generalized epi-
lepsy or partial and secondarily generalized seizures, in 
polytherapy or as monotherapy. It is generally well toler-
ated but the risk of rash remains a clinical problem in 
children. If a rash develops, the drug should be stopped 
immediately, and it seems sensible to avoid using the 
drug in patients with severe hepatic impairment. 

 There is a general clinical consensus that the effective-
ness of lamotrigine in chronic partial epilepsy is only 
moderate, comparable to that of gabapentin, but less 
effective than other fi rst - line drugs. Its lack of sedative 
side effects is, however, a positive feature. In newly diag-
nosed epilepsy, it has comparable effi cacy to other drugs 
and slightly better initial tolerability than its major com-
parators. It has a wide spectrum of activity, and is par-
ticularly useful in generalized epilepsies, e.g. the 
Lennox – Gastaut syndrome, and in patients with learning 
disability. However, it can exacerbate myoclonus. It has 
some use in the idiopathic generalized epilepsies, although 
it is not as effective as valproate against myoclonus in this 
condition. 

 Dosing regimens depend on age and co - medication 
(Tables  8.13 – 8.15 ).   

 Although plasma levels can be measured, and a 
therapeutic range has been postulated, there is only a 
loose relationship between serum concentration and 
clinical effectiveness (or indeed with side effects). The 
routine measurement of blood levels is therefore unnec-
essary. However, because of the complex effects of 
co - medication, monitoring of plasma levels when 
concomitant medication is changed can be helpful. 
This applies to the addition of both antiepileptic and 
non - antiepileptic drugs including the oral contraceptive. 
In later pregnancy, lamotrigine levels can fall precipi-
tously (often to half the preconception levels), and 
plasma levels should be frequently measured; a rapid 
escalation of dose is sometimes required to maintain con-
sistent levels.   

as effective as valproate, but it is a useful second - line 
therapy. 

 Lamotrigine has also been shown to be effective in 
neonatal seizures and infantile spasms, although it is not 
currently considered a drug of fi rst choice in either clini-
cal situation.  

  Newly  d iagnosed  e pilepsy 
 In monotherapy in newly diagnosed partial and general-
ized tonic – clonic seizures, lamotrigine has been shown to 
be as effective as carbamazepine or phenytoin. At least 
fi ve RCTs compare lamotrigine and carbamazepine 
(three in elderly people) and show equal effi cacy but 
slightly better tolerability of lamotrigine in the initial 
phase of therapy. Comparisons of lamotrigine with 
phenytoin and gabapentin have shown no differences 
in effi cacy or tolerability in newly diagnosed patients, 
e.g. in one study of adults with newly diagnosed 
epilepsy randomized to lamotrigine 100 – 300   mg/day or 
carbamazepine 300 – 1400   mg/day for 48 weeks, the per-
centages of patients who remained free from seizures 
over the fi nal 24 weeks of treatment were similar, in terms 
of overall seizures (39 vs 38%), partial seizures (35 
vs 37%) and idiopathic generalized seizures (both 47%). 
In a study of 150 elderly patients, lamotrigine was 
shown to be as effective as carbamazepine and better 
tolerated. 

 Lamotrigine has been compared with valproate in two 
studies of newly diagnosed patients. In one study of 
mixed generalized and partial epilepsy, seizure freedom 
rates of 47% were found for both drugs, but valproate 
caused more side effects and weight gain. In the other 
study of generalized epilepsies, no overall differences 
were found although valproate was more effective in 
juvenile myoclonic epilepsy. 

 In the SANAD study (arm A  –  roughly equivalent to 
partial epilepsy), lamotrigine was shown to be signifi -
cantly better than carbamazepine, gabapentin and topi-
ramate for time to treatment failure, and carbamazepine 
had a non - signifi cant advantage over lamotrigine, topi-
ramate and oxcarbazepine for time to 12 - month remis-
sion. In arm B (roughly equivalent to generalized 
epilepsy) lamotrigine was inferior to valproate in time to 
12 - month remission. Both drugs were better tolerated 
than topiramate in this study. 

 Lamotrigine has a useful action in newly diagnosed 
absence epilepsy. In one placebo - controlled trial, 30 of 42 
patients (71%) aged 2 – 16 years became free from seizures 
at a median dose of 5   mg/kg per day, and 60% of 15 
patients remained free from seizures with lamotrigine 
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  Levetiracetam           

 Levetiracetam (ucb L059) was fi rst investigated in the 
early 1980s as a drug with cognitive enhancing and anx-
iolytic effects. More than 2000 patients were included in 
these early studies, the majority receiving doses ranging 
from 250   mg/day to 1000   mg/day, but the fi ndings were 

  Table 8.13    Lamotrigine dose regimens in monotherapy. 

   Patients aged  > 12 years   
   •  Weeks 1 and 2: 25   mg every other day  
   •  Weeks 3 and 4: 50   mg every day  
   •  To achieve maintenance, doses may be increased by 

50 – 100   mg/day every 1 – 2 weeks  
   •  Usual maintenance dose, 200   mg/day  

   Patients aged 2 – 12 years   
   •  Weeks 1 and 2: 0.3   mg/kg per day in one or two divided 

doses  
   •  Weeks 3 and 4: 0.6   mg/kg per day in one or two divided 

doses  
   •  Usual maintenance dose: 1 – 10   mg/kg per day in one or 

two divided doses (maximum 15   mg/kg per day)  
   •  To achieve the usual maintenance dose, subsequent 

doses should be increased every 1 – 2 weeks (calculate 
0.6   mg/kg per day)  

  Table 8.14    Lamotrigine ( LTG ) dose regimens, when 
co - medicated with valproate. 

   Patients aged  > 12 years   
   •  Weeks 1 and 2: 25   mg every other day  
   •  Weeks 3 and 4: 25   mg every day  
   •  To achieve maintenance, doses may be increased by 

25 – 50   mg/day every 1 – 2 weeks  
   •  Usual maintenance dose, when adding LTG to valproate 

alone, ranges from 100   mg/day to 200   mg/day  

   Patients aged 2 – 12 years   
   •  Weeks 1 and 2: 0.15   mg/kg per day in one or two 

divided doses  
   •  Weeks 3 and 4: 0.3   mg/kg per day in one or two 

divided doses  
   •  Usual maintenance dose: 1 – 5   mg/kg per day in one or 

two divided doses (maximum 200   mg/day)  
   •  To achieve the usual maintenance dose, subsequent 

doses should be increased every 1 – 2 weeks (calculate 
0.3   mg/kg per day)  

  Table 8.15    Lamotrigine dose regimens when co - medicated 
with enzyme - inducing antiepileptic drugs. 

   Patients aged  > 12 years   
   •  Weeks 1 and 2: 50   mg/day in two divided doses  
   •  Weeks 3 and 4: 100   mg/day in two divided doses  
   •  Usual maintenance dose: 200 – 400   mg/day in two 

divided doses  
   •  To achieve maintenance, doses may be increased 

by 100   mg/day every 1 – 2 weeks (maximum dose is 
700   mg/day)  

   Patients aged 2 – 12 years   
   •  Weeks 1 and 2: 0.6   mg/kg per day in two divided doses  
   •  Weeks 3 and 4: 1.2   mg/kg per day in two divided doses  
   •  Usual maintenance dose: 5 – 15   mg/kg per day in two 

divided doses (maximum 400   mg/day)  
   •  To achieve the usual maintenance dose, subsequent 

doses should be increased every 1 – 2 weeks (calculate 
1.2   mg/kg per day)  

disappointing. Pivotal clinical studies were then initiated 
in epilepsy, with excellent results, and clinical trials of the 
drug as adjunctive therapy in the treatment of partial -
 onset seizures began in 1991. The drug was licensed in 
1999 in the USA and in 2000 in Europe. It is a powerful 
antiepileptic compound which has gained an important 
place in clinical practice. It is available in an oral and an 
intravenous formulation. 

     Physical and  c hemical  c haracteristics 
 Levetiracetam bears a close structural similarity to 
piracetam, and is one of a large family of pyrrolidine 
drugs. Early studies in other indications used the 
racemic mixture, etiracetam. Levetiracetam is the  S  -
 enantiomer of etiracetam (the  R  - enantiomer, ucb L060, 
is inactive). It is a white powder (molecular weight 
170.21) and is freely soluble in water, soluble in ethanol 
and chloroform.  

  Mode of  a ction 
 Levetiracetam binds selectively and with high affi nity to 
SV2A, a synaptic vesicle protein that is involved in syn-
aptic vesicle exocytosis and presynaptic neurotransmitter 
release. This is a novel binding site, not shared by other 
conventional antiepileptic drugs, and exactly how binding 
confers antiepileptic action is unclear. It has an anti -
 kindling action and carries neuroprotective potential. 

 Levetiracetam has no action against the maximal elec-
troshock and pentylenetetrazol seizure models, unlike 
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   Proprietary name : Keppra  a    

   Primary indications   
  Adjunctive therapy in partial - onset seizures in adults and children aged  > 1 month, and in 
myoclonic and tonic – clonic seizures in juvenile myoclonic epilepsy, age  ≥ 12 years. 
Monotherapy in partial seizures with or without secondarily generalized seizures in patients 
aged  ≥ 16 years  

   Commonly used as fi rst - line drug   
  Yes  

   Usual preparations   
  Tablets: 250, 500, 750, 1000   mg; extended - release tablets 500, 750   mg. Oral solution: 
100   mg/mL. Intravenous formulation 500   mg/5mL.  

   Usual dosage  –  adults   
  Initial: 125 – 250   mg/day; increased by increments of 250 – 500   mg/day every 2 weeks  
  Maintenance: 750 – 4000   mg/day  

   Usual dosage  –  children   
  Initial: 10 – 20   mg/kg per day, increased by increments of 10 – 20   mg/kg per day every 2 weeks  
  Maintenance 20 – 60   mg/kg per day  

   Dosing intervals   
  Twice a day  

   Is dose commonly affected by co - medication?   
  Occasionally  

   Is dose affected by renal/hepatic disease?   
  Renal disease  

   Does it affect dose of other drugs?   
  No  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Not useful  

   Common/important adverse events   
  Somnolence, asthenia, infection, dizziness, headache, irritability, aggression, behavioural 
and mood changes, emotional lability, depersonalization, psychosis, nervousness, seizure 
exacerbation, rhinitis, cough, vomiting  

   Risk of hypersensitivity   
  Slight  

   Major mechanism of action   
  Action via binding to SV2A synaptic vesicle protein  

   Main advantages   
  Effective in partial and generalized seizures and generally well tolerated; mode of action not 
shared by other drugs  

   Main disadvantages   
  Mood and behavioural changes  

   Comment   
  Well - tolerated and powerful antiepileptic drug with a broad spectrum of activity  

     a Name of proprietary brand available in the UK.   
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many conventional antiepileptics, but does provide 
protection in a broad range of other models, especially 
those of chronic epilepsy.   

  Pharmacokinetics 
  Absorption 
 Levetiracetam is rapidly absorbed after oral administra-
tion. The peak concentration is reached at about 0.5 – 2   h 
after ingestion and oral bioavailability approaches 100%. 
The speed of absorption  –  but not its extent  –  is slowed 
by food. There is no protein binding. An extended -
 release formulation has been produced with a mean time 
to peak levels of 3   h.  

  Distribution 
 The drug is widely distributed, with a volume of distribu-
tion of approximately 0.5 – 0.7   L/kg. Despite its water solu-
bility, it freely crosses the blood – brain barrier and it also 
crosses the placenta, and fetal and maternal plasma levels 
are similar. It is less than 10% bound to plasma proteins.  

  Metabolism and  e limination 
 In monotherapy, levetiracetam is largely (66%) excreted 
unchanged. Most of the remainder (34%) is metabolized 
to a carboxylic acidic metabolite (ucb L057) by hydrolysis 
of the acetamide group. Metabolism occurs in various 
body tissues, including red blood cells, and does not 
involve the enzymes of the cytochrome P450 system. The 
half - life of levetiracetam in young healthy people ranges 
between 7 and 8   h and does not vary either with dose 
within the usual dose ranges, or with the frequency of 
dosing. The principal metabolite (ucb L057) is inactive. 
There is no autoinduction and the kinetics of the drug 
are linear in clinical dose ranges. 

 Levetiracetam: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    0.5 – 2 h  
  Volume of distribution    0.5 – 0.8   L/kg  
  Biotransformation    Hydrolysis in many body tissues. In monotherapy, 66% excreted unchanged  
  Elimination half - life    6 – 8   h  
  Plasma clearance    0.036   L/kg per h (varies with co - medication; faster in children)  
  Protein binding    None  
  Active metabolite    None  
  Metabolism by hepatic enzymes    No  
  Inhibition or induction of hepatic enzymes    No  
  Drug interactions    Minor only  

 Age has an effect on metabolism and elimination. 
Levetiracetam clearance, normalized for weight, is 20 –
 45% greater in infants and children than in adults. Higher 
doses are therefore sometimes required in younger 
patients. 

 Levetiracetam and its metabolites are excreted renally, 
with cumulative urinary excretion of unchanged leveti-
racetam and ucb L057 of 66% and 24%, respectively, 
after 48   h. In people with normal renal function, the renal 
clearance of levetiracetam is about 0.6   mL/min per kg. 
However, elimination is proportional to renal clearance, 
and the half - life increases in renal impairment. 
In a comparison of healthy controls and patients with 
severe renal impairment, the half - life of levetiracetam 
was 7.6   h in controls and 24.1   h in those with renal 
disease. Both the drug and its principal metabolite are 
removed from the plasma during haemodialysis. Dose 
reductions are needed in renal impairment, as shown in 
Table  8.16 .   

 In severe hepatic impairment, the half - life and the 
exposure to both levetiracetam and ucb L057 are 
increased, but this is probably the result of coexistent 
renal disease, and hepatic impairment itself does not 
seem to affect the kinetics of the drug. The half - life in 
children (6 – 12 years of age) is about 6   h, the clearance 
1.43   mL/min per kg and the  C  max  about 30% lower than 
in adults. In elderly people the half - life increases to 10 –
 11   h, possibly due largely to a decrease in renal function. 
Serum level monitoring is possible, but wide ranges of 
serum levels are observed with marked individual varia-
tion and little correlation with clinical effect. Clearance 
of levetiracetam rises in the later stages of pregnancy, and 
dose changes may be required. This rise is probably due 
to increased renal blood fl ow.  
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 Since licensing, by far the most troublesome side 
effects of levetiracetam, not appreciated in the clinical 
trials, are its effects on behaviour, and notably its pro-
pensity to cause agitation, hostility and anxiety. These 
effects can be marked, and levetiracetam should be used 
with extreme caution in patients with pre - existing anxiety 
or behavioural abnormalities. For the same reason, its use 
in those with learning disability should be carefully mon-
itored, because behavioural effects can be particularly 
marked. Levetiracetam therapy can also occasionally pre-
cipitate acute psychosis, and this may persist in some 
cases in spite of drug withdrawal. 

 Other neurological side effects have included apathy, 
emotional lability, depersonalization and depression, and 
a small number of patients have psychotic symptoms and 
suicidal behaviour. 

 A marked increase in the frequency of seizures is noted 
in some patients in routine practice, and there is a 
suggestion that a paradoxical increase in seizures can 
occur at high doses, especially in those with generalized 
abnormalities on the EEG. If seizure exacerbation occurs, 
often lowering the dose will improve seizure control  –  
and this is a not infrequently observed pattern in clinical 
practice. In the clinical trials, about 14% of patients expe-
rienced an increase in seizures. 

 A similar adverse event profi le is seen in children, with 
behavioural disturbances being the most prominent 

  Drug  i nteractions 
 Drug interactions do occur with levetiracetam, contrary 
to initial reports. The concomitant use of enzyme - 
inducing antiepileptic drugs increases the clearance of 
levetiracetam by between 20 and 37% in three studies. 
Dose changes are generally claimed not to be required, 
but it seems likely that some patients will need increased 
doses of levetiracetam in polytherapy. Quite how this 
interaction is mediated is not clear because the drug has 
no effect on CYP enzyme action. No effect of levetirace-
tam on the pharmacokinetics of other drugs has been 
shown.   

  Adverse  e ffects 
 Levetiracetam is generally well tolerated, and has a good 
safety profi le. The most commonly reported side effects 
in the adult population are somnolence, asthenia, a ten-
dency to infection and dizziness (Table  8.17 ). In a pooled 
analysis, the most common side effect was somnolence, 
reported by 15% of patients with epilepsy treated with 
levetiracetam compared with 8.0% with placebo but the 
effect was not clearly dose related. In one study somno-
lence was seen in 20.4% of patients on levetiracetam 
1000   mg and 18.8% on 3000   mg, compared with 13.7% 
of patients on placebo. The second most common side 
effect in clinical trials was asthenia, with an overall inci-
dence of 15% compared with 9% with placebo, and again 
it was not clearly dose related. Other adverse effects are 
listed in Table  8.17 . The incidence of side effects is great-
est during titration, and slow titration improves tolera-
bility signifi cantly. Infections, including those of the 
upper respiratory tract (rhinitis and pharyngitis) and the 
urinary tract, were increased in some of the controlled 
trials, but the clinical relevance of this fi nding is still 
unclear.   

  Table 8.16    Levetiracetam dosing in patients with renal 
impairment. 

   Renal 
function  

   Creatinine 
clearance (mL/
min per 1.73   m 2 )  

   Dose 
administered 
twice daily (mg)  

  Normal     > 80    500 – 1500  
  Mild    50 – 80    500 – 1000  
  Moderate    30 – 50    250 – 750  
  Severe     < 30    250 – 500  

  Table 8.17    Frequency of adverse events  –  pooled results of 
the clinical trials of adjunctive therapy of levetiracetam in 
adults. 

        Levetiracetam 
( n     =    769)  

   Placebo 
( n     =    439)  

  Asthenia (%)    15    9  
  Headache (%)    14    13  
  Infection (%)    13    8  
  Pain (%)    7    6  
  Depression (%)    4    2  
  Dizziness (%)    9    4  
  Somnolence (%)    15    8  
  Nausea (%)    4    4  
  Insomnia (%)    3    3  
  Nervousness (%)    4    2  
  Pharyngitis (%)    6    4  
  Rhinitis (%)    4    3  



The Antiepileptic Drugs  203

in routine clinical practice. However, there is one inter-
esting report of a patient with multiple seizures daily who 
became initially seizure free with levetiracetam therapy, 
but the effect was lost after a few weeks of treatment. 
Subsequently, she regained seizure control when leveti-
racetam was dosed only once a week, and this positive 
effect was maintained over years.  

  Teratogenicity 
 Levetiracetam is classifi ed by the FDA as a category C 
drug. It is known to cause fetal anomalies and skeletal 
changes in rats exposed to the drug  in utero . 45 pregnan-
cies were recorded during clinical trials, of which 22 were 
either terminated or ended in spontaneous abortion or 
ectopic pregnancy. Of the 23 pregnancies ending in live 
births, there was one case with syndactyly, one with 
tetralogy of Fallot, one with heart block and one with 
dysplasia of the hip. All the malformations occurred 
after exposure to polytherapy that included levetirace-
tam. The remaining 19 live births had a normal outcome. 
In the UK pregnancy register, 117 infants exposed to 
levetiracetam were reported, of whom 3 (2.7%) had 
major malformations, but again all were exposed to 
polytherapy. In the registry there are relatively few mono-
therapy exposures, and no malformations have yet been 
recorded. This is promising, but it is currently too early 
to make any defi nitive statement about the teratogenic 
potential of the drug. Another recent conference presen-
tation reported over 250 pregnancies (including poly-
therapy exposures) with a malformation rate of 3.1%.  

  Overdose 
 Overdose of levetiracteam is probably safe although no 
case series have been reported. In animal studies, doses 
of up to 5000   mg/kg per day produced only mild and 
transient signs. Haemodialysis would be expected to be 
effective therapy.   

  Antiepileptic  e ffect 
  Adjunctive  t herapy in  p artial -  o nset  s eizures 
 In the clinical development programme of levetiracetam, 
four placebo - controlled studies of 1023 people were 
carried out in refractory partial epilepsy. Three had a 
similar parallel group randomized to placebo - controlled 
design and 904 patients were studied; it was on the basis 
of these that the drug was licensed. Effi cacy was measured 
over a 12 -  to 14 - week evaluation period at a daily dose 
of between 1 and 3   g of levetiracetam or placebo. The 

problem, and these occur especially in those with a 
history of pre - existing behavioural disorder. 

 Hypersensitivity and skin rash are very uncommon, 
and there are no reports of serious idiosyncratic adverse 
effects. One severe side effect recently reported is entero-
colitis, and this should be suspected in patients develop-
ing persistent diarrhoea. 

  Side  e ffects in  c hildren 
 As a result of the experience in routine practice in 
adults, the paediatric trials of levetiracetam have 
looked carefully at behavioural aspects. The most 
common adverse events in studies in children are 
similar to those in adults, notably: somnolence, vomiting, 
anorexia, rhinitis, hostility, increased cough, pharyngitis 
and nervousness. Psychiatric and behavioural side effects 
occurring in more than 5% of patients in the clinical 
trials were: hostility (11.9% levetiracetam, 6.2% 
placebo), nervousness (9.9% levetiracetam, 2.1% 
placebo), personality disorder (7.9% levetiracetam, 
7.2% placebo), emotional lability (5.9% levetiracetam, 
4.1% placebo) and agitation (5.9% levetiracetam, 1.0% 
placebo). The incidence of psychiatric/behavioural 
events in children with partial - onset seizures treated 
with levetiracetam has been found to be 38.6% compared 
with 18.6% in adults. Various rating scales have been 
applied in other studies, and therapy with levetiracetam 
does not appear to adversely affect social skills, school 
and total competence scores, or other behavioural rating 
scores.  

  Side  e ffects of  i ntravenous  f ormulation 
 The intravenous formulation is very well tolerated. Two 
studies have been performed to assess its safety profi le; 
levetiracetam 2000 – 4000   mg i.v. over 15 min (or faster 
 –    1500 – 3500 in 5 min) resulted in the following symp-
toms: dizziness 52.8%, somnolence 33.3%, fatigue 11.1%, 
headache 8.3%. After the 4 - day twice - daily intravenous 
administration, clinical examination and laboratory 
parameters remained normal, there were no changes in 
cardiovascular parameters or in blood pressure, no respi-
ratory depression, no clinically relevant changes in the 
ECG and no symptoms at the injection site.  

  Tolerance 
 Tolerance has been observed in an animal model, but has 
not been seen in the long - term extension arms of the 
clinical trials, nor does it appear to be much of an issue 
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at low doses, in newly diagnosed epilepsy using optimal 
dosing in a setting that was close to clinical practice.  

  Photosensitivity 
 Levetiracetam also has a marked effect on the photopar-
oxysmal response in patients with photosensitive 
epilepsy, and a single 750 or 1000   mg dose will diminish 
or abolish the photosensitivity in over 50% of photosen-
sitive patients studied. The duration of suppression of 
photosensitivity greatly exceeds the plasma half - life of the 
drug in all patients, and an effect was noted for more than 
24   h in a third of patients.  

  Generalized  s eizures 
 A large number of open studies have been carried out in 
other types of epilepsy showing undoubted effi cacy, par-
ticularly in generalized seizure disorders, and a similar 
experience is noted in routine clinical practice. 

 In idiopathic generalized epilepsy (IGE), striking 
effects occur, especially in absence, myoclonus and 
tonic – clonic seizures. Initial clinical experience, con-
fi rmed subsequently, showed that the drug can be 
particularly effective in treating the myoclonic seizures in 
juvenile myoclonic epilepsy (JME) and the absence 
seizures in childhood (CAE). On the basis of this experi-
ence, an RCT was carried out in patients with refractory 
myoclonic seizures in IGE. Responder rates of 58.3% in 
the levetiracetam group were found compared with 
23.3% in the placebo group ( P     <    0.001) and seizure 
freedom rates from myoclonic seizures were 25.0% on 
levetiracetam compared with 0% on placebo ( P     =    0.004). 
A second RCT studied tonic – clonic seizures in IGE and 
found a responder rate of 72.2% for the levetiracetam 
group and 45.2% for the placebo group ( P     <    0.001). 
During the 20 - week study, seizure freedom rates were 
34% for tonic – clonic seizures (vs 11% on placebo) and 
24% for all seizures (vs 8% on placebo). 

 Open studies have provided confi rmatory evidence of 
the effi cacy in the various subgroups of IGE, including 
CAE, JME and eyelid myoclonia with absences. Striking 
effects are also reported in the progressive myoclonic 
epilepsies and in children with severe myoclonic epilepsy 
of infancy. The drug is also useful in cases of postanoxic 
myoclonus and in the Lennox – Gastaut syndrome, but 
studies in these areas are to date rather limited.   

  Clinical  u se in  e pilepsy 
 Levetiracetam is a highly effective antiepileptic drug, with 
a good safety and tolerability profi le. It has a novel mode 
of action and the drug is effective in cases resistant to 

three studies showed a statistically signifi cant reduction 
in the weekly frequency of seizures compared with a base-
line of 18 – 33% on 1   g, 27% on 2   g and 37 – 40% on 3   g 
(compared with a placebo rate of 6 – 7%). In all three 
studies the trend towards a larger improvement was seen 
in the highest dosage group. The responder rate, defi ned 
as the proportion of patients who had a reduction in 
frequency of partial seizures of at least 50%, was 23 – 33% 
on 1   g, 29 – 32% on 2   g and 40 – 42% on 3   g (compared with 
placebo rates of 10 – 17%). In a pooled analysis, seizure 
freedom during the stable dose period were 0.8%, 4.7%, 
6.3% and 8.2% for placebo and levetiracetam 1000   mg/
day, 2000   mg/day and 3000   mg/day, respectively 

 The proportion of patients entering the long - term 
extension studies and the retention rates in these 
studies was high ( > 90% and  > 70%, respectively), indicat-
ing the favourable effects of the drug without loss of 
effi cacy. 

 A dose – response relationship is demonstrated only in 
some studies of levetiracetam, and in routine clinical 
practice many patients respond to lower doses than were 
used in the clinical trials. In most patients, raising the 
dose to levels above 4000   mg/day will have no additional 
benefi cial effect. 

 In children, an RCT demonstrated a 50% reduction in 
partial seizure frequency per week in 44.6% of children 
on levetiracetam, compared with 19.6% on placebo 
( P     =    0.0002). Seven (6.9%) children became seizure free 
during the entire 14 - week double - blind treatment period, 
compared with one (1.0%) placebo - treated patient. 
In a multicentre, double - blind, randomized, placebo -
 controlled, parallel - group study, using video - EEG, the 
responder rate was signifi cantly greater for levetiracetam 
(43.1%) than for placebo (19.6%;  P     =    0.013), with similar 
fi ndings in all categories (1 month to  < 1 year, 1 year to 
 < 2 years and 2 years to  < 4 years).  

  Monotherapy in  p artial -  o nset  s eizures 
 A monotherapy study in patients with newly diagnosed 
epilepsy compared levetiracetam with controlled - release 
carbamazepine at optimized dosages: 73.0% (56.6%) of 
patients randomized to levetiracetam and 72.8% (58.5%) 
of those randomized to carbamazepine were seizure free 
for 6 months (1 year). Of all patients achieving 6 - month 
(1 - year) seizure freedom, 80.1% (86.0%) in the leveti-
racetam group and 85.4% (89.3%) in the carbamazepine 
group did so at the lowest dose level (levetiracetam 
1000   mg/day, carbamazepine 400   mg/day). This was a 
useful study, showing that levetiracetam and controlled -
 release carbamazepine were of equivalent effi cacy, often 
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learning disability or impairment. Levetiracetam should 
be used only with caution in these groups of patients, and 
the effects carefully monitored. 

 Serum level monitoring seems not to be of any great 
clinical utility. 

 Levetiracetam is available in 250, 500 and 1000   mg 
tablets. In the clinical trials antiepileptic effect was 
noted at 2 – 4   g/day, but many patients respond to lower 
doses, and it is the author ’ s current practice to aim 
initially for lower doses (750   mg/day) in many patients. 
The starting dose in routine practice can be 125 – 250   
mg/day in adults, and the dose increased fortnightly 
by 250 - mg steps in a twice - daily regimen. Doses above 
4000   mg usually seem not to increase effi cacy, and there 
is indeed a tendency for seizures to be exacerbated at 
higher doses. 

 Children metabolize levetiracetam faster, and there-
fore might be expected to require higher doses per unit 
of body weight than adults. Clinical trials in children aged 
6 – 12 years used mean doses of 40   mg/kg per day, but 
initial doses used in children are typically 10 – 20   mg/kg 
per day. In patients with severe renal impairment and in 
elderly people, clearance is lowered and the dose should 
be reduced (see Table  8.16 ).   

other antiepileptics. The pharmacokinetics of the drug 
are generally felicitous, and for all these reasons it has 
rapidly become a popular fi rst - line therapy. 

 It is useful in a wide range of seizure types, both partial 
onset and generalized, and with good effi cacy in myoclo-
nus and absence seizures. It is effective as monotherapy 
and adjunctive therapy. Many patients in routine practice 
are well controlled on single drug therapy, often at low 
doses and at much lower doses than used in the clinical 
trials. The effects of the drug seem to be maintained 
during long - term follow - up. It is generally well tolerated 
and easy to use. For all these reasons, levetiracetam seems 
likely eventually to become a fi rst - line drug in both 
partial and generalized epilepsies, rivalling carbamaze-
pine and valproate in this role. 

 Somnolence is not an uncommon side effect but by far 
the most troublesome side effect is the tendency of the 
drug to cause behaviour change, particularly hostility, 
aggression, anxiety and agitation. It is these effects 
in routine practice that cause most diffi culty. On rare 
occasions, these effects can be severe and patients should 
be warned about them. The behavioural effects seem only  
likely to occur in those who are already predisposed to 
anxiety or aggressive behaviour, and also in those with 

      
   Proprietary name : Trileptal  a    

   Primary indications   
  Monotherapy and adjunctive therapy in partial - onset seizures and generalized tonic - clonic 
seizures. Adults and children  ≥ 6 years  

   Commonly used as fi rst - line drug   
  Yes  

   Usual preparations   
  Tablets: 150, 300, 600   mg; oral suspension: 300   mg/5   mL  

   Usual dosage  –  adults   
  Initial: 300   mg/day; increased by increments of 300   mg/day every 2 weeks  
  Maintenance: 900 – 2400   mg/day  

   Usual dosage  –  children   
  Initial: 4 – 5   mg/kg per day, increased by 5   mg/kg per day increments weekly or 2 weekly as 
required  
  Maintenance: 20 – 45   mg/kg per day (maximum 60   mg/kg per day)  

   Dosing intervals   
  Twice a day  

   Is dose commonly affected by co - medication?   
  Yes  
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  Oxcarbazepine           
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 Oxcarbazepine: pharmacokinetics  –  average adult values (and fi gures given where indicated for active 
metabolite  MHD ) 

  Oral bioavailability     < 100%  
  Time to peak levels    4 – 6   h (MHD)  
  Volume of distribution    0.7 – 0.8   L/kg (MHD)  
  Biotransformation    Hepatic reduction to MHD, then conjugation  
  Elimination half - life    8 – 10   h (MHD)  
  Plasma clearance    0.04 – 0.05   L/h per kg (MHD) (varies with co - medication)  
  Protein binding    38% (MHD)  
  Active metabolite    MHD  
  Metabolism by hepatic enzymes    Aldo - ketoreductase enzymes (not via CYP) and then glucuronidation  
  Inhibition or induction of hepatic enzymes    Inhibits CYP2C19, induces CYP3A (less than carbamazepine), UGT1A4  
  Drug interactions    Some drug interactions  

   MHD, monohydroxylated derivative (metabolite) (10,11 - dihydro - 10 - hydroxy - 5 H  - dibenz[ b , f ]azepine - 5 - carboxamide).   

   Is dose affected by renal/hepatic disease?   
  Severe renal disease  

   Does it affect dose of other drugs?   
  Yes (but less than carbamazepine)  

   Does it affect the contraceptive pill?   
  Yes  

   Serum level monitoring   
  Useful (measures of MHD derivative)  

   Target range   
  50 – 140    μ moL; 3 – 35   mg/L (MHD derivative)  

   Common/important adverse events   
  Somnolence, headache, dizziness, diplopia, ataxia, rash, hyponatraemia, weight gain, 
alopecia, nausea, gastrointestinal disturbance  

   Risk of hypersensitivity   
  Yes  –  but less than carbamazepine  

   Major mechanism of action   
  Inhibition of sodium channel conductance. Also effects on potassium conductance, N - type 
calcium channels, NMDA receptors  

   Main advantages   
  Similar to carbamazepine, but adverse event profi le is different and fewer drug interactions  

   Main disadvantages   
  Higher incidence of hyponatraemia than with carbamazepine, side effects can be marked at 
higher doses  

   Comment   
  Powerful antiepileptic for use in partial - onset epilepsy. Clinical indications and effects 
similar to those of carbamazepine  

     a Name of proprietary brand available in the UK.  
  MHD, monohydroxylated derivative (metabolite) (10,11 - dihydro - 10 - hydroxy - 5 H  - dibenz[ b , f ]azepine - 5 - carboxamide); NDMA, 
 N  - methyl -  d  - aspartate.   
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  Pharmacokinetics 
  Absorption and  d istribution 
 Oxcarbazepine is absorbed almost completely after oral 
ingestion, and this is an advantage over carbamazepine. 
Absorption is not affected by food. Oxcarbazepine is 
rapidly reduced to the biologically active 10 - monohy-
droxy metabolite MHD, and its pharmacological action 
is due to this metabolite (Figure  8.4 ). MHD reaches peak 
levels 4 – 6   h after oxcarbazepine ingestion and it is widely 
distributed to the brain and other lipid tissues. The 
volume of distribution of oxcarbazepine is 0.3 – 0.8   L/kg, 
and of MHD 0.7 – 0.8 L/kg. MHD is 38% bound to plasma 
proteins. Fetal and maternal plasma concentrations of 
oxcarbazepine and MHD are similar, and the plasma:breast 
milk ratio of both compounds is approximately 0.5.  

  Biotransformation and  e xcretion 
 Oxcarbazepine is rapidly and extensively metabolized in 
the liver, and less than 1% of the drug is excreted 
unchanged in the urine. The main metabolic pathway is 
via the cytosolic aldo - ketoreductase enzymes in the liver 
to monohydroxycarbazepine (MHD 96%). Aldo -
 ketoreductases are practically non - inducible enzymes. A 
small fraction of oxcarbazepine (4%) is oxidized to an 
inactive dihydroxy derivative (DHD). MHD is partly 
glucuronidated by microsomal transferases to the 
UDPGTs. MHD is responsible for the antiepileptic action 
of the drug. The half - life of conversion is 1 – 2.5   h and the 
elimination half - life is 8 – 10   h. 

 In contrast to carbamazepine, there is no autoinduc-
tion. This metabolic pathway avoids the oxidation step 
(to the epoxide) of carbamazepine, which is mediated via 
CYP3A4 and CYP2C8, and it is these steps that render 
the metabolism of carbamazepine so prone to enzyme 
induction and drug interaction. 

 The clearance of the drug in children aged  > 8 years is 
similar to that of adults, but in younger children it is 
30 – 40% higher. In elderly people clearance may be 
reduced, but usually in proportion to changes in renal 
function. Serum MHD levels have been reported to drop 
by a third or more during pregnancy, and to return to 
baseline values shortly after delivery. 

 The disposition of oxcarbazepine or MHD is not 
greatly infl uenced by hepatic disease or by mild renal 
disease. However, in patients with creatinine clearance 
 < 30   mL/min, doses should be reduced by 50% or more. 
MHD levels can be measured, and levels of 20 – 200    μ mol/L 
are associated with an antiepileptic effect. The place 
of monitoring in routine practice has not been 
established.  

 Oxcarbazepine is the 10 - keto analogue of carbamazepine. 
Although it was synthesized in 1963, clinical trials did not 
begin until 1977 and its clinical development was initially 
slow and irregular, refl ecting, perhaps, a lack of clarity by 
the manufacturers about its role vis -  à  - vis carbamazepine. 
It was introduced into clinical practice early in Denmark 
and was widely accepted, but, by the time more general 
licensing was considered, a second set of modern clinical 
trials was required for regulatory purposes. These were 
completed in the 1990s and the drug was introduced into 
EU countries in 1999 and into the USA in 2000. The drug 
underwent trials in monotherapy initially, which is 
unusual for an antiepileptic drug, and is available 
for single and combination drug therapy. Oxcarbazepine 
is metabolized fi rst by reduction, and thus avoids 
the oxidative step that carbamazepine undergoes, an 
important difference because the oxidative metabolite of 
carbamazepine (CBZ epoxide) is responsible for some of 
its side effects. Although oxcarbazepine has a different 
range of side effects and drug interactions compared 
with carbamazepine, its antiepileptic effects are very 
similar. 

     Physical and  c hemical  c haracteristics 
 Oxcarbazepine (10,11 - dihydro - 10 - oxo - 5 H  - dibenz[ b , f   ]
azepine - 5 - carboxamide; molecular weight 252.3) is 
chemically speaking very similar to carbamazepine. It is a 
neutral lipophilic compound, and similar to carbamaze-
pine it is very insoluble in water. Its monohydroxylated 
derivative (MHD) is more soluble. An aqueous solution 
of MHD, which may allow parenteral administration, is 
under development, but at present only an oral prepara-
tion is available. It is not clear whether oxcarbazepine is 
as unstable in humid conditions as carbamazepine.  

  Mode of  a ction 
 The pharmacological action of oxcarbazepine is exerted 
almost exclusively through its 10 - monohydroxy metabo-
lite MHD (10,11 - dihydro - 10 - hydroxy - 5 H  - dibenz[ b , f   ]
azepine - 5 - carboxamide). The primary mechanism of 
action is very similar to that of carbamazepine: blockade 
of voltage - sensitive sodium channels resulting in stabili-
zation of hyperexcited neural membranes, inhibition of 
repetitive neuronal fi ring and inhibition of the spread of 
discharges. Unlike carbamazepine, MHD also increases 
potassium conductance and modulates high - voltage N -  
and P - type calcium channel activity. Similar to carbam-
azepine, it has actions on NMDA receptors, but it has no 
action on serotonin, GABA or acetylcholine (ACh) 
receptors.   
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and gastrointestinal disturbance. Two formal controlled 
studies have shown no impairment of cognitive function 
after 4 – 12 months of therapy with oxcarbazepine.    

  Hyponatraemia 
 Oxcarbazepine, similar to carbamazepine, results in 
hyponatraemia, probably as a result of an alteration in 
the regulation of antidiuretic hormone or increased renal 
tubular sensitivity. The effect is, however, more common 
and more severe with oxcarbazepine and is a particular 
problem in elderly patients. In one study comparing 
sodium levels in patients switched from carbamazepine 
to oxcarbazepine, a mean drop in sodium levels of 
9   mmoL/L was observed. Between 25 and 50% of patients 
on chronic therapy have serum sodium levels 
 < 135   mmoL/L, but this is usually asymptomatic. If the 
serum sodium level falls to  < 125   mmoL/L (as is reported 
in  < 5% of patients) careful monitoring is advised, and 
dose reductions should be made if symptoms of hypona-
traemia are present. It also seems sensible to advise dose 
reduction or drug withdrawal if the level falls to 
 < 120   mmoL/L even in the absence of symptoms.  

  Hypersensitivity 
 The risk of serious life - threatening idiosyncratic side 
effects is low, and lower than that of carbamazepine. 
However, skin rash is relatively common (about 3 – 10% 
of all patients) and was the main reason for discontinu-
ation of the drug in the comparative monotherapy studies 
(10% vs 16% on carbamazepine in one study). Although 
the rate of occurrence of rash is somewhat lower with 
carbamazepine, there is signifi cant cross - reactivity, with 

  Drug  i nteractions 
 Oxcarbazepine has the advantage of not inhibiting or 
inducing hepatic microsomal enzymes to anything like 
the same extent as carbamazepine, but some interactions 
do occur. 

 Of the CYP enzymes, CYP2C19, CYP3A4 and CYP3A5 
can be inhibited by both oxcarbamazepine and its MHD. 
The inhibition of CYP2C19 can result in elevation of 
phenytoin, carbamazepine epoxide and phenobarbital 
levels. Lamotrigine levels can fall on co - medication by up 
to a third in some patients. Co - medication with the same 
three drugs reduces MHD concentrations by 30 – 40%. 
Valproate has a slight effect and can lower MHD levels 
by between 0 and 18%. 

 As is the case with carbamazepine, oral contraceptive 
levels may be lower on co - medication with oxcarbaze-
pine (via CYP3A family enzymes) and this may render 
low oestrogen contraceptives ineffective. No interactions 
have been noted with warfarin, cimetidine, viloxazine or 
erythromycin.   

  Adverse  e ffects 
 The side - effect profi le of oxcarbazepine is generally 
similar in nature to that of carbamazepine (at least in so 
far as side effects on initiation of therapy are concerned). 
Although oxcarbazepine is probably generally better tol-
erated than standard formulations of carbamazepine, the 
tolerability of oxcarbazepine has not been extensively 
compared with slow - release carbamazepine. This would 
be of interest, because carbamazepine tolerability is itself 
signifi cantly improved by the use of the slow - release for-
mulation. The discontinuation rates due to side effects in 
the monotherapy studies were signifi cantly lower for 
oxcarbazepine than carbamazepine (14% vs 26%) or 
phenytoin, but were similar to those of valproate. In 
add - on studies in adults, the reported discontinuation 
rates due to side effects were 12%, 36% and 67% on 
oxcarbazepine 600, 1200 and 2400   mg/day, respectively, 
compared with 9% on placebo. It is common clinical 
experience that oxcarbazepine is not well tolerated at 
high doses, possibly because of peaking of the parent 
drug concentrations. 

  Neurological and  g astrointestinal  s ide  e ffects 
 The most common are effects on the CNS (Table  8.18 ) 
and include headache, dizziness, somnolence, fatigue, 
double vision and ataxia, and the side - effect profi le in 
this regard is very similar to that of carbamazepine. 
Nausea and vomiting can also be prominent, especially 
in children. Other side effects include weight increase, 
tremor, vertigo, alopecia, nervousness, oculogyric crises 

  Table 8.18    The fi ve most common  CNS  side - effects on 
oxcarbazepine ( OXC ) therapy. Comparison of initial 
monotherapy with adjunctive therapy studies. 

   Side - effect     Initial monotherapy 
trials  

   Adjunctive trials  a    

   OXC 
( n     =    440)  

   Placebo 
( n     =    66)  

   OXC 
( n     =    705)  

   Placebo 
( n     =    302)  

  Headache    37    12    26    21  
  Somnolnce    22    6    26    12  
  Dizziness    20    4    30    11  
  Ataxia    2    0    17    5  
  Diplopia    0.5    0    24    3  

    a Combined data from randomized placebo - controlled 
studies of oxcarbazepine add - on therapy in refractory 
partial epilepsy in adults and children.   
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end - points were  ‘ exit ’  if there was a twofold increase in 
partial seizure frequency over baseline. The rates on low 
dose (300   mg/day) were 89 – 93% compared with 41 – 59% 
on high - dose (2400   mg/day) oxcarbazepine therapy. 
Monotherapy vs placebo studies have also been carried 
out in patients undergoing presurgical monitoring. To 
the author ’ s mind, however, it is doubtful whether these 
studies, with their highly artifi cial designs, provide many 
data of clinical utility. 

 Two large, randomized, double - blind, add - on studies 
have been carried out in refractory adult patients with 
partial seizures, and the superiority of oxcarbazepine 
over placebo was demonstrated in both. The median 
reduction in the frequency of partial seizures was between 
26% at 600   mg/day and 50% at 2400   mg/day. Twenty - two 
per cent of patients on 2400   mg/day were free of seizures. 
This is an impressive result for adjunctive therapy in 
refractory patients, but may be high partly because the 
duration of treatment with 2400   mg was relatively short 
for patients who dropped out early as a result of adverse 
effects. 

 In a randomized, double - blind, placebo - controlled 
study in children, 41% of patients treated with oxcar-
bazepine had a reduction in the frequency of seizures 
of at least 50%, and a 34.8% reduction in the median 
frequency of seizures. Recent trials in children have 
shown excellent results with higher doses than previously 
used (up to 60   mg/kg per day), extending the dose range 
and potential of oxcarbazepine in paediatric practice. 

 Three controlled studies have compared the effi cacy of 
oxcarbazepine with carbamazepine, and no overall dif-
ferences were found. However, it is known that some 
patients converting from carbamazepine to oxcarbaze-
pine show an improvement, so overall fi gures may hide 
individual differences. In newly diagnosed patients, the 
effi cacy of oxcarbazepine has been shown to be the same 
as that of phenytoin, carbamazepine or valproate. In the 
SANAD study, no differences in effi cacy were found 
when oxcarbazepine was compared with carbamazepine, 
lamotrigine, gabapentin and topiramate.   

  Clinical  u se in  e pilepsy 
 The indications for oxcarbazepine are similar to those for 
carbamazepine. Its effi cacy is similar to that of other fi rst -
 line drugs, including carbamazepine, and it is reasonably 
well tolerated. It has fewer enzyme - inducing effects than 
some other antiepileptic drugs, including carbamaze-
pine, and thus fewer interactions. If the drug is being 
substituted for carbamazepine, care is needed, because 
the removal of the carbamazepine enzyme - inducing 
effects could alter levels of the concomitant medication. 

oxcarbazepine - induced rash occurring in 25 – 30% of 
those experiencing rash on carbamazepine. A few cases 
of Stevens – Johnson syndrome and toxic epidermal 
necrolysis have been reported.  

  Teratogenicity 
 In animal studies, oxcarbazepine was associated with an 
increased incidence of craniofacial, skeletal and cardio-
vascular malformations, decreased fetal body weights and 
increased rates of fetal death. In a retrospective database 
review, six congenital malformations occurred among 
248 infants born to women who had received oxcarbaze-
pine monotherapy during pregnancy (a rate of 2.4%), 
suggesting that it is relatively safe in comparison with 
other antiepileptic drugs, but data are not suffi cient to be 
certain about its safety. It is licensed by the FDA as a 
pregnancy category C compound.  

  Overdose 
 Six cases are reported with a maximum dose of 24   g and 
all recovered. Potential risks include cardiac arrhythmia, 
respiratory depression, anticholinergic effects and gastro-
intestinal effects. By analogy with experience with carba-
mazepine, in addition to supportive therapy, gastric 
lavage, activated charcoal and dialysis are likely to be 
helpful.  

  Antiepileptic  e ffect 
 Oxcarbazepine has been subjected to a large number of 
randomized double - blind trials, including eight in mono-
therapy. Comparisons have been made with placebo and 
between high and low doses of oxcarbazepine. All these 
studies demonstrated effectiveness. Comparative RCTs 
have also been conducted in which the drug has been 
compared with carbamazepine, phenytoin, valproate and 
levetiracetam. This trial programme is generally more 
extensive than other drugs, and a consistent picture of 
effi cacy has been established. 

 Monotherapy studies preceded add - on studies, 
uniquely in modern antiepileptic drug development pro-
grammes, largely because safety had been established in 
older open studies. There are, in fact, more monotherapy 
data on this drug than on any other new antiepileptic. 

 In newly diagnosed epilepsy, oxcarbazepine mono-
therapy has been shown to have similar effi cacy to val-
proate, carbamazepine and phenytoin, in studies 
including almost 1000 patients. Overall, about 50 – 60% 
of newly diagnosed patients become free of seizures on 
initiation of oxcarbazepine therapy. 

 In refractory patients, two outpatient  ‘ conversion to 
monotherapy ’  studies have been carried out. The primary 
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Oxcarbazepine, however, interacts with the contraceptive 
pill, and low - dose oestrogen contraceptives should not 
be used. There are few human data concerning preg-
nancy. Oxcarbazepine is currently classed as a category C 
teratogen. 

 The most common chronic effect is hyponatraemia, 
but this is usually mild and of no clinical signifi cance. The 
hyponatraemia is due in part at least to a marked antidi-
uretic effect, and the consumption of large volumes of 
fl uid (including large quantities of beer) should be 
discouraged. 

 Oxcarbazepine is available only as an oral preparation. 
It can be introduced more quickly than carbamazepine. 
In adults a starting dose of 600   mg/day can be increased 
2 weekly by 300   mg increments to a usual maintenance 
dose of 900 – 2400   mg/day, in two or three daily doses, 
although infrequently doses up to 3000   mg/day are used. 

 It has been claimed that carbamazepine can be abruptly 
substituted with oxcarbazepine (in a dosing ratio of 
200:300), although there is widespread anecdotal evi-
dence that a rapid switch carries a real risk of severe 
seizure exacerbations, and should not be routinely carried 

out. It has also been suggested that oxcarbazepine and 
carbamazepine can be combined to obtain high com-
bined doses without the side effects that would be 
expected at equivalent doses in monotherapy, but again 
in routine practice this seems not to be the case, and 
high - dose combinations of the two drugs are frequently 
poorly tolerated. 

 In children the usual initial dosage is 4 – 5   mg/kg per 
day, given in divided doses, and increasing in steps of 
5   mg/kg. The usual maintenance dose for a child is 30 
(range 20 – 45)   mg/kg per day and the maximum dose for 
a child is 60   mg/kg per day. In severe renal disease (cre-
atinine clearance  < 30   mL/min) oxcarbazepine should be 
started at half the usual dose, and the dose incremented 
at a slower than usual rate until the desired clinical 
response is attained. 

 In routine practice, serum level monitoring of MHD 
has some role, but experience is not as favourable as for 
carbamazepine. Serum sodium should be measured as a 
baseline, after 1 – 2 months of establishing therapy in all 
patients and then at regular intervals depending on clini-
cal circumstances.   

  Phenobarbital           

      
   Proprietary name : Luminal  a    

   Primary indications   
  Monotherapy and adjunctive therapy in partial or generalized seizures (including 
absence and myoclonus) in adults and children. Also status epilepticus, the 
Lennox – Gastaut syndrome, other childhood epilepsy syndromes, febrile convulsions, 
neonatal seizures  

   Commonly used as fi rst - line drug   
  Yes  –  in some countries  

   Usual preparations   
  Tablets: 15, 30, 50, 60, 100   mg; elixir: 15   mg/5mL; injection: 200   mg/mL  

   Usual dosage  –  adults   
  Initial: 30   mg/day; increased by increments of 15 – 30   mg every 2 weeks  
  Maintenance: 30 – 120   mg/day (maximum 180   mg/day)  

   Usual dosage  –  children   
  Neonates: 3 – 4   mg/day; initially 1 – 2   mg/day  
  Children 1month – 12 years: initially 1 – 1.5   mg/kg per day, increased by 2   mg/kg per 
day as required  
  Usual maintenance dose 3 – 8   mg/kg per day  
  Children  ≥ 12 years 30 – 180   mg/day; initially 15   mg/day  

   Dosing intervals   
  Once a day  

   Is dose commonly affected by co - medication?   
  Yes  
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   Is dose affected by renal/hepatic disease?   
  Severe hepatic and renal disease  

   Does it affect dose of other drugs?   
  Yes  

   Does it affect the contraceptive pill?   
  Yes  

   Serum level monitoring   
  Very useful  

   Target range   
  50 – 130    μ mol/L  

   Common/important adverse events   
  Sedation, ataxia, dizziness, insomnia, hyperkinesis (children), dysarthria, mood 
changes (especially depression), behaviour change, aggressiveness, cognitive 
dysfunction, impotence, reduced libido, folate defi ciency and megaloblastic anaemia, 
vitamin K and vitamin D defi ciency, osteomalacia, Dupuytren contracture, frozen 
shoulder, shoulder – hand syndrome, connective tissue abnormalities, rash. Risk of 
dependency. Potential for abuse  

   Risk of hypersensitivity   
  Slight  

   Major mechanism of action   
  GABA A  - receptor agonist. Also depresses glutamate excitability, and affects sodium, 
potassium and calcium conductance  

   Main advantages   
  Highly effective and low - cost antiepileptic drug  

   Main disadvantages   
  CNS side effects, especially in children; a controlled drug in many countries  

   Comment   
  Highly effective well - tried antiepileptic. Often reserved for second - choice therapy 
because of potential for side effects  

a Name of proprietary brand in the UK.   

 Phenobarbital: pharmacokinetics  –  average adult values 

  Oral bioavailability    80 – 100%  
  Time to peak levels    0.5 – 4   h  
  Volume of distribution    0.36 – 0.73   L/kg  
  Biotransformation    Hepatic oxidation, glucosidation and hydroxylation, then conjugation  
  Elimination half - life    75 – 120 h  
  Plasma clearance    0.006 – 0.009   L/kg per h  
  Protein binding    45 – 60%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    CYP2C9, CYP2C19, CYP2E1, UGT1A4  
  Inhibition or induction of hepatic enzymes    Induces CYP2B6, CYP2C9, CYP2C19, CYO3A4, UGT1A4  
  Drug interactions    Common  
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and peak plasma concentrations are similar to those after 
oral administration (Figure  8.5 ). Absorption is affected 
by the type of preparation administered (e.g. free acid or 
salt, crystal size), gastric blood fl ow, gastric emptying 
time, gastric acidity, and slowed by the presence of food 
and neutralizing agents. Absorption occurs mostly in the 
small intestine because of its larger surface area and 
longer intraluminal dwell time, and disease at this site can 
markedly reduce absorption. In newborn and young 
infants, bioavailability is reduced and oral absorption is 
incomplete compared with that after intramuscular 
injection.    

  Distribution 
 Phenobarbital is distributed rapidly throughout body 
tissues. Acidosis enhances transfer from plasma to tissue. 
In adults, the relative volume of distribution ranges from 
0.36   L/kg to 0.73   L/kg after intramuscular administration 
and from 0.42   L/kg to 0.73   L/kg after oral dosing. The 
volume of distribution is larger in newborns, where it 
ranges from 0.39   L/kg to 2.25   L/kg after intravenous or 
intramuscular injection. The distribution of phenobarbi-
tal is very sensitive to variations in the plasma pH and 
acidosis results in an increase in the transfer of pheno-
barbital from plasma into tissue. This is of potential 
importance in the treatment of, for example, status epi-
lepticus. After intravenous administration, phenobarbi-
tal relatively slowly enters brain tissue (12 – 60   min) but in 
status epilepticus, because of focal acidosis and increased 

 Phenobarbital is a remarkable drug. It was introduced 
into practice in 1912, and is still, in volume terms, the 
most commonly prescribed antiepileptic drug in the 
world. It is highly effective, and its introduction opened 
a new chapter in the history of epilepsy treatment. Its 
effi cacy has not generally been bettered by any subse-
quent drug, it is well tolerated by many people and it is 
by far the cheapest of the antiepileptic drugs commonly 
available. As a result of its effi cacy and low cost, it is 
recommended by the World Health Organization as fi rst 
line for partial and tonic – clonic seizures in developing 
countries in all age groups. 

     Physical and  c hemical  c haracteristics 
 Phenobarbital (5 - ethyl - 5 - phenylbarbituric acid; molecu-
lar weight 232.23) is a substituted barbituric acid with a 
crystalline structure. It is a free acid, soluble in non - polar 
solvents but relatively insoluble in water (the sodium salt 
is readily soluble, but can be unstable in solution). The 
p K  a  of phenobarbital is 7.2, similar to the physiological 
pH of plasma. Changes in pH, common in active 
epilepsy, can result in substantial shifts of phenobarbital 
between compartments.  

  Mode of  a ction 
 Phenobarbital seems to act in a relatively non - selective 
manner, both limiting the spread of epileptic activity and 
elevating the seizure threshold. It binds strongly to the 
GABA A  receptor, and its major action is at this receptor, 
postsynaptically, where it increases the duration of 
channel opening without affecting the frequency of 
opening; it differs from the benzodiazepine drugs, which 
bind to adjacent sites, and has more effect on frequency 
than duration. This difference is due to the different 
binding to individual GABA A  - receptor subunits by the 
barbiturates and benzodiazepines. At higher concentra-
tions, it directly reduces sodium and potassium conduc-
tance. It also reduces presynaptic calcium infl ux and 
depresses glutamate excitability.   

  Pharmacokinetics 
  Absorption 
 Phenobarbital can be administered by intramuscular, 
intravenous or oral routes. It has a bioavailability of 80 –
 100% in adults after oral or intramuscular administra-
tion. Peak plasma concentrations occur 0.5 – 4   h after oral 
administration, but can be signifi cantly delayed in 
patients with poor circulation or reduced gastrointestinal 
motility. After intramuscular administration, peak serum 
concentrations usually occur within 4   h (range 2 – 8   h), 

     Figure 8.5     Mean phenobarbital levels in six normal volunteers 
after single IV or IM injections of 130   mg or a single oral dose 
of 100   mg. This demonstrates the complete absorption of the 
drug after IM and oral ingestion and their comparable rates of 
absorption.  
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blood fl ow, the transfer of phenobarbital into the brain 
is much faster. Phenobarbital is 40 – 60% bound to plasma 
protein. Binding in newborns is lower (35 – 45%). The 
concentration of phenobarbital in CSF in adults is about 
50% of that in plasma, and correlates well with the 
unbound phenobarbital plasma concentrations. The 
brain:plasma concentration ratios in human epileptic 
brain specimens vary widely, ranging from 0.35 to 1.13. 
Phenobarbital rapidly crosses the placenta, so that mater-
nally derived plasma phenobarbital concentrations in 
neonates are similar to those in the mother. Phenobarbital 
is also secreted in breast milk, in which its concentrations 
are about 40% of those in plasma.   

  Metabolism and  e limination 
 Phenobarbital has a median half - life of 75 – 120   h, the 
longest among any of the commonly used antiepileptic 
drugs. This is age dependent. Premature and full - term 
newborns have the longest phenobarbital half - lives 
(ranging from 59   h to 400   h), infants (aged 6 weeks to 12 
months) the shortest, and the half - life diminishes from 
an average of 115   h to 67   h between birth and the fi rst 
month of life. By the time the child is 6 months old, 
however, the half - life is between 21 – 75   h. The elimina-
tion of phenobarbital is reduced when the urine has 
acidifi ed, and by age, genetic factors, nutritional status 
and drug interactions. 

 Phenobarbital is subject to extensive biotransforma-
tion in the liver. The major metabolite of phenobarbital 
is  p  - hydroxyphenobarbital, and approximately 8 – 34% of 
the daily dose is converted to this metabolite, which is 
then largely excreted as the glucuronide conjugate.  N  -
 Glucosidation is another important metabolic pathway, 
inactive at birth and becoming effective only after about 
2 weeks of life. Hydroxylation is catalysed primarily by 
the isoenzyme CYP2C9, with minor contributions from 
CYP2C19 and CYP2E1.  N  - Glucosidation is a more 
recently identifi ed metabolic pathway. This pathway 
becomes effective only after 2 weeks of life, and may be 
the cause of the long phenobarbital half - life in newborns. 
Other metabolites include an epoxide, a dihydrodiol 
catechol and methylcatechol derivatives, but these are of 
less clinical signifi cance. 

 The amount of drug excreted unchanged is very vari-
able between individuals, with mean values of 20 – 25% of 
the total dose (range 7 – 55%). Although phenobarbital is 
a powerful inducer of hepatic microsomal enzymes, it 
does not exhibit autoinduction in humans. The total 
renal clearance of phenobarbital ranges from 0.006   L/kg 
per h to 0.009   L/kg per h in adults, and is considerably 

less than the glomerular fi ltration rate, indicating exten-
sive resorption. Acidifi cation of the urine increases 
resorption, and a combination of sodium bicarbonate 
administration to alkalinize the urine and forced diuresis 
can increase clearance by up to fi vefold. There is no 
enterohepatic recirculation and faecal excretion of 
phenobarbital is of little consequence. Elimination is 
linear at normal dose rate ranges. Oral administration of 
activated charcoal can assist elimination, by increasing 
intestinal absorption. 

  Drug  i nteractions 
  Effect of  p henobarbital on  o ther  d rugs 
 Phenobarbital is a potent inducer of hepatic enzyme 
activity and increases the metabolism of other 
drugs including a number of analgesics and antipyretics 
(antipyrine, amidopyrine, meperidine, methadone, 
paracetamol), antiasthma agents (theophylline), antibiot-
ics (chloramphenicol, doxycycline, griseofulvin), antico-
agulants (bis - hydroxycoumarin, warfarin), antiulcer 
agents (cimetidine), immunosuppressants (ciclosporin), 
psychotropic drugs (chlorpromazine, haloperidol, desip-
ramine, nortriptyline, benzodiazepines), oral steroid con-
traceptives and antiepileptic agents. 

 Among the antiepileptic drugs, phenobarbital particu-
larly induces the metabolism of valproate. It has also been 
suggested that induction of valproate metabolism by 
phenobarbital may contribute to valproate hepatotoxic-
ity, by stimulating the production of several valproate 
metabolites. Phenobarbital may cause a decline in plasma 
carbamazepine levels in some patients, but the effect is 
often negligible. The effect on phenytoin is complex, 
involving induction and competitive inhibition, and is 
diffi cult to predict in any individual. The conversion of 
carbamazepine, diazepam and clobazam to active metab-
olites is also accelerated by phenobarbital.  

  Effects of  o ther  d rugs on the  p harmacokinetics 
of  p henobarbital 
 Phenobarbital is involved in a number of pharmacoki-
netic drug interactions, the magnitude of which varies 
greatly from person to person depending on genetic 
factors and concomitant medication. 

 Phenytoin, valproate and felbamate inhibit phenobar-
bital metabolism leading to elevation of phenobarbital 
levels. The interaction with valproate is clinically the 
most signifi cant and is complex. Severe somnolence or 
even stupor can be induced by this combination, a side 
effect not entirely explained by high serum levels. The 
increase in serum phenobarbital concentrations appears 
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caution should be exercised in using phenobarbital in 
children, especially those with learning disabilities or 
organic brain syndromes. 

 Alteration of affect, particularly depression, also 
occurs. A complex picture including depression, apathy, 
impotence, dysthymia, decreased libido and sluggishness 
is sometimes observed in adults. In the VA cooperative 
study, decreased libido and/or potency was found to be 
more common in patients treated with phenobarbital 
than in those taking phenytoin or carbamazepine. During 
chronic therapy other side effects include nystagmus and 
ataxia, and more rarely peripheral neuropathy and dys-
kinesia. Elderly patients with organic cerebral disease 
may also become confused and irritable rather than 
sedated. 

 Dysarthria, ataxia, dizziness, blurring of vision and 
nystagmus may appear if serum levels exceed 40   mg/L. 
Dyskinesia and peripheral neuropathy are very rare 
effects induced by phenobarbital. Exacerbation, or the 
new appearance, of absence seizures has been reported 
with phenobarbital.  

  Drug  d ependency and  w ithdrawal  s ymptoms 
 Phenobarbital use can be associated with physical depen-
dence, and withdrawal symptoms after abrupt discon-
tinuation. A withdrawal syndrome may also be observed 
in neonates born to mothers who received phenobarbital 
during pregnancy. This includes hyperexcitability, tremor, 
irritability and gastrointestinal upset, and can last for days 
or even weeks. Seizure exacerbation, novel convulsive 
seizures and even status epilepticus can occur during 
withdrawal. For all these reasons, when being withdrawn, 
phenobarbital should be tapered very gradually.  

  Effects on  b lood,  b one and  c onnective  t issue 
 Phenobarbital commonly lowers the serum folate level 
but frank megaloblastic anaemia is rare. A severe coagu-
lation defect has been reported in neonates born to 
mothers with epilepsy taking phenobarbital due to drug -
 induced vitamin K defi ciency, and supplementation of 
vitamin K at birth will prevent this complication. 
Phenobarbital can affect calcium and vitamin D metabo-
lism, by inducing hydroxylation of vitamin D, but only 
occasionally resulting in overt rickets or osteomalacia. 
The extent to which phenobarbital induces osteoporosis 
is unclear, but it is likely to be clinically relevant only in 
postmenopausal women or in infi rm individuals. Regular 
measurements of bone density, and calcium and vitamin 
D supplements, are nevertheless advisable in high - risk 
populations. 

to be greater in children (112.5%) than in adults (50.9%). 
The primary mechanism of this interaction is a decrease 
in the biotransformation of phenobarbital to  p  - hydroxy-
phenobarbital by inhibition of CYP2C9 and/or CYP2C19. 
The use of vigabatrin in combination with phenobarbital 
has sometimes been associated with a small but signifi -
cant decrease in serum phenobarbital concentration. The 
mechanism of this interaction is unknown. 

 Among the non - epileptic drugs, rifampicin is a power-
ful enzyme inducer and may lower phenobarbital levels, 
and drugs such as dextropropoxyphene inhibit metabo-
lism and increase levels.    

  Adverse  e ffects 
  Neurological  s ide  e ffects 
 The most important side effects are alterations of behav-
iour, sedation and cognitive impairment. Sedation and 
cognitive impairment occur in adults and children. 
Impairments include motor slowness, memory distur-
bance, loss of concentration and mental slowness. To 
what extent these problems are common is uncertain, but 
it is a clinical impression that in adults at low doses these 
defi ciencies are usually of minor importance. The fre-
quency of sedation was no greater on phenobarbital than 
on phenytoin or carbamazepine in the large Veterans ’  
Administration (VA) cooperative study. Changes in cog-
nitive function have been measured by various standard-
ized neuropsychological tests. A slight decrease in verbal 
and performance IQ scores has been observed in children 
treated with phenobarbital compared with normal con-
trols or patients receiving valproate or carbamazepine. 
Memory and concentration scores, visuomotor perfor-
mance and spatial memory, and short - term memory can 
also be signifi cantly impaired, especially in children. 

 In contrast to the sedative effects in adults, phenobar-
bital can cause behavioural changes, primarily hyperac-
tivity, irritability and aggressiveness in children, and also 
in elderly people and those with organic brain damage. 
In one study 42% of children developed these paradoxi-
cal behavioural changes after febrile seizures. The distur-
bances were not correlated with plasma phenobarbital 
concentrations, and improved in all children when phe-
nobarbital was discontinued. In another study compar-
ing phenobarbital with other fi rst - line agents in newly 
diagnosed epileptic children, phenobarbital was associ-
ated with the highest chance of withdrawal because of 
behavioural problems. Problems with memory or com-
promised work and school performance can develop 
even in the absence of sedation or hyperkinetic activity. 
As a result of these behavioural disturbances, great 



The Antiepileptic Drugs  215

  Antiepileptic  e ffect 
 Phenobarbital has been extensively used in a wide variety 
of epileptic seizure types for many years. As a result of its 
venerable age, the drug has not been subjected to the 
usual panoply of prelicensing controlled trials, and 
indeed there are very few controlled data to document 
the extent of its self - evident effectiveness. 

 In the VA cooperative double - blind study, the effi cacy 
and tolerability of four drugs (phenobarbital, primidone, 
carbamazepine and phenytoin) were assessed in 622 
adults with previously untreated or under - treated partial 
and secondarily generalized tonic – clonic seizures. Similar 
rates of overall seizure control were obtained with 
each drug (36%, 35%, 47% and 38%, respectively). 
Carbamazepine, however, provided better total control 
of partial seizures (43%) than phenobarbital (16%) or 
primidone (15%). Interestingly, phenobarbital was 
associated with the lowest incidence of motor, gastroin-
testinal or idiosyncratic side effects. 

 In another large, long - term, prospective randomized, 
pragmatic trial the comparative effi cacy and toxicity of 
phenobarbital, phenytoin, carbamazepine and valproate 
were assessed in both adults and children newly diag-
nosed with epilepsy. In 243 adults, the overall control of 
seizures on all 4 drugs was similar, with 27% of patients 
being free from seizures throughout the follow - up, and 
75% entering 1 year of remission by 3 years of follow - up. 
Similar results were reported in 167 children (aged 3 – 16 
years) who entered the study. Twenty per cent remained 
free from seizures and 73% achieved 1 - year remission by 
3 years of follow - up. Again there was no difference in 
effi cacy between the drugs for either measure of effi cacy 
at 1, 2 or 3 years of follow - up in adults; in children, only 
10 continued the study because there was a high inci-
dence of behavioural side effects and the phenobarbital 
arm was discontinued prematurely. 

 Both these studies show that phenobarbital is useful in 
the treatment of generalized tonic – clonic seizure and 
partial seizures. Similarly, in drug - resistant patients, 
there are small trials showing equivalent effi cacy of phe-
nobarbital with other established drugs. There are, 
however, no large randomized controlled studies in 
refractory epilepsy. 

  Idiopathic  g eneralized  e pilepsy 
 Phenobarbital has also been shown to be effective in 
the treatment of seizures (generalized tonic – clonic, 
myoclonic) in the syndrome of IGE, and is a useful 
alternative if valproate is ineffective or not well tolerated. 
The effects of phenobarbital on absence seizures seem 

 The drug has marked effects on connective tissue, 
resulting in an increased tendency to fi brosis, with 
increased rates of Dupuytren contractures with palmar 
nodules, frozen shoulder, plantar fi bromatosis, Peyronie 
disease, heel and knuckle pads, and generalized joint 
pain. The incidence of these disorders ranges from 5% to 
38%, depending on the population studied, e.g. in one 
study a shoulder – hand syndrome was observed in 28% 
of 126 neurosurgical patients treated with barbiturates 
but in none of 108 control patients receiving carbamaze-
pine or phenytoin.  

  Hypersensitivity and  i mmunological  r eactions 
 Mild skin reactions, usually maculopapular, morbilli-
form or scarlatiniform rashes, occur in 1 – 3% of all 
patients receiving phenobarbital. 

 Serious skin reactions, such as exfoliative dermatitis, 
erythema multiforme, Stevens – Johnson syndrome or 
toxic epidermal necrolysis, are extremely rare. A barbitu-
rate hypersensitivity syndrome, characterized by rash, 
eosinophilia and fever, is also rare. An immunologically 
mediated hepatitis has been reported. Systemic lupus ery-
thematosus and acute intermittent porphyria may be 
unmasked or precipitated by phenobarbital.  

  Teratogenicity 
 In spite of its use for over 90 years, the extent of the tera-
togenic potential of phenobarbital is quite unclear. 
Although a barbiturate fetal syndrome has been identi-
fi ed, there are few reports of major malformations; 6.5% 
of 77 children exposed to phenobarbital were born with 
major malformations, including cardiac defects (coarcta-
tion of the aorta with abnormal valves, tetralogy of Fallot, 
pulmonary atresia) and cleft lip and palate, in an 
American registry  –  a greater risk than with any antiepi-
leptic other than valproate. Other registries have shown 
much lower risks, however, and data are inadequate to 
make defi nitive recommendations.  

  Overdose 
 Levels of phenobarbital  > 350    μ mol/L are potentially fatal, 
and many deaths from overdose are reported. Characteristic 
cerebral and EEG changes are seen as levels increase 
(Figure  8.6 ). Drug - na ï ve patients are much more sensitive 
to the effects, and coma occurs in most cases with levels 
 > 300    μ mol/L. Coma, respiratory depression and hypo-
thermia are leading symptoms. Supportive treatment is, 
however, usually successful, and additional effective mea-
sures include forced diuresis, the alkalinization of urine, 
and the use of activated charcoal and ion - exchange resins.     
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     Figure 8.6     PB overdose in a 47 - year - old 
woman with a 34 - year history of focal 
motor and secondarily generalized 
seizures, on chronic treatment with PB 
100   mg daily. There was no apparent 
aetiology for epilepsy. The patient was 
found comatose in her bed; on 
admission to the hospital, the patient 
was in deep coma and required assisted 
ventilation; the EEG showed a burst -
 suppression pattern (a). The plasma 
levels of PB were 82    μ g/ml. On the 
subsequent day, there was some 
improvement of the EEG, with 
shortening of the  ‘ inter - bursts ’  
fl attenings (b). The corresponding 
plasma levels were 60    μ g/ml. Progressive 
improvement of the EEG continued (c), 
with a normal tracing on the fi fth day 
(d) after overdose. When awake, the 
patient admitted to have taken  ‘ many ’  
pills to attempt suicide.  
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outweigh the relatively minor risks associated with simple 
febrile seizures. Thus, long - term prophylaxis is now 
hardly used, and reserved only for children with pre -
 existing neurological abnormalities, or those who are at 
risk of repeated prolonged seizures. If long - term prophy-
laxis is required, one study compared 59 patients with 72 
untreated children, and found a recurrence rate of 13% 
in the phenobarbital group compared with 20% in the 
control group. Where phenobarbital levels were between 
16 and 30   mg/L, the recurrence rate was 4%. In a meta -
 analysis of the effi cacy of various medications in the pre-
vention of recurrent febrile seizures, the risk of recurrence 
was signifi cantly lower in children receiving continuous 
phenobarbital therapy than in those receiving placebo.  

  Cerebral  m alaria in  c hildren 
 In cerebral malaria, phenobarbital has been the tradi-
tional treatment of choice, but a recent study showed 
that, although the frequency of seizures was signifi cantly 
lower in a phenobarbital group than in a placebo group 
(11% vs 27%), the mortality rate was doubled (18% vs 
8% deaths). The drug is therefore not recommended in 
this indication.   

  Clinical  u se in  e pilepsy 
 There is no large pharmaceutical company promoting or 
marketing phenobarbital, and as a result its value is 
underestimated. It has a strikingly low cost and ease of 
use, which renders phenobarbital an important antiepi-
leptic drug, especially in the developing world. It can be 
given once a day, and has a low risk of idiosyncratic reac-
tions and probably also of teratogenicity. Its effi cacy is 
not in question, but its general use as a fi rst - line drug is 
limited by its potential to cause sedation and mental 
slowness in adults and the risk of paradoxical reactions 
in children. To what extent the sedative potential of small 
doses of phenobarbital is actually greater or less than that 
of other antiepileptics has not really been very clearly 
established, and studies in developing countries suggest 
that this is seldom a major issue, especially at low 
doses. Individuals can experience severe sedation, but 
many patients take the drug without any noticeable 
side effects. 

 Nevertheless, in the western world, its use is now 
largely confi ned to second - line therapy in adult patients 
with focal or generalized seizures intractable to other 
more modern fi rst - line alternatives. Other indications 
are in refractory IGE, fi rst - line therapy for neonatal sei-
zures, and as second - line therapy for severe secondarily 
generalized seizure disorders. The drug is valuable in 

rather variable, and indeed absence seizures can be 
exacerbated.  

  Neonatal  s eizures 
 Phenobarbital is traditionally considered the drug of 
choice for the treatment of neonatal seizures. This refl ects 
long familiarity and experience rather than any superior-
ity over other drugs (there is none) in this very hetero-
geneous condition. 

 In three open trials, an intravenous loading dose of 
15 – 20   mg/kg resulted in seizure control in 32 – 36% of 
cases. High - dose phenobarbital therapy in newborns at 
term with severe perinatal asphyxia has also been shown 
to improve neurological outcome. In a randomized pro-
spective study, phenobarbital at a dose of 40   mg/kg i.v. 
resulted in a 27% reduction in the incidence of seizures 
and a signifi cant improvement in neurological outcomes 
at 3 years of age.  

  Status  e pilepticus 
 Phenobarbital is a drug of choice in the established stage 
of convulsive status epilepticus (see    pp. 299 – 300 ). The 
usual adult dose is 10   mg/kg at a rate of 50 – 75   mg/min, 
and in children and neonates the dose is 15 – 20   mg/kg 
at a rate of 100   mg/min. These doses may be followed 
by a maintenance daily dose of 1 – 4   mg/kg (adults) or 
3 – 4   mg/kg (children and neonates). It is as effective as 
a combination of diazepam and phenytoin and more 
effective than phenytoin alone. 

 The best evidence for the effi cacy of phenobarbital in 
generalized convulsive status epilepticus stems from a 
double - blind, multicentre trial which compared four 
intravenous regimens: diazepam (0.15   mg/kg) followed 
by phenytoin (18   mg/kg), lorazepam (0.1   mg/kg), pheno-
barbital (15   mg/kg) and phenytoin (18   mg/kg). The study 
included 518 patients with either overt generalized 
convulsive status epilepticus or subtle status epilepticus. 
In the group with overt generalized convulsive status 
epilepticus (386 patients), lorazepam was successful in 
64.9% of cases, phenobarbital in 58.2%, diazepam plus 
phenytoin in 55.8% and phenytoin in 43.6%. The major 
side effects of phenobarbital in this indication are respira-
tory depression and hypotension, and the full panoply of 
intensive care monitoring and life support is needed.  

  Febrile  c onvulsions 
 Phenobarbital has also been extensively used as an anti-
convulsant for the prophylaxis of febrile seizures. 
However, the potential adverse effects associated with 
continuous anticonvulsant treatment are now thought to 
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status epilepticus. In children, because of the sometimes 
severe disturbance of behaviour that is not uncommonly 
the result of phenobarbital therapy, the drug is less useful. 

 Phenobarbital is available in a large number of formu-
lations and preparations. Tablet sizes include 30, 50, 60 
and 100   mg sizes, and elixirs (15   mg/5 mL) and injections 
(200   mg in 1   mL) or propylene glycol and water 
(90%/10%) are also in common use. In adults the start-
ing dose is 30 – 60   mg, given at night. The dose can be 
increased in 15 or 30   mg increments for a maintenance 
dose of between 60 and 180   mg/day, the most common 
dose for adults being between 60 and 120   mg/day. Too 
rapid an initiation of therapy can produce drowsiness, 
which may persist for several weeks, and it is usually 
better to introduce the drug slowly. 

 Many patients are well controlled on low serum levels 
and low doses. Indeed, it seems likely that low - dose 
phenobarbital therapy is as effective as any other fi rst - line 
therapy, with few side effects, at least in adults, and the 
low cost of the drug (US$2 – 5 per year) confers remark-
able value. There is a need for randomized head - to - head 
comparisons against the newer drugs, but none has been 
carried out. In adults, the side effects develop mainly at 
the higher doses, which are anyway largely redundant in 
contemporary practice. In children the usual starting dose 

is 3   mg/kg per day, with maintenance doses in the range 
3 – 6   mg/kg per day. Twice - daily dosing may be necessary 
in younger children because of the shorter half - life. The 
drug is widely used in neonatal seizures, where rapid 
seizure control is needed, and intravenous administration 
is used. Loading doses of 15 – 20   mg/kg, intravenously 
followed by maintenance doses of 3 – 4   mg/kg per day, 
are usually used. Side effects (particularly behavioural 
changes and hyperkinetic behaviour) are more severe in 
children than in adults, and these effects need to be par-
ticularly monitored. In elderly people, paroxysmal agita-
tion and irritability can also occur, as they can in patients 
with learning diffi culty or cerebral damage. The use of the 
drug in these patients should, therefore, be circumspect. 

 Serum level measurement of phenobarbital has been 
widely used, and for most patients concentrations of 
40 – 170    μ mol/L are associated with optimal seizure 
control. Some patients will, however, experience good 
seizure control above or below this limit and, although 
side effects are usually not too troublesome when levels 
are maintained in this range, there is a relatively incon-
sistent relationship between side effect and level. This is 
possibly because of the tendency for tolerance to pheno-
barbital to develop over time.   

  Phenytoin           

      
   Proprietary name : Epanutin  a    

   Primary indications   
  Monotherapy and adjunctive therapy in partial - onset seizures and generalized 
tonic – clonic seizures. Also status epilepticus. Adults and children  

   Commonly used as fi rst - line drug   
  Yes  –  in some countries  

   Usual preparations   
  Capsules: 25, 30, 50, 100, 200   mg; chewtabs: 50   mg; liquid suspension: 30   mg/5   mL, 
125   mg/50   mL; injection: 250   mg/5   mL  

   Usual dosage  –  adults   
  Initial: 200   mg at night; increased by 25 – 100   mg/day increments every 2 weeks.  
  Maintenance: 200 – 450   mg/day  
  (higher doses can be used; guided by serum level monitoring)  

   Usual dosage  –  children   
  Child: 1 month to  < 12 years: initially 1.5 – 2.5   mg/kg per day, usual maximum 
7.5   mg/kg per day  
  12 – 18 years 75 – 150   mg/day; initially 75   mg/day. Usual maximum 300   mg/day  
  (higher doses can be used; guided by serum level monitoring)  
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   Dosing intervals   
  Once or twice a day  

   Is dose commonly affected by co - medication?   
  Yes  

   Is dose affected by renal/hepatic disease?   
  Severe hepatic disease  

   Does it affect dose of other drugs?   
  Yes  

   Does it affect the contraceptive pill?   
  Yes  

   Serum level monitoring   
  Very useful  

   Target range   
  40 – 80    μ mol/L (10 – 20   mg/L)  

   Common/important adverse events   
  Ataxia, dizziness, lethargy, sedation, headaches, dyskinesia, acute encephalopathy 
(phenytoin intoxication), hypersensitivity, rash, fever, blood dyscrasia, gingival 
hyperplasia, folate defi ciency, megaloblastic anaemia, vitamin K defi ciency, decreased 
immunoglobulins, mood changes, depression, coarsened facies, hirsutism, peripheral 
neuropathy, osteomalacia and osteoporosis, hypocalcaemia, hormonal dysfunction, 
loss of libido, hepatitis, coagulation defects  

   Risk of hypersensitivity   
  Yes  –  marked risk  

   Major mechanism of action   
  Inhibition of sodium channel conductance  

   Main advantages   
  Highly effective and low - cost antiepileptic drug  

   Main disadvantages   
  CNS and systemic side effects; non - linear elimination kinetics; drug interaction profi le  

   Comment   
  Powerful antiepileptic drug. Use reserved increasingly for second - choice therapy 
because of side effects and pharmacokinetic properties  

     a Name of proprietary brand available in the UK.   

 Phenytoin: pharmacokinetics  –  average adult values 

  Oral bioavailability    95%  
  Time to peak levels    4 – 12   h  
  Volume of distribution    0.5 – 0.8   L/kg  
  Biotransformation    Hepatic oxidation, glucosidation, hydroxylation, and then glucuronidation  
  Elimination half - life    7 – 42   h (varies with plasma level and co - medication)  
  Plasma clearance    0.003 – 0.02   L/kg per h (varies with plasma level and co - medication)  
  Protein binding    80 – 95%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    CYP2C9, CYP2C19, CYP3A4, UGT1A4  
  Inhibition or induction of hepatic enzymes    Induces CYP2B6, CYP2C9, CYP2C19, CYP3A4, UGT1A4  
  Drug interactions    Common  



220  CHAPTER 8 

of the T - type calcium ion channels in the thalamus. At 
high concentrations, phenytoin inhibits Ca 2 +   calmodu-
lin - mediated protein phosphorylation. The drug also 
binds to the peripheral type of benzodiazepine receptor 
in brain membranes, but it is not clear whether this 
action leads to any antiepileptic effect. Phenytoin also has 
mild dopamine antagonist effects.   

  Pharmacokinetics 
  Absorption and  d istribution 
 Phenytoin is usually given to patients as the sodium salt, 
a crystalline preparation that is absorbed rather slowly 
from the gastrointestinal tract. Absorption through the 
stomach is relatively poor because phenytoin is very 
insoluble at the pH of gastrointestinal juice. The high pH 
of the small intestine, however, enhances phenytoin solu-
bility and absorption. The presence of food alters phe-
nytoin absorption, as do diseases of the small bowel. In 
an average healthy person, the oral bioavailability is 
about 95%, and the time to peak levels after oral admin-
istration is 4 – 12   h. Any factor that interferes with the 
dissolution of phenytoin in the gastrointestinal tract will 
retard or prevent absorption. There is a wide intra -  and 
interindividual variability in absorption, and occasional 
patients have very unusual patterns for no obvious 
reason. Pregnancy reduces absorption, occasionally to 
extreme levels. Neonates absorb the drug poorly and 
erratically. The difference in formulation of some generic 
preparations of phenytoin can result in altered absorp-
tion, and so it is usually recommended that the same 
formulation of phenytoin be dispensed  –  this is particu-
larly important in patients where metabolism is close to 
saturation levels. Phenytoin can also be given intrave-
nously (see    p. 312 ). Intramuscular phenytoin must not 
be given, because the drug precipitates in muscle result-
ing in a profound delay in absorption and sometimes in 
muscle necrosis. The bioavailability of rectal phenytoin 
is also low, around 24    ±    3%. 

 Phenytoin is distributed throughout total body water 
with relatively little selective regional concentration. The 
apparent volume of distribution is about 0.5 – 0.8   L/kg. 
The drug achieves a slightly higher concentration in the 
brain than in plasma, and is at higher concentration in 
white than in grey matter. Phenytoin is probably trans-
ported, partially at least, out of the brain by P - glycoprotein 
activity. Phenytoin is 70 – 95% bound to plasma proteins. 
The concentration of free phenytoin is higher in neonates 
than adults, in elderly people, in later pregnancy, in the 
presence of hypoalbuminaemia as occurs in malnutri-
tion, liver disease, nephrotic or uraemic states, and with 

 Phenytoin was introduced into clinical practice in 1938 
 –  as Lennox put it  ‘ a year of jubilee ’  for people with 
epilepsy. Since then phenytoin has been a major fi rst - line 
antiepileptic drug in the treatment of partial and second-
arily generalized seizures. When it was introduced, only 
potassium bromide and phenobarbital showed equal 
effectiveness, but phenytoin was found to cause less seda-
tion. Although phenobarbital continues to be used, the 
introduction of phenytoin meant that bromides were 
fi nally, after nearly 100 years of prescription, redundant. 
Now many alternative drugs are available, and the use of 
phenytoin has diminished. Nevertheless, it has both low 
cost and strong antiepileptic effects, and is still consid-
ered a drug of fi rst choice in some parts of the world. It 
has had a huge effect on the treatment of epilepsy over 
the last 50 years, and has been a paradigm for epilepsy 
clinical and experimental therapeutics and drug develop-
ment. Phenytoin has also been used as second - line treat-
ment in trigeminal neuralgia, neuropathic pain, certain 
cardiac arrhythmias, as a prophylactic in occasional vari-
eties of migraine, and in paroxysmal choreoathetosis and 
myotonia. 

     Physical and  c hemical  c haracteristics 
 Phenytoin (5,5 ′  - diphenylhydantoin) is usually available 
as the free acid (molecular weight 252.3) or, more com-
monly, as the sodium salt (molecular weight 274.3). It is 
a white crystalline solid, a weak acid with a p K  a  of 8.3 – 9.2, 
and is relatively insoluble in water. A parenteral formula-
tion is available with a pH of about 12. The storage of 
phenytoin capsules under conditions of high tempera-
ture and humidity may reduce the oral bioavailability of 
the drug.  

  Mode of  a ction 
 Phenytoin exerts its antiepileptic effect largely by binding 
to, and thus prolonging the inactivation of, voltage -
 dependent sodium ion channels in neuronal cell mem-
branes (a mechanism discovered in 1983, more than 40 
years after its introduction and worldwide use). This 
effect is greater when the cell membrane is depolarized 
than when it is hyperpolarized. Phenytoin binds to the 
same site on the outer surface of the cell membrane 
sodium ion channel as carbamazepine and lamotrigine; 
however, the drugs have different binding affi nities. 
Phenytoin at high concentration may also inhibit axonal 
and nerve terminal calcium ion channels, an action that 
stabilizes axonal cell membranes and diminishes neu-
rotransmitter release at axon terminals in response to 
action potentials. The drug has no effect on the function 
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At higher plasma concentrations, the half - life is much 
longer and the clearance much reduced owing to satura-
tion of the enzyme systems. The time to steady state will 
also vary non - linearly with dose (but linearly with plasma 
level) and as many as 28 days may need to elapse before 
steady state is reached after certain dose changes. The 
Michaelis – Menten constant of phenytoin is around 
6   mg/L (24    μ mol/L), lower than the usual plasma concen-
tration in clinical practice.   

 Neonates eliminate phenytoin more slowly and young 
children more rapidly than adults. In elderly people, 
metabolism is less rapid than in younger adults. Phenytoin 
doses need to be reduced in severe hepatic failure. In 
renal failure phenytoin levels fall, although those of 
its major metabolite rise. Haemodialysis has little effect 
on phenytoin plasma concentrations. In pregnancy, 
phenytoin metabolism is increased, the elimination half -
 life of phenytoin shortens and total plasma levels fall, 
especially in the last trimester, although free levels may 
be maintained, and doses only occasionally need to be 
increased to maintain therapeutic effects. Pre - pregnancy 
values are regained within a few weeks of childbirth.  

  Drug  i nteractions 
 Phenytoin is probably the antiepileptic drug with the 
most problematic drug interaction profi le (Table  8.19 ). 
This is partly because of the saturatable kinetics of 
phenytoin itself, which results in different interaction 
behaviour at different doses/serum levels. Phenytoin also 

high levels of glycated albumin as in people with diabetes. 
The CSF levels of phenytoin are equal to the free plasma 
fraction, as are the salivary and tear levels. Bioavailability 
is not signifi cantly altered during pregnancy, and the 
phenytoin breast milk:plasma ratio is about 0.2, so 
breast - feeding is safe. A number of acidic drugs, e.g. 
salicylates and valproate, and certain endogenous sub-
stances (fatty acids, bilirubin) displace phenytoin from 
its plasma protein - binding sites, but these effects are 
rarely of importance clinically.  

  Metabolism and  e xcretion 
 Phenytoin is extensively metabolized by the hepatic cyto-
chrome P450 mixed oxidase system, and at normal doses 
90% of the metabolism is by the isoenzyme CYP2C9 
activity. The fi rst step involves zero - order kinetics, 
accounting for the non - linear dose to serum level rela-
tionship (see below). The  p  - hydroxylation step is mainly 
followed by glucuronidation, although there is a range of 
other minor metabolites. None of the phenytoin metabo-
lites has anticonvulsant activity, and all are excreted via 
the kidney. The major metabolite of phenytoin found in 
urine,  p  - hydroxyphenytoin (HPPH), accounts for the 
elimination of some 60 – 80% of usual doses of the drug. 
This particular oxidative metabolite is probably formed 
via a short - lived arene oxide intermediate in a reaction 
catalysed by the cytochrome P450 isoenzymes CYP2C9 
and CYP2C19. The glucuronide conjugate  S  - isomer of 
 p  - hydroxyphenytoin is the predominant one in human 
urine, accounting for 75 – 95% of the total phenytoin 
metabolite present. None of these metabolites has any 
known biological activity. There is some evidence that the 
postulated arene oxide intermediate and also epoxide 
products can interact with tissue proteins, and that the 
reaction products formed in this way are responsible for 
some unwanted effects of the drug. About 1 in 500 of the 
Japanese population is a slow hydroxylator of phenytoin, 
and hereditary poor metabolizers of the drug have more 
rarely been encountered in other populations. Variations 
in the  CYP2C9  gene appear to be responsible for the slow 
metabolism (Figure  8.7 ). Minor degrees of autoinduction 
occur in phenytoin metabolism.   

 As the fi rst step in the enzymatic degradation of phe-
nytoin is rate limited, the dose to serum level ratio is not 
linear. As the dose is increased, plasma levels initially rise 
linearly until the point of enzymatic saturation is reached, 
and then in a much steeper fashion. There is marked 
interindividual variability (Figure  8.8 ). The clearance and 
half - life of phenytoin therefore both vary considerably 
within populations, and also depend on the plasma level. 

     Figure 8.7     Estimated phenytoin dose – concentration 
relationships in groups of patients with differing CYP2C9 and 

CYP2C19 genotypes – showing the importance of CYP 
genotype in determining rates of phenytoin metabolism.  
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is a strong enzyme inducer, prone to induction and 
inhibition, and is highly protein bound. In addition, 
some drugs interfere with phenytoin absorption.    

  The  e ffect of  o ther  a ntiepileptic  d rugs 
on  p henytoin  l evels 
  Carbamazepine and  p henobarbital 
 There is a complex pattern of interactions between phe-
nytoin and these two drugs. Phenytoin levels can be 
raised or lowered by carbamazepine or phenobarbital 
co - medication, as both induce and compete for hepatic 
enzyme metabolism. The overall effect on phenytoin 
levels is highly variable.  

  Valproate 
 Valproate displaces phenytoin from its protein - binding 
sites and also inhibits its metabolism. There is a transient 
rise in free levels, but within weeks, owing to redistribu-
tion, the free levels return to their previous values, 
although total levels may be somewhat lower (and dosage 
should not be increased). Near saturation levels, however, 
the combination of protein - binding displacement and 
metabolic inhibition can result in marked rises in 
phenytoin levels and toxicity. Care therefore needs to be 
taken, particularly when high phenytoin doses are used 
or when pre - interaction serum levels are near the top of 
the therapeutic range.  

  Vigabatrin 
 Vigabatrin leads to an approximately 25% fall in phe-
nytoin levels in most patients when introduced as 
co - medication. The mechanism of this interaction is not 
known.  

     Figure 8.8     Relationship between serum 
phenytoin concentration and daily dose 
in fi ve patients. Each point represents 
the mean ( ± SD) of three to eight 
measurements of serum phenytoin 
concentration at steady state. The curves 
were fi tted by computer using the 
Michaelis – Menten equation.  

  Other  a ntiepileptics 
 Felbamate, oxcarbazepine and stiripentol act as competi-
tive inhibitors of CYP2C9 and CYP2C19 and thus often 
elevate phenytoin levels. Sultiame co - medication mark-
edly increases plasma phenytoin levels.   

  The  e ffect of  n on -  a ntiepileptic  d rugs on 
 p henytoin  l evels 
 Phenytoin levels are affected by a wide range of other 
drugs (Table  8.20 ). These are all more marked when phe-
nytoin is close to the top of its therapeutic level. 
Amiodarone increases serum phenytoin concentrations 
by as much as 100 – 200% and its signs of toxicity are 
similar to those of phenytoin. Antacids and protein 
hydrolysates and theophylline can reduce the bioavail-
ability of phenytoin, although the effect is variable, 
refl ecting the complex effects on phenytoin dissolution, 
chelation and gastrointestinal motility. Dosing should be 
separated by at least 2   h. Some nutritional formulas can 
reduce phenytoin absorption by up to 75%; Isocal and 
Osmolite are the main culprits, while Ensure apparently 
does not have a marked effect. Other drugs that, in co -
 medication, can reduce phenytoin concentrations 
include: aciclovir, aspirin, cisplatin, dexamethazone, 
doxycycline, diazoxide, methotrexate, nitrofurantoin and 
vinblastine.   

 Drugs that inhibit CYP2C9 and CYP2C19 will elevate 
phenytoin concentrations, by impairing oxidation to  p  -
 hydroxyphenytoin. Such drugs include: sulfaphenazole, 
phenylbutazole, fl uconazole, azapropazone, co - trimoxa-
zole, dextropropoxyphene, disulfi ram, fl uvoxamine, 
fl uoxetine, ketoconazole, losartan, metronidazole, micon-
azole, paroxetine, proguanyl, propranolol, sertraline, 
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trimethoprim, omeprazole, cimetidine, imipramine and 
diazepam. Cimetidine is a potent inhibitor of phenytoin 
metabolism and can rapidly cause phenytoin toxicity if 
phenytoin metabolism is close to saturation. Isoniazid 
markedly inhibits phenytoin metabolism, and symptoms 
of phenytoin intoxication are common within days of the 
introduction of isoniazid as co - medication. The effects are 
greatest in those individuals who are slow acetylators of 
isoniazid, and who therefore have higher isoniazid levels. 
Azapropazone, diazoxide, phenylbutazone, salicylate, sul-
fafurazone, sulfamethoxypyrine and tolbutamide displace 
phenytoin from its protein - binding sites (in the same way 
as valproate) and will affect phenytoin dosage only when 
levels are close to saturation.  

  The  e ffect of  p henytoin on  l evels of  o ther  d rugs 
 Phenytoin is a potent enzyme - inducing agent. Co -
 medication with phenytoin results in falling con-
centrations of carbamazepine, clobazam, clonazepam, 
ethosuximide, felbamate, lamotrigine, midazolam, prim-
idone, tiagabine, topiramate, valproate and zonisamide. 
The effect of phenytoin on phenobarbital concentrations 
is variable, and levels may rise or fall. 

 The most clinically common interactions with non -
 antiepileptic drugs include the inhibition of warfarin 
metabolism, and clotting times need to be monitored 
frequently if phenytoin dosage changes are made. 
Corticosteroid metabolism (including dexamethazone) 
is induced, and doses may need to be twice normal to 

  Table 8.19    Pharmacokinetic interactions between phenytoin ( PHT ) and other antiepileptic drugs. 

        Effect of phenytoin on the drug     Effect of the drug on phenytoin  

  Carbamazepine (CBZ)     ↑ CBZ epoxide and    Variable  ↓  ↑   

   ↓  CBZ concentration  
  Ethosuximide (ESM)     ↓  ESM concentration    No effect  
  Felbamate (FLM)     ↓  FLM concentrations     ↑  PHT concentrations  
  Lamotrigine (LTG)     ↓  LTG concentration    No effect  
  Oxcarbazepine (OXC)     ↓  OXC concentrations     ↑  PHT concentrations  
  Phenobarbital (PB)    Variable  ↓  ↑  in PB concentration    Variable  ↓  ↑  in PHT concentration  
  Primidone (PRM)     ↓  PRM concentration    Variable  ↓  ↑  PHT concentrations  
  Tiagabine (TGB)     ↓  TGB concentrations    No effect  
  Topiramate (TPM)     ↓  TPM concentration    No effect  
  Valproate (VPA)     ↓  VPA concentration     ↑  PHT concentration at high levels  
  Vigabatrin (VGB)    No effect     ↓  PHT concentrations  
  Zonisamide (ZNS)     ↓  ZNS concentration    No effect  

   Gabapentin, levetiracetam and pregabalin have no interactions with phenytoin.   

obtain the desired therapeutic effects. The levels, and 
thus effectiveness, of busulfan and possibly other anti -
 mitotic agents can also be signifi cantly affected by phe-
nytoin co - medication. Theophylline levels can be lowered 
by as much as 35 – 75% by phenytoin co - medication. 
Furosemide clearance can be increased by as much as 
50% and ciclosporin clearance is increased by 75%. 
Serum folate levels are reduced in about 50% of patients 
receiving phenytoin. Praziquantel levels are reduced by a 
mean of 75% by phenytoin co - medication; this compares 
with a 10% reduction by carbamazepine, which may 
therefore be the drug of fi rst choice in treating active 
cysticercosis. Enhanced metabolism of the combined oral 
contraceptives renders low - oestrogen contraceptives 
potentially inactive. Other drugs affected include: atorv-
astatin, chloramphenicol, dicoumarol, digoxin, disopyra-
mide, doxycycline, haloperidol, methadone, mexiletine, 
isoniazid, nortriptyline, pethidine, phenazone, quini-
dine, simvastatin and the tricyclic antidepressants.   

  Adverse  e ffects 
 Phenytoin is one of the oldest drugs in the pharmaco-
poeia (although outfl anked in this regard by phenobar-
bital, which is even longer in the tooth) and the most 
studied. There is therefore a large body of information 
about adverse effects. It is salutary to contemplate how 
long some, even common, side effects took to be recog-
nized. Many patients taking phenytoin, however, have no 
or only minimal side effects even after decades of therapy 
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 –  an important point to emphasize when discussing the 
pros and cons of therapy. 

  Phenytoin  i ntoxication and  e ncephalopathy 
 Acute dose - related effects of phenytoin are usually seen 
at serum levels  > 80    μ mol/L, although there is individual 
variation, and some patients have no side effects at 
much higher levels. These effects, known as  ‘ phenytoin 
intoxication ’ , include ataxia, dysarthria, motor slowing, 
lethargy and sedative mental changes. A reversible 
encephalopathy can occur at high doses (levels usually 

  Table 8.20    Metabolic interactions involving phenytoin. The level of evidence for these interactions varies across substances, 
and not all potential interactions occur consistently in all subjects. 

   Interacting substances causing raised phenytoin concentrations   
  Allopurinol, amiodarone  a  , amphotericin, azapropazone  a  , brivaracetam, bupropion, carbamazepine  b  , chloramphenicol, 
chlordiazepoxide, chlorpromazine, cimetidine  b  , clinafl oxacin, clobazam, clofi brate, co - trimoxazole  a  , dexamethasone, 
dextropropoxyphene  a  , diazepam  b  , dicoumarol, diltiazem, disulfi ram, erythromycin, ethanol (acute intake), ethosuximide, 
famotidine, felbamate  b  , fl uconazole  a  , fl ucytosine, 5 - fl uorouracil, fl uvoxamine  a,b  , fl uoxetine  b  , halothane, 
10 - hydroxyoxcarbazepine, imipramine  b  , isoniazid  a  , itraconazole, ketoconazole  b  , losartan  a  , methsuximide, methoin  b  , 
methylphenidate, methylphenobarbital  b  , metronidazole  a  , miconidazole  a  , nafi midone, nifedipine, nor - diazepam  b  , omeprazole  b  , 
paroxetine  a  , phenylacetylurea, pheneturide, phenylbutazone  a  , phenyramidol, pindolol, prochlorperazine, progabide, proguanyl  b  , 
propoxyphene, propranolol  b  , ranitidine, remacemide, sertraline  a  , stiripentol  a  , sulphaphenazole  a  , sulthiame, tacrolimus, 
thioridazine, ticlopidine  a,b  , tolbutamide  a  , topiramate  b  , torsemide  a  , trazodone, trimethoprim  a  , troxidone, valproic acid, 
verapamil, viloxazine, voriconazole, [ S ] - warfarin  a    

   Interacting substances causing lowered phenytoin concentrations   
  Aciclovir, aspirin, bleomycin, carbamazepine  d  , carmustine, ciprofl oxacin, cisplatin, dexamethasone, diazepam, diazoxide, 
dichloralphenazone, doxycycline, evening primrose oil, ethanol (chronic intake), folate, methotrexate, nelfi navir, 
nitrofurantoin, oxacillin, phenobarbital, pyridoxine, reserpine, rifampicin  c,d  , salicylates, theophylline, tolbutamide, vigabatrin, 
vinblastine  

   Phenytoin causing raised concentrations of other substances   
  Chloramphenicol, phenobarbital, tirilazad, warfarin  

   Phenytoin causing lowered concentrations of other substances   
  Albendazole, antipyrine, atorvastatin, bromphenac, campothecin, carisbamate, carbamazepine, chloramphenicol, 
cisactracurium, clobazam, clonazepam, clozapine, ciclosporin, cyclophosphamide, dexamethasone, dicoumarol, digoxin, 
disopyramide, doxycycline, efavirenz, ethosuximide, felbamate, felodipine, fl unarazine, haloperidol, 10 - hydroxycarbazepine, 
irinotecan, itraconazole, lamotrigine, lidocaine, losartan, methadone, methotrexate, metyrapone, mexiletine, midazolam, 
mirtazepine, misonidazole, nimodipine, nisoldipine, nortriptyline, oral contraceptives, oxazepam, paracetamol, pethidine, 
phenobarbital, prednisolone, primidone, praziquantel, quetiapine, quinidine, retigabine, all -  trans  -  and  ±  -  cis  - retinoic acid, 
simvastatin, sirolimus, tacrolimus, taxanes, teniposide, theophylline, thiotepa, tirilazad, topiramate, topotecan, tricyclic 
antidepressants, valproic acid, vecuronium, vinca alkaloids, voriconazole, warfarin, zonisamide  

    a known substrate and/or inhibitor of CYP2C9;  
   b known inhibitor and/or substrate of CYP2C19;  
   c known inducer of CYP2C9;  
   d known inducer of CYP2C19.   

 > 160    μ mol/L) with mental changes, confusion progress-
ing to stupor or even coma (at levels  > 200    μ mol/L), and 
a paradoxical exacerbation of seizures.  

  Chronic  n eurological  s ide  e ffects 
 The most common neurological side effects are the acute 
dose - related side effects listed above, and these reverse 
when the blood levels of phenytoin are lowered. 
Phenytoin also has more chronic side effects that 
occur at normal levels, usually after years of chronic 
therapy; common side effects include lethargy, nausea 
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dermatitis, toxic epidermal necrolysis or Stevens – Johnson 
syndrome. The incidence of phenytoin - related rashes is 
higher in postoperative patients or those receiving radio-
therapy. Serious agranulocytosis, thrombocytopenia and 
red cell aplasia have been recorded but are fortunately 
rare. Patients who experience rash on phenytoin have a 
much higher incidence of rash also on carbamazepine or 
lamotrigine.   

 Phenytoin can suppress both humoral and cellular 
mechanisms. However, there is no clear evidence that 
patients taking phenytoin are more prone to infection, 
and the immunological effects are largely subclinical. 
Very rarely, pulmonary fi brosis has occurred in patients 
taking phenytoin and may be due to an immune complex 
disorder. Lymph - node enlargement is not uncommon 
on phenytoin therapy, and this has led to a controversy 
about the relationship of phenytoin therapy and malig-
nant lymphoma. Most cases take the form of  ‘ pseudo-
lymphomas ’ , which resolve when phenytoin therapy is 
withdrawn, but a small number of persisting lymphomas 
have also been recorded in patients on phenytoin therapy. 
In addition an illness similar to systemic lupus erythema-
tosus has been reported but the immunological markers 
of drug - induced cases differ from those of the idiopathic 
form. Phenytoin exacerbates myasthenia gravis, and has 
been recorded to precipitate the condition. Acute hepa-
titis and hepatic necrosis have been rarely caused by 
phenytoin, usually in the context of an acute hypersensi-
tivity reaction. A  ‘ serum sickness ’  - like syndrome of rash, 
fever, arthralgia and atypical lymphocytes has also been 
recorded, as have cases of autoimmune nephritis and 
thyroiditis.  

  Connective  t issue  e ffects 
 Gum hypertrophy occurs in up to 10 – 40% of adult 
patients on phenytoin and there is possibly a higher 
incidence in children. In the past, before the widespread 
availability of plasma level monitoring, gum hypertrophy 
was often severe, but the effects nowadays are usually 
mild. The reduction in frequency is due to the introduc-
tion of serum level monitoring, and thus the avoidance 
of high phenytoin levels, and also an emphasis on better 
dental hygiene. Gum hypertrophy usually develops 
within 3 months of starting phenytoin therapy and will 
regress within 6 months of discontinuing the drug, and 
can be reduced by good dental hygiene and periodic gin-
givectomy. The cause of the gingivitis is uncertain, but it 
has been suggested that, as phenytoin is metabolized in 
gum tissue to  p  - hydroxyphenytoin, the resulting arene -
 oxide metabolic intermediate forms adducts with various 

and dizziness. A phenytoin - induced permanent cerebel-
lar syndrome has been postulated, although its existence 
has been disputed, and it is most likely to be produced 
by phenytoin overdose. A similar partial loss of colour 
vision has been reported. Occasionally asterixis, head-
ache, dystonia, orofacial dyskinesia and ophthalmoplegia 
have occurred. Phenytoin can also induce a peripheral 
neuropathy, and two patterns are described: a reversible 
demyelinating neuropathy associated with phenytoin 
intoxication, and a mild usually asymptomatic senso-
rimotor neuropathy on chronic therapy. Phenytoin has 
been reported clinically to cause chronic motor slowing 
or mental dulling, although rigorous studies have failed 
to detect any clear - cut effects.  

  Hypersensitivity and  i mmunologically  r elated 
 s ide  e ffects 
 Phenytoin hypersensitivity is idiosyncratic and immuno-
logically mediated (Table  8.21 ). Skin rash occurs in about 
5% of patients started on phenytoin, and is most common 
in the fi rst 4 weeks of treatment. The rash is usually 
minor and recedes when the drug is discontinued. It 
is occasionally associated with fever, leucopenia and 
lymphadenopathy, and very occasionally evolves into 
the anticonvulsant hypersensitivity reaction, exfoliative 

  Table 8.21    Signs and symptoms in 38 cases of phenytoin 
hypersensitivity reaction. 

   Sign or symptom     Percentage of patients  

   Rash       
  Morbilliform or licheniform    66  
  Erythema multiforme    18  
  Stevens – Johnson syndrome    13  
     Total    74  
  Fever    13  
  Abnormal liver function tests    29  
  Lymphoid hyperplasia    24  
  Eosinophilia    21  

   Blood dyscrasias       
  Leucopenia    16  
  Thrombocytopenia    5  
  Anaemia    16  
  Increased atypical lymphocytes    3  
     Total    31  
  Serum sickness    5  
  Albuminuria    5  
  Renal failure    3  



226  CHAPTER 8 

tissue proteins in the gums, leading to gum overgrowth. 
An alternative hypothesis is that gum hypertrophy is due 
to increased serum concentrations of basic fi broblast 
growth factor, which is elevated by phenytoin. Facial 
changes including coarsening, enlargement of the lips 
and nose, hirsuitism and acne, and pigmentation can 
result from chronic phenytoin therapy. The overgrowth 
of body hair can be marked and of cosmetic importance, 
especially in dark - haired females. These effects too have 
become much less prominent since the introduction of 
drug level monitoring.  

  Haematological  e ffects 
 Mild leucopenia is very common in patients taking phe-
nytoin, and does not require attention unless the neutro-
phil count falls to  < 1200/mm 3 . Macrocytosis occurs in up 
to a third of patients on chronic therapy, a subnormal 
folate level in at least half the patients and low CSF folate 
levels in up to 45%. Despite this, less than 1% develop a 
frank megaloblastic anaemia. The mechanism of the 
folate defi ciency is uncertain, but may refl ect impaired 
absorption. Folate supplementation is not usually 
required unless the patient develops a megaloblastic 
anaemia, or in pregnancy. In up to 10% of patients, low 
serum vitamin B 12  levels are also noted. Evidence that the 
folate defi ciency results in depression or mental side 
effects is weak. 

 Neonatal blood coagulation defects due to a relative 
defi ciency of vitamin K - catalysed clotting factors can 
occur in neonates exposed to phenytoin during preg-
nancy, carrying the risk of neonatal haemorrhage. This is 
prevented by prophylactic vitamin K administration 
immediately after birth.  

  Endocrine and  b iochemical  e ffects 
 Phenytoin affects a range of endocrine values, but these 
changes are, in most cases, of no clinical signifi cance. The 
drug impairs the absorption of vitamin D and calcium, 
and increases the hepatic metabolism of vitamin D. 
Biochemical abnormalities include an elevated plasma 
alkaline phosphatase and reduced plasma calcium and 
plasma 2 - hydroxycholecalciferol. This can result in loss 
of bone density, and occasionally in frank osteomalacia, 
especially in institutionalized patients and in Asian immi-
grants to northern climates  –  refl ecting the contribution 
of dietary factors and sunlight exposure. There may also 
be secondary hyperparathyroidism. The osteomalacia 
may lead to repeated fractures, and sometimes presents 
with a painful proximal myopathy. Asymptomatic bio-
chemical changes require no specifi c treatment, but long -

 term therapy with vitamin B can be given. Osteomalacia 
or rickets reverses with appropriate therapy. 

 To what extent  phenytoin causes osteoporosis is not 
clear, but, in view of the potential risk, it is recommended 
that all patients aged  > 60 years, and also symptomatic 
patients of any age, on chronic phenytoin therapy should 
have regular dual X - ray absorptiometry (DEXA) bone 
density scans to monitor osteopenia and osteoporosis. 

 Phenytoin can displace thyroxin from its plasma 
globulin binding. This may result in a decrease in total 
thyroxine levels, but triiodothyronine (T 3 ) and thyroid -
 stimulating hormone (TSH) levels are usually normal 
and the patients are clinically euthyroid. The acute 
administration of phenytoin can increase adrenocortico-
trophic hormone (ACTH) and cortisol levels but this 
reverses on chronic administration. Phenytoin can affect 
the result of the dexamethasone suppression test. Free 
testosterone levels are lowered by chronic phenytoin 
therapy, and follicle - stimulating hormone (FSH), lutein-
izing hormone (LH) and prolactin levels are raised. 
Phenytoin treatment in experimental models does not 
affect fertility, but there is a higher incidence of hypo-
sexuality and sperm abnormalities recorded in patients 
taking phenytoin. 

 Other biochemical effects, which are usually asymp-
tomatic, include: raised serum or plasma levels of high -
 density lipoprotein (HDL) - cholesterol, ceruloplasmin, 
copper, prolactin and sex hormone - binding globulin. It 
has also been associated with reduced concentrations of 
fi brinogen, vitamin K, vitamin E, oestrogens, progester-
one, free testosterone, pyridoxal phosphate, tryptophan 
and thiamine. The reduction of sex hormones may 
affect sexual drive and libido. Phenytoin can also very 
rarely induce defi ciency of IgA, IgG, IgE, IgM, and thus 
immunological insuffi ciency. In neonates, the induced 
defi ciency of vitamin k can induce defi ciencies of 
vitamin - K - catalysed clotting factors and the risk of 
bleeding. 

 Phenytoin intake can precipitate attacks of porphyria 
in those who have the disorder, and it can diminish 
insulin secretion from the pancreas, resulting in a ten-
dency to hyperglycaemia.  

  Cardiovascular  e ffects 
 Intravenous phenytoin, especially if the rate of adminis-
tration exceeds 50   mg/min in adults or 1 – 3   mg/min per 
kg in children, or if the dose exceeds the recommended 
levels, causes hypotension, cardiovascular collapse, atrial 
and ventricular conduction depression, and ventricular 
fi brillation.  
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(which catalyses the further metabolism of arene oxides 
and epoxides) is defi cient, and there is evidence that low 
levels of the enzyme epoxide hydrolase in amniocytes and 
fetal fi broblasts are associated with the fetal hydantoin 
syndrome.   

  Antiepileptic  e ffect 
 Phenytoin was introduced for the treatment of partial 
and tonic – clonic seizures on the basis of a small number 
of open uncontrolled investigations. In the fi rst study in 
the late 1930s, phenytoin was added for 2 – 11 months to 
142 patients with active seizures on phenobarbital and 
bromides. Bromides were withdrawn but the phenobar-
bital was continued, and  ‘ complete relief  ’  was obtained 
in 58% of the 118 patients with frequent  ‘ grand - mal ’  
seizures, and there was a  ‘ marked decrease ’  in seizures in 
another 32%. The corresponding fi gures for the 74 
patients with  ‘ petit mal ’  (probably some cases would now 
be classifi ed as having complex partial seizures) were 35% 
and 49%, respectively, and for the 6 with  ‘ psychomotor 
seizures ’  67% and 33%. It is salutary also to note that the 
drug was in wide global use within a year or two of the 
fi rst patient taking the drug in the fi rst clinical trial, a 
speed of market penetration that would be the envy of 
the modern pharmaceutical industry. 

 Similar excellent fi ndings were reproduced in many 
other open studies. In the past decade, blinded controlled 
comparisons of new drugs with phenytoin, phenobarbi-
tal and carbamazepine have been carried out (notably the 
VA study and studies from King ’ s College Hospital in 
London). None of these demonstrated any signifi cant 
differences in antiepileptic effect between phenytoin and 
either phenobarbital or carbamazepine in the control of 
either partial or generalized tonic – clonic seizures. In a 
series of similar studies of partial and generalized tonic –
 clonic seizures, phenytoin has also been compared in a 
controlled fashion with valproate, carbamazepine, cloba-
zam and lamotrigine, without signifi cant differences in 
effi cacy or withdrawal rates due to toxicity. In one study 
only, of newly diagnosed patients, was phenytoin found 
to control tonic – clonic seizures better than carbamaze-
pine (but not valproate). There is, therefore, consensus 
that phenytoin is as effective as any other fi rst - line drug 
in partial and tonic – clonic seizures (especially when sec-
ondarily generalized). Dispute exists about its relative 
tolerability. 

 The effectiveness of phenytoin in partial and second-
arily generalized seizures is clearly dependent on serum 
level. In any individual, better control is consistently 

  Teratogenicity 
 Phenytoin is an FDA category D teratogen (i.e. a drug in 
which studies have shown a fetal risk in humans). Fetal 
abnormalities due to phenytoin were fi rst recorded in 
1970, but much still remains to be discovered about the 
extent of the risk and its mechanisms. The individual role 
of phenytoin has been diffi cult to interpret, partly because 
of the tendency to treat the teratogenicity of antiepileptic 
drugs as a class effect, and also because of the large 
number of women in the earlier studies who were on 
multiple drug therapy. Although these initial reports 
attributed to phenytoin a marked teratogenic potential, 
more recent studies have not shown this. In an analysis 
of fi ve prospective European studies of malformation 
rates after fetal exposure to antiepileptic drugs during 
pregnancy, the malformation rate for phenytoin mono-
therapy was 6%, and the relative risk for phenytoin being 
associated with malformations, compared with the back-
ground risk, was 2.2 (95% CI 0.7 – 6.7). In that study, 
phenytoin in monotherapy seemed safer than other 
established major antiepileptic drugs. It seems therefore 
that, in monotherapy and particularly at low doses, the 
teratogenic risk is not high and may be less than that of 
alternative drugs. 

 A range of different malformations has been reported. 
The most severe include facial clefts, diaphragmatic 
hernias, hip dysplasias and congenital heart abnormali-
ties. That these can be due to phenytoin therapy 
seems well established, and animal experimentation 
has confi rmed this. Phenytoin is less likely to cause 
serious spinal malformations than carbamazepine or 
valproate. 

 A  ‘ fetal hydantoin syndrome ’  has been described (fi rst 
in 1975), comprising characteristic facies with wide -
 spaced eyes, deformities of the fi ngernails, slender and 
shortened terminal phalanges, mild learning disability, 
and poor infantile growth and development. Many of 
these minor abnormalities become unrecognizable 
within the fi rst few years of life. Partial rather than full 
syndromes are more commonly encountered, and the 
extent to which there are really teratogenic effects or 
simply variations in healthy development, unrelated to 
phenytoin exposure, is unclear. The mechanism of tera-
togenicity may relate to the production of reactive meta-
bolic intermediates, notably arene oxide derivatives, 
which form adducts with fetal tissue proteins. Free radical 
intermediates produced by the activity of tissue peroxi-
dases may also play a part. The arene oxide adducts 
would be more likely to be present at higher concentra-
tions if the activity of the enzyme epoxide hydrolase 



228  CHAPTER 8 

long. In most patients on chronic therapy with non - 
toxic blood levels, no serious side effects are experienced, 
and evidence of any general difference in tolerability 
between phenytoin and other old (or new) drugs is 
weak. 

 In the author ’ s practice, phenytoin is a drug of second 
choice in partial and secondarily generalized seizures, 
and also in primary generalized tonic – clonic seizures. 
The diffi cult pharmacokinetics of the drug, rather than 
its side - effect profi le, weigh against its fi rst - line use. As a 
result of the non - linear kinetics of phenytoin, blood 
level monitoring is essential. The therapeutic range of 
plasma phenytoin concentrations is usually considered to 
be 40 – 80    μ mol/L (10 – 20   mg/100   mL). However, many 
patients achieve total control of seizures at lower levels, 
and others require higher levels (100 – 120    μ mol/L). It is 
often claimed that lower levels are required to control 
tonic – clonic seizures than partial seizures. Drug interac-
tions are common, complex and troublesome, and where 
possible phenytoin should be used as monotherapy. 
Once a satisfactory phenytoin dosage regimen has been 
achieved in a particular patient, it will rarely be necessary 
to alter that regimen over many years. 

 Phenytoin is also often recommended after head 
trauma or neurosurgical procedures, although the fre-
quency of rash and immunologically mediated side 
effects seems greater in these acute situations than in 
routine therapy. Phenytoin is, after phenobarbital, a drug 
of choice in neonatal seizures when administered paren-
terally. The drug also has a major role in the treatment 
of status epilepticus. 

 Phenytoin is available in tablets and capsules of 25, 50, 
100 and 200   mg sizes. It is also available as a solution for 
intravenous injection and as a suspension and chewable 
tablet. In most patients it is given on a once, or more 
commonly twice, daily basis. A typical starting dose in an 
adult is 200   mg/day and this can be increased up to 
450   mg as initial maintenance therapy, although the dose 
will depend to some extent on the serum level and some 
patients require higher doses. Serum concentrations 
usually take about a week to reach steady state after a 
change in dose, but occasionally steady state may not be 
reached for up to 4 weeks. In children the usual starting 
dose is 5   mg/kg per day and the drug given twice a day. 
Phenytoin can also be loaded intravenously or orally in 
emergency situations, the oral loading dose being 15   mg/
kg in three doses at 1 - hourly intervals. A serum level in 
the low therapeutic range is usually achieved 12   h after 
such a loading dose.   

obtained at higher serum levels. The concept of a thera-
peutic range was established on the basis of experience 
with phenytoin, and applies more to phenytoin than to 
any other antiepileptic drug. The upper limit of the target 
range is 80    μ mol/L, although there are patients who 
respond better to higher levels without serious side 
effects. Equally, there are large numbers of patients with 
low serum levels that are quite adequate for seizure 
control. At least 70% of patients (78% in one study) with 
newly diagnosed epilepsy (partial or tonic – clonic 
seizures) will be controlled by phenytoin monotherapy A 
recent study showed that functional polymorphisms in 
the  CYP2C9  gene and an intronic polymorphism in the 
 SCNIA  gene were related to the dosage of phenytoin 
(and, in the latter case, carbamazepine) needed in clinical 
practice, although this study has not been replicated and 
the validity of its results are now doubted. 

 There is also general agreement that phenytoin is inef-
fective for treating myoclonic seizures (irrespective of the 
age of onset or epilepsy syndrome), typical absence sei-
zures (petit mal), atonic seizures or atypical absence sei-
zures of the Lennox – Gastaut syndrome. In some of these 
seizure types phenytoin can cause an exacerbation of sei-
zures, although this is unusual. The drug can worsen 
myoclonus in patients with progressive myoclonic epi-
lepsy. The drug has also proved ineffective in treating two 
reasonably common varieties of situation - related human 
epilepsy, namely febrile convulsions of infancy and the 
eclamptic seizures of pregnancy, where there is a con-
trolled study showing phenytoin to be less effective than 
magnesium sulphate in eclampsia. 

 Intravenous phenytoin has been used successfully in 
treating neonatal seizures and status epilepticus.  

  Clinical  u se in  e pilepsy 
 Phenytoin is still one of the most commonly used anti-
epileptics in the world, e.g. in North America until 
recently phenytoin accounted for almost 50% of all new 
prescriptions and 45% of the total antiepileptic drug 
market, eclipsing carbamazepine and valproate. In the 
UK and Scandinavia, phenytoin is used less commonly 
than carbamazepine or valproate, but in other countries 
it remains a drug of fi rst choice. As the effi cacy of the 
major antiepileptic drugs in partial and secondarily 
generalized epilepsy has not been shown to differ, the 
rational choice of a drug will depend on other factors 
such as cost, ease of use and the side - effect profi le. 
Phenytoin is extremely cheap. However, its use requires 
serum level monitoring, and the list of side effects is 
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  Pregabalin           

      
   Proprietary name : Lyrica  a    

   Primary indications   
  Adjunctive therapy in partial - onset seizures. Adults only  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Capsules: 25, 50, 75, 150, 300   mg  

   Usual dosage  –  adults   
  Initial: 50   mg/day; increased by increments of 50   mg/day  
  Maintenance: 150 – 400   mg/day (maximum 600   mg/day)  

   Dosing intervals   
  2 or 3 times/day  

   Is dose commonly affected by co - medication?   
  No  

   Is dose affected by renal/hepatic disease?   
  Dose reductions needed in renal disease  

   Does it affect dose of other drugs?   
  No  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Not useful  

   Common/important adverse events   
  Weight gain, somnolence, dizziness, ataxia, asthenia, tremor, blurred vision, double 
vision, amnesia, depression, insomnia, nervousness, anxiety, cognitive effects and 
confusion  

   Risk of hypersensitivity   
  No  

   Major mechanism of action   
  Action on  α  2  –  δ  subunit of the voltage - gated calcium channel. Also reduces release of 
glutamate and other excitatory neurotransmitters  

   Main advantages   
  Effective and well tolerated  

   Main disadvantages   
  Limited routine clinical experience to date  

   Comment   
  Recently licensed drug for adjunctive therapy in partial - onset epilepsy in adults  

     a Name of proprietary brand available in the UK.   
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other additional mechanisms of action. It has strong 
analgesic and anxiolytic actions, probably due to the 
same binding properties. The  S  - isomer binds 10 times 
more strongly than the  R  - isomer, and only the  S  - isomer 
has antiepileptic action. In spite of its close structural 
similarity to GABA, pregabalin is inactive at GABA A  and 
GABA B  receptors and it is not converted metabolically 
into GABA or a GABA - receptor antagonist, nor does it, 
like gabapentin, alter GABA uptake or degradation. It has 
no effect on GABA in the retina or optic nerve, in contrast 
to vigabatrin. In animal experimentation, pregabalin has 
a similar profi le to gabapentin in all animal models tested, 
but pregabalin was consistently three -  to sixfold more 
potent on a milligram per kilogram dose basis. It is effec-
tive in a wide range of animal models of epilepsy.  

  Absorption and  d istribution 
 Pregabalin is rapidly absorbed with a bioavailability of 
over 90%, and peak levels are reached within 1   h. The 
serum level concentration rises linearly with dose and 
there is little intraindividual variation. Steady state is 
reached within 24 – 48   h after repeated administration. It 
is transported into the brain by the system L active trans-
port system.  

  Metabolism and  e limination 
 Pregabalin is not metabolized to any extent in humans. 
Pregabalin has linear pharmacokinetics in the normal 
dosing ranges. Its plasma half - life is approximately 
6   h, independent of dose and repeated administration. 
Food has no clinically signifi cant effect on absorption, in 
contrast to tiagabine, for example. Plasma pregabalin 
concentration – time profi les are similar after two -  or 
three - times - daily dosing. It does not bind to plasma 
proteins. 

 Approximately 98% of the drug can be recovered 
unchanged in the urine. The amount excreted is indepen-
dent of dose and is not signifi cantly different whether 
given as single or repeated administrations, but it is 
affected by severe renal disease. A 50% reduction in dose 
is recommended in those with a creatinine clearance of 
30 – 60   mL/min and daily doses should be reduced by 50% 
for each additional 50% reduction in clearance. 

 There are no data on the disposition of the drug in 
pregnancy. No differences in pharmacokinetic parame-
ters have been noted in different ethnic groups or by 
gender and, although only limited data are available, the 
pharmacokinetics seem to be unchanged in elderly people 
(matched for renal function).  

 Pregabalin was discovered in 1989 by the medicinal 
chemist Professor Richard Silverman working at 
Northwestern University in the USA. The drug was 
licensed to Pfi zer and its effects in epilepsy, anxiety and 
pain were studied. Pregabalin was approved for use in the 
EU in 2004 for epilepsy, in the USA for epilepsy, diabetic 
neuropathy pain and postherpetic neuralgia in 2005, and 
then in 2007 for fi bromyalgia. Its effects in neuropathic 
pain have been exceptionally profi table and, within 2 
years of its launch in late 2005 in the USA, it had brought 
in US$1.2 billion in sales, and the sales of the drug for 
epilepsy are, similar to that of its sister drug gabapentin, 
dwarfed by those for pain. 

     Physical and  c hemical  p roperties 
 Pregabalin ( S  - ( + ) - 3 - isobutyl -  γ  - aminobutyric acid) is a 
structural analogue of GABA (molecular weight 159.23). 
It is a white stable solid, freely soluble in water and 
organic solvents, with p K  a  values of 4.2 and 10.6. Although 
pregabalin has structural similarities to gabapentin, the 
potency in animal models of epilepsy, pain and anxiety 
is signifi cantly greater.  

  Mode of  a ction 
 Pregabalin binds in a very potent fashion to the  α  2  –  δ  
protein subunit of the voltage - gated calcium channel, 
binding much more strongly, for example, than gabapen-
tin. Its binding reduces calcium infl ux in response to 
depolarization possibly by infl uencing traffi cking of the 
calcium channels to the membrane), and this in turn 
reduces nerve terminal release of neurotransmitters 
including glutamate. This is likely to be responsible for 
the antiepileptic effect, although it is possible that it has 

 Pregabalin: pharmacokinetics  –  average adult values 

  Oral bioavailability     > 90%  
  Time to peak levels    1 h  
  Volume of distribution    0.56   L/kg  
  Biotransformation    None  
  Elimination half - life    5 – 7   h  
  Plasma clearance    0.042 – 0.06   L/kg per h  
  Protein binding    None  
  Active metabolite    None  
  Metabolism by hepatic enzymes    No  
  Inhibition or induction of hepatic 
enzymes  

  No  

  Drug interactions    None  
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Overall, pregabalin seems reasonably well tolerated, and 
83% of pregabalin - treated patients in the clinical trials 
enrolled in the open - label extension phases: 0.3% of all 
patients on pregabalin developed myoclonus vs 1.5% for 
all epilepsy controlled trials. Only 0.37% of patients 
discontinued due to myoclonus. No life - threatening 
adverse events have been recorded. In the four fi xed dose 
clinical trials of pregabalin versus placebo, the most 
common side effects were (range 50 – 600   mg/day): dizzi-
ness (9 – 34%), somnolence (10 – 26%), ataxia (3 – 20%), 
fatigue (6 – 18%), headache (7 – 10%) and weight gain 
(1 – 17%). In longer - term studies, the most frequently 
reported adverse events were dizziness, somnolence, 
ataxia, diffi culties with concentration, tremor, amnesia, 
depression, insomnia, nervousness, anxiety and confu-
sion. Other recorded adverse events headache, asthenia, 
and diplopia. 

 There is not enough information available on the effect 
of pregabalin on pregnancy to make any recommenda-
tions, and although pregabalin is not teratogenic in mice 
or rabbits, teratogenicity has been observed in rats at high 
doses.  

  Antiepileptic  e ffect 
 The defi nitive effi cacy data are largely from three multi-
centre, double - blind, placebo - controlled, parallel - group, 
randomized trials of pregabalin as add - on therapy in 
patients with refractory partial epilepsy (Table  8.22 ).   

 The fi rst trial enrolled 453 patients in the USA and 
Canada, and reported percentage reductions in the fre-
quency of seizures between baseline and treatment 

  Drug  i nteractions 
 Pregabalin has no effect or action on the cytochrome 
P450 system in humans at therapeutic doses, nor is 
it protein bound. There have been no reports of drug 
interactions and, on the basis of its pharmacology, none 
would be expected. There is no interaction with the 
combined contraceptive pill.   

  Adverse  e ffects 
 The major side effects in routine practice are drowsiness, 
sedation and weight gain. 

 Weight gain was reported as an adverse event, reported 
overall by 24% of patients in the clinical trials and long -
 term follow - up studies. In the latter, the mean weight 
gain was approximately 5   kg, with 44% of patients expe-
riencing a 7% or greater weight increase. Similarly, in a 
6 - month study which had as primary outcome the assess-
ment of weight gain in patients treated with less than 
300 – 450   mg/day pregabalin, the median body weight 
gain was 4.0   kg, and 41% of patients who completed the 
study had a body weight increase of more than 5   kg. 

 In the epilepsy clinical trials adverse events resulted in 
discontinuation of pregabalin in between 10 and 14% of 
patients at 300   mg/day and in 19 – 26% of patients at 
600   mg/day, with no difference between two -  and three -
 times - daily regimens. Common adverse events were diz-
ziness, somnolence, ataxia and asthenia, and these appear 
to be dose related. Other side effects include increased 
appetite, blurred vision, diplopia, dry mouth, constipa-
tion, peripheral oedema and weight gain. Most adverse 
events were transient and mild to moderate in intensity. 

  Table 8.22    Mean seizure reductions on placebo and pregabalin in three clinical trials as adjunctive therapy in refractory partial 
epilepsy (expressed as RRatio). 

        Placebo     Pregabalin dose  

   50   mg     150   mg     300   mg     600   mg  

  Simple and complex partial seizures    1.2     − 5.1     − 10.6/ − 28.3  a,c       − 28.3  c       − 29.1/ − 32.5  c    
  Secondarily generalized seizures     − 3.7    18.5    1.5/6.8     − 24.7     − 30.6/ − 35.3  a,b    
  All partial - onset seizures     − 0.8     − 6.2     − 20.5/ − 11.6  b,c       − 27.8  c       − 32.5/ − 34.0  c    

   The table shows the RRatio, which was the primary end - point of the study (RRatio is the mean response rate  –  transformed 
symmetrical change in seizure frequency). The two values in the 150 and 600   mg dose columns refer to different trials.  
   a Signifi cant difference compared with placebo,  P     ≤    0.05;  
   b signifi cant difference compared with placebo,  P     ≤    0.001;  
   c signifi cant difference compared with placebo,  P     ≤    0.0001.   
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 The long - term studies of pregabalin have included 
1480 patients with an overall exposure to pregabalin of 
3150 patient - years. In these, 77% of patients had received 
at least 6 months of pregabalin treatment, 59% at least 1 
year of treatment, 35% at least 2 years and approximately 
20% at least 5 years. In patients who took treatment for 
at least 6 months or 1 year, 9.2% (103/1119) were seizure 
free for the last 6 months, and 8.1% (71/877) for the last 
12 months, respectively. In the long - term follow - up, 
responder rates among patients still treated with pregaba-
lin ranged between 41 and 66%. Although these results 
are likely to be infl uenced to a great extent by the 
self - selected nature of the cohort, they do suggest that 
pregabalin has persisting effectiveness over long time 
periods in a signifi cant number of cases.  

  Clinical  u se in  e pilepsy 
 Pregabalin is licensed in Europe, the USA and 40 addi-
tional countries as adjunctive therapy in partial - onset 
epilepsy in adults, and its place in routine therapy has yet 
to be fully ascertained. The results from the clinical trials 
are encouraging, and the lack of interactions and its 
excellent pharmacokinetic properties make pregabalin an 
easy drug to use. Pregabalin has a reasonable side - effect 
profi le, and the frequency of adverse effects may be 
reduced by slow titration. The main side effects are 
weight gain, which can be marked, drowsiness and 
sedation. No life - threatening or serious idiosyncratic 
effects have been recorded. In addition to its effects in 
epilepsy, pregabalin shows a marked analgesic effect, 
especially against neuropathic pain, and the drug is now 
widely licensed for this indication. The usual starting 
dose in routine clinical practice is 150   mg/day given in 
two or three divided doses, and dose escalation up to 
600   mg/day will depend on individual tolerability and 
response to the drug. The drug should not be used in 
pregnancy because there is insuffi cient information on its 
safety.   

  Primidone           

 Primidone was introduced into clinical practice in 1952. 
Although it has strong advocates, most clinicians feel that 
it functions simply as a prodrug of phenobarbital, with 
little clinical advantage (and signifi cant disadvantages) 
compared with the parent drug. In most countries it is 
not, similar to phenobarbital, a drug of abuse and there-
fore it is not subject to special controls  –  a practical (and 
rather illogical) benefi t enjoyed by the drug. 

periods were 7%, 12%, 34%, 44% and 54% for the 
placebo and pregabalin 50, 150, 300 and 600   mg/day 
without titration, respectively. Seizure reduction for 
all partial seizures was statistically signifi cantly greater in 
the pregabalin 150, 300 and 600   mg/day groups 
compared with the placebo group. Responder rates were 
14%, 15%, 31%, 40% and 51% across all treatment 
groups, respectively, and the rate was signifi cantly greater 
than for placebo in the pregabalin 150, 300 and 600   mg -
 treated groups. Seizure - free rates for the intention - 
to - treat (ITT) population were 8%, 5%, 6%, 11% and 
17%, respectively. 

 The second study enrolled 287 patients in Europe and 
South Africa and studied placebo and pregabalin at two 
doses (150 and 600   mg/day). Seizure reduction for all 
partial seizures was found to be statistically signifi cantly 
greater in both the pregabalin groups. Responder rates 
were 6%, 14% and 40% for placebo and pregabalin 150   mg 
and 600   mg/day respectively. Seizure - free rates were 1%, 
7% and 12%, respectively for the ITT population. 

 The third study enrolled 312 patients at 43 centres in 
the USA and Canada, and compared twice -  and three -
 times - daily dosing at 600   mg with placebo. There was a 
percentage reduction in the frequency of seizures between 
baseline and treatment periods of 1%, 48% and 36% for 
the placebo, pregabalin 600   mg/day three - times - daily and 
pregabalin 600   mg/day twice - daily groups, respectively. 
The percentage reduction in seizure rate for the pregaba-
lin two -  and three - times - daily groups were similar and 
not statistically signifi cantly different. Responder rates 
were 9%, 49% and 43%, respectively; the responder rates 
for the pregabalin two -  and three - times - daily groups 
were similar. Seizure - free rates were 3%, 14% and 3%, 
respectively for the intent - to - treat population. 

 The mean reduction in seizures in all three studies 
combined is shown in Table  8.22 , which uses the RRatio 
(defi ned as the difference between treatment and placebo 
rates divided by the sum of the two rates) to compare 
treatment with placebo rates. This ratio was accepted as 
a primary end - point of the study, and is a transformed 
ratio that allows statistical comparisons to be made. As 
the fi gures in Table  8.22  show, there were highly signifi -
cant reductions in the frequencies of seizures at doses 
between 150 and 600   mg/day for partial seizures and at 
600   mg/day for secondarily generalized seizures. It was 
notable too that signifi cant reductions in seizure 
frequency were recorded from day 2 onward of the titra-
tion phase (with a dosage of 150   mg/day). Between 3 and 
17% of patients were seizure free in the last 28 days of 
treatment (compared with 0.0 – 1.0% on placebo). 
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   Proprietary name : Mysoline  a    

   Primary indications   
  Monotherapy and adjunctive therapy in partial - onset seizures and generalized tonic – clonic 
seizures. Adults and children  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablet: 250   mg  

   Usual dosage  –  adults   
  Initial: 62.5 – 125   mg/day; increased by increments of 125 – 250   mg/day every 2 weeks  
  Maintenance 250 – 1000   mg/day (maximum 1500   mg/day)  

   Usual dosage  –  children   
  Initial 1 – 2   mg/kg per day  
  Maintenance 10 – 20   mg/kg per day  

   Dosing intervals   
  1 – 2 times/day  

   Is dose commonly affected by co - medication?   
  Yes (as for phenobarbital)  

   Is dose affected by renal/hepatic disease?   
  Severe hepatic and renal disease  

   Does it affect the contraceptive pill?   
  Yes  

   Serum level monitoring   
  Very useful (measures of derived phenobarbital)  

   Target range   
  25 – 50    μ mol/L (and derived phenobarbital 50 – 130    μ mol/L)  

   Common/important adverse events   
  As for phenobarbital. Also dizziness and nausea on initiation of therapy  

   Risk of hypersensitivity   
  Slight  

   Major mechanism of action   
  As for phenobarbital  –  GABA A  - receptor agonist. Also depresses glutamate excitability, and affects 
sodium, potassium and calcium conductance  

   Main advantages   
  Not a controlled drug; less risk of abuse than phenobarbital  

   Main disadvantages   
  Adverse event profi le, as for phenobarbital  

   Comment   
  A prodrug of phenobarbital with probably some minor additional effi cacy  

     a Name of proprietary brand available in the UK.   
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during the fi rst 24   h. The elimination half - life of primi-
done is very variable (range 3 – 22.4   h) and of the derived 
phenobarbital 40 – 60   h. In adults co - medicated with 
enzyme - inducing antiepileptic drugs, half - life values are 
generally in the range 3.3 – 11   h; the ability of newborns 
to metabolize primidone to phenobarbital is limited, and 
in neonates the half - life of primidone is 23   h on average, 
with a range of 8 – 30   h. 

 As primidone is metabolized by the cytochrome 
oxidase system, there is a potential for drug interactions, 
not only between primidone and other drugs but also 
between primidone and the derived phenobarbital. 
Phenytoin and carbamazepine markedly increase the 
rate of conversion of primidone to phenobarbital, and 

     Physical and  c hemical  c haracteristics and 
 m ode of  a ction 
 Primidone (5 - ethyldihydro - 5 - phenyl - 4,6 - (1 H ,5 H ) -
 pyrimidine - dione; molecular weight 218.25) is a deoxy-
barbiturate that differs from phenobarbital by the absence 
of a carbonyl group in position 2 of the pyrimidine ring 
(Figure  8.9 ). It is a crystalline powder with very low solu-
bility in water. The main action of primidone is due to 
the derived phenobarbital, and whether either primidone 
itself or a second active metabolite, phenylethylmalon-
amide, adds anything to its antiepileptic properties is 
controversial.     

  Pharmacokinetics 
  Absorption and  d istribution 
 Primidone is well absorbed orally, with a bioavailability 
approaching 100%, although there does seem to be quite 
signifi cant intraindividual variation (and possibly differ-
ences in different formulations). Time to peak plasma 
concentrations of primidone is between 2.7 and 3.2   h in 
adults and 4 and 6   h in children. The drug is 25% bound 
to proteins and concentrations in fl uids, including CSF, 
saliva and breast milk, approach those in plasma. The 
distribution of the drug through tissues is similar to that 
of phenobarbital.  

  Metabolism,  e limination and  d rug  i nteractions 
 About 90% of primidone is excreted unchanged in the 
urine. Of the remaining 10%, most is rapidly metabolized 
into phenobarbital, which is its primary metabolite, and 
phenylethylmalonamide (PEMA). After a fi rst dose of 
primidone, PEMA was detected in blood within a few 
hours, whereas phenobarbital was often not measurable 

 Primidone: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    0.27 – 3.2   h  
  Volume of distribution    0.64 – 0.72   L/kg  
  Biotransformation    Hepatic metabolism to phenobarbital, and then biotransformation 

as for phenobarbital  
  Elimination half - life    3.3 – 22.4   h (varies with co - medication)  
  Plasma clearance    0.035 – 0.052   L/kg per h (varies with co - medication)  
  Protein binding    25%  
  Active metabolite    Phenobarbital  
  Metabolism by hepatic enzymes    CYP2C9, CYP2C19 and then glucuronidation  
  Inhibition or induction of hepatic enzymes    Induces CYP2B6, CYP2C, CYP3A (derived phenobarbital)  
  Drug interactions    Common  

     Figure 8.9     Structural formulae of (a) phenobarbital, 
(b) methylphenobarbital, (c) primidone and (d) metharbital.  
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appear over a week or so, but it is always advisable to start 
primidone at a low dose.  

  Antiepileptic  e ffects 
 There is an unresolved debate as to the extent to which 
primidone itself (or its other metabolite phenylethyl-
malonamide) exerts a signifi cant antiepileptic action over 
and above that of its derived phenobarbital. A number of 
studies appear to demonstrate independent action, but, 
although this evidence is reasonably strong, it is not con-
clusive. Perhaps the best clinical study is the VA coopera-
tive study, in which primidone, phenobarbital, 
carbamazepine and phenytoin were compared. The effi -
cacy of primidone and phenobarbital was similar but 
primidone showed fewer behavioural side effects than 
either phenobarbital or phenytoin. There is also an inter-
esting report of a patient in whom primidone generic 
formulations were substituted on two occasions for the 
proprietary formulation (Mysoline), with loss of seizure 
control on both occasions. The phenobarbital level was 
virtually unaltered but the primidone level was reduced 
by 53%. These and other studies suggest that primidone 
does have independent actions, but these are probably 
relatively slight.  

  Clinical  u se in  e pilepsy 
 Primidone is available as 250   mg tablets, which have 
similar effi cacy to 60   mg phenobarbital. Measurement of 
the derived phenobarbital (and not primidone) levels is 
usually carried out if plasma concentration monitoring 
is required. An average starting dose for an adult would 
be 62.5 – 125   mg at night, with increments every 2 – 4 
weeks to an average maintenance dose of 250 – 1000   mg/
day in one or two divided doses. A low starting dose is 
essential to avoid the risk of intense side effects on drug 
initiation. In routine therapy, the effi cacy of primidone 
can be assumed to be close to that of phenobarbital. 
However, it is doubtful whether there is any advantage in 
prescribing primidone rather than phenobarbital, other 
than in exceptional circumstances.   

  Rufi namide           

 Rufi namide is a newly licensed antiepileptic drug devel-
oped initially by Ciba - Geigy in the 1980s (and known as 
CGP - 33101 and then RUF - 331) and acquired by Eisai in 
2004 (and henceforth known as E2080). It was licensed 
for use in Europe in 2009, under the orphan drug mecha-
nism for adjunctive use only in the Lennox – Gastaut 
syndrome. 

primidone lowers carbamazepine levels. Morning trough 
levels of primidone are reduced by about 50% compared 
with monotherapy levels, and phenobarbital levels were 
raised by a factor of 1.6 in patients co - medicated with 
phenytoin and/or carbamazepine. Thus, with phenytoin 
or carbamazepine co - medication, the average primidone 
dose required to achieve a given phenobarbital concen-
tration is 1.6 times lower than with primidone mono-
therapy. In addition, the morning trough serum 
concentration ratio of phenobarbital to primidone is 
more than three times higher in co - medicated patients, 
and toxicity may be caused if phenytoin or carbamaze-
pine is added to pre - existing primidone therapy. 

 There is a complex interaction with valproate, which 
usually elevates the ratio of phenobarbital to primidone. 
The ratio primidone:phenobarbital in the plasma 
also seems variable, depending on co - medication, 
age, duration of therapy, and factors such as pregnancy 
and disease. Valproate can have variable and unpredict-
able effects on the rate of conversion of primidone to 
phenobarbital. In contrast to other antiepileptic drugs, 
clonazepam seems to increase primidone levels and this 
drug combination often causes marked drowsiness.  

  Serum  l evel  m onitoring 
 There is a poor correlation between the oral dose of 
primidone and the plasma levels of primidone itself and 
its metabolite phenobarbital. Although a therapeutic 
range of about 3 – 12   mg/L has been suggested for primi-
done, monitoring primidone levels has very limited 
clinical value, and monitoring the levels of metabolically 
derived phenobarbital is of far more use in guiding 
therapy.  

  Overdose 
 Primidone overdose causes CNS depression and hypoto-
nia in overdose. These seem to correlate better with 
plasma and CSF primidone levels than with phenobarbi-
tal or PEMA levels. The management of primidone over-
dose follows the same procedures as for phenobarbital 
overdose.   

  Adverse  e ffects 
 The side effects are largely those of phenobarbital (see 
   pp. 214 – 215 ). The drug is, however, often considered to 
be less well tolerated, and this is because of intense diz-
ziness, nausea and sedation which occur commonly at 
the onset of therapy (sometimes after only one tablet). 
These reactions are probably due to the initially high 
concentration of the parent drug. These side effects dis-
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   Proprietary name : Inovelon  a    

   Primary indications   
  Adjunctive therapy in the Lennox – Gastaut syndrome,  ≥ 4 years of age  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablets: 100   mg, 200   mg, 400   mg  

   Usual dosage  –  adults   
  Initial: 400   mg at night; increased by increments of 400   mg/day every 2 weeks  
  Usual maintenance dose: 
 30 – 50   kg  –  1200 – 1800   mg/day 
 51 – 70   kg  –  1200 – 2400   mg/day 
 71   kg or more  –  2400 – 3200   mg/day  

   Usual dosage  –  children   
  Initial:  < 30 kg: 200   mg; increased by 200   mg/day increments weekly  
  Maximum: 
  < 30   kg not receiving valproate: 1000   mg/day 
  < 30   kg receiving valproate medication, 600   mg/day  

   Dosing intervals   
  Twice a day  

   Is dose commonly affected by co - medication?   
  Yes  

   Is dose affected by renal/hepatic disease?   
  No effects in renal disease. Insuffi cient data in hepatic disease  

   Does it affect dose of other drugs?   
  Slight effect  

   Does it affect the contraceptive pill?   
  Yes  

   Serum level monitoring   
  Utility not established  

   Common/important adverse events   
  Headache, dizziness, somnolence, fatigue, nausea, diplopia, blurred vision, ataxia  

   Risk of hypersensitivity   
  None to date  

   Mechanism of action   
  Inhibition of sodium channel conductance  

   Main advantages   
  Effi cacy in the Lennox – Gastaut syndrome  

   Main disadvantages   
  Limited clinical experience  

   Comment   
  New antiepileptic drug, licensed in 2009  

    a Name of proprietary brand available in the UK.   
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  Biotransformation and  e limination 
 Rufi namide is extensively metabolized, with only 4% 
recovered unchanged. The main metabolite is a carboxylic 
acid derivative, and the main metabolic pathway is hydro-
lysis by carboxylesterases, which are non - CYP hepatic 
enzymes. Carboxylesterase activity is induced by the same 
drugs that induce CYP enzymes and this explains the 
increase in rufi namide clearance by such drugs as phe-
nytoin and carbamazepine. The elimination half - life is 
8 – 12   h, but falls by 30% in patients on concomitant 
enzyme - inducing antiepileptic drug therapy. Body size 
affects clearance values. Rufi namide clearance is about 
30% higher in young children than in adults. There are 
no major differences in elderly people or those with renal 
impairment. The effect of hepatic disease is not known.  

  Drug  i nteractions 
 Enzyme - inducing drugs such as carbamazepine, phe-
nytoin and phenobarbital reduce rufi namide serum 
levels, in one study by an average of 19 – 26%. Valproate 
increases serum concentration by 12 – 70% with the 
highest increases recorded in children, requiring dosing 
adjustments. Serum rufi namide levels are not affected by 
lamotrigine or topiramate. 

 Rufi namide does not affect activity of CYP isoenzymes, 
and has only a slight effect on the levels of co - medicated 
antiepileptic drugs. In one study, there was a mean increase 
of 8 – 13% in the levels of phenobarbital and of 7 – 21% in 
the levels of phenytoin, a decrease in levels of 7 – 13% of 
lamotrigine and carbamazepine, and no effect on the 
levels of topiramate or valproate. Rufi namide increases 
the metabolism of the contraceptive steroids, and proba-
bly reduces the effectiveness of the contraceptive pill.   

     Physical and  c hemical  c haracteristics 
 Rufi namide, 1 - (2,6 - difl uorophenyl)methyl - 1 H  - 1,2,3 -
 triazole - 4 - carboxamide, is a slightly soluble compound 
with a molecular weight of 238.20.  

  Mode of  a ction 
 Rufi namide ’ s main antiepileptic action is the modulation 
of sodium channel function, largely by increasing the 
duration of the inactive state of the channel. It has no 
known effect on the glutamate or GABA receptor.   

  Pharmacokinetics 
  Absorption 
 Rufi namide is only slowly absorbed, and absorption is 
limited by its slow dissolution. As a result of this, the bio-
availability of the drug is dose dependent, and the fraction 
absorbed decreases with increasing doses. This results in 
a non - linear relationship between steady - state plasma 
concentration and dosage. One study found that the 
steady - state plasma rufi namide concentration:dose ratio 
at a dose of 3600   mg twice daily was approximately half 
that recorded at a dose of 400   mg twice daily. Bioavailability 
is also reduced by about 30 – 40% higher after a high - fat 
meal compared with a fasting state. It is recommended 
that rufi namide always be taken during meals.  

  Distribution 
 The plasma protein binding of rufi namide is 26 – 34%. 
The volume of distribution is about 0.8   L/kg at a dose 
of 3200   mg/day, and rufi namide is concentrated in 
erythrocytes and plasma. In experimental animals, the 
concentrations in breast milk were similar to those of 
plasma.  

 Rufi namide: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 85% with food, but affected by dosage; lower without food  
  Time to peak levels    4 – 6   h  
  Volume of distribution    0.8   L/kg  
  Biotransformation    Hydrolysis  
  Elimination half - life    8 – 12   h (in monotherapy); varies with co - medication, dose and age  
  Plasma clearance    0.09   L/kg per h (in monotherapy; varies with co - medication, dose and age)  
  Protein binding    30%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    Metabolized by the carboxylesterase enzymes, not via CYP enzymes  
  Inhibition or induction of hepatic enzymes    Induces CYP3A4  
  Drug interactions    Common  
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  Side  e ffects 
 In the clinical trials in adults, headache, dizziness, fatigue, 
nausea and somnolence were the most commonly 
reported adverse events. These were mild and the rate 
of discontinuation due to side effects was 10% on 
rufi namide and 6% on placebo. The adverse events are 
dose related. In trials in the Lennox – Gastaut syndrome 
(largely in children), the most common side effects, 
compared with placebo, were headache (22.9% vs 8.9%), 
dizziness (15.5% vs 9.4%), fatigue (13.6% vs 9%), 
somnolence (11.8% vs 9.1%) and nausea (11.4% vs 
7.6%). The drug was discontinued in 8.1% compared 
with 4.3% on placebo. No idiosyncratic reactions were 
recorded. Cognitive testing has been studied and did not 
reveal any differences before and after rufi namide 
therapy.  

  Antiepileptic  e ffect 
 Rufi namide has a rather complex history of antiepileptic 
drug trials. A total of nine double - blind effi cacy studies 
have been conducted and one large - scale study of 
adjunctive therapy in partial epilepsy is under way. 
Monotherapy studies were undertaken in partial epilepsy 
and were found to be largely negative. Two of three 
adjunctive studies in partial epilepsy in adults showed 
signifi cant effects, but not the third, and a multicentre 
study of partial epilepsy in children was also negative. 
A study in primarily generalized tonic – clonic seizures 
was also negative. It has been suggested that the 
somewhat mixed results were due to failure to account 
for the effects of food on rufi namide absorption or 
the effects of co - medication, and further studies are 
ongoing. 

 In a multicentre, double - blind, parallel - group study of 
adjunctive therapy in the Lennox – Gastaut syndrome, 74 
patients on rufi namide were compared with 64 on 
placebo. There was a statistical difference in all three of 
the primary effi cacy variables on rufi namide: a 32.7% 
median reduction in total seizure frequency compared 
with 11.7% on placebo ( P     =    0.015); a 42.5% median 
reduction in tonic – atonic seizure frequency compared 
with a 1.4% median increase on placebo ( P     =    0.0001); 
and a reduction in seizure severity in 53.4% of patients 
compared with 30.6% on placebo ( P     =    0.0041). Some 124 
patients entered an open extension phase for up to 36 
months and the median reduction in total seizures after 
12 was over 43%, and over 58% in tonic – atonic seizures. 
Post - marketing experience of rufi namide is, at the time 
of writing, extremely limited.  

  Clinical  u se of  r ufi namide 
 Rufi namide has shown effi cacy in the trial in the Lennox –
 Gastaut syndrome, and was approved for this indication 
in Europe under the orphan drug designation. Its studies 
in partial and primarily generalized epilepsy have been to 
date negative and it is not approved for these indications 
at present. The recommended dosing schedules for rufi n-
amide are complex. The drug should be given in two 
divided daily doses, and taken during meals. 

 In children weighing  < 30   kg and not receiving valpro-
ate, treatment should be initiated at a daily dose of 
200   mg, increased by 200   mg/day increments weekly to a 
maximum dose of 1000   mg/day. In children weighing 
 < 30   kg also receiving valproate medication, a lower 
maximum dose of 600   mg/day is recommended. 

 In adults and children aged  ≥ 4 years and weighing 
 ≥ 30   kg, treatment should be initiated at a daily dose of 
400   mg and increased by 400   mg/day increments, to a 
maximum recommended dose as follows: 30 – 50   kg  –  
1800   mg/day; 51 – 70   kg  –  2400   mg/day;  ≥ 71   kg  –  3200   mg/
day. 

 Doses of up to 4000   mg/day (in patients in the 30 –
 50   kg range) or 4800   mg/day (in patients  > 50   kg) have 
been studied in a limited number of patients. There is 
limited information on the use of rufi namide in elderly 
people, but the pharmacokinetic parameters suggest that 
dosage adjustment is not required. No dose adjustment 
is needed in those with renal impairment, but the use in 
patients with hepatic impairment has not been studied 
and caution should be applied. 

 It is too early to predict the place in therapy of rufi n-
amide, but its effect, particularly on the multiple seizure 
types of the Lennox – Gastaut syndrome, is promising.   

  Tiagabine           

 Tiagabine was introduced into clinical practice in 1998, 
fi rst in the UK. It is the last of the  ‘ GABA - wave ’  drugs to 
be introduced. It has been the subject of a well - conducted 
programme of clinical trials, but post - licensing experi-
ence is rather disappointing and the drug is now rela-
tively little used. 

     Chemical and  p hysical  c haracteristics 
 Tiagabine (molecular weight 412.0) is a derivative of 
the GABA - uptake inhibitor nipecotic acid (( − ) - ( R ) – 1
 - [4,4 - bis(3 - methyl – 2 - thienyl) - 3 - butenyl] - 3 - nipecotic 
acid hydrochloride), rendering the parent compound 
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   Proprietary name : Gabitril  a    

   Primary indications   
  Adjunctive therapy in partial and secondarily generalized seizures in patients 
aged  ≥ 12 years  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablets: 2, 4, 12, 16   mg (USA); 5, 10, 15   mg (Europe)  

   Usual dosage  –  adults   
  Initial: 15   mg/day; increased by increments of 4 – 5   mg/day every 2 weeks.  
  Maintenance: 30 – 45   mg/day  

   Dosing intervals   
  2 – 3 times/day  

   Is dose commonly affected by co - medication?   
  Yes  

   Is dose affected by renal/hepatic disease?   
  Hepatic disease (of any severity)  

   Does it affect dose of other drugs?   
  No  

   Does it affect the contraceptive pill   
  No  

   Serum level monitoring   
  Utility not established  

   Common/important adverse events   
  Dizziness, tiredness, nervousness, tremor, diarrhoea, nausea, headache, confusion, 
psychosis, fl u - like symptoms, ataxia, depression, word - fi nding diffi culties, 
encephalopathy, non - convulsive status epilepticus  

   Risk of hypersensitivity   
  No  

   Major mechanism of action   
  Inhibition of postsynaptic GABA reuptake  

   Main advantages   
  Effectiveness.  

   Main disadvantages   
  Poorly tolerated; three - times - a - day administration  

   Comment   
  Drug of second choice in partial - onset epilepsy in adults, not widely used  

     a Name of proprietary brand available in the UK.   
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lipid soluble by the attachment of a lipophilic side chain. 
Tiagabine is thus able freely to cross the blood – brain 
barrier, unlike the parent compound. It is also freely 
water soluble.  

  Mode of  a ction 
 Tiagabine greatly increases cerebral GABA concentra-
tions, via inhibition of GABA transporter - 1 (GAT - 1), 
which is one of at least four specifi c GABA - transporting 
compounds that carry GABA from the synaptic space 
into neurons and glial cells. Measurements in human and 
experimental models have confi rmed that extracellular 
GABA concentrations are indeed raised after administra-
tion of tiagabine. The action of tiagabine on GAT - 1 
is reversible (unlike the action of vigabatrin on GABA - T), 
and its affi nity is greater for glial than for neuronal 
uptake. Although its primary effect is similar to that 
of vigabatrin, the range of pharmacological changes 
differs, and tiagabine does not result in the widespread 
increase in brain GABA levels that accompanies vigaba-
trin therapy, nor does it increase retinal GABA levels. 
Its effect seems remarkably specifi c, and studies have 
shown little or no effect at other receptor systems, includ-
ing the glutamate, benzodiazepine, 5HT (serotonin), 
dopamine 1 and 2, adenosine, serotonin, glycine, adren-
ergic and muscarinic receptors. Tiagabine also appears 
not to affect the sodium or calcium channels. It has 
antiepileptic effects in a wide range of animal models, 
and an experimental profi le that differs from that of 
vigabatrin.   

 Tiagabine: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    1 – 2   h  
  Volume of distribution    1.0   L/kg  
  Biotransformation    Hepatic oxidation then 

conjugation  
  Elimination half - life    5 – 9   h (in monotherapy)  
  Plasma clearance    0.109   L/kg per h (varies 

with co - medication)  
  Protein binding    96%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    CYP3A4 and then 

glucuronidation  
  Inhibition or induction of 

hepatic enzymes  
  No  

  Drug interactions    Common  

  Pharmacokinetics 
  Absorption and  d istribution 
 The oral bioavailability of the drug approaches 100% and 
absorption is almost complete at all ages. Drug concen-
trations are linear over the range of usual clinical dosages, 
and peak concentrations occur about 30 – 90   min after 
intake. A second peak of the plasma concentration of 
tiagabine is seen 12   h after ingestion, and is presumably 
due to enterohepatic recycling. Food slows down absorp-
tion by two or three times; however, the total amount 
absorbed is unchanged by food. The peak concentration 
( C  max ) is also reduced by food and, in view of the rapid 
absorption and short half - life, taking the drug with food 
avoids excessive peak blood levels and greatly improves 
tolerability. It is therefore recommended that the drug 
always be taken with food, preferably at the end of a meal. 
The volume of distribution is about 1   L/kg, and the drug 
is extensively bound (96%) to human plasma proteins, 
but does not displace other antiepileptics from their 
protein - binding sites.  

  Metabolism and  e xcretion 
 Tiagabine is extensively metabolized in the liver. This is 
a relative disadvantage of the drug, although one shared 
by many other antiepileptics. In vitro studies suggest that 
the main enzymatic degradation is by the isoenyzme 
CYP3A of the cytochrome P450 family. At least fi ve 
major metabolites are found both in plasma and in urine 
and there are additional metabolites in faeces. None of 
these known metabolites has any antiepileptic action. 
After oral ingestion of a single dose, less than 3% of the 
drug appears in the urine unchanged. 

 The plasma half - life of tiagabine is about 5 – 9   h in 
healthy volunteers, and 2 – 3   h in patients with epilepsy 
co - medicated with enzyme - inducing drugs. The shorter 
half - life in patients is presumably due largely to the 
hepatic - inducing effects of other antiepileptics. The 
plasma clearance of tiagabine has been found to be 0.12   L/
kg/h in patients without concomitant therapy and is 
faster in those receiving adjunctive therapy with enzyme -
 inducing antiepileptic drugs. Clearance is about 30% 
lower in elderly people. The kinetics in young children 
seem to be more variable and are less well studied, but 
generally speaking the clearance of tiagabine is greater in 
children. 

 Co - medication with enzyme - inducing drugs greatly 
increases metabolism in children as in adults, and the 
tiagabine half - life can fall to 2 – 3   h. The elimination of the 
drug is reduced in patients with mild - to - moderate liver 
impairment. In a study of four individuals with mild 
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concentration. This has led to the practice of titrating 
tiagabine slowly, and taking the drug after food, which 
has greatly improved tolerability. On an empty stomach, 
many patients fi nd the drug impossible to take. 

 As a result of its action on GABA - ergic mechanisms, 
the question has been raised of whether tiagabine, similar 
to vigabatrin, can result in visual fi eld abnormalities. To 
date, however, there is no evidence of an increased risk 
of concentric visual fi eld defects, in spite of careful 
testing. Both prospective and cross - sectional studies have 
been carried out, without a single tiagabine - treated 
patient showing abnormalities. 

 Again, on the basis of the experience with vigabatrin, 
the potential of tiagabine to cause psychosis, depression 
or severe behavioural disturbance has been carefully 
studied. In the three main clinical trials the incidence of 
psychosis was 0.8% in the tiagabine - treated patients and 
0.4% in the placebo - treated patients, which was a non -
 signifi cant difference. However, depression occurred 
more often on tiagabine than on placebo (5% vs 2%). As 
a result of this, tiagabine should be carefully monitored 
in patients with a history of behavioural problems or 
depression. 

 No adverse effect on cognitive abilities has been 
demonstrated in extensive neuropsychological studies of 
tiagabine add - on therapy and monotherapy. Indeed, 
there is evidence that monotherapy with tiagabine results 
in modest improvements in cognitive abilities and adjust-
ment and also causes less fatigue when compared with 
standard antiepileptic drugs.  

hepatic impairment, three with moderate impairment 
and six matched normal controls, tiagabine half - life was 
found to be 16, 12 and 7   h, respectively, and similar affects 
were found on  C  max  and AUC. The patients with hepatic 
impairment also have more neurological side effects, and 
the drug should be used only with caution in those with 
hepatic disease. The pharmacokinetics of tiagabine are 
unaffected in patients with renal impairment or in those 
with renal failure requiring haemodialysis.  

  Drug  i nteractions 
 Tiagabine does not itself induce or inhibit hepatic meta-
bolic enzymatic activity, and therefore should not alter 
the concentration of other adjunctive antiepileptic 
drugs, and this has been confi rmed in formal interaction 
studies with carbamazepine, phenytoin, theophylline, 
warfarin, digoxin, cimetidine, alcohol and triazolam. 
Tiagabine does not alter plasma concentrations of the 
contraceptive pill. 

 However, the metabolism of tiagabine itself is mark-
edly changed by co - administration of hepatic - inducing 
drugs such as carbamazepine, phenytoin and primidone. 
In one large population kinetic analysis, the clearance of 
tiagabine was increased by two - thirds, and the AUC and 
 C  max  are similarly reduced in patients taking concomitant 
enzyme - inducing antiepileptic drugs. Higher tiagabine 
doses are therefore necessary for those receiving con-
comitant enzyme - inducing antiepileptic drug therapy. 
Valproate, cimetidine and erythromycin have been found 
not to affect tiagabine plasma concentrations.   

  Adverse  e ffects 
  Neurological and  o ther  s ide  e ffects 
 In the randomized placebo - controlled trials, 91% of the 
675 patients taking tiagabine reported at least one side 
effect compared with 79% of those taking placebo. The 
most common adverse events are listed in Table  8.23 . 
Other side effects  –  which included somnolence, head-
aches, abnormal thinking, abdominal pain, pharyngitis, 
ataxia, confusion, psychosis and skin rash  –  occurred at 
a similar frequency in treated and placebo groups. Most 
of these side effects were categorized as mild or moderate 
in severity, and 15% of patients on tiagabine withdrew 
from therapy because of side effects.   

 In the clinical trials, these CNS - related adverse events 
occurred at greater frequency in patients on tiagabine 
than in those on placebo only in the titration period. 
There is now also the recognition that the dizziness, light-
headedness and unsteadiness occurring within 1 – 2   h of 
taking a tiagabine dose are due to peaking of the drug 

  Table 8.23    Adverse effects of tiagabine in the randomized 

placebo - controlled studies as add - on therapy in refractory 
partial epilepsy in adults (%). 

        Tiagabine, 
( n     =    675)  

   Placebo, 
( n     =    276)  

  Dizziness    30    13  
  Tiredness    24    12  
  Nervousness    12    3  
  Tremor    9    3  
  Diarrhoea    7    2  
  Depressed mood    5    1  

   This table lists the adverse events that occurred 
signifi cantly more frequently on tiagabine than placebo, 
from combined data from the placebo - controlled 
randomized clinical trials.   
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661 of the 951 enrolled patients were entered into a 
double - blind phase, and 23% of patients showed a reduc-
tion of more than 50%, versus 9% of patients on placebo. 
The overall frequency of seizures was also reduced, by 
25% on tiagabine versus 0.1% on placebo. Tiagabine was 
effective at doses of 32 and 56   mg/day. A meta - analysis 
across all three trials for 50% responders showed an odds 
ratio of 3.03 (95% CI 2.01 – 4.58) in favour of tiagabine, 
with no signifi cant differences in effi cacy among 
tiagabine, gabapentin, lamotrigine, topiramate, vigaba-
trin and zonisamide. 

 The summary odds ratios for each dose indicated 
increasing effi cacy with increasing dose, with no sugges-
tion that the effect of the drug had reached a plateau at 
the doses examined in these studies. A 16   mg dose has a 
fairly small effect of 2.40 (95% CI 0.65 – 8.87), and this 
was substantially increased with doses of 30 or 32   mg with 
an odds ratio of 3.17 (95% CI 2.03 – 4.96). 

 Randomized studies have also been performed to 
compare two -  and three - times - daily dosing, and greater 
numbers of patients completed the study in the three -
 times - daily group, suggesting that this regimen is better 
tolerated. The proportion of responders is similar 
whatever regimen is chosen. Studies of combination 
therapy with carbamazepine and phenytoin have been 
carried out. These did not show that any particular drug 
combination was more effi cacious, although tiagabine 
combinations were better tolerated than the combination 
of phenytoin and carbamazepine. In the long - term exten-
sion studies (i.e. of responders in the short - term clinical 
trials), a total of 772 patients were treated with tiagabine 
(at  < 80   mg/day), with a reduction in the frequency of 
seizures of at least 50% in about 30 – 40% of patients 
treated for between 3 and 6 months. For partial seizures 
this effect was maintained during 12 months, but not for 
secondarily generalized seizures. 

 In open studies in 2248 patients, of whom more than 
half were treated with tiagabine for more than 1 year, 
30 – 40% of the patients obtained considerable treatment 
effect, which was maintained after 12 months of treat-
ment. Daily doses in the long - term studies were between 
24 and 60   mg in most patients and mean and median 
doses were 45   mg/day for most studies. However, up to 
15% of patients received a dose of between 80 and 
120   mg/day after their fi rst year of treatment.  

  Monotherapy 
 Tiagabine has also been studied in three monotherapy 
studies. In chronic partial epilepsy, withdrawal - 
to - monotherapy studies have been conducted comparing 

  Non -  c onvulsive  s tatus  e pilepticus and 
 e ncephalopathy 
 Several cases of non - convulsive status epilepticus have 
been reported, usually in patients with spike – wave epi-
lepsy. The extent of this risk is unclear, and at least some 
of the reported cases were probably not cases of status 
epilepticus but rather drug - induced encephalopathy. 

 However, in view of this clear risk, tiagabine should 
not be used routinely in patients with generalized epi-
lepsy, especially those with a history of absence or myo-
clonic seizures, spike - and - wave discharges on EEG or 
non - convulsive status epilepticus.  

  Idiosyncratic  s ide  e ffects and  c hanges in 
 l aboratory  p arameters 
 No idiosyncratic reactions have as yet been linked to the 
use of tiagabine. There are no systematic abnormalities 
in haematological values or common biochemical param-
eters, and routine monitoring of laboratory values is 
not required. The relationship of adverse events has 
correlated more strongly with dose than with the plasma 
concentration of tiagabine, and there is therefore no need 
to check plasma concentrations routinely.  

  Teratogenicity 
 There is no defi nitive information on the teratogenic risk 
of tiagabine in humans and the drug cannot therefore be 
recommended for treatment during pregnancy. Effects 
were seen in the offspring of rats exposed to maternally 
toxic doses of tiagabine, but not in animals receiving 
non - toxic doses.  

  Overdose 
 Forty - seven cases are reported and all survived. One 
patient took 400   mg and developed convulsive status 
epilepticus. In addition to respiratory and cerebral 
depression, other symptoms included agitation and 
myoclonus. Treatment with simple supportive measures 
is effective.   

  Antiepileptic  e ffect 
  Partial -  o nset  s eizures 
 Tiagabine has been the subject of a series of clinical trials 
designed to demonstrate effi cacy, including fi ve double -
 blind, placebo - controlled studies of the drug as adjunc-
tive therapy, three trials (one open and two double - blinded) 
in monotherapy and six long - term open studies. 

 The randomized, double - bind, placebo - controlled 
studies in refractory partial epilepsy in adults form the 
core of the defi nitive effi cacy studies. Pooling the results, 
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6   mg/day tiagabine with 36   mg/day after gradual with-
drawal of other antiepileptic drugs over 29 weeks. Thirty -
 three per cent of the patients on the low dose completed 
the study compared with 47% taking the higher dose, and 
in both groups the median complex partial seizure rates 
decreased signifi cantly during treatment compared with 
baseline. However, a higher proportion of patients in the 
36   mg/day group experienced a reduction in complex 
partial seizures of at least 50% compared with the 6   mg/
day group (31 vs 18%). A second double - blind, random-
ized trial has compared a slow and fast switch to tiagabine 
monotherapy from another monotherapy: 34 (85%) of 
the 40 patients were successfully switched to tiagabine 
monotherapy, fi nding a retention rate for 12 weeks on 
tiagabine monotherapy of 63% (25/40) and 48% for 48 
weeks (19/40). A third study compared monotherapy 
with carbamazepine in newly diagnosed partial epilepsy 
and found carbamazepine to be more effective, with 41% 
(77 out of 144) in the tiagabine group and 53% (77 of 
144) in the carbamazepine group seizure free or having 
only one seizure ( P     <    0.05, although it has been argued 
that the dose of tiagabine compared with carbamazepine 
in this trial was too low, and greater effi cacy would have 
been likely at higher doses).  

  Children 
 Tiagabine has also been studied as adjunctive therapy in 
children in several studies. Effectiveness is reported in 
partial seizures, to a similar extent as in adults, and 
tiagabine was also shown to be effective in atypical 
absence, tonic and atonic seizures (the seizure types of 
the Lennox – Gastaut syndrome). In an American RCT, in 
several hundred children, the median seizure reduction 
was 16% in the placebo group and 25% in the tiagabine 
group. The tiagabine 50% responder rate was 31% 
compared with 19% in the placebo group ( P     =    0.021). In 
the open - label extension study, of 140 evaluable patients, 
10 were seizure free with tiagabine add - on therapy and 
13 achieved seizure freedom with tiagabine monotherapy 
(for periods ranging from 9 weeks to 109 weeks). The 
dose range in this study was from 4   mg/day to 66   mg/day, 
and the average dose was 23.5   mg/day.   

  Clinical  u se in  e pilepsy 
 Tiagabine is available for use as add - on therapy in refrac-
tory patients with partial or secondarily generalized 
seizures, in adults and in children aged  > 12 years. It has 
been claimed, on the basis of anecdotal experience, that 
the drug has a particular place in patients with lesional 
epilepsy (e.g. tumoral epilepsy), and in patients who are 

prone to agitation or anxiety. In this author ’ s practice, 
however, these impressions do not seem to be borne out. 

 It is a reasonably effective drug, but its use is compli-
cated by the need to titrate slowly, the potential for drug 
interactions, the frequent need for three - times - daily 
dosing and the side effects. In adults tiagabine should be 
initiated at a dose of 4 – 5   mg/day and incremented by 
weekly increments of 4 – 5   mg until a maintenance dose is 
reached. This titration rate is slower than that used in the 
labelling or in the clinical trials, but minimizes CNS -
 related side effects. Initial doses can be given twice a day, 
but a change to three - times - daily dosing is recommended 
with doses  > 30 – 32   mg/day. Tiagabine should always be 
taken with food, and preferably at the end of meals, to 
avoid rapid rises in plasma concentrations, and taking it 
with food will greatly improve tolerability. Individual 
dosing four times daily may also be helpful, at least with 
higher doses. 

 The recommended initial target maintenance dose is 
between 30 and 32   mg/day in patients co - medicated with 
enzyme - inducing drugs, and 15 – 16   mg/day for those who 
are not. The usual maximum recommended dose is 50 –
 56   mg/day in patients taking enzyme - inducing drugs, and 
30 – 32   mg/day for those not taking enzyme - inducing 
drugs. However, high daily doses of at least 70 – 80   mg 
have been used in occasional patients and seem to be well 
tolerated. At an anecdotal level, there is a general view 
that the higher doses of tiagabine particularly can be 
strikingly effective, and certainly there are series of 
patients reported, by different authorities, who had been 
resistant to all previous antiepileptic therapies and who 
gained total seizure control with tiagabine. Patients 
taking a combination of inducing and non - inducing 
drugs (e.g. carbamazepine and valproate) should be con-
sidered to be enzyme induced. Routine tiagabine with-
drawal should be carried out at rates of no greater than 
5   mg/week. 

 Although dose - related side effects are common, the 
frequency of idiosyncratic drug - related reactions, includ-
ing cutaneous reactions, is very low, and an advantage of 
tiagabine over other conventional drugs is its favourable 
cognitive profi le. It does not have the major side effects 
encountered with vigabatrin, namely psychosis and 
depression, or the induction of visual - fi eld defects. 
However, if there is a history of depression, treatment 
with tiagabine should be initiated at a low initial dose 
under close supervision because there may be an increased 
risk of recurrence. 

 In view of the risk of inducing an encephalopathic state 
(with stupor and confusion) or non - convulsive status 
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cus. Tiagabine is contraindicated in severe hepatic 
impairment. Dosage recommendations in children are 
not yet available. The drug should not be used in preg-
nant or lactating women.   

epilepticus, tiagabine should not be used in patients with 
generalized epilepsy, especially those with a history of 
absence or myoclonic seizures, with a history of spike -
 and - wave discharges or non - convulsive status epilepti-

  Topiramate           

      
   Proprietary name : Topamax  a    

   Primary indications   
  Adjunctive therapy for partial - onset seizures and for the Lennox – Gastaut syndrome,  ≥ 2 
years of age. Monotherapy for partial - onset and generalized seizures,  ≥ 6 years of age  

   Commonly used as fi rst - line drug   
  Yes  

   Usual preparations   
  Tablets: 25, 50, 100, 200   mg; sprinkle: 15, 25, 50   mg  

   Usual dosage  –  adults   
  Initial: 25 – 50   mg/day; increased by 25 – 50   mg/day increments every 2 weeks.  
  Maintenance: 75 – 300   mg/day (maximum 600   mg/day)  

   Usual dosage  –  children   
  Initial: 0.5 – 1   mg/kg per day  
  Maintenance: 5 – 9   mg/kg per day  

   Dosing intervals   
  Twice a day  

   Is dose commonly affected by co - medication   
  Yes  

   Is dose affected by renal/hepatic disease   
  Renal disease  

   Does it affect dose of other drugs?   
  Uncommonly, and usually slight effect only  

   Does it affect the contraceptive pill?   
  Yes  

   Serum level monitoring   
  Potentially useful  

   Target range   
  10 – 60    μ moL/L  

   Common/important adverse events   
  Dizziness, ataxia, headache, paraesthesia, tremor, somnolence, cognitive dysfunction, 
confusion, agitation, amnesia, depression, emotional lability, nausea, diarrhoea, 
diplopia, weight loss  

   Risk of hypersensitivity   
  No  

   Major mechanism of action   
  Inhibition of sodium channel conductance, potentiation of GABA - mediated inhibition 
at the GABA A  receptor, reduction of AMPA receptor activity, inhibition of high -
 voltage calcium channels, carbonic anhydrase activity  
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 Topiramate was initially developed as an antidiabetic 
drug. It was found to have striking antiepileptic action in 
animal models on routine screening, and then underwent 
a series of controlled trials in North America and Europe. 
It was licensed, fi rst in the UK, in 1994 and subsequently 
in the USA and Europe and many countries worldwide. 
Its strong antiepileptic action has differentiated topira-
mate from some other newer antiepileptics, and it has 
gained a reputation as a powerful antiepileptic drug, 
effective in some patients in whom all other medications 
have failed. 

     Physical and  c hemical  p roperties 
 Topiramate (2,3:4,5 -  bis  -  O  - (1 - methylethylidene) -  α  -  d  -
 fructo - pyranose sulphamate; molecular weight 339.36) is 
a sulphamate - substituted monosaccharide, derived from 
 d  - fructose, a naturally occurring sugar. It is mildly acidic, 
p K  a  of 8.61, moderately soluble in water and its solubility 
is increased in alkaline solutions. It is freely soluble in 
ethanol and other organic solvents.  

   Main advantages   
  Powerful antiepileptic action; weight loss a common side - effect  

   Main disadvantages   
  Potential for CNS and other side effects  

   Comment   
  Drug of fi rst choice in partial epilepsy, with additional action in generalized epilepsies  

     a Name of proprietary brand available in the UK.  
  AMPA, aminohydroxymethylisozole propionic acid.   

 Topiramate: pharmacokinetics – average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    2 – 4   h  
  Volume of distribution    0.6 – 1.0   L/kg  
  Biotransformation    In monotherapy, most of the drug is excreted without metabolism. In 

polytherapy with enzyme - inducing drugs, a proportion of topiramate 
undergoes hydoxylation or hydrolysis and then conjugation  

  Elimination half - life    19 – 25   h (varies with co - medication)  
  Plasma clearance    0.022 – 0.036   L/kg per h; higher in children than in adults  
  Protein binding    13 – 17%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    In monotherapy only minor metabolism  
  Inhibition or induction of hepatic enzymes    Induces CYP3A4, inhibits CYP2C19  
  Drug interactions    Some drug interactions  

  Mode of  a ction 
 Topiramate appears to have multiple actions that poten-
tially contribute to its antiepileptic potential. The relative 
contribution of each mechanism is not known, and prob-
ably varies in different individuals and types of epilepsy. 
The drug exerts an inhibitory effect on sodium conduc-
tance in neuronal membranes. This action is similar to 
that of phenytoin and carbamazepine although its action 
is not as rapid or as complete as that of phenytoin or 
lamotrigine. It also enhances GABA A  - receptor activity 
and, as do phenobarbital and the benzodiazepine drugs, 
increases GABA - mediated chloride infl ux into neurons. 
However, topiramate does not bind at the 
benzodiazepine - binding site, and the exact mechanism of 
action at the GABA site is not known. Topiramate 
also inhibits glutamate receptors, particularly of the 
aminohydroxymethylisozole propionic acid (AMPA) 
subtype, but has no action on NMDA - receptor activity. 
It is unique among the antiepileptic drugs in this regard. 
It also reduces  l  - type high - voltage - activated calcium 
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a similar plasma concentration is twice that of adults. No 
change in clearance or elimination half - life of topiramate 
has been seen among elderly adults with healthy renal 
function. Topiramate clearance is reduced by 42% in 
patients with moderate renal impairment and 54% in 
patients with severe renal impairment, and topiramate 
doses should be reduced in such patients. However, 
topiramate is cleared rapidly by haemodialysis, and 
supplemental dosing may be required during haemodi-
alysis. Severe hepatic disease results in about a 30% 
decrease in clearance and about a 30% increase in plasma 
concentrations.  

  Drug  i nteractions 
 Topiramate is a mild inhibitor of the P450 isoenzyme 
CYP2C19 at very high doses, but in most patients in 
practice topiramate does not affect the steady - state con-
centrations of other antiepileptic drugs. However, where 
phenytoin metabolism is close to saturation, the inhibi-
tory action of topiramate may cause phenytoin levels to 
increase. It has been shown to have no effect on carbam-
azepine or CBZ epoxide levels and no consistent signifi -
cant effect on valproate concentrations. In children, 
co - medication has been shown to result in a slight 
decrease in lamotrigine levels. Topiramate also slightly 
increases the clearance of warfarin and the oestrogen 
component of the oral contraceptive, the latter only at 
high doses. 

 Enzyme - inducing antiepileptic drugs such as phenyt-
oin, phenobarbital and carbamazepine decrease topira-
mate serum concentrations by approximately 50% and, 
as a result of this interaction, topiramate dosage in com-
bination therapy with these drugs needs to be increased. 
Valproate administration has no effect on topiramate 
concentrations. A similar effect is noted in children, and 
studies have shown a reduction in average half - life from 
15.4 to 7.5   h in the presence of enzyme - inducing drugs. 
In infants, treatment with enzyme inducers has been 
shown to reduce the half - life of topiramate to 6.4   h.   

  Adverse  e ffects 
 Topiramate side effects have been extensively studied in 
the controlled trials, and also during the extensive open 
experience of the drug. The adverse effects noted as 
adjunctive therapy in the regulatory RCTs of topiramate 
in adults are shown in Table  8.24 . These included doses 
that are much higher than used in routine clinical prac-
tice (where doses in excess of 400   mg are rare). In the 
early trials, 14% of those randomized to topiramate with-
drew prematurely because of adverse events, but this rate 

channel activity. Finally, topiramate is a weak inhibitor 
of carbonic anhydrase, 10 – 100 times less potent than 
acetazolamide in this regard. Topiramate exerts a power-
ful antiepileptic action in a wide range of experimental 
models of epilepsy. There is also a body of experimental 
work suggesting a promising potential for neuroprotec-
tion, but no human studies have yet been carried out to 
explore this.   

  Pharmacokinetics 
  Absorption and  d istribution 
 Topiramate is rapidly absorbed after oral dosing with a 
bioavailability approaching 100%. The time to peak 
blood levels is usually between 2 and 4   h. Food delays 
absorption by several hours, but does not affect its extent 
and the drug need not be given at any fi xed time in rela-
tion to food. Topiramate is widely distributed in tissues, 
including the brain. The volume of distribution is 
between 0.6 and 1.0   L/kg, although this falls at higher 
doses. Approximately 13 – 17% of topiramate is bound to 
plasma protein. Plasma concentrations increase linearly 
with dose within the normal dosing range. 

 The mean milk:maternal plasma concentration ratio 
was 0.86 (range 0.67 – 1.1) 2 – 3 weeks after delivery, and 
this ratio was similar at 1 and 3 months postpartum. Low 
levels of topiramate were found in the blood of the 
breast - fed infants.  

  Metabolism and  e limination 
 Topiramate is metabolized in the liver by the cytochrome 
P450 microsomal enzymes. At least eight metabolites 
have been identifi ed, formed by hydroxylation, hydroly-
sis or cleavage of the sulphamate group. None of the 
metabolites has antiepileptic action. The plasma elimina-
tion half - life of topiramate is between 19 and 25   h, and is 
independent of dose over the normal clinical range. In 
monotherapy metabolism is slight, plasma concentra-
tions show little intraindividual variability and most of 
the drug (85%) is excreted unchanged in the urine. In 
polytherapy, however, metabolism is much more exten-
sive, presumably due to enzyme induction. The elimina-
tion of topiramate and its metabolites is via renal 
mechanisms. 

 In children, topiramate clearance is higher than in 
adults. In older children, clearance values are about 50% 
higher than in adults. In children between the ages of 4 
and 7 years, renal clearance is 40% higher than in chil-
dren aged over 8 years. In infants, topiramate clearance 
is further increased, and the dose requirement in infants 
(milligrams per kilogram per day) necessary to maintain 



The Antiepileptic Drugs  247

is less in subsequent studies, which have used lower doses 
and slower rates of titration. Adverse events seen in trials 
in children are shown in Table  8.25  and, as in adults, 
these effects were more prevalent in polytherapy than 
monotherapy, and with a more rapid titration of the 
dose.   

  Neurological  s ide  e ffects 
 The most prominent side effects noted in clinical practice 
are somnolence, impairment of concentration, mental 
slowing and cognitive effects, with a particular effect on 
word fi nding and language. Cognitive testing has shown 
signifi cant effects, particularly on word fl uency, list learn-
ing and verbal IQ. These are very much dose related and 
their frequency increases markedly at higher doses and 
with fast titration. 

 Other side effects are not uncommon and include 
dizziness, ataxia, fatigue, paresthesias in the extremities, 
ataxia, disturbance of memory, depression and agitation. 

 These adverse events are prominent in about 15% of 
patients, and topiramate is badly tolerated by a higher 
proportion of patients than other less effective medica-
tion. However, tolerance to many of the side effects does 
develop within a few weeks if the drug is continued, and 
it is worth emphasizing this point in clinical practice. 

 Furthermore, the adverse events can be greatly reduced 
by slow titration of the drug, and the high frequency of 

  Table 8.24    Side effects in adults: percentage of adults with side effects at different doses  –  a pooled analysis from the add - on 
clinical trials of topiramate. 

   Side effect     Percentage of patients receiving the daily topiramate dose  a    

   Placebo     200   mg/kg     400   mg/kg     600   mg/kg     800   mg/kg     1000   mg/kg  

  Dizziness    13    36    22    32    32    40  
  Fatigue    6    13    18    32    49    32  
  Diplopia    12    7    19    8    18    30  
  Somnolence    10    27    27    17    20    28  
  Confusion    5    9    1    18    15    28  
  Abnormal thinking    2    20    12    29    28    26  
  Ataxia    8    20    22    17    16    21  
  Anorexia    3    4    4    8    9    21  
  Impaired 
concentration  

  1    11    9    12    15    21  

  Headache    26    29    25    30    25    7  

    a Events occurring at frequency of 20% or more in any treatment group. Dose assigned to in the clinical trials.   

  Table 8.25    Side effects in children: percentage of children 
with side effects  –  a pooled analysis from the add - on and 
monotherapy trials of topiramate. 

   Adverse event     Placebo 
(in add - on 
studies)  

   Topiramate 
(in add - on 
studies)  a    

   Topiramate (in 
monotherapy 
studies)  b    

  Somnolence    16    26    10  

  Anorexia    15    24    13  

  Fatigue    5    16    19  

  Nervousness    7    14    4  

  Concentration/
attentional 
diffi culty  

  2    10    8  

  Aggressiveness    4    9    4  

  Weight loss    1    9    5  

  Memory 
diffi culties  

  0    5    5  

   Events with a 5% or more difference in frequency vs 
placebo.  
   a Pooled analysis, dose of 6   mg/kg per day.  
   b Pooled analysis of all doses, 25 – 500   mg/day of topiramate.   
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and topiramate should be used cautiously in those with 
a history of renal calculi or a family history. Patients 
should be encouraged to drink plenty of fl uids because 
of this risk. Parasthesias are also common, but usually of 
minor importance. A decrease in serum bicarbonate may 
occur, particularly in children, and a mild metabolic aci-
dosis is relatively common but usually asymptomatic. 
However, very low serum bicarbonate levels can occur, 
especially in infants and in those predisposed, for 
example, by a ketogenic diet. Clinical and biochemical 
monitoring is essential in these patients and discontinu-
ation of treatment with topiramate if symptomatic. 
Chronic metabolic acidosis can also cause osteomalacia 
and/or osteoporosis, reduced growth in children and 
renal calculi. So children with persisting metabolic aci-
dosis, in whom drug withdrawal is not decided upon, 
may require oral bicarbonate treatment. Hypohidrosis 
can occur and result in hyperpyrexia, especially in chil-
dren; mothers should be cautioned about this. 

 There are no reports of signifi cant cardiotoxicity or 
gastrointestinal toxicity. Ocular side effects include blur-
ring of vision, diplopia, and occasionally acute angle -
 closure glaucoma, acute myopia and ciliochoroidal 
detachment. Other rare idiosyncratic reactions include 
ciliochoroidal effusion, anterior displacement of the lens 
and then secondary acute angle - closure glaucoma. These 
resolve with discontinuation of therapy. 

 Allergic rash is extremely rare. One case of fulminant 
hepatic failure has been reported, and also hyperam-
monaemia, especially when topiramate is given with val-
proate. Those with inborn errors of metabolism or 
reduced hepatic mitochondrial activity are probably at 
higher risk of liver dysfunction with topiramate and/or 
valproate. There have been no reports of haematological 
toxicity with topiramate.  

  Side  e ffects in  c hildren 
 Adverse effects reported in children are generally similar 
to those in adults. The CNS effects and anorexia/weight 
loss are the most common. Somnolence, anorexia, 
fatigue, dizziness, psychomotor slowing, speech diffi cul-
ties and concentration diffi culties were the most frequent 
effects in the clinical trials. Hypohidrosis and hyperther-
mia are much more common in children than in adults. 
Children taking topiramate should be monitored for 
increased body temperature during hot weather and/or 
vigorous exercise. Weight loss can also occur in children 
as in adults, but the possible long - term implications of 
weight loss in children are uncertain, and further studies 
are required. 

side effects noted in the clinical trials largely occurred as 
the dose was being rapidly titrated upwards, often to high 
doses. The importance of slow titration was emphasized 
in a randomized, parallel, double - blind study evaluating 
two rates of titration, in which incremental steps of 
100/200   mg/day resulted in twice the withdrawal rate of 
50   mg/day increments. 

 Topiramate can affect cognition and in particular 
word - fi nding and verbal fl uency. The rate of titration is 
important. In healthy young adults, the cognitive profi le 
at baseline was compared, after rapid titration, with that 
at 2 and 4 weeks of treatment with topiramate 5.7   mg/kg 
per day, lamotrigine 7.1   mg/kg or gabapentin 35   mg/kg. 
The verbal fl uency rate of the topiramate group dropped 
an average of 50% per individual compared with a neg-
ligible change for the other two groups, and a threefold 
error occurred for the visual attention task. At the 2 -  and 
4 - week test periods only those receiving topiramate con-
tinued to display adverse cognitive effects from drug 
administration. In a second study, the cognitive effects of 
topiramate were compared with those of valproate with 
slow titration to a dose of 200 – 400   mg/day for topiramate 
(weekly increments of 25   mg) and 1800   mg/day for val-
proate. Of ten baseline to end - point comparisons, only 
one test (measuring short - term verbal memory) showed 
a statistically signifi cant worsening for topiramate and 
improvement for valproate. None of the tests of mood or 
subjective complaints showed signifi cant differences 
between the treatments.  

  Weight  l oss 
 Topiramate also causes weight loss in many patients. This 
effect is dose related and greatest in those who are over-
weight. In the early clinical trials, mean decreases were 
1.1   kg at 200   mg/day and 5.9   kg at doses  > 800   mg/day, and 
the mean loss in patients  > 60   kg was 8%, compared with 
3% in those  < 60   kg. The weight loss can be marked, 
sometimes  > 10   kg, and patients need to be warned about 
this to prevent misinterpretation. The effect is probably 
due to a suppressive effect on appetite, although this has 
not been unequivocally shown. To some patients, weight 
loss is welcome, and counters the tendency of other anti-
epileptic drugs (notably valproate, gabapentin, pregaba-
lin and vigabatrin) to promote weight gain.  

  Other  s ide  e ffects 
 Topiramate causes a variety of side effects due to its 
inhibitory effect on carbonic anhydrase. The most impor-
tant is the risk of renal calculi which are reported to occur 
in one patient per 1000 per year (symptomatic calculi), 
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of at least 50% (treatment responders) was seen in 35 –
 50% of participants, and this was a greater effect on topi-
ramate than on any of the other drugs in the analysis. In 
the number - needed - to treat analysis, signifi cantly smaller 
numbers of patients were required to fi nd a responder to 
topiramate treatment than to gabapentin or lamotrigine. 
The fi rst pivotal studies included patients randomized to 
high doses (600 – 1000   mg/day), and it was quickly real-
ized that the gains in effi cacy were outweighed by poor 
tolerability at these high levels. Thus, subsequent double -
 blind, placebo - controlled studies were carried out at 
300 and 200   mg/day. In these studies, 48% and 45% of 
patients showed a reduction in seizures of at least 
50% compared with 13% and 24% of placebo - treated 
patients. In these low - dose studies, only 8% of topira-
mate - treated patients and 2% of patients receiving 
placebo discontinued the trial as a result of adverse 
events. Most of these patients were receiving other 
enzyme - inducing antiepileptics and, even in these cases, 
100 – 200   mg/day appears to be an appropriate target 
dosage.   

 There are no defi nitive data on the teratogenic effects 
of topiramate in humans, although teratogenicity has 
been reported in isolated cases and was also found in the 
animal screening. The drug is therefore not recom-
mended for use in pregnancy.   

  Antiepileptic  e ffect 
  Partial -  o nset  s eizures 
 Topiramate has been intensively studied in various types 
of epilepsy and in various syndromes over the past 10 
years. The initial studies were, as with all antiepileptic 
drugs, in adults with refractory partial epilepsy. 

 The Cochrane collaboration analysis reviewed 10 
randomized, placebo - controlled, double - blind trials with 
1312 randomized participants. Topiramate was found to 
be highly effective, with a relative risk of 2.85 (95% 
CI 2.27 – 3.59) for a 50% or greater reduction in seizure 
frequency compared with the placebo. A meta - analysis 
of the fi ve regulatory trials has been carried out 
(Table  8.26 ). A reduction in the frequency of seizures 

  Table 8.26    The results of fi ve double blind, placebo - controlled clinical trials of topiramate in adults with partial epilepsy. 

   Placebo topiramate (mg/day)     No. of subjects     Median percent 
reduction in 
monthly seizure rate  

   Percentage of 
patients with 50% 
decrease in seizures  

   Percentage of patients 
with 75 – 100% 
decrease in seizures  

  Placebo    24    1    8    4  
  Topiramate 400    23    41  a      35  b      22  
  Placebo    30     − 12  f      10    3  
  Topiramate 600    30    46  c      47  d      23  
  Placebo    28     − 18  f      0    0  
  Topiramate 800    28    36  d      43  d      36  
  Placebo    45    13    18    9  
  Topiramate 200    45    30  d      27    9  
  Topiramate 400    45    48  e      47  b      22  
  Topiramate 600    46    45  d      46  b      22  
  Placebo    47    1    9    0  
  Topiramate 600    48    41  d      44  d      23  
  Topiramate 800    48    41  d      40  d      13  
  Topiramate 1000    47    38  d      38  d      13  

    a  P     =    0.065.  
   b  P     ≤    0.05.  
   c  P     ≤    0.005.  
   d  P     ≤    0.001.  
   e  P     ≤    0.01.  
   f negative number indicates an increase in seizure rate.   
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tive RCT of 613 patients with newly diagnosed epilepsy, 
the time to trial exit, the time to the fi rst seizure and the 
proportion of seizure - free patients were found to be 
similar for topiramate (110 – 200   mg/day), carbamazepine 
(600   mg/day) and valproate (1250   mg/day). The 6 - month 
seizure - free rates with 100 and 200   mg/day were 49% and 
44%, compared with 44% on carbamazepine and valpro-
ate. The discontinuation rates owing to adverse events for 
100   mg/day topiramate, 200   mg/day topiramate, carbam-
azepine, and valproate were 19%, 28%, 25% and 23%, 
respectively. In an open fl exible - dose studies of mono-
therapy in recently diagnosed epilepsy, topiramate 
therapy was shown to be highly effective at low doses. At 
doses of 100 – 125   mg/day, 80% of patients exhibited a 
 > 50% reduction in seizures and, at months 7 and 13 of 
therapy, 44% and 35% respectively of patients had 
remained seizure free. In the generalized seizure arm of 
the SANAD study (see    p. 89 ) topiramate performed less 
well than valproate or lamotrigine in time to treatment 
failure (defi ned as  ‘ time to cessation of treatment because 
of adverse events, inadequate seizure control or the 
addition of another antiepileptic drug ’ ), but was more 
effective than lamotrigine (but not valproate) in the time 
taken to achieve a 1 - year period of remission from 
seizures. In the partial seizure arm, topiramate was less 
effective than carbamazepine or lamotrigine for time to 
treatment failure (largely owing to adverse events).  

  Primarily  g eneralized  s eizures 
 There have also been two double - blind, placebo - 
controlled, add - on trials of topiramate in primarily gen-
eralized tonic – clonic seizures. There was a statistically 
signifi cant reduction of seizures in one study but not the 
other. When data from both studies were pooled, the 
median percentage reduction was 57% in topiramate -
 treated patients and 27% in the placebo group. Fifty - fi ve 
per cent of topiramate - treated patients had a reduction 
of seizures of at least 50% compared with 28% in the 
placebo group. The effects were similar in children and 
adults. Adverse events led to discontinuation of therapy 
in 10% of the topiramate - treated patients and 8% in the 
placebo group. These good results are confi rmed at an 
anecdotal level in routine clinical practice. Topiramate 
has also been shown to reduce myoclonus and absence 
seizures (petit mal) in patients with JME and IGE.  

  Lennox – Gastaut  s yndrome 
 In adult patients and children with the Lennox – Gastaut 
syndrome, the pivotal study compared the addition 
of topiramate with placebo. Topiramate was started at 

 Data from open studies have confi rmed the effective-
ness of topiramate in partial seizures, and one pragmatic 
study of 901 adults, for example, showed a median reduc-
tion in seizures of 73%, with 68% of patients achieving a 
50% or more reduction. In a retrospective review, the 
1 - year retention rates in the open extension phases of 
clinical trials were 52% for topiramate compared with 
46% for lamotrigine and 23% for gabapentin. At 5 years, 
retention rates were 28% (topiramate), 12% (lamotrig-
ine) and 2% (gabapentin). Perceived lack of effi cacy 
resulted in treatment withdrawal in 19% of topiramate -
 treated patients compared with 39% of those receiving 
lamotrigine and 34% of those treated with gabapentin.  

  Partial -  o nset  s eizures in  c hildren 
 In children with partial - onset seizures, similar results 
have been obtained in formal regulatory studies. In the 
pivotal randomized, double - blind, controlled trial in 
children with partial - onset seizures, the addition of topi-
ramate reduced the median seizure frequency by 33% 
(compared with 11% in the placebo group,  P     =    0.03). No 
child discontinued topiramate treatment because of 
adverse events in the trial period. Five per cent of chil-
dren receiving topiramate were free from seizures during 
the 16 - week study and none in the placebo - treated group. 
No children discontinued topiramate treatment because 
of adverse events. In an open - label extension study of the 
RCT (for a mean of 2.5 years), 14% of children became 
seizure free for at least 6 months and seizure frequency 
over the last 3 months of therapy was reduced in 57% of 
children. Six per cent of children discontinued treatment 
because of adverse events and 13% because of inadequate 
seizure control.  

  Monotherapy 
 Topiramate has been extensively evaluated also as mono-
therapy. In a pivotal regulatory study, a dose of 400   mg/
day was compared with 50   mg/day in an RCT in newly 
diagnosed partial (with or without secondary generaliza-
tion) or primarily generalized tonic – clonic seizures. A 
greater proportion of patients were seizure free at 6 and 
12 months on 400   mg/day ( P     <    0.01). In an open trial of 
topiramate monotherapy in 692 patients with partial or 
generalized epilepsy who were treatment naive or had 
failed with prior treatment using one antiepileptic drug, 
76% of patients were reported to have had a  > 50% reduc-
tion in seizure frequency, with 44% of patients rendered 
seizure free. In these monotherapy studies, 40 – 82% of 
those with partial seizures and 62 – 85% of those with 
generalized seizures were free of seizures. In a compara-
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small series reporting some patients to be rendered 
seizure free and others to be worsened by the drug.  

  Angelman  s yndrome 
 In one study of fi ve children, after a mean 8.8 months on 
topiramate two were seizure free.  

  Status  e pilepticus 
 Pilot work suggests that topiramate is highly effective in 
controlling tonic – clonic status epilepticus.   

  Learning  d iffi culty 
 There is a general view that topiramate is especially effec-
tive in the epilepsy associated with learning disability. In 
one open study, in 64 patients with refractory epilepsy 
and learning disability, 70% achieved at least 50% seizure 
reduction with topiramate adjunctive therapy, and 16 
patients (25%) became seizure free, including 10 who 
were receiving topiramate doses of 200   mg/day. However, 
it must be recognized that responses can be variable and 
some patients become worse and some develop acute and 
severe side effects.  

  Elderly  p atients 
 A recent 24 - week study compared topiramate 50   mg/day 
and 200   mg/day as add - on or monotherapy in 77 elderly 
patients (mean age 68 years). Seizure control was similar 
with the two dosages when the drug could be used as a 
monotherapy, but 200   mg/day was more effective in 
patients requiring adjunctive therapy. A total of 14 
patients (7 in each group) discontinued topiramate use 
as a result of adverse events. This study shows the effi cacy 
of low - dose topiramate in elderly people in particular.   

  Clinical  u se in  e pilepsy 
 Topiramate is a powerful antiepileptic drug. It has been 
extensively studied in regulatory and also post - licensing 
studies  –  more so than most other new - generation anti-
epileptic drugs. It is clearly effective in a broad spectrum 
of epilepsies and epilepsy syndromes, but has a particular 
place in the treatment of resistant focal seizures, and 
those with severe symptomatic generalized epilepsies. It 
is useful in children, adults and elderly people, and in 
those with learning disability. 

 The drug is available as 50, 100 and 200   mg tablets, and 
as a sprinkle and syrup. There are currently no parenteral 
preparations. 

 The early clinical trials were carried out at higher doses 
than are currently recommended and, although these 
studies showed marked effi cacy, the rate of neurological 

1   mg/kg per day and increased at weekly intervals to 3   mg/
kg per day and then 6   mg/kg per day. Stabilized dosages 
were maintained for an additional 8 weeks. There was a 
signifi cantly greater reduction in all major seizure types 
including drop attacks with topiramate. On topiramate, 
the median percentage of reduction in drop attacks was 
15% compared with a 5% increase in patients receiving 
placebo ( P     =    0.04). The median percentage reduction in 
major motor seizures (drop attacks and tonic – clonic sei-
zures combined) was 26% with topiramate treatment 
compared with a 5% increase with placebo ( P     =    0.02). 
The proportion of patients achieving at least 50% reduc-
tion in drop attacks was higher in the topiramate group 
than in placebo - treated patients (28% versus 14%, 
 P     =    0.07), with 33% of topiramate - treated patients and 
8% of placebo - treated patients achieving at least 50% 
reduction in major motor seizures ( P     =    0.002). 

 In the open - label extension, the effect of topiramate 
was sustained. Drop attacks were reduced by at least 50% 
in 55% of patients receiving topiramate. Even though the 
mean number of drop attacks before topiramate was 
introduced was 90 per day, 15% of patients had no drop 
attacks for at least 6 months. Substantial reductions were 
also observed in atypical absence, myoclonic and tonic –
 clonic seizures. During follow - up for up to 3.4 years, only 
12% of patients discontinued treatment as a result of 
inadequate seizure control and 10% discontinued due to 
adverse events.  

  Other  e pilepsy  s tudies 
 Open studies have also shown effectiveness in various 
other epilepsy syndromes and situations. These include 
the following. 

  West  s yndrome 
 A number of studies have shown effi cacy in West syn-
drome. In one study of 11 patients, infantile spasms were 
reduced in 9 patients (82%), and 5 patients (45%) 
became spasm free.  

  Severe  m yoclonic  e pilepsy of  i nfancy 
 In an open study of 18 patients with severe myoclonic 
epilepsy of infancy (SMEI), after a mean period of 10 
months of treatment, 72% of the patients had achieved a 
reduction in seizure rate of at least 50% and 16.6% were 
seizure free.  

  Childhood  a bsence  e pilepsy 
 Topiramate can have a variable effect in absence seizures 
and there are a number of anecdotal case reports and 
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and cognitive side effects was also high. The drug gained 
a reputation for being strikingly effective, but also poorly 
tolerated. However, subsequent experience has shown 
that lower doses are also effective and confer much better 
tolerability. In routine practice, the rate of side effects is 
thus lower than initially feared. The risk of side effects 
can also be greatly reduced by starting the drug at a 
very low dose and titrating upwards slowly. The most 
common side effects are effects on cognitive function 
(notably effects on language and word fi nding), paraes-
thesias and weight loss. These are reversible when doses 
are reduced. 

 In adults on adjunctive therapy, the author ’ s own 
practice is to initiate therapy at 25 – 50   mg/day and 
increase this 2 weekly to 50   mg, 100   mg and then increase 
in 50   mg increments to an initial maintenance dose of 
between 100 and 200   mg/day (and higher dose ranges in 
patients co - medicated with enzyme - inducing antiepilep-
tic drugs). 

 The drug is given in two divided doses. The usual 
maximum maintenance dose is 600   mg/day, but very 
occasionally up to 1000   mg/day has been given without 
side effects. 

 Much lower doses are needed in newly diagnosed 
patients, and in monotherapy, and it is the author ’ s prac-
tice to aim for maintenance doses of 75 – 150   mg/day ini-
tially in adults, building the dose up slowly in 25   mg 
increments every 2 – 3 weeks. On this regimen, good effi -
cacy is usually obtained with very few side effects. 

 In children on adjunctive therapy, the usual recom-
mended dose is 0.5 – 1   mg/kg per day for the fi rst week, 
with weekly increments of 0.5 – 1   mg/kg per day until an 
initial maintenance dose of 4 – 6   mg/kg per day is reached. 
Higher doses, up to 20 – 30   mg/kg per day, have been 
used and are sometimes necessary, especially in those 
co - medicated with enzyme - inducing drugs. 

 Blood levels can be measured, but are not routinely 
useful.   

  Valproate           

      
   Proprietary names : Epilim, Episenta, Orlept  a    

   Primary indications   
  Monotherapy and adjunctive therapy in partial - onset and generalized seizures, 
including myoclonus and absence, and for the seizures associated with the Lennox –
 Gastaut syndrome. Idiopathic generalized epilepsy, febrile convulsions, other 
childhood epilepsy syndromes. Adults and children  

   Commonly used as fi rst - line drug   
  Yes  

   Usual preparations   
  Enteric - coated tablets: 200, 500   mg; crushable tablets: 100   mg; capsules: 150, 300, 
500   mg; syrup: 200   mg/5   mL; solution or syrup: 250   mg/5   mL; sustained - release 
microspheres, sachets: 100, 250, 500, 750, 1000   mg; divalproex tablets delayed release: 
125, 300, 500   mg; divalproex sprinkle 125   mg; divalproex tablets extended release: 
250, 500   mg; intravenous solution 100   mg/mL  

   Usual dosage  –  adults   
  Initial: 200 – 500   mg/day; increasing by 200 – 500   mg increments every 2 weeks  
  Maintenance: 500 – 2000   mg/day (maximum 3000   mg/day)  

   Usual dosage  –  children   
  Neonates: initial and maintenance: 20   mg/kg  
  Children 1 month to 12 years: initial: 10 – 15   mg/kg; maintenance 25 – 30   mg/kg (up to 
60   mg/kg in infantile spasms)  

   Dosing intervals   
  2 – 3 times/day  

   Is dose commonly affected by co - medication?   
  Yes  

COOH
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   Is dose affected by renal/hepatic disease?   
  Avoid in hepatic disease  

   Does it affect dose of other drugs?   
  Yes  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Useful  

   Target range   
  300 – 700    μ mol/L (50 – 100   mg/L)  

   Common/important adverse events   
  Nausea, vomiting, hyperammonaemia and other metabolic effects, endocrine effects, 
severe hepatic toxicity, pancreatitis, drowsiness, cognitive disturbance, aggressiveness, 
tremor, weakness, encephalopathy, thrombocytopenia, neutropenia, aplastic anemia, 
hair thinning and hair loss, weight gain, polycystic ovarian syndrome  

   Risk of hypersensitivity   
  Yes  

   Major mechanism of action   
  Effects on GABA and glutaminergic activity, calcium (T) conductance and potassium 
conductance  

   Main advantages   
  A wide spectrum of activity; drug of choice in most patients with idiopathic 
generalized epilepsy; mood stabilizing effects  

   Main disadvantages   
  Weight gain, CNS and other side effects; risk of severe hepatic disturbance in 
children; teratogenicity  

   Comment   
  Drugs of fi rst choice in a wide spectrum of epilepsies.  

     a Names of proprietary brands available in the UK.   

 Valproate: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    0.5 – 2   h (sodium valproate; but longer in different preparations and 

affected by food)  
  Volume of distribution    0.13 – 0.30   L/kg  
  Biotransformation    Hepatic oxidation, epoxidation, reduction and glucuronidation (and some 

metabolism by non - cytochrome enzymes)  
  Elimination half - life    13 – 16   h (varies with co - medication)  
  Plasma clearance    0.010 – 0.115   L/kg per h (varies with co - medication)  
  Protein binding    70 – 95%  
  Active metabolite    None (but see text)  
  Metabolism by hepatic enzymes    CYP2C9, CYP2C19, CYP2B6, UGT1A4  
  Inhibition or induction of hepatic enzymes    Inhibits CYP2C9, UGT1A4 (and a very weak inhibitor of CYP2C19 and CYP3A4)  
  Drug interactions    Common  
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  Pharmacokinetics 
 The pharmacokinetics of valproate are complex. 

  Absorption and  d istribution 
 Sodium valproate is rapidly absorbed with a bioavail-
ability approaching 100%. The peak plasma concentra-
tion after oral administration is usually reached within 
30   min to 2   h. Other formulations have slightly different 
absorption properties, and administration with food 
slightly delays the absorption of most forms, but not their 
extent. Sodium valproate is available in an enteric - coated 
formulation, which results in peak plasma concentra-
tions within 3 – 8   h (and as metabolism is rapid, levels may 
actually fall in the few hours after ingestion  –  so trough 
levels may be experienced in late morning or early after-
noon) and this is the commonly used form in the UK. 
Rectal administration also results in about 80% and the 
extended - release formulations in between 80 and 95% of 
absorption. 

 Valproate has a restricted distribution, probably 
mainly in the vascular compartment and extracellular 
fl uid, and has a relatively low apparent volume of distri-
bution of 0.13 – 0.19   L/kg (adults) and 0.20 – 0.30   L/kg 
(children). High concentrations are, however, found in 
the liver, intestinal tract, gallbladder, kidney and urinary 
bladder. Valproate also enters the CSF compartment and 
brain rapidly, via an active transport mechanism that is 
saturatable, rendering absorption at high doses much less 
effi cient. Peak concentrations can be achieved in the 
brain within minutes. The CSF concentration is lower 
than the free plasma concentration, with mean total 
CSF:plasma ratio of about 0.15. Valproate is removed 
from the brain by a probenecid - sensitive monoamine 
transport system. This has implications for its use in 
acute seizures or status epilepticus. 

 Valproate is 70 – 95% bound to plasma proteins, with 
complicated kinetics. The free faction is concentration 
dependent and at higher plasma concentrations 
( > 700    μ mol/L) protein binding decreases markedly, e.g. 
the average unbound fraction of valproic acid in adults 
is reported to be 7% at 50   mg/L, 15% at 100   mg/L and 
30% at 150   mg/L. Thus, with a threefold increase in total 
serum valproic acid concentration from 50   mg/L to 
150   mg/L, the unbound concentration would increase 
more than 10 times, from 3.5   mg/L to 45   mg/L. Protein 
binding is reduced in renal and hepatic disease and 
during pregnancy, and other drugs may displace valpro-
ate from its protein - binding sites (e.g. aspirin, phenylbu-
tazone). The other antiepileptics do not infl uence 
binding, however.  

 Valproate was fi rst synthesized in 1882 as an organic 
solvent. Its antiepileptic properties were recognized in 
the 1960s, entirely by accident, while being used as a 
solvent for the screening of new antiepileptic compounds. 
It was licensed in Europe in the early 1960s, where it 
became very widely used, and then in the USA in 1978. 
It has been marketed as a magnesium or calcium salt, 
an acid and also as sodium hydrogen divalproate 
(divalproex sodium; Depakote). Sodium valproate is the 
usual form in the UK and sodium hydrogen divalproate 
in Europe. Valpromide (dipropylacetamide), a prodrug 
of valproate, is also marketed, as is a delayed - release 
formulation of sodium valproate. The term  ‘ valproate ’  is 
usually adopted to refer to all these forms and, although 
properties vary to some extent, none of these formula-
tions has been shown to confer any real superiority over 
the others. 

 Valproate is widely available, is one of the most com-
monly prescribed antiepileptic drugs throughout the 
world and is the drug of fi rst choice for many types of 
epilepsy. 

     Physical and  c hemical  p roperties 
 Valproic acid is a simple molecule (molecular weight 
144.21), a branched - chain carboxylic acid, similar in 
clinical structure to endogenous fatty acids. It is slightly 
soluble in water and very soluble in organic solvents. Its 
p K  a  is 4.8. The sodium salt is extremely soluble in water, 
whereas the calcium and magnesium salts are insoluble. 
Sodium hydrogen divalproate (divalproex sodium) is a 
stable combination compound of equal parts of valproic 
acid and sodium valproate.  

  Mode of  a ction 
 Despite its venerable age, and its wide usage, the mecha-
nism of action of valproate is not entirely clear. Valproate 
has a number of actions at the GABA A  receptor, e.g. 
increasing synaptosomal GABA concentrations through 
the activation of the GABA - synthesizing enzyme glu-
tamic acid decarboxylase, and also inhibiting GABA 
catabolism through inhibition of GABA transaminase 
and succinic semialdehyde dehydrogenase. However, val-
proate also inhibits excitatory neurotransmission medi-
ated by aspartic acid, glutamic acid and  γ  - hydroxybutyric 
acid. Valproate reduces conductance at the voltage -
 dependent sodium channel. In hippocampal slices, it 
reduces the threshold for calcium and potassium con-
ductance. The relative importance of these mechanisms 
in human epilepsy is unclear. In animal models valproate 
is highly effective against a range of seizures.   
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  Metabolism and  e limination 
 Valproate is rapidly eliminated from the body by hepatic 
metabolism. Uniquely among antiepileptics, the enzymes 
involved are mainly not those of the cytochrome P450 
system. There are a variety of pathways, the main one 
being  β  - oxidation followed by glucuronidation. At least 
30 metabolites have been identifi ed, some of which may 
be responsible for adverse side effects (notably the 4 - ene 
metabolite related to hepatic toxicity and teratogenicity). 
Two metabolites have antiepileptic activity, but are 
present in the serum only in very low concentrations. 
One of these is the 2 - ene - valproic acid, and this accumu-
lates in the brain, where it is cleared more slowly than 
valproic acid itself, and might be an explanation for the 
dissociation between the time courses of valproic acid 
concentrations in plasma and the onset of antiepileptic 
activity. The levels of the 4 - ene metabolite are infl uenced 
by the cytochrome P450 enzymes and this might be an 
explanation for the greater hepatic toxicity of valproate 
in polytherapy. 

 Less than 4% of the drug is excreted unchanged. The 
elimination half - life is between 12 and 15   h in young 
adults and between 14 and 17   h in elderly people. The 
half - life is shorted to approximately 9   h in those co - 
medicated with antiepileptic drugs. In children, the mean 
half - life is 11.6   h in monotherapy and 7.0   h in polyther-
apy. In neonates the drug is slowly metabolized and the 
half - life is 20 – 40   h. 

 The clearance of valproate and its metabolites follows 
linear kinetics at most dosage ranges, although at higher 
plasma concentrations reduced protein binding results in 
increased clearance. 

 As a result of the relatively short half - life of the drug, 
there are marked diurnal variations in plasma levels (100% 
differences between peak and trough levels) on twice - daily 
dosing. Also there is marked intraindividual variation. 

 Valproate is relatively contraindicated in hepatic 
disease, because of concern about its toxicity, but in cir-
rhosis there is slowed clearance of the unbound drug. Its 
pharmacokinetic properties are not altered by renal 
impairment. The protein binding of valproate decreases 
during pregnancy and the total concentration is also 
reduced as a result of an increased volume of distribu-
tion. The free drug fraction concentration is relatively 
stable but may increase in the late stages of pregnancy. 
Concentrations of valproate in breast milk range from 
1% to 10% of those in maternal plasma, and breast - fed 
infants have serum concentrations between 4 and 12% of 
the maternal concentration.  

  Drug  i nteractions 
 Valproate is involved in a number of interactions 
with other antiepileptic drugs, the mechanisms of which 
are often obscure. It can inhibit the metabolism of 
other drugs, and there are also interactions at the 
protein - binding level; these vary at different doses and in 
different individuals. Thus, the clinical consequences are 
often diffi cult to predict. Although most interactions do 
not pose much of a clinical problem in most patients, 
they can occasionally be very marked. Its own metabo-
lism is greatly affected by co - medication with enzyme -
 inducing antiepileptic drugs that can greatly infl uence 
valproate clearance. The common interactions with other 
antiepileptic drugs are shown in Table  8.27 .   

  Table 8.27    Pharmacokinetic interactions between valproate ( VPA ) and other antiepileptic drugs. 

   Drug     Effect of VPA on the drug     Effect of the drug on VPA  

  Benzodiazepines     ↑  Benzodiazepine concentration    No signifi cant effect  a    
  Carbamazepine (CBZ)     ↑  CBZ - epoxide (25 – 100%)     ↓  VPA (30 – 40%)  
  Ethosuximide (ESM)     ↑  ESM concentration (50%)    No effect  
  Felbamate (FLM)     ↑  FLM concentration     ↑  VPA concentration  
  Lamotrigine (LTG)     ↑  LTG concentration (up to 164%)    No effect  
  Phenytoin (PHT)     ↑  PHT unbound fraction     ↓  VPA (30 – 40%)  
  Phenobarbital (PB)     ↑  PB concentration (30 – 40%)     ↓  VPA (30 – 40%)  
  Primidone (PRM)     ↑  PB concentration (30 – 40%)     ↓  VPA (30 – 40%)  
  Vigabatrin (VGB)    No effect    No effect  
  Zonisamide     ↓  ZNS (15%)    No effect  

   Gabapentin, levetiracetam, oxcarbazepine, tiagabine and zonisamide have no interactions with VPA;  
   a clobazam co - medication can result in an increase in VPA levels.   
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 Phenytoin, phenobarbital and carbamazepine can 
induce the hepatic metabolism of valproate, and levels can 
be reduced by co - medication by as much as 50%. In chil-
dren these interactions can be particularly marked  –  and, 
in one study in children, the withdrawal of co - medication 
with enzyme - inducing antiepileptic drugs resulted in rises 
in valproate levels of 122% after withdrawal of phenytoin, 
67% after withdrawal of phenobarbital and 50% after 
withdrawal of carbamazepine. The addition of lamotrig-
ine may decrease valproate levels by about 25%, and 
felbamate, stiripentol and clobazam elevate valproate 
serum levels. 

 Valproate is a potent inhibitor of both oxidation and 
glucuronidation, and via this mechanism elevates pheno-
barbital levels by 57 – 81%, and also levels of diazepam 
and lorazepam, phenytoin, rufi namide, felbmate, etho-
suximide, carbamazepine and particularly carbamaze-
pine 10,11 - epoxide. Valproate can lengthen the half - life 
of lamotrigine by two to three times and cause a pro-
found elevation of lamotrigine levels. 

 The effect on phenytoin action is complex. Valproic 
acid displaces phenytoin from plasma proteins and can 
inhibit phenytoin metabolism. Thus, total phenytoin 
levels can be unchanged but the unbound phenytoin con-
centration can be signifi cantly increased. In all patients, 
in co - medication with valproate, total phenytoin serum 
levels of phenytoin can be misleading and underestimate 
the concentrations of the unbound, pharmacologically 
active drug. 

 Valproate also interacts with non - antiepileptic drugs. 
Co - medication with the carbapenem group of antibiot-
ics, particularly meropenem, results in dramatic falls in 
valproate levels (and in serious seizure exacerbations), 
although the mechanisms underlying this interaction are 
unclear. Valproic acid levels may also be lowered by 
rifampicin, the anti - HIV agent ritonavir and the oestro-
gen - containing contraceptive steroids. 

 Fluoxetine, isoniazid and salicylate increase valproate 
levels. Doxorubicin and cisplatin have been shown to 
impair the absorption of valproate. Naproxen, phenylbu-
tazone and salicylate displace valproate from its albumin -
 binding sites and occasionally result in signifi cant 
toxicity. 

 The metabolism of some drugs is inhibited by valpro-
ate, notably of nimodipine, levels of which can be almost 
doubled. Other drugs affected include tricyclic antide-
pressants and zidovudine. 

 In contrast to enzyme - inducing antiepileptic drugs, 
valproate acid does not affect the serum levels or effi cacy 
of oral contraceptives.   

  Adverse  e ffects 
 As valproate was introduced before the wide use of large 
controlled and blinded studies, the frequency of side 
effects has not been fully established. However, clinical 
experience has led to the view that the drug is in general 
as well tolerated as carbamazepine, phenytoin or the 
newer antiepileptic drugs. There are, however, a number 
of side effects not shared by other drugs. 

  Neurological  s ide  e ffects 
 There are distinctive neurological side effects. Tremor is 
a particularly common effect and occurs in about 10% of 
patients on valproate. It is dose related but usually mild. 
Sedative side effects, typical of many antiepileptic drugs, 
also occur with valproate, and severely so in about 2% of 
patients, and are sometimes associated with other neuro-
logical symptoms such as confusion and irritability. 
Parkinsonism and asterixis are other uncommon but 
unusual side effects of valproate therapy, usually develop-
ing on long - term treatment and reversible on drug with-
drawal. Their mechanism is unclear.  

  Encephalopathy 
 Rarely, severe sedation amounting to stupor or even 
coma has been reported (valproate encephalopathy). 
Encephalopathy usually occurs in the fi rst weeks of treat-
ment but may appear months after the initiation of 
therapy. It is also said to commonly occur within a few 
days of adding another antiepileptic drug to valproate 
therapy (or valproate to another antiepileptic drug). In 
some cases, serum concentrations and serum ammonia 
levels are within healthy limits. The encephalopathy 
worsens if treated with benzodiazepines, and an improve-
ment with fl umazenil (a benzodiazepine receptor antago-
nist) has been reported. Occult carbamyl phosphate 
synthetase - 1 defi ciency may be responsible for some 
cases at least. Co - medication with phenobarbital also 
seems to induce severe sedation or even stupor, and this 
seems to be a pharmacodynamic reaction. The EEG 
usually shows high - voltage slow activity and the stupor 
or coma rapidly reverses when valproate is withdrawn. 
The encephalopathy should be differentiated from the 
encephalopathy associated with valproate - induced 
hyperammonaemia (see below).  

  Gastrointestinal  s ide  e ffects and  w eight  g ain 
 The common dose - related side effects include nausea, 
vomiting and gastrointestinal effects, common on initia-
tion of therapy, and are avoided by the administration of 
enteric - coated formulations. 
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population (prevalence rate of 13 – 25% vs 4 – 6%, 
respectively). It has been particularly, but not exclusively, 
associated with valproate therapy. Polycystic ovaries are a 
common fi nding in young women and do not necessarily 
imply PCOS. Assessment is further complicated by the 
confounding effects of weight gain and other medications. 
However, the presence of a menstrual disorder, hirsutism 
or weight gain should trigger a thorough evaluation, and 
favours discontinuation of valproate. The mechanism 
of this valproate effect is not fully understood, but prob-
ably involves valproate - induced insulin resistance and 
alterations in hormone concentrations.  

  Other  e ffects: on  h air,  p ancreatic  f unction,  v iral 
 r eplication  in   HIV  
 Another unusual side effect of valproate is its propensity 
to cause hair changes  –  sometimes hair loss, change in 
colour or more usually curling of hair. Some degree of 
hair loss occurs in up to 12% of patients. The mechanism 
is unclear, but it may be due to the formation of abnor-
mal metabolites. The hair curling can sometimes be 
profound, and striking changes of appearance (not 
always unwelcome) may result. It is said that the hair 
changes reverse if therapy is continued, but in the author ’ s 
experience this is certainly not true in all cases. 

 Treatment with valproate may increase serum amylase 
concentration in up to 24% of asymptomatic patients. 
This requires no particular action, provided that other 
hepatic and pancreatic enzymes (lipase, trypsin) are 
within healthy limits. However, valproate can also induce 
acute pancreatitis. This is a rare but serious complication, 
due possibly to a drug - induced reduction in free radical -
 scavenging enzyme activity. Pancreatitis usually presents 
with progressive epigastric pain, nausea and vomiting, 
three - quarters of reported patients are aged  < 20 years 
and a third are  < 10 years. A quarter occurred during 
valproate monotherapy, half within 3 months of initiat-
ing therapy and two - thirds within 12 months of the 
initiation of treatment. The pancreatitis appears not to 
be related to dose or serum concentration. In most cases 
the illness is relatively mild, although occasional fatalities 
have been reported. It is not appropriate to rechallenge 
patients after pancreatitis because there is a high risk of 
relapse. 

 Valproate appears to increase the viral burden in 
patients infected with HIV by potentiating viral replica-
tion. The clinical consequences of this effect for HIV -
 positive patients are unknown. Recently, a 14% reduction 
in bone mineral density during long - term treatment with 
valproate was reported in both men and women.  

 Weight gain is a frequent side effect (seen in 30% of 
all patients), often troublesome and occasionally pro-
found, especially in women. It is less of a problem in 
children. This is dose related and a problem mainly only 
at higher doses. A recent study showed a mean gain of 
5.8   kg after 8 months of treatment at a mean dose of 
1800   mg/day. The cause of weight gain is not completely 
known, but is likely to be due to insulin resistance and 
an increase in appetite due to impaired  β  - oxidation of 
fatty acids with hyperinsulinaemia. It has also been 
shown that patients who developed obesity on valproic 
acid had increased leptin levels and decreased ghrelin and 
adiponectin levels.  

  Metabolic and  e ndocrine  e ffects 
 Valproate has various metabolic effects resulting from 
interference in mitochondrially based intermediate 
metabolism. The common results are hypocarnitinaemia, 
hyperglycinaemia and hyperammonaemia. These meta-
bolic effects are a problem in those predisposed by 
genetically determined enzymatic defects or where 
enzymatic pathways are already stressed by illness or 
co - medication. 

 Ammonia levels are often slightly raised on valproate 
therapy. Hyperammonaemia is usually asymptomatic 
and routine monitoring of ammonia is not warranted. If 
the levels exceed 60    μ mol/L, symptoms of drowsiness and 
encephalopathy may occur. Occasionally hyperam-
monaemia is severe, and stupor, coma or even death can 
result. Hyperammonaemia should be suspected when-
ever drowsiness occurs on valproate therapy. Severe rises 
in ammonia levels occur in predisposed individuals, and 
particularly in patients with urea cycle disorders. 
Valproate should not be used in patients with such con-
ditions or in those with hepatic disease. The most 
common predisposing enzymatic defect is partial defi -
ciency (heterozygosity) of ornithine transcarbamylase 
(OTC), which may be asymptomatic until valproate is 
prescribed or until valproate and metabolic stress 
combine to precipitate acute hyperammonaemia. The 
resulting hyperammonaemic encephalopathy can be 
severe and is occasionally fatal.  

  Endocrine  e ffects 
 Valproate also has endocrine effects. The importance of 
these is uncertain, and data are somewhat confl icting. 
Polycystic ovarian syndrome (PCOS)  –  a syndrome with 
polycystic ovaries, hyperandrogenism, obesity, hirsutism, 
anovulatory cycles and menstrual disorders  –  occurs more 
frequently in women with epilepsy than in the general 
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  Hypersensitivity,  h aematological and  h epatic 
 s ide  e ffects 
 Acute allergic rashes have only rarely been reported, as 
have severe bone marrow depression and neutropenia. 
Minor haematological changes are common and of no 
signifi cance. The most troublesome haematological 
effects of valproate are those on clotting; these include 
thrombocytopenia, inhibition of platelet aggregation, 
reduction of factor VII complex and fi brinogen deple-
tion. Thrombocytopenia is the most frequent haemato-
logical side effect and is dose dependent. This can, with 
other valproic acid - induced disturbances of haemostasis, 
such as impaired platelet function, fi brinogen depletion 
and coagulation factor defi ciencies, cause bruising or 
bleeding. Usually mild, these are of little clinical signifi -
cance except during surgical intervention, and it is 
sometimes advised that valproate is withdrawn before 
intracranial surgery (including epilepsy surgery). It is 
also sometimes recommended that valproate be 
withdrawn 1 month before elective surgery where 
blood loss is common, although the actual risks of val-
proate in this situation are not known. Valproate also 
occasionally causes neutropenia and bone marrow 
suppression. 

 The serious idiosyncratic side effect that has caused 
most concern is acute hepatic failure. This has been most 
frequently observed in children under the age of 2 years 
on polytherapy and with neurological handicaps. The 
risk of fatal hepatotoxicity on polytherapy was initially 
estimated to be: 1 in 600 of those aged  < 3 years, 1 in 8000 
in range 3 – 10 years, 1 in 10   000 in range 11 – 20 years, 1 
in 31   000 between 21 and 40 years and 1 in 107   000 aged 
 > 40 years. On monotherapy, the risk is much lower: from 
1 in 16   000 at age 10 years to 1 in 230   000 at age 21 – 40 
years. However, some of these initial cases are now rec-
ognized as being multifactorial, with valproate precipitat-
ing an already existing diathesis and, with more careful 
prescribing to avoid high - risk cases, the rate of valproate -
 induced hepatic failure is considerably lower (0.2 cases 
per 10   000). 

 The risk factors for hepatotoxicity seem to be: young 
age ( < 3 years), use in polytherapy, presence of psycho-
motor retardation and the presence of certain underlying 
metabolic disorders (organic acidaemias, mitochondrial 
disorders, Alpers disease). 

 Hepatotoxicity usually appears during the fi rst 3 
months of therapy. The pathology is microvesicular ste-
atosis with necrosis, and may be caused by an unsaturated 
4 - ene metabolite of the drug (2 -  n  - propyl - 4 - pentenoic 
acid) that is a potent inducer of microvesicular steatosis. 
Hepatic failure has occasionally occurred in older children 

and adults, but no fatalities associated with valproate 
monotherapy have occurred in patients over the age of 10 
years. 

 However, routine measurement of ammonia and 
other metabolites has not been useful in predicting 
hepatic disease, nor have routine measurements of 
bilirubin or liver function tests. The most important step 
in the diagnosis of hepatic failure is the early recognition 
of the clinical symptoms (e.g. nausea, vomiting, anorexia, 
lethargy, jaundice, oedema and at times loss of seizure 
control). In addition to the usual general and supportive 
measures, it has been suggested that an infusion of intra-
venous  l  - carnitine, 100   mg/kg per day, up to a maximum 
of 2   g/day, should be given. 

 Oral  l  - carnitine has also been advocated by some 
authorities in those on valproate with: symptomatic 
hyperammonaemia, risk factors for hepatotoxicity, 
infants and young children, those on the ketogenic 
diet who have hypocarnitinaemia, those on dialysis and 
premature infants who are receiving total parenteral 
nutrition. 

 Hepatic hypersensitivity should be differentiated 
from dose - related elevations of liver enzymes, which 
are present in up to 44% of valproate - treated patients. 
These  elevations are usually not associated with clinical 
symptoms and resolve with drug reduction or 
withdrawal.  

  Teratogenicity 
 There are three aspects to consider: 

  Major  m alformations 
 Overall risks of major malformations in the offspring 
of women treated with valproate monotherapy are 
between 4 and 9%. This includes a 1 – 2% increased 
risk of spina bifi da and other congenital anomalies 
such as cardiovascular malformations and craniofacial 
defects. The rate of major malformation is thus 
somewhat worse than that on carbamazepine or 
lamotrigine (risks of 2 – 4%). Many of these abnormalities 
can be detected prenatally, however, and termination of 
pregnancy reduces the risk in live offspring to almost 
baseline rates.  

  Fetal  v alproate  s yndrome 
 Valproate can cause a  ‘ fetal valproate syndrome ’ . This 
comprises minor changes in facial appearance and 
skeletal effects such as a high forehead, long digits, long 
philtrum and small fl at nose. To what extent these are 
simply healthy population variations, or if  ‘ unhealthy ’  are 
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although most clinicians use carbamazepine as a fi rst 
choice, a decision based, mainly, on a large and infl uen-
tial study that compared valproate and carbamazepine in 
480 previously untreated adults with partial - onset 
epilepsy. In this study, both drugs were similarly effective 
in controlling secondarily generalized seizures, but a 
greater percentage of patients with partial seizures 
remained free from seizures on carbamazepine. However, 
other controlled studies have not found differences 
between valproate and other drugs. In randomized, dou-
ble - blind monotherapy studies in newly diagnosed 
patients, for example, similar effi cacy was found when 
comparing valproate and oxcarbazepine (seizure - free 
rates of 54% and 57%, respectively, over 1 year in 
249 adults) and valproate and lamotrigine (26% on 
valproate and 29% on lamotrigine free from seizures 
at 8 months). 

 A meta - analysis of a number of trials comparing val-
proate and carbamazepine concluded that carbamaze-
pine was more effective than valproate in reducing time 
to fi rst seizure and time to 12 months of remission. 

 The absolute effect of valproate can be estimated 
from two randomized controlled studies that compared 
valproate and placebo in uncontrolled partial epilepsy, in 
one of which a 38% responder rate (at a dose of 1200   mg/
day) was found (and in both valproate was signifi cantly 
more effi cacious than placebo), a rate that compares 
favourably with that of many more modern drugs. Also, 
a controlled comparison of the effect of low - dose 
and high - dose valproate (defi ned by plasma concentra-
tions of 25 – 50 and 80 – 150    μ g/mL) found 30% and 70% 
median reductions of complex partial seizures and tonic –
 clonic seizures, respectively, in the high - dose group, 
compared with 19% and 22% in the low - dose (active 
control) group. 

 In children, several large prospective open - label studies 
have compared valproate with carbamazepine and phe-
nytoin in newly diagnosed patients on monotherapy, 
fi nding no differences in effi cacy between the drugs (and 
comparisons with phenobarbital showed that valproate 
was better tolerated).  

  Generalized  t onic –  c lonic  s eizures 
 Valproate is a drug of fi rst choice for the treatment of 
tonic – clonic seizures in IGE and also a drug of fi rst 
choice, with carbamazepine, in secondarily generalized 
seizures. In one study of monotherapy in 36 patients with 
primarily generalized tonic – clonic seizures, of whom 24 
had been treated previously with other antiepileptic 
drugs, seizures were fully controlled in 33. In another 
study, tonic – clonic seizures were fully controlled by the 

related to genetic infl uences or are drug related, is 
unknown, as is the frequency of these effects.  

  Learning  d isability 
 There is a possibility that maternal valproate therapy can 
result in learning disability and behavioural problems in 
the offspring, often manifest only in the school years. 
Evidence on these points is rather weak, and is based 
on retrospective series with potential for bias and with 
data that exhibit internal inconsistencies (see    p. 141 ). 
Nevertheless, these effects might be common, and the 
possibility (even if unproven) will preclude the use of 
valproate during pregnancy unless there are pressing 
reasons. 

 If valproate is to be given during pregnancy, the dose 
should be reduced (to  < 1000   mg/day), and monotherapy 
used, wherever possible. The daily dose should be divided 
into three or more administrations per day to avoid high 
peak plasma levels of valproate and its metabolites (as 
these may be a mechanism for teratogenic effects) and the 
controlled - release formulation should be used. It is also 
possible that administration of folic acid during preg-
nancy will reduce the risk of spina bifi da, and, although 
not formally studied in valproate - treated women, folic 
acid supplements (5   mg/day) should be given from the 
onset of pregnancy. 

 Counselling on all these points is essential in all fertile 
women contemplating pregnancy; not to do so is now 
negligent practice.   

  Overdose 
 Overdose causes: coma, convulsions and respiratory 
depression; cardiac conduction defects, hypotension; and 
gastrointestinal and multiple metabolic effects. Profound 
coma occurs at doses  > 200   mg/kg. Death is rare but has 
been reported. Supportive treatment should be supple-
mented by gastric lavage and the use of activated 
charcoal. Haemodialysis and haemoperfusion may be 
helpful. Naloxone has been reported to reverse coma, and 
 l  - carnitine infusions may prevent hepatic damage.   

  Antiepileptic  e ffect 
 Valproate has been the subject of many open and uncon-
trolled studies, in many types of epilepsy, since its intro-
duction in the 1960s. The standards of monitoring and 
documentation do not match modern regulatory studies, 
yet these investigations showed indubitable effectiveness. 

  Partial -  o nset  s eizures 
 Existing evidence suggests that the drug has approxi-
mately similar effi cacy to other main - line therapies, 



260  CHAPTER 8 

of 100 children, most of whom had the Lennox – Gastaut 
syndrome, seizure control was achieved on valproate in 
12 of 27 children with  ‘ absences and other seizures ’  and 
in 9 of 39 children with atonic seizures. The drug in 
another study was said to control seizures in about 10% 
of cases and reduce attacks by 50% or more in a third. 
This seems optimistic and experience suggests more 
modest outcomes. 

 In West syndrome, high - dose valproate is sometimes 
used if steroids and vigabatrin are ineffective or contra-
indicated, but not now usually as fi rst - line therapy. One 
series reported a 90% rate of seizure control, but other 
studies report far less good results. The dose used varies 
between 20 and 60   mg/kg per day.  

  Other  s yndromes 
 Valproate is also a drug of fi rst choice in the progressive 
myoclonic epilepsies, although it seldom fully controls 
the myoclonus in these cases. Valproate also controlled 
the seizures in 8 of 32 patients with myoclonic – astatic 
epilepsy, and 8 of 32 were improved by more than 50%. 
Valproate is as effective in controlling photosensitivity 
and abolishes it in more than half the patients. In patients 
with photosensitive seizures, total seizure control is 
attained in 84%. It has been used in neonatal seizures and 
to prevent febrile seizures, although other drugs are pref-
erable in children aged  < 2 years in view of the potential 
hepatotoxic effects. Benign myoclonic epilepsy of infancy 
also responds very well to valproate. In postanoxic inten-
tion myoclonus, valproate is one of the more successful 
drugs, but this condition is often refractory to treatment. 
The use of valproate in status epilepticus is discussed 
on    pp. 299 – 300, 302, 304 – 306, 313 .   

  Clinical  u se in  e pilepsy 
 Valproate is still one of the most commonly used 
antiepileptics throughout the world. It is a drug of fi rst 
choice in all seizure types (absence, myoclonus, tonic –
 clonic) in IGE (including JME). It is strikingly more effec-
tive than lamotrigine and topiramate in this indication, 
and more useful than the benzodiazepines or barbiturates. 
Whether levetiracetam can compete with its effectiveness 
is not yet clear, but seems unlikely. It is a drug of fi rst 
choice in the Lennox – Gastaut syndrome, where it con-
trols atypical absence and atonic seizures better than most 
other fi rst - line drugs. It is also a drug of fi rst choice in the 
syndromes of myoclonic epilepsy and the progressive 
myoclonic epilepsies, and for epilepsies with photosensi-
tivity and/or generalized spike – wave electrographically. 

addition of valproate in 14 of 42 patients with previously 
intractable seizures. In a comparison with phenytoin in 
61 previously untreated patients with generalized tonic –
 clonic, clonic or tonic seizures, seizure control was 
achieved in 73% on valproate and 47% on phenytoin. In 
another study of previously untreated patients, a 2 - year 
remission was achieved in 27 (73%) of 37 patients with 
valproate and in 22 (56%) of 39 patients with phenytoin. 
In two studies of generalized tonic – clonic seizures in 
IGE, complete seizure control was achieved in 79% of 114 
patients.  

  Typical  a bsence  s eizures 
 In typical absence seizures, valproate was found to 
control all seizures in over 90% of patients in a variety 
of open - label studies, with control most likely if the 
seizures did not coexist with other seizure types. Two 
double - blind RCT studies have compared valproate with 
ethosuximide in children with absence epilepsy in a 
cross - over design. Both drugs had similar effects on 
absence seizures, but valproate was more effective in con-
trolling convulsive seizures.  

  Myoclonic  s eizures 
 Valproate is the drug of choice for myoclonic seizures, 
regardless of aetiology or syndrome. Effectiveness varies 
in different syndromes, being high in JME, lower in the 
Lennox – Gastaut syndrome and lowest in the progressive 
myoclonic epilepsies. 

 The most common form of myoclonic epilepsy is JME. 
In open studies in this condition, around 85% of patients 
were rendered free from seizures. In one open study of 
142 young patients with generalized epilepsy, 50% of 
whom were having daily seizures before therapy, valpro-
ate completely controlled the epilepsy in 63% of all cases 
overall, and a further 18% showed improvement  > 50%. 
Of the 69 patients with 3   Hz spike - wave discharges, 81% 
became free from seizures, as did 77% of those with myo-
clonic jerks.  

  Idiopathic  g eneralized  e pilepsy 
 Valproate is often considered the drug of fi rst choice for 
IGE and all its subgroups. It is effective in the three 
seizure types in this syndrome (myoclonic, generalized 
absence and generalized tonic – clonic seizures).  

  Lennox – Gastaut and West  s yndromes 
 The effectiveness of valproate in the Lennox – Gastaut 
syndrome has been shown in numerous open studies, 
and one small controlled investigation. In another study 
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Although a target serum level range has been suggested by 
clinical studies, the levels fl uctuate widely during a 24 -
 hour period even on three - times - daily doses, although the 
antiepileptic effectiveness is not infl uenced by these fl uc-
tuations. The controlled - release formulation lessens this 
fl uctuation, but does not improve seizure control. 

 Serum level estimations can be made, but there is a 
poor relationship between level and effect. Moreover, the 
marked diurnal swings in blood levels on two -  or three -
 times - daily dosing often render measurements rather 
meaningless. There is little point in rigid adherence to the 
so - called therapeutic range (300 – 700    μ moL/L). 

 Side effects remain a problem, and it is because of these 
that enthusiasm for valproate has waned in recent years. 
Weight gain is common and often problematic. Other 
side effects, such as the neurotoxic effects and effects on 
hair growth, are also common, but often are only slight 
and usually not a reason for drug withdrawal. 

 In female patients, the suggestion that valproate 
increases the frequency of polycystic ovaries, causes men-
strual irregularities and reduces fertility is enough for 
many to avoid its use. Scientifi c evidence on these points 
is, however, generally slight, and has tended to come from 
potentially unreliable sources. Valproate teratogenicity is 
a major concern and is a further reason for avoiding val-
proate in female patients where pregnancy is an issue. Its 
use in young children, especially those  < 2 years, carries a 
small but defi nite risk of hepatic failure and, where other 
drugs are available, these tend to be used now. It is contra-
indicated in the presence of hepatic or pancreatic disease.   

 In partial and secondarily generalized epilepsy, carba-
mazepine is usually tried before valproate, although there 
is no real evidence that valproate is less effective in new 
or mild cases. 

 Valproate is presented in different formulations in dif-
ferent countries, and this can be very confusing. It exists 
as the sodium, calcium and magnesium salts, as the acid, 
as sodium hydrogen divalproate or as valpromide. Enteric -
 coated, immediate and slow - release formulations also 
exist, as well as syrup, sprinkle, intravenous forms and a 
rectal suppository. There are no convincing therapeutic 
differences between any of these forms, although the 
enteric - coated form reduces gastrointestinal side effects, 
and rates of absorption differ in different formulations. 
The pharmacokinetics of individual patients vary much 
more than any difference in formulation, and there is little 
logic in having so many different manufactured products. 
In the UK the most popular form of sodium valproate is 
as 200 and 500   mg enteric - coated tablets. 

 The usual starting dose for an adult is 200   mg at night 
increasing in 2 - weekly steps by 200 or 500   mg increments 
to a usual maintenance dose of between 600 and 1500   mg. 
Doses as high as 3000   mg/day are occasionally given. 
Twice - daily dosing is usual. 

 Valproate has complex interactions, and general rules 
are diffi cult to make. However, generally, patients on co -
 medication require higher doses than those on mono-
therapy. In children, the usual starting dose is 20   mg/kg 
per day and the maintenance dose is 40   mg/kg per day, and 
on combination therapy doses may need to be higher. 

  Vigabatrin           

      
   Proprietary name : Sabril  a    

   Primary indications   
  West syndrome. Also, partial - onset seizures where other therapy has been ineffective 
and the risk vs benefi t ratio is appropriate. Adults and children.  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablets: 500   mg; powder sachet: 500   mg  

   Usual dosage  –  adults   
  Initial 500; increasing in 500   mg/day increments every 2 weeks 
 Maintenance: 1000 – 3000   mg/day (maximum 4000   mg/day)  

   Usual dosage  –  children   
  Body weight 10 – 15   kg: 40   mg/kg per day or 500 – 1000   mg/day; initially 125   mg/day  
  Body weight 15 – 30   kg: 1000 – 1500   mg/day; initially 250   mg/day  
  Body weight  > 30   kg: 1500 – 3000   mg/day; initially 500   mg/day  

COOH

NH2
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   Dosing intervals   
  Twice a day  

   Is dose commonly affected by co - medication?   
  No  

   Is dose affected by renal/hepatic disease?   
  Renal disease  

   Does it affect dose of other drugs?   
  Sometimes, but usually slight in extent  

   Does it affect the contraceptive pill   
  No  

   Serum level monitoring   
  Not useful  

   Common/important adverse events   
  Mood change, depression, psychosis, aggression, confusion, weight gain, insomnia, 
changes in muscle tone in children, tremor and diplopia. Irreversible visual fi eld 
constriction  

   Risk of hypersensitivity   
  No  

   Major mechanism of action   
  Inhibition of GABA transaminase activity  

   Main advantages   
  Highly effective antiepileptic drug. Excellent effect in West syndrome  

   Main disadvantages   
  Adverse effect on visual fi elds and potential for cognitive and behavioral side effects  

   Comment   
  Prescribing now restricted to last - resort use in partial epilepsy. Drug of choice in 
infantile spasm, especially when due to tuberous sclerosis  

    a Name of proprietary brand available in the UK.   

 Vigabatrin: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    0.5 – 2   h  
  Volume of distribution    0.8   L/kg (for racemate)  
  Biotransformation    None  
  Elimination half - life    4 – 7   h  
  Plasma clearance    0.102 – 0.114   L/kg per h  
  Protein binding    None  
  Active metabolite    None  
  Metabolism by 

hepatic enzymes  
  No  

  Inhibition or induction of 
hepatic enzymes  

  No  

  Drug interactions    None  

 Recognition in the 1970s that  γ  - aminobutyric acid was an 
important inhibitory neurotransmitter in the CNS raised 
the possibility that boosting GABA action might suppress 
seizures. This led the worldwide pharmaceutical industry 
to turn their attention to GABA analogues. The fi rst devel-
oped and the most successful was vigabatrin. This was 
synthesized in 1974 and then underwent trials 
in epilepsy, was licensed in the UK in 1989, and subse-
quently in 65 other European countries and worldwide, 
but not in the USA. It was the fi rst of a long series of novel 
antiepileptic drugs introduced in the last 20 years. It 
was marketed as the prime example of a  ‘ designer drug ’  
engineered to produce a specifi c and rational mechanism 
of action, presaging a new chapter in epilepsy therapy, and 
was heavily marketed as such. It had gained an important 
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Vigabatrin does not induce the activity of hepatic 
enzymes. The elimination half - life in people with healthy 
renal function is between 4 and 7   h, and is not dose 
dependent. The plasma clearance is 0.102 – 0.114   L/kg per 
h. Elimination is slower in elderly people. A steady state 
is attained after stable dosing regimens within 2 days. 
Sixty per cent of the drug is removed by haemodialysis 
and so extra dosage is needed in these circumstances. In 
neonates,  C  max  and AUC values of the active  S  - enantiomer 
of vigabatrin were signifi cantly lower than in adults or 
older children.  

  Drug  i nteractions 
 Vigabatrin has virtually no pharmacokinetic or pharma-
codynamic interactions with any other antiepileptic 
drug, except phenytoin. The addition of vigabatrin can 
result in a fall on plasma concentration of phenytoin by 
a mean of 25%, usually within a few weeks of polyther-
apy. The mechanism of this effect is uncertain, but pre-
sumably it is due to impairment of phenytoin absorption 
because phenytoin protein binding, metabolism and 
excretion are unchanged. Serum levels of phenobarbital 
can also be slightly reduced. Vigabatrin has no effect on 
the metabolism of the oral contraceptive, or any known 
effects on other non - antiepileptic drugs.   

  Adverse  e ffects 
 The adverse effects of vigabatrin have proved severe, 
and the once highly feted vigabatrin has become a vaga-
bond on the periphery of epilepsy therapy because of 
these. 

  Intramyelinic  o edema 
 One facet of the preclinical animal toxicology caused 
great concern and this was the fi nding, in rats and dogs, 
of widespread vigabatrin - induced intramyelinic vacuol-
ization throughout the brain on pathological examina-
tion. This could also be demonstrated in vivo by magnetic 
resonance spectroscopy (MRS). Primate studies, human 
surgical and postmortem pathology, human MRS and 
human evoked potential studies, however, failed to dem-
onstrate any similar changes, and on the basis of these 
generally reassuring data the drug was licensed. However, 
many expressed unease about this, and vigilance was rec-
ommended particularly over prolonged treatment 
periods. Recently, there have been reports of transient 
MRI hyperintensities on T2 -  and diffusion - weighted 
images in the basal ganglia and brain stem in infants and 
children treated with vigabatrin, and it is considered 
likely that these represent intramyelinic oedema. Most of 

role in the treatment of epilepsy and then, in 1997, the fi rst 
case of visual failure was reported. This resulted in a 
dramatic decline in the use of the drug, and within a few 
years vigabatrin become almost completely eclipsed, 
saved only by the discovery of its value in infantile spasms. 

     Physical and  c hemical  c haracteristics 
 Vigabatrin ( γ  - vinyl -  γ  - aminobutyric acid; 4 - amino - hex - 
5 - enoic acid; molecular weight 129.16) is a close structural 
analogue of GABA. The drug is a racemic mixture, but 
only the  S  - ( + ) - enantiomer is biologically active. It is a 
crystalline substance, highly soluble in water but only 
slightly soluble in ethanol.  

  Mode of  a ction 
 Vigabatrin is a close structural analogue of GABA and 
acts on GABA transaminase, the enzyme that metabolizes 
GABA in the synaptic cleft. Vigabatrin binds irreversibly 
to the enzyme, and binding results in non - competitive 
inhibition of the enzyme.   

  Pharmacokinetics 
 Vigabatrin has simple pharmacokinetics, which poses few 
problems in the clinical arena. As the drug acts by irre-
versibly inhibiting the cerebral enzyme GABA transami-
nase, its effect is dependent on the rate of production of 
new enzyme rather than on any pharmacokinetic param-
eters, and the measurement of blood vigabatrin levels has 
no clinical utility. The biological half - life of the drug, i.e. 
the time taken for the enzyme concentrations to recover 
to half their previous level, is several days, even after a 
single dose. The plasma half - life is only 4 – 7   h. 

  Absorption and  d istribution 
 Absorption is rapid after oral ingestion, with a peak con-
centration at about 2   h. The oral bioavailability is at least 
60 – 70%. Food has little effect on the rate or extent of 
absorption. There is no appreciable protein binding in 
plasma, and the volume of distribution of the drug is 
0.8   L/kg. The drug is distributed widely. The CSF concen-
tration of vigabatrin is about 10% that of the plasma. In 
neonates and young children, bioavailability and  C  max  of 
the active  S  - ( + ) - enantiomer are somewhat lower than in 
adults. Only a small amount of the drug crosses the pla-
centa. The ratio of drug levels in breast milk compared 
with plasma is  < 0.5.  

  Metabolism and  e xcretion 
 Vigabatrin is only minimally metabolized by humans 
( < 5%), and is eliminated primarily by renal excretion. 
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  Weight  g ain 
 An increase in body weight of more than 10% is seen in 
about 10 – 15% of adults taking long - term vigabatrin 
therapy and is a troublesome side effect. Weight gain 
seems particularly to develop in the fi rst 6 months of 
therapy, but the mechanism is unknown.  

  Peripheral  v isual  fi  eld  l oss 
 In 1997  –  8 years after the licensing of the drug and 15 
years after its introduction into clinical trials  –  three cases 
of constriction of the peripheral visual fi elds were 
reported. In the following year, other cases were noted, 
and it has now become clear that between 30% and 40% 
of people treated with vigabatrin therapy develop this side 
effect. The longer the treatment with vigabatrin, and the 
higher the cumulative dose, the higher the prevalence. 

 The prevalence in children is less easy to determine, 
partly because fi eld testing is more diffi cult, but is prob-
ably lower. In a study from Finland, visual fi eld constric-
tion was observed in 19% of children. Of course, as 
vigabatrin is now used to treat infantile spasms, concern 
has been raised about the risks of fi eld defi cits in infants 
in whom detailed fi eld testing is not possible. Preliminary 
data from prospective long - term follow - up studies of 
those infants exposed to vigabatrin have shown a lower 
frequency of visual fi eld and it seems possible, but not 
certain, that very young children are least susceptible to 
this adverse effect of vigabatrin. 

 Typically, the visual fi eld loss is asymptomatic, 
although a number of patients (perhaps 10% of all those 
taking vigabatrin) notice deterioration in peripheral 
vision and occasionally this deterioration is severe. Visual 
fi elds show the pattern of bilateral nasal then concentric 
constriction (tunnel vision), with central vision pre-
served (Figure  8.10 ). The changes seem to be irreversible, 
even if vigabatrin therapy is withdrawn and, if chronic 
therapy with vigabatrin is to be contemplated, baseline 
fi eld testing should be carried out and repeated initially 
6 monthly and then annually. The patients should be 
fully counselled about this risk.   

 Field testing to confrontation in the clinic is usually 
normal, and the visual fi eld disturbances are picked up 
often only by careful testing by experienced personnel 
using techniques such as Goldman perimetry and the 
computerized Humphries testing battery. 

 The mechanism of this effect is likely to be due to 
GABA inhibition in the retina, which is a structure rich 
in GABA C  receptors, and GABA levels in the retina have 
been shown to be considerably raised on treatment with 
vigabatrin.  

these MRI abnormalities resolve, even in those who 
remained on vigabatrin therapy.  

  Neurological  s ide  e ffects 
 Minor neurological side effects were noted in about 40% 
of all patients taking vigabatrin in the clinical trials, 
and the most common are fatigue, drowsiness, dizziness, 
agitation, amnesia, ataxia, confusion and mood change 
(Table  8.28 ).   

 More troublesome is the occasional tendency of viga-
batrin to cause severe neuropsychiatric adverse events, 
notably depression, agitation or confusion, and in a few 
cases psychosis, with paranoid features and visual hallu-
cinations. In a review of 717 patients in the RCTs, viga-
batrin was associated with a signifi cantly higher incidence, 
when compared with placebo, of depression (12.1% vs 
3.5%) and psychosis (2.5% vs 0.3%). These psychotic 
reactions often occurred when seizure control had been 
improved, and some cases at least have been attributed 
to the process of forced normalization (a rather dubious 
concept  –  see    p. 113 ) rather than to a direct toxic effect 
of the drug. The vigabatrin - induced depression can be 
severe, and is occasionally a threat to life. Disturbances 
of mood were (before the discovery of the visual fi eld 
defi cits) the most common reason for discontinuation of 
vigabatrin therapy in clinical trials. 

 The effect of vigabatrin on cognition has been formally 
studied, in a double - blind, placebo - controlled manner, 
and a dose - dependent decrease in performance was 
detected in only one of eight tests (digit cancellation).  

  Table 8.28    Adverse effects due to vigabatrin (% of patients 
affected); pooled data from 2692 patients from the clinical 
trials of vigabatrin. 

   Adverse event     Frequency  

  Drowsiness    18.6  
  Fatigue    15.1  
  Headache    12.7  
  Dizziness    10.3  
  Weight gain    7.9  
  Agitation    6.9  
  Abnormal vision    5.3  
  Diplopia    5.1  
  Tremor    5.1  
  Depression    5.1  
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     Figure 8.10     Perimetry showing severe bilateral visual fi eld constriction caused by vigabatrin therapy.  
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by vigabatrin. In placebo - controlled trials in refractory 
epilepsy, 20% of children and 5% of adults showed an 
increase in seizures. Absence status can be precipitated by 
vigabatrin therapy. Patients with Angelman syndrome 
may be particularly prone to seizure exacerbation on viga-
batrin. Similarly, secondarily generalized seizures are 
notably less well controlled than partial seizures, and less 
well controlled than with other fi rst - line antiepileptic 
drugs, even where the two seizure types coexist. Experience 
suggests that vigabatrin has little utility in patients with the 
Lennox – Gastaut syndrome, although studies have shown 
confl icting results. Case reports described favourable 
effects of vigabatrin in neonatal seizures due to Ohtahara 
syndrome and in the Landau – Kleffner syndrome.  

  Infantile  s pasms 
 Infantile spasms are currently the only major indication 
for vigabatrin therapy. ACTH or corticosteroids had 
been, for decades, the gold standard treatment for infan-
tile spasms, but, in 1990, vigabatrin was also found to be 
effective, and now these drugs are universally recom-
mended as alternative fi rst - line therapies. An RCT in 40 
children with newly diagnosed infantile spasms com-
pared vigabatrin and placebo. At the end of a 5 - day 
double - blind phase, seven (35%) vigabatrin - treated chil-
dren were spasm free and fi ve (25%) had a resolution of 
hypsarrhythmia, compared with two (10%) and one 
(5%) respectively in the placebo group. A comparison 
has also been made with ACTH. In a cross - over study, 
there was complete control of spasms in 48% of infants 
in the vigabatrin group and 74% in the ACTH group. The 
response to vigabatrin occurred within 14 days, and 
follow - up data for up to 44 months identifi ed only one 
case of relapse of spasms. In the ACTH group, six patients 
relapsed 40 – 45 days after termination of ACTH. A mul-
ticentre study randomly assigned 142 infants to low - dose 
(18 – 36   mg/kg per day) or high - dose (100 – 150   mg/kg 
per day) vigabatrin treatment in which 8 of 75 (10.6%) 
patients in the low - dose group and 24 of 67 (35.8%) in 
the high - dose group responded. The UK Infantile Spasms 
Study (UKISS) was a multicentre RCT that compared 
the effi cacy of vigabatrin with that of prednisolone or 
tetracosactide. Of 52 infants randomized to vigabatrin 
(100 – 150   mg/kg per day), 28 (54%) were spasm free 
within 2 weeks, compared with 70% (21 of 30) of infants 
who received prednisolone. Adverse events were reported 
in 54% of the infants on vigabatrin (mainly drowsiness 
and gastrointestinal symptoms) and in 55% of the infants 
on hormonal therapy (mainly high blood pressure, 
irritability and gastrointestinal symptoms). There have 

  Hypersensitivity and  o ther  e ffects 
 Acute idiosyncratic immunological adverse events (e.g. 
rash, hepatic disturbance, marrow dysplasia) are 
extremely rare, and vigabatrin has proved a safe drug in 
this regard. One case of fatal hepatotoxicity has been 
reported, but was probably due to an undetected meta-
bolic disorder rather than vigabatrin. 

 One unusual effect of vigabatrin is to increase levels of 
 α  - aminoadipic acid in plasma and urine, and this 
can mimic  α  - aminoadipic aciduria, causing diagnostic 
confusion. Similar confusion can be caused by abnormal 
urinary amino acid measurements due to inhibition of 
 β  - alanine metabolism.   

  Antiepileptic  e ffect 
  Partial -  o nset  s eizures 
 Adults with refractory partial epilepsy were the fi rst target 
group in clinical trials in the clinical evaluation of vigaba-
trin. The pivotal European studies were of 479 such 
patients, in an add - on parallel group design. These dem-
onstrated a 50% or greater response rate in 40 – 50% of 
adult patients with refractory partial seizures. Up to 10% 
of patients in these clinical trials became free from sei-
zures. Essentially similar fi gures were then shown in 
similar studies from the USA, with 40 – 50% response rates 
at doses of 2 – 4   g/day. These are evidence of very good 
effi cacy, and of the newer drugs only topiramate showed 
better response rates. In paediatric studies, too, vigabatrin 
had a good effect against complex partial seizures, with 
seizure - free rates of between 10 and 40% in some studies. 

 Monotherapy was also been extensively studied, but 
the results of vigabatrin were less good than as adjunctive 
therapy in refractory partial epilepsy. In a large random-
ized, double - blind, parallel - group comparison with car-
bamazepine in newly diagnosed epilepsy, 53% of 229 
patients on 2   g vigabatrin daily and 57% of 230 patients 
on 600   mg carbamazepine daily achieved 6 - month remis-
sion. However, signifi cantly more patients on vigabatrin 
withdrew due to lack of effi cacy than with carbamaze-
pine, and time to fi rst seizure after the fi rst 6 weeks from 
randomization also showed carbamazepine to be more 
effective. Longer - term effi cacy has been investigated in a 
number of open long - term retention studies with between 
39% and 72% of patients remaining on vigabatrin for 
more than 3 years.  

  Generalized  s eizures 
 Vigabatrin has little effi cacy either in primarily generalized 
tonic – clonic seizures or against absence seizures or myo-
clonus; indeed these seizure types are frequently worsened 
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recognized, who do not have any fi eld defi cits and in 
whom vigabatrin had proved superior to all other 
therapy. In such cases, the balance of risk and benefi t is 
in favour of the maintenance of vigabatrin therapy; this 
is a very small number of cases. Very few patients indeed 
are now started anew on vigabatrin. 

 The usual starting dose for an adult is 250 – 500   mg once 
or twice a day, increasing by 250 – 500   mg incremental 
steps every 1 – 2 weeks. The average maintenance dose is 
between 1 and 2   g/day, although 25% of patients have 
better control on 3   g than on 2   g. The maximum dose is 
4   g. In children, 40   mg/kg per day is the usual starting dose, 
with maintenance doses of 80 – 100   mg/kg per day. Lower 
doses should be used in patients with renal impairment, 
especially when the creatinine clearance is  < 60   mL/min. 
When the drug is being withdrawn it is recommended that 
this be done slowly, with 250 or 500   mg decrements every 
2 – 4 weeks. The drug has signifi cant side effects in addition 
to visual fi eld defects. These include the risk of psychosis 
or depression and there remains constant anxiety about 
the possibility of drug - induced intramyelinic oedema (an 
anxiety fuelled by the recent reports of MRI changes in 
children on vigabatrin). 

 It is likely that the drug would have disappeared alto-
gether were it not for its emergence as a drug of fi rst 
choice for infantile spasm, and one particularly useful 
where the spasms are due to tuberous sclerosis. This is a 
niche indication, and in infants the positive effects can be 
dramatic. The role of vigabatrin vis -  à  - vis steroid therapy 
is outlined in more detail on    pp. 93 – 94 .   

been numerous other reports of the use of vigabatrin in 
newly diagnosed or drug - refractory infantile spasms, 
with fairly consistent fi ndings. All show that the response 
to vigabatrin occurs relatively rapidly and complete dis-
appearance of spasms and hypsarrhythmia can be 
expected in over 50% of infants. 

 Vigabatrin has been shown to be particularly effective 
in the treatment of infantile spasms due to tuberous scle-
rosis complex. In a prospective randomized trial per-
formed comparing vigabatrin and hydrocortisone, 100% 
of those randomized to vigabatrin (150   mg/kg per day) 
became seizure free compared with fewer than 50% of 
those on hydrocortisone and, when crossed over to viga-
batrin, all became seizure free. It has been postulated that 
epileptogenesis in tuberous sclerosis complex may be 
caused by an imbalance of decreased inhibition second-
ary to molecular changes in GABA receptors in giant cells 
and dysplastic neurons, but the exact mechanisms under-
lying the preferential response of these patients to viga-
batrin are still unknown.   

  Clinical  u se in  e pilepsy 
 In the fi rst few years after licensing, vigabatrin gained a 
signifi cant place in the therapy of partial epilepsy in 
adults and children, especially as adjunctive therapy. This 
has completely changed, however, with the fi nding of 
irreversible drug - induced visual fi eld defi cits. In adults, 
vigabatrin is now used only as add - on therapy for patients 
with refractory partial epilepsy who were placed on 
vigabatrin before the risk of visual fi eld effects was 

  Zonisamide           

      
   Proprietary name : Zonegran  a    

   Primary indications   
  Adjunctive therapy in partial - onset seizures in adults  ≥ 18 years (in Europe and the 
USA). Monotherapy and adjunctive therapy in children and adults for a broad range 
of epilepsy (in Japan and Asia)  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Capsules: 25, 50, 100   mg; tablets: 100   mg (Japan, Korea); powder: 20% (Japan, Korea)  

   Usual dosage  –  adults   
  Initial: 50   mg/day; increase by increments of 50   mg/day every 2 weeks 
 Maintenance 200 – 400   mg/day (maximum 600   mg/day)  

   Usual dosage  –  children   
  Initial: 2 – 4   mg/kg per day  
  Maintenance: 4 – 8   mg/kg per day  

O
N

CH2SO2NH2
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 Zonisamide: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    2.4 – 4.6   h  
  Volume of distribution    1.1 – 1.7   L/kg  
  Biotransformation    Hepatic reduction,  N  - acetylation and then glucuronidation  
  Elimination half - life    49 – 69   h (varies with co - medication)  
  Plasma clearance    0.0089 – 0.001   L/kg per h (varies with co - medication)  
  Protein binding    40 – 50%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    CYP3A4, acetylation and glucuronidation  
  Inhibition or induction of hepatic enzymes    No  
  Drug interactions    Common  

   Dosing intervals   
  Once or twice a day  

   Is dose commonly affected by co - medication?   
  Yes  

   Is dose affected by renal/hepatic disease?   
  Avoid in severe renal disease  

   Does it affect dose of other drugs?   
  No  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Potentially useful  

   Target range   
  30 – 140    μ mol/L; 10 – 40   mg/L  

   Common/important adverse events   
  Somnolence, ataxia, dizziness, fatigue, nausea, vomiting, irritability, anorexia, 
impaired concentration, mental slowing, itching, diplopia, insomnia, abdominal 
pain, depression, skin rashes, hypersensitivity. Signifi cant risk of renal calculi, 
metabolic acidosis, weight loss and oligohidrosis. Risk of heat stroke  

   Risk of hypersensitivity   
  Yes  

   Major mechanism of action   
  Inhibition of sodium channel conductance, T - type calcium currents, glutaminergic 
transmission, carbonic anhydrase; enhancement of GABA - ergic action  

   Main advantages   
  Shown to be effective in broad spectrum of epilepsies; also a particular place in the 
Lennox – Gastaut syndrome, infantile spasm and progressive myoclonic epilepsies  

   Main disadvantages   
  Side - effect profi le  

   Comment   
  Drug of second choice in wide spectrum of epilepsies  

    a Name of proprietary brand available in the UK.   
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serum level relationship at doses up to 800   mg, but the 
 C  max  and AUC increase disproportionately at higher 
doses, perhaps owing to saturation of the binding to red 
blood cells. It is not known to what extent the drug is 
excreted in breast milk.  

  Metabolism and  e xcretion 
 Zonisamide is metabolized largely by acetylation and 
cleavage of the isoxazole ring, by the CYP3A species of 
the cytochrome P450 system, followed by conjugation 
with glucuronic acid.  N  - Acetylation also occurs. The 
plasma half - life is between 49 and 69   h in monotherapy, 
but lower in co - medication with enzyme - inducing drugs. 
The drug exhibits fi rst - order kinetics at normal doses. In 
monotherapy, therefore, steady state is reached within 7 
days and diurnal variations in the levels are small, with 
peak – trough differences of only 14 – 27% at steady - state 
concentrations. The metabolites are not active and are 
excreted in the urine. In chronic therapy about 35% of 
the drug is excreted unchanged. Zonisamide does 
not induce its own metabolism. Plasma clearance is low, 
in various studies between 0.0089 and 0.001   L/kg per h 
in patients who are not receiving enzyme - inducing 
co - medication. It increases to about 0.015   L/kg per h in 
co - medicated patients. In renal disease clearance is mark-
edly reduced (35% reduction in those with a creatinine 
clearance of  < 20   mL/min).  

  Drug  i nteractions 
 Zonisamide does have drug interactions that might be 
expected to alter dosing requirements in some situations. 
As a result of enzyme induction, adjunctive administra-
tion of enzyme - inducing antiepileptic drugs reduced the 
half - life of zonisamide, in one study, from 52 – 66   h to 
 < 27   h with phenytoin, 38   h with carbamazepine and 38   h 
with phenobarbital. The effect of valproate is inconsis-
tent, but one study showed a reduction of half - life to 46   h. 
Lamotrigine usually has no effect on the metabolism of 
zonisamide. Other drugs inducing the CYP3A4 system 
such as rifampicin will also be expected to induce 
zonisamide metabolism. 

 Conversely, as zonisamide is not a strong enzyme 
inducer or inhibitor, co - medication with zonisamide 
generally has no effect on concentrations of phenytoin, 
carbamazepine or valproate. There is no autoinduction. 
Zonisamide has no effect on the contraceptive pill. 
Zonisamide is a weak inhibitor of P - glycoprotein and so 
may change the brain levels of substrates (such drugs as 
digoxin or quinidine), but there is no defi nite evidence 
that this is relevant to other antiepileptic drugs.   

 Zonisamide is a sulphonamide derivative chemically dis-
tinct from any of the previously established antiepileptic 
drugs. Its antiepileptic action was discovered by chance 
in 1974, and it was approved for use in Japan in 1989 and 
in the USA in 2003, and licensed in Europe in 2005. It 
was subjected to intensive study in Japan in the 1980s and 
then a further three pivotal clinical studies were carried 
out in the USA and Europe. Its current regulatory licence 
is for monotherapy and adjunctive therapy in a wide 
spectrum of epilepsies in Japan, but as adjunctive therapy 
in refractory partial epilepsy in adults only in the USA, 
the UK and Europe. 

     Chemical and  p hysical  p roperties 
 Zonisamide (1,2 - benzisoxazole - 3 - methanesulphon-
amide; molecular weight 212) is a white crystalline 
powder, slightly soluble in acidic and neutral aqueous 
solutions, with a p K  a  of 10.2. Solubility markedly increases 
as pH increases.  

  Mode of  a ction 
 Zonisamide has a number of different properties that 
contribute to its antiepileptic effect. It reduces conduc-
tance at the voltage - gated sodium channel by affecting 
the kinetics of sodium - channel inactivation, an action 
similar to that of phenytoin but with different kinetics. 
It also affects T - type calcium currents, increasing the 
proportion of channels in the inactivated state. It binds 
to the benzodiazepine GABA A  receptor, where it has 
valproate - like actions. It also has effects on excitatory 
glutaminergic transmission and acetylcholine metabo-
lism, and it inhibits dopamine turnover and carbonic 
anhydrase activity, but the relevance of these actions to 
its anticonvulsant action is unclear. It is effective in a 
wide variety of animal models of epilepsy. In addition to 
its antiepileptic action, it has marked neuroprotective 
properties in some experimental models, by its ability to 
scavenge free radicals and its antioxidant properties.   

  Pharmacokinetics 
  Absorption and  d istribution 
 Zonisamide is rapidly and completely absorbed, and peak 
concentrations are achieved usually within 2.4 – 4.6   h. 
Bioavailability is close to 100% and not affected by food. 
The mean volume of distribution is between 1.1 and 
1.7   L/kg. The drug is widely distributed in the body, 
involving active transport systems, and is particularly 
highly concentrated in erythrocytes. Concentrations in 
the cerebral cortex are higher than in the midbrain. 
Protein binding is 30 – 60%. There is a linear dose to 
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  Renal  s tones,  m etabolic  a cidosis and  o ligohidrosis 
 One striking difference that has been noted between the 
Japanese studies and the US and European studies is the 
occurrence of renal stones. In pre - approval studies in 
Japan, only two patients (0.2%) developed urinary stones, 
compared with a rate of 2.6% in the early studies in the 
USA and Europe. In another US study, the occurrence of 
renal stones was assessed by means of renal ultrasonog-
raphy, repeated annually during the study, in 501 patients 
treated with zonisamide and 85 patients with placebo. 
Calculi were demonstrated in 2 of 85 patients (2.4%) 
during placebo treatment, and in 17 of 501 patients 
(3.4%) treated with zonisamide. In the subsequent con-
trolled trials in the USA and Europe and the open - label 
extensions, symptomatic calculi were reported in 9 of 626 
(1.4%) patients, and overall in Europe and the USA in 15 
of 1296 (1.2%) of patients taking the drug for up to 8.7 
years. 

 The risk of symptomatic renal stones, during the 
developmental studies of zonisamide, was 28.7 per 1000 
patient - years of exposure in the fi rst 6 months, 62.6 per 
1000 patient - years of exposure between 6 and 12 months, 
and 24.3 per 1000 patient - years of exposure after 12 
months. 

 Zonisamide had a mild effect on renal function in 
some clinical studies. A mean 8% elevation of serum 
creatinine occurred in some studies during the fi rst 4 
weeks of therapy, and this returned to baseline values on 
discontinuation of the drug. It is advised that zonisamide 
not be used in patients with severe renal failure (glo-
merular fi ltration rate  < 30   mL/min). 

 Hyperchloraemic metabolic acidosis (decreased serum 
bicarbonate without chronic respiratory alkalosis) can be 
caused by zonisamide, due to inhibition of carbonic 
anhydrase. Bicarbonate levels are often slightly reduced 
(average decrease of approximately 3.5   mmol/L at daily 
doses of 300   mg in adults) and rarely more severely 
decreased. Conditions or therapies that predispose to 
acidosis (such as renal disease, severe respiratory dis-
orders, diarrhoea, surgery, ketogenic diet and certain 
drugs) can exacerbate this metabolic effect and cause 
symptoms. 

 Oligohydrosis (impairment of sweating) is another 
unusual side effect of zonisamide. This was identifi ed in 
17 – 25% of cases in two studies in children, but less than 
1% in post - marketing surveillance. Zonisamide can be 
shown to suppress the sweating response to acetylcholine 
loading in humans. This adverse effect is a particular 
problem in infants and young children and may predis-
pose to heat stroke. As a result of this, zonisamide should 

  Adverse  e ffects 
  Neurological and  o ther  s ide  e ffects 
 In the pooled data of three double - blind, placebo - 
controlled studies in the USA and Europe, the incidence 
of adverse drug reactions was 78.1%, compared with 
61.3% on placebo. Side effects that occurred at an inci-
dence  > 5% in the placebo - controlled studies are listed in 
Table  8.29 ; 11.5% of the treated patients and 6.5% of the 
placebo group discontinued treatment because of side 
effects, mainly sedation and effects on behaviour and 
cognition. Speech and language problems were also 
recorded, especially after 6 – 10 weeks of therapy and at 
doses  > 300   mg/day, similar to the effect of topiramate. In 
the placebo - controlled studies, 2.2% of patients were 
hospitalized for depression and 2.2% were hospitalized 
for psychosis. Other neurological and psychiatric side 
effects include fatigue, lability of affect, anxiety, insom-
nia, tremor and bradyphrenia.   

 Weight loss is a common side effect, often welcomed 
by patients. Abdominal pain, constipation, diarrhoea and 
nausea are relatively common side effects. Pancreatitis 
has been reported.  

  Table 8.29    Adverse effects of zonisamide (%) in 
double - blind placebo controlled studies; pooled data: 
effects occurring in more than 5% of patients. 

   Adverse effect     Placebo 
( n     =    230)  

   Zonisamide 
( n     =    269)  

  Somnolence    12.2    19.3  
  Ataxia    5.7    16.7  
  Anorexia    6.1    15.6  
  Dizziness    10.9    15.6  
  Fatigue    10.4    14.1  
  Nausea and/or vomiting    11.7    11.5  
  Irritability    5.2    11.5  
  Diplopia    4.3    8.9  
  Headache    8.3    8.6  
  Decreased concentration    0.9    8.2  
  Insomnia    3.5    7.8  
  Abdominal pain/discomfort    1.7    7.4  
  Depression    3.0    7.4  
  Forgetfulness    2.2    7.1  
  Rhinitis    6.1    6.7  
  Confusion    1.3    5.6  
  Anxiety    2.6    5.6  
   All effects      61.3      78.1   
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100   mg/day (compared with 9.0%,  − 3.2% and  − 1.1% on 
placebo). In one of the trials, dose effects could be 
studied; in this trial the median reduction in seizures: at 
100   mg/day was 24.7% (8.3% on placebo); at 200   mg/day 
20.4% (4.0% on placebo); and at 400   mg/day 40.5% 
(9% on placebo). All (bar one) of these fi ndings showed 
signifi cant improvements compared with placebo (at 
 P     <    0.05). 

 A randomized comparison of zonisamide and carba-
mazepine in 123 patients with refractory partial epilepsy 
showed mean reductions in seizures of 68.4% on 
zonisamide compared with 46.6% on carbamazepine 
(69.7 and 70.2% for tonic – clonic seizures), and responder 
rates were 81.8% and 70.7%, respectively. These were not 
signifi cant differences. Zonisamide (mean daily dose of 
7.3   mg/kg per day) was compared with valproate (mean 
daily dose 27.6   mg/kg per day) in 34 children with refrac-
tory generalized seizures, with overall improvement rates 
of 50.0% on zonisamide and 43.8% on valproate. 

 The responder rates from the pooled data of 1008 
adults and children who had been enrolled in the con-
trolled studies and non - comparative multicentre studies 
are shown in Table  8.30 . Among the partial seizures, 
responder rates were similar in temporal lobe epilepsy 
(54%;  n     =    428) and those with extratemporal lobe 

not be used with other carbonic anhydrase inhibitors or 
anticholinergic drugs.  

  Hypersensitivity 
 Zonisamide is a benzisoxazole derivative, which contains 
a sulphonamide group, and the hypersensitivity associ-
ated with such a chemical structure also occurs in 
zonisamide. Of patients in the controlled trials 2.2% 
withdrew from the drug because of the occurrence of 
rash, and across all trials the rate of rash is 12 events per 
1000 patient - years of treatment. Eighty - fi ve per cent of 
the rashes occurred within 16 weeks of the initiation of 
therapy in the US studies. 

 Two cases of aplastic anaemia and one case of agranu-
locytosis were reported during the fi rst 11 years 
post - marketing of zonisamide in Japan. Forty - nine cases 
of the Stevens – Johnson syndrome and toxic epidermal 
necrolysis were reported in the same period (with seven 
deaths)  –  a rate of 46 cases per million patient - years of 
exposure. All patients were taking other drugs. No cases 
have been reported in the European or US development 
programmes.  

  Teratogenicity 
 Zonisamide has demonstrated teratogenic potential in 
animal studies. Of 25 known human pregnancies in which 
zonisamide was taken in combination with other antiepi-
leptics, one infant had anencephaly (with co - medication 
with phenytoin) and one an atrial septal defect (with 
co - medication with valproate and phenobarbital). It is 
classifi ed as a category C teratogen by the FDA.  

  Overdose 
 One patient is reported who took 7400   mg zonisamide. It 
is thought that her peak levels may have reached 200    μ g/
mL. She developed coma and respiratory depression. She 
was treated with supportive measures, fl uids and gastric 
lavage, and recovered.   

  Antiepileptic  e ffect 
  Partial -  o nset  e pilepsy 
 In the four defi nitive placebo - controlled studies in the 
USA and Europe, zonisamide (400, 200 or 100   mg/day) 
was used in 845 patients with refractory partial or gener-
alized epileptic seizures. In three studies, responder rates 
(i.e. those showing a reduction in seizures of at least 50%) 
were 41.8% at 400   mg/day, 29.0% at 200   mg/day and 
28.0% at 100   mg/day (compared with 22.2%, 15.0% and 
12.0% on placebo). The median reduction in seizures was 
40.5% at 400   mg/day, 27.2% at 200   mg/day and 29.5% at 

  Table 8.30    Clinical effi cacy of zonisamide in 1008 patients 
from the clinical trials of the drug. 

   Seizure type     No. of 
patients  

   Responder 
rate (%)  

   Partial   
  Simple partial    63    57  
  Simple partial followed 
by complex partial  

  82    50  

  Complex partial    362    50  
  Partial - onset generalized 
tonic – clonic  

  168    60  

   Generalized   
  Generalized tonic – clonic    46    59  
  Generalized tonic    74    26  
  Atypical absences    9    67  
  Typical absences    4    50  
  Atonic    10    50  
  Myoclonic    7    43  
  Clonic    1    100  
  Combination    129    41  
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 As a result of the risk of hypersensitivity, patients 
should report to their physicians immediately if a skin 
rash, fever, sore throat or bruising occurs. Renal function 
should be monitored and the drug avoided in renal 
failure. It has some unusual side effects relating to its 
propensity to induce oligohidrosis and occasionally cause 
heat stroke or diffi culty with temperature control on 
exercise, especially in children. As a result of the risk of 
acidosis and of renal stones, the drug should not used in 
co - medication with other carbonic anhydrase inhibitors 
(including acetazolamide or topiramate) or anticholiner-
gic drugs.   

  Other  d rugs  u sed in the  t reatment 
of  e pilepsy 

 In 1861, Sir Edward Sieveking closed the treatment 
chapter in his book on epilepsy with the famous words 
 ‘ there is scarcely a substance in the world capable of 
passing through the gullet of man that has not at one time 
or other enjoyed the reputation of being an antiepileptic ’ . 
Things have changed, but still unsubstantiated claims are 
made about numerous medicinal and non - medicinal 
products, with varying degrees of hope or cynicism. 

 Among prescribed medicines there are a number with 
claims that are based on highly unsatisfactory open 
studies, often in small numbers of patients and for short 
periods of time. Some of these are listed in Table  8.31 , 
and some are still occasionally encountered in clinical 
practice.   

 There are, however, other drugs for which utility is 
proven, and which are occasionally used in the treatment 
of epilepsy, and these are outlined here.  

epilepsy (51%;  n     =    224). Sixty - six per cent (of 41 patients) 
with idiopathic epilepsy responded, as did 32% of 132 
patients with the Lennox – Gastaut syndrome and 22% of 
9 patients with the West syndrome. Controlled studies in 
these conditions would be valuable but have not been 
thus far reported.    

  Progressive  m yoclonic  e pilepsy 
 Zonisamide seems to have a specifi c effect in patients 
with progressive myoclonic epilepsy (PME), at least on 
the basis of evidence from open studies and case series. 
Dramatic improvements in all seizure types (tonic – clonic 
and myoclonic) were fi rst reported in 1988 and have been 
repeatedly confi rmed. In one study 10 of 30 patients with 
PME had a sustained 50% reduction in seizure frequency. 
The improvement occurs in patients with both 
Unverricht – Lundborg disease and Lafora body disease, 
and in mitochondrial disease.   

  Clinical  u se in  e pilepsy 
 Zonisamide is a chemically distinctive drug with striking 
effectiveness in a broad range of seizure types and epilep-
sies, and notably also in epilepsy syndromes that are 
otherwise often resistant to therapy. The effects are main-
tained and there is no evidence of tachyphylaxis. It may 
have a particular role in the PMEs, and also has intriguing 
possibilities as a neuroprotective agent. As a result of its 
long usage in Japan, there are now over 2 million patient -
 years of experience and its side - effect profi le is well 
understood. The CNS side effects can be prominent but 
can be lessened by starting at a low dose and increment-
ing the dose slowly at a rate of 50   mg every 2 weeks in 
adults. 

 Other side effects are less common, but can be trouble-
some and include renal stones, metabolic acidosis and 
oligohidrosis, and a risk of hypersensitivity. It is licensed 
currently in the USA, the UK and Europe only for adjunc-
tive therapy in adults with partial epilepsy ( ±  secondary 
generalization), but has much wider indications in Asia. 

 The initial recommended dose is 25   mg twice daily in 
adults and 2 – 4   mg/kg per day in children. The dose can 
be increased at 50   mg increments every 2 weeks. Usual 
maintenance doses are 200 – 400   mg/day in adults 
(maximum dose 600   mg/day) and 4 – 8   mg/kg per day in 
children (maximum dose 12   mg/kg per day). The drug 
can be given once or twice a day. The half - life is long in 
monotherapy, but considerably reduced in adjunctive 
therapy. Serum level monitoring is not usually needed, 
but it has been suggested that the usual range of thera-
peutic levels is 30 – 140    μ moL/L. 

  Table 8.31    Prescription drugs licensed for other 
indications that have also been reported to have been used 
as antiepileptics. 

  Allopurinol  
  Calcium channel blockers (diltiazem, nimodipine, 
nifedipine, verapamil)  
  Carbenoxolone  
  Furosemide (and other diuretics)  
  Mannitol  
  Propranolol and other beta - blockers  
  Quinidine  
  Vitamin E  
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  Acetazolamide           

      
   Proprietary name : Diamox  a    

   Primary indications   
  All seizure types. Catamenial epilepsy  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablets: 250   mg  

   Usual dosage  –  adults   
  Initial: 250   mg/day  
  Maintenance: 250 – 750   mg/day  

   Usual dosage  –  children   
  Initial: 10   mg/kg per day  
  Maintenance: 30   mg/kg per day  

   Dosing intervals   
  Once or twice daily  

   Is dose commonly affected by co - medication?   
  No  

   Is dose affected by renal/hepatic disease?   
  Avoid in renal and hepatic disease  

   Does it affect dose of other drugs?   
  No  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Not useful  

   Common/important adverse events   
  Acidosis, drowsiness, anorexia, irritability, nausea and vomiting, loss of appetite, 
weight loss, enuresis, headache, thirst, dizziness, hyperventilation, fl ushing, loss of 
libido, renal stones. Severe hypersensitivity affecting skin and blood  

   Risk of hypersensitivity   
  Yes  –  marked risk  

   Major mechanism of action   
  Carbonic anhydrase inhibition  

   Main advantages   
  Broad - spectrum action; can be used as intermittent therapy (e.g. in catamenial 
epilepsy)  

   Main disadvantages   
  Tolerance to the antiepileptic effects; hypersensitivity reactions; other side effects  

   Comment   
  Drug of second choice in refractory epilepsy. Also used in catamenial epilepsy  

     a Name of proprietary brand available in the UK.   
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 Acetazolamide, 2 - acetylamido - 1,3,4 - thiadiazole - 5 sul-
phonamide (molecular weight 222), is a sulphonamide 
derivative (C 4 H 6 N 4 O 3 S 2 ); it is a carbonic anhydrase inhib-
itor and this is probably the mechanism of its antiepilep-
tic action. It has a clear effect in animal models of epilepsy, 
and its antiepileptic action was fi rst reported in humans 
in the 1950s. The drug has had a place in therapy ever 
since. 

     Pharmacokinetics 
 Acetazolamide is a poorly soluble crystalline substance. 
It is a weak acid with a p K  a  of 7.4. The drug is absorbed 
largely in the duodenum and upper jejunum. The oral 
bioavailablity is more than 90% in the dose range used 
in epilepsy. The peak plasma concentrations (10 – 18    μ g/
mL) are reached 1 – 3   h after oral ingestion of a single 
250   mg dose. The volume of distribution of acetazol-
amide is 0.21   L/kg, and the drug is preferentially concen-
trated in erythrocytes (as is zonisamide) and other tissues 
where carbonic anhydrase concentrations are high. 
Acetazolamide is 90 – 95% bound to plasma proteins. 
About half the unbound drug exists in the plasma in the 
unionized form, and this diffuses into tissues where it 
binds strongly to carbonic anhydrase as an enzyme inhib-
itor complex. The plasma half - life of freely available acet-
azolamide is about 2   h, although by 24   h after ingestion 
most of the drug is in the form of an enzyme inhibitor 
complex, which has a half - life of 10 – 12   h. The concentra-
tion in brain is rather lower than in other tissues owing 
to an active transport system of the drug out of the brain. 

 The drug is not metabolized; 20% of the elimination 
is by glomerular fi ltration and 80% by renal tubular 
excretion. The whole of a single oral dose of acetazolamide 
is recovered in the urine in 24   h. Less than 0.7% of the dose 
per kilogram of body weight of the mother is transferred 

in breast milk, and breast - feeding is therefore likely to be 
harmless. 

 There are no signifi cant drug interactions, except at the 
level of protein binding.  

  Side  e ffects 
  Idiosyncratic  r eaction 
 Like any sulphonamide drug, acetazolamide can cause 
acute hypersensitivity, and this its most serious risk. The 
Stevens – Johnson syndrome, aplastic anaemia, agranulo-
cytosis, acute thrombocytopenia and acute renal failure 
can occur. These are uncommon but patients should 
be warned about the risk. There is cross - sensitivity to 
other sulphonamide drugs, which should therefore be 
avoided.  

  Renal  c alculi 
 Renal calculi can be caused by acetazolamide, owing to 
renal tubular acidosis with resultant hypercalciuria and 
hypocitraturia. The frequency of stone formation has 
varied between studies from 0% to 43%. Citrate supple-
mentation and hydration may be effective in reducing 
stone formation.  

  Other  s ide  e ffects 
 Mild side effects are common (recorded in 10 – 30% of 
most series). In one study, 11% of 277 patients reported 
the following side effects in descending order of fre-
quency: drowsiness, anorexia, irritability, nausea, vomit-
ing, enuresis, headache, thirst, dizziness and 
hyperventilation. Other effects that are commonly 
recorded include paraesthesias of the hands and feet, 
diarrhoea, loss of libido, diuresis and transient distortion 
of healthy taste sensations. 

 A metabolic acidosis, and hyperventilation, can be 
induced by acetazolamide, due to inhibition of carbonic 
anhydrase activity in the proximal renal tubules. In 44 of 
92 (48%) patients treated with acetazolamide for chronic 
glaucoma, malaise, fatigue, weight loss, depression, 
anorexia and loss of libido were common and attributed 
to acidosis. Treatment with sodium bicarbonate 56 –
 70   mmol/day orally may alleviate some of these effects. 

 Acute closed - angle glaucoma can occur.  

  Teratogenicity 
 There are no adequate studies in pregnancy and the risk 
of malformations has not been established. However, 
animal experimentation has demonstrated a teratogenic 
potential, and there are at least two human case reports 
of major malformations. The drug should be avoided in 
pregnancy.   

 Acetazolamide: pharmacokinetics (average adult values) 

  Oral bioavailability     < 90%  
  Time to peak levels    1 – 3   h  
  Volume of distribution    0.2   L/kg  
  Biotransformation    None  
  Elimination half - life    10 – 12   h  
  Plasma clearance    insuffi cient 

data  
  Protein binding    90 – 95%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    No  
  Inhibition of induction of hepatic enzymes    No  
  Drug interactions    None  
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  Antiepileptic  e ffect 
 Acetazolamide has a very broad spectrum of activity. It 
is effective in most forms of generalized seizures includ-
ing tonic – clonic, generalized absence and myoclonic 
seizures, and also partial and secondarily generalized 
seizures. This effi cacy has been confi rmed in numerous 
open case series. In absence seizures, early studies 
have shown up to 90% control. In myoclonic seizures, 
similarly dramatic responses are recorded and in 
one study 20% of patients showed a 90 – 100% improve-
ment. Similar excellent results in tonic – clonic seizures 
are recorded in some open studies showing 40 – 50% 
seizure - free rates. There is one double - blind, placebo -
 controlled study of 14 children with refractory post - 
traumatic seizures, and this showed initial therapy with 
acetazolamide to be superior to placebo, and comparable 
to phenytoin. Eight of the fourteen patients (57%) had a 
seizure reduction of at least 75%. 

 The drug will have an initial effect in most patients. 
However, there is an almost universal tendency for the 
effects of therapy to diminish over time (a phenomenon 
known as  ‘ tolerance ’ ), and this has been demonstrated in 
all seizure types. In one study, for example, the control 
of absence seizures fell from over 90% of cases initially 
to only 7% at 3 years of therapy. Similarly, about 30% of 
patients with complex partial seizures became seizure 
free within the fi rst 3 months of therapy, but the propor-
tion fell to about 10% at 1 and 2 years. 

 As a result of this tendency for tolerance, the drug is 
often given intermittently, notably in catamenial epi-
lepsy. It is usually given at dosages of 250 – 750   mg/day for 
5 – 7 days to women before the onset of the menstrual 
period and for its duration. There are a variety of case 
reports recommending its use in this way, although the 
author ’ s own clinical experience is less positive, and most 
women with catamenial exacerbations of seizures seem 
to derive little benefi t from the drug. Clobazam used in 
this way is probably more effi cacious. 

 In one retrospective study, the drug was given as 
adjunctive therapy continuously in 55% and intermit-
tently in 45% of individuals. A 59% decrease in the 
frequency of seizures was reported by 40% (both of focal 
and generalized seizures), and there was no difference 
in effectiveness between continuous and intermittent 
regimens. Loss of effi cacy was reported by 15% of patients 
over 6 – 24 months.  

  Clinical  u se in  e pilepsy 
 Acetazolamide is an interesting broad - spectrum anti-
epileptic drug. It has a place in modern therapy, and 
is probably generally under - employed. Indeed, it can 

have a spectacular effect, and is worth a trial in 
any patient with severe epilepsy in whom other more 
conventional therapies have failed. It is usually given as 
adjunctive therapy, and has the advantage of not inter-
acting with other antiepileptic drugs. The recommended 
dose in children is between 10 and 30   mg/kg, and 
in adults 250 and 500   mg/day, given twice daily. The
 usually quoted plasma levels are 10 – 14    μ g/mL, but serum 
level monitoring is generally not worthwhile. The anti-
epileptic effect is immediate, and so it can be quickly 
evaluated. 

 The major drawback of the drug is the frequent devel-
opment of tolerance, which can occur weeks or months 
after initiating therapy, and this limits its usefulness. 
Once tolerance has developed the drug should be with-
drawn. Its restitution after a period of  ‘ drug holiday ’  
sometimes restores its effect, and cyclical regimens may 
also reduce the development of tolerance. Acetazolamide 
is often used as adjunctive therapy in catamenial epilepsy 
for this reason. 

 The drug is generally simple and easy to use and well 
tolerated. However, because of the risk of acute and 
severe hypersensitivity (a risk shared with all sulphon-
amide drugs), a blood count should be obtained before 
initiating treatment. Patients should be warned of the 
possibility of hypersensitivity, and acetazolamide should 
not be used if there is a history of allergy to any sulphon-
amide, or topiramate or zonisamide. The drug should be 
avoided in renal failure, and also in hepatic failure, 
because alkalinization of the urine diverts ammonia of 
renal origin from urine into the systemic circulation, 
causing hepatic encephalopathy. It increases potassium 
loss and should not be used in Addison disease or adrenal 
insuffi ciency. It should be used cautiously in combina-
tion with carbamazepine and oxcarbazepine because of 
its tendency to cause hyponatraemia, and should not be 
given with topiramate or zonisamide because of the risk 
of renal calculi.    

  Benzodiazepines 

 The benzodiazepines are fi rst introduced into practice in 
1960 (chlordiazepoxide) and since then over 4000 related 
compounds have been synthesized. Benzodiazepines 
have antiepileptic, anxiolytic, hypnotic and antispastic 
properties, and several have been widely adopted for use 
in epilepsy. 

 Diazepam, lorazepam and midazolam are commonly 
prescribed for the acute treatment of seizures (including 
febrile convulsions) and in status epilepticus, and the 
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usage in these indications is outlined elsewhere (see 
   chapter 9 ). 

 In chronic epilepsy, clobazam and clonazepam are the 
most commonly used benzodiazepines, and are described 
earlier in this chapter, but three other benzodiazepines 
 –  diazepam, clorazepate and nitrazepam  –  still have a 
minor role. 

 The benzodiazepines all bind to the GABA A  receptors 
and exert their antiepileptic action by enhancing 
inhibitory neurotransmission. Differences between 
the drugs relate to their differential binding at the recep-
tor and their pharmacokinetic properties. The similari-
ties between the drugs are greater than the differences 
(Figure  8.11 ).   

     Diazepam 
 Diazepam was the fi rst benzodiazepine to be used in epi-
lepsy. It is highly lipophilic, allowing rapid entry into the 
brain, but this high lipid solubility also results in rapid 
subsequent redistribution into peripheral tissues. It is 
90 – 99% bound to plasma proteins. The volume of distri-
bution for the free component of diazepam (i.e. the active, 
unbound fraction) is 1.1   L/kg. The distribution half - life of 
5 – 10   mg diazepam after intravenous injection is  < 20   min, 

but the elimination half - life is between 18 and 100   h 
(mean 20 – 40   h). Enterohepatic circulation results in a 
second peak in blood levels 6 – 8   h after ingestion. Diazepam 
undergoes demethylation to  N  - desmethyldiazepam 
(DMD; nordiazepam), a metabolite with anticonvulsant 
activity and a long half - life ( > 40   h), and then slow hydrox-
ylation to oxazepam, which is also active. Both metabo-
lites are conjugated with glucuronic acid in the liver, with 
an elimination half - life of 24 – 48   h. Diazepam induces the 
cytochrome P450 enzyme CYP2B, and enhances the 
metabolism of phenobarbital and phenytoin. Valproate 
displaces diazepam bound to plasma proteins, leading to 
increased free diazepam levels. Concentrations in breast 
milk are low. 

 Drowsiness, fatigue, amnesia, mental slowing, depres-
sion, sleep disturbances and ataxia are common side 
effects in chronic therapy. Less common are dizziness, 
weakness, headache, agitation or restlessness, aggression, 
and mood and personality changes. Occasionally hallu-
cinations and delirium occur. Hypersensitivity includes 
neutropenia or thrombocytopenia, nephritis, skin reac-
tions and anaphylaxis. 

 There is signifi cant potential for abuse and depen-
dency, and this is a major drawback of therapy. 

     Figure 8.11     Structures of four 
benzodiazepine drugs used in epilepsy.  
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 The teratogenicity of diazepam has not been clearly 
quantifi ed, but is probably relatively slight. However, a 
 ‘ fetal syndrome ’  and major malformations have been 
described. 

 Diazepam is mainly used intravenously or rectally in 
acute seizures (see    pp. 287 – 288 ) but is sometimes given 
as a long - term antiepileptic, especially in the presence of 
anxiety. It is used largely as adjunctive therapy in severe 
partial and generalized epilepsy, and also in the Lennox –
 Gastaut syndrome. The dose is usually 5 – 10   mg/day, but 
long - term use is limited by the sedative side effects, the 
risk of dependency and the marked potential for 
tolerance.  

  Clorazepate 
 Clorazepate is a benzodiazepine used in adjunctive treat-
ment of seizure disorders, anxiety and alcohol with-
drawal. It is a prodrug that is rapidly converted to 
nordiazepam (DMD), the major active metabolite of 
diazepam. Ninety per cent of orally administered cloraz-
epate is converted in the stomach to nordiazepam in 
 < 10   min, and so its effects are almost identical to those of 
diazepam. Clorazepate is around 100% bioavailable by 
the intramuscular route, and conversion to nordiazepam 
occurs more slowly in the blood. 

 Clorazepate and nordiazepam are 96 – 98% protein 
bound. The time to peak concentration is 0.7 – 2   h. The 
volume of distribution ranges from 0.9   L/kg to 2.2   L/kg, 
and is greater in elderly people and obese individuals. The 
elimination half - life of clorazepate is 2.3   h, but the half -
 life of nordiazepam is 40   h or longer (the longest half -
 lives are in elderly people and neonates). Nordiazepam is 
excreted predominantly by the kidneys (62 – 67%) with 
renal clearance of 0.15 – 0.27 mL/min per kg. Plasma nor-
diazepam levels of 0.5 – 1.9    μ g/mL are said to be those 
producing optimal antiepileptic activity. There are minor 
drug interactions with other enzyme - inducing drugs, and 
also reportedly with herbal medicines including the 
Chinese herb dong quai. Pharmcodynamic interactions 
also occur with CNS depressant agents including pheno-
barbital and, where possible, co - medication with these 
should be avoided. 

 The side effects of clorazepate are identical to those of 
diazepam (see above). Hepatotoxicity and transient skin 
rashes have also been reported, and clorazepate has a 
teratogenic potential (and FDA category D status), 
although this has not been quantifi ed and is probably 
slight. However, where possible, it should not be used in 
pregnancy. 

 Open and blinded studies of its antiepileptic effect 
have been performed, and one double - blind, add - on 
study found no difference in control of seizures between 
clorazepate and phenobarbital or phenytoin. 

 Its contemporary use is restricted to add - on therapy in 
refractory partial and generalized epilepsy. The drug is 
available as 3.75   mg, 7.5   mg and 15   mg tablets. The rec-
ommended initial dose of clorazepate for the adjunctive 
treatment of epilepsy is 7.5   mg two or three times a day 
(adults) with slow incremental increases in 3.75 or 7.5   mg 
steps, to a maximal daily dose of 90   mg in two -  or three -
 times - a - day regimens.  

  Nitrazepam 
 Nitrazepam is a benzodiazepine derivative with a nitro 
group at the 7 position of the benzodiazepine ring. Oral 
bioavailability is about 78%. Peak concentrations are 
reached in 1.3 – 2.5   h. Nitrazepam is 85 – 88% protein 
bound. The volume of distribution is 2.4 – 2.9   L/kg, and is 
higher in elderly people. The plasma half - life is about 
27   h, but the drug is rapidly taken up into the CSF and 
brain tissue, and the CSF elimination half - life is 68   h. 
Nitrazepam is metabolized in the liver by nitro reduction 
to the inactive aromatic amine (7 - aminonitrazepam), 
followed by acetylation to 7 - acetoamidonitrazepam. 
Excretion occurs in both urine (45 – 65%) and faeces 
(14 – 20%), with the remainder bound in tissues for pro-
longed periods. 

 Similar to most benzodiazepines, nitrazepam can 
produce sedation, disorientation, sleep disturbance, 
nightmares, confusion, drowsiness, aggression, halluci-
nations and ataxia. Hypotonia, weakness, hypersaliva-
tion, drooling, and impaired swallowing and aspiration 
seem to be particularly common with nitrazepam, par-
ticularly in young children. Confusion and pseudo -
 dementia can occur in elderly people. Withdrawal 
symptoms include delirium, mood and behavioural 
change, insomnia, involuntary movements, paraesthesia 
and confusion. 

 A risk of sudden death in young children due to nitraz-
epam therapy has been reported, probably because of 
pharyngeal hypotonia in children given nitrazepam doses 
 > 0.7   mg/kg. In a rather alarming retrospective analysis of 
302 patients treated for periods ranging from 3 days to 
10 years, 21 patients died, 14 of whom were taking nitraz-
epam at the time of death. In patients younger than 3.4 
years, the death rate was 3.98 per 100 patient - years, 
compared with 0.26 deaths per 100 patient - years in 
patients not taking nitrazepam. Conversely, nitrazepam 
was found to have a slight protective effect (death rate 



278  CHAPTER 8 

of 0.50 vs 0.86) in children older than 3.4 years. 
Nitrazepam is in the FDA pregnancy category C (terato-
genic effects demonstrated in animals but no studies in 
humans) and should be avoided where possible in 
pregnancy. 

 Nitrazepam has been used mainly in the West syn-
drome, febrile seizures, the Lennox – Gastaut syndrome 
and myoclonic epilepsy, and as adjunctive therapy for 
refractory epilepsy, particularly in children. Its main 
residual use is in refractory childhood epilepsy. One 
study showed a reduction in average daily seizure number 
from 17.7 to 7.2 in 36 infants and children (aged 3 
months to 12 years) when nitrazepam was added to exist-
ing therapy. Myoclonic seizures particularly improved. 
In another study of 31 children with learning disability, 
aged between 2 months and 15 years, complete control 
of seizures was obtained in 7 patients and moderate 
control in 10. In the West syndrome, a study of 52 
patients (aged 1 – 24 months) demonstrated similar effi -
cacy when nitrazepam (0.2 – 0.4   mg/kg per day in two 
divided doses) and ACTH (40   IU intramuscularly daily) 
were compared. Both regimens resulted in a reduction in 
seizure frequency of 75 – 100% in 50 – 60% of patients. 

 The usual initial dose is 1 – 6   mg/day, and the mainte-
nance dose is usually 0.25 – 10   mg/day in children. Optimal 
seizure control has been related to a mean plasma con-
centration of 114   ng/mL. Occasionally, very high mainte-
nance doses have been used (up to 60   mg/day). There was 
also a common practice among paediatricians, up until 
the 1980s, of using very small doses (1.25 – 5.0   mg a day), 
sometimes on alternate days  –  a practice that seems to 
have no published evidential support. However, in view 
of the alarming suggestion of increased mortality rates, 
nitrazepam should be used with extreme caution, if at all, 
in children younger than 4 years.    

  Corticosteroids and  ACTH  

 Since the 1950s ACTH and corticosteroids have been 
used to treat a variety of seizure types and epileptic 
syndromes. In 1958, the fi rst report of the effect of ste-
roids in the West syndrome was made, and since then it 
has a niche position in this condition and has remained 
a drug of fi rst choice in this indication. Their role in 
the chronic treatment of other epilepsies is now 
vanishingly small, although high - dose steroids have 
maintained a place in the acute therapy of refractory 
status epilepticus. Although these compounds have a 
clear antiepileptic action, the mechanisms of the effects 
are quite unclear. 

     Pharmacokinetics 
 Prednisone is converted to prednisolone and this is the 
active metabolite. Prednisone has a bioavailability of 
about 70% (in terms of its conversion to prednisolone) 
and the derived prednisolone has peak levels within 
1 – 2   h, a volume of distribution of 0.5 – 0.9   L/kg, 55 – 75% 
protein binding and a half - life of 1 – 3/4   h. It metabolized 
in the liver by oxidation and then conjunction. Naturally 
occurring and synthetic ACTH is used in some countries 
(the common synthetic ACTH preparations are Synacthen 
Depot and Cortrosyn - Z). ACTH has to be administered 
by intramuscular or subcutaneous routes, and is metabo-
lized by enzymatic hydrolysis outside the liver and has a 
half - life of 15   min.  

  Adverse  e ffects 
 Steroids (including ACTH) produce serious side effects 
that severely limit their usefulness, particularly as long -
 term therapy. Most children will develop cushingoid fea-
tures and behavioural changes, especially irritability. 
Hypertension develops in 4 – 33% of children with infan-
tile spasms, and infections  –  including pneumonia, sep-
ticaemia, urinary tract infections, gastroenteritis, ear 
infections, candidiasis and encephalitis  –  are more 
common. Hypokalaemia may sometimes occur in 
patients receiving higher doses and longer durations of 
hormonal therapy. Myocardial hypertrophy develops in 
72 – 90%, but this reverses within months of discontinu-
ation of ACTH therapy.  

  Clinical  u se in  e pilepsy 
 Steroids are used mainly for the treatment of the West 
syndrome (see    p. 93  for details). Where formal compari-
sons have been made, ACTH and corticosteroids seem to 
be of equal effi cacy, although many paediatricians still opt 
for ACTH. ACTH has also been reported to be effective 
in the occasional patient with intractable seizures. It also 
maintains a place in the therapy of refractory convulsive 
status epilepticus and epilepsia partialis continua.    

  Felbamate           

 Felbamate, a carbamate drug (2 - phenyl - 1,3 - propanediol 
dicarbamate; molecular weight 238.43), was synthesized 
in 1954, investigated in the Antiepileptic Drug 
Development Program of the National Institutes of 
Health and licensed for use in the USA in 1993. It was 
rapidly adopted, but, within a year, reports of aplastic 
anaemia and liver failure emerged and the drug was 
withdrawn. However, because of its effectiveness, 
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   Proprietary name : Felbatrol  a    

   Primary indications   
  Refractory partial and secondarily generalized epilepsy and the Lennox – Gastaut 
syndrome as last resort therapy  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablets: 400, 600   mg; syrup: 600   mg/5 mL  

   Usual dosage  –  adults   
  Initial: 1200   mg/day  
  Maintenance: 1200 – 3600   mg/day  

   Usual dosage  –  children   
  Initial: 15   mg/kg per day  
  Maintenance: 45 – 80   mg/kg per day  

   Dosing intervals   
  2 – 3 times/day  

   Is the dose commonly affected by co - medication?   
  Yes  

   Is the dose affected by renal/hepatic disease?   
  Dose reductions needed in renal disease. Avoid in hepatic disease  

   Does it affect dose of other drugs?   
  Yes  

   Does it affect the contraceptive pill?   
  Yes  

   Serum level monitoring   
  Potentially useful  

   Target range   
  30 – 60   mg/L  

   Common/important adverse events   
  Severe hepatic disturbance and aplastic anaemia, insomnia, weight loss, 
gastrointestinal symptoms, fatigue, dizziness, lethargy, behavioural change, ataxia, 
visual disturbance, mood change, psychotic reaction, rash, neurological symptoms  

   Risk of hypersensitivity   
  Yes  –  marked risk  

   Major mechanism of action   
  Inhibition of NMDA receptor (glycine recognition site) and sodium - channel 
conductance  

   Main advantages   
  Powerful broad - spectrum action; well tolerated (aside from hypersensitivity)  

   Main disadvantages   
  Severe hypersensitivity reactions  

   Comment   
  Drug used only by specialists as last - resort therapy  

     a Name of proprietary brand available in the UK.   
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it remains available, with special precautions for 
specialist use, in the USA, the UK and many other 
countries. 

     Mode of  a ction 
 Felbamate blocks the NMDA receptor, and also modu-
lates sodium channel conductance. It has no major 
effect on the GABA A  receptor. It is active in a wide variety 
of seizure models and, in addition to its antiepileptic 
action, felbamate seems to possess neuroprotective 
action.  

  Absorption and  d istribution 
 Felbamate is rapidly and almost completely absorbed 
after oral administration, the time to peak plasma con-
centration being 1 – 4   h, and is unaffected by food. It is 
distributed rapidly and widely to many tissues, including 
the brain. The apparent volume of distribution is esti-
mated at about 0.8   L/kg; 20 – 25% of the total concentra-
tion is protein bound.  

  Biotransformation and  e xcretion 
 Felbamate is extensively metabolized in the liver via 
hydroxylation and conjugation. A number of potentially 
pharmacoactive and toxic metabolites may be formed, 
including 2 - phenylpropenal, an  α , β  - unsaturated alde-
hyde (atropaldehyde). The latter compound is suspected 
to be largely responsible for hepatic failure and bone 
marrow suppression; 40 – 49% of the drug is excreted 
unchanged in the urine. The half - life of felbamate is 
approximately 20   h (range 13 – 23   h) in monotherapy and 
shortened to 13 – 14   h (range 11 – 20   h) in co - medication 

with enzyme - inducing drugs. In renal failure lower doses 
are required. In children, clearance is faster and higher 
doses are needed. Patients with severe renal failure 
require lower doses.  

  Drug  i nteractions 
 Felbamate is both an inhibitor of some drugs and an 
inducer of others. Phenytoin metabolism is inhibited by 
felbamate, and phenytoin dose decreases of about 20% 
were needed in the add - on felbamate study to maintain 
stable phenytoin concentrations. Carbamazepine con-
centrations are lowered by felbamate, and CBZ epoxide 
concentrations elevated by up to 30%. Valproate levels 
are increased by felbamate by 20 – 30%. 

 Felbamate metabolism is also affected by co - medica-
tion; the half - life of felbamate is shortened by about 30% 
on co - medication with phenytoin or carbamazepine and 
can be doubled on co - medication with valproate. There 
are few other formal studies, but felbamate is a strong 
inhibitor of the CYP2C19 enzymes.  

  Adverse  e ffects 
  Neurological and  o ther  e ffects 
 In the clinical trials felbamate was found to be well 
tolerated, a fact that fi gured prominently in its advertise-
ments, ironically in view of subsequent developments. 
The most common side effects of felbamate as mono-
therapy were anorexia, vomiting, insomnia, nausea and 
headache. One case of urolithiasis has been reported and 
one case of crystalluria and renal failure. Toxic epidermal 
necrolysis after initiation of felbamate has also been 
reported.  

 Felbamate: pharmacokinetics  –  average adult values 

  Oral bioavailability     < 100%  
  Time to peak levels    1 – 4   h  
  Volume of distribution    0.75   L/kg  
  Biotransformation    Hepatic hydroxylation and conjunction  
  Elimination half - life    11 – 25   h (varies with co - medication)  
  Plasma clearance    0.027 – 0.032   L/kg per h (varies with on co - medication)  
  Protein binding    20 – 25%  
  Active metabolite    None  
  Metabolism by hepatic enzymes    CYP3A4, CYP2E1, UDPGT  
  Inhibition of induction of hepatic enzymes    Induces CYP3A4, inhibits CYP2C19  
  Drug interactions    Common  
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  Marrow  a plasia 
 Scattered case reports of marrow aplasia began to occur 
within 12 months of the launch of the drug. The inci-
dence has subsequently been calculated to be approxi-
mately 127 per million patients (in a range lying between 
27 and 209) compared with a general population risk of 
about 2 per million. In the cases studied, a prior history 
of antiepileptic drug allergy or toxicity, especially rash, 
was observed in 52%, a history of prior cytopenia in 42% 
and evidence of immune disease, especially lupus erythe-
matosus, in 33%. If two of the above three factors were 
present, the patient ’ s relative risk for aplastic anaemia 
quadrupled. Aplastic anaemia developed after 23 – 339 
days (mean 173 days) and, although most cases occur 
within 1 year, a single case has been reported in a patient 
taking the drug for 8 years.  

  Hepatic  f ailure 
 Hepatic failure was also recorded within a year of the 
drug being licensed, and in total 18 cases have been 
reported, with a clear relationship to felbamate therapy 
in 7. The overall risk has been estimated to be 1 per 
18   500 – 25   000 drug exposures, using 7 cases as the 
numerator, or 1 case per 9000 – 12   000 if one assumes that 
all 18 cases were related to felbamate therapy. This com-
pares to hepatic - related fatality estimates of one case in 
10   000 – 49   000 in patients treated with valproate. Although 
the overall risk is similar to that of valproate, felbamate 
cases occurred largely in adults.   

  Antiepileptic  e ffect 
 Various randomized controlled, blinded and open studies 
have been undertaken, in adults and in children, and in 
polytherapy and monotherapy. In all, felbamate was 
shown to be highly effi cacious. It has demonstrated effec-
tiveness in partial and secondarily generalized epilepsy, 
in primary generalized tonic – clonic and absence seizures, 
and in the various seizure types in the Lennox – Gastaut 
syndrome. In a double - blind study in the Lennox – Gastaut 
syndrome, a 34% decrease in the frequency of atonic 
seizures ( P     =    0.01) and a 19% decrease in the frequency 
of all seizures were observed.  

  Clinical  u se in  e pilepsy 
 After the catastrophe of a series of cases exhibiting hyper-
sensitivity, 1 year after licensing, felbamate was close 
to being withdrawn. However, it is now recognized that 
the drug still has a place in therapy, in view of its 
outstanding effi cacy. It should be used only by experi-

enced specialists, and after full counselling. Its current 
use is solely confi ned to therapy in patients with 
severe epilepsy, unresponsive to other more conventional 
antiepileptics. 

 A full haematological evaluation is needed before ini-
tiation of felbamate therapy, and blood counts should be 
monitored frequently during therapy. Liver function 
tests are recommended every 4 weeks. Patients should be 
warned to report any symptom such as lethargy, nausea 
and vomiting, fl u - like symptoms, easy bruising and 
unusual bleeding, and haematological and biochemical 
parameters should immediately be checked. 

 There is no defi nite  ‘ therapeutic range ’ , but concentra-
tions between 40 and 100    μ g/mL are commonly found in 
individuals who respond favourably. 
 Felbamate is available in 400   mg tablets (largely for chil-
dren) and 600   mg tablets and a suspension (600   mg/5mL). 
In adults therapy should be initiated at 1200   mg/day in 
three divided doses, with increases to 2400 or 3600   mg/
day in weekly or bi - weekly increments of 600 or 1200   mg 
steps, as tolerated, as outpatients. Some patients have 
tolerated doses as high as 7200   mg/day as monotherapy. 
In children, recommended starting doses have been 
15   mg/kg per day with weekly incremental increases to 
45 – 80   mg/kg per day. Combination therapy can be 
complex and monotherapy should be a goal, but where 
adjunctive therapy is used, blood levels may need to be 
monitored. Doses of felbamate and concomitant therapy 
may need modifi cation in polytherapy.    

  Piracetam           

 Piracetam is a drug with an unusual clinical history. It 
was developed in 1967 by the research laboratory of 
UCB - Pharma in Belgium and deployed in clinical prac-
tice as a  ‘ memory enhancing drug ’ . Its effi cacy in this role 
has been highly contentious and the drug was not been 
licensed for this indication in either the USA or the UK, 
although it is widely used in other, particularly develop-
ing, countries (the manufacturers report over a million 
prescriptions). Recent controlled trials do show a small 
but defi nite effect in improving memory, but a Cochrane 
analysis considered that the evidence of effectiveness is 
inconclusive. In 1978 its antimyoclonic effect was fi rst 
noted in a case of postanoxic myoclonus after cardiac 
arrest, where it was being given as a neuroprotective 
agent. In the last 10 years or so the remarkable effective-
ness of this drug in cortical myoclonus of various aetiolo-
gies has been confi rmed by controlled trials. It has 
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   Proprietary name : Nootropil  a    

   Primary indications   
  Myoclonus, especially in progressive myoclonic epilepsies. Adults and children.  

   Commonly used as fi rst - line drug   
  No  

   Usual preparations   
  Tablets or capsules: 400, 800, 1200   mg; solution: 20%, 33%  

   Usual dosage  –  adults   
  Initial: 2.4   g/day  
  Maintenance: up to 32   g/day  

   Dosing intervals   
  2 – 3 times/day  

   Is dose commonly affected by co - medication   
  No  

   Is dose affected by renal/hepatic disease?   
  Severe renal disease  

   Does it affect dose of other drugs?   
  No  

   Does it affect the contraceptive pill?   
  No  

   Serum level monitoring   
  Not useful  

   Common/important adverse events   
  Dizziness, insomnia, nausea, gastrointestinal discomfort, hyperkinesis, weight gain, 
tremulousness, agitation, drowsiness, rash  

   Risk of hypersensitivity   
  No  

   Major mechanism of action   
  Probably via binding to the SV2A protein. Other properties include enhancement of oxidative 
glycolysis, anticholinergic effects, rheological effects  

   Main advantages   
  Highly effective in some resistant cases; very few side effects and well tolerated  

   Main disadvantages   
  Not effective in many cases  

   Comment   
  Drug of second choice in refractory myoclonus  

     a Name of proprietary brand available in the UK.   
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 Piracetam: pharmacokinetics (average adult values) 

  Oral bioavailability     < 100%  
  Time to peak levels    30 – 40   min  
  Volume of distribution    0.6   L/kg  
  Biotransformation    None  
  Elimination half - life    5 – 6   h  
  Plasma clearance    86   mL/min (renal clearance 

in healthy young individuals)  
  Protein binding    None  
  Active metabolite    None  
  Metabolism by 

hepatic enzymes  
  No  

  Inhibition of induction of 
hepatic enzymes  

  No  

  Drug interactions    None  

  Adverse  e ffects 
 The drug is very well tolerated and there is a low inci-
dence of reported side effects. Those that do occur (at a 
frequency of  < 10%) include dizziness, insomnia, nausea, 
gastrointestinal discomfort, hyperkinesis, weight gain, 
tremulousness and agitation. Rash occurs at a frequency 
of  < 1% and there have been no serious idiosyncratic 
reactions. In a placebo - controlled, double - blind, cross -
 over study, the only adverse effects were a sore throat and 
headache in one patient and single seizures in two, and 
these side effects may well not have been treatment 
related. At the very high doses used in the treatment of 
myoclonus, most patients report a few side effects, 
although there are no formal studies of side effects at 
these very high doses. There is no information regarding 
its safety in pregnancy.  

  Use in  m yoclonus 
 Piracetam is useful in cortical myoclonus of various types 
and causes. The drug has been shown to be effective in 
postanoxic action myoclonus, some cases of PME, myoc-
lonus due to carbon monoxide poisoning, some cases of 
primarily generalized epilepsy with myoclonus, post -
 electrocution myoclonus, myoclonus in Huntington 
disease and in other symptomatic metabolic disorders 
(e.g. sialidosis). Initial case reports and then case series 
were followed by a well - conducted, double - blind, 
placebo - controlled study in 21 patients with severe 
myoclonus. A medium 22% improvement was noted on 
piracetam on global rating scales of disability, and some 
patients became free from seizures. The results were 
impressive in this severe condition, and on this basis the 
drug was licensed for myoclonus in the UK and else-
where. Longer - term follow - up of some of the patients in 
these trials has confi rmed the effect of piracetam, and in 
at least one of the cases (treated by the author), the effect 
was profound and maintained without evidence of toler-
ance. This 21 - year - old patient was under the author ’ s 
care with myoclonus and occasional generalized epileptic 
seizures of unknown aetiology, and was bedbound and 
dependent before piracetam therapy. There was an 
immediate response to piracetam, and immediate relapse 
on the three occasions that the drug had been withdrawn. 
After 12 years of piracetam monotherapy (at a daily dose 
of 21   g) she is still almost entirely free of myoclonus, has 
completed a university education, produced two healthy 
babies and lives a normal life. A more recent double -
 blind cross - over study in Finland compared placebo and 
three dosage regimens of piracetam (each for 2 weeks) in 

received a licence in the UK and elsewhere for its use in 
this indication. Interestingly, levetiracetam, which is the 
ethyl ester of the laevo - isomer of piracetam, has a much 
more marked and broad - spectrum antiepileptic action as 
well as an antimyoclonic effect. 

     Physical and  c hemical  p roperties and 
 m ode of  a ction 
 Piracetam, 2 - oxo - 1 - pyrrolidine acetamide, is a crystalline 
powder, closely related in structure to levetiracetam 
(Figure  8.12 ). It binds to the SV2A receptor although 
weakly (Figure  8.13 ), and this may be its main mecha-
nism of action. However, it also has effects on brain 
vasculature, affects the rheology of membranes and 
mitochondrial function, enhances oxidative glycolysis 
and has anticholinergic effects, but whether these are 
related to its antimyoclonic effects is unknown. Piracetam 
appears to have no effect on brain GABA - ergic function, 
nor to affect cerebral serotonin or dopamine levels.    

  Pharmacokinetics 
 The drug has an oral bioavailability of 100%. The time to 
peak levels is usually between 30 and 40   min. Absorption 
of the drug is not affected by food. Piracetam is not bound 
to plasma proteins. The volume of distribution is 0.5 –
 0.75   L/kg. The drug does not undergo metabolism and is 
completely excreted by the kidneys, with an elimination 
half - life of 5 – 6   h and almost complete elimination from 
the body after 30   h. There are no drug interactions. The 
elimination from CSF occurs with a half - life of about 7   h. 
It readily crosses the placenta and into breast milk.  
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     Figure 8.13     Piracetam has weak binding to the SV2A binding 
site compared with levetiracetam. Here is shown a comparison 
between the affi nity of (S)homologues of levetiracetam at the 
[ 3 H]levetiracetam binding site with the anticonvulsant activity 
of these compounds in the audiogenic mouse test.  r  2     =    0.84, 
 P     <    0.0001,  n     =    12. 1, piracetam; 2, levetiracetam.  
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     Figure 8.12     Structure of piracetam and 
seven other pyrrolidone drugs which are 
either licensed or in clinical 
development.  
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20 patients with Unverricht – Lundborg disease. A daily 
dose of 24   g piracetam produced signifi cant and clinically 
relevant improvement in the primary outcome measures 
of motor impairment, functional disability, and in global 
assessments by both investigator and patient. Signifi cant 

improvement in functional disability was also found with 
daily doses of 9.6   g and 16.8   g. The dose – effect relation 
was linear and signifi cant. There are now numerous 
reported cases of complete  ‘ cure ’  of severe myoclonus by 
the drug, often in cases where all other therapy had failed, 
and indeed it may be the only drug that improves myoc-
lonus in some patients. 

 Cortical myoclonus may produce profound disabili-
ties. The jerks are often exacerbated by actions and 
patients may be bedbound and immobile, unable 
to move without severe jerking disrupting all motor 
activity. In some cases (but not all), piracetam can have 
a remarkable effect in suppressing the myoclonus and 
reversing completely even severe disability. There does 
not seem to be a loss of the antimyoclonic effect 
over time. It has been said that the drug works best in 
combination, say with clonazepam, although there is no 
doubt that monotherapy with piracetam can be highly 
effi cacious.  

  Clinical  u se in  e pilepsy 
 Piracetam is indicated only in myoclonus, and is used 
usually as a second line for patients resistant to treatment 
with valproate or benzodiazepine drugs. Its effectiveness 
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in some patients, even with severe and disabling myoclo-
nus, combined with its almost complete lack of side 
effects, gives the drug a special place in the therapy of 
myoclonus. The extent to which this place will be super-
seded by the use of levetiracetam remains to be seen. 

 It is available as 800 and 1200   mg tablets and as a solu-
tion. The initial dose is 4.8 – 8   g/day and this may be 
rapidly increased (in 1600   mg incremental steps weekly) 
to 18 – 24   g/day. Some patients require up to 32   g/day. The 
drug can be given in two or three divided doses, and is 
usually given in combination with other antimyoclonic 
drugs. The major drawback at these higher doses is 
the number of tablets taken (sometimes 30 or 40 a day) 
and their bulk. Serum level monitoring is not available. 
Dosage reductions in patients with moderate or 
severe renal disease are recommended and the drug is 
contraindicated in patients with creatinine clearances 
 < 20   mL/min. There is no published experience of the 
drug in children. Withdrawal needs to be gradual (2 -
 weekly decrements of 800 or 1600   mg), and abrupt ces-
sation has been associated with a severe exacerbation of 
seizures.    

  Stiripentol 

 Stiripentol is a drug that has been under development for 
over 30 years, but which was in 2008 licensed under the 
orphan drug designation by the European Medicines 
Agency for a very small indication  –  the treatment of 
treatment of refractory generalized tonic – clonic seizures 
in the syndrome of severe myoclonic epilepsy in infancy 
(SMEI, Dravet syndrome), used with valproate and 
clobazam. This is the fi rst antiepileptic drug licensed for 
children in this scheme. 

     Physical and  c hemical  p roperties and  m ode 
of  a ction 
 Stiripentol (4,4 - dimethyl - 1 - [(3,4 - methylenedioxy)phen-
yl] - 1 - penten - 3 - ol) is an insoluble racemate mixture, 
with a molecular weight of 234. The antiepileptic 
activity of stiripentol was discovered in the 1970s, but, 
although it has been shown to act as an agonist at the 
GABA A  receptor, it is not clear if this is the mechanism of 
action.  

  Pharmacokinetics 
 It is rapidly absorbed, with peak serum levels reached at 
0.5 – 2   h. The drug should be taken with food because it 
degrades rapidly in an acidic environment, such as in the 

stomach in a fasting state, but should not be taken with 
milk, dairy products, carbonated drinks, fruit juices, or 
food and drinks that contain caffeine. It is 99% bound to 
plasma proteins. It has, similar to phenytoin, non - linear 
kinetics and a half - life in the range 4.5 – 13   h, but this 
increases with increasing dose. It is extensively metabo-
lized in the liver and is subject to enzyme induction. It is 
a potent inhibitor of CYP1A2, CYP2C9, CYP2C19, 
CYP2D6 and CYP3A4 and this inhibition is also subject 
to enzyme induction. There are therefore many drug 
interactions. The clearance of stiripentol is increased by 
300% by carbamazepine, phenobarbital and phenytoin. 
Conversely it inhibits the metabolism of phenytoin, phe-
nobarbital and carbamazepine, requiring their doses to 
be reduced by 25 – 50% on co - medication. Stiripentol 
also greatly increases the serum concentrations of other 
drugs including the active metabolite of clobazam, 
 N  - desmethylclobazam.  

  Adverse  e ffects 
 Stiripentol seems to be relatively well tolerated. The 
common side effects are usually mild and include drowsi-
ness, hyperactivity and aggressiveness. Other effects 
include ataxia, tremor, hypotonia, dystonia, behaviour 
disorder, insomnia, nausea, anorexia, weight loss, vomit-
ing, neutropenia and thrombocytopenia.  

  Antiepileptic  e ffect 
 Stiripentol originally underwent trials in refractory 
complex partial epilepsy, with promise in open studies, 
but no effect demonstrated in the regulatory RCTs in adult 
patients. In 1995, its development for this indication was 
discontinued. However, in an open paediatric study, in 
2006, its effect on SMEI was noted, and an RCT in 41 
children was carried out which demonstrated a more than 
50% reduction of seizure frequency in 71% of children 
after stiripentol (50   mg/kg per day) when added to valpro-
ate and clobazam. Nine of these 41 children became free 
of clonic or tonic – clonic seizures. It was not known then, 
and is still knot known, whether the dramatic effects of the 
drugs are due to its inherent antiepileptic action or because 
of its interaction with clobazam.  

  Current  p lace in  t herapy 
 The studies in adult partial epilepsy were disappointing. 
In contrast, its effects on SMEI were dramatic and unpar-
alleled. On the basis of this, stiripentol was granted 
orphan drug status and was licensed for use in Europe 
in 2008. The recommended mean dose in children is 
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50   mg/kg per day, in two to three divided doses, and 
administered during a meal. Treatment is usually started 
with a lower dose, and is gradually increased to the rec-
ommended dose over 3 days. It is still not clear whether 

it is equally effective when not combined with valproate 
and clobazam, and its interactions with other drugs make 
it a diffi cult drug to use. How it will fare in routine prac-
tice is not yet clear.      
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  9    The Emergency Treatment 
of Epilepsy     

   How to  d eal with a  s eizure 

     General  m easures 
 Short - lived tonic – clonic seizures do not require emer-
gency drug treatment. The patient should be made as 
comfortable as possible, preferably lying down (or eased 
to the fl oor if seated), the head should be protected (by 
a cushion if possible) and tight clothing or neckwear 
released. During the attack measures should be taken to 
avoid injury, e.g. from hot radiators, hot water, stairs, 
road traffi c. No attempt should be made to open the 
mouth or force anything solid between the teeth, as this 
can break teeth (a soft fl exible mouth guard is available 
for sale and can be safely used). After the convulsive 
movements have subsided, roll the person into the recov-
ery position, and check that the airway is not obstructed 
and that there are no injuries. Ensure that there is no 
apnoea and that the pulse is maintained. The patient 
should be attended until full consciousness has returned 
and there is no confusion. When fully recovered, the 
patient should be comforted and reassured. An ambu-
lance or emergency treatment is required only if: 
   •      injury has occurred  
   •      convulsive movements continue for longer than 
10   min, or longer than is customary for the individual 
patient  
   •      the patient does not recover consciousness rapidly  
   •      seizures rapidly recur  
   •      the cardiorespiratory system is impaired.    

 Non - convulsive seizures are less dramatic but can still 
be disturbing to onlookers and embarrassing to the victim. 
Again, drug treatment is not indicated in short attacks. If 
consciousness is not lost, the patient should be treated 
sympathetically and with the minimum of fuss. If con-
sciousness is impaired or, in the presence of confusion, it 

is necessary to prevent injury or danger (e.g. from wander-
ing about), but at the same time minimizing restraint as 
attempts at restraint will often increase confusion and 
cause agitation or occasionally violence. Again the patient 
should be attended until the confusion has passed. 

 If a person with epilepsy is likely to have a seizure in 
any particular situation (e.g. at school or at work) it is 
usually best to inform those who might be present (e.g. 
fellow students, workmates, supervisors), and to provide 
simple advice about fi rst - aid measures. This lessens 
the impact of a sudden epileptic seizure, which can be 
particularly frightening and disturbing if unexpected.  

  Emergency  a ntiepileptic  d rug  t herapy 
 This is needed in convulsive attacks if the convulsions: 
   •      persist for more than 10 minutes  
   •      recur rapidly or last longer than is customary for the 
individual patient.    
 It is usual to give a fast - acting benzodiazepine. The 
traditional choice is diazepam, administered either intra-
venously or rectally. Intravenous diazepam is given in its 
undiluted form at a rate not exceeding 2 – 5   mg/min, using 
the Diazemuls ®  formulation. As a result of the high lipid 
solubility of diazepam, injections given at a faster rate 
carry the risk of high fi rst - pass concentrations causing 
respiratory arrest or cardiovascular collapse. Rectal 
administration is either as the intravenous preparation 
infused from a syringe via a plastic catheter or as the ready -
 made proprietary rectal tube preparation (Stesolid ® ), 
which is convenient and easy. Diazepam suppositories 
should not be used, as absorption is too slow. The adult 
bolus intravenous or rectal dose is 10 – 20   mg, and in 
children the equivalent bolus dose is 0.2 – 0.3   mg/kg. 

 Intravenous lorazepam is an alternative with some 
advantages over intravenous diazepam. It is longer lasting 
and, as it is less lipid soluble, the intravenous injection 
can be given faster without the need to limit the rate of 
injection. The potentially dangerous fi rst - pass effects 
possible with diazepam are not a risk with lorazepam. 
The dose is 4   mg in adults or 0.1   mg/kg in children. 

Handbook of Epilepsy Treatment, Third Edition         Simon Shorvon
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 Midazolam has the advantage that it can be given by 
buccal or intranasal instillation or intramuscular injec-
tion. The usually favoured method of administration 
now is a buccal instillation. The adult dose used is 10   mg 
drawn up into a syringe and instilled via a catheter into 
the mouth or between the cheeks and gums (a proprie-
tary preparation, with a charged syringe and catheter is 
Epistatus ® ). A published randomized trial has shown that 
buccal midazolam has equal effi cacy and as rapid an 
action as rectal diazepam, and is more convenient, poten-
tially faster to administer, far more socially acceptable 
and less stigmatizing.  

  Precautions  n eeded with  p arenteral 
 b enzodiazepines 
 Although benzodiazepines are the drugs of fi rst choice 
for emergency therapy, they do carry a risk of respiratory 
depression, hypotension and cardiorespiratory collapse. 
In a well - controlled study in anaesthetic practice, for 
example, diazepam 10   mg was given intravenously to 15 
patients and resulted in a drop in blood pressure of 
10   mmHg or more in 8 patients, a mean 28% decrease in 
ventilation and a 23% decrease in tidal volume. The 
effects on cardiorespiratory function are as great (or even 
greater) with midazolam or lorazepam. In the occasional 
patient, the cardiorespiratory effects can be extremely 
severe, and for this reason it is essential that no patient 
given parenteral benzodiazepine should be left unat-
tended until confusion has cleared and the patient is fully 
alert. After parenteral benzodiazepine administration 
(buccally, intranasally, rectally, intramuscularly or intra-
venously), pulse, respiration, blood pressure and (where 
possible) oxygen saturation should be frequently moni-
tored, until the patient has recovered full consciousness. 
Resuscitation is occasionally needed, and deaths have 
occurred owing to lax post - administration care.  

  Serial  s eizures 
 Serial seizures are defi ned as seizures recurring at frequent 
short intervals, with full recovery between attacks, and in 
the latter sense differ from status epilepticus. The pre-
monitory stage of status, however, often takes the form of 
serial seizures, and drug therapy is advisable even if the 
individual seizures are short. The emergency antiepileptic 
drug treatment is as outlined above for acute seizures.  

  Seizures  o ccurring in  c lusters 
 In some patients clusters of seizures regularly occur, 
often at certain times (e.g. around menstruation in 
females). In a cluster, seizures typically recur over periods 

of hours or days. Acute therapy after the fi rst seizure can 
be given in an attempt to prevent subsequent attacks. 
Clobazam (10 – 20   mg) is a common choice. An oral dose 
of clobazam will take effect within 1   h and last for 12 –
 24   h. Clobazam has the advantage that it causes much less 
sedation than either diazepam or lorazepam. 

 A cluster of seizures is sometimes the result of the 
withdrawal or dose reduction of an antiepileptic drug. 
The reintroduction of the drug will usually terminate the 
seizure cluster.  

  Intermittent  p rophylactic  t reatment 
 In a minority of patients, the timing of seizure occurrence 
is predictable, e.g. in relation to menstruation (catame-
nial epilepsy). Occasionally, in such patients, intermit-
tent therapy with either clobazam (10 – 20   mg/day) or 
acetazolamide (250 – 500   mg/day) can be given for a few 
days to cover the risky period. Such an approach is 
usually, however, unsuccessful, and seizures seem simply 
to be delayed rather than prevented. 

 In other seizures disorders, a single dose of clobazam 
(10   mg) can be taken in situations where seizures would 
be particularly hazardous (e.g. on the day or travel or 
examinations) or in susceptible individual at times when 
seizures are particularly likely to occur (e.g. after 
sleep deprivation, alcohol, labour or delivery). The use of 
occasional intermittent clobazam in these settings, as a 
 ‘ booster ’  to conventional therapy, can be highly effective 
and is an underused resource in my experience.    

  Status  e pilepticus 

  Classifi cation of  s tatus  e pilepticus 
 Status epilepticus is defi ned as a condition in which epi-
leptic activity persists for 30   min or more. The seizures can 
take the form of prolonged seizures or repetitive attacks 
without recovery in between. There is a variety of types 
with clinical features that are dependent on age, seizure 
type, syndrome and aetiology. A simplifi ed classifi cation 
of the types of status epilepticus is shown in Table  9.1 .    

  Pharmacokinetics and  p harmacodynamics 
in  s tatus  e pilepticus 
 The pharmacokinetic properties of antiepileptic drugs in 
status epilepticus are noteworthy for a number of reasons: 
   •      Rapid action is needed.  
   •      The pharmacokinetics of a drug administered paren-
terally in large doses can differ greatly from those of the 
drug chronically administered orally.  
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but in hospital the intravenous route is favoured. The 
onset of action of these therapies is usually within 
5 – 10   min. 

 In order to act rapidly, the drugs need to cross the 
blood – brain barrier readily, and thus the drugs that are 
effective in status epilepticus usually have a high lipid 
solubility. The intravenous infusion of lipid - soluble 
drugs carries, however, the particular problem of drug 
accumulation, especially if the elimination half - life is 
long and the volume of distribution large. During paren-
teral administration, the drug fi rst enters the central 
compartment (blood and the extracellular spaces of 

   •      Drug distribution can be affected by seizures.  
   •      Drug effectiveness can lessen the longer the seizures 
continue (the phenomenon of acute tolerance).    

  Rapid  a ction and  p arenteral  p harmacokinetics 
 Fast drug absorption is essential in the treatment of status 
epilepticus, and thus almost all drugs need to be admin-
istered intravenously. Midazolam is the only drug that is 
absorbed fast enough by the intramuscular, intranasal or 
buccal routes, and buccal midazolam has become a 
favoured out - of - hospital therapy. Diazepam and other 
drugs can be given rectally in out - of - hospital situations, 

  Table 9.1    Classifi cation of status epilepticus ( SE ) 

     1     SE in the neonatal and infantile epilepsy syndromes:  
   –      West syndrome  
   –      Ohtahara syndrome  
   –      Severe myoclonic encephalopathies of infancy (including SMEI)  
   –      SE in other forms of neonatal or infantile epilepsy    

  2     SE confi ned to childhood:  
   –      SE in early onset benign childhood occipital epilepsy (Panayiotopoulos syndrome)  
   –      SE in other forms of childhood epileptic encephalopathies, syndromes and aetiologies, e.g. ring chromosome X, Angelman 

syndrome, myoclonic – astatic epilepsy, other childhood myoclonic encephalopathies  
  –     ESES (electrical status epilepticus in slow - wave sleep)  
 –        Landau – Kleffner syndrome    

  3     SE occurring in childhood and adult life: 
 With epileptic encephalopathy:  
 –      Non - convulsive SE in the Lennox – Gastaut syndrome and similar syndromes: (1) atypical absence status epilepticus and 

(2) tonic status epilepticus  
   –      Other forms of non - convulsive SE in patients with learning disability or disrupted cerebral development (cryptogenic or 

symptomatic)   
 Without epileptic encephalopathy:  
   –      Tonic – clonic SE  
   –      Typical absence SE  
   –      Myoclonic SE  
   –      Myoclonic SE in coma (NCSE in diffuse cerebral injury).  
   –      Complex partial SE: (1) limbic and (2) non - limbic  
 –          Non - convulsive SE occurring in the postictal phase of tonic – clonic seizures  
   –      Subtle SE (myoclonic SE occurring at the late stage of tonic – clonic SE  
  –         Aura continua    

  4     NCSE confi ned to late adult life:  
 –          New absence status epilepticus of late onset    

  5     Boundary syndromes:  a    
  –         Cases of epileptic encephalopathy  
   –      Cases of acute brain injury, often with irregular myoclonus (myoclonic SE in coma)  
   –      Drug - induced or metabolic confusional states with epileptiform EEG changes  
   –      Cases of epileptic behavioural disturbance or psychosis       

    a Boundary syndromes are defi ned as cases in which it is not clear to what extent the continuous epileptiform electrographic 
abnormalities contribute to the clinical impairment.   
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concentration of these drugs at the seizure foci, where 
blood fl ow is greatest, enhances their effectiveness.  

  Drug  r esponsiveness 
 As status epilepticus progresses it becomes more diffi cult 
to treat, largely because of brain receptor changes trig-
gered by continued seizure activity. The most important 
change is of the rate of traffi cking of receptors to and 
from the membrane surface, which changes within 
minutes of the development of a seizure. Many treat-
ments effective in the initial stages thus become increas-
ingly ineffective as the duration of the seizure lengthens. 
This reduction in potency is known as acute tolerance 
(Figure  9.1 ). This affects  γ  - aminobutyric acid (GABA) -
 ergic drugs and non - GABA - ergic drugs such as phenyt-
oin, and the effect is so great that, for example, phenytoin 
is generally largely ineffective once status has been present 
for more than an hour or two.     

  Clinical  f eatures of  t onic –  c lonic 
 s tatus  e pilepticus 
 Tonic – clonic status epilepticus is the classic form of 
status epilepticus, and its clinical form was fi rst compre-
hensively described in the early nineteenth century. It is 
a common and important type of status epilepticus, 
not least because urgent therapy is required to prevent 
consequent permanent cerebral damage. 

 Tonic – clonic status epilepticus is defi ned as a condi-
tion in which prolonged or recurrent tonic – clonic 
seizures persist for 30   min or more. The annual incidence 
has been estimated to be approximately 18 – 28 cases 
per 100   000 people, with the highest rates in children, 

highly perfused organs) and then is rapidly redistributed 
to peripheral compartments such as fat and muscle, 
which act as  ‘ sumps ’ . Thus, large doses are needed, 
because this redistribution leads to rapid falls in plasma 
levels. The initial drug half - life depends on redistribution 
and elimination, the former being much more impor-
tant. The half - life of redistribution  –  the distribution 
half - life  –  is usually very short. As these  ‘ sumps ’  become 
saturated, redistribution begins to fail, and the half - life 
of the drug then depends on elimination via hepatic and 
renal mechanisms (as in chronic therapy). The elimina-
tion half - life is much longer than the distribution half -
 life. Thus, the dose – serum level relationship changes as 
the duration of therapy lengthens, sometimes danger-
ously. This is a problem with drugs given by repeated 
bolus injections or by continuous infusions. The high 
doses needed initially (because of redistribution) become 
dangerously high as time passes and, unless this is recog-
nized, continued administration may lead to sudden and 
persistent rises in blood level (as redistribution ceases), 
which can result in respiratory or cardiovascular collapse. 
The phenomenon occurs of  ‘ sudden collapse at the end 
of a needle ’  and many iatrogenic deaths have occurred 
because of the failure to recognize this problem. This 
phenomenon occurs with the benzodiazepine drugs, bar-
biturates and clomethiazole in particular. Midazolam 
infusion, because of its rapid elimination, is much safer 
than diazepam in this regard.  

  Kinetics of  d rugs  d uring  s eizures 
 Seizures (especially convulsive seizures) can affect both 
the peripheral and the central pharmacokinetics of drugs. 
During convulsive seizures there is a fall in the pH of the 
blood, resulting in a change in the degree of ionization 
(and thus lipid solubility) of drugs in plasma. This will 
affect the distribution half - lives, the ability to cross the 
blood – brain barrier and the protein binding. Blood 
pH decreases to a greater degree than brain pH, and this 
pH gradient facilitates the movement of a weakly acidic 
drug from blood to brain. This effect is prominent, 
for example, with phenobarbital. Other peripheral phar-
macokinetic changes occur during status epilepticus, 
resulting from increased blood fl ow to muscle, and 
hepatic and renal compromise. The permeability of the 
blood – brain barrier increases during convulsive seizures, 
especially at the seizure foci where blood fl ow increases. 
As a result of these changes, cortical blood fl ow can 
largely determine the rate at which some drugs, notably 
phenobarbital, cross the blood – brain barrier. The 

     Figure 9.1     Diazepam was more effective in controlling 
seizures when given early (before 10   min) than when given 
later (45   min) in the lithium – pilocarpine rat model of status 
epilepticus.  
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  Table 9.2    Common causes of tonic – clonic status epilepticus. 

   Underlying condition     Those without a prior 
history of epilepsy (%)  

   Those with a prior 
history of epilepsy (%)  

   All patients 
(%)  

  Cerebral trauma    12    17    1  
  Cerebral tumour    16    10    13  
  Cerebrovascular disease    20    19    20  
  Cerebral infection    15    6    11  
  Acute metabolic disturbance    12    5    9  
  Antiepileptic drug reduction or 
withdrawal or other acute event  

  25    44    33  

   Aetiology of tonic – clonic status epilepticus derived from 554 patients in 5 case series.   

learning - disabled individuals and those with structural 
cerebral pathology, especially in the frontal lobes. About 
two - thirds of cases develop anew, without a prior history 
of epilepsy, and such cases are almost always due to acute 
cerebral disturbances; common causes are cerebral infec-
tion, trauma, cerebrovascular disease, cerebral tumour, 
acute toxic or metabolic disturbances, or childhood 
febrile illness. In patients with pre - existing epilepsy, 
tonic – clonic status can be precipitated by drug with-
drawal, intercurrent illness, metabolic disturbance or the 
progression of the underlying disease, and is more 
common in symptomatic than in idiopathic epilepsy 
(Table  9.2 ). There is a range of other less common causes 
reported (Table  9.3 ). About 5% of all adult patients 
attending an epilepsy clinic will have at least one episode 
of status in the course of their epilepsy, and in children 
the proportion is higher (10 – 25%).   

 The mortality rate of tonic – clonic status is about 
5 – 10%, most patients dying of the underlying condition 
rather than the status itself or its treatment. Permanent 
neurological and mental deterioration may result from 
status, particularly in young children. The risks of mor-
bidity are greatly increased the longer the duration of the 
status episode. 

  Clinical  e volution of  t onic –  c lonic  s tatus  e pilepticus 
 At the onset of status, the attacks typically take the form 
of discrete tonic – clonic seizures. The motor activity then 
becomes continuous and the seizures become very pro-
longed. As neuronal function becomes progressively 
impaired, the jerking begins to fade and, if the status is 
allowed to progress, the motor activity may cease alto-
gether or take the form of irregular myoclonus. This is 
the stage of subtle status epilepticus, by which time the 

patient will be deeply unconscious and often in need of 
respiratory support. This stage develops in some patients 
within a few hours of the onset of status and indicates 
severe cerebral compromise. The EEG also shows pro-
gressive change, mirroring the changing motor signs. It 
initially shows discrete seizure activity, which becomes 
continuous or virtually continuous, and then this is inter-
rupted by periods of EEG quiescence, and ultimately all 
that remains of cerebral activity are periodic lateralized 
epileptiform discharges (PLEDs or PEDs). 

 There is also often a premonitory stage of several hours 
before the onset of the status  –  particularly in patients 
with pre - existing epilepsy. During this phase, epileptic 
activity increases acutely in frequency or severity from its 
habitual level. This clinical deterioration is a warning of 
impending status and is often recognized as such by 
patients or carers in those who have had previous epi-
sodes of status. It is important to recognize this phase, 
because immediate urgent therapy can prevent the evolu-
tion into full - blown status.  

  Physiological  c hanges in  t onic –  c lonic 
 s tatus  e pilepticus 
 The physiological changes in status can be conceptual-
ized (albeit as a simplifi cation) as being divided into two 
phases, the transition from phase 1 to phase 2 occurring 
after about 30 – 60   min of continuous seizures (Table  9.4  
and Figure  9.2 ).     

  Phase 1 ( p hase of  c ompensation) 
 The initial consequence of a prolonged convulsion is a 
massive release of plasma catecholamines, with resulting 
increases in heart rate, blood pressure and plasma 
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in cerebral blood fl ow, and the delivery of glucose to the 
active cerebral tissue is maintained. At this stage neuronal 
integrity is maintained, the blood – brain barrier is not 
impaired and there is little risk of cerebral damage.  

  Phase 2 ( p hase of  d ecompensation) 
 The status epilepticus may then enter a second late phase 
in which cerebral protective measures progressively fail. 
The main systemic characteristics of this phase are a fall 
in systemic blood pressure and progressive hypoxia. 
Hypotension is due to seizure - related autonomic and 
cardiorespiratory changes and drug treatment, and in the 
later stages can be severe and intractable. At a critical 
stage cerebral autoregulation begins to fail and the 
control of blood fl ow then becomes dependent on 
systemic blood pressure. This is potentially hazardous, 
as falling blood pressure leads to a failure of cerebral 
perfusion. The high metabolic demands of the epileptic 

glucose. During this stage cardiac arrhythmias frequently 
occur and can be fatal. As the seizure continues, there is 
a steady rise in the core body temperature, and prolonged 
hyperthermia (above 40 ° C) can itself cause cerebral 
damage and carries a poor prognosis. Acidosis also 
commonly occurs, and in one series 25% of the patients 
had an arterial pH    <    7.0. This acidosis is mainly the 
result of lactic acid production, but there is also a rise in 
carbon dioxide tension that can, in itself, result in life -
 threatening narcosis. The acidosis increases the risk of 
cardiac arrhythmias and hypotension, and in conjunc-
tion with the cardiovascular compromise may result in 
severe pulmonary oedema. The autonomic activity also 
results in sweating, bronchial secretion, salivation, and 
hypersecretion and vomiting. 

 However, within the brain, homoeostatic physiological 
mechanisms (autoregulation) are initially suffi cient to 
compensate for these changes. There is a massive increase 

  Table 9.3    Uncommon causes of status epilepticus. 

   Type     Examples  

  Immunological 
disorders  

  Paraneoplastic encephalitis; Hashimoto encephalopathy; anti - NMDA receptor encephalitis; 
anti - VGKC receptor encephalitis; Rasmussen encephalitis; cerebral lupus; thrombotic 
thrombocytopenic purpura; antibody - negative limbic encephalitis  

  Mitochondrial disorders    Alpers disease; occipital lobe epilepsy/MSCAE; MELAS; Leigh syndrome; MERRF  

  Uncommon infectious 
disorders  

   Bartonella  sp./cat - scratch disease;  Coxiella burnetii  (Q fever);  Mycoplasma pneumoniae ; 
Creutzfeldt – Jakob disease; paracoccidioidomycosis; HIV and HIV - related infections; West Nile 
encephalitis; progressive multifocal leucoencephalopathy (JC virus); measles encephalitis; 
rubella encephalitis; St Louis encephalitis  

  Genetic and 
chromosomal disorders  

  Ring chromosome 20; Angelman syndrome; ring chromosome 17; porphyria; focal cortical 
dysplasias; hemimegalencephaly; polymicrogyria; heterotopias; schizencephaly; Sturge – Weber 
syndrome; tuberous sclerosis; Dravet syndrome; Lafora disease; DRPLA  

  Drug and toxin induced    Antiepileptic drugs (especially carbamazepine, gapapentin, pregabalin, tiagabine and 
vigabatrin); antimicrobials and antiviral drugs (especially cephalosporins, quinolones, 
isoniazid, antimalarials); antidepressants; antipsychotics; contrast media; chemotherapeutic 
agents; other drugs (especially theophylline, lithium and baclofen); toxins (especially 
aluminium - containing biomaterial, domoic acid, ecstasy, lead, star fruit and tetramine)  

  Others    Electroconvulsive therapy; neurosurgery (including temporal lobectomy); multiple sclerosis; 
hypertension - induced PRES; neuroleptic malignant syndrome; ulcerative colitis; coeliac disease  

   DRPLA, dentato - rubral - pallido - luysian atrophy; MELAS, mitochondrial encephalopathy, lactic acidosis and stroke - like 
episodes; MERRF, myoclonic encephalopathy with ragged red fi bres; MSCAE, mitochondrial spinocerebellar ataxia and 
epilepsy; NMDA,  N  - methyl -  d  - aspartate; PRES, posterior reversible encephalopathy syndrome; VGKC, voltage - gated K  +   
channel.   
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  Table 9.4    Physiological changes in tonic – clonic status epilepticus. 

    Phase I: compensation  

  During this phase, cerebral metabolism is greatly increased because of seizure activity, but physiological mechanisms are 
suffi cient to meet the metabolic demands, and cerebral tissue is protected from hypoxia or metabolic damage. The major 
physiological changes are related to the greatly increased cerebral blood fl ow and metabolism, massive autonomic activity and 
cardio - vascular changes.  

   Cerebral changes     Systemic and metabolic 
changes  

   Autonomic and cardiovascular 
changes  

  Increased blood fl ow 
 Increased metabolism 
 Energy requirements matched by supply of oxygen 
and glucose (increased glucose and oxygen utilization) 
 Increased lactate concentration 
 Increased glucose concentration  

  Hyperglycaemia 
 Lactic acidosis  

  Hypertension (initial) 
 Increased cardiac output 
 Increased central venous pressure 
 Massive catecholamine release 
 Tachycardia 
 Cardiac dysrhythmia 
 Salivation 
 Hyperpyrexia 
 Vomiting 
 Incontinence  

    Phase II: decompensation  

  During this phase, the greatly increased cerebral metabolic demands cannot be fully met, resulting in hypoxia and altered 
cerebral and systemic metabolic patterns. Autonomic changes persist and cardio - respiratory functions may progressively fail 
to maintain homoeostasis.  

   Cerebral changes     Systemic and metabolic 
changes  

   Autonomic and cardiovascular 
changes  

  Failure of cerebral autoregulation; thus cerebral blood 
fl ow becomes dependent on systemic blood pressure 
 Hypoxia 
 Hypoglycaemia 
 Falling lactate concentrations 
 Falling energy state 
 Rise in intracranial pressure and cerebral oedema  

  Hypoglycaemia 
 Hyponatraemia 
 Hypokalaemia/

hyperkalaemia 
 Metabolic and 

respiratory 
acidosis 

 Hepatic and renal 
dysfunction 

 Consumptive 
coagulopathy, 
DIC, multi -
 organ failure 

 Rhabdomyolysis, 
myoglobulinuria 

 Leucocytosis  

  Systemic hypoxia 
 Falling blood pressure 
 Falling cardiac output 
 Respiratory and cardiac 

impairment (pulmonary 
oedema, pulmonary 
embolism, respiratory 
collapse, cardiac failure, 
dysrhythmia) 

 Hyperpyrexia  

   DIC, disseminated intravascular coagulopathy.  
   Note : the physiological changes listed above do not necessarily occur in all cases. The type and extent of the changes depend on 
aetiology, clinical circumstances and the methods of therapy employed.   
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cerebral tissue cannot be met and this results in isch-
aemic, excitotoxic or metabolic damage. The hypoten-
sion can be greatly exacerbated by intravenous 
antiepileptic drug therapy, especially if infusion rates are 
too fast. Intracranial pressure can rise dramatically in late 
status, and the combined effects of systemic hypotension 
and intracranial hypertension cause cerebral oedema, 
particularly in children. 

 Physiological changes are not confi ned to brain metab-
olism (Table  9.5 ). Pulmonary hypertension and pulmo-
nary oedema occur, and pulmonary artery pressures can 
exceed the osmotic pressure of blood, causing oedema 
and stretch injuries to lung capillaries. Cardiac output 
can fall owing to decreasing left ventricular contractility 
and stroke volume, and cardiac failure can ensue.   

 Profound hyperpyrexia is a common consequence. 
There are many metabolic and endocrine disturbances 
in status, the most common and most important being 
acidosis (including lactic acidosis), hypoglycaemia, 
hypo - /hyperkalaemia and hyponatraemia. Other poten-
tially fatal metabolic complications include acute tubular 
necrosis, renal failure, hepatic failure and disseminated 

     Figure 9.2     Temporal changes that 
occur as tonic – clonic status epilepticus 
progresses. Motor activity lessens, the 
EEG evolves and profound physiological 
changes occur, both systemically and 
cerebrally. In the fi rst 30   min or so, 
physiological changes are largely 
compensatory, but as the seizures 
continue these compensatory 
mechanisms break down. The biphasic 
evolution is emphasized. PED, periodic 
epileptic discharge; 1, loss of reactivity 
of brain oxygen tension; 2, mismatch 
between the sustained increase in oxygen 
and glucose utilization and a fall in 
cerebral blood fl ow; 3, a depletion 
of cerebral glucose and glycogen 
concentrations; 4, a decline in cerebral 
energy state.  

intravascular coagulation (DIC). Rhabdomyolysis, 
resulting from persistent convulsive movements, can 
precipitate renal failure if severe.   

  Risk of  c erebral  d amage 
 The major reason for treating tonic – clonic status epilep-
ticus as a medical emergency is because prolonged 
seizures carry the risk of causing permanent cerebral 
damage, a consequence amply demonstrated in animal 
and human studies. Status - induced brain damage has 
a number of mechanisms. Hypoxia, ischaemia or 
metabolic disturbances can certainly be a cause, but the 
predominant risk is of excitotoxic brain damage. This is 
damage due to the continuous electrographic activity 
itself, and the repeated depolarization of neurons that 
occurs during continuous seizures. The electrographic 
activity results in progressively increasing calcium infl ux 
into the affected neurons, and the calcium infl ux triggers 
processes of cell death and apoptosis. The result is 
neuronal loss, particularly in the hippocampus, but 
also in other areas of the cerebral cortex. The process of 
excitotoxic cell death is exacerbated by the energy failures 
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  The  e mergency  t herapy of  t onic –  c lonic 
 s tatus  e pilepticus:  g eneral  m easures 
  Cardiorespiratory  f unction 
 In all patients presenting in status, the protection of 
cardiorespiratory function takes fi rst priority. It should 
be assessed, the airway secured and resuscitation carried 
out if necessary. Hypoxia is usually much worse than 
appreciated, not least because of the higher metabolic 
demands of convulsing muscles and increased cerebral 
activity, and oxygen should always be administered.  

  Respiratory  c ompromise 
 This can arise from cardiovascular collapse, high meta-
bolic demands, pulmonary oedema and the respiratory -
 depressant properties of the drugs used to treat status 
epilepticus. There should be a low threshold for institut-
ing ventilatory support, and it should be borne in 
mind that hypoxia is often much greater than initially 
suspected. The use of subanaesthetic doses of anaesthetic 
agents without ventilatory support is not recommended. 
Even as small a dose as 10   mg of intravenous diazepam 
has been shown to depress respiration in anaesthetic 
practice (see    p. 288 ). Aspiration pneumonia is common 
and broad - spectrum antibiotics should be started in any 
patients requiring assisted ventilation.  

  Monitoring 
 Regular neurological observations and measurements of 
pulse, blood pressure, ECG and temperature should be 
initiated. Metabolic abnormalities, especially hypoglycae-
mia, may cause status epilepticus, or develop during its 
course, and biochemical, blood gas, pH, clotting and hae-
matological measures should be regularly monitored.  

  Intravenous  l ines 
 These should be set up for fl uid replacement and drug 
administration. The drugs should not be mixed and, if 
two antiepileptic drugs are needed (e.g. phenytoin and 
diazepam), two intravenous lines should be sited. The 
lines should be in large veins, as many antiepileptic drugs 
cause phlebitis and thrombosis at the site of infusion. 
Arterial lines must never be used for drug administration, 
because potentially fatal arterial necrosis and spasm can 
occur.  

  Emergency  i nvestigations 
 Blood should be drawn for the emergency measurement 
of blood gases, sugar, renal and liver function, calcium 
and magnesium levels, full haematological screen (includ-
ing platelets), blood clotting measures and antiepileptic 

inherent in the stage 2 physiological changes, and a 
vulnerability to cellular damage is usually considered to 
begin after 1 – 2   h of continuous seizure activity. The 
longer the status continues the greater is the risk 
of damage. For this reason it is important to abolish 
electrographic changes and not just the motor changes of 
status. If antiepileptic drug therapy has not controlled 
both the clinical and electrical manifestations of seizures 
within 2   h, general anaesthesia should be applied as a 
method of abolishing all neuronal activity.   

  Table 9.5    Medical complications in tonic – clonic status 
epilepticus. 

  Cerebral    Hypoxic/metabolic cerebral damage 
 Seizure - induced cerebral damage 
 Cerebral oedema and raised 

intracranial pressure 
 Cerebral venous thrombosis 
 Cerebral haemorrhage and infarction  

  Cardiorespiratory 
and autonomic  

  Hypotension 
 Hypertension 
 Cardiac failure, tachy -  and 

bradydysrhythmia, cardiac arrest, 
cardiogenic shock 

 Respiratory failure 
 Disturbances of respiratory rate and 

rhythm, apnoea 
 Pulmonary oedema, hypertension, 

embolism, pneumonia, aspiration 
 Hyperpyrexia 
 Sweating, hypersecretion, 

tracheobronchial obstruction 
 Peripheral ischaemia  

  Metabolic and 
systemic  

  Dehydration 
 Electrolyte disturbance (especially 

hyponatraemia, hyperkalaemia, 
hypoglycaemia) 

 Acute renal failure (especially acute 
tubular necrosis) 

 Acute hepatic failure 
 Acute pancreatitis  

  Other    Disseminated intravascular 
coagulopathy/multiorgan failure 

 Rhabdomyolysis 
 Fractures 
 Infections (especially pulmonary, 

skin, urinary) 
 Thrombophlebitis, dermal injury  
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  Pressor  t herapy 
 Hypotension can result from the status itself and also 
from drug treatment, and is a universal problem in severe 
status. Hypotension increases the risk of cerebral damage, 
because loss of cerebral autoregulation means that cere-
bral perfusion becomes directly proportional to systemic 
blood pressure. Maintenance of blood pressure is, there-
fore, of paramount importance. 

 Pressor agents are usually required. Dopamine is the 
most commonly used, given by continuous intravenous 
infusion. The dose should be titrated up to achieve the 
desired haemodynamic and renal responses (usually 
initially between 2 and 5    μ g/kg per min, but this can be 
increased to  > 20    μ g/kg per min in severe hypotension). 
Dopamine should be given into a large vein because 
extravasation causes tissue necrosis. ECG monitoring is 
required, because conduction defects may occur, and 
particular care is needed in dosing in the presence of 
cardiac failure.  

  Cardiac  a rrhythmia 
 Cardiac arrhythmias pose a substantial risk in severe 
status, caused by autonomic hyperactivity, metabolic 
derangement, and the infusion of high - dose antiepileptic 
and anaesthetic drugs. Continuous EEG monitoring is 
mandatory, and arrhythmias are treated in the conven-
tional manner.  

  Acute  r enal or  h epatic  f ailure 
 A number of factors can result in acute renal failure, 
including myoglobinuria, DIC, hypotension and hypoxia. 
In the early stages infusion of mannitol and dopamine 
may be of some benefi t. Acute hepatic failure can 
also have various causes, including hypersensitivity 
reactions to administered drugs. Care should be taken 
to avoid these drugs in cases with a prior history of 
hypersensitivity.  

  Other  p hysiological  c hanges and  m edical 
 c omplications 
 Some of the complications encountered in tonic – clonic 
status are listed in Table  9.5 . These often need emergency 
treatment in their own right. Failure to do so can 
perpetuate the status and worsen outcome. Active treat-
ment is most commonly required for hypoxia, pulmo-
nary oedema and hypertension, cardiac arrhythmias, 
cardiac failure, hyperpyrexia, rhabdomyolysis and DIC. 
Rhabdomyolysis can be prevented by artifi cial ventilation 
and muscle paralysis.  

drug levels. Serum (20   mL) should also be saved for 
future analysis, especially if the cause of the status epilep-
ticus is uncertain. Other investigations depend on the 
clinical circumstances.  

  Intravenous  g lucose and  t hiamine 
 Glucose  –  50   mL of a 50% solution  –  should be given 
immediately by intravenous injection if hypoglycaemia 
is suspected. Routine glucose administration in non -
 hypoglycaemic patients should, however, be avoided 
because there is some evidence that this can aggravate 
neuronal damage. 

 If there is a history of alcoholism or other compro-
mised nutritional state, 250   mg thiamine (e.g. as the high -
 potency intravenous formulation Pabrinex ® , 10   mL of 
which contains 250   mg) should also be given intrave-
nously. This is particularly important if glucose has been 
administered, because a glucose infusion increases the 
risk of Wernicke encephalopathy in susceptible patients. 
Intravenous high - dose thiamine should be given slowly 
(e.g. 10   mL of high - potency Pabrinex over 30   min), with 
facilities for treating the anaphylaxis which is a poten-
tially serious side effect of high - potency thiamine 
infusions.  

  Acidosis and  o ther  m etabolic  a bnormalities 
 Lactic acidosis is common and largely caused by convul-
sive movements and hyperthermia. These can usually be 
controlled by halting the motor activity by antiepileptic, 
anaesthetic or paralysing agents. If acidosis is severe, the 
administration of bicarbonate has been advocated in the 
hope of preventing shock, and mitigating the effects of 
hypotension and low cerebral blood fl ow. In most cases, 
however, this is unnecessary, and the rapid control of 
respiration and abolition of motor seizure activity are 
more effective. Correction of hypoglycaemia and electro-
lyte and other metabolic abnormalities should be active 
and rigorous.  

  Magnesium  s ulphate 
 Although magnesium is effective at preventing eclampsia, 
there is no evidence that increasing magnesium serum 
concentrations to supranormal levels has any benefi t in 
status epilepticus. However, serum magnesium can be 
low in people with alcohol problems and patients with 
acquired immune defi ciency syndrome (AIDS), and in 
these patients intravenous loading with 2 – 4   g magnesium 
sulphate over 20   min may help with seizure control and 
the prevention of arrhythmias. Magnesium is also often 
given in other cases of refractory status epilepticus.  
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  The  e mergency  t herapy of  t onic –  c lonic 
 s tatus  e pilepticus:  d rug  t reatment 
 In tonic – clonic status epilepticus, as mentioned above, if 
seizure activity is allowed to persist for more than 1.5 – 2   h 
there is a substantial risk of seizure - induced cerebral 
damage, and this risk rises the longer the seizures con-
tinue. For this reason, the drug treatment of tonic – clonic 
status epilepticus is best divided into stages, with the fi nal 
stage (anaesthesia) reached within 1.5 – 2   h of initiating 
therapy. 

 The doses of drugs commonly used in status epilepti-
cus are contained in Table  9.6 . There have been eight 
randomized studies of intravenous drug treatment in 
status epilepticus, studies that have been beset by meth-
odological problems and only limited conclusions can be 
drawn. These studies have shown the effectiveness of 
phenytoin, diazepam, lorazepam and valproate. Open 
studies have produced most of the clinically relevant evi-
dence, but these have not been randomized and the 
choice of drug regimen is therefore somewhat arbitrary. 
Nevertheless, a systematic organized approach is impor-
tant in this emergency situation, and the simple fact of 
having a protocol has been shown to reduce morbidity 
and mortality, regardless of the protocol treatment 
options. The protocol favoured by the author is shown 
in Figure  9.3 , and details of the drugs used are given in 
Tables  9.6  and  9.7 , and on    pp. 307 – 313 .     

  Premonitory  s tage of  s tatus  e pilepticus 
 In many cases of status epilepticus, there is a premonitory 
stage. During this period there is a gradual increase in the 
frequency of tonic – clonic seizures or of myoclonic 
jerking. Parenteral drug treatment in this phase will often 
prevent the development of full - blown status, and the 
earlier treatment is given the more successful it is. If the 
patient is at home, antiepileptic drugs should be admin-
istered before transfer to hospital, or in the accident and 
emergency department (A & E) before transfer to the 
ward. Carers can be trained in the administration of 
emergency therapy. However, acute parenteral therapy 
will cause drowsiness or sleep, and occasionally cardiore-
spiratory collapse, and should therefore be carefully 
supervised. Initial therapy is the same as for acute sei-
zures. Out - of - hospital therapy can be with either rectal 
diazepam or buccal or intramuscular midazolam. All 
are highly effective, and the choice will depend on local 
circumstances. Rectal diazepam is available in a very con-
venient formulation with an already prepared syringe 
and catheter (Stesolid ® ). Similarly, buccal midazolam is 
easy and quick to administer. This is currently in most 

  Establish  a etiology 
 The outcome of status to a great extent depends on 
the aetiology, and the urgent treatment of causative 
factors is vital. Computed tomography (CT) or magnetic 
resonance imaging (MRI) and cerebrospinal fl uid (CSF) 
examination are often necessary, but the choice of inves-
tigations depends on the clinical circumstances (see 
Tables  9.2  and  9.3 ). 

 If the status epilepticus has been precipitated by drug 
withdrawal, the immediate restitution of the withdrawn 
drug, even at lower doses, will usually rapidly terminate 
the status epilepticus. Pyridoxine should also be given 
intravenously to children under the age of 3 years who 
have a prior history of epilepsy, and to all neonates.  

  Intensive  c are and  s eizure/ EEG   m onitoring 
 If seizures are continuing in spite of the initial emergency 
measures, the patient must be transferred to an intensive 
care setting, where intensive monitoring is desirable, 
including, for example, intra - arterial blood pressure, 
capnography, oximetry, central venous pressure and 
Swan – Ganz monitoring. 

 Convulsive movements diminish over time in tonic –
 clonic status and may cease altogether in spite of ongoing 
epileptic electrographic activity. Such electrographic 
activity is potentially damaging to the cortical neurons, 
and anaesthetic therapy is targeted to suppress it by the 
attainment of the anaesthetic level of burst suppression. 
Both ongoing epileptic activity and burst suppression 
require neurophysiological monitoring, which is best 
provided by a full EEG, carried out regularly or (prefer-
ably) continuously. Burst suppression provides an arbi-
trary physiological target for the titration of barbiturate 
or anaesthetic therapy, with drug dosing commonly set 
at a level that aims to produce burst suppression with 
interburst intervals of between 2 and 30   s.  

  Raised  i ntracranial  p ressure and  i ntracranial 
 p ressure  m onitoring 
 If there is evidence of persisting, severe or progressively 
elevated intracranial pressure (ICP), monitoring may be 
required. The need for this is usually determined by the 
underlying cause rather than the status, and its use is 
more common in children. If the ICP is critically raised, 
intermittent positive - pressure ventilation, high - dose cor-
ticosteroid therapy (4   mg dexamethasone every 6   h) or 
mannitol infusion  –  usually reserved as a temporary 
measure  –  can be used to lower the pressure. Neurosurgical 
decompression is occasionally required.   
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     Figure 9.3     Protocol for the treatment of tonic – clonic status epilepticus in adults. IV, intravenous; PE, phenytoin equivalent. (Note 
that this is the author ’ s personal protocol, and other published protocols exist with equal claims to effectiveness.)  

countries an unlicensed medication, but a convenient 
formulation exists packaged with a syringe and catheter 
(Epistatus ® ). If intravenous therapy can be given in the 
premonitory stage, lorazepam is the drug of choice (see 
below).  

  Stage of  e arly  s tatus  e pilepticus 
 The early stage of status epilepticus is defi ned as the fi rst 
30   min of status. It is usual to initiate intravenous treat-
ment with a fast - acting benzodiazepine drug. 

 Intravenous lorazepam is now generally preferred over 
diazepam as fi rst - line therapy in established status 
epilepticus. The disadvantage of diazepam is its short 

redistribution half - life ( < 1   h) and large volume of distri-
bution (1 – 2   L/kg). These properties mean that serum and 
brain concentrations rapidly fall after initial intravenous 
dosing, leading to potentially high rates of seizure recur-
rence. Within 2   h of successful treatment with diazepam, 
over half the patients with status epilepticus relapse. 
Repeat boluses of diazepam can lead to signifi cant accu-
mulation and so cannot be recommended. Clonazepam 
shares many of the pharmacokinetic features of diaze-
pam. It has a similarly rapid brain penetration, short 
distribution half - life and long elimination half - life. 
Lorazepam, on the other hand, has a lesser volume of 
distribution and is less lipid soluble. It enters the brain 
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  Table 9.6    Drugs used in the pre - anaesthetic stages of status epilepticus. 

   Drug     Route     Adult dose     Paediatric dose  

  Clonazepam    IV bolus    1 – 2   mg at 2   mg/min  a      250 – 500    μ g  

  Chlormethiazole    IV infusion of 0.8% 
solution  

  40 – 100   mL at 5 – 15   mL/min, then 
0.5 – 20   mL/min  

  0.1   mL/kg per min increasing 
every 2 – 4   h  

  Diazepam at 
2 – 5   mg/min  a    

  IV bolus    10 – 20   mg at 2 – 5   mg/min  a      0.25 – 0.5   mg/kg  
  Rectal administration    10 – 30   mg  a      0.5 – 0.75   mg/kg  a    

  Fosphenytoin    IV bolus    15 – 20   mg PE/kg at 150   mg PE/min      

  Levetiracetam    IV Bolus    1000 – 3000   mg at a rate of 1000   mg/15   min      
  Lidocaine    IV bolus    1.5 – 2.0   mg/kg at 50   mg/min  a        

  IV infusion    3 – 4   mg/kg per h      

  Lorazepam    IV bolus    0.07   mg/kg (usually 4   mg)  a      0.1   mg/kg  

  Midazolam    IM or rectally    5 – 10   mg  a      0.15 – 0.3   mg/kg  a    
  IV bolus    0.1 – 0.3   mg/kg at 4   mg/min  a        
  IV infusion    0.05 – 0.4   mg/kg per h      

  Paraldehyde    Rectally or IM    5 – 10   mL (approx 1   g/mL) in equal 
volume of water  a    

  0.07 – 0.35   mL/kg  a    

  Phenobarbital    IV bolus    10 – 20   mg/kg at a rate not exceeding 
100   mg/min  

  15 – 20   mg/kg  

  Phenytoin    IV bolus/infusion    15 – 20   mg/kg at a rate not exceeding 
50   mg/min  

  20   mg/kg at a rate not 
exceeding of 1 – 3   mg/kg per min  

  Valproate    IV bolus    10 – 30   mg/kg    20 – 40   mg/kg  

   IM, intramuscularly; IV, intravenous; PE, phenytoin equivalent.  
   a Can be repeated.   

more slowly, taking up to 30   min to reach peak levels, 
although therapeutic levels are reached within a few 
minutes. Its distribution half - life is much longer (2 – 3   h), 
and its elimination half - life is shorter (approximately 
10 – 12   h). Its effects are, therefore, longer lasting than 
those of diazepam, and for this reason lorazepam is 
the benzodiazepine of choice in status epilepticus. 
Lorazepam should be given as a bolus that can be repeated 
once after 10   min, at which time phenytoin should be 
administered. 

 Lidocaine as a bolus followed by an infusion has been 
recommended as an alternative to benzodiazepines in 
those in whom respiratory depression is a concern, but 
is not now widely used. The intravenous injection of 
subanaesthetic doses of propofol has also been tried. In 
most episodes of status, initial therapy treatment will be 
highly effective. 

 In young children, it is customary to give intravenous 
pyridoxine, in case of an occult defi ciency. 

 Even if seizures cease, 24 - hour inpatient observation 
should follow. In people with no previous history of epi-
lepsy, chronic antiepileptic drug treatment should be 
introduced and, in those already on maintenance anti-
epileptic therapy, this should be reviewed.  

  Stage of  e stablished  s tatus  e pilepticus 
 If seizures have continued for 30   min, in spite of the 
therapy outlined above, the stage of established status 
epilepticus is entered. 

 In the protocol used by the author, there are four 
alternative fi rst - line treatment options (see Figure  9.3 ), 
but each has drawbacks. The author ’ s own current pref-
erence is for phenobarbital, but there are many potential 
advantages to intravenous valproate or intravenous 
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not clear if the potential tolerability advantages of 
fosphenytoin overcome the potential variability in 
phenytoin levels and the diffi culties in dosage translate, 
in practice, into a better outcome than that achieved by 
phenytoin. 

 The major advantages of valproate and levetiracetam 
are their seeming lack of cardiovascular depression, the 
absence of drug - induced hypotension, the lack of inter-
action and the lack of local irritation at the injection site. 
However, neither has been subjected to a randomized 
trial in status epilepticus and the full range of side effects 
is not yet established. 

 Subanaesthetic infusions of benzodiazepine drugs 
were once fashionable in the stage of established status. 
However, because of drug accumulation (see pp.    289 –
 290 ), sudden respiratory depression, cardiovascular 
collapse and/or severe hypotension can occur. For 
these reasons, continuous benzodiazepine infusions (or 
repeated bolus injections) at this stage should not be 
given (the exception is with midazolam  –  see below). 
Clomethiazole infusion carries similar risks. Lidocaine 
infusion is essentially a short - term therapy and so should 
not be employed at this stage.  

  The  s tage of  r efractory  s tatus  e pilepticus 
 In most patients, if seizures continue for 60 – 90   min in 
spite of the therapy outlined above, full anaesthesia is 

levetiracetam  –  although neither of these latter drugs is 
licensed for this indication. 

 Phenobarbital is easier to use, and possibly more effec-
tive than phenytoin, but phenytoin may be associated 
with a lower risk of respiratory depression. Controlled 
studies have not, however, been carried out, and the 
relative merits of the two therapies are unclear. Phenytoin 
is relatively insoluble in water, and its parenteral formu-
lation has a high pH; consequently, it has a number of 
side effects related to its physicochemical properties. 
It may crystallize and precipitate in solutions; it may 
cause thrombophlebitis (particularly with extravasation); 
its vehicle, propylene glycol, can cause hypotension; 
and phenytoin is poorly and erratically absorbed 
after intramuscular injection. Fosphenytoin (3 - phospho-
ryloxymethyl phenytoin disodium) is a water - soluble 
phenytoin prodrug that has some advantages relating 
to tolerability over phenytoin. Fosphenytoin is itself 
inactive, but is metabolized to phenytoin with a half - life 
of 8 – 15   min. It can be administered two to three times 
faster than phenytoin and achieves similar mean serum 
concentrations, although there is considerable scatter 
of levels. Cardiac monitoring is still required with 
fosphenytoin, and the dosing units of the drug are 
confusing and have caused problems in practice in 
inexperienced emergency units. There are no controlled 
trials of fosphenytoin in status epilepticus, and it is 

  Table 9.7    Anaesthetics for refractory status epilepticus. 

   Drug     Adult dose     Comments  

  Midazolam    0.1 – 0.3   mg/kg at 4   mg/min bolus followed by 
infusion at 0.05 – 0.4   mg/kg per h  

  Elimination half - life of 1.5   h, but accumulates with 
prolonged use 
 Tolerance and rebound seizures can be problematic  

  Thiopental    100 – 250   mg bolus over 20   s then further 50   mg 
boluses every 2 – 3   min until seizures are 
controlled. Then infusion to maintain burst 
suppression (3 – 5   mg/kg per h). Child (1 month 
to 18 years) initially up to 4   mg/kg by slow 
intravenous infusion and then up to 8   mg/kg 
per h by continuous intravenous infusion  

  Complicated by hypotension. It has saturatable 
pharmacokinetics, and a strong tendency to accumulate. 
Metabolized to pentobarbital. It can also cause pancreatitis, 
hepatic disturbance and hypersensitivity reaction  

  Pentobarbital    10 – 20   mg/kg at 25   mg/min then 0.5 – 1   mg/kg 
per h increasing to 1 – 3   mg/kg per h  

  As above  

  Propofol    2   mg/kg then 5 – 10   mg/kg per h    Large volume of distribution and short half - life. Rapid 
recovery. Can be complicated by lipaemia, acidosis and 
rhabdomyolysis especially in children. Rebound seizures 
with abrupt withdrawal  
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and it is important to recognize that even prolonged 
status epilepticus can remit and the patient can recover 
with slight long - term effects. The process of maintaining 
a patient under anaesthetic for weeks or months requires 
great skill, in view of the attendant risks. The ultimate 
outcome is worse the longer the status continues, 
but, even after very prolonged attacks, a complete recov-
ery can occur. Much depends on the underlying cause  –  
and the ultimate prognosis is more dependent on this 
than on the duration of seizures. There is a tendency, 
especially among anaesthetists, to consider refractory 
status a terminal condition  –  a tendency that should be 
resisted. 

 In refractory status epilepticus, trials of steroids 
are often given. In patients in whom immunologically 
based aetiologies are present, or in those in whom no 
cause is identifi ed, repeated courses of intravenous IgG 
are sometimes effective. Intravenous magnesium can be 
tried.  

  Additional  m aintenance  a ntiepileptic  t herapy 
 In addition to emergency drug therapy, it is important 
that maintenance antiepileptic drug treatment should 
continue via a nasogastric tube. If this is forgotten, sei-
zures will almost inevitably recur when the anaesthesia is 
lightened.  

  Failure to  r espond to  t reatment 
 In the great majority of cases, the above measures will 
control seizures and the status will resolve. If drug treat-
ment fails, there are often complicating factors. Common 
reasons for the failure to control seizures in status epilep-
ticus are as follows. 

  Inadequate  d rug  t reatment 
     •      Insuffi cient emergency antiepileptic drug therapy: a 
particular problem is the administration of intravenous 
drugs at too low a dose (e.g. phenobarbital or 
phenytoin).  
   •      Failure to initiate or continue maintenance antiepilep-
tic drug therapy in parallel with the acute emergency 
therapy will result in a recrudescence of seizures once the 
effects of the emergency drug treatment have worn off.     

  Medical  f actors 
     •      Medical complications can exacerbate seizures.  
   •      A failure to treat (or identify) the underlying cause 
can result in intractable status. This is particularly the 
case in acute progressive cerebral disorders and cerebral 
infections.     

required. In some emergency situations (e.g. postopera-
tive status, severe or complicated convulsive status, 
patient already in intensive care unit [ICU]), anaesthesia 
can and should be introduced earlier. The prognosis for 
patients reaching this stage of status epilepticus is much 
poorer, and there is a moderate risk of mortality and 
morbidity. 

 The most commonly used anaesthetics are the intrave-
nous barbiturates thiopental and pentobarbital, and the 
intravenous non - barbiturate infusional anaesthetics pro-
pofol and midazolam. There have been no randomized 
controlled studies comparing these treatment options, 
but a meta - analysis suggests no difference in terms of 
mortality, although pentobarbital was more effective 
than midazolam at the expense of greater hypotension. 
Propofol and midazolam have signifi cant pharmacoki-
netic advantages over the barbiturates. Other anaesthet-
ics that can be used include isofl urane, etomidate and 
ketamine. Experience with these agents in status is, 
however, meagre. Ketamine in particular is theoretically 
an attractive option because it has a strong blocking 
action at  N  - methyl -  d  - aspartate (NMDA) receptors, 
which might provide neuroprotection. 

 It is imperative at this stage to be monitoring the 
patient ’ s EEG, as a patient in a drug - induced coma, with 
little outward sign of convulsions, can still have ongoing 
electrographic epileptic activity. The point of therapy is to 
abolish electrographic activity and the attendant risk of 
excitotoxic cerebral damage, and EEG monitoring can be 
the only way to detect such activity. The depth of anaes-
thesia should be that which abolishes all EEG epileptic 
activity, and commonly  ‘ burst suppression ’  is the targeted 
level of anaesthesia. Burst suppression with interburst 
intervals of 2 – 30   s is an acceptable endpoint because it 
supposedly represents appropriate membrane inactivity, 
although it can be diffi cult to achieve, because this degree 
of anaesthesia commonly leads to hypotension. 

 All the anaesthetic drugs are given in doses suffi cient 
to induce deep unconsciousness, and therefore assisted 
respiration, intensive cardiovascular monitoring and the 
full panoply of intensive care are essential. 

 Once the patient has been free of seizures for 12 – 24   h, 
and provided that there are adequate plasma levels of 
concomitant antiepileptic medication, the anaesthetic 
can be slowly tapered. There are some data to suggest that 
those who are loaded with phenobarbital do better than 
those who are not. If seizures recur, anaesthesia should 
be re - established. If one anaesthetic agent is ineffective 
then it should be substituted by another. In severe cases 
anaesthesia may be required for weeks or even months, 
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  Misdiagnosis 
     •      A common problem is the failure to diagnose pseudo -
 status epilepticus. Indeed, in specialist practice, this con-
dition is more common than true epileptic status. The 
diagnosis can usually be made easily by clinical observa-
tion, once considered, and confi rmed by EEG in cases of 
uncertainty.      

  Treatment of  t onic –  c lonic  s tatus in  s pecial 
 c ircumstances 
  Drug  w ithdrawal 
 Status epilepticus can result from antiepileptic drug with-
drawal (or too rapid a reduction of dose). This can be the 
result of injudicious medical advice or poor compliance. 
In this situation, the rapid reintroduction of the drug 
often effectively terminates the status epilepticus and 
obviates the need for the above more elaborate measures. 
The drug should be given intravenously where possible.  

  Alcohol  w ithdrawal 
 Alcohol withdrawal can also result in status epilepticus 
in the 24 – 48   h after withdrawal. The withdrawal of 
opiates, cocaine and other recreational drugs can have 
the same effect. Traditionally, benzodiazepine, paralde-
hyde or clomethiazole is given either as treatment or 

  Table 9.8    Treatment of different types of non - convulsive status epilepticus ( NCSE ). 

   Type     Treatment choice     Other drugs that can be used  

  Typical absence status epilepticus    IV or oral benzodiazepines    Acetazolamide, valproate or 
chlormethiazole  

  Complex partial status epilepticus    Oral clobazam    IV lorazepam and phenytoin (or 
fospohenytoin), levetiracetam, 
valproate,  phenobarbital  

  Atypical absence status epilepticus    Oral valproate    Oral benzodiazepines (with 
caution), lamotrigine, topiramate  

  Tonic status epilepticus    Oral lamotrigine    Methylphenidate, steroids  

  Myoclonic status epilepticus in coma    Barbiturate anaesthesia (for short 
trial period)  

  Steroids, midazolam  

  Other forms of myoclonic status epilepticus    Oral valproate, benzodiazepines    Levetiracetam  

  Epilepsia partialis continua    Any oral anticonvulsant    Steroids, immunosuppression  

  NCSE in the aftermath of tonic – clonic seizures    IV benzodiazepines    IV phenytoin or phenobarbital  

  Subtle status epilepticus    Anaesthesia    Steroids  

   IV, intravenous.   

prophylactically. The patients should be referred, on 
recovery, to units specializing in addiction.  

  Drug  o verdose 
 Status epilepticus can occur during drug overdose. The 
status is usually treated with midazolam infusion. Other 
aspects of management are directed at reducing the levels 
of the offending drug, at controlling complications and 
general supportive measures.   

  Post -  n eurosurgery or  p ost -  h ead  i njury 
 Status epilepticus in the immediate post - neurosurgery 
situation is associated particularly with cerebral oedema 
and brain swelling, and should be managed by immediate 
anaesthesia. The same also applies where possible to 
status epilepticus after severe head injury.   

  The  c linical  c haracteristics and  t reatment 
of  o ther  f orms of  s tatus  e pilepticus 
(Table  9.8 )      
  Epilepsia  p artialis  c ontinua 
 Epilepsia partialis continua (EPC) can be defi ned as 
spontaneous regular or irregular clonic twitching of cere-
bral cortical origin, sometimes aggravated by action or 
sensory stimuli, confi ned to one part of the body, and 
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such as stroke, trauma, cerebral infarction, cerebral 
abscess, neuronal migration disorders and vascular mal-
formation. EPC can be due to a variety of encephalitides, 
commonly Rasmussen encephalitis, but also subacute 
panencephalitis and Creutzfeldt – Jakob disease. It is also 
not uncommon in the autoimmune encephalopathies. 
Metabolic causes have also been described, including, 
importantly, hyponatraemia and hyperglycaemia. 

 Treatment should be largely directed at the underlying 
cause. The seizures can remit spontaneously in acute 
cases. In a well - established case, however, EPC can be 
particularly resistant to therapy, and intravenous antiepi-
leptic therapy, even to the point of anaesthesia, can 
produce only temporary respite. It is usual to prescribe 
oral antiepileptic drugs, to prevent secondary generaliza-
tion, even if the EPC itself is not controlled. Any of the 
antiepileptic drugs can be used and treatment follows 
conventional lines. In addition, the oral corticosteroids 
are sometimes helpful. Where there is an infl ammatory 
or post - infective cause, or in EPC of uncertain cause, 
courses of high - dose intravenous IgG have been used, 
sometimes with startling benefi t. Plasma exchange has 
been tried with little effect, as have other immunosup-
pressive therapies and zidovudine. The long - term 
outcome depends on the underlying cause, but in 
many cases the clonic movements continue in spite of 
medical therapy. Very occasionally, there is resort to 
surgical therapy, either resective or by multiple subpial 
transection.  

  Complex  p artial  s tatus  e pilepticus 
 This form of non - convulsive status can be defi ned as a 
prolonged epileptic episode in which fl uctuating or fre-
quently recurring focal electrographic epileptic dis-
charges result in a confusional state. There are highly 
variable clinical symptoms, and the focal epileptic dis-
charges may arise in temporal or extratemporal cortical 
regions. Any condition causing complex partial seizures 
can also cause status, although structural defects in the 
frontal lobe seem particularly likely to result in episodes 
of status epilepticus. 

 Complex partial status epilepticus has to be differenti-
ated from other forms of non - convulsive status epilepti-
cus, postictal states, and other neurological and psychiatric 
conditions. EEG may be helpful, but the scalp EEG 
changes can be non - specifi c and the diagnosis has to be 
largely clinical. It is this author ’ s view that the condition 
is overdiagnosed, and the tendency to attribute any con-
fusional state in patients with epilepsy to complex partial 
status epilepticus should be resisted. 

continuing for hours, days or weeks. It is a remarkable 
condition, with highly characteristic features, and has a 
number of underlying causes (Table  9.9 ). The clonic jerks 
in EPC can affect any group of muscles. In some indi-
viduals they are confi ned to a single muscle or muscle 
group, but in others the distribution is more widespread, 
and the distribution of the jerks can vary over time. 
Agonists and antagonists are affected together, and distal 
muscles are more commonly involved than the proximal 
musculature. The jerks are spontaneous, and often exac-
erbated by action, startle or sensory stimuli. They can be 
single or cluster, and may have a rhythmic quality with a 
wide range of frequencies and amplitudes. Some jerks 
recur only every few minutes and others are more fre-
quent. In chronic cases the jerks can continue relentlessly 
for months or years.   

 EPC needs to be differentiated from myoclonic dysto-
nia and brain - stem myoclonus. Diagnosis can be diffi -
cult; the EEG may show focal abnormalities, but can be 
normal. EPC can result from structural abnormalities 

  Table 9.9    Causes of epilepsia partialis continua. 

  Cerebral tumour    Primary (benign/malignant), 
metastasis  

  Cerebral infection    Bacterial abscess, tuberculoma, 
parasitic infection (e.g. 
cysticercosis), viral encephalitis, 
meningitis, HIV, Whipple disease  

  Cerebral 
infl ammatory 
disorder  

  Antibody - mediated immunological 
diseases (NMDA receptor, VGKA), 
Rasmussen encephalitis, 
paraneoplastic disease, coeliac 
disease  

  Cerebrovascular 
disease  

  Cerebral infarction/haemorrhage, 
arteriovenous malformation, 
venous thrombosis  

  Mitochondrial 
disease  

  Alpers disease, MERRF, others  

  Congenital disorders    Cortical dysplasia (many types)  

  Drugs, toxins and 
metabolic disorders  

  Many drugs, toxins and metabolic 
disturbances  

   MERRF, myoclonic encephalopathy with ragged red fi bres; 
NMDA,  N  - methyl -  d  - aspartate; VGKA, voltage - gated K  +   
channel antibodies.   
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no good evidence that aggressive treatment improves the 
prognosis in this condition, and intravenous medication 
can result in hypotension, respiratory depression and 
occasionally cardiorespiratory arrest. In one series of non -
 convulsive status epilepticus in elderly people, aggressive 
treatment carried a worse prognosis than no treatment. 

 Early recognition is a critical goal. At present, treat-
ment with oral benzodiazepines is usually fi rst - line 
therapy. Lorazepam or clobazam is the most commonly 
prescribed drug. In patients who have repetitive attacks 
of complex partial status epilepticus (a common occur-
rence), oral clobazam over a period of 2 – 3 days, given 
early at home, can abort the status epilepticus, and such 
strategies should be discussed with the patient and carers. 
The response to benzodiazepines can be disappointing. 
Often there is only a slow and partial improvement, in 
marked contrast to the complete and rapid improvement 
in absence status epilepticus. In other patients there may 
be resolution of the electrographic status epilepticus 
without concomitant clinical improvement. Although the 
response to benzodiazepines is often not complete, most 
episodes are self - limiting and will recover spontaneously. 
Valproate may be an alternative, because intravenous 
valproate is well tolerated with little respiratory or cardiac 
depression; trials are urgently needed in this area. 

 For more persistent or resistant complex partial status 
epilepticus, intravenous therapy can be used and loraz-
epam followed by phenytoin (or fosphenytoin) are the 
traditional drugs of choice. Intravenous valproate or 
levetiracetam has been shown in small case series to be 
highly effective. Whether general anaesthesia is ever justi-
fi ed remains a matter for speculation. 

 Treatment of the underlying cause where this is pos-
sible (e.g. encephalitis or metabolic derangement) is of 
course paramount. The routine maintenance antiepilep-
tic drug regimen should also be manipulated to provide 
maximum control of seizures.   

  Absence  s tatus  e pilepticus 
 Absence status can be best subdivided into various sepa-
rate syndromes, albeit with overlapping clinical and EEG 
features. These should all be distinguished from complex 
partial status, which can take a somewhat similar clinical 
form. Although this is a tidy classifi cation scheme, there 
are transitional cases that do not fi t easily into any 
particular category. 

  Typical  a bsence  s tatus  e pilepticus ( ‘  p etit -  m al ’   s tatus) 
 This occurs only in patients with idiopathic generalized 
epilepsy, usually as part of the subcategory childhood 

  Clinical  f eatures 
 Confusion, which can fl uctuate or be fairly continuous, 
is the leading clinical feature. The severity of the confu-
sion can vary: from profound stupor with little response 
to external stimuli in some cases, to others in whom 
subtle abnormalities on cognitive testing are the only 
sign. Amnesia is usual but not invariable. Associated with 
the confusion are behavioural changes, speech and lan-
guage disturbance, and motor and autonomic features. 
These can be very variable and cause considerable diag-
nostic diffi culty. Periods of complex partial status can last 
for days or even weeks, although typically an episode will 
persist for several hours. It is most common in adults, 
usually with long histories of complex partial epilepsy. 
Precipitating factors include menstruation, and alcohol 
and drug withdrawal, but not usually photic stimulation 
or overbreathing as in typical absence status. The onset 
and offset are usually less well defi ned than in absence 
status, and the response to intravenous therapy more 
gradual. Complex partial status may typically follow a 
secondarily generalized tonic – clonic seizure (or cluster of 
seizures), but is rarely terminated by a generalized con-
vulsion, in contrast to the case in typical absence status. 
Episodes of complex partial status are usually recurrent, 
and in a few patients there is a remarkable periodicity. 
Complex partial status can arise in focal epilepsies of 
widely varying aetiologies. 

 The abnormalities on scalp EEG fi ndings may be slight, 
although the EEG is seldom normal. A whole range of EEG 
patterns is seen including continuous or frequent spikes 
or spike – wave paroxysms, which are sometimes wide-
spread or focal, and also episodes of desynchronization. 
The longer the status proceeds, the less likely is discrete 
ictal activity to be noticeable. 

 The prognosis of complex partial status is good. It is 
not usually life threatening, and resolves with oral or 
intravenous therapy or is self - limiting. There is, however, 
a strong tendency for recurrence. Permanent neurologi-
cal or psychological sequelae are rare, in contrast to the 
poor prognosis of tonic – clonic status.  

  Drug  t reatment of  c omplex  p artial  s tatus  e pilepticus 
 How aggressively complex partial status epilepticus needs 
to be treated is a matter of some controversy. It is the 
author ’ s view that in most cases there is little risk of cere-
bral damage due to the seizures, and for this reason intra-
venous therapy is not needed unless the condition is 
particularly severe or resistant. Others disagree and treat 
complex partial status using similar protocols to that 
described above for tonic – clonic status. There is, however, 
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context is very different: typical absence status occurs in 
patients with childhood absence epilepsy and without 
intellectual deterioration; atypical absence epilepsy 
occurs in the epileptic encephalopathies (typically the 
Lennox – Gastaut syndrome), with other seizure types and 
in the context of intellectual disability. The episodes of 
atypical absence status are usually longer and more fre-
quent, with a gradual onset and offset. Atypical absence 
status is often preceded by changes in motor activity, 
mood or intellectual ability, for hours or days before the 
overt seizures develop. This prodromal stage might be 
due to subclinical status. Atypical absence status tends to 
fl uctuate, and minor motor, myoclonic or more typically 
tonic seizures interrupt, but do not terminate an episode. 
Tonic seizures usually last a few minutes but occur 
in series. In some patients the mental state fl uctuates 
gradually in and out of this ill - defi ned epileptic state over 
long periods of time  –  days or weeks  –  with little distinc-
tion possible between ictal and interictal phases. In con-
trast to typical absence status, tonic – clonic seizures 
seldom occur at the beginning or end of the status 
episode, and atypical absence status often responds 
poorly to injection of a benzodiazepine. Indeed, anti-
epileptic drug therapy may have little effect, and the con-
dition fl uctuates, apparently uninfl uenced by external 
factors. Atypical absence status is more likely to occur if 
the patient is drowsy or under - stimulated, and it is thus 
important not to over - medicate patients with the 
Lennox – Gastaut syndrome. The EEG during atypical 
absence status may show continuous irregular slow 
(2   Hz) spike – wave, or hypsarrhythmia, or more discrete 
ictal patterns. 

 In contrast to typical absence status epilepticus, this 
condition is usually poorly responsive to intravenous 
benzodiazepines, which should, in any case, be given cau-
tiously, because they can induce tonic status epilepticus 
in susceptible patients. Oral rather than intravenous 
treatment is usually more appropriate, and the drugs of 
choice are valproate, lamotrigine, clonazepam, clobazam, 
levetiracetam and topiramate. Barbiturates, carbamaze-
pine, gabapentin, phenytoin, pregabalin, tiagabine and 
vigabatrin can worsen the episode.  

  New  a bsence  s tatus of  l ate  l ife 
 This curious syndrome presents in late adult life. The 
leading symptom is confusion, although the other fea-
tures of absence status can occur. Many patients have a 
history of absence epilepsy in early life that has been in 
long remission. Many cases are misdiagnosed as demen-
tia or cerebrovascular disease, but the abrupt onset 

absence epilepsy, in which a history of absence status 
occurs in about 3 – 9%. Absence status occurs also in the 
other syndromes of idiopathic generalized epilepsy, 
including myoclonic – astatic epilepsy, epilepsy with myo-
clonic absences, eyelid myoclonia with absences and 
juvenile absence epilepsy. The attacks can recur and last 
for hours or occasionally days. The episodes are typically 
precipitated by factors such as menstruation, withdrawal 
of medication, hypoglycaemia, hyperventilation, fl ashing 
or bright lights, sleep deprivation, fatigue, stress or grief. 
The principal clinical feature is clouding of conscious-
ness. This can vary from slight clouding to profound 
stupor. At one extreme, patients have nothing more than 
slowed ideation and expression, and defi cits in activities 
requiring sustained attention, sequential organization or 
spatial structuring; amnesia may be slight or even absent. 
At the other extreme there may be immobility, mutism, 
simple voluntary actions performed only after repeated 
requests, long delays in verbal responses, and monosyl-
labic and hesitant speech. Typically, the patient is in an 
expressionless, trance - like state with slow responses and 
a stumbling gait. Motor features occur in about 50% of 
cases, including myoclonus, atonia, rhythmic eyelid 
blinking, and quivering of the lips and face. Facial, espe-
cially eyelid, myoclonus is common in absence status, but 
rare in complex partial status. Episodes of absence status 
are often terminated by a tonic – clonic seizure. The diag-
nostic electrographic pattern is continuous or almost 
continuous bilaterally synchronous and symmetrical 
spike – wave activity, with little or no reactivity to sensory 
stimuli. 

 Typical absence status can usually be rapidly and com-
pletely abolished by benzodiazepine therapy given as 
intravenous bolus doses. The usual drugs are diazepam 
0.2 – 0.3   mg/kg, clonazepam 1   mg (0.25 – 0.5   mg in chil-
dren) or lorazepam 0.07   mg/kg (0.1   mg/kg in children). 
The bolus doses can be repeated if required. If this is 
ineffective, intravenous clomethiazole or valproate may 
be needed. In childhood absence epilepsy, maintenance 
therapy with valproate, ethosuximide or other agents is 
required once the status is controlled. There is little likeli-
hood that absence status induces neuronal damage, and 
thus aggressive treatment is not warranted.  

  Atypical  a bsence  s tatus 
 This form of status is common in patients with diffuse 
cerebral damage and is typically seen as part of the 
Lennox – Gastaut syndrome. Although the clinical phe-
nomenology of typical and atypical absence status over-
laps greatly, there are important differences. The clinical 
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 ‘ epileptic ’  state, or simply a sign of a severely damaged 
brain, is arguable, but most European neurologists 
accept the latter proposition and that the EEG changes 
simply indicate underlying widespread cortical damage 
or dysfunction. It is often an agonal event with an 
extremely poor prognosis, although survival can occur 
especially if the initial insult was primarily hypoxia 
related. Survivors may be left with Lance – Adams - type 
action myoclonus. Whether antiepileptic treatment 
infl uences the course of this condition is quite unclear. 
Some authorities recommend aggressive antiepileptic 
therapy, and others none at all. It is this author ’ s practice 
to recommend aggressive anti - status therapy, including 
anaesthesia, for a 12 -  to 24 - hour period, but at this 
stage, in the absence of any improvement, the anti-
epileptic therapy should be withdrawn. Barbiturate 
or non - barbituate infusional anaesthetic drugs are 
given.  

  Other  f orms of  m yoclonic  s tatus  e pilepticus 
 Myoclonic status in the progressive myoclonic epilepsies 
and in primary generalized epilepsy does not usually 
require intravenous therapy, although if needed an intra-
venous benzodiazepine can be given. The preferred 
therapy is with oral valproate, benzodiazepine, levetirace-
tam or piracetam.  

  Subtle  s tatus  e pilepticus 
 This term is best reserved, in the author ’ s view, to 
the form of electrographic non - convulsive status 
epilepticus that sometimes occurs in the aftermath of 
a convulsive seizure. The patient is often stuporose or 
confused, and often misdiagnosed as being in a pro-
longed post - ictal state. The EEG may show rhythmic 
slow activity or patterns similar to that of myoclonic 
status epilepticus in coma (see above). In contrast to the 
situation in myoclonic status epilepticus in coma, this 
state undoubtedly represents seizure activity and 
the recommended treatment is with intravenous 
benzodiazepines.  

  Simple  p artial  s tatus  e pilepticus 
 Simple partial motor status epilepticus is known as epi-
lepsia partialis continua and its treatment is discussed 
above. Other forms of prolonged simple partial seizures 
are rare. Any condition causing simple partial seizures 
can also result in status, although, as is the case with 
complex partial status, prolonged simple partial seizures 
are also quite characteristic of some of the benign partial 

should suggest the possibility of absence status, and the 
diagnosis is easily confi rmed by EEG. In most cases, psy-
chotropic drug (particularly benzodiazepine) toxicity or 
withdrawal seems to be the antecedent cause of the 
episode. The condition is rapidly alleviated by intrave-
nous lorazepam (4   mg) or other benzodiazepines, and 
tends not to recur. Long - term antiepileptic drug treat-
ment is not usually required.   

  Autonomic  s tatus  e pilepticus 
 This is a form of status epilepticus that occurs typically 
in Panayiotopoulos syndrome (see    p. 26 ). The exact 
prevalence of this syndrome is unclear, and estimates 
have ranged from 0% to 6% of all children with epilepsy. 
The seizures consist of episodes of nausea, retching and 
vomiting, and deviation of the eyes. There may or may 
not be altered awareness. Other autonomic features 
occur including incontinence of urine, pallor, hyperven-
tilation and headache. The EEG shows occipital spiking 
or runs of 3   Hz spike – wave and there is also often evi-
dence of photosensitivity. About half of the seizures last 
longer than 30   min and so are categorized as  ‘ status epi-
lepticus ’ . The prognosis of the syndrome is excellent and 
at least 50% of patients have only a single attack, and 
most require no treatment. Intravenous benzodiazepine, 
rectal diazepam or buccal midazolam can be used to ter-
minate an attack.  

  Tonic  s tatus  e pilepticus 
 Tonic status epilepticus occurs in patients with syn-
dromes such as the Lennox – Gastaut syndrome. The tonic 
seizures are usually short - lived but are rapidly repeated 
and a series can persist for days. Tonic status epilepticus 
is poorly responsive to conventional treatment, and can 
be dramatically worsened by benzodiazepines, which 
should be used with care. Sedating medication can 
worsen all seizure types in the Lennox – Gastaut syn-
drome, and thus should be avoided. Lamotrigine, adre-
nocorticotrophic hormone (ACTH) and corticosteroids 
are reported sometimes to be effective.  

  Myoclonic  s tatus  e pilepticus in  c oma 
 This diagnosis is made in patients who have suffered 
severe brain injury (e.g. cerebral anoxia after cardiac 
arrest) and are in deep coma, sometimes with subtle 
myoclonic twitching, in whom the EEG shows PLEDs or 
bilateral synchronous epileptiform discharges (BPEDs), 
periodic discharges, encephalopathic triphasic patterns 
or burst suppression patterns. It occurs in up to 8% 
of patients in coma. To what extent this is really an 
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vomiting and thrombophlebitis, and there is a tendency 
for seizure recurrence on discontinuing therapy. 
Prolonged therapy carries the risk of fl uid overload and 
electrolyte disturbance. Despite its widespread usage, 
there is limited published experience in status, particu-
larly in children. Hepatic disease reduces the metabolism 
and elimination of the drug, and prolonged contact with 
plastic tubing (e.g. in drip sets) results in substantial 
resorption. 

  Usual  p reparation 
 This is a 0.8% (8   mg/mL) solution of clomethiazole edi-
sylate in 500   mL of 4% dextrose.  

  Usual  d osage 
 Intravenous infusion of 40 – 100   mL (320 – 800   mg), at a 
rate of 5 – 15   mL/min, followed by a continuous infusion, 
with dosage titrated according to response (usually 
1 – 4   mL/min, range 0.5 – 20   mL/min) (adults), or initially 
0.1   mL/kg per min (0.8   mg/kg per min), increasing pro-
gressively every 2 – 4   h as required (children).   

  Clonazepam 
 Clonazepam is an alternative to diazepam at the stage of 
early status epilepticus, and there is little to choose between 
the two drugs. It has a similar onset of action and a longer 
duration of action (half - life, 22 – 33   h), and may have a 
lower incidence of late relapse. There is wide experience 
with the drug in adults and children, although not in 
neonates, and the drug has proven effi cacy in tonic – clonic, 
partial and absence status. Clonazepam accumulates on 
prolonged infusion, with the resulting risk of respiratory 
arrest, hypotension and sedation  –  a side - effect profi le 
very similar to that of diazepam (see below). The drug has 
a negative inotropic action, and as with diazepam throm-
bophlebitis may occur. There is also a danger of sudden 
collapse if the recommended rate of injection is exceeded. 
A continuous infusion of clonazepam is not now recom-
mended because of the dangers of accumulation, and 
respiratory and cardiovascular collapse. 

  Usual  p reparation 
 A 1   mL ampoule containing 1   mg of clonazepam.  

  Usual  d osage 
 Either a 1 – 2   mg bolus injection over 30   s (adults) or 250 –
 500    μ g (children), which can be repeated up to four 
times. The 1   mL ampoule of clonazepam is mixed 
with 1   mL of water for injection (provided as diluent) 
 immediately  before administration. The rate of injection 

epilepsy syndromes of childhood, particularly the occipi-
tal and rolandic epilepsy syndromes. Emergency admin-
istration of benzodiazepines is traditionally given, and 
the principles of treatment are similar to those of complex 
partial status epilepticus.  

  Other  f orms of  g eneralized  n on -  c onvulsive 
 s tatus  e pilepticus 
 Episodes of non - convulsive status in various conditions 
are not easily classifi ed as either absence status or complex 
partial status, although their clinical forms are very 
similar. This applies particularly to the rare childhood 
epilepsy syndromes. Episodes of non - convulsive status 
are a particularly characteristic feature of the ring chro-
mosome 20 syndrome. Generally speaking, treatment 
follows the same lines as that of atypical absence status 
epilepticus.    

  Antiepileptic  d rugs  u sed in  s tatus 
 e pilepticus 

 Many of the main - line antiepileptic drugs have been used 
in status epilepticus. The potential for use of the newer 
agents has been only partly explored, and both topira-
mate and levetiracetam, for example, show promise in 
experimental models and in preliminary reports on 
human status. Among the anaesthetic agents ketamine 
has the potential advantage of antiglutaminergic action, 
which might confer neuroprotectant properties, but it 
has not been extensively used. Lacosamide (previously 
known as harkeroside) is a novel agent, the use of which 
in status epilepticus has been specifi cally investigated. 
Salient properties of the antiepileptic drugs most com-
monly used parenterally are briefl y listed below. 

     Clomethiazole 
 Clomethiazole had previously been widely employed at 
the stage of established status epilepticus, although its use 
is now largely abandoned. It is given by intravenous bolus 
followed by a continuous infusion. The drug is rapidly 
redistributed and has a very rapid and short - lived initial 
action. Dosage can be initially titrated against response, 
on a moment - by - moment basis, a unique property 
among the drugs used in status. The danger of clomethia-
zole is that it accumulates on prolonged use, with the risk 
of sudden cardiorespiratory collapse, hypotension and 
sedation. There is also a danger of respiratory arrest and 
hypotension if the maximum rate of injection is exceeded. 
Other side effects include cardiac rhythm disturbances, 
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administration, because this minimizes the risk of 
thrombophlebitis. 

 As a result of the risks of accumulation, respiratory and 
cardiovascular depression and tolerance, the drug should 
be used in short - term therapy only (a bolus dose given 
once or twice) and long - term infusions are not now 
recommended. 

  Usual  p reparation 
 Intravenous formulation: diazepam emulsion 
(Diazemuls ® ), 1   mL ampoule containing 5   mg/mL, or 
intravenous solution 2   mL ampoule containing 5   mg/mL. 
Rectal formulation: 2.5   mL rectal tube (Stesolid), contain-
ing 2   mg/mL, or using the intravenous solution 2   mL 
ampoule containing 5   mg/mL.  

  Usual  d osage 
 Intravenous bolus (undiluted) 10 – 20   mg (adults) or 
0.25 – 0.5   mg/kg (children), at a rate not exceeding 2 – 5   mg/
min. The bolus dosing can be repeated. Rectal adminis-
tration 10 – 30   mg (adults) or 0.5 – 0.75   mg/kg (children), 
which can be repeated.   

  Fosphenytoin 
 Fosphenytoin is a prodrug of phenytoin, and is a drug 
of choice at the stage of established status epilepticus. It 
is converted in the plasma into phenytoin by widely 
distributed phosphatase enzymes. The half - life of 
conversion is about 15   min, and conversion is not affected 
by age, hepatic status or the presence of other drugs. 
Fosphenytoin is soluble in water and prepared in a tris 
(tris[hydroxymethyl]aminomethane) buffer; it thus 
causes less thrombophlebitis than phenytoin when given 
intravenously. It can also be administered intramuscu-
larly as prophylaxis in acute epilepsy, but absorption is 
too slow for its use by intramuscular administration in 
status epilepticus. Fosphenytoin itself is inert, and its 
action in status is entirely due to the derived phenytoin. 
When fosphenytoin is infused at 100   mg phenytoin 
equivalents (PE)/min, the mean rate at which free phe-
nytoin levels are reached in the serum is similar to that 
achieved by a phenytoin infusion of 50   mg/min, although 
there is considerable individual scatter in the levels 
reached. Fosphenytoin can therefore be administered 
twice as fast as phenytoin, with equivalent risks of hypo-
tension, cardiac arrhythmias and respiratory depression. 
Its rate of antiepileptic action is also similar. The faster 
administration and the lower incidence of local side 
effects are the main advantages of fosphenytoin over 

should not exceed 1   mg in 30   s. The drug can also be given 
more slowly in a 5% dextrose or 0.9% sodium chloride 
solution (1 – 2   mg in 250   mL).   

  Diazepam 
 Diazepam is useful in the premonitory stage or the stage 
of epilepsy status epilepticus. There is extensive clinical 
experience in adults, children and newborns, and the 
drug has well - proven effi cacy in many types of status, a 
rapid onset of action, and well - studied pharmacology 
and pharmacokinetics. It can be given by rectal adminis-
tration, and the rectal tubule is a convenient preparation. 
Diazepam used to be used as a long - term infusion, but 
this practice is now largely abandoned because of the risk 
of accumulation. 

 There are a number of disadvantages to the use of 
diazepam. First, although it has a rapid onset of action, 
it is highly lipid soluble and thus has a short duration of 
action  –  usually  < 1   h  –  after a single injection. This means 
that there is a strong tendency for seizure relapse after 
initial control. For this reason, lorazepam is often used 
in its place at the stage of early status epilepticus. Second, 
diazepam accumulates on repeated injections or after 
continuous infusion, and this accumulation carries a 
high risk of sudden respiratory depression, sedation and 
hypotension. Midazolam is the only benzodiazepine now 
recommended for use in prolonged infusion. A third 
problem, shared with the other benzodiazpines, is the 
cardiorespiratory depressant effect of diazepam. The 
respiratory effect of diazepam can be pronounced (see 
   p. 288 ) and the fall in ventilatory capacity is likely to 
be exacerbated by ongoing seizures in which respiration 
is already compromised. Hypotension is common, and 
a mean fall in blood pressure of 10   mmHg was noted 
in healthy individuals in one study after a 10   mg intra-
venous injection. Mild sedation is common, too, with 
parenteral diazepam. In occasional patients, very low 
doses of diazepam result in severe respiratory depression, 
and facilities for resuscitation should be available 
whenever the drug is administered intravenously. Finally, 
tolerance to the effects develops rapidly, often within 
12   h, which limits its long - term use. Other disadvantages 
are its dependency on hepatic metabolism and its 
metabolism to an active metabolite, which can compli-
cate prolonged therapy. Diazepam has a tendency to 
precipitate from concentrated solutions and to interact 
with other drugs, and is absorbed onto plastic on pro-
longed contact. The Diazemuls ®  preparation (or similar 
preparation) should always be used for intravenous 
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  Usual  d osage 
 Inhalation of isofl urane at doses producing end - tidal 
concentrations of 0.8 – 2%, with the dose titrated to main-
tain a burst - suppression pattern on the EEG.   

  Lidocaine 
 Lidocaine is a second - line drug for use in the stage of 
early status epilepticus only. It is given as a bolus injec-
tion or short intravenous infusion. The clinical effects 
and pharmacokinetics have been extensively studied in 
patients of all ages, and the drug is highly effective. The 
main disadvantage of lidocaine is that its antiepileptic 
effects are short - lived, and seizures are controlled for a 
matter of hours only. Lidocaine is thus useful only while 
more defi nitive antiepileptic drug treatment is adminis-
tered. The risk of drug accumulation is low, and the 
incidence of respiratory or cerebral depression and hypo-
tension is lower than with other antiepileptics. The drug 
has been claimed to be particularly valuable in patients 
with respiratory disease. Other disadvantages include a 
possible proconvulsant effect at high levels, an active 
metabolite that may accumulate on prolonged therapy, 
the need for cardiac monitoring, because cardiac rhythm 
disturbances are common, and the dependency of the 
clearance of lidocaine on hepatic blood fl ow. 

  Usual  p reparation 
 A 5   mL ready - prepared syringe containing lidocaine 
20   mg/mL (2%) or a 10 ml ready - prepared syringe con-
taining lidocaine 10   mg/ml (1%) (i.e. both syringes 
contain 100   mg). Lidocaine is also available as a 5   mL vial 
containing 20   mg/mL (2%) (i.e. 100   mg) lidocaine or a 
5   mL vial containing 200   mg/mL (20%) (i.e. 1000   mg) 
lidocaine, and as ready - made 0.1% (1   mg/mL) and 0.2% 
(2   mg/mL) infusions (in 500   mL containers in 5% 
dextrose).  

  Usual  d osage 
 Intravenous bolus injections of 1.5 – 2.0   mg/kg (usually 
100   mg in adults), at a rate of injection not exceeding 
50   mg/min. The bolus injection can be repeated once if 
necessary. A continuous infusion can be given at a 
rate of 3 – 4   mg/kg per h (usually of 0.2% solution in 5% 
dextrose, for no more than 12   h) or 3 – 6   mg/kg per h 
(neonates).   

  Lorazepam 
 Lorazepam is the drug of choice in the stage of early 
status epilepticus, given by intravenous bolus injection. 

phenytoin. A disadvantage is the confusing units in 
which the dose is expressed, and fatal mistakes in dosing 
in A & E have been made. Fosphenytoin is more expensive 
than phenytoin, but cost - effectiveness studies have 
shown that the two drugs have purported to show equiv-
alent value. 

  Usual  p reparation 
 Fosphenytoin is formulated in a tris buffer at physiologi-
cal pH. Phials of 50   mg PE are available for mixture with 
dextrose or saline.  

  Usual  d osage 
 The dosage of the drug is expressed in PEs (thus, 15   mg 
PE of fosphenytoin is the same as 15   mg phenytoin). It is 
administered at a dose of 15   mg PE/kg at a rate of between 
100 and 150   mg PE/min (100   mg PE/min is, in the 
author ’ s experience, safer, so the average adult dose of 
1000   mg PE is administered in 10   min). The drug is cur-
rently not recommended for children aged  < 5 years. For 
older children the dose in milligrams PE per minute is 
the same as for adults.   

  Isofl urane 
 Inhalational anaesthesia is a rare option in the treatment 
of refractory status epilepticus status. However, when it 
is chosen, isofl urane is the drug of choice. It has advan-
tages over other inhalational anaesthetics such as halo-
thane or enfl urane: lower solubility, less hepatotoxicity 
or nephrotoxicity, less effect on cardiac output, fewer 
cardiac arrhythmias, less hypotension, less effect on cere-
bral blood fl ow and autoregulation, less increase in intra-
cranial pressure, less convulsant effect and linear kinetics. 
It has a very rapid onset of action and recovery, and no 
tendency to accumulate. Although hypotension is 
common it is generally mild. There is no hepatic metabo-
lism, and the drug is unaffected by hepatic or renal 
disease. There is, however, little published experience in 
status epilepticus or of long - term use, and the side - effect 
profi le in this situation is not really known. Another 
major disadvantage is the logistical problems caused by 
the use of an anaesthetic system in the ICU situation. A 
scavenging apparatus is required, together with the other 
usual ICU paraphernalia of assisted ventilation, intensive 
care and cardiorespiratory monitoring. 

  Usual  p reparation 
 Almost pure (99.9%) liquid, for use in a correctly cali-
brated vaporizer via an anaesthetic system.  
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  Usual  d osage 
 Intravenously, 1000 – 3000   mg (adults) in 0.9% saline 
(1000   mg/100   mL saline) infused at a rate of 1000   mg per 
15   min.   

  Midazolam 
 Midazolam is another benzodiazepine, and it can be 
used: (1) in the premonitory stage or stage of early status 
epilepticus or (2) as an anaesthetic in the stage of refrac-
tory status epilepticus. It is a water - soluble compound 
with a ring structure that closes when in contact with 
serum to convert it into a highly lipophilic structure. Its 
solubility in water provides one major advantage over 
diazepam, i.e. it can be rapidly absorbed by intramuscu-
lar injection or by intranasal or buccal administration. It 
is therefore useful in situations in which intravenous 
administration is diffi cult or ill - advised. In early status, 
blinded comparisons of buccal midazolam and rectal 
diazepam show no differences in effi cacy or speed of 
action. Although there is a danger of accumulation on 
prolonged or repeated therapy, this tendency is less 
marked than with diazepam. Occasionally severe cardio-
respiratory depression occurs after intramuscular admin-
istration, and other adverse effects include hypotension, 
apnoea, sedation and thrombophlebitis. Similar to diaz-
epam, the drug is short acting, and there is a strong 
tendency for seizures to relapse after initial control. As 
with diazepam, its metabolism is altered by hepatic 
disease and its half - life is signifi cantly prolonged in 
hepatic disease or in elderly people. 

 The use of midazolam as an intravenous anaesthetic in 
status epilepticus has become fashionable in recent years, 
in spite of an absence of controlled data. It is the only 
widely used benzodiazepine that can be given by continu-
ous intravenous infusion without a risk of drug accumu-
lation. It carries a lower risk of hypotension than 
pentobarbital or thiopental, but the rate of rebound 
seizures on drug reduction is greater. In many ICUs, it is 
now the drug of choice in refractory status epilepticus. 

  Usual  p reparation 
 A 5   mL ampoule containing 2   mg/mL midazolam 
hydrochloride.  

  Usual  d osage 
 Intramuscularly or rectally, 5 – 10   mg (adults) and 0.15 –
 0.3   mg/kg (children). This can be repeated once after 
15   min. Buccal instillation of 10   mg can be given by a 
syringe and catheter in children or adults. For purposes 
of anaesthesia, an intravenous bolus of 0.1 – 0.3   mg/kg, 

A single injection is highly effective, and the drug has a 
longer initial duration of action and a smaller risk of 
cardiorespiratory depression than diazepam. There is 
little risk of drug accumulation, and also a lower risk of 
hypotension. The duration of action of lorazepam 
after a single initial infection is about 12   h. However, the 
main disadvantage of lorazepam is a stronger tendency 
for tolerance to develop, so it is usable only as initial 
therapy, and longer - term maintenance antiepileptic 
drugs must be given in addition. There is a large clinical 
experience in adults, children and newborns, with 
well - proven effi cacy in tonic – clonic and partial status, 
and the pharmacology and pharmacokinetics of the 
drug are well characterized. Lorazepam is a stable 
compound that is not likely to precipitate in solution, 
and is relatively unaffected by hepatic or renal disease. It 
has the disadvantage of not being available in many 
countries. 

  Usual  p reparation 
 A 1   mL ampoule containing 4   mg/mL for intravenous 
injection.  

  Usual  d osage 
 Intravenous bolus of 0.07   mg/kg (usually 4   mg), repeated 
after 10   min if necessary (adults) and bolus of 0.1   mg/kg 
(children). The rate of injection is not crucial.   

  Levetiracetam 
 Intravenous levetiracetam is not licensed currently for 
use in status epilepticus, although there are now substan-
tial numbers of patients reported in open studies of many 
different types of status epilepticus. The drug can be used 
in the established stage of tonic – clonic status epilepticus, 
and in this situation has the major advantages of lack of 
any cardiorespiratory depressant effect and the absence 
of drug - induced hypotension. As a result of these advan-
tages, it is possible that levetiracetam (or valproate for 
similar reasons) will soon become the drug of fi rst choice 
in the therapy of tonic – clonic status epilepticus in the 
established stage. It would be helpful to have a random-
ized clinical trial because there are currently no con-
trolled data. Adverse events reported after intravenous 
administration of levetiracetam include dizziness, som-
nolence, fatigue and headache, and are similar to those 
after oral administration. 

  Usual  p reparation 
 A 5   mL ampoule containing 100   mg/mL levetiracetam.  
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Respiratory depression and sedation are invariable, and 
hypotension and cardiorespiratory dysfunction are 
common. Decerebrate posturing and fl accid paralysis 
occur during induction of anaesthesia, and a fl accid 
weakness can persist for weeks in survivors. There is a 
tendency for seizures to recur when the drug is with-
drawn. It requires intensive care, artifi cial ventilatory 
support, and EEG and cardiovascular monitoring. Blood -
 level monitoring is usually advised, although there is in 
fact only an inconsistent relationship between serum 
levels and seizure control. 

  Usual  p reparation 
 This is 100   mg in a 2   mL injection vial, formulated in 
propylene glycol 40% and ethyl alcohol 10%.  

  Usual  d osage 
 Intravenous loading dose of 10 – 20   mg/kg, at a rate not 
exceeding 25   mg/min, followed by a continuous infusion 
of 0.5 – 1.0   mg/kg per h, increasing if necessary to 1 – 3   mg/
kg per h. Additional 5 – 20   mg/kg boluses can be given if 
breakthrough seizures occur. The dose should be tapered 
12   h after the last seizure by 0.5 – 1   mg/kg per h every 4 – 6   h 
(depending on blood level).   

  Phenobarbital 
 Phenobarbital is the drug of fi rst choice at the stage of 
established status epilepticus. It is a reliable antiepileptic 
drug, with well - proven effectiveness in tonic – clonic and 
partial status, and there is extensive clinical experience in 
adults, children and neonates. Phenobarbital has a stron-
ger anticonvulsant action than other barbiturates and an 
additional potential cerebral protective action. It has a 
rapid onset and long - lasting action, and can be adminis-
tered much faster than can phenytoin. Its safety at high 
doses has been established, and the drug can be contin-
ued as chronic therapy. The disadvantages of the drug 
relate to prolonged use, where, because of the long elimi-
nation half - life, there is a risk of drug accumulation and 
inevitable sedation, respiratory depression and hypoten-
sion. Marked autoinduction may also occur. 

  Usual  p reparation 
 A 1   mL ampoule containing phenobarbital sodium 
200   mg/mL in propylene glycol (90%) and water for 
injection (10%).  

  Usual  d osage 
 Intravenous loading dose of 10   mg/kg at a rate of 
100   mg/min (usual adult dose 600 – 800   mg), followed by 

at a rate not exceeding 4   mg/min, which can be repeated 
once after 15   min, is given, followed by an intravenous 
infusion at a rate of 0.05 – 0.4   mg/kg per h.   

  Paraldehyde 
 Paraldehyde still has a minor role in the premonitory 
stage given rectally, as an alternative to the benzodiaze-
pines in situations where facilities for resuscitation are 
not available. Paraldehyde is rapidly and completely 
absorbed after intramuscular injection or rectal adminis-
tration. The risk of drug accumulation, hypotension or 
cardiorespiratory arrest is small, and seizures do not 
often recur after control has been obtained. Paraldehyde 
has been used for many years in status and, although 
there is wide experience in patients of all ages in status, 
no modern pharmacokinetic or clinical studies have been 
carried out. Toxicity is unusual provided that the solu-
tion is freshly made, used immediately and correctly 
diluted. The use of decomposed or inadequately diluted 
intravenous solutions is dangerous, causing precipita-
tion, microembolism, thrombosis or cardiorespiratory 
collapse. The intramuscular injection of paraldehdye is 
painful, and can cause sterile abscess and sciatic nerve 
damage if wrongly placed. Other side effects include car-
diorespiratory depression, sedation, and metabolic or 
lactic acidosis. The drug rapidly binds to plastic, and glass 
tubing and syringes are advisable unless injected imme-
diately upon drawing the solution up. The drug should 
not be exposed to light. The half - life of paraldehyde is 
markedly increased by hepatic disease. 

  Usual  p reparation 
 Ampoules containing 5   mL paraldehyde (equivalent to 
approximately 5   g) in darkened glass.  

  Usual  d osage 
 Paraldehdye can be given rectally (or intramuscularly), 
5 – 10   mL diluted by the same volume of water for injec-
tion (adults) or 0.07 – 0.35   mL/kg (children). This dose 
can be repeated after 15 – 30   min.   

  Pentobarbital 
 Pentobarbital is an alternative to thiopental as barbitu-
rate anaesthesia in the stage of refractory status epilepti-
cus. It shares many of the characteristics of thiopental, 
but has the advantages of a shorter elimination half - life 
than thiopental, non - saturatable kinetics and no active 
metabolite. It is a stable compound and is unreactive with 
plastic. There is a surprising dearth of published informa-
tion about its value, in spite of widespread use. Indeed, 
published trials have shown a uniformly poor outcome. 
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experience of its use in status, or indeed of prolonged 
infusions. Unlike isofl urane, it is metabolized in the liver 
and affected by severe hepatic disease. As with all anaes-
thetics, its use requires assisted ventilation, intensive care 
and intensive care monitoring. A particular risk is the 
propofol infusion syndrome, which is a term used to 
describe the occurrence of hyperkalaemia, lipaemia, met-
abolic acidosis, myocardial failure, renal failure and rhab-
domyolysis. It occurs usually on long - term infusion 
( > 48   h) but has been reported even after only 5   h of infu-
sion. It is much more common in young children (and 
indeed for this reason the use of propofol is relatively 
contraindicated in children). The syndrome is often fatal. 
It may be caused by drug - induced impairment of oxida-
tion of chains of fatty acids and inhibition of oxidative 
phosphorylation in the mitochondria, especially in the 
presence of high catecholamine and cortisol levels. 
Involuntary movements (without EEG change) can 
occur, and should not be confused with seizure activity. 
Rebound seizures are a problem when it is discontinued 
too rapidly, and a decremental rate of 1   mg/kg every 2   h 
is recommended when the drug is to be withdrawn. 

  Usual  p reparation 
 A 20   mL ampoule containing 10   mg/mL (i.e. 200   mg) as 
an emulsion.  

  Usual  d osage 
 A 2   mg/kg bolus, repeated if necessary, and then followed 
by a continuous infusion of 5 – 10   mg/kg per h initially, 
reducing to 1 – 3   mg/kg per h.   

  Thiopental 
 Thiopental is, in most countries, the usual choice for 
barbiturate anaesthesia in the stage of refractory status 
epilepticus. It is a highly effective antiepileptic drug, with 
additional potential cerebral protective action. It reduces 
ICP and cerebral blood fl ow, and has a very rapid onset 
of action. Its principal metabolite is pentobarbital. The 
drug has a number of pharmacokinetic disadvantages 
including saturatable kinetics and a strong tendency to 
accumulate. Indeed, severe sedation commonly persists 
for days after a thiopental infusion has been withdrawn 
because of the lipid accumulation and slow clearance. 
Blood - level monitoring of the parent drug and its active 
metabolite (pentobarbital) is advisable on prolonged 
therapy. There is often some tachyphylaxis owing to its 
sedative, and to a lesser extent its anticonvulsant, proper-
ties. Respiratory depression and sedation are inevitable, 
and hypotension is common. Other less common side 

maintenance dose of 1 – 4   mg/kg (adults), or intravenous 
loading dose of 15 – 20   mg/kg, followed by maintenance 
dose of 3 – 4   mg/kg (children and neonates). Higher doses 
can be given, with monitoring of blood concentrations.   

  Phenytoin 
 Phenytoin is a drug of choice and a highly effective medi-
cation for the stage of established status epilepticus. 
Extensive clinical experience has been gained in adults, 
children and neonates, and phenytoin has proven effi cacy 
in tonic – clonic and partial status. The drug has a pro-
longed action, with a relatively small risk of respiratory 
or cerebral depression, and no tendency for tachyphy-
laxis. Its main disadvantages are the time necessary to 
infuse the drug and its delayed onset of action. 
Fosphenytoin is a prodrug of phenytoin that can be 
administered more quickly. The pharmacokinetics of 
phenytoin are problematic, with zero - order kinetics at 
conventional doses and wide variation between individu-
als. Toxic side effects include cardiac rhythm distur-
bances, thrombophlebitis and hypotension. The risk of 
cardiac side effects is greatly increased if the recom-
mended rate of injection is exceeded, and cardiac moni-
toring is advisable during phenytoin infusion. There is a 
risk of precipitation if phenytoin is diluted in solutions 
other than 0.9% saline or if mixed with other drugs. 

  Usual  p reparation 
 A 5   mL ampoule containing 250   mg stabilized in propyl-
ene glycol, ethanol and water (alternatives exist, e.g. phe-
nytoin in tris buffer or in infusion bottles of 750   mg in 
500 mL of osmotic saline).  

  Usual  d osage 
 In adults, a 15 – 18   mg/kg intravenous infusion. This can 
be given via the side arm of a drip or, preferably, directly 
via an infusion pump. The rate of infusion should not 
exceed 50   mg/min (20   mg/min in elderly people). In chil-
dren a 20   mg/kg intravenous infusion is usually given, at 
a rate not exceeding 25   mg/min. The drug should never 
be given by intramuscular injection.   

  Propofol 
 Propofol is the anaesthetic agent of choice for non - 
barbiturate infusional anaesthesia in the stage of refrac-
tory status epilepticus. It is an excellent anaesthetic with 
very good pharmacokinetic properties. In status, it has a 
very rapid onset of action and rapid recovery. There are 
few haemodynamic side effects, and the drug has been 
used in all ages. There is, however, only limited published 
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effects include pancreatitis, hepatic dysfunction and 
spasm at the injection site. Full ICU facilities with artifi -
cial ventilatory support and intensive EEG and cardio-
vascular monitoring are needed. It can react with 
co - medication and with plastic giving sets, and is unsta-
ble when exposed to air. Autoinduction occurs, and 
hepatic disease prolongs the elimination of thiopental. 
Although it is extensively used in the treatment of status 
epilepticus, this is only on the basis of anecdotal pub-
lished case series. 

  Usual  p reparation 
 Injection of thiopental sodium 2.5   g with 100   mL, and 5   g 
with 200   mL diluent (to make 100 and 200   mL of a 2.5% 
solution). It is also available as 500   mg and 1   g vials to 
make 2.5% solutions.  

  Usual  d osage 
 Intravenous 100 – 250   mg bolus given over 20   s, with 
further 50   mg boluses every 2 – 3   min until seizures are 
controlled, followed by a continuous intravenous infu-
sion to maintain a burst - suppression pattern on the EEG 
(usually 3 – 5   mg/kg per h). The dose should be lowered 
if systolic blood pressure falls below 90   mmHg despite 
cardiovascular support.   

  Valproate 
 In recent years there has been much interest in the use of 
valproate in status epilepticus, and it is possible that the 

drug will assume the role of drug of fi rst choice in the 
established stage of tonic – clonic status epilepticus. It has 
been shown to be rapidly effective by bolus intravenous 
injection in a number of open case series in various types 
of status epilepticus. It appears to have remarkably few 
side effects given by intravenous infusion, even at high 
dosage. It shares with levetiracetam the great advantages 
over phenytoin or phenobarbital that there is no risk of 
drug - induced hypotension or respiratory depression. It 
can also be infused rapidly (within 5 – 10   min in adults). 
In adults, a dose of 25   mg/kg produces levels that are 
generally therapeutic ( > 100   mg/L). Potential side effects 
such as prolonged bleeding time, hepatic dysfunction, 
pancreatitis and hyperammonaemia have not been 
adequately assessed in large studies. Valproate should 
be avoided in patients with hepatic or mitochondrial 
disease. 

  Usual  p reparation 
 Injection of 400   mg valproate powder with vial of 4   mL 
ampoule of water for injection (100   mg/mL).  

  Usual  d osage 
 This is 25   mg/kg in adults and 30 – 40   mg/kg in children. 
The rate of injection should be between 3 and 6   mg/kg 
per min.       
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  10    The Surgical Therapy 
of Epilepsy     

     The concept of resecting abnormal cortical tissue to 
abolish epilepsy was developed in the second half of the 
nineteenth century, and was linked to the advances in 
clinical cerebral localization. The basic principles have 
hardly changed since, and the improvements in the surgi-
cal treatment of epilepsy in the past century have been 
largely in the technical rather than the theoretical fi eld. 
The developments have been highly dependent on 
applied investigatory technologies of EEG and imaging 
and those of surgical method. 

 The fi rst resective surgery (a cortical resection for 
partial epilepsy based on clinical localization) was per-
formed in the 1880s by William Macewen in Glasgow and 
Sir Victor Horsley in London, following improvements 
in anaesthetics and surgical instrumentation. Surgical 
treatment remained a therapeutic curiosity, however, 
until the late 1930s, when the introduction of EEG pro-
vided a seemingly objective method of localization, 
which, combined with the localization on the basis of 
clinical observation, allowed a greater number of patients 
to undergo resection. This  ‘ electroclinical ’  localization of 
the  ‘ epileptic focus ’  became and remains the cornerstone 
of epilepsy surgery. 

 Until this time, surgery was largely confi ned to resec-
tion of the central cortex, because it was here that clinical 
localization was most accurate. After the advent of EEG, 
temporal lobe epilepsy became a focus of attention, and 
the fi rst temporal lobectomy was carried out in the 1940s. 
The standard operation with removal of the hippocam-
pus, popularized (but probably not devised) by Penfi eld, 
was fi rst carried out in 1951. Intracranial depth EEG was 
introduced in 1944 and EEG - video telemetry in the mid -
 1960s. Temporal lobe epilepsy remains the most surgi-
cally remediable form of epilepsy. 

 Imaging at this stage was confi ned to skull radiology 
and air encephalography. Signs such as asymmetrical 

dilatation of the horns of the lateral ventricles or changes 
in middle fossa curvature were relied on to suggest hip-
pocampal sclerosis (both signs now thoroughly discred-
ited), and air encephalography and angiography were 
used to diagnose tumours and vascular malformations. 
Computed tomography (CT) was introduced in 1971 and 
allowed the visualization of vascular and mass lesions. In 
1982 the fi rst magnetic resonance imaging (MRI) of a 
patient with epilepsy was reported. Since then, the use of 
MRI has simplifi ed presurgical investigation and 
improved patient selection. Hippocampal sclerosis and 
cortical dysplasia, which are largely invisible to CT or 
other forms of X - ray imaging, are readily identifi ed by 
MRI. As a result, there has been a considerable increase 
in the proportion of patients for whom resective surgery 
has become a realistic option. Surgical technique has 
also improved through technological advance. The fi rst 
stereotactic atlas was published in 1957, the use of the 
operative microscope became widespread in the late 
1960s and MRI has provided audit feedback in resective 
neurosurgery. Neuroanaesthesia has also improved 
progressively, allowing more targeted surgery with less 
morbidity. 

 In spite of these developments, epilepsy remains an 
essentially  ‘ medical ’  condition and only a small minority 
of patients with epilepsy can be helped by surgical 
therapy, perhaps 2% of those with medically refractory 
partial epilepsy. On this basis, one can estimate that 
about 100 – 250 cases per million people in a population 
would benefi t from epilepsy surgery, with the addition of 
about 10 – 25 new patients per million people per year. 

     Epilepsy  s urgery 
 Epilepsy surgery is defi ned as surgery carried out specifi -
cally to control epileptic seizures. This includes opera-
tions on tumours and vascular lesions where epilepsy is 
the primary indication for surgery. There is clearly an 
overlap with lesional surgery carried out for other primary 
reasons, if the lesion is causing epilepsy and, even if the 
operation infl uences the epilepsy, such operations are not 
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risks and benefi ts seldom clear cut. The decision must 
always be an individual one, and one made by the patient; 
the doctor ’ s role is to provide information, notably on 
the risk of adverse effects and the chance of seizure 
freedom, and to advise on this basis. The decision should 
be a considered choice on the basis of the information 
provided. The patient must feel confi dent that suffi cient 
information has been given, and that this information is 
accurate and unbiased. Surgery should never be per-
formed if the patient is reluctant or undecided. 

 The specifi c investigations and operations are covered 
in subsequent sections. However, a few general points 
can be made here. 

  Medically  i ntractable  e pilepsy 
 The defi nition of  ‘ medically intractable ’  is arbitrary and, 
strictly speaking, epilepsy can be defi ned as intractable 
only in retrospect. For pragmatic reasons, in the author ’ s 
usual practice, epilepsy is regarded as suffi ciently intrac-
table to contemplate surgery if it has been continuously 
active for 5 years (or less in severe epilepsy) in spite of 
adequate trials of therapy with three or more mainline 
antiepileptic drugs, and if seizures are frequent (more 
than one a month). The chances of further medical 
therapy completely controlling seizures after 5 years of 
intractability, thus defi ned, depend on the skills of the 
treating physician, but are generally less than 30% with 

generally included in epilepsy surgery statistics. The dis-
tinction is not always clear cut, however, and the control 
of epilepsy can be an important additional consideration 
in the decision to undertake surgery. The term  ‘ epilepsy 
surgery ’  also implies a particular mindset and a specifi c 
approach to presurgical assessment that is discussed 
further below. 

 There are fi ve main types of surgical approach: 
  1     Focal resection for hippocampal sclerosis and other 
lesions in the mesial temporal lobe  
  2     Focal resections for other overt lesions (lesionecto-
mies) in temporal neocortex or other cortical areas  
  3     Non - lesional focal resections (where there is no lesion 
on imaging, but epileptic tissue is localized by functional 
methods and/or on clinical grounds)  
  4     Hemispherectomy, hemispherotomy and other large 
multilobar resections  
  5     Functional procedures  –  multiple subpial transection, 
corpus callosectomy, focal ablation, focal stimulation, 
vagal nerve stimulation.    

 The most common therapeutic operations now are the 
insertion of a vagal nerve stimulator and temporal lobec-
tory for hippocampal sclerosis and other mesial temporal 
lobe lesions. Focal resections and lesionectomies are also 
frequently carried out. Non - lesional resections and other 
functional procedures account for less than 10% of 
operations.    

  Presurgical  a ssessment  –   g eneral  p oints 

  Selection of  p atients 
 As a general rule, surgical treatment should be at least 
considered in any patient with partial seizures that are 
intractable to medical therapy. When surgery is to be 
contemplated, the patient should be referred to an expe-
rienced epilepsy surgery team for presurgical evaluation. 
The evaluation will depend on the type of surgery being 
proposed, but usually the presurgical assessment has the 
aims listed in Table  10.1 .   

 Presurgical assessment requires specialist knowledge 
and a specifi c approach to investigation that are not 
usually available outside a tertiary centre. This process is 
usually emotionally demanding and time - consuming for 
the patient, and this must be made clear at the outset. 
Not infrequently, surgery will prove not to be possible, 
and this rejection can be devastating for a person who has 
made a considerable emotional investment in the process. 
The decision to proceed with surgery is, in view of its 
risks and uncertainties, often diffi cult, and the balance of 

  Table 10.1    Aims of presurgical assessment for epilepsy 
surgery. 

  To confi rm that the patient has epilepsy and that the 
seizures are medically intractable  

  To defi ne the outcome goals of the chosen surgical 
procedure (e.g. seizure freedom [usually]) and estimate the 
chances of attaining this successful outcome  

  To defi ne the likely gains in terms of quality of life if 
surgery is carried out  

  To determine the risks of carrying out the surgical 
procedure, e.g. in terms of mortality, neurological 
morbidity, psychological and social effects; also the risks of 
not operating  

  To determine that the person is medically fi t for surgery  

  To counsel the patient appropriately about the outcome 
and risks  
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whose quality of life is seriously compromised by the 
occurrence of seizures and in whom the expected 
outcome of surgery is likely to result in major overall 
improvement in the quality of life. This may seem 
obvious, but it is in fact often diffi cult to decide. The 
focus of this assessment should be broader than simple 
seizure control. There are patients who have had surgery 
that successfully controls seizures but who regret having 
had the operation, and whose lives have shown little 
improvement. Frequent seizures, e.g. mild seizures, 
simple partial seizures or seizures occurring only at night, 
are not necessarily disabling. In some situations, even 
severe seizures are not the key determinant of quality of 
life, e.g. in patients with multiple disabling features. 
Emotional factors are important, and surgery that is 
successful in controlling seizures will not automatically 
alleviate other negative lifestyle aspects, even if these have 
been moulded by the epilepsy. Social structures and 
interpersonal relationships may be predicated on a 
lifetime of seizures, and their sudden cure by surgery may 
result in changes in personal circumstances that can be 
hard to adjust to (this has been termed  ‘ the burden of 
normality ’ ). Skilful counselling is vital in this area.  

  Non -  e pileptic  s eizures 
 Sometimes, a patient referred for surgery, on investiga-
tion, turns out to have non - epileptic seizures, either 
alone or in combination with genuine epileptic attacks. 
Generally speaking, non - epileptic attacks, even in 
combination with genuine attacks, are a contraindication 
for surgery. Therapy should be directed at the physical or 
psychological causes that underpin these attacks. If 
surgery is carried out in patients with a combination of 
attacks, the psychogenic attacks frequently worsen even 
if the genuine attacks are relieved. Once non - epileptic 
attacks have been successfully alleviated by psychological 
therapies, the question of surgery can be revisited. 
Decisions about surgical treatment in this area should be 
made only in a specialist setting.  

  Learning  d isability,  b ehavioural  d isorder and 
 p sychosis 
 Learning disability (a full - scale IQ  < 70) is a complicating 
factor when considering surgical therapy, for a number of 
reasons. First, it often indicates widespread cerebral dys-
function and resective surgery is less likely to control 
seizures even if a single lesion is demonstrable. Second, in 
multiply handicapped individuals, epilepsy may not be 
the most important aspect of disability, and control of 
seizures will not necessarily lead to major gains in quality 

currently available drugs (although it should not be for-
gotten that newer drugs may be developed which might 
control the seizures). 

 Others have used different criteria. A recent trend has 
been to defi ne intractability earlier  –  after 2 or 3 years of 
failure to respond to medical therapy  –  based on studies 
showing that an early failure of treatment generally 
predicts later intractability. However, common clinical 
experience shows that in some patients seizures are 
initially uncontrolled by drugs but they do respond later. 
For this reason, it seems to this author at least that, in 
most cases, a 2 -  to 3 - year history of epilepsy is too short 
a period to recommend proceeding to surgical therapy. 

 These criteria are guidelines only, and there will be 
patients in whom epilepsy surgery is appropriate, and yet 
who do not fulfi l these criteria, e.g. some patients with 
lesional epilepsy may be operated upon after a single 
seizure. The merits of each case should be considered 
individually, and this requires skill and experience.  

  Estimating the  s eizure  o utcome  a fter  s urgery and 
the  r isks of  s urgery 
 The purpose of the presurgical evaluation is to provide 
an estimate of outcome in terms of seizure control and 
surgical risk. The estimate should be based both on the 
literature and where possible on the audited record of the 
surgical unit. The estimate of outcome and risk depends 
on the nature of the epilepsy, the nature of the surgery 
being offered and other factors (see below). Estimates are 
usually given in percentage terms. A common example is 
the 50 – 70% chance of freedom from seizures after a 
modifi ed anterior temporal lobectomy in an uncompli-
cated case of mesial temporal epilepsy. The estimates of 
risk and outcome should be given in writing to the 
patient, who must be given time for careful consideration 
and who should also be offered the opportunity for dis-
cussion and counselling. The patient ’ s family or carers 
should usually be included in the discussion, and it must 
be clear that the patient fully comprehends the risks. 

 One risk, poorly studied, is the possibility that resective 
surgery lowers  ‘ cerebral reserve ’  and that, over time, this 
reduction in reserve capacity will lead to late deteriora-
tion. Certainly, one encounters patients who years after 
surgery have deteriorated intellectually, but there are no 
formal studies of this important issue.  

  Quality -  o f -  l ife  g ain 
 The prediction of the extent of the expected quality - of -
 life gain due to surgery is a key part of the presurgical 
assessment. Surgery should be offered only to those 
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a variety of risks, which are described in an earlier section 
of this book (see    pp. 76 – 81 ). From the perspective of 
epilepsy surgery, the following are the most important. 

  Accidents and  d eath 
 Epilepsy carries a signifi cant risk of accidents and even of 
death (see    pp. 76 – 78 ). These risks are greatest in those 
with tonic – clonic seizures (unfortunately also the seizure 
type that responds generally less well to epilepsy surgery). 
The risk of death due largely to sudden unexpected death 
in epilepsy (SUDEP) in patients who undergo presurgical 
evaluation, but who do not have surgery or are waiting 
for surgery, is about 1 per 100 cases per year.  

  Psychological and  s ocial  c onsequences of  e pilepsy 
 Epilepsy has many adverse psychological and social 
consequences (described elsewhere in this book) and the 
loss of opportunity that continuing epilepsy presents, 
and the limitations and restrictions that it imposes, 
should not be underestimated.  

  Secondary  e pileptogenesis 
 In experimental animal models,  ‘ kindling ’  and the devel-
opment of mirror focus provide indisputable evidence of 
secondary epileptogenesis. It seems likely in humans too 
that the many physiological and chemical changes, and 
changes in gene expression, that occur in chronic epi-
lepsy might well lead to a worsening of the epilepsy.  

  Progression of the  d isease 
 In some patients, medically refractory epilepsy (particu-
larly partial epilepsy of limbic origin) produces progres-
sive problems and mental deterioration  –  including 
psychiatric and behavioural change (including psycho-
sis), cognitive defi cit (especially on memory) and 
worsening seizures. Thankfully such a progression is 
uncommon, but if starting is another reason for the 
serious consideration of surgical therapy. In children, 
too, there is evidence to show that frequent seizures can 
interfere with normal growth and development of the 
immature brain.   

  The  t iming of  e pilepsy  s urgery 
 In recent years there has been a vogue for recommending 
surgery at an early stage in epilepsy, especially in children. 
This is to minimize the impact of the seizure disorder on 
education and social development, to minimize the 
potential for morbidity or death due to epileptic seizures, 
to prevent the possibility of secondary epileptogenesis 
(either through injury or  ‘ kindling ’ ) and the possibility 

of life. Third, fully informed consent can sometimes not 
be obtained, and consent by proxy (from relatives) should 
be accepted only after careful deliberation. The ethical 
issues surrounding informed consent are extremely 
important, and can be diffi cult. Finally,  ‘ cerebral reserve ’  
may be lower in people with learning disability. On the 
other hand, many patients with learning disability are 
severely handicapped by severe epilepsy and have the 
potential for great benefi t from surgery. Expert evaluation 
of these issues is necessary for all affected individuals, and 
the risk – benefi t equation needs careful formulation and 
discussion with the patient and carers. 

 Surgery is generally also contraindicated in individuals 
who show severely dysfunctional behaviour. It should 
not be contemplated if it is likely that the patient will not 
be able to tolerate the intensive investigation or hospital-
ization required for epilepsy surgery, or make informed 
and considered judgements about the potential risks and 
benefi ts of epilepsy surgery, or be able to exploit the 
opportunities afforded by successful surgery. 

 The presence of a chronic interictal psychosis is also 
generally a contraindication to surgery, because the psy-
chosis can worsen dramatically after surgery. Decisions 
about surgical treatment should not be made by severely 
depressed patients. Psychosis and depression may also 
prevent informed consent. Again, individual decisions in 
this situation require a detailed assessment by an experi-
enced practitioner.  

  Medical  fi  tness and  a ge 
 Some patients have added risks due to general medical 
problems, e.g. cervical, spinal or vascular disease. Surgery 
should be contemplated only in those who can withstand 
prolonged anaesthesia. 

 Surgery is not commonly carried out in those aged  > 50 
years, for a number of reasons: in the older patient, life-
style is often adapted well to the epilepsy and may be 
diffi cult to change; the risks of surgery may be greater; in 
the ageing brain the adverse consequences can be more 
severe; and the reduction in cerebral reserve can be more 
critical in older age groups. Age, however, is only one 
factor, and some elderly patients do spectacularly well 
after epilepsy surgery. The key assessment is the potential 
for quality - of - life gain, whatever the patient ’ s age.  

  The  r isk of  c ontinuing  e pilepsy 
 Another consideration that weighs in the balance when 
deciding about epilepsy surgery is the risk of  ‘ not operat-
ing ’  and thus consigning the person to ongoing epilepsy. 
In patients with continuing seizures, the epilepsy carries 
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of progressive intellectual or behavioural decline, and to 
minimize the cognitive and psychological impact of epi-
lepsy. Uncontrolled seizures also jeopardize the chance 
of an independent lifestyle, and children with intractable 
epilepsy are likely to be excluded from normal educa-
tional, social and vocational opportunities.   

  Approach to  i nvestigation 
 There are a number of investigatory modalities used in 
assessing suitability for epilepsy surgery: interictal scalp 

  Table 10.2    The approach to presurgical investigation taken at the National Hospital for Neurology and Neurosurgery, London. 

  Medical history and examination    All patients  

  Psychiatric assessment    All patients  

  24 - channel scalp EEG (and review of previous EEG)    All patients  

  Seizure recordings using video - EEG telemetry    95% of patients  

  MRI at 1.5   T T1 - weighted thin slice volumetric, T2 and 
FLAIR acquisitions  

  All patients  

  Regional measurement of hippocampal volume and of 
T2 signal intensity  

  All patients undergoing investigation with a view to 
hippocampal surgery;  > 50% of patients with extrahippocampal 
lesions to determine outcome and guide surgical planning  

  Other MRI techniques are used, selected from the 
following: MR angiography, diffusion imaging, 
perfusion imaging, MR spectroscopy, fMRI, three -
 dimensional reconstruction and rendering of the 
cortical surface, surface area/volume measurements. 
Co - registration with EEG, angiographic, SPECT or PET  

  All patients with normal MRI ( ‘ MRI - negative cases ’ ) being 
investigated with a view to resective surgery. In selected 
patients, techniques are selected to answer specifi c questions. 
MRS used mainly in hippocampal epilepsy, and other tests in 
extrahippocampal epilepsy. Use of diffusion scanning, 
perfusion scanning, surface area/volume measurements fMRI 
and fMRI – EEG is still confi ned largely to research  

  Other neuroimaging techniques (CT, plain skull 
radiography, angiography)  

  Selected patients  

  Neuropsychological assessment of general intellectual 
ability, language and memory  

  All patients  

  Other neuropsychological tests    Selected patients to address specifi c questions. Used mainly in 
extrahippocampal epilepsy  

  Sodium amytal test    10% of patients (see text for indications)  

  Intracranial EEG    15% of patients (see text for indications)  

  Functional imaging using HMPAO – SPECT or 
 18 FDG - PET  

  15% of patients (see text for indications)  

  Other functional imaging investigations (ligand or 
receptor PET, MEG, SISCOM), TMS  

  Use still confi ned largely to research  

  Individual counselling    All patients  

   See text for abbreviations.   

EEG, ictal scalp EEG, intracranial EEG, magnetoencepha-
lography, MRI, neuropsychological tests and functional 
imaging with single photon emission computed tomogra-
phy (SPECT), positron emission tomography (PET) and 
functional MRI (fMRI) (Table  10.2 ). The use of these 
should be protocol driven, and tests should be performed 
to answer specifi c questions. Their role and value depend 
on the type of surgery being performed (see below), but 
the following general points apply to all resective surgery 
and underpin investigation in all forms of epilepsy surgery.   
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surgery, but again its value depends on the extent to 
which the epileptic network is localized, or more diffuse, 
and its detection is highly dependent on the method of 
investigation employed. 

 It has been shown pragmatically that the incomplete 
resection of structurally abnormal areas of brain tissue 
often fails to control seizures, but even complete excision 
does not always result in seizure control. The chance of 
success depends on the aetiology of the lesion  –  the resec-
tion of most types of cortical dysplasia, for example, has 
a much lower success rate than that of mesial temporal 
sclerosis. The reasons are complex. Subtle anatomical 
changes may be present beyond the resolution of neuro-
imaging. Also, complex neuronal networks can spread 
well beyond the anatomical or even pathological defects. 

 The complexity of seizure generation is well demon-
strated in mesial temporal lobe epilepsy. Here there is 
good experimental and clinical evidence that the seizures 
involve a network that extends well beyond the mesial 
temporal lobe, yet resection of the hippocampus, which 
will remove only part of this network, is often successful 
in controlling seizures (although auras often remain  –  
further evidence that the  ‘ focus ’  of the epilepsy cannot be 
simply the abnormal hippocampus). Furthermore, the 
presence of residual spiking in the brain tissue adjacent 
to the resection (detected on peroperative ECoG) is not 
predictive of surgical outcome, and many patients with 
residual spiking will be rendered completely seizure free. 

 In contrast to the situation in mesial temporal lobe 
epilepsy where restricted resections are often adequate, 
in neocortical areas, the bigger the resection the more 
likely is seizure control (a  ‘ more is better ’  surgical 
approach proposed many times since the introduction 
of epilepsy surgery). Nevertheless, even in apparently 
well - localized, non - lesional, frontal epilepsy, resection of 
large areas of frontal cortex will stop seizures in only a 
relatively small proportion of patients.  

  The  p rinciple of  c oncordance of  i nvestigations 
 An observation fundamental to presurgical assessment is 
that resective surgery is more likely to be successful if the 
fi ndings from the different modalities of presurgical 
investigations are concordant, i.e. if each points to a 
similar localization of the epilepsy. Conversely, if results 
are discordant, resective surgery is likely to be less 
successful. It follows that all patients require multimodal 
investigation aimed at defi ning the seizure localization. 
This is of course a highly simplistic concept, laughable 
at a theoretical level, but one in practice that has 
clinical utility. There are four main components of 

  The  c oncept of the  e pileptogenic  z one 
 The approach to resective surgery for epilepsy can, since 
the time of Horsley, be summarized as follows: in many 
cases of epilepsy, the seizures originate in a small area of 
brain (the epileptic focus), and surgery aims to resect this 
epileptogenic tissue, suffi cient in extent to lead to the 
resolution of the seizures. Unfortunately, this is a sim-
plistic view  –  a phrenological approach to brain function 
 –  and often patently incorrect. A clear - cut and restricted 
 ‘ focus ’  of epileptic brain tissue does exist in some cases, 
particularly in epilepsy due to small extratemporal neo-
cortical lesions. However, many seizures are in fact sus-
tained by quite widespread and complex neuronal 
networks and circuits. In such cases, the concept of a 
discrete focus is both na ï ve and untenable. 

 It is as a response to this problem that the concept of 
the epileptogenic zone has gained currency, but this 
concept is also fraught with diffi culty and inconsistency. 
This term is defi ned as the anatomical area necessary for 
initiating seizures and the removal or disconnection of 
which results in the abolition of seizures. The presurgical 
evaluation of a patient, therefore (it is argued), aims to 
defi ne the anatomical boundaries of the epileptogenic 
zone and, having done so, the feasibility and risks of 
resection. 

 Unfortunately, there are no preoperative clinical or 
laboratory tests that can totally reliably defi ne the area in 
any individual patient. It is only possible to ascertain 
whether an  ‘ epileptogenic zone ’  was successfully resected 
after years of postoperative freedom from seizures  –  and 
even then without knowing how much unnecessary 
resection of additional brain tissue was carried out. The 
concept of the ‘epileptogenic zone’ is therefore a circular 
one dependent on retrospective assessment; this is unsat-
isfactory, and in the author ’ s opinion, adds little to that 
of the epileptic focus. The concept, however, has one 
virtue  –  it emphasizes what has been known for more 
than half a century, that the amount of brain resection 
necessary often extends beyond the lesion visualized on 
neuroimaging. 

 This latter area is often known as the irritative zone. 
The irritative zone can also, conversely, extend beyond 
the epileptogenic zone, and it is common for residual 
tissue left after surgery to exhibit active spiking on elec-
trocorticography (ECoG). Furthermore, the apparent 
extent of the irritative zone will vary with different types 
of EEG investigation. 

 On ictal recordings the electrographic onset of a 
seizure is sometimes known as the ictal onset zone. This 
area provides a rough indication of where to target 
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   MRI   a s a  s creening  t est and  MRI  -  n egative  c ases 
 Before the introduction of MRI many cases of epilepsy 
(including virtually all cases of hippocampal sclerosis) 
were  ‘ non - lesional ’ , in the sense that no lesion could be 
detected preoperatively. The nature and extent of the 
surgery in these cases depended on clinicoelectrographic 
localization, and thus on scalp and invasive EEG. It was 
realized even then that, if no pathology was found in the 
pathological examination of the excised specimen, the 
prognosis for seizure control was likely to be poor. 

 The advent of MRI has radically altered the clinical 
approach, because preoperative MRI can identify most 
structural lesions, including many that are hidden from 
other modalities. The total dependency on EEG for local-
ization has been lost, and the requirement for invasive 
EEG has been reduced. It has been shown that, if MRI 
shows no lesion preoperatively, a so - called MRI - negative 
epilepsy, the chances of successful surgery are dimin-
ished, even after intensive work - up using other modali-
ties. In routine practice, therefore, MRI has become in 
effect a screening test for further surgical evaluation 
and has now displaced EEG in this role. The question 
of surgery in MRI - negative cases is discussed further 
below.    

investigation  –  radiological, neurophysiological, psycho-
logical and clinical. Different centres use different 
methods of investigation in these four areas (see below), 
and attribute different weight to the fi ndings, but all four 
modalities should be carried out in most patients being 
worked up for surgery. It follows also that incomplete or 
unfocused investigation has a higher failure rate. It is 
for these reasons that presurgical evaluation is best 
carried out in a designated centre with multidisciplinary 
experience.  

  The  i mportance of  a etiology 
 As pointed out above, a key determinant of surgical 
outcome, independent of electroclinical localization, is 
the underlying aetiology. This is why MRI has proved 
so important in the surgical work - up. Indeed, because of 
this, MRI should be the starting point of all investiga-
tions. Resective surgery is best for those with well - 
localized lesions shown on MRI, especially those with 
unilateral mesial temporal lobe sclerosis, small caverno-
mas, or benign or low - grade tumours. The demonstra-
tion of aetiology is also of prognostic importance in other 
types of surgery, e.g. for hemispherectomy and corpus 
callosectomy.  

     Figure 10.1     A typical example of unilateral left MTS, showing a loss of hippocampal volume, a signal increase and a loss of 
internal anatomical structure on the pathological side. (a1) and (a2), STIR; (b1) and (b2), FLAIR.  

(a1) (b1)

(a2) (b2)
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pal surgery is better if such a history is present (and that 
of surgery for extrahippocampal epilepsy is worse). The 
presence of a family history was initially thought to 
worsen surgical outcome, but recent study has thrown 
doubt on this. 

 A detailed epilepsy history should include the aspects 
listed in Table  10.3 . The aetiology of the epilepsy can 
often be ascertained from the history and enquiry should 
be directed towards this. The clinical history may provide 
clues to the localization, and discordance between the 
clinical and investigatory localization should warn against 
surgery (Table  10.4 ).   

 There are usually no signs on clinical examination, 
and indeed, if motor or cognitive signs (other than 
memory defects  –  see below) are present, this implies 
extrahippocampal damage. The examination should 
be meticulously recorded to document preoperative 
defi cit as a baseline for comparison with postoperative 
fi ndings. 

 The patient ’ s medical status and general suitability for 
a long anaesthetic and intracranial surgery should be 
assessed.  

  Psychiatric  a ssessment 
 A detailed neuropsychiatric evaluation is a vital part of 
the presurgical assessment and should be carried out rou-
tinely in the early stages of the assessment process. The 
structured clinical interview schedule can be backed up 
by the use of rating scales which might include: 
Neurobehavioural Inventory, State – Trait Anxiety 
Inventory, Beck Depression Inventory, Subjective 
Handicap of Epilepsy Scale, Quality of Life in Epilepsy 

  Surgery in  e pilepsy  a rising in the  m esial 
 t emporal  l obe 

     Pathology of  m esial  t emporal  l obe  e pilepsy 
 The most common pathology causing temporal lobe epi-
lepsy (TLE) is hippocampal sclerosis (more accurately 
known as mesial temporal sclerosis). 

 The pathophysiology of hippocampal sclerosis, and the 
potentially causative role of febrile seizures in early child-
hood, is described on    pp. 54 – 55 .   

 Mesial TLE can also be caused by tumours (in about 
10 – 15% of all cases of surgically treated mesial temporal 
lobe epilepsy). The most common are low - grade gliomas, 
oligodendrogliomas and other astrocytic or glial tumours. 
Cortical dysplasia of various types is also associated 
with hippocampal sclerosis, even if the dysplasia does 
not seemingly itself involve the hippocampus. This 
accounts for a further 15 – 25% of cases. Trauma, cavern-
ous haemangioma (cavernoma) and other vascular 
disease, and cerebral infections (meningitis or encephali-
tis) can also result in TLE. The last two categories carry 
a generally poorer surgical prognosis by virtue of the 
more widespread and often bitemporal epileptogenic 
changes.   

  Which  p atients  s hould  b e  e valuated? 
 The general rules mentioned above apply. Usually, a 
patient will be referred with a history of temporal lobe 
seizures and MRI showing a hippocampal lesion (most 
commonly hippocampal sclerosis). The process of pre-
operative evaluation should follow the following standard 
protocol. 

  Clinical  h istory and  e xamination 
 A detailed history of the seizure disorder, its prior treat-
ment and its causation must be obtained. Hippocampal 
sclerosis usually causes simple and complex partial 
seizures of mesial temporal lobe type (see    pp. 13 – 15 ). 
Additional secondary generalized tonic – clonic seizures 
are typically absent or infrequent, and indeed a history 
of secondarily generalized seizures is associated with 
poorer outcome after temporal lobe surgery. Other 
seizure types are not to be expected in hippocampal epi-
lepsy, and their presence indicates an epileptogenic 
zone that extends beyond the mesial temporal lobe struc-
tures. A history of childhood febrile convulsions (espe-
cially if prolonged or focal) is very strongly associated 
with hippocampal sclerosis. The outcome of hippocam-

  Table 10.3    The epilepsy history. 

  The observable features of the seizures  
  The aura and seizure manifestations as experienced by 
the patient  
  Postictal features  
  Lateralizing features  
  Seizure precipitants  
  Temporal evolution of the seizures and their pattern 
over time  
  Seizure frequency and timing  
  Family history  
  Treatment history and response to individual therapies  
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is often needed postoperatively, and surgery should not 
be offered to vulnerable individuals in the absence of 
such support.  
  3     To confi rm that the patient is able to provide informed 
consent for the procedure and is able to understand the 
potential risks and benefi ts of surgery and is able to evalu-
ate these.  
  4     To estimate the potential for psychological and psychi-
atric quality - of - life gains postoperatively, if seizure 
control is achieved. This requires judgement and experi-
ence, and the epilepsy rating scales can be helpful 
adjuncts. The patient should be encouraged to focus on 
this issue.    

 Psychiatry is, however, not an exact science, and 
the predictive value of premorbid psychiatric features 
is not fully established. This is a crucial defi ciency, 
and high - quality research data in this area are largely 
lacking.  

  Magnetic  r esonance  i maging 
 MRI is undertaken in all patients undergoing evaluation 
for TLE surgery (Table  10.5 ). Indeed, it is now the 
primary screening test for entry into a programme of 
presurgical evaluation. The imaging must be of an appro-
priate quality and tailored to the visualization of mesial 
temporal pathologies. Substandard MRI, for example, 
with wide inter - slice intervals or sequences with poor 
grey – white differentiation, frequently fails to detect 
hippocampal sclerosis, which is then shown on better 
targeted imaging. For presurgical assessment in our own 
unit, the minimum MRI dataset applied, using high -
 quality 1.5 - tesla scanning, is as follows: 
   •      A volume acquisition T1 - weighted coronal dataset that 
covers the whole brain in slices of 1.0 or 1.5   mm thickness 
(a sequence that provides approximately cubic voxels 
which can be used for reformatting in any orientation, 
quantitation of hippocampal volume and other morpho-
logical measures, three - dimensional reconstruction and 
surface rendering)  
   •      An oblique inversion recovery sequence, heavily T1 
weighted and oriented perpendicularly to the long axis 
of the hippocampus (a sequence that provides good 
hippocampal anatomical defi nition and contrast)  
   •      An oblique T2 - weighted sequence oriented perpen-
dicularly to the long axis of the hippocampus (a sequence 
that provides the basis for regional hippocampal T2 
intensity measurement)  
   •      FLAIR (fl uid attenuation inversion recovery) or fast -
 FLAIR (sequences that increase the sensitivity of MRI to 
hippocampal sclerosis and other lesions).      

Scale, and the Minnesota Multiphasic Personality 
Inventory. The evaluation has four purposes: 
  1     To identify the presence of psychiatric contraindica-
tions to surgery. Usually, surgery should not be per-
formed in patients with ongoing interictal psychosis or a 
history of interictal psychosis, severe personality disorder 
or psychopathy, co - morbid non - epileptic seizures, or 
ongoing alcohol or drug abuse. Peri - ictal psychosis is 
often considered to be a factor weighing on the side of 
epilepsy surgery, although outcome is not always good in  
the author ’ s experience. A history of severe depression or 
obsessive – compulsive disorder is also a relative contrain-
dication to surgery.  
  2     To estimate the ability of the person to withstand 
the long process of surgical evaluation and any adverse 
consequences of surgery. Psychosocial and family support 

  Table 10.4    Clinical ictal features that predict side of 
seizure onset. 

   Ictal feature     Side of onset  

   Common signs that are reliable       
  Unilateral dystonic or tonic 

posturing  
  Contralateral to seizure 

onset  
  Unilateral automatisms    Ipsilateral to seizure onset  
  Clonic jerks    Contralateral to seizure 

onset  
  Ictal speech    Seizure onset in non -

 dominant hemisphere  
  Postictal dysphasia    Seizure onset in dominant 

hemisphere  
  Postictal hemiparesis (Todd 

paresis)  
  Contralateral to seizure 

onset  

   Less reliable (or rare) signs       
  Ictal blinking  a      Ipsilateral to seizure onset  
  Ictal spitting  a      Seizure onset in non -

 dominant hemisphere  
  Postictal nose wiping  a      Ipsilateral to seizure onset  
  Head turning at onset of 

seizure (non - forced 
version)  

  Ipsilateral to seizure onset  

  Forced head version before 
secondary generalization  

  Contralateral to seizure 
onset  

  Ictal vomiting  a,b      Seizure onset in non -
 dominant hemisphere  

    a Uncommon occurrences, where reliability is uncertain.  
   b Applies to ictal vomiting, which is rare, but not to 
postictal vomiting, which is common.   
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  Table 10.5     MRI  techniques in assessing temporal lobe epilepsy. 

   Technique     Objective     Comment  

  Structural MRI    For assessing anatomy and 
detecting structure lesions  

  Enormous value. Fully validated. Sensitivity 
varies with magnet strength and sequences 
(see text)  

  Structural MRI    For determining 
pathological nature of lesion  

  Valuable, but not infallible  

  MR angiography    For assessing vasculature in 
arteriovenous and venous 
anomalies  

  Validated but generally less sensitive that 
conventional angiography  

  Diffusion imaging, perfusion imaging    For assessing lesional size 
and nature  

  Of limited value in assessment of temporal 
lobe epilepsy (and note that seizure activity 
can be mistaken for a structural abnormality)  

  MR spectroscopy    For assessing nature of 
lesion  

  Generally of very limited usefulness in 
temporal lobe epilepsy  

  MR tractography    For assessing position of 
major white matter tracts  

  Unvalidated and of very limited use in 
temporal lobe epilepsy. Can help predict the 
risk of a visual fi eld defect after surgery  

  Co - registered MRI and EEG    For localizing spike 
discharges  

  Unvalidated. Of little utility in temporal 
lobe epilepsy  

  Functional MRI,    For localizing function    Value in lateralizing (but not localizing) 
speech function. Memory function may be 
possible to assess in the future  

  Three - dimensional reconstruction and 
rendering of the cortical surface  

  For detecting subtle cortical 
dysplasia  

  Claims made in the past have not been 
substantiated  

  Surface area and volume measurements 
of other brain structures  

  For assessing extent of 
abnormalities  

  Unvalidated as a method of assessing extent 
of epileptogenic zone and predicting 
surgical outcome  

 This MRI approach can demonstrate hippocampal 
sclerosis with high specifi city and sensitivity (Figure 
 10.2 ). The primary MRI signs of hippocampal sclerosis 
are loss of volume on T1 - weighted imaging and increased 
T2 - weighted signal (the latter sign being less constant 
than the former). Other much less reliable signs are the 
loss of grey – white differentiation and loss of internal 
structure of the hippocampus. However, care must be 
taken not to misinterpret the MRI signs. On occasions, 
hippocampal atrophy is the result, not the cause, of 
epilepsy (e.g. after status epilepticus or in lesional 
cortical epilepsies). A swollen hippocampus on one side 
due to tumour can lead to the mistaken diagnosis of 
an atrophic contralateral hippocampus. Increased 

hippocampal T2 signal is a relatively non - specifi c sign 
that occurs also in patients with hippocampal tumour, 
vascular or developmental abnormalities, and in trau-
matic or postinfective lesions. Seizure activity, during or 
immediately before the scan, can occasionally also 
produce transiently increased T2 signal. In addition, in 
a sizeable number of patients, MRI will demonstrate 
more than one potentially causative lesion (so - called 
 ‘ dual pathology ’   –  see below).   

 Measurement of the volume of the hippocampus (hip-
pocampal volumetry) and quantifi cation of hippocampal 
T2 values are also routinely undertaken in patients being 
assessed for hippocampal surgery (Figure  10.3 ). These 
measurements provide objective information about the 
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overemphasized, and in this sense MRI differs from CT. 
However, it must also be recognized that most techniques 
are still in the research phase, and with the exceptions of 
structural MRI and angiography have not been validated 
in terms of specifi city or sensitivity or predictive value.  

  Other  f orms of  n euroimaging 
 CT still has a role in detecting small calcifi ed lesions (e.g. 
small low - grade tumours in cysticercosis) which can be 
overlooked on MRI, and also where MRI is contraindi-
cated (e.g. patients with pacemakers, aneurysm clips, 
metal plates, other metal implants). MRI is relatively (but 
not absolutely) contraindicated in patients with vagal 
nerve stimulators, but CT can be safely used. Plain skull 
radiography is now largely redundant. Conventional 
angiography is still used, mainly to determine the 
anatomical features of blood supply to vascular malfor-
mations and venous malformations, MR angiography is 
also used to determine the position of the major vessels 
before depth electrode placement. The angiographic 
fi ndings can be co - registered with other neuroimaging 
techniques to guide the positioning of electrodes.  

severity of the hippocampal sclerosis and the detection of 
bilateral damage.   

 Hippocampal volumetry is also used in many patients 
with extrahippocampal lesions, because coexisting hip-
pocampal atrophy worsens the prognosis in extrahippo-
campal lesional epilepsy and assists in deciding whether 
to include hippocampal resection during extrahippo-
campal surgery. 

 Scanning at 3   T is now also widely available, and argu-
ably can increase the perspicacity of hippocampal lesions, 
via different sequences (e.g. the Propeller sequence). 
There is, however, with increased magnet strength, the 
risk of over - interpretation and the attribution of abnor-
mality where none actually exists. This seems to be a 
particular problem in the interpretation of epilepsy MRI, 
not helped by lack of control data and also the inability 
to differentiate casual from consequential lesions. 

 Other techniques are used in selected cases (Table 
 10.5 ). Each is designed to address a particular issues, and 
interpretation of the tests requires a good understanding 
of the clinical context. The importance of tailoring the 
MRI examination to address specifi c questions cannot be 

     Figure 10.2     MRI in temporal lobe epilepsy, showing: (a) left - sided hippocampal atrophy (arrowed), with low intensity within the 
hippocampus on T1 - weighted image. (b) T2 - weighted image at same location reveals minor signal - intensity increase of 
hippocampus on left (arrowed). It is interesting to note in this case that there are only relatively subtle T2 - weighted changes 
despite atrophy of  > 50% on volumetry.  
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EEG - telemetry would greatly simplify and render less 
costly the process of presurgical evaluation. Furthermore, 
concordance of MRI and interictal EEG predicts surgical 
outcome after temporal lobectomy. In one series, 84 
patients with unilateral hippocampal atrophy who 
underwent temporal lobectomy showed an excellent 
outcome (92% seizure free or virtually seizure free at 24 
months) even if ictal recordings were discordant or 
non - localizing. 

 In other situations, however, anterior temporal inter-
ictal abnormalities can be falsely localizing and can occur 
in foci in lateral temporal and frontal, parietal and occipi-
tal regions. Thus, ictal recordings still remain necessary 
in most cases undergoing epilepsy surgery evaluations.  

  Bilateral  i ndependent  i nterictal  s pikes 
 Some cases of unilateral TLE exhibit bilateral indepen-
dent temporal spike on the interictal EEG. If 80% or 

  Interictal  s calp  EEG  
 The interictal scalp EEG was, before MRI and video -
 telemetry, the gold standard test for identifying candi-
dates for temporal lobectomy  –  and as far as can be judged 
because, of course, the range of patients being operated 
upon has changed, the outcome of surgery in those 
days was not signifi cantly inferior to that of today. The 
presence of anterior or mid - temporal spikes (or other 
epileptiform abnormalities) is common in TLE, and an 
important element of  ‘ concordance ’  (Figure  10.4 ).   

  Unilateral  i nterictal  s pikes 
 When these are present, and when the MRI shows hip-
pocampal atrophy and other tests are concordant, the 
interictal EEG provides almost as much information of 
the ictal recording, and many authorities doubt that 
ictal recording (long - term recording) is necessary in 
this situation. This is important, because avoiding 

     Figure 10.3     Three graphs showing regional hippocampal volume measure on the MRI. In the graphs, the cross - sectional areas of 
the hippocampus are measured from successive slices of volumetric T1 - weighted coronal MR images of the hippocampus covering 
the whole anterior to posterior extent of the hippocampus and amygdala. The MRI slices are spaced 1.5   mm apart. (a) Normal 
hippocampus; (b) gross generalized hippocampal atrophy; (c) focal anterior hippocampal atrophy.  
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     Figure 10.4     EEG showing lateralized 
temporal sharp waves with phase reversal 
seen in the left mid - temporal region 
(T3). This is a common interictal fi nding 
in mesial temporal lobe epilepsy.  

more of the spikes are on the atrophic side, epilepsy can 
be reliably assumed to be arising in the atrophic hippo-
campus and the surgical outcome after resection is 
signifi cantly better than in cases with less than 90% 
preponderance.  

  Focal  s low  a ctivity 
 Lateralized temporal delta activity was found to have a 
similar lateralizing value to temporal spikes in a group of 
141 patients who had undergone temporal lobe resection 
and whose MR scans were normal or showed mesial tem-
poral lobe sclerosis. In this study, lateralized slow activity 
had a favourable surgical outcome regardless of the 
laterality or topography of spikes and other  ‘ epileptiform ’  
patterns. Temporal intermittent rhythmic delta activity 
(TIRDA) is also highly predictive of unilateral TLE.   

  Ictal  s calp  EEG  and  v ideo -  EEG   t elemetry 
 The ictal scalp EEG recording of a complex partial seizure 
remains a fundamental part of the presurgical evaluation. 
Long recordings are usually performed with concurrent 
video (video - EEG telemetry). To catch seizures, record-
ings may need to be continued for days or even weeks. 
In unilateral hippocampal sclerosis, a clear - cut ictal uni-
lateral temporal/sphenoidal rhythmic discharge of 5   Hz 

or faster within the fi rst 30   s of the ictal recording occurs 
in about 50 – 60% of patients (Figure  10.5 ), and this is 
reliably localizing in about 90% of these cases (thus, in 
a small number of cases, the ictal EEG mislocalizes the 
epilepsy, owing to rapid undetected contralateral propa-
gation, which is important not to forget). About 30% of 
patients show no lateralizing or localizing features in the 
scalp ictal recordings. Similar fi gures apply to other 
mesial temporal lesions (e.g. cavernoma, glioma and dys-
embryoplastic neuroepithelial tumour [DNET]).   

 Typically, the EEG in seizures in mesial temporal 
epilepsy exhibit rhythmic activity, distinct from the 
background rhythms, which increases in frequency with 
simultaneous development of phase reversals across the 
anterior temporal electrodes and then postictal  δ  slowing 
in the same region. In a study of 706 seizures in 110 
patients, the presence of  ≥ 5   Hz unilateral temporal/sphe-
noidal rhythm within the fi rst 30   s in 57 patients correctly 
predicted an ipsilateral temporal depth onset in 82% of 
cases. The seizure pattern in lateral temporal or extratem-
poral seizures is somewhat different (see below). 

 Video - telemetry allows detailed scrutiny of the clinical 
features of the seizure, and certain signs are reliable indi-
cators of the side of onset of the seizure (Table  10.4 ). In 
one study, unilateral clonic jerks or dystonic or tonic 
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     Figure 10.5     EEG showing typical 
temporal lobe seizure with rhythmic 
lateralized epileptiform activity in the left 
temporal leads.  

posturing was a strong lateralizing sign of a contralateral 
epileptic focus (predictive value between 86% and 
100%), unilateral automatisms predicted an ipsilateral 
seizure focus in 80% of patients and ictal speech pre-
servation indicated seizure focus in the non - dominant 
hemisphere in 80%. Other signs are less reliable, such as 
ictal spitting, vomiting, unilateral eye blinking and nose 
wiping. Postictal hemiparesis or dysphasia is a reliable 
sign. Clinical signs in 262 seizures recorded in 59 patients 
with TLE lateralized 46% of seizures. The combination 
of ictal scalp EEG with ictal behaviour lateralized 80% of 
seizures in 95% of patients (95%), and the combined 
lateralization was concordant with the side of operation 
in 33 of 34 patients with a good postoperative outcome. 

 About 5% of patients with TLE show additional gen-
eralized spike - and - slow - wave discharges. These imply a 
genetically lowered seizure threshold, and their presence 
worsens postsurgical outcome.  

  Intracranial  i ctal  EEG  in  TLE  
 In some centres, intracranial EEG recordings used to be 
carried out on almost all patients with TLE being evalu-
ated for epilepsy surgery (Figures  10.6  and  10.7 ). With 
the advent of MRI this practice seems now to be obsolete 
in most cases; indeed in our unit it is applied in less than 
10% of mesial temporal cases. Depth EEG does record 

from otherwise functionally inaccessible cortex, but the 
EEG data come from only a small area around the elec-
trode ( ≤ 1   cm core) and, unless the electrodes are placed 
logically to address specifi c questions, results can be 
misleading.   

 In the work - up for surgery of TLE, intracranial EEG is 
used in six main clinical situations: 
  1     To determine from which temporal lobe seizures are 
arising in patients with MRI evidence of bilateral hip-
pocampal sclerosis (see below)  
  2     To determine the location of the seizure foci in patients 
in whom imaging shows  ‘ dual pathology ’ , and where the 
scalp EEG is inconclusive (see below)  
  3     To lateralize the seizure discharge in patients with 
discordant MRI and ictal or interictal EEG (see below)  
  4     To lateralize seizure onset in patients with a unilateral 
hippocampal lesion on MRI but where ictal scalp EEG 
suggests bilateral seizure onsets (see below)  
  5     In cases suggestive of mesial TLE, but with a normal 
MRI ( ‘ MRI - negative ’  cases  –  see below)  
  6     In lesional TLE, EEG is required only in the following 
circumstances:  

   –      non - localizing or discordant ictal scalp recordings  
   –      to assess the need to remove the hippocampus and 
mesial structures in patients with temporal lobe lesions 
adjacent to the mesial structures  
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In other words, the yield of successful surgery is relatively 
small and it is important that this is fully appreciated 
before embarking on depth recordings. 

 Flexible rather than rigid depth electrodes are now 
generally used. They usually carry 4 – 18 contacts along 
their length, usually spaced 5 – 10   mm apart, and are made 
of MRI - compatible material (stainless steel, platinum or 
nichrome). They are usually inserted guided by frameless 
stereotaxy. In mesial TLE, the electrodes can be placed 
longitudinally (via an occipital insertion) but, due to 
risks of visual damage, most are now placed transversely 
through the lateral temporal lobe. Accuracy of placement 
is vital and precision is possible using modern computer -
 assisted MRI - based stereotaxy.  

  Risks of  d epth  e lectrodes 
 Overall, in a retrospective survey of 115 patients, clinically 
signifi cant complications occurred in 4.3% of patients. 

   –      need for cortical stimulation for brain mapping with 
lesions overlying, or adjacent to, eloquent cortex  
 –        in cortical dysplasia, to help defi ne the epileptogenic 
zone.      

  Depth  e lectrodes 
 Electrodes are usually placed bitemporally, and in other 
sites as determined by the questions being addressed. 
There is a 1 – 2% risk of haemorrhage or infection from 
each electrode placement, and the overall risk of the pro-
cedure increases with the number of electrodes inserted. 
There is no place for the insertion of multiple electrodes 
without a prior idea about the most likely sites of seizure 
onset and without tailoring the placement to the clinical 
questions being addressed. 

 In patients requiring depth EEG, a substantial number 
have fi ndings that exclude surgery. Even where surgery 
can be offered, the chances of seizure freedom are often 
lower than in patients in whom depth EEG is not needed. 

        Figure 10.6     Diagrams of invasive EEG 
techniques: (a) longitudinal depth 
electrode inserted in an anteroposterior 
fashion from the occipital lobe toward 
the ipsilateral hippocampus. 
(b) Orthogonal depth electrodes inserted 
transversely from lateral to medial 
temporal lobe at various locations. 
(c) Subdural strip electrodes inserted 
through a temporal burr hole to study 
lateral and medial temporal neocortex. 
(d) Subdural grid electrode implanted 
for localization of the epileptogenic zone 
and functional topographic mapping. 
(e) A percutaneous epidural screw 
tightened into a twist drill hole through 
the cranium and an epidural peg 
electrode placed in another twist 
drill hole.  
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Figure 10.6 Continued

 The risk includes haemorrhage, and a clinically signifi -
cant haemorrhage occurs in 1 – 3% of electrode place-
ments. The more electrodes placed, the greater the risk 
of haemorrhage. Some centres will not place electrodes 
in patients on valproate therapy because of the risk of 
haemorrhage. 

 Infection occurs in 0.5 – 5% of insertions and can 
sometimes prompt the early removal of electrodes. 
Infection is usually easily treated. Prophylactic antibiotic 
cover is sometimes given, but not routinely in most 
centres. 

 It is also of note that there have been reports in the 
literature of transmission of Creutzfeldt – Jakob disease 
through reused depth electrodes and, for this reason, 
single - use disposable electrodes are now used. 

 Pathological studies have shown gliosis, cystic degen-
eration and microbial abscesses after depth electrode 
placement. But none has shown any signifi cant functional 

defi cits caused by uncomplicated electrode placement. 
These included a detailed neuropsychometric study of 
depth electrode implantation into an unaffected hippo-
campus of the speech - dominant hemisphere, which 
shows no effect on verbal memory. Although microscopic 
haemorrhagic change is often seem pathologically along 
the track of a depth electrode, there is no evidence of 
epileptogenesis caused by depth electrode placement.  

  Other  f orms of  i nvasive  EEG  
 Sometimes depth electrode placement is combined 
with the implantation of subdural strips for seizures 
originating from mesial temporal lobe structures. 
The need for this depends on the clinical situation. 
The complication rate is higher, with greater risks of 
haemorrhage and meningitis. In one study, permanent 
neurological complications occurred in 0.7% and tran-
sient complications in 2.9%, in 279 invasive diagnostic 



     Figure 10.7     Depth EEG in temporal lobe epilepsy: one typical 
mesial temporal seizure onset pattern is seen in these 
continuous EEG segments as low - voltage fast discharge in LPT 
1,3 (left depth electrode contacts at tip). Simultaneous seizure 
onset of similar morphology is identifi ed in distal contacts of 
left temporal subdural strip (LFT 1,3) overlying the entorrhinal 

cortex. Electrode contacts are labelled from distal (1) to 
proximal. LPT, RPT, left and right hippocampal depth 
electrodes; LSM, RSM, supplementary motor subdural strips; 
LPo, RPo, LFT, RFT, LFPa, RFPa, left and right frontopolar, 
frontotemporal and frontoparietal subdural strips. Full scale, 
1000    μ V; each division, 1   s.  
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a third of patients with hippocampal sclerosis. With the 
use of absolute volumetry and quantifi cation of T2 mea-
sures, such bilateral sclerosis can now be detected radio-
graphically. Bilateral changes occur most often in patients 
with a history of previous encephalitis or meningitis and, 
in such cases, seizures usually arise independently from 
both temporal lobes, and the chances of a good surgical 
outcome are poor. The presence of two clinical seizure 
types is even more suggestive of bilateral epileptogenesis. 
The scalp ictal and interictal EEGs are much less reliable 
in bilateral than in unilateral hippocampal sclerosis. One 
study reported discordant ictal scalp EEG lateralization 
in almost 20% of patients with asymmetrical bilateral 
hippocampal sclerosis. If surgery is to be considered, 
most patients with bilateral hippocampal sclerosis require 
depth EEG. With clear - cut bilateral hippocampal atrophy, 
even after invasive EEG, surgery is usually not feasible 
because of bilateral epileptogenesis and also because of 
the risks of surgery to memory function.  

  Bitemporal  EEG   c hanges 
 As emphasized above, in the absence of bilateral hippo-
campal abnormalities on MRI, bilateral interictal tempo-
ral spikes on scalp EEG do not necessarily indicate 
bilateral epileptogenesis or less good surgical outcome. 
Between 40% and 70% of patients with bilateral inde-
pendent interictal spikes on scalp EEG have unilateral 
seizures on depth EEG. 

 In most centres, it is considered that patients with 
bitemporal independent interictal spikes on scalp EEG do 
not require depth EEG if the ratio of spikes over the 
affected side compared with the unaffected side is 8   :   1 or 
higher, and/or if surface recorded seizures arise over one 
temporal lobe and are concordant with MRI, neuropsy-
chological and other data. 

 Conversely, bilateral ictal onsets on scalp EEG should 
be taken as strong evidence of bilateral temporal epilep-
togenesis. Depth EEG is required in these patients if 
temporal lobectomy is to be considered. The usual policy 
in this situation is to record fi ve or more seizures. If 80% 
or more arise in one temporal lobe, surgery can be offered 
with a good chance of improvement (but with a small 
chance only of seizure freedom). Surgical outcome is 
good, particularly if other complementary tests strongly 
favour the resected side. It is also important to recognize 
that apparent bitemporal epileptogenesis may well be due 
to extratemporal seizure onset with bitemporal seizure 
spread. This is not infrequent in patients with parietal or 
occipital lobe epilepsies, in whom the onset of seizures 
may be diffi cult to identify on scalp EEG. Depth EEG 

procedures using various combinations of strip, grid and 
depth electrodes. Others have found higher rates of com-
plication, notably infection (in up to 15% of cases). In 
one study of 198 cases with subdural grid electrodes, 
complications occurred in 52 patients, including infec-
tion (12.1%), transient neurological defi cit (11.1%), 
epidural haematoma (2.5%), increased intracranial 
pressure (2.5%) and infarction (1.5%). One patient 
died during grid insertion. Cerebrospinal fl uid (CSF) 
leaks are another problem, occurring particularly in 
children.   

  Other  f orms of  EEG   u sed in  e valuating  TLE  
 Sphenoidal recordings, which were previously widely 
used, are now generally considered no better than record-
ing from superfi cial sphenoidal electrodes, although they 
avoid the signifi cant morbidity of sphenoidal electrode 
placement (pain, infection, bruising). 

 Foramen ovale electrode placement, in which the 
electrode tip is inserted through the foramen ovale to lie 
medial to the hippocampus, is a form of extracerebral 
intracranial electrode placement. It is a straightforward 
technique and does not require a craniotomy or stereo-
tactic equipment. However, this technique is now rarely 
employed because it has a signifi cant complication rate, 
including facial pain, meningitis and vascular damage to 
the brain stem. There is probably little place for this in 
modern practice.  

  Common  p roblems in  a ssessing  TLE  
 With high - quality MRI and EEG, certain specifi c issues 
worth are further comment: 

  Are  i ctal  r ecordings  a lways  r equired? 
 In the past, it had been the rule that ictal recordings were 
required in all patients with TLE. Evidence now suggests 
that ictal recordings add little in one important category 
of patients with TLE: those with clear - cut MRI unilateral 
abnormalities, a concordant clinical history/psychome-
try, concordant lateralized interictal EEG and in whom 
there is no question of non - epileptic attacks. Thus, it is 
now current practice in some centres not to require ictal 
recordings in these patients. However, if there are any 
discordant or complicating features, seizures should be 
recorded.  

  Bilateral  h ippocampal  s clerosis,  d emonstrated 
by  MRI  
 Signifi cant bilateral pathological changes, albeit asym-
metrical, in hippocampal structures are found in at least 
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Patients with dual pathology will often require invasive 
monitoring.    

   ‘  MRI  -  n egative ’   p atients 
 A few patients are encountered with typical TLE in whom 
the MRI is normal. In such patients it is important to 
check that the MRI is of high enough quality, because 
poorly performed MRI will miss many cases of hippo-
campal sclerosis. Intensive EEG, including depth EEG, is 
almost always required in patients with normal MRI, but 
the fact of a normal MRI reduces the chance of a good 
surgical outcome, with perhaps 30% or less of patients 
becoming free from seizures even if invasive recording 
demonstrates apparently localized seizure onset. There 
may also be a place for PET and SPECT (see below), 
although, in MRI - negative adult TLE, these techniques 
alone are seldom sensitive enough to localize the onset of 
seizures.  

  Discordant  MRI  and  i ctal  EEG  
 In occasional patients with hippocampal sclerosis 
demonstrable by MRI, the ictal EEG lateralizes to the 
contralateral side. In most of these cases, the EEG is 
falsely lateralizing (due, usually, to rapid undetected con-
tralateral propagation) and, with concordant clinical and 
other data, resection of the MRI abnormality results in 
seizure control in most patients. This is particularly the 
case in patients with very severe hippocampal sclerosis 
( ‘ burned - out ’  hippocampus). Currently, although resec-
tion of the MRI abnormality usually has a good outcome 
in terms of seizure control, invasive EEG is still advised.  

  Neuropsychology 
 Neuropsychometric evaluation is a vital part of presurgi-
cal assessment, and it is shocking to encounter patients 
in whom this has been omitted. In mesial TLE, the 
minimum battery includes measures of intelligence, 
frontal executive skills, memory, attention, visuospatial 
skills and language. The dominant (usually left) temporal 
lobe mediates memory for verbal material such as names, 
word lists, stories or number sequences, and the non -
 dominant (usually right) temporal lobe mediates memory 
for material that cannot be verbalized readily, such as 
faces, places, music or abstract designs. Bilateral lesions 
can cause global memory defi cits. Core neuropsychology 
has two main functions: 
  1     To identify dysfunctioning cortex: if neuropsychologi-
cal fi ndings point to dysfunction that is discordant or 
more wide ranging than the damage seen on MRI or from 
the EEG fi ndings, the epileptogenic zone may extend 

with additional electrode placements may be helpful in 
this setting.  

  Hippocampal  s clerosis with  a nother  p athology 
( d ual  p athology) 
 The term  ‘ dual pathology ’  is used to defi ne the presence 
of hippocampal atrophy and a second potentially epilep-
tic pathology (dysplasia or tumour). Between 5% and 
15% of patients with hippocampal sclerosis have evi-
dence of additional pathology (mostly cortical dysplasia) 
and about 15% of extrahippocampal lesions have coinci-
dent hippocampal sclerosis (Figure  10.8 ). In one study 
hippocampal sclerosis was found in 30% of patients with 
porencephalic cysts, 20% of those with cortical dysgen-
esis, 9% of those with vascular abnormalities and 2% of 
those with tumours. These are important to diagnose, 
because hippocampal resection alone in the presence of 
additional pathologies has a generally poor outcome. 

     Figure 10.8     Diagram showing the location of areas of cortical 
dysgenesis in 15 patients with dual pathology from a series of 
100 patients with hippocampal sclerosis (cases 1, 3, 4, 6, 9 and 
13, subependymal heterotopia; cases 2 and 11, gyral 
abnormalities; case 8, focal cortical dysplasia; cases 5 and 12, 
macrogyria; cases 7 and 14, tuberous sclerosis; case 10, band 
heterotopia; case 15 schizencephaly).  
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 The test has two main purposes: 
  1     To assess language dominance: this may be necessary 
in left - handed individuals, or in others if the routine 
psychological testing suggests that speech is lateralized 
unexpectedly, or is bilaterally represented  –  a not infre-
quent situation in epilepsy.  
  2     To confi rm that resective surgery (imitated by the 
transient anaesthesia) will not result in severe memory 
disturbance. If a patient  ‘ fails ’  the amytal, surgery is 
usually not carried out, on the basis that the risk of 
amnesia is too great.    

 Wada tests are also used in some centres for lateraliz-
ing seizure onset and for assessing the degree of postop-
erative memory loss. Their value in these situations is 
controversial. 

 In the past, the amytal test was performed in some 
centres on all patients being assessed for temporal lobe 
resection. However, in current practice, the test is increas-
ingly being abandoned in favour of less invasive options. 
Functional MRI has already replaced the sodium amytal 
test to lateralize language dominance in uncomplicated 
cases, although, where language is bilaterally represented, 
fMRI is currently too inconsistent to be relied on. It is 
worth noting that, even in cases where fMRI can lateralize 
language, it cannot localize it, and fMRI is not currently 
sensitive enough to map language or to replace invasive 
cortical mapping for this purpose. Attempts are also 
being made to develop fMRI tests of memory function, 
although currently these are too unreliable for use for 
clinical purposes. 

 Finally, it is surprising to note that the predictive value 
of the amytal test for amnesia has never been formally 
validated, and there is an increasing feeling among psy-
chologists that conventional neuropsychological testing 
provides reliable enough prediction without the need to 
resort to this test. Furthermore, the test – re - test reliability 
of the test, in the small number of patients who have 
repeat amytal tests, has been shown to be relatively poor. 

 Currently, amytal testing is used in about 5% of all 
cases being assessed for temporal lobe surgery in the 
author ’ s own unit, and its use is reserved to identify risks 
of amnesia in patients who already demonstrate signifi -
cant memory defi cits and in whom neuropsychological 
fi ndings are complex or contradictory, and to lateralize 
language in patients in whom atypical or bilateral repre-
sentation is suspected.   

  Functional  i maging  u sing  SPECT  and  PET  
 The use of functional imaging techniques varies from 
centre to centre, and there is little agreement about the 

beyond the damaged hippocampus and the outcome of 
surgery will generally be unfavourable. Broadly speaking, 
an overall IQ  < 70 usually indicates widespread cerebral 
dysfunction and is a relative contraindication to surgery. 
A discrepancy between verbal and non - verbal memory 
and learning tests also indicates lateralized dysfunction, 
which should be concordant with the side of the hippo-
campal sclerosis.  
  2     To assess the risk of amnesia as a consequence of tem-
poral lobe resection: the better the preoperative verbal 
memory or learning abilities, the worse will be the 
memory outcome after dominant temporal lobectomy. 
Conversely, a poor verbal memory does not usually 
worsen after surgery, because poor verbal memory pre-
operatively implies that hippocampal memory function 
is already damaged. A similar but less striking pattern is 
encountered with regard to non - verbal memory and the 
non - dominant temporal lobe. Bilateral hippocampal 
dysfunction should be suspected if both verbal and non -
 verbal memory tests are affected, and surgery in this situ-
ation carries the risk of severe amnesia, even if the 
preoperative memory scores are low on the side to be 
operated upon.     

  Intracarotid  a mytal  t est (Wada  t est,  s odium 
 a mytal  t est) 
 This procedure consists of the intra - arterial injection of 
a fast - acting barbiturate (usually sodium amobarbital) 
into the internal carotid artery, usually through a groin 
catheter. This barbiturate is absorbed into the injected 
hemisphere and  ‘ anaesthetizes ’  it for a short period of 
time (5 – 8   min). During this time, neuropsychological 
tests are performed to test the ability of the contralateral 
(unanaesthetized) hemisphere in isolation. The injection 
is then performed on the other side and the tests repeated. 
The injection is made by a radiologist who has performed 
an arterial angiogram before the test to verify that there 
is no serious vascular anomaly and to predict the drug 
distribution. In most institutions an EEG is performed 
during the test, to confi rm the lateralized effect of 
the drug. The test is invasive, and carries a risk of 
inducing focal cerebral spasm and infarction in about 1 
in 200 cases. 

 The neuropsychological tests applied are basic lan-
guage and memory tests. The memory testing consists of 
showing new material while only one hemisphere is func-
tional, and testing memory for that material later, when 
the drug effects have worn off and both hemispheres are 
back to baseline functioning. Speech tests are simple and 
usually include naming, serial or automatic speech. 
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investigation of patients with complex or discordant 
results on other modalities. Ictal PET is generally not 
feasible for practical reasons.   

  The  o utcome of  m esial  t emporal 
 l obe  s urgery 
  Seizure  o utcome 
 It is important not to take an over - optimistic view of 
temporal lobectomy, or to give the impression that 
the operation guarantees long - term seizure control 
(Table  10.6 ). The short - term outcome of temporal lobec-
tomy has been carefully studied, but there is a lack of 
longer - term information (in spite of the fact that the 
operation has been performed now for over 50 years). At 
1 year after surgery, in published studies,  ‘ seizure 
freedom ’  rates have generally ranged between 50 and 
80% (median 70%) and, at 5 years, rates have ranged 
between 50 and 70%.  ‘ Seizure freedom ’  in these studies 
includes patients who continue to have auras (or other 
 ‘ non - disabling ’  seizures) or seizures occurring only on 
drug withdrawal, and the rates for true  ‘ complete seizure 
freedom ’  are lower. Furthermore, the quoted 5 - year rates 
include patients who had been free from seizures for a 
year or more at the time of follow - up  –  only 50 – 55% of 
quoted patients had been seizure free for the whole of the 
5 - year period. Longer - term data are largely lacking, but 
one study showed a 7% drop  –  from 52% to 45%  –  in 
seizure freedom rates from 5 years to 10 years after 
surgery. The proportion of  ‘ seizure - free ’  patients has 
increased by about 5 – 10% since the widespread use of 
MRI due to its impact on patient selection. If seizures are 
continuing at a point 12 months after surgery, the chance 
of remission in the next 5 years is only about 10%.   

necessity of these investigations in mesial temporal lobe 
surgery. 

 SPECT is the most commonly used and the most gen-
erally useful functional imaging method. Interictal 
SPECT can show low - perfusion areas in the temporal 
lobe, although the value of the test has been shown to be 
limited by a low sensitivity of 44% and a false - positive 
rate of 7%. 

 Ictal SPECT (obtained by injecting the ligand during 
a seizure) demonstrates hyperperfusion in the area of 
the epileptic focus. Certainly, perfusion changes do 
occur in mesial temporal lobe complex partial seizures 
and the pattern has been well studied. During the initial 
phases of the seizure the whole temporal lobe is hyper-
perfused, and in the immediate postictal phase the mesial 
temporal structures remain hyperperfused, although the 
lateral temporal structures are hypoperfused. Within 
2 – 15   min postictally, there is hypoperfusion of the whole 
temporal lobe, and a return to normal is seen in 10 –
 30   min. SPECT can demonstrate these changes, and the 
sensitivity of the test is said by some authorities to be as 
high as 97%. The sensitivity of ictal SPECT localization 
during simple partial seizures is much lower. Timing is 
obviously crucial and, if the injection is in the postictal 
period, false lateralizing results will be obtained. Also, 
ictal activity not infrequently switches sides during a 
seizure and, if this switch occurs early, there is the chance 
that the ictal SPECT would falsely lateralize the seizure, 
with the hyperperfusion refl ecting the propagated 
activity. 

 A recent development has been the comparison of ictal 
and interictal SPECT signals, and the resulting  ‘ subtrac-
tion ictal SPECT ’  can be co - registered to MRI (this 
method is known as SISCOM). Abnormalities demon-
strated using this method have been shown to predict 
surgical outcome, but it is unclear how much this adds 
to more conventional investigatory methods in temporal 
lobe surgery. 

 The use of interictal 2 - [ 18 F]fl uoro - 2 - deoxyglucose PET 
( 18 FDG - PET) for detecting temporal lobe seizure foci 
(which appear interictally as hypometabolic areas) has 
been well studied. The test has a sensitivity of 84% and a 
specifi city of 86%, and it is interesting to note that the 
area of interictal hypoperfusion tends to be concordant 
with, but smaller than, the areas of hypermetabolism. 
Interictal  18 FDG - PET and ictal SPECT are both sensitive 
techniques for the detection of the epileptic focus, but 
ictal SPECT is probably more sensitive and specifi c than 
interictal  18 FDG - PET, easier to interpret and less expen-
sive. For this reason, in most centres, PET is not routinely 
used, in TLE at least, although it can contribute to the 

  Table 10.6    Outcome of temporal lobectomy for 
hippocampal sclerosis. 

  Seizure 
outcome 
(%)  

  Seizure freedom    50 – 70  
  Improvement    10 – 30  
  No change    10 – 20  

  Mortality 
rate (%)  

  Operative mortality    0.5  
  Late mortality    4  

  Morbidity 
rate (%)  

  Serious operative morbidity     < 5  
  Long - term physical morbidity 
(excluding hemianopia)   a    

   < 5  

  Long - term psychiatric morbidity  a      Not known  

    a See text.   
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tions. The most common neurological defi cit is a superior 
quadrantanopia, due to damage to the optic radiation, 
which loops through the posterior temporal lobe. 
Published rates for any fi eld defect have varied between 2 
and 50%, but in recent years, with modifi ed operations, a 
functionally signifi cant fi eld defect has been found in less 
than 5% of cases. This is an important complication from 
the driving point of view, and in the UK a visual fi eld cut 
that exceeds 15 °  will prevent licensing. 

 The risk of hemiplegia after temporal lobe surgery is 
about 1 – 2%, and is usually due to damage to the anterior 
choroidal artery and the pial vessels that lie on the surface 
of the midbrain, mesial to the hippocampus. Selective 
hippocampectomy is a technically more diffi cult opera-
tion, and the risk of hemiplegia is slightly greater (up 
to 4%). 

 A transient mild dysphasia is not uncommon with 
dominant temporal lobe resections, and especially after 
invasive EEG, but a permanent dysphasia should occur 
in less than 1% of operated cases. Other risks of surgery 
include third nerve palsy, meningitis, bone or scalp 
infection, vascular spasm, subdural haematoma or 
empyema, cerebellar haemorrhage, acute hydrocephalus 
and pneumocephalus. 

 The overall risk of serious permanent neurological 
complications of temporal lobectomy (excluding qua-
drantanopia) in an experienced centre is of the order of 
2 – 3%, and the mortality rate of surgery for temporal 
lobectomy for hippocampal sclerosis is less than 0.5%. 
These risks must be carefully explained to the patient 
before surgery, if possible in writing. 

 It should not be forgotten, however, that uncontrolled 
epilepsy itself carries greater potential risks, e.g. the annual 
mortality rate in people with severe intractable epilepsy 
is up to 1 per 100 and is particularly high in patients expe-
riencing convulsive attacks. The mortality rate of the 
operation depends on aetiology, and resective surgery on 
large arteriovenous malformations (AVMs), for example, 
carries a signifi cant mortality and morbidity.  

  Outcome in  r elation to  m emory 
 A temporal lobectomy involves the resection of much of 
the temporal lobe tissue thought to be involved in 
memory and learning  –  although it may not be an 
exaggeration to say that the mechanism and exact neural 
substrate of memory are almost totally unknown. 
It is not surprising therefore that postoperative memory 
defi cits, detectable on neuropsychological testing, are 
common. What is perhaps more remarkable is that these 
are generally remarkably mild, and a marked deteriora-
tion in memory should be a rare complication if patients 

 A further 10 – 30% of patients, even if not completely 
free from seizures, achieve at least a 75% reduction in 
seizures in the year after surgery. The longer - term 
outcome of these patients has not been reported. Only 
10 – 20% of patients do not experience any improvement 
after surgery, although in one series 18% of patients who 
had been operated on had at least monthly seizures at a 
point 5 years after the surgery. 

 Generalized tonic – clonic seizures occurring in the fi rst 
few weeks after surgery are generally considered to be of 
little prognostic signifi cance to the long - term outcome, 
and may refl ect the acute trauma of surgery. Similarly 
partial seizures may continue for a few months and then 
fade away (so - called run - down seizures). About 1% of 
patients develop recurrent convulsive seizures several 
years after surgery. These seizures are probably due to the 
surgical procedure and are usually readily controlled 
medically, but it is important that patients are warned 
about this before surgery. 

 The factors predicting outcome have been studied in 
only an imprecise manner. Diffi culties in studying this 
include the need for prolonged follow - up to determine 
outcome accurately, the variation in the battery of inves-
tigations and the criteria used to determine which patients 
are operated on. Moreover, many different outcome clas-
sifi cation systems are used, some standardized, some idio-
syncratic. The following are the only fi ndings that were 
consistently made: 
   •      In hippocampal sclerosis, the outcome of temporal 
lobectomy is best if there is a history of febrile seizures 
and the absence of a history of secondarily generalized 
seizures.  
   •      In TLE, outcome is worse if the investigations are  ‘ dis-
cordant ’  or if the MRI is normal.  
   •      Aetiology is important and the outcome for surgery on 
hippocampal sclerosis is better than that on neuromigra-
tional defects, central nervous system (CNS) infections 
or vascular lesions.  
   •      Complete hippocampal resection has a better outcome 
than partial resection.    

 None of the other factors, including various clinical, 
EEG and investigatory features, have been shown to reli-
ably predict outcome. Extensive atrophy on MRI in 
extrahippocampal regions (e.g. in the parahippocampal 
gyrus or temporal lobe) may, however, lead to a worse 
outcome after temporal lobectomy but this aspect needs 
further study.  

  Immediate  n eurological  c omplications 
and  m orbidity 
 Temporal lobectomy has a number of potential complica-
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sized hippocampus is to be removed as an adjunct to lesio-
nectomy, some loss in memory function is inevitable. 

 Lesional mesial temporal lobe surgery overall carries 
more risk to memory than surgery for hippocampal 
sclerosis. If the temporal lobe pathologies have been 
present since childhood, the risk of surgery to memory 
is also less, presumably as a result of brain plasticity 
and the reassignment of cerebral function away from 
the epileptic focus during the child ’ s development. 
Resections of cortical dysplasia seem to have a worse 
memory outcome than resections of hippocampal 
sclerosis. Other factors infl uencing memory are shown 
in Table  10.7 .    

  Psychiatric  o utcome 
 Postoperative psychiatric disturbance is perhaps the 
biggest risk after temporal lobe surgery. Epilepsy surgery 
is not usually considered to be a form of psychosurgery 
and thus does not require the complex oversight 
and careful ethical regulatory framework that govern 
surgery for psychological disorders. Nevertheless, in the 
author ’ s opinion, careful and extensive counselling is 
vital about the potential psychiatric aspects, yet is often 
not provided.  

are prudently selected. Indeed, memory and intellectual 
function can actually improve after surgery owing pre-
sumably to better seizure control and the need for fewer 
antiepileptic drugs. A profound amnesia occurs in less 
than 1% of cases in modern practice. The memory 
defects after temporal lobectomy involve verbal memory 
and learning in dominant lobe (usually left - sided) 
surgery, and non - verbal memory and learning defi cits in 
non - dominant lobe surgery. The former type of memory 
defi ciency is much more noticeable in daily life than the 
latter, and can be the cause of more disability. The selec-
tive amygdalo - hippocampectomy was introduced to 
minimize memory disturbance, but in practice the rates 
of memory defi cit seem to be broadly similar to those in 
more extensive surgery. 

 The underlying pathology, particularly the preopera-
tive status of the hippocampus targeted for removal, is an 
important predictive factor. Hippocampal MRI volume-
try is a vital test in this regard. In cases where there 
is unilateral hippocampal sclerosis with signifi cant MRI 
volume loss, postsurgical memory defi cit is usually 
minimal, perhaps because the target hippocampus is 
already so damaged that it performs little useful function 
in relation to memory. At the other extreme, if a normal 

  Table 10.7    Factors infl uencing memory outcome after temporal lobe surgery for epilepsy. 

  Age    Poorer outcome after age of 50 years  

  Preoperative IQ    Patients with a higher IQ do less well  

  Preoperative memory defi cits    The better the preoperative memory, the more likely a negative effect on 
functional memory  

  Dominant vs non - dominant 
resections  

  Dominant resections have a generally greater negative effect on functional memory than 
non - dominant resections  

  Unilateral hippocampal atrophy    The more atrophic the resected hippocampus, the less the effect resection has on memory  

  Bilateral hippocampal damage    Unilateral resections in the presence of bilateral hippocampal damage carry a signifi cant 
risk of severe amnesia  

  Cortical dysplasia    Resections for cortical dysplasia have a poorer memory outcome than resections for 
hippocampal sclerosis  

  Extent of surgical resection    Large dominant resections may cause more defi cits in memory than smaller dominant 
resections, but the evidence is confl icting  

  Seizure outcome after surgery    There is a better outcome in terms of memory function for those who are seizure 
free after surgery  

  Affect, attention, psychiatric 
status  

  These can greatly impact on memory function, and are often more important functionally 
than even moderate changes in psychometric test results  
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temporal lobectomy patients in the fi rst year after 
temporal lobe surgery. In another study, emotional 
disturbances of varying types occurred in 38.9% of 90 
patients after temporal lobectomy. In a further study 
of 44 patients, temporal lobe surgery exacerbated 
the  ‘ interictal dysphoric syndrome ’  in 39%. This is a fre-
quently observable trait in patients with TLE comprising 
a constellation of symptoms including depression, 
anergia, irritability, pain, insomnia, euphoric mode, fear 
and anxiety. 

 A range of other psychiatric complications has been 
reported after epilepsy surgery, but almost all at an anec-
dotal level, and the extent of this problem is not well 
studied. In one retrospective chart review of 325 anterior 
temporal lobectomies and 125 extratemporal cases, 7 
patients were found to have developed undifferentiated 
somatoform disorder after anterior temporal lobectomy, 
1 patient pain and body dysmorphia, 1 patient another 
pain disorder and 1 patient body dysmorphia alone, but 
none was found after extratemporal surgeries. Nine of 
these ten cases followed a right anterior temporal 
lobectomy. 

  Reduced  c erebral  r eserve 
 Another worrying prospect is that temporal lobe resec-
tion will reduce  ‘ cerebral reserve ’  and thus render the 
patient susceptible to the development of psychological 
or cognitive decline in the longer term. Certainly, at an 
anecdotal level, a number of patients, years after a tem-
poral lobectomy, undergo signifi cant decline and develop 
a rather typical syndrome of increasing vagueness, cir-
cumstantiality, loss of social skills and loss of cognitive 
sharpness. There are no long - term studies in this area and 
this is a defi ciency that needs to be addressed.   

  Psychosocial  o utcome 
 After successful surgery, a major readjustment is needed 
to a life without epilepsy. This can be diffi cult and painful, 
as is the realization that the problems of life are not 
automatically resolved. There is often a sense of anticli-
max, at least in the fi rst 12 months after surgery. 
Furthermore, if the operation fails, disappointment and 
depression are almost inevitable. Seizure freedom will 
not immediately reverse years of social isolation, a lack 
of self - confi dence or a strong sense of identity, or missed 
educational or career opportunities. Becoming seizure 
free can alter interpersonal relationships, which might 
have been based on dependence or a  ‘ sick role ’ . 
Appropriate preoperative counselling can help to prepare 

  Psychosis and  d epressive  i llness 
 Unfortunately, there is still uncertainty about the extent 
of this problem. In early series, the incidence of schizo-
phreniform illness after temporal lobectomy was about 
15%, but in recent studies the incidence of new psychosis 
after temporal lobe surgery is much lower  –   < 5%. This is 
because a preoperative chronic psychosis is now usually 
considered a contraindication to temporal lobe surgery, 
whereas in the past surgery was carried out more often 
in psychotic patients (sometimes in the hope that the 
psychosis would improve). A depressive illness after 
surgery is more common, occurring in about 35% of 
patients in the fi rst year after surgery. The rate may be 
higher after non - dominant resections. The rates of psy-
chiatric disease are signifi cantly higher in those who are 
not seizure free after surgery, and these patients  –  with 
postoperative seizures and psychotic illness  –  pose a grave 
problem for postoperative rehabilitation. 

   Other  o rganic  m ental  d isorders 
 These are very poorly studied, and may well be quite 
common after temporal lobe surgery. Large resections of 
brain tissue will inevitably have psychological conse-
quences, but the studies in TLE have been confi ned 
largely to memory, depression and psychoses. It is 
remarkable how little systematic study there has been of 
other effects, despite the fact that the limbic system sub-
serves many aspects of emotional life. A range of poten-
tial organic mental disorders and psychological syndromes 
has been almost completely ignored and where there is 
information it is often anecdotal at best. 

 It is not uncommon to fi nd changes in sexual function 
after temporal lobe surgery. At an anecdotal level, the 
most common change is diminution of libido and 
sometimes also male erectile dysfunction. More com-
monly described in the literature, but less common in 
practice, is the occurrence of sudden hypersexuality after 
temporal lobe surgery, which can on occasions result in 
serious social disturbance. An extreme example is the 
Kl ü ver – Bucy syndrome, which is a consequence of 
temporal lobectomy where there is bilateral temporal 
lobe disease, and comprises hypersexuality, visual agnosia, 
strong orally directed tendencies, overeating and 
hypermetamorphosis. 

 Temporal lobectomy can also have a marked effect on 
emotional responses. It is not uncommon to hear a 
patient describe some degree of fl attening of affect 
and lack of emotional colouring  –  and occasionally 
these effects can be severe. In one study,  ‘ emotional – 
motivational blunting ’  was found in almost half of 53 
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people, and in some cases a structured postoperative 
rehabilitation programme can be helpful. 

 However, when freedom from seizures is obtained, and 
where patients have been carefully selected, the 
temporal lobectomy can have an extraordinarily positive 
effect, allowing the patient, often for the fi rst time, to 
engage in all aspects of life with confi dence and unen-
cumbered by the constant fear of seizures. This can be 
profoundly benefi cial.   

  Different  s urgical  a pproaches to  t emporal 
 l obe  s urgery 
 As a result of the rate of complications, surgical tech-
niques have been modifi ed to try to avoid some of the 
adverse effects. 

 The standard temporal lobectomy extends for 4 – 5   cm 
behind the temporal pole in the dominant temporal lobe 
(Figure  10.9 ) and up to 6   cm in the non - dominant 
temporal lobe, sparing the posterior part of the superior 
temporal gyrus. Most of the hippocampus, the amygdala 

     Figure 10.10     Postoperative MRI after stereotactic 
amygdalohippocampectomy via a lateral temporal neocortical 
approach. The coronal postoperative MR image demonstrates 
the focal mesial resection that is possible with this technique, 
while sacrifi cing the minimum of temporal lobe neocortex, 
and shows complete resection of the mesial temporal 
structures.  

and some surrounding mesial structures are removed. 
Modifi ed temporal lobectomies have also been devised, 
and in the most common type only 3   cm of the temporal 
tip is removed, providing good access to the amygdala 
and hippocampal formation, which are then resected in 
their entirety. This is now the most common operation 
performed.   

 The selective amygdalo - hippocampectomy can be 
carried out stereotactically (Figure  10.10 ) through the 
middle temporal gyrus or occipital cortex, or by an 
approach along the sylvian fi ssure. This preserves much 
of the lateral cortex. However, there is little convincing 
evidence that the selective amygdalo - hippocampectomy 
actually has a better outcome with regard to memory 
function or cognition and, as the surgery is technically 
more diffi cult to perform, the rates of vascular distur-

     Figure 10.9     Diagram showing the operative extent of a 
standard temporal lobectomy. Transverse plane showing the 
habitual extent of temporal resections (cortical and limbic) in 
the dominant hemisphere. AG, amygdala; CX, neocortex; HP, 
hippocampus; PH, parahippocampus; grey line, extent of 
resection.  
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  Table 10.8    Follow - up protocol for patients without 
complications after successful temporal lobe epilepsy 
surgery. 

  Neurosurgical follow - up    6 weeks, 1 year, and then annually  
  Neurological follow - up    3, 6, 9, 12 months, then annually  
  Psychiatry    1, 6, 12 months, and then annually  
  Psychology    3, 12 months  
  Field testing    6 months  
  MRI    3 months  
  Counselling    3, 12 months  

   This is based on the protocol used by the author.   

TLE for a number of reasons. It is more diffi cult to defi ne 
the boundary of the resection. In mesial TLE, a standard 
resection is carried out (usually of the hippocampus, 
parahippocampal gyrus, uncus and basolateral amyg-
dala). In neocortical epilepsy, there is no such standard 
procedure. Each case has to be tailored to the individual 
epilepsy. MRI has made lesion detection relatively easy, 
but often the resections have to include more than just 
the lesion to terminate the seizures. Aetiology is, however, 
of paramount important and the outcome of surgery will 
depend more on the aetiology of the lesion than is the 
case in the surgery of mesial TLE. The lesions most 
commonly treated by epilepsy surgery are small, slow -
 growing or benign tumours, small AVMs and caverno-
mas. Large AVMs also cause epilepsy, but surgical therapy 
carries signifi cant risks and should generally be avoided. 

  Aetiologies 
  Tumours 
 Epilepsy occurs in approximately 50% of patients with 
intracerebral neoplasms (see    pp. 59 – 60 ); with a higher 
frequency in the more benign tumours  –  in the Montreal 
series, seizures occurred in 70% of patients with astro-
cytomas, in 92% of patients with oligodendrogliomas 
and in 37% of patients with glioblastomas. The surgical 
management of malignant, rapidly growing tumours 
depends on oncological factors rather than epilepsy. For 
small benign tumours, however, surgery is sometimes 
indicated with the primary aim of controlling epilepsy. 

 The primary aim of the treatment should be the 
complete removal of the lesion, but this is often not 
possible without causing neurological defi cit, and much 
depends on the cerebral location of the lesion. If com-
plete removal of the lesion cannot be achieved without 
added risk and morbidity, incomplete lesion removal 
may, albeit less often, provide satisfactory results. Many 
of the tumours associated with medically intractable 
epilepsy are indolent, with no tendency to progress, and 
in these cases adjuvant tumour therapy does not appear 
to be necessary. 

 The seizure outcome after surgery for tumours will 
depend on a number of different factors. The fi rst is the 
pathological nature of the tumour. In the Montreal series 
of 108 patients with astrocytomas and other low - grade 
primary intracranial neoplasms, 70% became seizure free 
or had a marked reduction in seizures. Seizure control 
after surgery for malignant astrocytomas was much 
less good. The seizure outcome after resective surgery 
for gangliogliomas and DNETs was either complete 
or almost complete in 90% of patients. The extent of 

bance and hemiplegia are higher than in temporal lobec-
tomy. The selective operations do have a lower risk of 
dysphasia or visual fi eld defect. Furthermore, the rates 
of long - term seizure freedom, although not adequately 
studied, appear at an anecdotal level to be slightly 
less good than after standard or modifi ed temporal 
lobectomy.   

 A recent development has been the use of radiosurgery 
with the gamma knife to ablate mesial temporal lobe 
structures, which is performed on an outpatient basis. 
Preliminary experience is promising, but anxieties remain 
about the risk of deterioration as a result of late progres-
sive radiation - induced necrosis. Confl icting results are 
reported. In a European study of 21 patients given a dose 
of 24   Gy, 65% were seizure free at 2 years, and no serious 
long - term neurological defi cits, apart from visual fi eld 
defi cits, were recorded. A report from the Cleveland 
Clinic of fi ve patients treated with 20   Gy showed, however, 
that none achieved seizure freedom and all required sub-
sequent surgery. Gamma knife surgery must at present 
be considered an experimental procedure, but shows 
promise and is likely to be increasingly used. The use of 
the  ‘ proton pencil beam ’  is another technique currently 
in development. 

 Follow - up is essential of all patients after epilepsy 
surgery, and a protocol for follow - up is shown in 
Table  10.8 .     

  Surgery in  e pilepsy  a rising in 
 e xtratemporal  r egions and the 
 t emporal  n eocortex 

 The presurgical assessment of extratemporal epilepsies 
poses somewhat different problems to those of mesial 
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   •      When resection is performed, it should be as complete 
as possible without causing neurological defi cit.  
   •      Radiotherapy is usually reserved for those with evi-
dence of malignant transformation, or occasionally in 
patients whose epilepsy is wholly intractable and in 
whom resection is not possible.  
   •      The epilepsy is treated initially medically, along con-
ventional lines. If the seizures persist or are severe enough 
to warrant surgical intervention, epilepsy surgery is con-
sidered (see below).    

 In patients with MRI fi ndings suggestive of high - grade 
gliomas, and in all patients with increasing neurological 
signs and/or signs of increased intracranial pressure, 
urgent surgical referral with a view to tumour resection is 
advised. The resection should be as extensive as possible, 
and the surgery is usually followed by immediate radio-
therapy. Adjunctive chemotherapy is sometimes advised 
in glioblastomas, and currently oral temozolomide is the 
most commonly used agent. More experimental 
approaches using biodegradable polymers containing 
carmustine (BCNU) inserted into the resection cavity are 
also under investigation. 

 In patients with gliomas, a multidisciplinary approach 
to treatment should be taken, with neurological, onco-
logical and neurosurgical input. The patient should be 
fully involved in what are often diffi cult decisions, and 
fully informed of the potential risks and benefi ts of the 
various treatment options.  

  Benign  t umours: the  r ole of  e pilepsy  s urgery 
 The benefi cial effect of epilepsy surgery in patients with 
medically refractory partial seizures associated with small 
benign tumours is well established. In well - selected cases, 
about 50 – 80% can expect to be seizure free after surgery, 
and seizures are reduced in most other cases. The outcome 
of the surgical treatment of tumoral epilepsy is infl uenced 
largely by the underlying pathology (often possible to 
determine only after surgery) and how complete the resec-
tion of the lesion is. Seizure - free rates of 70% or so are 
reported in patients with low - grade astrocytomas (com-
pletely resected) but rates are lower in more malignant 
tumours. Total excision of gangliogliomas and DNETs 
relieves seizures in 80% of cases. Seizure - free rates are 
generally less if the resection is incomplete, although this 
does not apply in the case of DNETs, in which epilepto-
genesis is often intrinsic to the tumour. 

 The necessity to investigate the extent of surrounding 
epileptogenicity in the resective surgery of tumours by 
EEG, where complete lesional resection is possible, has 
not been clearly established, but most patients undergo 

resection is another important factor and, if the lesion is 
complex and infl uenced by the pathology and the extent 
of the removal of a complete lesion, resection is associ-
ated with a much higher chance of a seizure - free outcome 
than incomplete removal of the lesion  –  the exception 
is for DNETs where incomplete resection is often very 
successful (presumably refl ecting the fact that seizures are 
generated within the lesion, not around its perimeter). 
Surgical ECoG is sometimes carried out after lesion 
resection, and has some role in predicting outcome  –  
patients with no post - resection spikes had a better prog-
nosis than patients with residual spikes 

  Gliomas in  p atients  p resenting with  e pilepsy: the 
 r ole of  s urgery and  r adiotherapy 
 Not uncommonly, gliomas are identifi ed on CT or MRI 
in patients who have presented with new - onset seizures 
with no other neurological signs. The management of 
these cases crucially depends on the histological grade 
of the glioma. In patients aged  < 50 years, MRI is now 
suffi ciently reliable to predict this with a  > 90% degree 
of accuracy (CT is less reliable), but the rate of diagnostic 
error on MRI and CT is greater in older patients. 
On MRI, low - grade gliomas (grades I and II) are gener-
ally non - enhancing whereas high - grade gliomas (grades 
III and IV) usually enhance markedly and have an irregu-
lar outline, necrotic centre and vasogenic oedema. 
However, low - grade gliomas have a strong tendency to 
 ‘ transform ’  to become more malignant over time, some-
times after many years of quiescence. This transforma-
tion is unpredictable, and because of this the surgical 
management of low - grade tumours can be diffi cult and 
contentious. 

 The author ’ s usual practice with regard to the manage-
ment of an MRI - defi ned low - grade glioma presenting 
with epilepsy is as follows: 
   •      In patients aged  > 50 years: biopsy is usually carried out 
(in view of the greater risk of diagnostic error).  
   •      In patients aged  < 50 years in whom MRI suggests a 
low - grade glioma: biopsy with a view to resection is 
advised only if the tumour is small and in a location 
where resection is feasible. In other cases, biopsy and/or 
resection is usually deferred and the lesion is assessed by 
serial scanning  –  initially at 3 months and then at 6 -  and 
12 - monthly intervals. Serial scanning is continued as 
long as the MRI appearances to not change.  
   •      In patients in whom new clinical signs develop, or in 
whom serial MRI shows changing size or new enhance-
ment even in the absence of new signs, biopsy is advised, 
with a view to resection.  
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ancillary epilepsy - related investigations (see below). 
Exactly what these add to surgical outcome is, however, 
unclear, and in most cases extensive EEG or functional 
testing is not required. The main exception to this rule is 
the not uncommon situation in which extrahippocampal 
lesions are associated with hippocampal sclerosis, which 
occurs especially when the tumour is situated in the tem-
poral lobe. Resection of the lesion alone in these cases has 
a lower chance of seizure control, and hippocampectomy 
is often carried out together with the lesionectomy. 
Hippocampal resection should generally not be per-
formed if the hippocampus shows no radiological signs of 
atrophy, especially in the dominant temporal lobe, because 
resection of healthy hippocampal tissue is associated with 
a signifi cant loss of memory skills. The other complica-
tions and outcome are similar to those in hippocampal 
sclerosis.   

  Hypothalamic  h amartoma 
 The surgery of hypothalamic hamartoma also requires 
special mention. These lesions are a cause of severe epi-
lepsy and characteristically of gelastic epilepsy (see    pp. 
59 – 60 ). The lesions are sometimes divided into two 
categories  –  parahypothalamic and intrahypothalamic  –  
with precocious puberty and endocrine disturbance 
more prominent in the former and epilepsy in the latter. 
The lesions are intrinsically epileptogenic and it is for 
this reason that resective surgery may be particularly 
benefi cial. 

 The detection of hypothalamic harmatomas requires 
carefully performed MRI. Large lesions are easily seen, but 
small lesions are often overlooked, particularly when con-
fi ned to the tuber cinereum. High - quality T1 - weighted 
images produce the best visualization, although the 
lesions are often isodense on T1 -  and T2 - weighted images. 
The EEG is usually non - localizing, and has limited value. 

 Resective surgery or radiosurgery can be very effective. 
Overall, complete seizure remission can be expected in 
about 50% of cases (2 - year follow - up) with improvement 
in another 35%. Early surgery also may prevent learning 
disability, behavioural disturbance and precocious 
puberty, as well as evolution into intractable epilepsy. 
Better results are obtained in smaller lesions. Surgical 
complications include severe endocrine disturbances and 
amnestic syndromes. 

 Various approaches have been attempted, including 
thermocoagulation, stereotactic (gamma knife) radiosur-
gery, and open or stereotactic resection via transcallosal 
and other approaches. The choice of procedure depends 
to some extent on the size and location of the lesion. 

Surgical resection may be best for larger or pedunculated 
lesions. For lesions confi ned to the hypothalamus, stereo-
tactic radiosurgery is probably the treatment of choice. 
Lesions expanding into the third ventricle, but limited to 
one side of the hypothalamus, can be resected via an 
endoscopic approach. The choice of approach ultimately 
depends on the experience of the surgeon.  

  Arteriovenous  m alformations 
 Epilepsy is the presenting symptom in 20 – 40% of cases 
of cerebral AVMs, and is present in over 60%. The effect 
on epilepsy of surgical resection of the AVM depends 
largely on its size and location. 

 The complete resection of a small AVM, particularly if 
sited in the temporal lobe, will frequently control seizures 
completely. However, the resection of large AVMs, which 
anyway is often incomplete, has little chance of control-
ling epilepsy and should not usually be performed for this 
purpose  –  indeed surgery for large AVMs carries signifi -
cant risk and should generally be avoided where possible. 
Stereotactic radiosurgery is an accepted alternative 
therapy for small lesions in which the nidus measures 
 < 2.5 – 3   cm in diameter, particularly if located deep in the 
brain. This technique induces endothelial proliferation 
and ultimately causes obliteration of the lumen over a 
period of 1 – 2 years. Stereotactic radiosurgery is non -
 invasive and can be administered on an outpatient basis. 
The pathological changes induced by radiation, and thus 
also the clinical benefi ts, take months to develop. Studies 
have shown that stereotactic radiosurgery will obliterate 
all lesions with a diameter  < 2   cm within 3 years after 
treatment but only 50% of lesions with a diameter 
 > 2.5   cm. In open studies epilepsy has been shown to 
improve in over two - thirds of cases after radiosurgery, 
and seizures are improved even before complete occlu-
sion of the nidus. In one series of 160 AVMs, 48 patients 
had epilepsy. At 2 - year follow - up, 38% of these cases 
were seizure free, 22% had improved seizure control and 
6% were worse. 

 Endovascular embolization is also available for the 
treatment of cerebral AVMs and increasingly is the pre-
ferred primary therapy for most AVMs. It can be used 
also as a prelude to surgery. However, it often does not 
achieve permanent obliteration of the malformation as a 
result of the high rate of recanalization. It can also induce 
acute haemodynamic changes in the treated region, and 
multiple procedures may be required to complete the 
treatment. The complication rate for this procedure has 
been estimated to be about a 1.5% risk of severe defi cit, 
a 1 – 2% risk of death, a 10% risk of haemorrhage (includ-
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overall results are not as good as this. One recent series 
revealed a seizure freedom rate of only 42%, which 
is more in accord with the author ’ s personal experience. 
What is clear is that lesionectomy should be carried 
out where possible with corticectomy, especially of 

     Figure 10.11     (a) MRI of a left temporal cavernous angioma 
causing complex partial seizures in a 27 - year - old man. The 
scan shows the typical appearances of a hypointense 
haemosiderin halo with a mixed - signal core on a T2 - weighted 
image. (b) Same cavernoma on a T1 - weighted coronal view.  

ing 3% fi rst - time haemorrhage) and a 3% risk of new -
 onset seizures. 

 The seizure outcome after surgery for AVMs has 
differed in different series, but generally speaking seizures 
will remit or improve after successful AVM surgery in 
about 50%, and surgical treatment in some series, but not 
others, was no better in terms of seizure control than 
medical treatment. Seizure control after surgery is prob-
ably better in those with a short seizure history, those 
with generalized tonic – clonic rather than partial seizures, 
those with deep - seated locations and those in whom 
complete resection was possible. Radiotherapy may in 
itself improve epilepsy. There is also anecdotal evidence 
of markedly improved seizure control after gamma knife 
surgery for small AVMs, for example. Embolization as a 
treatment modality, excellent for the prevention of 
haemorrhage, is generally considered to have no effect on 
the frequency or severity of epilepsy due to AVMs.  

  Cavernous  h aemangiomas ( c avernomas) 
 Cavernomas (see    p. 65 ) are vascular malformations con-
sisting of closely clustered enlarged capillary channels 
( ‘ caverns ’ ) with a single layer of endothelium without 
normal intervening brain parenchyma or mature vessel 
wall elements, ranging in size from a few millimetres to 
several centimetres. The characteristic lesion on MRI is 
of mixed signal intensity with a central reticulated core, 
surrounded by a dark ring. The latter is presumed to be 
haemosiderin deposition from a prior haemorrhage 
(Figure  10.11 ).   

 There is a risk of haemorrhage from these lesions of 
between 0.5 and 2% per year. Thus, although the per -
 annum risk of haemorrhage is lower than that of AVMs, 
the cumulative lifetime risk for younger patients is not 
insubstantial. It is generally acknowledged that such a 
risk is higher for patients with documented previous 
haemorrhage. Haemorrhage is, however, under low pres-
sure and often not as catastrophic as an arterial 
haemorrhage. 

 The effect of complete resection of a cavernoma on 
seizure control has been investigated by a number of 
authors. In a meta - analysis of retrospective surgical 
results of 268 supratentorial cavernous haemangiomas, it 
was found that 84% of patients were seizure free and 8% 
were improved, with no change in only 6% and 2% 
becoming worse. Of the 82% who were seizure free after 
surgery, 50% were not taking antiepileptic drugs. Such 
retrospective surgical series can be misleading, due to 
selection bias, and more recent experience suggests that 
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surrounding cortex stained with haemosiderin. The 
outcome of surgery is best in those with a short seizure 
history. 

 Focused radiosurgery (e.g. with the gamma knife) can 
also be used to treat cavernomas. However, if the lesion 
is surgically accessible and the risk of surgical morbidity 
low, surgery is the preferred option, because it offers a 
better chance of controlling seizures and less risk of re -
 bleeding, which has been shown to be as high as 33% in 
one study after radiosurgery. After radiosurgery, in one 
multicentre study, 53% of patients became seizure free, 
4% experienced only auras, 20% had a signifi cant 
decrease in seizure frequency and 26% were unchanged. 
Location was an important variable, with those in the 
mesial temporal region having a poorer outcome. 

 Cavernomas are sometimes multiple, and surgical 
resection of individual lesions in such cases is advisable 
only if epilepsy can be clearly localized or the risk of 
haemorrhage is thought to be particularly high. Surgical 
resection for epilepsy in familial cavernoma is possible 
where there is a single accessible lesion, but generally the 
lesions are multiple and develop over time, and surgery 
to individual lesions is of limited value.  

  Cerebral  i nfections 
  Encephalitis or  m eningitis 
 In general, surgical therapy for chronic postmeningitic or 
postencephalitic epilepsy carries a poor outcome for 
seizure control. Even if an apparently single lesion is 
uncovered on imaging (e.g. apparently unilateral hip-
pocampal atrophy after herpes simplex encephalitis) 
there is usually more subtle widespread diffuse damage 
in other areas of the brain, and localized resection will 
fail to control seizures. This may be because the boundar-
ies of the destructive process in postinfective lesions are 
seldom sharply defi ned, and it is these boundary areas 
that contribute most to epileptogenesis.  

  Acute  b rain  a bscess 
 The same applies to epilepsy after acute brain abscess 
(Figure  10.12 ). Although surgery is usually carried out 
in the acute phase, the optimal surgical management of 
a brain abscess depends on the type of infecting organ-
ism and the immunological state of the patient. Various 
procedures are utilized, including continuous tube 
drainage, stereotactic or open aspiration, marsupializa-
tion of the abscess and craniotomy with complete exci-
sion. Unfortunately, epilepsy follows a brain abscess, 
whether or not surgically treated, in between 40 and 
80% of cases, and is often severe and intractable. Surgical 

     Figure 10.12     Aspergillus abscesses in a 38 - year - old 
immunocompromised man.  

resection of the cavity in an attempt to control the 
seizures can be attempted, but the results are generally 
disappointing. Corpus callosotomy (see below) is some-
times used in severe intractable seizures after a frontal 
brain abscess.    

  Neurocysticercosis 
 Neurocysticercosis (see    pp. 62 – 63 ) with a solitary or 
small number of cerebral lesions is a self - limiting infesta-
tion with a pattern of spontaneous resolution (Figure 
 10.13 ). Resection of persisting calcifi ed lesions to control 
seizures is hardly ever required.   

 The main debate about surgical intervention for 
neurocysticercosis has revolved around the need for 
biopsy for diagnostic purposes, especially in patients in 
endemic areas presenting with seizures and a solitary 
enhancing CT lesion. Assuming that there are no other 
clinical features, over 90% of these lesions turn out to be 
due to neurocysticercosis, and biopsy is now largely 
abandoned. The epilepsy is usually treated medically with 
antiepileptic drugs, and imaging is repeated at 12 – 16 
weeks. If there is no resolution, or if the lesion has 
increased in size, diagnosis should be reconsidered 
and anticysticercal therapy instituted. Stereotactic or 
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of epilepsia partialis continua (EPC), and progressive 
neurological defi cit including hemiplegia, aphasia and 
hemianopia. Wide lobar excision or hemispherectomy 
will be curative if the lesion is completely excised without 
causing unacceptable neurological defi cit.  

  Trauma 
 As is the case in postinfectious epilepsy, the physiological 
changes causing refractory seizures after closed head 
trauma are often widespread and ill - defi ned. The MRI 
lesions do not necessarily correlate well with the extent 
of the histological changes, and limited surgical resection 
is often ineffective. In open trauma (including depressed 
fracture with dural breach), emergency d é bridement of 
the lesion will often prevent or reduce the intensity of 
subsequent epilepsy and should be carried out wherever 
possible. The wide d é bridement of established chronic 
lesions, including the resection of haemosiderin - lined 
cavities, will also sometimes improve chronic refractory 
epilepsy, although in general the results of surgery are 
disappointing, even where the damage appears to be rela-
tively circumscribed. In penetrating head injury, surgery 
to remove bone fragments is also important to prevent 
abscess formation, which can cause severe epilepsy. 
Abscess development can be very delayed after penetrat-
ing head injury, and cases presenting 10 – 15 years after 
the injury have been reported.   

  Presurgical  a ssessment 
 Small indolent lesions, such as cavernomas, indolent 
gliomas and DNETs, are readily recognized on neuroim-
aging and increasingly such patients are undergoing 
limited lesional resections (lesionectomy) with the 
primary aim to control seizures. Presurgical assessment 
is usually triggered by scanning with MRI or CT, which 
demonstrates the visible lesion. 

 The discovery of an intracerebral lesion in a patient 
with epilepsy does not inevitably mean that the lesion is 
causing the epilepsy, and the main purposes of the pre-
surgical evaluation for epilepsy surgery are to confi rm 
that the lesion is responsible for the epilepsy, to defi ne 
the extent of the epileptogenic areas and to determine the 
risk of neurological defi cit should resective surgery be 
undertaken. 

 The extent of resection is a key factor in lesional epi-
lepsy. For most lesions, incomplete resection has a low 
chance of controlling seizures, whatever EEG or other 
investigations show. This should not be contemplated 
except as a last resort if the purpose of surgery is to 
control seizures, although it is often carried out for onco-

image - guided excision should be reserved for lesions that 
enlarge or persist. 

 Surgical excision is also indicated where cysts exert a 
local mass effect or cause raised intracranial pressure, for 
subarachnoid cysts refractory to albendazole, cysts in the 
parasellar region and large racemose cysts. These forms 
do not present with epilepsy.   

  Tuberculosis 
 Tuberculoma (see    pp. 63 – 64 ) is one of the most common 
lesions causing focal epilepsy in some parts of the devel-
oping world, and in immunocompromised patients 
(e.g. with HIV infection). Medical treatment with antitu-
berculous drugs is the therapy of choice. A stereotactic 
biopsy is sometimes necessary to establish the diagnosis 
(usually to differentiate tuberculoma from neurocysti-
cercosis). Occasionally excision of the residual cerebral 
lesion is necessary to control chronic intractable 
seizures.  

  Rasmussen  c hronic  e ncephalitis 
 This is a syndrome of uncertain pathogenesis, but which 
has the histological appearances of a chronic encephalitis. 
It presents as intractable focal epilepsy, often with periods 

     Figure 10.13     A calcifi ed degenerated cysticercal cyst in a 
36 - year - old right - handed man with seizures since age 15 years, 
including sensations of heat or cold and forced head turning 
to the left, with no loss of consciousness or postictal 
confusion. Axial proton - density MRI shows the small lesion 
with low signal intensity in the right frontal lobe (arrowed).  
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logical reasons or to lower the risk of haemorrhage from 
AVMs. Only in the case of DNETs does incomplete resec-
tion seem routinely to control seizures. 

  Clinical  a ssessment 
 The clinical features of partial seizures are a reliable indi-
cator of the anatomical localization of seizure onset, and 
so a comprehensive seizure description is vital in decid-
ing whether the seizure onset co - locates with the lesion. 
The most useful seizures, from the point of view of local-
ization, are simple partial seizures or the auras or initial 
phenomena of complex partial seizures. This  ‘ clinical 
localization ’  is of fundamental importance, and discor-
dant fi ndings are associated with much poorer surgical 
outcome. 

 Generalized epilepsy worsens outcome, and lesionec-
tomy rarely controls epilepsy in childhood epilepsy syn-
dromes (e.g. the Lennox – Gastaut syndrome or West 
syndrome) even where these are associated with obvious 
lesions.  

  Magnetic  r esonance  i maging 
 MRI should be carried out in all cases, whether or not a 
lesion has been demonstrated by CT. Particular MRI 
characteristics help to identify the underlying pathology, 
but the histological or pathological features of a lesion 
cannot be predicted with absolute accuracy. If MRI 
shows a cortically based homogenous tumour with 
sharply defi ned borders, little or no surrounding oedema, 
and little or no contrast enhancement, the tumour is 
likely to be benign (Figure  10.14 ), although exceptions 
occur. Some lesions may have characteristic distinguish-
ing features, e.g. DNETs, gangliogliomas, cavernomas, 
tuberculomas, neurocysticercosis, hypothalamic hamar-
tomas, AVMs, and the lesions in tuberous sclerosis or the 
Sturge – Weber syndrome.   

 Assessment (and particularly volumetric measure-
ments) of the hippocampi should now be routine in 
lesional epilepsy in order to characterize the possible 
extent of the epileptogenic zone(s), especially given the 
propensity of chronic epileptic lesions to cause secondary 
hippocampal sclerosis (dual pathology).  

  Interictal  s calp  EEG  
 In the presence of a neocortical lesion, interictal scalp 
EEG can be unreliable. The spatial distribution of an EEG 
focus coincides exactly with lesion localization in less 
than a third of patients, and can indeed be widely dis-
crepant (Figure  10.15 ). This is due to the rapid and wide 
propagation of seizure discharges in neocortical regions. 

     Figure 10.14     MRI showing small parasagittal parieto - 
occipital lesion (biopsy - proven oligodendroglioma) in a 
patient with brief complex partial seizures characterized 
by visual disturbance, arrest of activity and loss of 
awareness.  

The site of the lesion also infl uences the interictal EEG. 
In lesional parietal or occipital lobe epilepsy, for example, 
only a minority of lesions show interictal spikes well cor-
related to the site of the lesion. In one series, only 1 of 11 
patients with parietal lesions showed a focal EEG onset 
concordant with the parietal lesion, whereas 2 of the 
patients showed an ictal onset ipsilateral to the lesion and 
8 showed no focal changes at ictal onset. Despite the high 
rate of discordance between the side of lesion and the 
ictal onset, 10 of the patients underwent lesionectomy 
and all had a good outcome. Even large lesions may 
sometimes be associated with scalp EEG changes that 
predominate over the contralateral side, and there are 
well - documented cases of scalp EEG recordings showing 
ictal onset on the side contralateral to a known gross focal 
cerebral lesion, in patients in whom depth recordings 
subsequently documented seizures arising from the 
lesion and in whom resection of the lesion resulted in 
seizure freedom. Lesions in the temporal neocortex are 
more often associated with concordant EEG data. 
Bilateral changes occur in many patients with unilateral 
hemispherical lesions, particularly in lesional frontal lobe 
epilepsy, The nature of the lesion is important. In cortical 
dysplasia the interictal EEG is often widely distributed. 
In tumours and infective lesions it has more specifi city 
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     Figure 10.16     MRI showing a large left temporal lobe 
structural abnormality.  

but still often lacks reliability, and there are few data to 
indicate which neurophysiological factors should infl u-
ence the extent of resection.    

  Ictal  s calp  EEG  
 Ictal recordings (with video - EEG telemetry) are more 
informative than interictal EEG, but still lack critical 
reliability (Figures  10.16  and  10.17 ). However, in cases 
where clinico - EEG data correlate well with the visible 
lesion, the data are usually suffi cient to proceed to surgery 
without invasive monitoring or other investigations. 
Some claim that concordant ictal fast activity particularly 
predicts a good surgical outcome. However, the potential 
for misleading or multifocal scalp EEG changes in 
patients with surgically resectable focal structural lesions 
should be recognized in planning investigative strategies, 
and surgery should certainly not be rejected merely 
because of discordant scalp electrographic fi ndings.   

 The difference in localizing value of ictal EEG in extra-
temporal versus temporal epilepsy was well shown in one 
series of 486 ictal EEGs in 72 patients with epilepsy 
arising in mesial temporal, neocortical temporal, mesial 
frontal, dorsolateral frontal, parietal and occipital regions. 
The ictal scalp EEG was localized in 72% of cases, more 
often in temporal versus extratemporal cases, with 57% 
of localized onsets originating from the mesial temporal, 

     Figure 10.15     EEG showing the interictal 
EEG from the patient illustrated in 
Figure  10.14  showing widespread 
bilateral slow spike - and - wave discharges; 
fi ndings widely discordant with the 
known causative lesion.  

lateral frontal and parietal lobe regions. Lateralized 
onsets were seen more frequently in neocortical TLE and 
generalized onsets were seen more frequently in mesial 
frontal lobe epilepsy and occipital lobe epilepsy, with 
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   •      It is necessary to defi ne the margins of the epilepto-
genic zone to guide the extent of resection (although 
other strategies such as ECoG, and radiological or patho-
logical evaluation of margins may be used). The epilep-
togenicity of cortical dysplasia and post - traumatic 
lesions, in particular, tend to extend beyond the radio-
logically demonstrable lesion.  
   •      For cortical stimulation for brain mapping with lesions 
overlying or adjacent to the eloquent cortex (see below).    

 Depth electrodes subdural strip electrodes, subdural 
grid electrodes and epidural electrodes are all used for 
invasive EEG (see Figure  10.7 ), and indeed the techniques 
are often combined. The recording type is tailored to the 
individual patient and the neurophysiological question 
being addressed. Each technique has advantages and 
disadvantages, and all carry signifi cant morbidity. The 
usefulness depends on the nature and site of the lesion. 
Formal studies have shown surprisingly little value from 
depth recordings. All also have the problem that the 
area of brain sampled around an electrode is very small 
( < 1   mm) and so, if the electrodes are placed even a 
small distance away from an epileptic focus, they have 
little value. 

 Interictal epileptic discharges on depth EEG are of less 
value than interictal discharges from the scalp. However, 
widespread discharges extending beyond the limits of any 

more false localization/lateralization occurring in occipi-
tal and parietal seizures. 

 The ictal scalp EEG does have limitations. In simple 
partial seizures (and also complex partial seizures arising 
from the mesial frontal lobe), the ictal EEG is often 
normal. In some cases of frontal lobe, and occasionally 
occipital lobe seizures, the ictal pattern is of generalized 
spike – wave activity. In young children with focal brain 
lesions, the ictal EEG can be especially unreliable. In one 
series of 50 children with severe refractory lesional epi-
lepsy, in whom 30 – 100% of preoperative epileptiform 
discharges were generalized or contralateral, 72% patients 
were rendered seizure free after resective surgery.  

  Intracranial  EEG  
 The use of intracranial EEG in extrahippocampal lesional 
epilepsy varies from centre to centre, as do the techniques 
employed. Intracranial EEG is needed in patients with 
lesional extrahippocampal epilepsy for the following 
reasons: 
   •      Non - localizing or discordant ictal scalp recordings 
suggest that the lesion might not be responsible for the 
seizures.  
   •      It is necessary to decide whether or not to carry out 
hippocampal resection in patients with lesions adjacent 
to it, who are at risk of memory decline after surgery.  

     Figure 10.17     Ictal EEG from the patient 
whose scan is shown in Figure  10.16 , 
showing widespread rhythmic activity 
over the right hemisphere, and irregular 
slowing over the left temporal region 
(the site of the known large structural 
lesion).  
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also been used for recording cortical somatosensory -
 evoked potentials from peripheral nerve stimulation, to 
locate the somatosensory cortex. 

 It has been proposed that fMRI has the potential to 
replace cortical mapping in the identifi cation of the 
primary motor areas, but currently fMRI cannot localize 
speech or language areas with anything like suffi cient 
accuracy to be practically useful. 

 Electrical stimulation can be used to locate the epilep-
togenic zone by fi nding areas of low after - discharge 
threshold. In the past, stimulation was also used to iden-
tify seizure loci by trying to reproduce a seizure by stim-
ulation, but this was unreliable because of secondary 
activation of epileptogenic cortex remote from the area 
stimulated electrically. A recent development has been 
to use a very small single - pulse electrical stimulation (up 
to 8   mA, 1   ms in duration) to identify epileptogenic 
cortex, with promising early results, and this technique 
may prove to be a sensitive way of mapping epilepto-
genic areas.  

  Neuropsychology 
 A battery of standard neuropsychological tests, aimed 
at lateralizing and localizing the area(s) of functional 
abnormality, are also routinely used in the preoperative 
evaluation. However, the value of the tests for localizing 
lesions is limited, and neuropsychological testing has 
much less value in extratemporal epilepsy than in TLE. 
The evaluation of frontal lobe functioning in epilepsy 
includes tests of problem - solving, fl uency, susceptibility 
to interference, planning and motor skills, but are 
relatively non - specifi c and, apart from language - oriented 
tests, are non - lateralizing. The value of psychometric 
assessment of parietal and occipital lobe dysfunction 
in epilepsy is even more limited, perhaps because the 
abnormalities are too subtle to be detected by existing 
neuropsychological tests. 

 In a recent study, neuropsychological fi ndings were 
congruent with the lateralization of the lesion in 56% but 
incongruent in 14%; furthermore, localization corre-
sponded with the lobe of the lesion in 26% but was mis-
leading in 30%. Neuropsychology also helps to predict 
postoperative defi cit, but its value is generally less in 
extratemporal than in temporal lobe surgery.  

   SPECT  and  PET  
 SPECT is usually carried out with  99m Tc - labelled hexa-
methyl - propyleneamine oxime ([ 99m Tc]HMPAO). It 
should be injected as close to the onset of the seizure as 
possible, and its uptake in the brain begins about 30   s after 

resection would predict a poor surgical outcome, even if 
the region of ictal onset were resected. Conversely, 
patients with focal discharges only within the area of 
surgical resection generally do well after surgery. In 
occipital or parietal lesions in particular depth EEG is 
often non - localizing. 

 The ictal EEG in extratemporal epilepsy can take 
several forms, differing from that of mesial TLE, of which 
the most common is low - voltage fast activity. However, 
there is no consistent correlation between the type of ictal 
pattern and the surgical outcome. The focus can be small 
and discrete or much larger (sometimes occupying a 
region with shifting foci from seizure to seizure). Surgical 
outcome does not seem always to depend on how wide-
spread the ictal foci are, and the seizure characteristics 
may be primarily dependent on anatomical location and 
network connections. The concept of epilepsy as a highly 
focal phenomenon, with spread similar to the ripples 
in a pond, is clearly simplistic and many epilepsies 
are subserved by large neural networks  –  and this fact 
mitigates against the value of highly focalized depth 
recordings.  

  Cortical  m apping and  c ortical  s timulation 
 Cortical mapping of functionally important cortex is a 
vital function where neurosurgical procedures are 
planned in sensory, motor or speech areas, and is required 
to identify eloquent areas and thus avoid postsurgical 
neurological defi cit. The mapping can be done preopera-
tively with subdural electrodes or operatively by direct 
cortical stimulation with a bipolar stimulating electrode. 
The cortical functions of greatest concern are those sub-
serving hand motor, sensory or language function over 
the motor and sensory strip, and superior temporal lan-
guage regions. 

 Preoperatively, stimulation of subdural electrodes 
placed on the cortical surface (and co - registered with 
MRI) allows detailed studies of cortical function to be 
carried out. The clinical effects of electrical stimulation 
are observed from each cortical contact. Ictal and inter-
ictal EEGs can be recorded at the same time. Mapping is 
important because lesions commonly alter or distort the 
normal topography of the cerebral cortex and vascular 
landmarks. 

 Acute intraoperative mapping can be carried out 
under local anaesthetic in a conscious patient, using a 
hand - held device at the end of which are two stimulating 
electrodes. Time is shorter and so less elaborate func-
tional tasks can be evaluated than in chronic longer - term 
preoperative mapping. Subdural grids of electrodes have 
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  Cortical  d ysplasia ( m alformations 
of  c ortical  d evelopment) 

 Cortical dysplasia is an important cause of medically 
intractable seizures; MRI detects dysplasia in 5 – 10% of 
patients with refractory epilepsy and up to 15% of chil-
dren with refractory epilepsy and learning disability. 
Cortical dysplasia accounts for less than 10% of epilepsy 
surgery resections in adults but over 50% of operated 
children (67% in children operated on in the fi rst year of 
life and 75% in infants). 

 The presurgical assessment has a different emphasis 
from that of other conditions. Multimodal investigation 
is needed, but the rate of  ‘ concordance ’  is much lower. 
Success depends on complete resection  –  more than in 
other conditions, possibly partly because the lesions 
themselves, not the surrounding adjacent tissue, are epi-
leptogenic. The boundaries of the lesions are, however, 
often ill - defi ned and extend pathologically well beyond 
the edge of the MRI - defi ned abnormality. In at least 20% 
of operated cases, histologically proven dysplasia is 
found on examination of tissue removed at surgery in 
patients with refractory epilepsy, in spite of a normal 
conventional MRI. Perhaps because of this, there 
has been a tendency to attribute subtle variations in MRI 
to cortical dysplasia. There is a risk of over - interpreta-
tion, and caution in determining what is normal 
and abnormal, and some authors have clearly overstated 
the signifi cance of both minor pathological changes 
and minor changes on MRI. What is  ‘ abnormal ’  in terms 
of imaging and histology can be diffi cult to be certain 
about. 

 The success of surgery depends on identifying the 
extent of the dysplasia and a complete resection. 
Presurgical assessment of cortical dysplasia must be mul-
timodal and aimed at identifying the dysplasia and its 
limits. The clinical history and the MRI may be helpful 
in defi ning the general region of abnormality. A striking 
feature of studies of surgical outcome is the lack of the 
predictive utility of EEG. Interictal scalp EEG often 
shows widespread, generalized or multifocal interictal 
spiking, and ictal EEG is often poorly localized (being 
helpful in less than 50% of cases). Indeed, even in those 
with clear - cut MRI lesions, ictal EEG is localized in less 
than 60%, and often ictal onsets appear to be discordant 
with MRI lesions. The lack of specifi city of EEG, con-
versely, means that some patients have good outcomes 
after resective surgery even if the interictal and ictal 
scalp EEGs show widespread changes (Figure  10.18 ). 

the injection; to be valuable in extratemporal epilepsy, it 
has been suggested that the injection has to be complete 
at least 10 - 15   s before the end of the seizure. About 40% 
of simple partial seizures show no change on ictal SPECT 
and the best results are in complex partial seizures. It has 
been claimed by some authorities that the sensitivity of 
ictal SPECT in extratemporal epilepsy is as high as 
90% but this is greater than the author ’ s own clinical 
experience. However, it is clear that ictal SPECT is far 
more useful than interictal SPECT. In extratemporal 
lesional epilepsy, if subtraction ictal SPECT co - registered 
on MRI (SISCOM) localizes a seizure accurately enough, 
and with concordance with other modalities, then 
about 40% of patients can expect to be seizure free after 
surgery and a further 40% to have a favourable surgical 
outcome. In one study, SISCOM localization was concor-
dant with the site of the surgical excision in 52.8%, 
non - concordant in 13.9% and non - localizing in 33.3% 
of cases. 

 Interictal or peri - ictal PET using  18 FDG - PET is 
included routinely in the presurgical evaluation protocols 
of many epilepsy surgery programmes. However, PET 
fi ndings, characterized by the increased or decreased 
uptake of  18 FDG, refl ect the neuronal activity not only at 
the site of the ictal onset but also in areas of ictal spread 
and postictal depression. Interictal PET has been shown 
to be more sensitive than MRI in detecting foci of gliotic 
tissue with decreased metabolic uptake of  18 FDG, but 
gliotic tissue does not necessarily correlate with an epi-
leptogenic region. Only a third of patients with extratem-
poral seizures have relevant hypometabolic abnormalities 
concordant with an abnormal EEG focus, and these 
regions of hypometabolic activity are frequently widely 
distributed and poorly localized.  

  Electrocorticography 
 Intraoperative EEG recording directly from the cortex 
(ECoG) can be used to identify and resect epileptogenic 
tissue surrounding a lesion, and has been used for at least 
50 years. Its value, however, still remains controversial. 
In one study of patients with low - grade gliomas and 
intractable epilepsy who underwent ECoG during surgery 
and in whom resection was guided by ECoG, 41% of the 
adults and 85% of the children were rendered seizure 
free. Others have found that ECoG has no predictive 
value and does not assist surgery. Perhaps surprisingly, 
the complete resection of all spiking areas identifi ed 
at corticography seems by no means always to succeed 
in stopping seizures, nor does incomplete resection 
always fail.    
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66%;  18 FDG - PET 81%; and SPECT 57%. Intracranial 
electrodes are used in about 50% of patients with cortical 
dysplasia. 

 Given the uncertainties of the different investigatory 
modalities, it is perhaps not surprising that the effects of 
surgery are unpredictable, and often disappointing. This 
uncertainty must be conveyed to the patient. Making 
prognostic predictions in terms of percentage chances (as 
is usually done, for example, before surgery for hippo-
campal sclerosis) is often done (30% chance of seizure 
freedom is a typical prediction) but, given the variation 
between patient and the relatively small number of oper-
ated cases, such predictions often seem to be based on 
little concrete evidence. 

 The best outcome follows complete resection of focal 
cortical dysplasia (Taylor dysplasia), with short - term (1 -
 year) seizure - free rates of about 50 – 60% of cases, and 
there are few data about longer - term outcome. Resection 
of small areas of subcortical heterotopia also alleviates 
epilepsy in a reasonable number of cases. Other types of 
dysplasia, however, fare worse, and the comparatively 
poor outcome of all types of dysplastic lesion must refl ect 
widespread epileptogenesis that extends beyond the 
margins of the lesions visible on conventional MRI. 

Intracranial recordings are often applied, but the onset 
of seizures is often diffuse and sometimes widely so. The 
surgical outcome in most series does not seem to cor-
relate well with intracranial EEG fi ndings. ECoG is 
widely used to guide resections peroperatively but the 
results from different studies are contradictory, and 
ECoG is unhelpful in at least half the cases. Interictal 
PET can identify brain malformations that are invisible 
to MRI but are histologically verifi ed at surgery. In 
paediatric practice PET may have a clinical role, reveal-
ing abnormalities that are otherwise diffi cult to detect, 
and leading to successful surgical intervention, particu-
larly in young children undergoing large excisions for 
overwhelming epilepsy. PET is said to localize the abnor-
malities (at least broadly) in over 80% of cases. MRI is 
normal in at least 30% of operated cases in which the 
histology shows dysplasia. Ictal SPECT is not as reliable 
in cortical dysplasia as in other pathologies, and is local-
izing in only about 60% of cases of extratemporal 
epilepsy due to cortical dysplasia as it is in hippocampal 
epilepsy.   

 In a recent review, the accuracy of investigations in 
cortical dysplasia was said to be: interictal scalp electro-
encephalography (EEG) 50%; ictal scalp EEG 65%; MRI 

     Figure 10.18     EEG showing widespread 
bilateral anteriorly predominant 
interictal spikes recorded from a patient 
with an area of localized macrogyria in 
the left motor cortex.  
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 The presurgical assessment needs to be tailored to 
individual cases, but a number of general principles 
apply: 
   •      MRI studies should be of adequate quality. It is impor-
tant to stress that a patient should not be considered MRI 
negative unless a detailed MRI examination has been 
made, applying appropriate sequences and techniques. A 
critical approach is needed. Many patients with appar-
ently normal MR scans using inappropriate examina-
tions show clear lesions when scanned using the 
epilepsy - oriented MRI protocols; this is especially true of 
patients harbouring such lesions as hippocampal atrophy, 
small vascular lesions or tumours, or cortical dysplasia. 
These  ‘ pseudo - MRI - negative ’  cases emphasize the 
importance of a tailored MRI approach. Good quality 
structural scans are crucial, and these can sometimes be 
supplemented by other more experimental scanning 
techniques (see Table  10.5 ) but with care taken to avoid 
over - interpretation.  
   •      If MRI is truly normal, multimodal functional investi-
gations are an absolute requirement. These should always 
include ictal scalp recordings and neuropsychometric 
assessment, and invasive EEG, SPECT and/or PET is also 
usually carried out. The interictal EEG is seldom helpful 
in localization. Ictal scalp EEG will help to defi ne where 
invasive EEG monitoring should be undertaken, and 
seldom will invasive EEG be contemplated if the scalp 
ictal EEG shows no localizing features. Although invasive 
EEG is often conceived as a gold standard, it should also 
be realized that only small areas of cortical tissue are 
sampled around implanted electrodes; the scalp EEG 
surveys a bigger territory. Invasive EEG should never be 
undertaken blindly (a  ‘ fi shing expedition ’ ), and electrode 
placement should address specifi c questions and be 
guided by other clinical or investigatory fi ndings. In one 
series ictal scalp EEG, ictal SPECT and interictal PET 
allowed surgery to be carried out in 41 MRI - negative 
cases, of whom 39% were free from seizures at 1 year, and 
the ictal scalp EEG predicted good outcome more often 
than the other tests (70% vs 43% vs 33%, respectively). 
In another study only 5 of 40 MRI - negative cases were 
found after intensive investigation to have localized 
lesions, and only 3 could be offered surgery.  
   •      The bigger the resection, the better the outcome. In 
young children in particular, large resections carry 
less functional penalty because brain plasticity allows 
reallocation of function during subsequent development. 
Thus, in young children with devastating epilepsy, large -
 scale resections, guided, for example, by interictal PET 
hypoperfusion, are considered appropriate even where 

Furthermore, brain anatomy is often abnormal in patients 
with cortical dysplasia, cortical mapping shows aberrant 
location of functional cortex, and surgical morbidity can 
be greater than is the case in surgery for other cortical 
lesions. In focal cortical dysplasia and subcortical hetero-
topia, a good outcome requires at least the complete 
resection of the visible lesion. In one series a seizure - free 
outcome was achieved in 60% with complete resection 
compared with 27% of those with incomplete resection. 
Of these, 89% had a lesion detected by MRI. The seizure -
 free rate was 81.6% for those who had complete resection 
and 25% for those with partial resection. Patients 
with dysplasia in the temporal lobe were more often 
seizure free (68.3%) than those with extratemporal resec-
tions (50.0%). 

 It is also likely that, the larger the resection, the better 
the chances of seizure control, although studies on this 
point are few. Resective surgery for more widespread 
lesions such as polymicrogyria, schizencephaly, periven-
tricular heterotopia or lissencephaly is almost never 
successful and not recommended,  

  Surgery  w here  n o  l esion  i s  a pparent on 
 n euroimaging ( ‘  MRI  -  n egative  c ases ’ ) 

 Before the advent of MRI many cases of epilepsy (includ-
ing virtually all cases of hippocampal sclerosis and corti-
cal dysgenesis) were considered  ‘ non - lesional ’ . The 
nature and extent of the surgery in these cases depended 
heavily on scalp and invasive EEG. It was realized, even 
then, that if no pathology was found in the operated 
specimen the prognosis for seizure control was poor. 
Often, however, small lesions were found and the prog-
nosis was good. 

 Since the advent of MRI the situation has radically 
altered, because many of these previously occult lesions 
can be clearly demonstrated preoperatively. Where the 
MRI is normal the chances of fi nding a  ‘ lesion ’  in oper-
ated tissue are greatly reduced. The outcome is poor if the 
surgical specimen is normal, but better if an abnormality 
is found (and cortical dysplasia is the usual fi nding in this 
situation). Surgery therefore must be considered a treat-
ment of last resort. It should be offered only to patients 
with severe epilepsy, and usually only to patients experi-
encing secondarily generalized tonic – clonic seizures (on 
the basis that these carry greater risk if left untreated). 
It would be unusual to operate on individuals with 
partial seizures only, unless they were particularly 
handicapping. 
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primary pathology is unilateral, e.g. after a vascular or 
traumatic event, secondary bihemispherical damage can 
result from prolonged anoxia or coma. The results of 
surgery where there is bilateral damage are far less good.    

  Seizures 
 Only patients with severe epilepsy, intractable to medical 
therapy, should be considered for this operation. Most 
patients going forward for hemispherectomy will have 
multiple seizure types and frequent (more than fi ve) 
seizures each day. The seizures must have a focal onset in 
the damaged hemisphere. The condition in which focal 
motor seizures are most frequently seen is EPC, usually 
secondary to Rasmussen encephalitis. Commonly, com-
binations of secondarily generalized tonic – clonic seizures, 
drop attacks and focal motor seizures coexist. Complex 
partial seizures are not common in the types of pathology 
for which hemispherectomy is appropriate.  

  Neurological  s tatus 
 The great majority of suitable candidates for hemispher-
ectomy have a preoperative fi xed hemiplegia, refl ecting 
the severity of the hemispherical damage. This can be 
associated with other signs, such as hemianopia or hemi-
sensory loss, and most patients have some degree of 
learning disability and psychomotor retardation. 

 The operation is almost always carried out only where 
the hemiparesis is severe enough to impair the perfor-
mance of individual fi nger movements. The preoperative 
ability to perform gross movements of the fi ngers, or at 
other major joints (e.g. shoulder, elbow, hip, knee), is not 
a contraindication to surgery. These movements are not 
usually worse after a hemispherectomy, nor is a pre -
 existing spastic gait, although there may be a transient 
worsening for several weeks after the operation. Lesser 
degrees of disability will deteriorate postoperatively. 
Occasionally patients with lesser defects are offered 
hemispherectomy, if they have a progressive disorder 
that, it is deemed, will inevitably lead to hemiplegia. In 
such children social and intellectual development will be 
accelerated with the improved seizure control resulting 
from the operation, so that early hemispherectomy can 
be considered despite the inevitable worsening of motor 
function that will be caused by the operation. Hemianopia 
is usually but not always complete in the cases being 
considered. Its absence should not be considered an 
absolute contraindication to hemispherectomy, although 
the operation will inevitably result in a complete hemi-
anopia  –  but this defi cit is not usually severely 
disabling. 

no lesion or focal EEG disturbance is present. It has also 
become clear, however, that operating on adults without 
MRI changes, even in the presence of a clear - cut EEG 
focus and even after a wide resection (e.g. a frontal lobec-
tomy for epilepsy originating in anterior frontal regions), 
carries a generally poor prognosis, and fewer than 30% 
of patients can expect any great improvement in seizure 
frequency.     

  Hemispherectomy,  h emispherotomy and 
 o ther  l arge  r esections 

 The term  ‘ hemispherectomy ’  is used here to cover a 
variety of operations in which one cerebral hemisphere 
is excised or disconnected from the other. These are 
operations carried out in children or adolescents (and 
occasionally adults) with medically refractory seizures 
due to severe unilateral hemisphere damage. The opera-
tions are nowadays carried out only to improve the 
control of epilepsy, although originally hemispherectomy 
was performed as a form of tumoral surgery. 

  Preoperative  a ssessment 
 The suitability of any individual for hemispherectomy 
depends upon the aetiology, clinical features, neurologi-
cal examination, scalp EEG and results of neuroimaging. 
The assessment aims to examine the diseased hemisphere, 
and also the status of the  ‘ good ’  hemisphere. 

  Aetiology 
 The usual aetiologies in patients undergoing hemispher-
ectomy are shown in Table  10.9 . It is imperative to 
ascertain that the cerebral damage is wholly or very 
largely confi ned to one hemisphere. Even where the 

  Table 10.9    Approximate frequencies of underlying 
aetiologies treated by hemispherectomy. 

  Rasmussen chronic encephalitis    35%  
  Perinatal insult (usually vascular, leading 

to unilateral porencephaly)  
  30%  

  Hemimegencephaly    10%  
  Migrational disorder    5%  
  Sturge – Weber disease    5%  
  Viral or bacterial infection    5%  
  Cerebral trauma    5%  
  Postnatal cerebrovascular event    5%  
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 The presence or absence of sensory loss is not usually 
a consideration in deciding whether or not to proceed to 
surgery, because hemispherectomy rarely results in any 
marked change in sensory function. 

 The degree of intellectual impairment of patients 
suitable for hemispherectomy will vary, and is a good 
index of the functional status of the  ‘ good ’  hemisphere. 
Severe psychomotor retardation should be interpreted as 
refl ecting bilateral cerebral damage, and in this situation 
the outcome of hemispherectomy will be less good. 
Pathologies present early in life are generally associated 
with better preservation of function as a result of brain 
plasticity. 

 Finally, if this operation is performed on the language -
 dominant hemisphere, permanent aphasia will result 
unless language functions can be transferred to the other 
side of the brain by processes of cortical plasticity and 
development. These processes are age dependent. It is 
possible to carry out dominant hemispherectomy before 
the age of 5 years without any impairment of language 
functions. Recovery of language after dominant hemi-
spherectomy after the age of 5 years is, however, rarely 
complete although some transfer of language functions 
is possible until the early teens. Language lateralization 
in older children can be confi rmed preoperatively by the 
intracarotid amytal test.  

     Figure 10.19     Ictal scalp EEG from the 
patient whose MRI is shown in Figure 
 10.20 . Note the rhythmic activity evident 
over both hemispheres but of higher 
amplitude over the normal hemisphere.  

   EEG  
 Interictal scalp EEG is usually suffi cient, and invasive EEG 
is not usually required, in the preoperative assessment for 
hemispherectomy. Ideally, the EEG should show low -
 amplitude slow activity and epileptic discharges confi ned 
to the affected hemisphere, but this is not always the case 
(Figure  10.19 ). Sometimes the damaged hemisphere is 
incapable of generating suffi ciently strong electrical 
signals to be detectable on scalp EEG, and discharges 
appear to be of higher amplitude on the side of the normal 
hemisphere. In about 50% of cases, secondary or inde-
pendent epileptiform abnormalities occur in the  ‘ good ’  
hemisphere. Although these raise the possibility of bilat-
eral damage, they are not an absolute contraindication to 
the operation. Even apparently independent epileptic 
spikes originating from the  ‘ good ’  hemisphere usually 
disappear after hemispherectomy.    

   MRI  and  CT  
 The appearances depend on the aetiology. Often unilat-
eral hemispherical atrophy is present, with increased 
skull thickness, enlarged sulci and ventricles, and a small 
cerebral peduncle (Figure  10.20 ). Calcifi cation, poren-
cephaly, hemimegalencephaly, signal change, dysgenesis 
or other lesions can be demonstrated on radiology. 
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subtotal anatomical hemispherectomy with complete 
physiological disconnection. The technique involves a 
large central removal including parasagittal tissue and 
exposure of the whole length of the corpus callosum. All 
fi bres entering the corpus callosum are then interrupted 
by undercutting, from within, the lateral ventricle in a 
parasagittal plane. The residual frontal and parieto -
 occipital lobes are disconnected by aspiration of white 
and grey matter in the posterior frontal region to the level 
of the sphenoid wing, and in the parieto - occipital region 
down to the tentorium. A large temporal lobectomy, 
including excision of medial structures, is fi nally carried 
out. The hemispherotomy and peri - insular hemispherot-
omy are variations on this principle, allowing cortical 
disconnection via alternative surgical routes.   

 The choice of surgical method depends on the experi-
ence and preference of the surgeon, but functional hemi-
spherectomy and hemispherotomy are now widely 
preferred to the anatomical hemispherectomy because of 
the smaller risks of morbidity.  

  Early  s urgical  m orbidity 
 Fatal complications include brain swelling, blood loss 
and tentorial herniation, and the overall mortality of 

     Figure 10.20     Preoperative MRI in a patient subsequently 
undergoing a left hemispherectomy showing the consequences 
of cerebral infarction, occurring in early childhood, leading to 
medically intractable seizures.  

     Figure 10.21     Diagram showing the extent of the resection in a 
modifi ed hemispherectomy. The arrows show the muscle plug 
and the foramen of Monro.  

The contralateral hemisphere should show no major 
lesions.     

  Surgical  t echniques and  s urgical  o utcome 
  Type of  o peration 
 The original surgical operation (the so - called  ‘ anatomical 
hemispherectomy ’ ) has been shown in recent years to 
have serious late postoperative complications (see below). 
It has, therefore, been largely abandoned, and a variety 
of new surgical techniques has been developed. The ana-
tomical hemispherectomy consisted of the complete 
removal of the affected cerebral hemisphere with or 
without the basal ganglia, either en bloc or in fragments. 
The modifi ed hemispherectomy links this operation with 
procedures to eliminate communication of CSF with the 
hemispherectomy cavity by creating a largely extradural 
cavity and obstructing the foramen of Monro with a piece 
of muscle (Figure  10.21 ). The operations of hemidecor-
tication and hemicorticectomy consist of excision of the 
cortex with the preservation of as much white matter as 
possible. The functional hemispherectomy consists of a 
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Typically taking the form of aggression and regressive 
behaviour, these are often a consequence of repeated sei-
zures, subclinical EEG activity and drug treatment. A 
remarkable improvement can be expected postopera-
tively in children whose seizures have been controlled, 
and there are also gains in social development and intel-
lectual function. Children whose seizures are controlled 
almost always integrate better into their family and 
school, and demonstrate greatly improved abilities to 
learn and concentrate. The intellectual deterioration that 
is inevitable without the operation is usually halted. Some 
children will develop to the stage where independent 
living and work are possible.   

  Other  l arge  r esections 
 A basic principle of the surgery of extratemporal neocor-
tical epilepsy is that, the wider the excision around an 
epileptic focus, the more likely is complete seizure control 
to be achieved. This  ‘ more - is - better ’  philosophy has 
characterized the surgical approach to epilepsy in non -
 eloquent cortical regions, e.g. a large frontal lobectomy 
can be carried out with no gross defi cit and only an 
approximately 3% risk of hemiparesis. The inferior 
central region, over the face area, can be resected without 
sensory or motor defi cit, presumably due to bilateral cor-
tical representation, although resections in the hand or 
leg areas of the cortex do result in monoplegia. Similarly, 
a large resection of the non - dominant parietal lobe can 
be carried out with minor sensory defi cit only. Dominant 
parietal resections carry a risk of profound sensory loss 
and apraxia. These large lobar resections are less common 
now because the MRI localization of structural disease 
has allowed more precise surgical planning.  

  Sturge – Weber  s yndrome 
 In selected cases, resective surgery in this syndrome can 
have an excellent result. This should be carried out as 
early as is feasible in view of the danger of progressive 
neurological impairment caused by episodes of status 
epilepticus in this condition (see    p. 49 ). Hemispherectomy 
can be carried out in patients with extensive lesions, and 
lesionectomy or lobectomy in smaller lesions. Corpus 
callosotomy has been used as a palliative procedure, but 
where possible resective surgery is preferable. MRI is the 
main presurgical investigation, and neither preoperative 
EEG nor corticography has much infl uence on surgical 
procedure or outcome. The outcome after appropriate 
resective surgery is good, with at least 80% seizure 
control. The outcome for behaviour and intellectual 
development is also improved by early surgery.   

hemispherectomy, which is often carried out in very 
young children, is in the region of 2 – 10%. This is partly 
due to the anatomical anomalies and the high vascularity 
of the abnormal hemisphere, with abnormal drainage. 
The duration of surgery is also a factor in morbidity in 
very young children. Early morbidity includes haemor-
rhage and infection. Early hydrocephalus develops in 
5 – 40% of cases and will require CSF shunting. Transient 
worsening of motor or speech function occurs but usually 
resolves.  

  Late  s urgical  m orbidity 
 The traditional anatomical hemispherectomy is associ-
ated with two specifi c late complications  –  superfi cial 
cerebral haemosiderosis and late hydrocephalus. 
Superfi cial cerebral haemosiderosis results in a gradual 
neurological deterioration evident at a mean of 8 years 
after surgery. The pathological fi ndings are obstructive 
hydrocephalus due to aqueduct stenosis, gliosis and 
ependymitis, and the hemispherectomy cavity becomes 
lined with a membrane similar to that found in a chronic 
subdural haematoma. The fl uid in the ventricle is 
brownish and of  ‘ machine oil ’  appearance. This compli-
cation is due to chronic bleeding into the subdural 
hemispherectomy cavity, and occurs in at least 30 – 50% 
of cases, leading eventually to disability and death. Late 
hydrocephalus is presumably produced by a similar 
mechanism. Patients who have had the operation require 
regular brain scans for early warning of these complica-
tions. The newer operations, and in particular the func-
tional operations, are not followed by these disastrous 
complications.  

  Outcome for  s eizure  c ontrol and  b ehaviour 
 Hemispherectomy is a very effective operation in 
carefully selected patients. Complete seizure control 
is expected in about 70 – 80%, and an improvement in 
seizures of at least 80% in over 90% suitably selected and 
competently operated cases. Even in carefully selected 
cases, however, 5% of operated patients will show no 
worthwhile benefi t. Aetiology is an important determi-
nant of outcome, with patients with the Sturge – Weber 
syndrome having the highest seizure - free rates and those 
with extensive cortical dysplasias (including hemimegen-
cephaly) the lowest. 

 The primary indication of the operation is to control 
seizures. Secondary gains in terms of behaviour and psy-
chosocial development usually also occur. Severely 
abnormal behaviour patterns are common in the sorts 
of children with severe epilepsy who undergo surgery. 
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considered for corpus callosectomy are currently referred 
instead, initially at least, for vagal nerve stimulation.  

  Preoperative  a ssessment 
 EEG, MRI and psychometric assessment are usually 
carried out. Patients with lateralized EEG fi ndings have 
been consistently found to have a better outcome than 
those with purely generalized changes, but almost all 
candidates for the operation have bilateral synchronous 
epileptic discharges in addition. The outcome of those 
with a focal area of damage on MRI is probably better than 
for those with normal MRI or diffuse generalized changes.  

  Operative  p rocedure 
 In most centres corpus callosectomy is carried out as 
a two - stage procedure. In the fi rst stage the anterior two -
 thirds of the corpus callosum are sectioned (Figure 
 10.22 ), sparing the splenium. If this is ineffective, the 
section can be completed at a second operation. 
Occasionally a posterior section is carried out fi rst, in 
those with clearly posterior epilepsy. The two - stage pro-
cedure has a lower morbidity. Actual surgical technique 
varies and improvements in recent times have lowered 
the rate of complications. ECoG is sometimes used to 
guide the extent of the fi rst - stage resection. A recent 
development has been the use of focused radiosurgery 
with the gamma knife to carry out an anterior callosal 
section, and this may become the method of choice.    

  Outcome 
 The operation must be considered a palliative procedure, 
intended to reduce seizure severity and in particular to 
reduce injuries due to falls. No patient should undergo 
the procedure on the assumption that epileptic seizures 
will stop completely. Short - term freedom from seizures 
does occur in about 5 – 10% of cases, but there is a strong 
tendency to relapse over months or years. Nevertheless, 
the number of generalized seizures or seizures with falls 
are usually reduced by the operation (albeit sometimes 
with an increase in the number of partial seizures). 

 Both the one -  and the two - stage operation carry sig-
nifi cant risks of neurological defi cit. Hemiparesis can be 
due to traction peroperatively or to vascular infarction 
caused by damage to the pericallosal arteries or venous 
thrombosis. A transient and highly distinctive disconnec-
tion syndrome with mutism, urinary incontinence and 
bilateral leg weakness is a not uncommon consequence 
of a one - stage complete callosal section. It is present in 
the immediate postoperative period and usually resolves 
after a matter of weeks, although in 5% of cases it can be 

  Corpus  c allosectomy ( c orpus  c allosum 
 s ection,  c orpus  c allosotomy) 

 This operation, the transection of the corpus callosum, 
can be carried out in a one -  or a two - stage procedure. 
Although fi rst performed in 1940, even now neither the 
precise physiological rationale for the surgery nor its 
indications are clearly defi ned. It was originally proposed 
that section of the corpus callosum would prevent the 
rapid spread of epileptic activity from one hemisphere to 
the other, but in fact seizure activity can propagate widely 
via non - callosal pathways. It is simplistic to assume that 
the operation prevents secondary generalization, but it 
does have a desynchronizing effect on epileptic activity 
and can inhibit seizures, although exactly how or why is 
unclear. In recent years the number of patients undergo-
ing callosectomy has declined to a very low level. 

  Indications 
 The operation, which is primarily a palliative rather than 
a curative procedure, is now primarily reserved for: 
   •      patients with severe secondarily generalized epilepsy 
manifest by frequent drop attacks causing injury  
   •      patients in whom medical therapy is ineffective and 
where other surgical procedures are not possible  
   •      where it is thought possible to lessen the frequency of 
generalized seizures by the disruption of seizure spread.    

 The procedure is therefore mostly considered in 
patients with tonic or atonic seizures, many of whom 
have additional seizure types and moderate or severe 
learning disability; many have the Lennox – Gastaut syn-
drome. However, it has also been shown to have an effect 
in complex partial seizures, some myoclonic seizures and 
tonic – clonic seizures. 

 It can also be used in combination with resective 
surgery, and the operation can have a particular 
role, combined with frontal lobe resection, in patients 
with severe frontal lobe damage after trauma or an 
abscess. 

 As will be clear, most patients undergo surgery on 
the basis of the clinical manifestations of the epilepsy, 
rather than the EEG or pathophysiological fi ndings. 
There seems little way of selecting out those patients who 
will do well from those who will not, and this lack of 
predictability, combined with its generally disappointing 
effects and its potential hazards, renders the corpus 
callosectomy a last - ditch operation now only infrequently 
carried out. Vagal nerve stimulation carries far less 
risk, and many patients who would previously have been 
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dural haematoma, air embolism, infection, and an 
increase in the frequency or intensity of partial seizures 
or the appearance of new hemiclonic seizures. 
Callosectomy does not seem to affect overall behaviour 
or personality. Overall, the risks of permanent severe 
sequelae (those reducing quality of life) after corpus 
callosum section, either neurological or neuropsycho-
logical, are of the order of 5 – 10%, and there is a mortality 
rate of about 1 – 5%.   

permanent; the pathophysiology of this effect is not clear. 
A posterior disconnection syndrome in which complex 
motor tasks become impossible occurs in about 5% of 
cases after a one - stage procedure. After the completed 
transection, most patients will exhibit elements of a 
 ‘ split - brain ’  profi le on neuropsychological testing (and 
intensive studies of this phenomenon are published), 
although remarkably this causes little disability in every-
day living. Other recorded complications include extra-

     Figure 10.22     MRI showing sagittal cuts through the corpus callosum in a 9 - year - old patient. (a) Preoperative; (b) after anterior 
two - thirds corpus callosotomy; and (c) after callosotomy completion.  
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 Typically, this is carried out in patients with focal 
motor seizures or EPC due to Rasmussen encephalitis, 
cortical dysplasia or lesions in the central region, or in 
those with the Landau – Kleffner syndrome. Multiple 
subpial transection has been successfully carried out in 
the Broca area, the pre - central and post - central gyrus, 
and the Wernicke area, without noticeable loss of 
function. 

 The procedure has been the subject of only a rather 
limited evaluation, and its true role is yet to be defi ned. 
A meta - analysis of data in 211 patients from 6 centres has 
been published: 53% underwent the procedure without 
resection. In those in whom it was combined with resec-
tion, a short - term excellent result ( ≥ 95% reduction in 
seizures) was observed in 87% of those with generalized 
seizures and 68% of those with simple and complex 
partial seizures; in those who underwent the procedure 
without resection the fi gures were 71%, 62% and 63%, 
respectively. Neurological defi cits occurred postopera-
tively in 23% of those underwent surgery with resection 
and 19% of those who had multiple subpial transection 
alone. These results are certainly encouraging, but most 
patients were followed for a short time and there is only 
limited information about long - term seizure control. 
It is clear that there is a substantial relapse rate after 

  Multiple  s ubpial  t ransection 

 This operation is also referred to as the Morrell proce-
dure. Parallel rows of 4 -  to 5 - mm deep cortical incisions 
are ploughed, perpendicular to the cortical surface, in 
epileptogenic cortex. This is done on the theoretical basis 
that the transections sever horizontal cortical connections 
and thus disrupt the lateral recruitment of neurons, which 
is essential for the production of synchronized epileptic 
discharges (Figure  10.23 ). At the same time normal func-
tion is preserved, because this is supported largely by 
vertically oriented afferent and efferent connections. 
There are many critics of this theory, and it is not clear 
whether or not this is a valid explanation of the post-
operative consequences, or whether the damage to the 
cortex caused by the procedure itself reduces seizures.   

 The procedure has, theoretically, one major advantage 
 –  it can be used when the epileptogenic zone involves 
eloquent brain cortex, in which resection would result in 
signifi cant neurological defi cit. It has thus been princi-
pally applied to patients with epileptic foci in language, 
or primary sensory or motor cortex. In many cases it has 
been combined with a resection of a lesion in or adjacent 
to the eloquent cortex. 

     Figure 10.23     Diagram showing the 
technique of multiple subpial 
transection. (a) After a tiny incision is 
created in the pia, a hook is inserted 
down one gyral edge. (b) It is then swept 
across the full width of the gyrus. 
(c) The hook is brought back to its 
starting point such that the tip is just 
visible under the pia as it crosses the 
gyrus. (d) The procedure is repeated at 
intervals of  < 5   mm along the gyrus, 
leaving thin but visible scars. Thus, the 
transverse fi bres only are sectioned, 
preserving the columnar organization.  
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that there is an observable, albeit usually extremely 
modest, effect. 

  The  o perative  p rocedure and 
 s timulator  p arameters 
 The operation comprises the implantation of a stimulator 
below the skin in the chest wall with bipolar electrodes 
wrapped around the left vagus nerve (Figure  10.24 ). The 
latest version of the stimulator box is a hermetically sealed 
titanium generator weighing 16   g, and measuring 
45    ×    33    ×    6.9   mm. The operation takes only 1 – 2   h to 
perform and is often carried out as a day case. It is a 
relatively minor procedure, lacking the inherent risks of 
intracranial surgery, hence its immediate attraction to 
physicians and patients alike.   

 The stimulation parameters can be set via a program-
ming wand beaming radiofrequency signals to the genera-
tor. The wand is further used to perform diagnostic checks 
of wand – generator communications, lead impedance, 
programmed current and an estimate of the remaining 
generator battery life. Once implanted, the stimulation 
parameters are slowly ramped up during the fi rst 12 
months after implantation. The ramp - up procedure and 
settings are tailored according to individual response and 
side effects (Table  10.10 ). Patients can also trigger the 
stimulator at any time by applying a magnet to the skin 
over the generator. The generator in the current models 

initial improvement. It has been attempted in Rasmussen 
encephalitis without long - term benefi t and in refractory 
focal status epilepticus. In many centres, the procedure 
has fallen from favour and is reserved for patients 
with severe frequent seizures arising from the eloquent 
cortex, in whom all alternative strategies have been 
exhausted. 

 The operation has in addition a particular role in the 
Landau – Kleffner syndrome. In one series of 24 patients 
(13 undergoing the procedure without additional lesion 
resection), all had the classic Landau – Kleffner syndrome 
and continuous spike – wave in slow - wave sleep from a 
unilateral perisylvian focus. At a follow - up of at least 2 
years, two - thirds were able to form complex sentences. 
Other reports have been less promising, and the problem 
of evaluating outcome in this condition is its fl uctuating 
course and the tendency for spontaneous improvement. 

 The acute operative morbidity is due to cerebral 
oedema, which is maximal in the third to fourth postop-
erative day. Transient loss of function is expected in this 
period, but this usually resolves. There is a risk of haem-
orrhage and other complications, and a complication rate 
of about 15% is to be expected. In the surgical series, 7% 
of patients are left with permanent severe defi cit. The 
long - term morbidity of this operation in routine surgical 
practice has not been clearly established, but the few 
series that are published all purport to show minimal 
long - term defi cits. Despite this, the use of this operative 
approach seems to be declining.  

  Vagal  n erve  s timulation 

 In 1997 vagal nerve stimulation was approved by the 
US Food and Drug Administration (FDA) for use as 
adjunctive therapy for adults and adolescents aged  > 12 
years whose partial - onset seizures are refractory to anti-
epileptic medications. Vagal nerve stimulation was then 
also approved in European Union countries for use in 
reducing the frequency of seizures in patients of any age 
whose epileptic disorder is dominated by partial seizures 
(with and without secondary generalization) or general-
ized seizures. Its use has grown rapidly in the past 5 
years, and it is now the most common epilepsy surgery 
procedure carried out in the UK. By June 2008 over 
45   000 patients had been implanted with vagal nerve 
stimulation worldwide. There is no clear idea how vagal 
nerve stimulation infl uences epileptic seizures (which 
are, after all, a cortical phenomenon) but there is con-
siderable experimental and clinical data now confi rming 

     Figure 10.24     Schematic drawing show the placement of the 
vagus nerve stimulator and the bipolar stimulating lead.  
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Effi cacy was then assessed during the remaining 12 weeks 
of the treatment phase. The patient characteristics were 
similar to those in antiepileptic drug trials. 

 In both studies the primary effi cacy analysis was the 
percentage change in seizure frequency during treatment 
compared with baseline. In one trial the mean reduction 
in the high -  and low - stimulation groups was 24.5 and 
6.1%, respectively, and this difference was signifi cant at 
a level of  P     =    0.01. In the second the mean percentage 
decreases in seizure frequency during treatment com-
pared with baseline were 28% and 15% for the high -  and 
low - stimulation groups, a statistically signifi cant result at 
a level of  P     =    0.039. Secondary effi cacy measures in both 
studies showed statistically signifi cant effects in favour of 
high stimulation. In the fi rst study 31% of patients in the 
high - stimulation group had a reduction in seizures of at 
least 50% compared with 13% of patients in the low -
 stimulation group ( P     =    0.02). In the second study 11% 
of patients in the high - stimulation group had a reduction 
in seizure frequency of at least 75% vs 2% for patients in 
the low - stimulation group ( P     =    0.01). On the basis of 
these results, the device was licensed for use. A study was 
then carried out in 60 children aged 3 – 18 years with 
pharmacoresistant epilepsy. After 6 months of vagal 
nerve stimulation treatment ( n     =    55), the median reduc-
tion in seizure frequency was 31%. The corresponding 
fi gures at 12 and 18 months were 34% ( n     =    51) and 42% 
( n     =    46), respectively. Other studies, some controlled, 
have shown progressive (but modest) falls in seizure rates 
over the longer term and a progressive decrease in the 
number of antiepileptic drugs needed as co - therapy. 
Studies have also been carried out in generalized epilepsy, 
in the Lennox – Gastaut syndrome, in elderly people, in 
children with epileptic encephalopathy, and in those with 
learning disability. In all these studies positive effects 
were noted.  

  Safety and  t olerability of  v agal 
 n erve  s timulation 
 Perioperative complications include infection, left 
vocal fold paralysis, lower facial muscle paresis, pain 
and fl uid accumulation over the generator requiring 
aspiration. 

 The rates of side effects in the fi rst double - blind study 
are shown in Table  10.11 . Dyspnoea and hoarseness of 
the voice were the only adverse events that were reported 
signifi cantly more often with high stimulation than with 
low stimulation. Longer - term effects were studied in a 
cohort of 444 patients in the long - term extensions of the 
clinical trials. Of these, 97% continued with vagal nerve 
stimulation for at least 1 year, 85% for 2 years and 72% for 

should provide between 6 and 11 years of operation, after 
which it can be replaced, which involves only a minor 
procedure performed under local anaesthesia.    

  Effi cacy of  v agal  n erve  s timulation 
 The effectiveness and safety of vagal nerve stimulation 
were investigated in clinical trials in a manner identical 
to that applied to new antiepileptic drugs. This was a 
copybook example of a regulatory trial programme, the 
only example in epilepsy surgery, and was highly 
successful. 

 Single - blind pilot studies in patients with refractory 
partial seizures were followed by two pivotal, multicen-
tre, double - blind, randomized, parallel, group - controlled 
trials, with vagal nerve stimulation added as adjunctive 
therapy. Two different vagal nerve stimulation protocols 
 –  high stimulation (30   Hz, 30   s on, 5   min off, 500   ms 
pulse width) and low stimulation (1   Hz, 30   s on, 90 –
 180   min off, 130   ms pulse width)  –  were compared, the 
low stimulation protocol acting as an  ‘ active control ’ . 
Individuals were monitored over a 12 -  to 16 - week pro-
spective baseline period, and then randomized to high -  
or low - stimulation groups. Over the next 2 weeks those 
in the high - stimulation group had their generator output 
current increased to as high a level as was tolerated, and 
those in the low - stimulation group had the current 
increased until stimulation could be just perceived. 

  Table 10.10    Available stimulation parameter settings in 
vagus nerve stimulation (Model 103 vagus nerve 
stimulation therapy). 

   Stimulation parameter     Available settings  

  Output current    0 – 3.5   mA in 0.25 - mA 
steps,    ±    10%,  > 1 month  

  Signal frequency    1, 2, 5, 10, 15, 20, 25, 30 Hz    ±    6%  

  Pulse width    130, 250, 500, 750, 1000    μ s    ±    10%  

  Signal on time    7, 14, 21, 30, 60   s    ±    7s  

  Signal off time    0.2, 0.3, 0.5, 0.8, 1.1, 1.8, 3   min, 
and 5 – 180   min (5 – 6   min in 5 - min 
steps; 60 – 180   min in 30 - min 
steps)  + 4.4/ − 8.4   s or    ±    1% 
whichever is greater  

 From Schachter SC. Vagal nerve stimulation. In: Shorvon 
SD, Perucca E, Engel J (eds),  The Treatment of Epilepsy , 
3rd edn. Oxford: Wiley - Blackwell, 2009: 1017 – 1024. 
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  Table 10.11    Adverse events among patients treated with 
low or high vagal nerve stimulation (randomized double - 
blind study). 

   Adverse event    Low stimulation 
( n  =  103)  

  High stimulation 
( n  =  95)  

   Number (%)     Number (%)  

  Voice alteration    31 (30.1)    63 (66.3)  
  Cough    44 (42.7)    43 (45.3)  
  Pharyngitis    26 (25.2)    33 (34.7)  
  Pain    31 (30.1)    27 (28.4)  
  Dyspnoea    11 (10.7)    24 (25.3)  
  Headache    24 (23.3)    23 (24.2)  
  Dyspepsia    13 (12.6)    17 (17.9)  
  Vomiting    14 (13.6)    17 (17.9)  
  Paraesthesia    26 (25.2)    17 (17.9)  
  Nausea    21 (20.4)    14 (14.7)  
  Accidental injury    13 (12.6)    12 (12.6)  
  Fever    19 (18.4)    11 (11.6)  
  Infection    12 (11.7)    11 (11.6)  

   Only adverse events that occurred in more than 10% of 
high - stimulation patients are listed.   

The long - term effects of this on the nerve are not known. 
Furthermore, if infection or infl ammation occurs, the 
removal of the wires leads to a high rate of nerve damage, 
and one of the author ’ s patients developed permanent 
recurrent laryngeal palsy, which required surgical recon-
struction of the vocal folds to restore intelligible speech. 

 Quality - of - life measures have demonstrated apparent 
improvements in energy, memory, daytime sleepiness, 
social aspects, mental effects and fear of seizures, and 
these effects occur whether or not seizures have been 
improved. The common sedative side effects of new 
drugs do not occur, and this is of course a very important 
difference and a major attraction of the procedure to 
patients. Vagal nerve stimulation also has an antidepres-
sant action, and is licensed for use in refractory depres-
sion in some countries.  

  Clinical  r ole for  v agal  n erve  s timulation 
 There seems to be no doubt that vagal nerve stimulation 
can exert a slight antiepileptic action. No patient should 
be given the impression that full seizure control will be 
achieved, because this is a rare event. Many patients do, 
however, experience some apparent improvement. 

 Vagal nerve stimulation has the advantage of not being 
a drug, and so patients can escape the cognitive and CNS 
side effects associated with all conventional antiepileptic 
medication. Furthermore, the stimulator can be simply 
implanted with low surgical morbidity  –  and certainly 
none of the risks of intracranial surgery. However, the 
effectiveness of the procedure has not, in the opinion of 
many, lived up to the promise apparent from the clinical 
trials. Few patients have gained seizure freedom from the 
technique, and there often appears to be little or no effect 
at all. The problem of assessing the procedure is com-
pounded by both the large number of possible variations 
in stimulation parameters that can be tried, and the 
suggestion that effects on seizure frequency may be 
delayed and become observable months or even years 
after the initiation of therapy. 

 The epilepsy indications for the procedure are not fully 
explored, but currently it can be offered to any patient in 
whom seizures have failed to respond to conventional 
medical therapy, and in whom resective surgical therapy 
is not appropriate. There is no clear evidence that one 
seizure type does better than any other, although the use 
of vagal nerve stimulation in generalized epilepsy is cur-
rently evinced only by open, uncontrolled studies. 
Assessment is complicated as psychogenic non - epileptic 
seizures can improve strikingly with this procedure. 

 The usual initial target parameters are shown in 
Table  10.12 . Programming is started a few weeks after 

3 years. The most common side effects were: at 12 months, 
hoarseness (29%) and paraesthesias (12%); at 24 months 
hoarseness (19%) and cough (6%); and at 36 months 
shortness of breath. No excess mortality was recorded. 
One anxiety has been the question of vagally induced 
cardiac arrhythmia, and there have been increasing 
numbers of reports of stimulation - induced asystole and 
other cardiac arrhythmias. Effects on cardiac function are 
routinely tested peroperatively, during implantation 
(a brief stimulation at 1.0   mA, 500   ms and 20   Hz) and, if 
this induces asytole, the device is not implanted. The pub-
lished rate of SUDEP in treated patients is 4.1 per 1000 
person - years, which is said on rather weak grounds not 
to be in excess of that expected in a matched population.   

 Chronic stimulation can also mildly impair swallow-
ing and increase the risk of aspiration in vulnerable 
individuals. Other side effects recorded include posture -
 dependent stimulation of the phrenic nerve and worsen-
ing of pre - existing obstructive sleep apnoea. 

 There are other practical issues. MRI at 3   T is advised 
against in those with an implanted vagal nerve stimulator, 
and 1.5   T scanning should be carried out with the stimula-
tor turned off and with other precautions in place. The 
use of short - wave diathermy, microwave diathermy or 
therapeutic ultrasound diathermy should be avoided. 

 Another signifi cant problem is that, although the stim-
ulator box can be removed, the wires wrapped around 
the vagal nerve cannot, and so are in place permanently. 
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ogy, and also the success of these procedures in other 
conditions such as Parkinson disease and in pain. 

 Targets that are most favoured include the caudate 
nucleus, the centromedian nucleus of the thalamus, the 
anterior thalamic nucleus, the mamillary bodies and the 
subthalamic nucleus. Direct stimulation of the epileptic 
focus, in both the neocortex and the hippocampus, has 
also been attempted. All these approaches have had 
encouraging results in animal experimentation, and there 
are small human case reports and small series. 

 Pioneering double - blind studies in small numbers of 
patients with severe epilepsy have been reported. In six of 
nine patients, stimulation of the subthalamic nuclear 
resulted in a  > 80% reduction in seizures and, in a study 
of fi ve patients, stimulation of the anterior thalamus pro-
duced an average 54% seizure reduction after a mean 
follow - up of 15 months. A recent multicentre, double -
 blind, randomized controlled trial of bilateral stimulation 
of the anterior nuclei of thalamus was conducted in focal 
epilepsy (SANTE trial): 110 patients were included, and 
in the last month of the blinded phase the stimulated 
group had a  ≥ 50% reduction in seizures. At 24 months of 
follow - up, there was a 56% median reduction in seizure 
frequency, 54% of patients had a seizure reduction of at 
least 50% and 14 patients were seizure free for at least 6 
months. Five deaths occurred, none from implantation 
or stimulation. It was concluded by the researchers 
that the anterior thalamus is useful for some people with 
medically refractory partial and secondarily generalized 
seizures. Centromedian nucleus stimulation has also 
shown promising results with stimulation settings in the 
range 60 – 130   Hz, 2.5 – 5.0   V, 0.2 – 1.0   ms duration for 1   min 
in every 5   min. A  > 50% reduction in seizures occurred in 
an open investigation of amygdalo - hippocampal stimula-
tion in three patients. However, well - controlled and 
blinded studies of cerebellar stimulation and hippocam-
pal stimulation have shown no benefi t. Another study was 
recently completed using the NeuroPace RNS system. 
This device is chronically implanted around the seizure 
focus, where it continuously monitors brain electrical 
activity, identifi es the onset of a seizure, and delivers a 
brief electrical stimulation with the intention of suppress-
ing the seizure. The study demonstrated a statistically 
signifi cant reduction in seizure frequency in the treat-
ment group (responsive stimulation active) of 29% com-
pared with the sham stimulation group (responsive 
stimulation inactive) of 14%. In the long - term extension 
period of the trial, 47% of patients experienced a  ≥ 50% 
reduction in their seizure frequency. DBS carries risks, 
notably of infection and haemorrhage (a rate of about 

implantation. The ramping up of stimulation parameters 
is typically performed at outpatient follow - up visits, by 
a specially trained nurse, every 1 – 2 weeks over the next 
few months. The current is usually increased by 0.25   mA 
increments, or more, to the maximum tolerated settings 
or until  ≥ 50% reduction in seizure frequency. If side 
effects occur, the current can be reduced by 0.25   mA 
decrements or the bandwidth lessened. If seizures have 
not improved after 9 months of stimulation, the  ‘ off 
time ’  is usually decreased from 5   min to 3   min. Further 
reduction to 1.8 and 0.2   min can be tried (with an associ-
ated decrease of  ‘ on time ’  to 7   s  –   ‘ rapid cycle ’ ). If this 
fails to improve seizures within 12 – 18 months, it is usual 
to turn the device off and remove the stimulator box.   

 The patient can override stimulation patterns with the 
magnet, which can be used to trigger stimulation or to 
suppress programmed activity. The sense of empower-
ment this conveys to patients over their epilepsy may be 
one reason for the observed benefi ts of the therapy. 

 The initial cost of vagal nerve stimulation is high, 
much higher than the initial costs of pharmacotherapy, 
and attempts have been made to demonstrate long - term 
cost - effectiveness.   

  Other  f unctional  s urgical  p rocedures 

 Both stereotactic ablation and deep - brain stimulation 
(DBS) have been used, in small numbers of patients, in an 
attempt to control or modify seizures since the 1930s. 
Targets have included the amygdala, various thalamic 
nuclei, the fi elds of Forel, the anterior commissure, the 
fornix and the posterior limb of the internal capsule. The 
results of these operations in the past were often poor, and 
this type of functional surgery had until recently been 
largely abandoned. However, there has been a recent 
resurgence of interest in DBS, encouraged by the improved 
anatomical precision of stereotaxy made possible by MRI, 
better surgical instrumentation and stimulation technol-

  Table 10.12    Usual initial target stimulation parameters for 
vagal nerve stimulation in patients with epilepsy. 

   Stimulation parameter     Setting  

  Output current    1.5   mA  
  Signal frequency    20 – 30   Hz  
  Pulse width    250 – 500   ms  
  Signal on time    30   s  
  Signal off time    5   min  
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  Table 10.13    A lesson from history  –   ‘ functional 
operations ’  still being performed for epilepsy, 1900 – 1930. 

  Trepanation  
  Trephination  
  Carotid artery occlusion  
  Bilateral vertebral artery occlusion  
  Cervical sympathectomy  
  Castration  
  Circumcision  
  Hysterectomy/oopherectomy  
  Adrenalectomy  
  Dural splitting  
  Colectomy and other bowel resections  
  Arterialization of internal jugular vein  

5%), and as yet none of these techniques is in routine 
clinical usage in any major centre. 

 A related technique is transcranial magnetic stimula-
tion (TMS), which has been used to treat myoclonus and 
partial seizures. Anecdotal case reports are encouraging, 
and in one open study eight of nine patients with myoc-
lonus showed a seizure reduction of 39%. However, a 
study of 24 patients with frequent partial and secondarily 
generalized seizures treated with low - frequency, repeti-
tive TMS on 5 consecutive days resulted in a mean reduc-
tion of only 16% in seizures, which was not signifi cant. 

 Gamma knife or proton pencil beam surgery is also 
under investigation for use in focal ablations and other 
forms of functional surgery. In addition there is research 
interest in the possibility of stem - cell and neural trans-
plantation, and in the possibility of stereotactic drug 
implantation. These techniques can be applied to the 
seizure focus, the  ‘ trigger site ’  of seizures or to propaga-
tion pathways. Seizure - stimulated drug release directly 
into the seizure focus is also being explored. None of 
these procedures is yet at a stage where surgery in routine 
clinical practice is possible. 

  Table 10.14    The characteristics of level 1 and level 2 epilepsy centres. 

        Level 1 centres     Level 2 centres  

  Patients    Adults    Adults and children (in some centres)  

  Type of surgery    Anterior temporal lobectomy    A full range of epilepsy surgical procedures  

  General facilities    Full range of neurological and neurosurgical 
facilities, and neurosurgical intensive care unit  

  As for level 1  

  MRI facilities    1.5   T with facilities for thin slice volumetric 
imaging  

  As for level 1, with additional facilities where 
possible for fMRI, MRS and post - processing  

  Other neuroimaging 
facilities  

  CT and angiography    As for level 1, with access to other 
procedures such as PET, SPECT, SISCOM  

  Neuropsychological 
facilities  

  Routine neuropsychology and facilities for 
Wada testing  

  As for level 1  

  EEG facilities    Routine scalp EEG, video telemetry and 
corticography  

  As for level 1, with additional facilities for 
intracranial recording and stimulation  

  Staffi ng    Access to: neurology, neurosurgery, clinical 
neurophysiology, neuroradiology, neuropsychiatry, 
neurorehabilitation, neuropathology, counselling, 
full technical support  

  As for level 1, with additional paediatric 
specialities if paediatric surgery is being 
performed  

  Audit    An audit of surgical volume and results should be 
available where possible  

  As for level 1  

   See text for abbreviations.   

 A note of caution is needed, however, when considering 
functional surgical approaches to epilepsy. Over the past 
century various functional procedures have been con-
ducted, usually without proper evaluation, which are now 
considered worthless (Table  10.13 ). The current vogue for 
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functional surgery (including vagal nerve stimulation) 
requires careful evaluation to avoid similar mistakes.    

  The  o rganization of  e pilepsy  s urgery 
 c are: the  e pilepsy  s urgery  c entre 

 It should be clear that epilepsy surgery is a specialized 
fi eld of endeavor that requires, for almost every patient, 
input from specialists in different non - surgical areas, 
e.g. neurology, neurophysiology, neuroradiology, neuro-
paediatrics, neurorehabilitation, neuropsychology and 
psychiatry. The input is needed to select suitable patients 
for surgery, to counsel patients adequately about the 

potential risks and benefi ts of surgery, and to follow up 
patients after surgery. A full range of necessary facilities 
and expertise is likely to be available only in designated 
centres, and standards for such centres have been defi ned 
by the ILAE Commission on Neurosurgery. 

 It has been proposed that there should be two levels of 
epilepsy surgery centre: basic epilepsy surgery centres 
(level 1) and reference epilepsy surgery centres (level 2). 
Both should be sited within a comprehensive neurosci-
ence centre, and the typical characteristics of each level 
are shown in Table  10.14 . In the age of clinical gover-
nance and audit, it is inevitable as well as desirable that 
epilepsy surgery services are organized in such a formal 
and regulated fashion.      
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   Drug     Therapeutic indications in epilepsy     Commonly used as 
fi rst - line drug  

  Acetazolamide    All seizure types. Catamenial epilepsy    No  

  Carbamazepine    Monotherapy and adjunctive therapy in partial and generalized seizures 
(excluding absence, tonic and myoclonic seizures), and in childhood epilepsy 
syndromes. Adults and children  

  Yes  

  Clobazam    Adjunctive and monotherapy in epilepsy. Also for intermittent therapy, 
one - off prophylactic therapy. Adults and children  

  No  

  Clonazepam    Monotherapy and adjunctive therapy in partial and generalized seizures 
(including absence and myoclonus) and also the Lennox – Gastaut syndrome, 
neonatal seizures, infantile spasms and status epilepticus. Adults and children  

  No  

  Eslicarbazepine acetate    Adjunctive therapy in refractory partial - onset seizures. Adults only    No  

  Ethosuximide    Monotherapy or adjunctive therapy for generalized absence seizures. Adults 
and children  

  No  

  Felbamate    Refractory partial and secondarily generalized epilepsy and the Lennox –
 Gastaut syndrome as last resort therapy  

  No  

  Gabapentin    Partial or secondarily generalized epilepsy: adjunctive therapy in adults and 
children aged  ≥ 6 years. Monotherapy in adults and children aged  ≥ 12 years 
(Europe; not licensed for monotherapy in the USA)  

  No  

  Lacosamide    Adjunctive therapy of partial - onset seizures. Adults only    No  

  Lamotrigine    Adjunctive or monotherapy of partial seizures and generalized seizures, and 
seizures associated with the Lennox – Gastaut syndrome in those aged  ≥ 13 
years. Adjunctive therapy of partial seizures and generalized seizures and 
monotherapy of typical absence seizures in those aged 2 – 12 years  

  Yes  

  Levetiracetam    Adjunctive therapy in partial - onset seizures in adults and children aged  > 1 
month, and in myoclonic and tonic – clonic seizures in juvenile myoclonic 
epilepsy, aged  ≥ 12 years. Monotherapy in partial seizures with or without 
secondarily generalized seizures in patients aged  ≥ 16 years  

  Yes  

  Oxcarbazepine    Monotherapy and adjunctive therapy in partial - onset seizures and generalized 
tonic – clonic seizures. Adults and chldren aged  ≥ 6 years  

  Yes  

  Phenobarbital    Monotherapy and adjunctive therapy in partial or generalized seizures 
(including absence and myoclonus) in adults and children. Also, status 
epilepticus, the Lennox – Gastaut syndrome, other childhood epilepsy 
syndromes, febrile convulsions, neonatal seizures  

  Yes  –  in some 
countries  

  Phenytoin    Monotherapy and adjunctive therapy in partial - onset seizures and generalized 
tonic – clonic seizures. Also status epilepticus. Adults and children  

  Yes  –  in some 
countries  

  Piracetam    Myoclonus, especially in progressive myoclonic epilepsies. Adults and children    No  

  Pregabalin    Adjunctive therapy in partial - onset seizures. Adults only    No  

  Primidone    Monotherapy and adjunctive therapy in partial - onset seizures and generalized 
tonic clonic seizures. Adults and children.  

  No  

 Antiepileptic drugs  –  indications in epilepsy 

(Continued)
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   Drug     Therapeutic indications in epilepsy     Commonly used as 
fi rst - line drug  

  Rufi namide    Adjunctive therapy in the Lennox – Gastaut syndrome, aged  ≥ 4 years    No  

  Tiagabine    Adjunctive therapy in partial and secondarily generalized seizures in patients 
aged  ≥ 12 years  

  No  

  Topiramate    Adjunctive therapy for partial - onset seizures and for the Lennox – Gastaut 
syndrome aged  ≥ 2 years. Monotherapy for partial - onset and generalized 
seizures; aged  ≥ 6 years  

  Yes  

  Valproate    Monotherapy and adjunctive therapy in partial - onset and generalized seizures, 
including myoclonus and absence, and for the seizures associated with the 
Lennox – Gastaut syndrome. Idiopathic generalized epilepsy, febrile convulsions, 
other childhood epilepsy syndromes. Adults and children  

  Yes  

  Vigabatrin    West syndrome. Also, adjunctive therapy in partial - onset seizures where other 
therapy has been ineffective and the risk vs benefi t ratio is appropriate. Adults 
and children  

  No  

  Zonisamide    Adjunctive therapy in partial - onset seizures in adults aged  ≥ 18 years (in 
Europe and the USA). Monotherapy and adjunctive therapy in children and 
adults for a broad range of epilepsy (in Japan and Asia)  

  No  

Antiepileptic drugs – indications in epilepsy (Continued)
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 Antiepileptic drugs  –  dose, average adult values 

   Drug     Initial dose 
(mg/day)  

   Drug 
initiation: 
usual dose 
increment 
(mg/day) 
stepped up 
every 2 weeks  

   Usual initial 
maintenance 
dose on 
monotherapy 
(mg/day)  

   Usual 
maximum 
dose in 
monotherapy 
(mg/day)  

   Dosing 
intervals 
(per day)  

   Drug 
reduction: 
usual dose 
decrement 
(mg/day) 
stepped 
down every 
2 – 4 weeks  

   Doses can be 
affected by 
co - medication  

  Acetazolamide    250   mg    250    250 – 750    750    1 – 2    250      

  Carbamazepine  a      100 – 200    200    400 – 1600    2400    2 – 3    200    Yes  

  Clobazam    10    10    10 – 30    30    1 – 2    10    No  

  Clonazepam    0.25    0.25 – 0.5    0.5 – 4    4    1 – 2    0.5    No  

  Eslicarbazepine 
acetate  

  400    200 – 400    800 – 1200    1200    1    400    Yes  

  Ethosuximide    250    250    750 – 1500    1500    2 – 3    250    Yes  

  Felbamate    1200    1200    1200 – 3600    3600    2 – 3    600    Yes  

  Gabapentin    300 – 400    300 – 400    900 – 3600    3600    2 – 3    300 – 400    No  

  Lacosamide    50    50    200 – 400    400    2    50    No  

  Lamotrigine    12.5 – 25    50    100 – 400    600    2    50 – 100    Yes  

  Levetiracetam    125 – 250    250 – 500    750 – 4000    4000    2    250 – 500    Occasionally  

  Oxcarbazepine    300    300    900 – 2400    3000    2    300    Yes  

  Phenobarbital    30    15 – 30    30 – 120    180    1    15 – 30    Yes  

  Phenytoin    200    25 – 100    200 – 450    500    1 – 2    50    Yes  

  Piracetam    4800    2400    1200 – 32   000    32   000    2 – 3    2400    No  

  Pregabalin    50    50    150 – 400    600    2 – 3    50    No  

  Primidone    62.5 – 125    125 – 250    250 – 1000    1500    1 – 2    125 – 250    Yes  

  Rufi namide    400    400    1200 – 3200    3200    2    400    Yes  

  Tiagabine    15    4 – 5    30 – 45    56 – 60    2 – 3    4 – 5    Yes  

  Topiramate    25 – 50    25 – 50    75 – 300    600    2    50    Yes  

  Valproate    200 – 500    200 – 500    500 – 2000    3000    2 – 3    200 – 500    Yes  

  Vigabatrin    500    500    1000 – 3000    4000    2    500    No  

  Zonisamide    50    50    200 – 400    600    1 – 2    50    Yes  

    a Values are for the slow - release formulation, which is the formulation of choice, particularly at high doses.  
  Note that values in this table are based on the author ’ s own practice, and may vary from those published elsewhere.   



   Drug     Is dose 
commonly 
affect by 
co - medication?  

   Is dose affected by 
renal or hepatic 
disease?  

   Does this drug 
commonly 
affect doses of 
other drugs in 
co - medication?  

   Does this 
drug affect the 
contraceptive 
pill?  

   Is serum level 
monitoring useful in 
defi ning dose?  

   Target range of 
serum levels 
(adults)  

  Acetazolamide    No    Avoid in renal and 
hepatic disease  

  No    No    Not useful      

  Carbamazepine    Yes    Severe hepatic 
disease  

  Yes    Yes    Very useful    20 – 50    μ mol/L 
(10,11 - epoxide 
 –   < 9    μ mol/L)  

  Clobazam    No    Severe hepatic 
disease  

  No    No    Not useful      

  Clonazepam    No    Severe hepatic 
disease  

  No    No    Not useful      

  Eslicarbazepine 
acetate  

  Yes    Moderate renal 
disease  

  Yes    Yes    Utility not established      

  Ethosuximide    Yes    Hepatic disease and 
severe renal disease  

  No    No    Very useful    300 – 700    μ mol/L  

  Felbamate    Yes    Renal disease. Avoid 
in hepatic disease  

  Yes    Yes    Potentially useful    30 – 60   mg/L  

  Gabapentin    No    Severe renal disease    No    No    Not useful      

  Lacosamide    No    No    No    No    Utility not established      

  Lamotrigine    Yes    Avoid in hepatic 
disease  

  No    No    Useful    2 – 20   mg/L  

  Levetiracetam    Occasionally    Renal disease    No    No    Not useful      

  Oxcarbazepine    Yes    Severe renal disease    Yes    Yes    Useful (measures of 
MHD derivative)  

  50 – 140    μ mol/L 
(MHD derivative)  

  Phenobarbital    Yes    Severe hepatic and 
renal disease  

  Yes    Yes    Very useful    50 – 130    μ mol/L  

  Phenytoin    Yes    Severe hepatic 
disease  

  Yes    Yes    Very useful    40 – 80    μ mol/L  

  Piracetam    No    Severe renal disease    No    No    Not useful      

  Pregabalin    No    Renal disease    No    No    Not useful      

  Primidone    Yes    Severe hepatic and 
renal disease  

  Yes    Yes    Very useful (measures 
of derived 
phenobarbital)  

  50 – 130    μ mol/L 
(derived 
phenobarbital)  

  Rufi namide    Yes    Insuffi cient data in 
hepatic disease  

  Yes    Yes    Utility not established      

  Tiagabine    Yes    Hepatic disease    No    No    Utility not established      

  Topiramate    Yes    Renal disease    Slight    Yes    Potentially useful    10 – 60    μ mol/L  

  Valproate    Yes    Avoid in hepatic 
disease  

  Yes    No    Useful    300 – 700    μ mol/L  

  Vigabatrin    No    Renal disease    Slight    No    Not useful      

  Zonisamide    Yes    Avoid in severe renal 
disease  

  No    No    Potentially useful    30 – 140    μ mol/L  

 Antiepileptic drugs  –  dose, interactions 



 Antiepileptic drugs  –  dose, in children 

   Drug     Children  –  average initial dose     Children  –  average maintenance dose  

  Acetazolamide    10   mg/kg per day    30   mg/kg/day  

  Carbamazepine     < 1 year, 50   mg/day 
 1 – 5 years: 100   mg/day 
 5 – 10 years: 200   mg/day 
 10 – 15 years: 100   mg/day  

   < 1 year: 100 – 200   mg/day 
 1 – 5 years: 200 – 400   mg/day 
 5 – 10 years: 400 – 600   mg/day 
 10 – 15 years: 600 – 1000   mg/day  

  Clobazam    0.25   mg/kg per day    0.25 – 1.5   mg/kg per day  

  Clonazepam     < 1 year: 0.25   mg/day 
 1 – 5 years: 0.25   mg/day 
 5 – 12 years: 0.25   mg/day  

   < 1 year: 1   mg/day 
 1 – 5 years: 1 – 2   mg/day 
 5 – 12 years: 1 – 3   mg/day  

  Eslicarbazepine acetate     −      −   

  Ethosuximide    10 – 15   mg/kg per day    20 – 40   mg/kg per day  

  Felbamate    15   mg/kg per day    45 – 80   mg/kg per day  

  Gabapentin    10 – 15   mg/kg per day/kg    3 – 4 years: 40   mg/kg per day 
 5 – 12 years: 25 – 35   mg/kg per day 
  > 12 years: as for adults  

  Lacosamide     −      −   

  Lamotrigine    2 – 12 years: 
 0.3   mg/kg per day (monotherapy) 
 0.15   mg/kg per day (with valproate 
co - medication) 
 0.6   mg/kg per day (with co - medication 
with enzyme inducing drugs)  

  2 – 12 years: 
 1 – 10   mg/kg per day (monotherapy) 
 1 – 5   mg/kg per day (with valproate co - medication) 
 5 – 15   mg/kg per day (with co - medication with 
enzyme inducing drugs)  

  Levetiracetam    10 – 20   mg/kg per day    20 – 60   mg/kg per day  

  Oxcarbazepine    4 – 5   mg/kg per day    20 – 45   mg/kg per day  

  Phenobarbital    Neonates: 1 – 2   mg/day 
 1 month – 12 years: 1 – 1.5   mg/kg per day, 
  > 12 years: 15   mg/day  

  Neonates: 3 – 4   mg/day 
 1 month  − 12 years: 3 – 8   mg/kg per day 
  > 12 years: 30 – 180   mg/day  

  Phenytoin    1 month – 12 years: 1.5 – 2.5   mg/kg per day 
  > 12 years: 50   mg/day  

  1 month – 12 years: 2.5 – 7.5   mg/kg per day 
  > 12 years: 75 – 150   mg/day  

  Piracetam     −      −   

  Pregabalin     −      −   

  Primidone    1 – 2   mg/kg per day    10 – 20   mg/kg per day  

  Rufi namide     < 30   kg: 200   mg     < 30   kg not receiving valproate: 1000   mg/day 
  < 30   kg receiving valproate: 600   mg/day  

  Tiagabine  

  Topiramate    0.5 – 1   mg/kg per day    5 – 9   mg/kg per day  

  Valproate    Neonates, 20   mg/kg 
 1 month – 12 years: 10 – 15   mg/kg  

  Neonates, 20   mg/kg 
 1 month – 12 years: 25 – 30   mg/kg (up to 60   mg/kg 
in infantile spasms)  

  Vigabatrin    10 – 15   kg, 125   mg/day 
 15 – 30   kg: 250   mg/day 
  > 30   kg: 500   mg/day  

  10 – 15   kg, 40   mg/kg per day or 500 – 1000   mg/day 
 15 – 30   kg, 1000 – 1500   mg/day 
  > 30   kg, 1500 – 3000   mg/day  

  Zonisamide    2 – 4   mg/kg per day    4 – 8   mg/kg per day  
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 Antiepileptic drugs  –  summary of side effects 

   Drug     Common side effects     Risk of hypersensitivity  

  Acetazolamide    Acidosis, drowsiness, anorexia, irritability, nausea and vomiting, loss of 
appetite, weight loss, enuresis, headache, thirst, dizziness, hyperventilation, 
fl ushing, loss of libido, renal stones. Severe hypersensitivity affecting skin 
and blood  

  Yes  –  marked risk  

  Carbamazepine    Drowsiness, fatigue, dizziness, ataxia, diplopia, blurring of vision, sedation, 
headache, insomnia, gastrointestinal disturbance, tremor, weight gain, 
impotence, effects on behaviour and mood, hepatic disturbance, rash and 
other skin reactions, bone marrow dyscrasia, leucopenia, hyponatraemia, 
water retention, endocrine effects, effects on cardiac conduction, effects on 
immunoglobulins  

  Yes  

  Clobazam    Drowsiness, sedation, asthenia, ataxia, weakness and hypotonia, diplopia, 
mood and behavioural change, dependency, withdrawal symptoms  

  Slight  

  Clonazepam    Drowsiness, sedation, asthenia, ataxia, weakness and hypotonia, diplopia, 
mood and behavioural change, drooling and hypersalivation, dependency, 
withdrawal symptoms  

  Slight  

  Eslicarbazepine acetate    Headache, dizziness, somnolence, nausea, diplopia, vomiting, blurred 
vision, vertigo, fatigue, constipation and diarrhoea. Others as with 
oxcarbazepine, but probably less hyponatremia  

  None to date  

  Ethosuximide    Gastrointestinal symptoms, drowsiness, ataxia, diplopia, headache, 
dizziness, hiccups, sedation, behavioural disturbances, acute psychotic 
reactions, extrapyramidal symptoms, blood dyscrasia, rash, lupus - like 
syndrome, severe hypersensitivity  

  Yes  –  marked risk  

  Felbamate    Severe hepatic disturbance and aplastic anaemia, insomnia, weight loss, 
gastrointestinal symptoms, fatigue, dizziness, lethargy, behavioural change, 
ataxia, visual disturbance, mood change, psychotic reaction, rash, 
neurological symptoms  

  Yes  –  marked risk  

  Gabapentin    Drowsiness, dizziness, ataxia, headache, tremor fatigue, weight gain, 
exacerbation of non - convulsive generalized seizures  

  Slight  

  Lacosamide    Dizziness, headache, nausea, diplopia, ataxia, memory impairment, 
somnolence, tremor, vertigo, constipation, pruritus, asthenia, fatigue  

  None to date  

  Lamotrigine    Rash (sometimes severe), blood dyscrasia, headache, ataxia, asthenia, 
diplopia, nausea, vomiting, dizziness, somnolence, insomnia, depression, 
behavoral effects, psychosis, tremor  

  Yes  –  marked risk  

  Levetiracetam    Somnolence, asthenia, infection, dizziness, headache, irritability, aggression, 
behavioural and mood changes, emotional lability, depersonalization, 
psychosis, nervousness, seizure exacerbation, rhinitis, cough, vomiting  

  Slight  

  Oxcarbazepine    Somnolence, headache, dizziness, diplopia, ataxia, rash, hyponatraemia, 
weight gain, alopecia, nausea, gastrointestinal disturbance  

  Yes  

  Phenobarbital    Sedation, ataxia, dizziness, insomnia, hyperkinesis (children), dysarthria, 
mood changes (especially depression), behaviour change, aggressiveness, 
cognitive dysfunction, impotence, reduced libido, folate defi ciency and 
megablastic anaemia, vitamin K and vitamin D defi ciency, osteomalacia, 
Dupuytren contracture, frozen shoulder, shoulder – hand syndrome, 
connective tissue abnormalities, rash. Risk of dependency. Potential for 
abuse  

  Slight  
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   Drug     Common side effects     Risk of hypersensitivity  

  Phenytoin    Ataxia, dizziness, lethargy, sedation, headaches, dyskinesia, acute 
encephalopathy (phenytoin intoxication), hypersensitivity, rash, fever, 
blood dyscrasia, gingival hyperplasia, folate defi ciency, megaloblastic 
anaemia, vitamin K defi ciency, decreased immunoglobulins, mood 
changes, depression, coarsened facies, hirsutism, peripheral neuropathy, 
osteomalacia and osteoporosis, hypocalcaemia, hormonal dysfunction, loss 
of libido, hepatitis, coagulation defects  

  Yes  

  Piracetam    Dizziness, insomnia, nausea, gastrointestinal discomfort, hyperkinesis, 
weight gain, tremulousness, agitation, drowsiness, rash  

  No  

  Pregabalin    Weight gain, somnolence, dizziness, ataxia, asthenia, tremor, blurred vision, 
double vision, amnesia, depression, insomnia, nervousness, anxiety, 
cognitive effects and confusion  

  No  

  Primidone    As for phenobarbital. Also dizziness and nausea on initiation of therapy    Slight  

  Rufi namide    Headache, dizziness, somnolence, fatigue, nausea, diplopia, blurred vision, 
ataxia  

  None to date  

  Tiagabine    Dizziness, tiredness, nervousness, tremor, diarrhoea, nausea, headache, 
confusion, psychosis, fl u - like symptoms, ataxia, depression, word - fi nding 
diffi culties, encephalopathy, non - convulsive status epilepticus  

  No  

  Topiramate    Dizziness, ataxia, headache, paraesthesia, tremor, somnolence, cognitive 
dysfunction, confusion, agitation, amnesia, depression, emotional lability, 
nausea, diarrhoea, diplopia, weight loss  

  No  

  Valproate    Nausea, vomiting, hyperammonaemia and other metabolic effects, 
endocrine effects, severe hepatic toxicity, pancreatitis, drowsiness, cognitive 
disturbance, aggressiveness, tremor, weakness, encephalopathy, 
thrombocytopenia, neutropenia, aplastic anaemia, hair thinning and hair 
loss, weight gain, polycystic ovarian syndrome  

  Yes  

  Vigabatrin    Mood change, depression, psychosis, aggression, confusion, weight gain, 
insomnia, changes in muscle tone in children, tremor and diplopia. 
Irreversible visual fi eld constriction  

  No  

  Zonisamide    Somnolence, ataxia, dizziness, fatigue, nausea, vomiting, irritability, 
anorexia, impaired concentration, mental slowing, itching, diplopia, 
insomnia, abdominal pain, depression, skin rashes, hypersensitivity. 
Signifi cant risk of renal calculi, metabolic acidosis, weight loss, and 
oligohidrosis. Risk of heat stroke  

  Yes  

Antiepileptic drugs – summary of side effects (Continued)
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 Antiepileptic drugs  –  summary of metabolism 

   Drug     Major metabolic pathways     Hepatic enzymes 
involved in 
metabolism  

   Inhibitor or 
induce of hepatic 
enzymes  

   Drug 
interactions  

   Active metabolite  

  Acetazolamide    None    No    No    No    No  

  Carbamazepine    Epoxidation and 
hydroxylation, and then 
conjugation  

  CYP3A4, CYP2C8, 
CYP1A2 and then 
UGT (15%)  

  Induces CYP2B6, 
CYP2C9, 
CYP2C19, 
CYP3A, CYP1A2, 
UGT1A4  

  Common    Carbamazepine 
epoxide  

  Clobazam    Desmethylation and 
hydroxylation and then 
conjugation  

  CYO3A4    Slight effects only    Minor only     N  - Desmethylclobazam  

  Clonazepam    Reduction, hydroxylation 
and acetylation  

  CYP3A4    Slight effects only    Minor only    No  

  Eslicarbazepine 
acetate  

  Hydrolysis and 
conjugation  

  No    Inhibits CYP2C9    Common    Eslicarbazepine  

  Ethosuximide    Hepatic oxidation then 
conjugation  

  CYP3A4    No    Common    No  

  Felbamate    Hydroxylation and 
conjunction  

  CYP3A4 CYP2E1, 
UDPGT (10%)  

  Induces CYP3A4, 
inhibits CYP2C19  

  Common    No  

  Gabapentin    None    No    No    No    No  

  Lacosamide     O  - Desmethylation    CYP2C19    Inhibits CYP2C19    Some drug 
interactions  

  No  

  Lamotrigine    Only phase 2 
glucuronidation  

  UGT14A ( > 80%)    Induces UGT1A4    Common    No  

  Levetiracetam    Hydrolysis in many body 
tissues  

  No    No    Minor only    No  

  Oxcarbazepine    Reduction to MHD, then 
conjugation  

  Aldo -
 ketoreductase 
enzymes (not via 
CYP enzymes), 
UDPGT (60%)  

  Inhibits CYP2C19, 
induces CYP3A, 
UGT1A4  

  Some    MHD  

  Phenobarbital    Oxidation, glucosidation 
and hydroxylation, then 
conjugation  

  CYP2C9, 
CYP2C19, 
CYP2E1  

  Induces CYP2B6, 
CYP2C9, 
CYPC19, CYP3A, 
UGT1A4  

  Common    No  

  Phenytoin    Oxidation, hydroxylation , 
and glucosidation.  

  CYP2C9, 
CYP2C19, 
CYP3A4 
UDPGT1A  

  Induces CYP2B6, 
CYP2C9, 
CYP2C19, 
CYP3A4, 
UGT1A4  

  Common    No  

  Piracetam    None    No    No    No    No  

  Pregabalin    None    No    No    No    No  
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   Drug     Major metabolic pathways     Hepatic enzymes 
involved in 
metabolism  

   Inhibitor or 
induce of hepatic 
enzymes  

   Drug 
interactions  

   Active metabolite  

  Primidone    Metabolism to 
phenobarbital, and then 
biotransformation as for 
phenobarbital  

  As per 
phenobarbital  

  As per 
phenobarbital  

  Common    Phenobarbital  

  Rufi namide    Hydrolysis    Carboxylesterase 
enzymes, (not via 
CYP enzymes)  

  Induces CYP 3A4    Common    No  

  Tiagabine    Oxidation then 
conjugation  

  CYP3A4    No    Common    No  

  Topiramate    No  a   (in polytherapy: 
hydoxylation or hydrolysis 
and then conjugation)  

  Not in 
monotherapy  

  Inducer of 
CYP3A4, inhibits 
CYP2C19  

  Some drug 
interactions  

  No  

  Valproate    Oxidation, epoxidation, 
reduction and then 
conjunction  

  CYP2C9, 
CYP2C19, 
CYP2B6, UGT1A4  

  Inhibits CYP2C9, 
UGT1A4 (and a 
very weak 
inhibitor of 
CYP2C19 and 
CYP3A4)  

  Common    No  

  Vigabatrin    None    No    No    No    No  

  Zonisamide    Reduction,  N  - acetylation 
and conjunction  

  CYP3A4    No    Common    No  

    a In monotherapy. In polytherapy, some hepatic metabolism.  
  CYP, cytochrome P450 enzyme; UGT, uridine glucuronyl transferase enzyme.   

Antiepileptic drugs – summary of metabolism (Continued)
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   Drug     Oral 
bioavailability 
(%)  

   Time to peak 
levels (h)  

   Volume of 
distribution 
(L/kg)  

   Elimination half 
life (h)  

   Plasma clearance  b   
(L/kg per h)  

   Protein binding 
(%)  

  Acetazolamide     < 90    1 – 3    0.2    10 – 12    Insuffi cient data    90 – 95  

  Carbamazepine    75 – 85    4 – 8    0.8 – 2    5 – 26  d      0.133  d      75  

  Clobazam    90    1 – 4    0.9 – 1.8    10 – 30  e   
 50  f    

  0.021 – 0.038  f      83  

  Clonazepam    80    1 – 4    3    20 – 55    0.09    86  

  Eslicarbazepine 
acetate  c    

   < 100    2 – 3    2.7    13 – 20    0.055    30  

  Ethosuximide     < 100    4    0.65    40 – 70  d      0.010 – 0.015  d       < 10  

  Felbamate     < 100    1 – 4    0.75    11 – 25  d      0.027 – 0.032  d      20 – 25  

  Gabapentin     < 65  g      2 – 3    0.65 – 1.04    5 – 9    0.120 – 0.130    0  

  Lacosamide     < 100    2 – 4    0.5 – 0.8    12 – 16    Insuffi cient data     < 15  

  Lamotrigine     < 100    1 – 3    0.9 – 1.31    12 – 60  d      0.044 – 0.08  d      55  

  Levetiracetam     < 100    0.5 – 2    0.5 – 0.7    6 – 8    0.036    0  

  Oxcarbazepine     < 100    4 – 6  a      0.7 – 0.8  a      8 – 10  a      0.04 – 0.05  d      38  a    

  Phenobarbital    80 – 100    0.5 – 4    0.36 – 0.73    75 – 120    0.006 – 0.009  d      45 – 60  

  Phenytoin    95    4 – 12    0.5 – 0.8    7 – 42  d      0.003 – 0.02  d      80 – 95  

  Piracetam     < 100    0.5 – 0.7    0.6    5 – 6    Insuffi cient data    0  

  Pregabalin     > 90    1    0.56    5 – 7    0.042 – 0.06    0  

  Primidone     < 100    0.27 – 3.2    0.64 – 0.72    3.3 – 22.4  d      0.035 – 0.052  d      25  

  Rufi namide     < 85    4 – 6    0.8    8 – 12  d      0.09  d      30  

  Tiagabine     < 100    1 – 2    1.0    5 – 9  d      0.109  d      96  

  Topiramate     < 100    2 – 4    0.6 – 1.0    19 – 25  d      0.022 – 0.036  d      13 – 17  

  Valproate     < 100    0.5 – 2    0.13 – 0.30    13 – 16  d      0.010 – 0.115  d      70 – 95  

  Vigabatrin     < 100    0.5 – 2    0.8    4 – 7    0.102 – 0.114    0  

  Zonisamide     < 100    2.4 – 4.6    1.1 – 1.7    49 – 69  d      0.0089 – 0.001  d      40 – 50  

    a Figures refer to MHD derivative (the active metabolite of oxcarbazepine).  
   b Values given for monotherapy in most cases.  
   c Figures refer to eslicarbazepine (the active metabolite of eslicarbazepine acetate).  
   d Depend on co - medication.  
   e Clobazam.  
   f Desmethylclobazam.  
   g Dose dependant absorption.   

 Antiepileptic drugs  –  summary of pharmacokinetic values (typical adult values) 
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 Antiepileptic drugs  –  modes of action 

   Drug     Mechanism of action  

  Acetazolamide    Carbonic anhydrase inhibition  

  Carbamazepine    Inhibition of sodium channel conductance. Also action on monoamine, acetylcholine and 
NMDA receptors  

  Clobazam    GABA A  - receptor agonist  

  Clonazepam    GABA A  - receptor agonist  

  Eslicarbazepine acetate    Inhibition of voltage - dependent sodium conductance.  

  Ethosuximide    Inhibition of calcium T - channel conductance  

  Felbamate    Inhibition of NMDA receptor (glycine recognition site) and sodium channel conductance  

  Gabapentin    Action on  α  2  –  δ  subunit of the voltage - gated calcium channel  

  Lacosamide    Inhibition of sodium channel conductance  

  Lamotrigine    Inhibition of sodium channel conductance  

  Levetiracetam    Action via binding to SV2A protein  

  Oxcarbazepine    Inhibition of sodium channel conductance. Also effects on potassium conductance, N - type 
calcium channels, NMDA receptors  

  Phenobarbital    GABA A  receptor agonist. Also depresses glutamate excitability, and affects sodium, potassium and 
calcium conductance  

  Phenytoin    Inhibition of sodium channel conductance  

  Piracetam    Probably via binding to the SV2A protein. Other properties include enhancement of oxidative 
glycolysis, anticholinergic effects, rheological effects  

  Pregabalin    Action on  α  2  –  δ  subunit of the voltage - gated calcium channel. Also reduces release of glutamate 
and other excitatory neurotransmitters  

  Primidone    As for phenobarbital  –  GABA A  - receptor agonist. Also depresses glutamate excitability, and affects 
sodium, potassium and calcium conductance  

  Rufi namide    Inhibition of sodium channel conductance  

  Tiagabine    Inhibition of postsynaptic GABA reuptake  

  Topiramate    Inhibition of sodium channel conductance, potentiation of GABA - mediated inhibition at the 
GABA A  receptor, reduction of AMPA receptor activity, inhibition of high - voltage calcium 
channels, carbonic anhydrase activity  

  Valproate    Effects on GABA and glutaminergic activity, calcium (T) conductance and potassium 
conductance  

  Vigabatrin    Inhibition of GABA transaminase activity  

  Zonisamide    Inhibition of sodium channel conductance, T - type calcium currents, benzodiazepine GABA A  
receptor excitatory glutaminergic transmission, carbonic anhydrase  

   AMPA,  α  - amino - 3 - hydroxyl - 5 - methyl - 4 - isoxazole - propionate; GABA,  γ  - aminobutyric acid; NMDA,  N  - methyl -  d  - aspartate; 
SV2A, synaptic vesicle glycoprotein 2A.   
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 Further Reading     

     The purpose of this section is to provide guidance for 
further reading on the topics in this book. This is not 
intended to be a comprehensive list of citations (in the 
age of PubMed, this seems not really necessary), but 
simply a selection of recent reviews, key articles and 
important summary papers. Where data are cited in the 
text, the source is also included here. The list should be 
suffi cient for the interested reader to follow up any aspect 
of particular interest. 

 The key text is the sister book,  The Treatment of 
Epilepsy  , 3rd edn (Shorvon SD, Perucca E, Engel J Jr. 
Oxford: Blackwell Publishing Ltd, 2009).  Most of the 
chapters in the book have comprehensive citation lists 
and these are an invaluable source for further study, and 
are separately listed here. Some text in this book is taken 
with permission from these chapters in the book. Other 
textbooks that provide comprehensive citations are also 
listed below. The citations to articles in the scientifi c 
journals are biased towards recently published papers.  

     Chapters 1 – 6 

  Chapters from:   Shorvon   SD  ,   Perucca   E  , 
  Engel   J   Jr  , eds ( 2009 ).  The Treatment of 
Epilepsy .  Oxford :  Blackwell Publishing Ltd   
    Gurnett   CA  ,   Dodson   WE  .  Defi nitions and classifi cation of epi-

lepsy , pp.  3  –  30 .  
    Forsgren   L  .   Hesdorffer   D  .  Epidemiology and prognosis of epi-

lepsy , pp.  21  –  32 .  
    Shorvon   S  .  Aetiology of epilepsy ,  33  –  54 .  
    Cook   M  .  Differential diagnosis of epilepsy , pp.  55  –  66 .  
    Avanzini   G  .   Franceschetti   S  .  Mechanisms of epileptogenesis , 

pp.  67  –  80 .  
    White   S  .  Antiepileptic drug discovery , pp.  81  –  90 .  
    Walker   M  ,   Surges   R  ,   Fisher   F  .  Mechanisms of antiepileptic drug 

action , pp.  91  –  108 .  
    L ö scher   W  ,   Schmidt   D  .  Mechanisms of tolerance and drug resis-

tance , pp.  109  –  120 .  

    Perucca   E  .  General principles of medical management , pp. 
 121  –  140 .  

    Hart   YM  .  Management of newly diagnosed epilepsy , pp. 
 141  –  152 .  

    Shorvon   SD  .  Management of chronic active epilepsy in adults , 
pp.  153  –  162 .  

    Kwan   P  ,   Leung   H  .  Management of epilepsy in remission , pp. 
 163  –  170 .  

    Chiron   C  .  Management of epilepsy in infants , pp.  171  –  178 .  
    Ferrie   CD  .  Childhood epilepsy syndromes , pp.  179  –  194 .  
    Livingston   JH  .  Management of epilepsies associated with 

specifi c diseases in children , pp.  195  –  202 .  
    Arif   J  ,   Mendiratta   A  ,   Hirsch   L  .  Management of epilepsy in the 

elderly , pp.  203  –  218 .  
    Brodtkorb   E  .  Management of epilepsy in people with learning 

disabilities , pp.  219  –  230 .  
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blood level monitoring 155
clinical use 177, 367
dosing regimens 100, 177

adults 369
children 371

drug interactions 176, 370
indications 82, 177, 367
interactions with hepatic enzymes 150
metabolic pathways 151, 374
mode of action 176, 377
pharmacokinetics 176, 176, 376
status epilepticus 299, 307–8
tolerance and withdrawal symptoms 173, 

177
volume of distribution 149

clonic seizures 11
clorazepate 277
clozapine 110
cluster seizures, treatment of 288
CNS infection 60–4
cobblestone lissencephaly 52
coeliac disease 67
cognitive-behavioural therapy, in 

depression 110
cognitive disability as a teratogenic risk 141
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cognitive outcome, temporal lobe 
surgery 336–7

cognitive symptoms, in partial seizures 8
coils, contraceptive 139
collagen vascular disease 66
combined oral contraceptive 138
co-morbid disease 79–81
complementary/alternative therapy 118–21
complex inheritance 123–4
complex partial status epilepticus 303–4
compliance 98, 102, 102

elderly patients 134
computed tomography 314, 353–4
congenital epilepsy, defi nition 2–3
contraception 138–9
corpus callosectomy 356–7, 357

indications 356
operative procedure 356, 357
outcome 356–7
preoperative assessment 356

cortical dysplasias 50–4, 51, 349–51, 350
cortical mapping 348
cortical stimulation 348
corticosteroids 278

adverse effects 278
clinical use 278
pharmacokinetics 278
West syndrome 93, 278

cost of antiepileptic drugs 84
counselling 93, 99, 100, 104, 106–7

genetic 121–6, 122
preconception 145

Crohn disease 67
cryptogenic epilepsy 2, 21, 33, 34

CT, single enhancing lesion 64
defi nition 2
life expectancy 5

Cysticercus cellulosae 62

D
D-glycine acidaemia 37
de novo absence status of late life 305–6
decision to treat 96–8
deep-brain stimulation 110–11, 362–3
degenerative disease 56–7
dementia 56–7
demyelinating disorders 66
dentato-rubro-pallido-luysian atrophy 

(DRPLA) 37, 43, 44
Depo-Provera 139
depression 107–11

induced by antiepileptic drugs 115
temporal lobe surgery, outcome 337

developmental anomalies of cortical structure 
see cortical dysplasias

diazepam 276–7
acute tolerance 290
adverse effects 172
interactions with hepatic enzymes 150
status epilepticus 299, 308

diets 120–1
ketogenic 95, 120, 128–9, 129

diltiazem 272
distribution 148–50
dosing regimens of antiepileptic drugs 100
Down syndrome 49–50, 131
Dravet syndrome 36

complex inheritance 124
drug treatment 96
genetic counselling 124

DRESS syndrome 116, 117
drug addition 103
drug-induced seizures 70–2, 71
drug interactions 150, 152
drug metabolism 150–2, 150, 151
drug-naïve patients, treatment 81, 81, 82, 

98–100, 99, 100
drug overdose 302

see also individual drugs
drug resistance proteins 149
drug withdrawal 103, 104–7, 105, 105

and status epilepticus 302
dysembryoplastic neuroepithelial tumour 59, 

339–40
dysmnesia, symptom of partial epilepsy 8
dysphasia, symptom of partial epilepsy 8

E
early onset benign occipital epilepsy 

(Panayiotopoulos syndrome) 26, 91
eclampsia 144
EEG see electroencephalography
elderly

compliance 134
diagnosis 132–3
pharmacodynamics 133–4
pharmacokinetics 133, 134
treatment 132–6, 134

electrical status epilepticus during slow wave 
sleep 30–1, 31

electroconvulsive therapy (ECT) 110
electrocorticography 349
electroencephalography 1, 97, 331, 349

biofeedback 119
bitemporal 331–2
hemispherectomy 353, 353
ictal scalp 326–7, 327, 331, 346–7, 347, 

353
interictal scalp 325–6, 326, 345–6, 346, 350
intracranial 327–31, 328–9, 330, 347–8
status epilepticus 297

elimination half-life 153
emergency treatment 287–313
encephalitis 60–1, 61, 343
endocrine disorders, inducing seizures 70
endocrine function, women 137–8
epilepsia partialis continua 83, 302–3, 303
epilepsy

defi nition 1–2
frequency 3

population features 3–5
epilepsy surgery see surgical treatment of 

epilepsy
epilepsy surgery centre 363, 364
epilepsy syndromes 11–32, 20

defi nition 2
epileptic encephalopathy, defi nition 1–2
epileptic seizures, defi nition 1
epileptogenesis, prevention of 76
epileptogenic zone 319
eslicarbazepine acetate 177–81

adverse effects 180, 373
antiepileptic effect/effi cacy 180
blood level monitoring 155
clinical use 181, 367
dosing regimens 100

adults 369
children 371

drug interactions 179–80, 370
indications 82, 87, 367
interactions with hepatic enzymes 150
metabolic pathways 374
mode of action 179, 377
pharmacokinetics 179, 179–80, 376
volume of distribution 149

ethosuximide 181–5
acute intermittent porphyria 41
adverse effects 117, 183–4, 184, 373
antiepileptic effect/effi cacy 184
blood level monitoring 155
in breast milk 145
clinical use 184–5, 367
dosing regimens 100, 184–5

adults 369
children 371

drug interactions 183, 370
phenytoin 223
valproate 255

indications 82, 184, 367
interactions with hepatic enzymes 150
metabolic pathways 151, 374
mode of action 182, 377
pharmacokinetics 182, 182–3, 376
volume of distribution 149

excretion 152–3
exercise 119
extratemporal epilepsy surgery see surgical 

treatment of epilepsy

F
familial cavernoma 37
fatigue, as seizure precipitant 69
febrile seizures 2, 26–8, 27, 36

complex inheritance 124
defi nition 2
emergency prophylaxis 92
genetic counselling 124
long-term prophylaxis 92–3
parental counselling 93
treatment 92–3
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felbamate 278–81
acute intermittent porphyria 41
adverse effects 117, 280–1, 373
antiepileptic effect/effi cacy 281
blood level monitoring 156
clinical use 281, 367
dosing regimens 281

adults 369
children 371

drug interactions 280, 370
phenytoin 222, 223
valproate 255

indications 82, 281, 367
interactions with hepatic enzymes 150
metabolic pathways 374
mode of action 280, 377
pharmacokinetics 280, 280, 376
volume of distribution 149

fertility 136, 137
fetal malformations 139–41, 141

screening for 142–3
fetus, effect of seizures on 142
fever, as seizure precipitant 69–70
fl uoxetine 109
focal cortical dysplasia 51–2
folate metabolism disorders 37
folic acid supplementation 143
foramen ovale EEG 331
forced normalization 113
fosphenytoin, in status epilepticus 299, 

308–9
fraction excreted unchanged in urine 

(Fu(x)) 153
fragile X syndrome 50
frontal lobe epilepsy 15, 15–16
fructose-1,6-diphosphatase defi ciency 37
fumarase defi ciency 37
functional surgical procedures 362–4, 363
furosemide 272

G
gabapentin 185–9

acute intermittent porphyria 41
adverse effects 117, 187–8, 188, 373
antiepileptic effects/effi cacy 188
blood level monitoring 156
clinical use 188–9, 367
comparative effi cacy 88
dosing regimens 100, 189

adults 369
children 371

drug interactions 187, 370
elderly patients 134, 135
indications 82, 87, 189, 367
metabolic pathways 151, 374
mode of action 186–7, 377
pharmacokinetics 186, 187, 376
tailoring to patient characteristics 85
volume of distribution 149

gamma knife surgery 339

ganglioglioma 59
gastrointestinal infl ammatory disorders 67
Gaucher disease 37, 38
gelastic epilepsy 8

hypothalamic hamartoma 59–60
generalized anxiety disorder 111
generalized epilepsies and syndromes 21
generalized epilepsy with febrile seizures plus 

(GEFS+) 35–6, 125
generalized seizures 6, 9–12, 10, 13

atonic seizures 12
atypical absence seizures 9–10, 10
choice of drug treatment 81–3, 90
clonic seizures 11
myoclonic seizures 10–11
tonic–clonic seizures 11–12
tonic seizures 11
typical absence seizures 9, 10
see also idiopathic generalized epilepsy

generic formulations of antiepileptic 
drugs 148

genetic counselling 121–6, 122
genetic/developmental causes 36–54

developmental anomalies of cerebral 
structure 50–4, 51

disorders of chromosome structure 49–50
neurocutaneous syndromes 46–9
pure epilepsies with complex 

inheritance 36
single-gene disorders 36–49, 37

Geschwind syndrome 114
glioma 59, 340
glucocerebrosidase defi ciency see Gaucher 

disease
glucose, intravenous 296
gluten-free diet 120
grand mal seizures see tonic–clonic seizures

H
haematological reactions to antiepileptic 

drugs 116, 117
hallucinations, symptom of partial 

epilepsy 7, 8
hamartoma 59
handicaps, patients with additional 129–32, 

130
Hashimoto’s thyroiditis 67
head injury, status epilepticus after 302
hemimegalencephaly 51
hemispherectomy 352–5

preoperative assessment 352–4, 352, 353, 
354

techniques and outcome 354–5
hemispherotomy see hemisperectomy
Henoch–Schönlein syndrome 66
hepatic failure 80, 116–17, 117, 296
herbal medicines 120
hexosaminidase A defi ciency 37
hippocampal sclerosis 54–5, 55, 320, 320–39

bilateral 331

dual pathology 332, 332
surgical treatment see surgical treatment of 

epilepsy: mesial temporal lobe 
epilepsy

homeopathy 120
Huntington disease 37, 56
hypersensitivity 117–18

anticonvulsant syndromes 80
see also invididual drugs

hypnosis 119
hyponatraemia

carbamazepine 166
oxcarbazepine 208

hypothalamic hamartoma 59–60, 341

I
ictal affective symptoms 107
ictal psychosis 112–13
idiopathic epilepsy 33–6, 34

defi nition 2, 3
life expectancy 5

idiopathic generalized epilepsy (IGE) 21, 22, 
22–4, 23

complex inheritance 123–4
drug treatment 82, 90–1
epilepsy with grand mal seizures (GTCS) 

on waking 24
genetic counselling 123–4
juvenile myoclonic epilepsy 23–4
pregnancy 146
variants with myoclonus 24

idiopathic localization-related epilepsies and 
syndromes 19

ILAE classifi cation
epilepsies and epilepsy syndromes 19–21, 

20
seizure type 6, 7

illusions 8
Implanon 139
incidence of epilepsy 3, 3, 3, 4, 21
individualized therapeutic range 154
injectable contraceptives 139
institutional care 132
intensive care 297
interictal dysphoric syndromes 111
interictal psychosis 112
International League Against Epilepsy see 

ILAE classifi cation
intracarotid amytal test 333
intracranial pressure monitoring 297
intranasal administration/inhalation of 

antiepileptic drugs 148
intrauterine contraception 139
isofl urane, in status epilepticus 309
isovaleric acidaemia 37

J
jacksonian march 7, 16
Jansky–Bielschowsky disease 45
juvenile myoclonic epilepsy 23–4
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K
ketogenic diet 95, 120, 128–9, 129
Klüver–Bucy syndrome 114
Krabbe disease 37
Kufs disease 45, 126

L
lacosamide 189–92

adverse effects 191, 191, 373
antiepileptic effect/effi cacy 191–2
blood level monitoring 155
clinical use 191, 192, 367
dosing regimens 100, 191–2

adults 369
children 371

drug interactions 191, 370
elderly patients 134
indications 82, 87, 191, 192, 367
interactions with hepatic enzymes 150
metabolic pathways 151, 374
mode of action 190, 377
pharmacokinetics 190, 190–1, 376
tailoring to patient characteristics 85
volume of distribution 149

Lafora body disease 37, 43, 44
lamotrigine 192–9

acute intermittent porphyria 41
adverse effects 117, 195–7, 195, 196, 373

CNS 195, 196
hypersensitivity 196–7, 196
overdose 197

antiepileptic effect/effi cacy 197–8
blood level monitoring 155
in breast milk 145
clinical use 198, 199, 367
comparative effi cacy 88
dosing regimens 100, 199

adults 369
children 371

drug interactions 191, 195, 370
phenytoin 223
valproate 255

elderly patients 134
indications 82, 87, 191, 192, 197–8, 367
interactions with hepatic enzymes 150
metabolic pathways 151, 374
mode of action 190, 193–4, 377
pharmacokinetics 190, 190–1, 194, 194–5, 

376
tailoring to patient characteristics 85
volume of distribution 149

Landau–Kleffner syndrome 2, 25, 31, 31–2
treatment 95–6, 358

lateral temporal lobe epilepsy 14–15, 15
learning disability 129–32, 130, 316–17
Leigh syndrome 37
Lennox–Gastaut syndrome 10, 11, 19, 29–30, 

29, 30, 36
drug treatment 94–5

levetiracetam 199–205

acute intermittent porphyria 41
adverse effects 117, 202–3, 202, 373
antiepileptic effect/effi cacy 203–4
blood level monitoring 156
clinical use 204–5, 367
comparative effi cacy 88
dosing regimens 100, 202, 205

adults 369
children 371

drug interactions 202, 370
elderly patients 134, 135
indications 81, 82, 87, 203–5, 367
metabolic pathways 151, 374
mode of action 199–201, 377
pharmacokinetics 201, 201–2, 376
status epilepticus 299, 310
tailoring to patient characteristics 85
teratogenicity 203
volume of distribution 149

licensed indications of antiepileptic drugs 84, 
87

lidocaine, in status epilepticus 299, 309
life expectancy estimates 5
lifestyle measures 91
limbic encephalitis 13–14, 14, 67
lipidoses 38
lissencephaly 52–3
liver disease, risks of antiepileptic drug 

prescribing in 80
liver toxicity of antiepileptic drugs 116–17, 

117
localization-related epilepsies/

syndromes 19–21
lorazepam, in status epilepticus 299, 309–10
lysosomal disorders 38

M
magnesium sulphate 296
magnetic resonance imaging (MRI) 314, 332

corpus callosectomy 356, 357
hemispherectomy 353–4, 354
screening test for selection of patients for 

surgery 332
surgery in extra-temporal epilepsy 345, 

345, 346
surgery of cortical dysplasia 349–51
surgery in mesial temporal lobe 

epilepsy 322–4, 323, 324, 325
surgery in MRI negative cases 351–2

malaria, cerebral 61
mannitol 272
maple syrup urine disease 37
medically intractable epilepsy 315–16
meditation 119
medroxyprogesterone acetate 139
MELAS 37, 44
memory outcome, temporal lobe 

surgery 335–6, 336
meningioma 60
meningitis 60–1, 343

Menkes syndrome 37, 38
menstrual cycle 69
MERFF 37, 43, 44–5

genetic counselling 125
mesial temporal lobe epilepsy 13–14, 14

surgical treatment see under surgical 
treatment of epilepsy

meta-analysis of regulatory drug trials 85–6, 
88

methosuximide 41
metabolic disorders, inducing seizures 70
metabolic pathways of antiepileptic drug 

metabolism 150–2, 151
methylmalonic aciduria 37
Michaelis–Menten equation 153
midazolam

interactions with hepatic enzymes 150
status epilepticus 299, 300, 310–11

Miller–Dieker syndrome 52, 53
mirtazepine 109
mitochondrial cytopathies 37, 44–5
mitochondrial inheritance 123
mixed connective tissue disease 66
modifi ed-release formulations of antiepileptic 

drugs 148
morbidity of epilepsy 76, 78–80, 98
morning-after pill 139
mortality of epilepsy 4–5, 76–8, 98, 317
motor symptoms, in partial seizures 7
mucopolysaccharidoses 37
multigenic disorders 123
multiple sclerosis 66
multiple subpial transection 358–9, 358
music therapy 120
myoclonic–astatic epilepsy 24, 36
myoclonic seizures 10–11

choice of drug treatment 83, 83, 91
myoclonic status epilepticus 306

N
neonatal seizures 22

drug treatment 89–90
neuroacanthocytosis 37, 38–9
neurocysticercosis 62–3, 343–4, 344
neurofi bromatosis type 1: 47–9, 48
neurocutaneous syndromes 46–9
neurological complications, mesial temporal 

lobe surgery 335
Neurological Disorders Depression Inventory 

for Epilepsy (NDDI-E) 107
neuronal ceroid lipofuscinoses 37, 43, 

45–6
genetic counselling 126

neuropsychiatric evaluation 321–2
neuropsychology 332–3, 348
neurosurgery

as a cause of epilepsy 58–9, 302
as a treatment of epilepsy see surgical 

treatment of epilepsy
new absence status of late life 305–6
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newly diagnosed epilepsy, treatment 81, 81, 
82, 96–100, 96, 97, 99, 100

Niemann–Pick disease 37, 39
nifedipine 272
nimodipine 272
nitrazepam 277–8
non-ketotic hyperglycinaemia 37
northern epilepsy 45
nutritional supplements 120–1

O
obsessive–compulsive disorder 111
occipital lobe epilepsy 17, 17–18
occult degenerative cerebrovascular 

disease 64
off-label prescribing 84
olanzapine 109
oligoantigenic diets 120
oral absorption of antiepileptic drugs 147
oral bioavailability of antiepileptic 

drugs 147–8
oral contraceptive pill 138
organic acidurias 39–40
organic mental disorders 114–15

temporal lobe surgery, outcome 337
ornithine transcarbamylase defi ciency 37
over-medication of handicapped 

patients 131
oxcarbazepine 205–10

acute intermittent porphyria 41
adverse effects 117, 208–9, 208, 373

hypersensitivity 208–9
hyponatraemia 208
neurological and gastrointestinal 208, 

208
overdose 209

antiepileptic effect/effi cacy 209
blood level monitoring 155
clinical use 209–10, 367
comparative effi cacy 88
dosing regimens 100, 210

adults 369
children 371

drug interactions 208, 370
phenytoin 222, 223

elderly patients 134
indications 81, 82, 87, 209–10, 367
interactions with hepatic enzymes 150
metabolic pathways 151, 180, 374
mode of action 207, 377
pharmacokinetics 206, 207–8, 376
tailoring to patient characteristics 85
teratogenicity 209
volume of distribution 149

P
pachygyria 52–3
Panayiotopoulos syndrome 26, 91
pancreatitis 117, 117
panic disorder 111

paraldehyde, in status epilepticus 299, 311
paraneoplastic disorders 67
parenteral administration of antiepileptic 

drugs 148
parietal lobe epilepsy 17, 17–18
partial seizures 6, 7–9, 3

central, clinical features 16–17, 17
choice of drug treatment 82
classifi cation by anatomical site 12–18
complex partial seizures, clinical 

features 8–9, 10
evolving to secondarily generalized 

seizures 9
frontal lobe, clinical features 15, 15–16
parietal/occipital, clinical features 17, 

17–18
simple partial seizures, clinical 

features 7–8
temporal lobe 13–15, 14

pentobarbital, in status epilepticus 300, 311
periventricular nodular heterotopia 37, 

53–4
peroxisomal disorders 37, 40
personality disorders 113–15
PET see positron emission tomography
petit mal seizures 9

absence status epilepticus 304–5
phantom absence 23
pharmacodynamics 133–4

status epilepticus 288–90
pharmacokinetics 147–57

absorption 147–8
distribution 148–50
elderly patients 133, 134
elimination 150–3, 150, 151
elimination half-life 153
excretion 152–3
pregnancy 142
status epilepticus 288–90
see also individual drugs

phenobarbital 210–18
acute intermittent porphyria 41
adverse effects 87, 117, 214–15, 373

blood, bone and connective 
tissue 214–15

hypersensitivity 215
neurological 214
overdose 215, 216
skin 215

antiepileptic effect/effi cacy 215–17
blood level monitoring 155
in breast milk 145
clinical use 217–18, 367
comparative effi cacy 89
dependency and withdrawal 

symptoms 214
dosing regimens 100, 218

adults 369
children 371

drug interactions 213–14, 370

phenytoin 222, 223
valproate 255

elderly patients 134, 135–6
indications 82, 215–18, 367
interactions with hepatic enzymes 150
metabolic pathways 151, 374
mode of action 212, 377
pharmacokinetics 212–14, 211, 212, 376
status epilepticus 299, 311–12
tailoring to patient characteristics 85
teratogenicity 215
volume of distribution 149

phenylalanine hydroxylase defi ciency see 
phenylketonuria

phenylketonuria 37
phenytoin 218–28

acute intermittent porphyria 41
adverse effects 87, 117, 223–7, 225, 374

cardiovascular 226
connective tissues 225–6
endocrine and biochemical 226
haematological 226
hypersensitivity and 

immunological 225, 225
neurological 224–5
phenytoin intoxication and 

encephalopathy 224
antiepileptic effect/effi cacy 227–8
blood level monitoring 155, 157
in breast milk 145
clinical use 228, 367
comparative effi cacy 89
dosing regimens 100, 228

adults 369
children 371

drug interactions 221–3, 223, 370
carbamazepine 162, 162, 222, 223
ethosuximide 223
felbamate 222, 223
lamotrigine 223
oxcarbazepine 222, 223
phenobarbital 222, 223
primidone 223
sultiame 222
tiagabine 223
topiramate 223
valproate 222, 223, 255
vigabatrin 222, 223
zonisamide 223

elderly patients 134, 136
indications 82, 227–8, 367
interactions with hepatic enzymes 150
metabolic pathways 151, 374
mode of action 220, 377
pharmacokinetics 219, 220–3, 221, 222, 

223, 224, 376
status epilepticus 299, 312
tailoring to patient characteristics 85
teratogenicity 227
volume of distribution 149



Index  415

photosensitive epilepsy 72–3, 73
piracetam 281–5, 284

antiepileptic effect/effi cacy 284–5
adverse effects 283, 374
clinical use 283–5, 367
dosing regimens

adults 369
children 371

drug interactions 370
indications 82, 87, 283–5, 367
metabolic pathways 374
mode of action 283, 377
pharmacokinetics 283, 283, 376

pKa 147
polycystic ovarian syndrome (PCOS) 

137–8
polymicrogyria 53
polymorphic epilepsy of infancy see Dravet 

syndrome
porphyria 37, 40–1, 41, 80
positron emission tomography (PET) 333–4, 

348–9
post-coital contraception 139
post-ictal affective symptoms 107
post-ictal psychosis 113
post-traumatic epilepsy 57–8, 344
post-vaccination encephalopathy 56
precipitants of seizures 68–70, 68
pre-eclampsia 144
pregabalin 229–32

acute intermittent porphyria 41
adverse effects 117, 231, 374
antiepileptic effect/effi cacy 231–2, 231
blood level monitoring 156
clinical use 232, 367
dosing regimens 100, 232

adults 369
children 371

drug interactions 231, 370
indications 82, 87, 232, 367
metabolic pathways 151, 374
mode of action 230, 377
pharmacokinetics 230, 230–1, 376
tailoring to patient characteristics 85
volume of distribution 149

pregnancy 141–4
eclampsia/pre-eclampsia 144
effect on rate of seizures 142
effect of seizures on fetus 142
effects of epilepsy on pregnancy and 

delivery 141–2, 142
folic acid supplementation 143
management of labour 144
new-onset epilepsy in 143
reduction of risk 145–6
vitamin K 143

prenatal/perinatal injury 55–6
pressor therapy 296
prevalence of epilepsy 3, 3, 4
primary reading epilepsy 73

primidone 232–5, 234
adverse effects 117, 235, 374
antiepileptic effect/effi cacy 235
blood level monitoring 155
clinical use 235, 367
dosing regimens 100, 235

adults 369
children 371

drug interactions 234–5, 370
phenytoin 223
valproate 255

indications 82, 235, 367
interactions with hepatic enzymes 150
metabolic pathways 151, 375
mode of action 234, 377
overdose 235
pharmacokinetics 234, 234–5, 376
tailoring to patient characteristics 85
volume of distribution 149

progesterone-only pill 138
progression of epilepsy 317
progressive muscular relaxation 119
progressive myoclonic epilepsy 42–6, 43

genetic counselling 125
prophylactic treatment, intermittent 288
propofol, in status epilepticus 300, 312
propranolol 272
proprionic acidaemia 37
protein binding 149–50
proton pencil beam surgery 339
provoked epilepsy 33, 34, 67–74, 98

defi nitions 2
pseudo-Lennox–Gastaut syndrome 25
pseudo-lymphoma syndrome 116, 117
psychiatric disorders 79, 107–16

acute psychotic or depressive states 
induced by antiepileptic drugs 115

depression and anxiety 107–11
disorders of sexual function 115
in learning disability 131
personality disorders 113–15
psychiatric disturbance and personality 

change after epilepsy surger 
115–16

psychosis 112–13, 317
psychiatric outcome, temporal lobe 

surgery 336–7
psychic symptoms, in partial seizures 7–8
psychological consequences of epilepsy 317
psychological therapies 119
psychosis 112–13, 317

induced by antiepileptic drugs 115
temporal lobe surgery, outcome 337

psychosocial morbidity 79
psychosocial outcome, temporal lobe 

surgery 337–8
puerperium 144
pyogenic cerebral abscess 61–2
pyridoxine defi ciency 37, 41
pyruvate dehydrogenase defi ciency 37

Q
quality of life 76
quetiapine 109
quinidine 272

R
rapid assay 154
Rasmussen’s encephalitis 66–7, 344
rectal administration of antiepileptic 

drugs 148
recurrence 96–8, 97

risk of 105, 106
refl ex epilepsies 72–4, 98

photosensitive epilepsy 72–3, 73
primary reading epilepsy 73
startle-induced epilepsy 73

relaxation methods 119
remission 2, 4, 104–7

discontinuation of drug therapy 104, 105, 
105

proportion of patients in 3
remote symptomatic epilepsy, defi nition 2–3
renal failure, risk of antiepileptic drug 

prescribing in 81, 296
respiratory chain disorders 37
Rett syndrome 37, 41–2
ring chromosome 20: 50
risks of antiepileptic drug treatment 80–1
risks of epilepsy 76–80
risperidone 109
route of administration 148
rufi namide 235–8

adverse effects 238, 374
antiepileptic effect/effi cacy 238
blood level monitoring 155
clinical use 238, 368
dosing regimens 100, 238

adults 369
children 371

drug interactions 237, 370
indications 82, 87, 238, 368
interactions with hepatic enzymes 150
metabolic pathways 100, 375
mode of action 237, 377
pharmacokinetics 237, 237, 376
volume of distribution 149

S
salivary concentrations of antiepileptic 

drugs 154
Santavuori disease 45
sarcoidosis 67
schizencephaly 52
seizure control 75
seizure precipitants 68–70, 68, 98, 99

alcohol 69
fever and ill health 69–70
menstrual cycle 69
sleep and fatigue 69
stress 68
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secondary epileptogenesis 317
secondary handicap 75
seizure outcome, temporal lobe 

surgery 334–5, 334
seizure-related deaths 4, 76
sensory manifestations, in partial seizures 7
serial seizures 288
sertraline 109
serum level monitoring see blood level 

monitoring
serum levels of antiepileptic drugs 150, 154, 

156
severe myoclonic epilepsy of infancy (SMEI) 

see Dravet syndrome
sexual function disorders 115
sialidosis 37, 43, 46

genetic counselling 126
simple partial status epilepticus 306–7
single gene disorders 121–3

epilepsies in 36–49, 37
genetic counselling 121–3, 122
pure epilepsies due to 34–6, 35

single photon emission computed 
tomography (SPECT) 333–4, 348–9

Sjögren syndrome 66
skin reactions to antiepileptic drugs 117, 

117–18
sleep and fatigue, as seizure precipitant 69
social consequences of epilepsy 75, 317
sodium amytal test 333
SPECT see single photon emission computed 

tomography
sphenoidal EEG 331
spina bifi da 140
standardized mortality ratio (SMR) 76
startle-induced epilepsy 73
status epilepticus 2, 77, 288–307

absence status epilepticus 304–6
aetiology 297
alcohol withdrawal 302
atypical absence 305
autonomic status epilepticus 306
classifi cation 288, 289
complex partial status epilepticus 303–4
defi nition 2
drug overdose 302
drug responsiveness 290, 290
drug withdrawal 302
drugs used in 307–13
electrical during slow wave sleep 30–1, 31
epilepsia partialis continua 302–3, 303
myoclonic status epilepticus in coma 306
new absence status epilepticus of late 

life 305–6
non-convulsive status epilepticus, other 

forms 307
pharmacokinetics and 

pharmacodynamics 288–90
simple partial status epilepticus 306–7
subtle 306

tonic status epilepticus 306
typical absence status epilepticus 304–5
see also tonic–clonic status epilepticus

steady-state values 153
stereotactic neurosurgery 362
Stevens–Johnson syndrome 117, 117–18
stiripentol 222, 285–6

interactions with hepatic enzymes 150
stress 68
Sturge–Weber syndrome 49, 131, 353
subclinical epilepsy activity 75–6
subcortical band heterotopia 52–3
subtle status epilepticus 306
SUDEP 4–5, 77, 98
suicide 4, 78, 111–12
sultiame, interaction with phenytoin 222
surgical treatment of epilepsy 314–64

acute brain abscess 343, 343
arteriovenous malformations 341–2
benign tumours 340–1
cavernous haemangiomas 342–3, 342
corpus callosectomy 356–7, 357

indications 356
operative procedure 356, 357
outcome 356–7
preoperative assessment 356

cortical dysplasia 349–51, 350
cortical resections, large 353
deep-brain stimulation 362–3
defi nition of 314–15
encephalitis/meningitis 343
epilepsy arising in extratemporal regions/

temporal neocortex 339–49
aetiology 339–44
clinical assessment 345
cortical mapping and cortical 

stimulation 348
electrocortiography (EcoG) 349
ictal scalp EEG 346–7, 347
interictal scalp EEG 345–6, 346, 350
intracranial EEC 347–8
magnetic resonance imaging 344, 345, 

345, 346
neuropsychology 348
presurgical assessment 344–9
SPECT and PET 348–9
see also individual conditions

epilepsy surgery centre 363, 364
estimation of seizure outcome 316
extratemporal cortex/neocortex 339–40
gamma knife 339
gliomas 340
handicapped patients 131
hemispherectomy/hemispherotomy 352–5

preoperative assessment 352–4, 352, 
353, 354

techniques and outcome 354–5
hippocampal sclerosis 320, 320–39
hypothalamic hamartoma 341
mesial temporal lobe epilepsy 329–39

amygdalo-hippocampectomy 338–9, 
338

bilateral hippocampal sclerosis 331
bitemporal EEG changes 331–2
clinical history and examination 321, 

321, 322
discordant MRI and ECG 332
dual pathology hippocampal 

sclerosis 332, 332
follow-up 339
hippocampal sclerosis 320, 320–1
ictal scalp EEG and video-EEG 

telemetry 326–7, 327, 331
interictal scalp EEG 325–6, 326
intracarotid amytal test (Wada 

test) 333
intracranial ictal EEG 327–31, 328–9, 

330
memory outcome 335–6, 336
morbidity of temporal lobe surgery 335
MRI 322–4, 323, 324, 325
MRI-negative patients 332
neuroimaging, other than MRI 324
neuropsychology 332–3
outcome 334–8, 334, 336
pathology 320–1
patient evaluation 321–34
psychiatric assessment 321–2
psychiatric/cognitive outcome 336–7
psychosocial outcome 337–8
seizure outcome 334–5
SPECT and PET 333–4
surgical approaches 338–9, 338
temporal lobectomy 338, 338

multiple subpial transection 358–9, 358
neurocysticercosis 343–4, 344
no apparent lesion, surgery in patients 

with 332, 351–2
patient selection, general points 315–20, 

315
learning disability, behavioural disorder 

and psychosis 316–17
medical fi tness and age 317
medically intractable epilepsy 315–16
non-epileptic seizures 316
quality of life gain 316
risk estimation 316
risk of continuing epilepsy 317
timing of surgery 317–18

personality change, after epilepsy 
surgery 115–16

pre-surgical investigation, general 
points 318–20, 318

aetiology 320
concordance of investigation 319–20
epileptogenic zone 319
MRI 320

proton pencil beam 339
psychiatric disorders, after epilepsy 

surgery 115–16



Index  417

Rasmussen chronic encephalitis 344
stereotactic neurosurgery 362
Sturge–Weber syndrome 353
trauma 344
tuberculoma 344
vagus nerve stimulation 359–62, 359

clinical role 361–2, 362
effi cacy 360
operative procedure 359–60, 359, 360
safety and tolerability 360–1, 361

symptomatic epilepsy
acquired causes 33, 34, 54–67
defi nition 2
genetic/congenital origin 33, 34, 36–54
life expectancy 5

symptomatic generalized epilepsies 21
symptomatic localization-related epilepsies 

and syndromes 19–21
systemic lupus erythematosus (SLE) 66, 117, 

118

T
Taenia solium 62
tailoring drugs to different patient 

profi les 84, 85, 86
target range 154, 155–6
temporal hyperconnection, syndrome of 

114
temporal lobe epilepsy 13–15, 14, 15, 36

see also surgical treatment of epilepsy: 
mesial temporal lobe epilepsy

teratogenicity of antiepileptic drugs 139–41, 
141

acetazolamide 274–5
phenobarbital 215
phenytoin 227
tiagabine 242
topiramate 249
valproate 146, 258–9

theophylline-induced seizures 72
therapeutic range 154
thiamine, intravenous 296
thiopental, in status epilepticus 300, 312–13
thrombocytopenia 116
tiagabine 238–44

adverse effects 117, 241–2, 241, 374
antiepileptic effect/effi cacy 242–3
blood level monitoring 156
clinical use 243–4, 368
comparative effi cacy 88
dosing regimens 243–4

adults 369
children 371

drug interactions 100, 241, 370
phenytoin 223

elderly patients 134
indications 82, 87, 242–4, 368
interactions with hepatic enzymes 150
metabolic pathways 151, 375
mode of action 240, 377

overdose 242
pharmacokinetics 240, 240–1, 376
tailoring to patient characteristics 85
teratogenicity 242
volume of distribution 149

Tmax 148
timing

of blood samples 154
of surgery 317–18

Todd paralysis 7, 17
tonic–clonic seizures 11–12

choice of drug treatment 81–2
see also idiopathic generalized epilepsy

tonic–clonic status epilepticus
clinical features 290–5, 291, 292
drug treatment 297–302, 298, 299, 300, 

307–13
additional maintenance therapy 301
early stage 298–9, 299
established status epilepticus 299–300
failure to respond 301–2
premonitory stage 297–8
refractory status epilepticus 300, 300–1
special circumstances 302

general management
acidosis 296
acute renal/hepatic failure 296
cardiac arrhythmia 296
cardiorespiratory function 295
emergency investigations 295–6
intensive care 297
intravenous glucose/thiamine 296
intravenous lines 295
magnesium sulphate 296
medical complications 295, 296
monitoring 295
physiological and clinical 

changes 291–4, 293, 294, 295
pressor therapy 296
raised intracranial pressure 297
respiratory compromise 295
risk of cerebral damage 294–5

see also status epilepticus
tonic seizures 11

choice of drug treatment 83–4
tonic status epilepticus 306
topiramate 244–52

adverse effects 117, 246–9, 247, 374
children 248
neurological 247–8
weight loss 248

antiepileptic effect/effi cacy 249–51, 249
blood level monitoring 155
clinical use 251–2, 368
comparative effi cacy 88
dosing regimens 100, 251–2

adults 369
children 371

drug interactions 246, 370
phenytoin 223

elderly patients 134, 136
indications 81, 82, 87, 249–52, 368
interactions with hepatic enzymes 150
metabolic pathways 151, 375
mode of action 245–6, 377
pharmacokinetics 245, 246, 376
tailoring to patient characteristics 85
teratogenicity 249
volume of distribution 149

toxic epidermal necrolysis (TEN) 117, 
117–18

toxin-induced seizures 70
transcranial magnetic stimulation 363
trauma 57–8, 344
treatment

adverse effects 75
aims of 75–6
children 127–9
complementary/alternative 

therapy 118–21
decision to treat 96–8
dosing regimens 100
elderly 132–6, 134
epilepsy in remission 104–7
established epilepsy 101–4, 102
newly diagnosed patients 81, 81, 82, 

96–100, 96, 97, 99, 100
outcome 100
surgical see surgical treatment of 

epilepsy
women 136–46
see also antiepileptic drugs

trimethadione, adverse effects 87
tuberculoma 63–4, 344
tuberous sclerosis 37, 46–7, 47, 48
tumours

benign see benign tumours
cerebral 59–60
dysembryoplastic neuroepithelial 59

U
ulcerative colitis 67
Unverricht–Lundborg disease 37, 42, 43

drug treatment 83
genetic counselling 125

urea cycle disorders 37, 42

V
vagus nerve stimulation 359–62, 359

clinical role 361–2, 362
effi cacy 360
operative procedure 359–60, 359, 360
safety and tolerability 360–1, 361

valproate 252–61
acute intermittent porphyria 41
adverse effects 87, 117, 256–9, 374

encephalopathy 256
gastrointestinal side effects and weight 

gain 256–7
haematological 258
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hair 257
hepatic 258
HIV replication 257
hypersensitivity 258
metabolic and endocrine 257
neurological 256
pancreatic function 257

antiepileptic effect/effi cacy 259–60
blood level monitoring 155
in breast milk 145
clinical use 260–1, 368
comparative effi cacy 89
dosing regimens 100, 261

adults 369
children 371

drug interactions 255–6, 255, 370
carbamazepine 163, 255
ethosuximide 255
felbamate 255
lamotrigine 255
phenobarbital 255
phenytoin 222, 223, 255
primidone 255
vigabatrin 255
zonisamide 255

elderly patients 134, 136
indications 81, 82, 259–61, 368
interactions with hepatic enzymes 150
metabolic pathways 151, 375
mode of action 254, 377
pharmacokinetics 253, 254–6, 255, 376
status epilepticus 299, 313
tailoring to patient characteristics 85
teratogenicity 146, 258–9
volume of distribution 149

valproic acid see valproate
vasculitis, cerebral 66
venlafaxine 109
venous malformations 65–6
verapamil 272
version 7
versive seizures 16
video-EEG telemetry 326–7, 327

vigabatrin 261–7
acute intermittent porphyria 41
adverse effects 87, 263–6, 264, 265, 374

hypersensitivity 266
neurological 264, 264
peripheral visual failure 264, 265

antiepileptic effect/effi cacy 266–7
blood level monitoring 156
clinical use 267, 368
comparative effi cacy 88
dosing regimens 100, 267

adults 369
children 371

drug interactions 263, 370
phenytoin 222, 223
valproate 255

elderly patients 134
indications 82, 87, 266–7, 368
metabolic pathways 151, 375
mode of action 263, 377
pharmacokinetics 262, 263, 376
tailoring to patient characteristics 85
volume of distribution 149
West syndrome 93–4

visual stimuli, in refl ex epilepsy 72–3, 73
vitamin D 121
vitamin E 121, 272
vitamin K 143
volume of distribution 149, 149
voltage-gated potassium channel 

antibodies 67

W
Wada test 333
West syndrome 28–9, 28

drug treatment 93–4
corticosteroids 93, 278

Whipple disease 67
Wolf–Hirschhorn syndrome 37
women 136–46

catamenial epilepsy 69, 139
contraception 138–9
endocrine function 137–8

fertility 136, 137
menstruation 137, 139
polycystic ovarian syndrome 137–8
pregnancy 141–4, 142
puerperium144
reduction of risk in pregnancy 145–6
teratogenicity of antiepileptic 

drugs 139–41, 141

X
X-linked inheritance 121–2

Y
yoga 119

Z
Zellweger syndrome 37
zonisamide 267–72

adverse effects 117, 270–1, 270, 374
hypersensitivity 271
neurological 270, 270
overdose 271
renal stones, metabolic acidosis and 

oligohydrosis 270–1
antiepileptic effect/effi cacy 271–2, 271
blood level monitoring 155
clinical effi cacy 271
clinical use 272, 368
comparative effi cacy 88
dosing regimens 100, 272

adults 369
children 371

drug interactions 269, 370
phenytoin 223
valproate 255

indications 82, 87, 271–2, 368
interactions with hepatic enzymes 150
metabolic pathways 151, 375
mode of action 269, 377
pharmacokinetics 268, 269, 376
tailoring to patient characteristics 85
teratogenicity 271
volume of distribution 149
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