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  Pref ace   

 Epilepsy is a neurological condition that knows no geographic, social, or racial 
boundaries, occurring in men and women, affecting all ages, though more frequently 
affecting young people in the fi rst two decades of life and people over the age of 60 
years. It has been estimated that worldwide there are at least 50 million people who 
have epilepsy and more than 80 % of people with epilepsy live in developing coun-
tries where the condition remains largely untreated. These people could live normal 
lives if properly treated, but the majority of them do not receive any effective treat-
ment. Most importantly, epilepsy is now recognized as a disorder of the brain char-
acterized not only by an enduring predisposition to generate epileptic seizures but 
explicitly also by the neurobiological, cognitive, psychological, and social conse-
quences of this condition, and for this reason, although seizure freedom is of course 
still the goal where possible, “More than seizures” was the theme for the European 
Epilepsy Day in 2014. Psychiatric disorders are relatively frequent comorbidities in 
epilepsy, with a lifetime history identifi ed in one of every three patients, but these 
problems are, more often than not, ignored, unless they are severe enough to cause 
major disability. This seems to be due to multiple factors, including the patients’ 
reluctance to volunteer spontaneously information about existing psychiatric symp-
toms, a paucity (or total lack) of a specifi c training of the treating neurologist to 
recognize these psychiatric comorbidities, and a lack of time in very busy clinics to 
screen for them. Nonetheless, psychiatric problems in epilepsy have a deleterious 
impact on quality of life, morbidity, and mortality. 

 Traditionally, among all different neurological subspecialties, epileptologists 
have been deeply involved in the understanding of human behavior, and epilepsy 
has been historically considered a privileged window into the complex world of 
human emotions. The rapid expansion of neurosciences, during the twentieth cen-
tury, forced the separation between neurology and psychiatry, but such fi ndings and 
progresses in reality made the boundaries between neurology and psychiatry even 
more indistinct with a progressive need for transdisciplinary integration. In fact, the 
use of “neurological” techniques (e.g., neurophysiology and neuroimaging) in psy-
chiatry, and the careful observation of psychopathological states and behavioral 
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symptoms in patients with neurological disorders, enriched the neuroscientifi c lit-
erature with new data, shedding light on the neurobiology of human behavior. 

 It is now becoming evident that epilepsy, more than other neurological disorders, 
needs to be approached by a multidisciplinary team with multiple skills and differ-
ent specialists. The need for a multidisciplinary approach obviously requires that 
the different health professionals speak the same language and are aware of prob-
lems and diagnostic and therapeutic options. The aim of this book is to give an 
up-to- date review of psychiatric problems in epilepsy with special attention to clini-
cal aspects. I’m very grateful to all colleagues that contributed so enthusiastically to 
this project, sharing their tremendous expertise. This is a book written by clinicians 
for clinicians, bearing in mind the contribution of basic science to the understanding 
of human behavior.  

  London, UK     Marco     Mula  ,   MD, PhD     

Preface
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    Foreword I   

  Neuropsychiatric Symptoms of Epilepsy  addresses a highly relevant topic which 
impacts on the life of many people with epilepsy and their families and requires 
constant consideration by all professionals involved in epilepsy care as well as sci-
entists engaged in research on the mechanisms of the epilepsies and the search for 
new treatments. 

 Psychiatric comorbidities occur overall in about one-third of people with epi-
lepsy during lifetime, and their incidence is much greater in high-risk groups such 
as individuals with seizures resistant to treatment. These comorbidities exhibit a 
variety of clinical manifestations, prognostic features, and pathophysiological 
mechanisms – accordingly, they require diversifi ed management strategies. 
Psychiatric disorders, particularly mood disorders, have been repeatedly found to 
adversely affect quality of life of people with epilepsy to a greater extent compared 
with seizures themselves. Yet, not uncommonly, these disorders are underdiag-
nosed, and their clinical importance is often underestimated, particularly by primary 
care physicians but also by neurologists. 

 Marco Mula deserves praise for assembling a team of internationally recognized 
experts and producing a publication which, for its peculiarities, fi lls a gap in the 
epilepsy literature.  Neuropsychiatric Symptoms of Epilepsy  provides a comprehen-
sive, analytical, up-to-date review of the wide range of psychiatric disorders that can 
occur in people with epilepsy and of the complex and at times bidirectional relation-
ships between these disorders, the underlying causes of epilepsy, the effects of sei-
zures themselves, and the role of pharmacological and surgical treatments. 
Throughout the chapters, emphasis is placed on those aspects which are most rele-
vant for clinical management – from the value and indications of screening instru-
ments to the challenges with differential diagnosis and from the rational approach 
to prevention and treatment to extensive discussion of potential benefi ts, limitations, 
and risks associated with available therapeutic options. The inclusion of authors 
with long-standing experience in the care of people with epilepsy and psychiatric 
disorders provides a clinically oriented perspective which is a special asset of this 
book. Appropriate emphasis is made on limitations of current tools, gaps in knowl-
edge, and priority for future research, so that this book is also useful for researchers 
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who have an interest in this area. All aspects are dealt with in considerable detail, 
but inclusion of summary boxes also helps in conveying the most relevant key 
messages. 

  Neuropsychiatric Symptoms of Epilepsy  is a valuable resource for everyone 
involved in the care of people with epilepsy, and also for physicians who specialize 
in the management of psychiatric disorders. Specifi cally, this book should be espe-
cially useful to neurologists, geriatricians, psychiatrists, neuropsychiatrists, neuro-
psychologists, specialized nurses, as well as scientists engaged in basic and clinical 
research on epilepsy and its comorbidities. 

 Prof Emilio Perucca, MD, PhD 
 C. Mondino National Neurological Institute and 

 Department of Internal Medicine and Therapeutics, 
University of Pavia, Pavia, Italy 

 President, International League Against Epilepsy   

Foreword I
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 This book is a contribution to a series titled  Neuropsychiatric Symptoms of 
Neurological Disease  and forms a pivotal contribution to the very meaning and 
understanding of today’s neuropsychiatry. The specialty of neuropsychiatry has a 
long and a shorter history. The hint of a brain basis for behavioral disorders stretches 
back to the times of Hippocrates, but really did not develop until the Renaissance 
and the later Enlightenment epochs. These times gave us early pioneers of the 
exploration of brain anatomy and more careful description of what we may refer to 
as neuropsychiatric disorders. These ideas burgeoned in the later nineteenth cen-
tury, but there was more interest in mystical experiences, memory, and dreams, and 
in the brain as a creative organ, not just a passive receptor of sensory stimuli to be 
responded to in a refl ex fashion. Then came the psychological insights of Sigmund 
Freud (1856–1939) exploring the unconscious palimpsest of behavior and its disor-
ders. This had the unfortunate consequence of pulling a psychologically based neu-
roscience-free psychiatry away from the “new” discipline of neurology as we know 
it today. Into the void fell many patients, whose clinical signs and symptoms were 
poorly embraced by such a division. Of those falling, seizures were a particularly 
fl orid example of the conceptual muddles which arose, as more and more people 
with epilepsy came solely under a neurological purview, which had become divorced 
from any broader perspective on the associated comorbidities. The latter were occa-
sioned by several factors, including social and educational limitations, stigma, the 
failure in a signifi cant proportion of people to stop seizures, and the adverse effects 
of antiseizure medications. 

 Further there was scant regards to the neuroanatomical and neurophysiological 
substrates of epilepsy. It was considered that the seizure was all that demanded 
attention, and if they went away, then the patient would need no more help and also 
go away. Yet it was obvious that the seizure itself was but one expression of the 
underlying cerebral abnormalities, which are continuous and persist and continue to 
disrupt the organization of the brain. Since many people with epilepsy have such 
changes in the medial temporal cortex, and since it has been known for over a cen-
tury that structures there are intimately linked with emotional regulation and expres-

    Foreword II   
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sion, it is hardly surprising, unless ignorant of neuroanatomy, that there would be 
behavioral consequences beyond the seizures. 

 The psychoses associated with epilepsy have been well described since the mid-
nineteenth century, as were the personality styles and the longer-term cognitive 
changes. Interest in them fell into abeyance for the better part of the twentieth cen-
tury, but the introduction of the EEG in clinical practice provided a linchpin for 
recognizing the inter-ictal abnormalities and the association between temporal lobe 
epilepsy (as it was appropriately called) and associated cognitive and psychiatric 
disorders. Interestingly, it was not the traditional neurologists who embraced these 
fi ndings, but lay organizations, parents, and carers, who had long known about such 
problems, but did not fi nd a sympathetic ear for explanation or understanding. 

 Things have now changed considerably, and there are many people actively 
studying comorbidities of epilepsy, examining the effects of treatment for seizures 
on the mental state and behavior, and grappling with the ever-present problem of 
diagnostic challenges distinguishing epileptic from non-epileptic attacks. 

 The modern era of clinical neuropsychiatry began perhaps around the 1980s. My 
own  Neuropsychiatry  was published in 1981, and Jeff Cummings’  Clinical 
Neuropsychiatry  in 1985. The British Neuropsychiatric Association was established 
in 1987, the American Neuropsychiatric Association in 1988, and the Japanese 
Neuropsychiatric Association in 1996. The International Neuropsychiatric 
Association (INA) was formed in 1998 – neuropsychiatry is now a well-recognized 
discipline in many countries. 

 In  Neuropsychiatry,  I had ventured the following defi nition: Neuropsychiatry is 
a discipline which references certain disorders “which, on account of their presenta-
tion and pathogenesis, do not fall neatly into one category, and require multidisci-
plinary ideas for their full understanding.” The clinical aspects of the subject matter 
were central and cover a spectrum of disorders. Yet, neuropsychiatry is not only 
interested in clinical abnormalities that are explained by our understanding of brain-
behavior relationships, it is concerned with the “meaning” of abnormal behavior. 
This requires consideration of content as well as form, and the various life contin-
gencies which impinge on patients which may infl uence their signs and symptoms. 
This recognizes the distinction between disease (pathology) and illness (what 
patients present with), and a propensity to tolerate diagnostic uncertainty. Alwyn 
Lishman in his paper  What is Neuropsychiatry ? explained that neuropsychiatry was 
not an “all-exclusive domain” embracing only the neurosciences, but “Social, devel-
opmental, psychodynamic and interpersonal forces must also be considered.” 

 Neuropsychiatry is not simply an offshoot of psychiatry. It is a discipline which 
has arisen out of a clinical need for patients who have fallen badly between the 
cracks engendered by the developments of the clinical neurosciences in the twenti-
eth century. Neuropsychiatrists must understand the signs and symptoms of a range 
of central nervous system disorders, as well as the psychology behind human moti-
vation and desire. Nowhere is this more apparent than in dealing with epilepsy. In 
the nineteenth century, those most interested in the neurospychiatry of epilepsy 
were from France and Germany. The tradition in England is to be found in the writ-
ings of Hughlings Jackson (1835–1911), whose contributions to understanding the 
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way the workings of the damaged brain are profound, and should form essential 
reading for any budding neuropsychiatrist. 

 In England after the Second World War, a strong tradition for managing epilepsy 
developed at the Maudsley Hospital, covering not only the use of the EEG, and the 
recognition of comorbidities, but also noting the effects of treatments on the mental 
state including temporal lobectomy. The legacy of this era has remained strong to 
the present day, and can be felt through this current text devoted to the neuropsy-
chiatry of epilepsy. It is encouraging to read such a wide range of up-to-date infor-
mation from colleagues from many different countries, with Marco Mula as 
conductor of the orchestra. This book is a substantial contribution, covering all of 
the important areas of the neuropsychiatry of epilepsy, one of the most interesting 
and absorbing disorders in clinical medicine. 

 UCL Institute of Neurology      Prof. Michael R     Trimble
Queen Square, London, United Kingdom MD FRCP FRCPsych             
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    Chapter 1   
 Neurobehavioral Comorbidities of Epilepsy: 
Lessons from Animal Models       

       Andrey     Mazarati     

    Abstract     Animal models can afford useful insights into the mechanisms of 
 neurobehavioral comorbidities of epilepsy. However, clinical relevance and value of 
the information that can be extracted from animal studies depend on many factors, 
including choice of proper models of epilepsy, choice of proper behavioral tasks, 
and accounting for the presence of multiple concurrent neurobehavioral disorders in 
the same epileptic animal. This chapter offers an overview of approaches used to 
examine selected neurobehavioral comorbidities in animal models of epilepsy. 
Assays used to study spatial and object memory, depression, anxiety, attention defi -
cit/hyperactivity disorder, psychosis, and autism are described. First, the approaches 
are presented from a standpoint of single comorbidity, and mechanisms underlying 
respective epilepsy-associated neurobehavioral abnormalities are discussed. 
Further, examples are given as to how concurrent neurobehavioral perturbations 
may infl uence one another, and therefore how this may affect outcome measures 
and interpretation of the obtained data. It is suggested that systemic approach, rather 
than more commonly used isolated approach, offers more clinical-relevant and 
complete description of multifactorial systems that underlie neurobehavioral 
 comorbidities of epilepsy.  

  Keywords     Epilepsy   •   Behavior   •   Animal models   •   Cognition   •   Memory   • 
  Depression   •   Anxiety   •   Attention defi cit/hyperactivity disorder   •   Psychosis   •   Autism  

        Do We Need Animal Models of Epilepsy Comorbidities? 

 Recent technological advances have contributed to a remarkable progress into 
understanding mechanisms of neurobehavioral disorders in epilepsy patients. Yet, 
clinical systems have inherent limitations which hinder both mechanistic studies 
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and clinical trials. Among such limitations, to name a few, are medications which 
interfere with natural evolution of the disease, and in addition may themselves pro-
duce neurobehavioral side effects; diffi culties with enrolling homogenous and 
quantitatively sound cohorts amenable to statistical analysis; psychosocial factors 
which can exacerbate biological aspects of the disease (e.g., stigma can further 
exacerbate mood disorders); unaccountable environmental factors; ethical con-
cerns; and, particularly when it comes to clinical trials, compliance and safety 
considerations. 

 Most if not all of these limitations can be overcome, or at least substantially miti-
gated, through the employment of animal systems. Indeed, in experimental animals, 
the disease can be allowed to take its natural course without treatment interference, 
thus facilitating mechanistic insights; sample size is only limited by regulatory 
requirements (such as refi nement, reduction, replacement, known as “3R” [ 1 ,  2 ], by 
the capacity of the laboratory and by the costs; the subjects are generally genetically 
homogenous and can be enrolled on demand by age and gender; biological aspects 
of the comorbidities are not contaminated by psychosocial factors (such as stigma, 
work environment, etc.); environmental and compliance concerns are limited or 
nonexistent. 

 Therefore, the questions are not whether animal models are needed, but how 
closely they refl ect real-life scenarios and to what extent the information extracted 
in the laboratory setting is clinically relevant. With this regard, a long-standing 
skepticism has persisted in clinical milieu, which is particularly understandable 
when it comes to animal models of neuropsychiatric disorders. The liability lies 
with both sides. On the one hand, there is certain misconception as to the purpose of 
animal models, which by design is not expected to replicate a real-life system, but 
rather to facilitate its comprehension through simulation and visualization. On the 
other hand, for laboratory scientists, animal experiments frequently become a self- 
serving activity, when research is performed for the sake of the research, and clini-
cal considerations are not factored into the study design and goals. 

 The purpose of this chapter is not to merely recite literature on neurobehavioral 
comorbidities of epilepsy, but to attempt narrowing the gap between clinicians and 
laboratory researchers through analysis of approaches used to model neuropsychi-
atric comorbidities of epilepsy.  

    Animal Assays Used to Examine Neurobehavioral 
Comorbidities of Epilepsy 

 In laboratory animals, the information cannot be obtained through self-reporting 
questionnaires of interviews. Hence, behavioral assays for neuropsychiatric disor-
ders frequently have to rely on anthropomorphism; that is, the experimenter poses a 
question of how he or she would have behaved adequately under certain conditions 
and projects such apparent behavior on the animal. The expected responses are cor-
rected to factor in the knowledge about species-specifi c behaviors (e.g., sociability 
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of rodents, their preference toward dark vs. lit areas, etc.). Any deviation from a 
behavior deemed adequate by the researcher is then interpreted as pathological. 
Admittedly, there is always a strong subjective component in interpreting an ani-
mal’s response. This bias can be mitigated by subjecting an animal to more than one 
behavioral test to examine a disorder of interest. 

 When validating behavioral tests and models for studying neuropsychiatric dis-
orders, two principles are attempted to be abided by face validity and construct 
validity [ 3 ]. Face validity means resemblance of animals’ behavior to behavior in 
humans, under similar conditions (but corrected for species-specifi cs). For example, 
avoiding the engagement with other animals of the same species would suggest 
good face validity for animal models of autism. Construct validity means resem-
blance of known underlying mechanisms. For example, the dysfunction of seroto-
nergic transmission suggests good construct validity of a system for reproducing 
major depressive disorder. Better models would offer both good face validity and 
construct validity, although this is not always the case. For example, spontaneously 
hypertensive rats (SHR) present with symptoms of attention defi cit and hyperimpul-
sivity and are deemed having good face validity for modeling attention defi cit/
hyperactivity disorder (ADHD) [ 4 ,  5 ]; construct validity of the system however is 
poor, as hypertension, which is inherent to the strain, is not a symptom of 
ADHD. When it comes to preclinical trials, predictive validity also comes in play, 
as the one refl ecting the ability of a medication tested in an animal model to cor-
rectly predict the effi cacy of this drug in a homologous human disorder [ 3 ]. Here, 
reverse translation is often applied. For example, if in a given animal model of 
depression, clinically available selective serotonin reuptake inhibitors (SSRI), 
fl uoxetine and citalopram, effectively improve depressive behavior, then it is 
assumed that the model has good predictive validity, as novel investigational drugs 
effective in this model would also have therapeutic effects in patients. 

 Here, due to space restrictions, only most commonly used behavioral assays are 
discussed. Furthermore, the discussion is limited to rats and mice as most com-
monly used species in epilepsy and behavioral research. Finally, as mechanisms 
which drive various behaviors are complex and multifaceted, only select mecha-
nisms are addressed.  

    Spatial Recognition and Memory 

 Morris water maze (MWM) is a common way to test animal’s spatial recognition 
and memory [ 6 – 8 ]. The test relies on the fact that rodents are good, but not keen 
swimmers, and thus would avoid swimming if possible. The apparatus is a large 
cylindrical tank fi lled with water with a submerged escape platform placed in one of 
the virtual quadrants. When the animal is fi rst placed in the tank, it swims aimlessly, 
eventually stumbles upon the platform and climbs on it (Fig.  1.1a ; if exploratory 
swimming exceeds the set duration, the animal is manually guided to the platform). 
During the learning phase, as the task is repeated several times a day, normal 
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animals learn the placement of the platform, and the latency to the escape gradually 
declines. The training successfully culminates, when, after placing in the water, the 
animal swims directly to the platform and climbs on it, rather than explores various 
areas of the tank (Fig.  1.1b ). The number of trials needed for the animal to learn the 
placement of the platform serves as a measure of spatial learning. During the 
retrieval phase, after initial training, the platform is removed. Normal animals spend 
more time swimming in the quadrant where the platforms used to be than in the 
other three quadrants of the tank (Fig.  1.1c ). Total time spent in the relevant quad-
rant serves as a measure of spatial memory. Therefore, animals for which it takes 
longer to learn the platform location during the learning phase, and those which 
divide time equally among the four quadrants of the tank during the retrieval phase, 
are interpreted to have spatial cognitive impairments.

   Among various mechanisms determining spatial cognition and memory, one can 
be singled out as particularly important. The processes of spatial recognition and 
memory are driven by a subset of pyramidal cells in the hippocampus called, due to 
their function, place cells [ 9 ,  10 ]. Single place cell fi res each time the animal enters 
a particular location in the environment (known as place fi eld). In the confi ned 
 environment (such as MWM), the activation of each place cell is typically associ-
ated with a single place fi eld. As the animal moves around the area, different place 
cells are activated. Collectively, place cells act as a representation of a specifi c loca-
tion in space, thus forming a cognitive map [ 11 ]. Cognitive maps can be built by 
recording from single place cells as the animal moves around the enclosure, typi-
cally a cylinder. On the fi rst training day, fasting animal is placed inside the cylin-
der, where food pellets are scattered on the fl oor so as to ensure that the animal visits 
all parts of the cylinder. On subsequent days, single food pellets are dropped con-
secutively and randomly at various locations, so that the animal travels along vari-
ous paths. While the animal moves around the enclosure, the activity of single place 
cell is recorded. The resulting fi ring fi eld refl ects the activity of the recorded place 

a b c

  Fig. 1.1    Morris water maze (MWM) test for spatial learning and memory. Schematic rendering of 
spatial learning and memory in the MWM. Animal’s movements around the tank are outlined by 
trace lines. ( a ,  b ) Spatial learning. ( a ) During the initial trials, upon placement in the tank, the 
animal swims around aimlessly, fi nds the platform (represented by the  blue square ) by accident, 
and climbs on it. ( b ) As the trials are repeated for several days, the animal learns the location of the 
platform and swims to it directly. ( c ) Spatial memory. After training, the platform is removed. 
Nevertheless, the animal spends more time swimming in the quadrant where the platform used to 
be, than in the other three quadrants of the tank       
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cells with reference to different parts of the cylinder. In MWM, learning of the loca-
tion of the platform and its retrieval is associated with fi ring of specifi c place cells, 
which “guide” the animal to the target area (these processes are known as place cell 
preplay and replay, applied to learning and memory, respectively) [ 12 ,  13 ] (Fig.  1.2 ).

   Understandably, any dysfunction or loss of place cells, such as it occurs under 
conditions of mesial temporal lobe epilepsy (MTLE), is expected, and may in turn 
translate into defi cits of spatial learning and memory. 

 Indeed, impaired performance in MWM and concurrent dysfunction of place 
cells has been reported in several experimental models of epilepsy. Status epilepti-
cus (SE) induced in rodents by pilocarpine (or LiCl and pilocarpine combination) 
produces a variety of perturbations resembling human MTLE, such as spontaneous 
recurrent seizures developing after a brief “silent” period; extensive neurodegenera-
tion and gliosis in the hippocampus; formation of aberrant excitatory hippocampal 
connections, etc. [ 14 – 16 ]. Interictally, epileptic animals present with profound 

Normal Epilepsy

Trial 1

Trial 2

  Fig. 1.2    Example of the stability of place cell fi ring patterns in a normal rat, and a rat with experi-
mental MTLE. Schematic compilation of real-life place cell maps [ 18 ,  20 – 22 ], showing fi ring rate 
of a single place cell, while the animal is moving around the cylindrical enclosure, in two consecu-
tive trials. Pixels refl ect fi ring rates coded in the sequence,  yellow  (no fi ring)– red – blue – purple  
(highest fi ring rate) colors. In normal rats, the fi ring pattern is consistent between the trials 1 and 
2. In animals with MTLE, the fi elds vary from one trial to another       

 

1 Neurobehavioral Comorbidities of Epilepsy: Lessons from Animal Models



6

 defi cits in MWM performance, including larger number of trials needed to learn the 
location of the platform during training, as well as poor recall of platform location 
during retrieval phase [ 17 – 19 ]. These behavioral aberrations correlate strongly with 
the dysfunction of place cells. Particularly, the stability of place cells (i.e., consis-
tency of fi ring during different trials associated with the same location in the cylin-
der) is diminished, as well as their precision with the reference of certain location 
within the area [ 18 ,  19 ]. Figure  1.2  shows schematic rendering of typical fi ring pat-
terns of single place cells in normal animals and those with chronic epilepsy. 

 Furthermore, even potentially epileptogenic insults, which produce no explicit 
epilepsy (i.e., seizures or neurodegeneration), result in long-lasting memory defi cits 
and dysfunction of place cells. As such, these impairments have been observed in 
adult rats which underwent a series of primary generalized fl urothyl-induced sei-
zures [ 20 ,  21 ] or hyperthermia-induced seizures [ 22 ] during neonatal age; neither of 
these protocols produces spontaneous recurrent seizures, nor is it accompanied by 
explicit histopathology, but at the same time decreases seizure threshold, thus creat-
ing increased susceptibility to a secondary epileptogenic hit. The latter fi ndings are 
particularly important, as they emphasize that impairments of spatial memory are 
not a direct consequence or an artifact of recurrent seizures, but rather have specifi c 
underlying mechanisms, which are triggered by the same insult as epilepsy, but 
progress on their own volition, independently of epileptogenesis proper.  

    Nonspatial (Object) Learning and Memory 

 Object memory is examined in the novel object recognition test, which is based 
on visual discriminative ability coupled with the natural curiosity, typical for 
rodents [ 23 ]. 

 During the learning phase, the animal is placed in the confi ned environment, 
where it is presented for the exploration with two objects of distinct shapes (e.g., 
cube and pyramid). Normally, animals spend about similar time exploring each of 
the objects. After a period of exploration, the animal is removed, and after some 
time (generally 6–24 h), it is returned to the task area, where one of the objects is 
now replaced with a different one (e.g., the cube is replaced with a cylinder). During 
this phase, normal animals spend more time exploring the new object as compared 
with an already familiar one, while animals with impaired object memory treat both 
objects as novel and thus equally divide their time between the two. The proportion 
of time spent exploring novel versus familiar object is used to measure object 
memory. 

 Short-term object memory is primarily driven by the activity of rhinal and peri-
rhinal cortices [ 24 ,  25 ], while long-term memory involves hippocampus as well 
[ 26 ], so that both short-term and long-term object memory can be affected in MTLE. 

 Impaired object memory has been reported in rats with pilocarpine SE-induced 
chronic epilepsy [ 27 ], although this has not been universally accepted [ 17 ]. Similar 
to spatial memory, potentially epileptogenic factors, such as cortical dysplasia 
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induced by in utero irradiation [ 28 ], or a single primary generalized seizure induced 
by pentylenetetrazole, resulted [ 29 ] in the long-lasting impairments in object mem-
ory, even in the absence of recurrent seizure activity. Importantly, epilepsy- 
associated defi cits in spatial and object memory are not redundant, as model-specifi c 
differences have been reported; thus, while single seizure episode resulted in the 
prolonged object memory disruption, while spatial memory was not compromised 
[ 30 ], animals with post-SE MTLE have been reported to present with spatial mem-
ory impairments, while object memory was spared [ 17 ].  

    Depression 

 Most commonly examined symptoms of depression are hopelessness/despair and 
anhedonia (i.e., inability to experience pleasure). Examination of the state of 
despair/hopelessness is performed using variations of the forced swimming test 
(FST) [ 31 – 33 ]. The test is designed to gauge animals’ ability (or inability) to effec-
tively cope with an inescapable stressful situation. The latter is created by placing 
the animal in a cylindrical tank fi lled with water, with no possibility to escape (e.g., 
platform, rope, etc.). Animals display several behavioral patterns, with two types 
prevailing. Active escaping behavior is characterized by climbing on, or swimming 
along the walls, or diving, and it is interpreted as effective coping. This behavior 
intermits with periods of immobility, where the animal passively fl oats, and move-
ments are limited to maintaining the head above water so as to avoid drowning; 
when immobile, animals are thought to give up in their attempts to escape (Fig.  1.3 ). 
While both normal animals and those with experimentally induced depression dis-
play both types of behavior, in models of depression, such as depression-prone 
inbred strains of rats [ 33 ], mice with targeted mutations relevant to depression (e.g., 
overexpression of serotonin [5-HT] type 1A autoreceptors [ 34 ]), olfactory depriva-
tion achieved by surgical removal of olfactory bulbs [ 35 ], chronic mild stress (e.g., 
repeated immobilization) [ 36 ], or Gram-negative bacterial infection mimicked by 
lipopolysaccharide (LPS, a state known as LPS sickness) [ 37 ], the immobility time 
signifi cantly increases, whereby animals may spend most of the time immobile, 
rather than attempting to escape. Such exacerbated immobility is interpreted as a 
state of hopelessness/despair, and the state can be quantifi ed by calculating the 
immobility to active swimming ratio. Indeed, the duration of immobility is effec-
tively reduced by chronic treatment with antidepressants (such as SSRI and MAO 
inhibitors) [ 31 ,  32 ].

   In mice, tail suspension test (TST) is frequently performed in lieu of FST [ 39 ]. 
In the TST, an inescapable stressful situation is created by suspending the mouse by 
the tail and quantifying active behavior (i.e., struggling attempts to free up) and 
immobility. These behaviors parallel respective patterns in the FST and are also 
amenable to standard antidepressant medications. 

 Another core symptom of depression, anhedonia, is examined using taste prefer-
ence test. The test relies on innate affi nity of rodents toward sweets [ 40 ]. When 
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presented with the choice of two bottles, one fi lled with water and another with 
sweet solution (e.g., low percent saccharin or sucrose), normal animals preferen-
tially consume the latter. “Anhedonic” animals show no drink preference, but con-
sume statistically equal volumes of water and saccharin. The presence of anhedonic 
state is thus measured by the consumed saccharin (sucrose) to water ratio. 

 Among the factors regulating behavior in depression tests, ascending seroto-
nergic pathways (i.e., those emanating from raphe nuclei, and projecting to pre-
frontal cortex [PFC] and hippocampus) play a critical role [ 41 ,  42 ]. In turn, the 
release of serotonin from raphe into target areas has complex regulatory 

  Fig. 1.3    Behavioral patterns in the forced swimming test (FST) for depression. Sample snapshots 
taken from pre-recorded video during FST. Time after the start of the test is indicated on each 
image. Examples of active swimming, which refl ects active escape strategies, are presented at 
1 min 34 s and 1 min 37 s. Note the change in the rat’s position in the tank, which occurred during 
the 3-s period, and the fuzziness of images due to the animal’s movement. Examples of immobility 
when animals move only enough to avoid drowning are presented at 2 min 58 s and 3 min 04 s. 
Note that the animal’s position in the tank did not change during 6 s of recording and that the body 
is positioned vertically in the water [ 38 ] (Reprinted from Mazarati et al. [ 38 ], with permission from 
Elsevier)       
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 mechanism, but two are most notable: short feedback autoinhibitory loop involv-
ing 5-HT1A raphe autoreceptors [ 43 – 45 ] and descending glutamatergic (i.e., 
excitatory pathway) from PFC into the raphe [ 46 ]. Hence, such perturbations, as 
the upregulation of 5-HT1A autoreceptors or a diminished excitatory drive from 
PFC in the raphe, will translate into the diminished 5-HT output, and conse-
quently, into depression. 

 Another important mechanism is the dysregulation of hypothalamo-pituitary- 
adrenocortical (HPA) axis. The HPA axis dysregulation occurs because of the com-
promised negative feedback mechanism, whereby cortisol (or corticosterone in 
rodents) released from adrenal cortex fails to suppress corticotrophin-releasing hor-
mone (CRH) release from hypothalamus and/or adrenocorticotropic hormone 
(ACTH) release from the anterior pituitary. As a result, the response of the HPA axis 
to stressors becomes unabated and maladaptive [ 47 ,  48 ]. This has many central and 
peripheral consequences. One of such consequences, particularly relevant to depres-
sion, is the upregulation of raphe 5-HT1A autoreceptors [ 48 – 50 ], which, as dis-
cussed earlier, would lead in turn to the increased autoinhibition of serotonin release 
and its insuffi cient delivery into forebrain structures. The dysregulation of the HPA 
axis can be revealed using either dexamethasone (DEX) suppression test or the 
combined DEX/CRH test (both are also used in patients). The latter consists of 
measuring corticosterone plasma levels in response to the administration of DEX 
(which normally suppresses plasma corticosterone), followed by the administration 
of CRH (which normally increases plasma corticosterone). Blunted response to 
DEX and exacerbated response to CRH represent objective measures of the HPA 
axis hyperactivity [ 51 ]. 

 Increased immobility time in the FST in rats and mice, or in TST in mice, as well 
as anhedonia have been reported in several models of MTLE [ 52 – 54 ], as well as mod-
els of absence epilepsy [ 55 ,  56 ]. It has been suggested that epilepsy-associated depres-
sion develops as a result of cascade of events, starting with brain infl ammation. Brain 
infl ammation, and particularly, the increased signaling of a cytokine interleukin-1β 
(IL-1β) is triggered by a precipitating insult (e.g., status epilepticus or traumatic brain 
injury), and may be sustained by recurrent seizures [ 57 ,  58 ]. IL-1β had been reported 
to facilitate or even precipitate seizure activity through the phosphorylation of NR2B 
subunit of the NMDA receptor [ 59 ]. At the same time, chronic infl ammation has been 
implicated in mechanisms of depressive disorders [ 60 ] (one remarkable observation is 
a high prevalence of depression among patients with rheumatoid arthritis [ 61 ]). In 
animal systems, chronic infl ammation, induced by the administration of LPS (an 
endotoxin of Gram-negative bacteria), produced a spectrum of depressive impair-
ments, including despair/hopelessness and anhedonia in respective tests [ 37 ,  62 ]. One 
of the consequences of the activation of IL-1β signaling in animals with chronic epi-
lepsy is the dysregulation of the HPA axis [ 38 ,  53 ]. The resulting sustained high levels 
of circulating corticosterone in turn upregulate 5-HT1A autoreceptors in raphe nuclei 
[ 63 ]. Upon the 5-HT1A autoreceptor upregulation, the resulting increased autoinhibi-
tion of serotonin release culminates in the development of depressive behavioral 
abnormalities. Indeed, treatment of epileptic/depressed animals with an IL-1 receptor 
blocker (IL-1ra, also known as anakinra) disrupted both neuroendocrine and behav-
ioral symptoms of depression [ 38 ]. 

1 Neurobehavioral Comorbidities of Epilepsy: Lessons from Animal Models



10

 It should be noted that the presence of symptoms of depression in epileptic 
animals has not been universally accepted. In fact, several studies have found 
that animals with post-SE chronic epilepsy display decreased, rather than 
increased, immobility in the FST and TST [ 64 ,  65 ]. Such fi ndings can be inter-
preted in one of the following ways: either seizures produce a true antidepres-
sant effect or other events interfere with the swimming ability of epileptic rats, 
thus rendering commonly used behavioral tests inappropriate for studying 
depression. One such scenario is discussed further below under Multiple 
Concurrent Comorbidities.  

    Anxiety 

 General anxiety is most commonly examined using elevated plus maze test (EPMT) 
or its variations [ 66 ,  67 ]. The apparatus is composed of two perpendicularly cross-
ing walking beams (arms): one is open and exposed to the light, and the other is 
closed (i.e., covered, so as to create the dark tunnel, Fig.  1.4 ). The apparatus is ele-
vated over the ground, so as to create an insecure environment in the open arms. The 
animal is able to travel along each of the arms freely. Behavioral pattern in the 
EPMT is a result of the balance between animal’s curiosity (i.e., exploration of all 
arms) and insecurity (when traveling along the elevated open arms). In rodents with 
general anxiety, time spent in closed arms is signifi cantly longer than in normal 
animals. Anxiolytic medications increase the presence in open arms.

  Fig. 1.4    Elevated plus 
maze test for general 
anxiety. Schematic 
rendering of the apparatus, 
with the test animals 
located in one of the open 
arms. For the description 
of the apparatus and the 
procedure, see text       
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   The presence of general anxiety in epileptic animals has been controversial. 
Increased anxiety has been reported in several models of MTLE [ 65 ,  68 ] and 
absence epilepsy [ 69 ]. However, other studies reported the opposite effect of recur-
rent seizures, whereby epileptic animals exhibited decreased levels of anxiety in the 
EPMT [ 17 ,  70 ]. Such confl icting fi ndings resemble those reported for depression, 
with two similar interpretations: either recurrent seizures produce anxiolytic effect 
or, for some reasons, tests for general anxiety, which work well in normal animals, 
become inappropriate in animals with chronic epilepsy. The latter possibility is also 
discussed later under Multiple Concurrent Comorbidities. 

 Social anxiety can be examined using a three-chamber sociability test, which is 
also commonly employed to study autism-like behavior (see below). Discerning 
between social anxiety as a stand-alone condition versus the one associated with 
autism may be complicated.  

    Attention Defi cit Hyperactivity Disorder (ADHD) 

 The examination of ADHD relies on complex operant behavioral tasks with positive 
reinforcement (generally food pellets presented after a period of fasting). Commonly 
used variations include fi ve-choice serial reaction time task (5-CSRT) [ 71 ] and lat-
eralized reaction time task (LRTT) [ 4 ], but the principle is the same. In the LRTT, 
the operant chamber is equipped with fi ve apertures on one side (Fig.  1.5 ). Each of 
the apertures can be lit up by a beam of light, which is delivered in an organized 
sequence. On the opposite side is the photocell-equipped food-pellet feeder. The 
animal is trained such that poking the nose in the aperture, which is about to light 

Apertures

Food

  Fig. 1.5    Lateralized 
reaction time task (LRTT) 
for attention defi cit/
hyperactivity disorder. The 
chamber is soundproof. 
Five nose-poke apertures 
are in front of the rat; one 
of them is lit up. Photocell-
equipped food pellet feeder 
is behind the animal. 
Poking the nose in the 
aperture which is about to 
light up is accompanied by 
the automated pellet 
delivery. During the test, 
the animal moves between 
the apertures and the 
feeder       

 

1 Neurobehavioral Comorbidities of Epilepsy: Lessons from Animal Models



12

up, is followed by the automated delivery of the food pellet. If the animal pokes the 
correct aperture at the correct time (e.g., 0.1, 0.5, 1 s, etc., before the light comes 
up), the food pellet is delivered from the feeder. Poking incorrect aperture refl ects 
lack of attention; poking correct aperture prematurely refl ects hyperimpulsivity. In 
neither of these cases, food reward is provided. Therefore, the numbers of incorrect 
and premature responses represent measurements of attention defi cit and hyperim-
pulsivity, respectively.

   Two neurotransmitter systems have been primarily implicated in the mechanisms 
of ADHD. Ascending dopaminergic projections from ventral tegmental area (VTA) 
into PFC (i.e., mesocortical pathway) and into nucleus accumbens (i.e., mesolimbic 
pathway), as well as noradrenergic projection from locus coeruleus (LC) into PFC 
play important roles in reward, impulsivity, and attention, and are compromised in 
ADHD [ 72 – 74 ]. Indeed, medications approved for the treatment of ADHD are 
dopamine-reuptake inhibitor methylphenidate and selective norepinephrine- 
reuptake inhibitor atomoxetine [ 75 ]. 

 Animals with SE-induced MTLE present with both attention defi cit and hyper-
impulsivity. Real-time measurements of noradrenergic transmission by means of 
fast-scan cyclic voltammetry (FSCV) revealed that ADHD-like impairments 
develop due to the diminished norepinephrine output from LC into PFC. Furthermore, 
similar to epilepsy-associated depression, the observed noradrenergic defi cit results 
from the increased autoinhibition of neurotransmitter release [ 76 ]. In case of norepi-
nephrine, the upregulation of α2A adreno-autoreceptors in LC is responsible for the 
suppressed transmitter release I in the LC–PFC pathway. 

 Early-life primary generalized seizures produced in immature rodents by fl uro-
thyl result later in life in long-lasting ADHD-like abnormalities, even in the absence 
of explicit ictal events. In these animals, behavioral perturbations parallel the 
increased thickness of PFC [ 77 ]. Furthermore, direct administration of a GABA-A 
receptor blocker bicuculline into the PFC of immature rats results in transient inter-
ictal spiking in this area and subsequent long-lasting ADHD-like behavioral abnor-
malities [ 78 ]. These fi ndings outline a different scenario of epilepsy-associated 
ADHD, which develops due to primary sustained dysfunction of PFC, rather than 
due to compromised LC–prefrontal cortex noradrenergic transmission. Similar to 
memory impairments, ADHD may represent either a true comorbidity of epilepsy 
(i.e., the two conditions coexist) or a consequence of early-life seizure event, even 
when seizures are no longer present.  

    Psychosis 

 Two tests are commonly used in rodents: locomotor activity in response to psycho-
stimulants and the acoustic startle response (ASR; the latter is also used in patients 
in the diagnosis of schizophrenia). 

 Psychostimulant-induced locomotor response refl ects the hypersensitivity of 
dopaminergic neurotransmission, which is a recognized mechanism of schizophre-
nia [ 79 ]. In turn, several variants are employed, such as amphetamine-induced 
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hyperactivity in the “open fi eld” and apomorhine-induced rearing and climbing 
[ 80 ]. In the amphetamine test, locomotor activity is quantifi ed by counting the num-
ber of virtual squares crossed by the animal in the confi ned square area (known as 
“open fi eld”) over a set period of time, before versus after amphetamine administra-
tion. For the apomorhine test, the animal is placed in a small cylinder, with walls 
constructed as grid amenable to climbing; the climbing activity is scored before and 
after apomorhine injection. Animals with psychosis-like impairments display sig-
nifi cantly steeper increase in locomotion upon amphetamine administration, and 
more climbing on the walls of the cylinder upon apomorhine administration than 
healthy controls. 

 The rationale for ASR in rodents is similar to that in patients with schizophrenia 
[ 81 ,  82 ]. It is based on the ability of the nervous system to adapt to a stronger sen-
sory stimulus when a preceding signal is given as a warning. The test involves pre-
pulse inhibition (PPI) protocol, and is performed in a startle chamber which detects 
whole-body mechanical reaction in response to an acoustic startle stimulus, which 
exceeds the background noise [ 83 ]. Acoustic prepulse stimulus is followed by a 
pulse stimulus after a set period, and the movement induced by the pulse is mea-
sured. In normal animals, the response to the pulse is inhibited when prepulse is 
presented; animals with psychosis-like impairments, in which sensory adaptation is 
compromised, show no inhibition of startle response in the prepulse–pulse sequence. 

 ASR has been extensively studied in the kindling model of MTLE. Repeated, 
initially subconvulsive electrical stimulations of limbic structures (e.g., hippocam-
pus, amygdala, perirhinal cortex) lead to the occurrence and progressive develop-
ment of complex partial seizures (hence, the kindling phenomenon) [ 84 – 87 ]. 
Kindled animals do not typically develop spontaneous seizures or profound histopa-
thology associated with MTLE (although both may develop after very high number 
of stimulations). However, kindled animals respond with secondary generalized 
complex partial seizures in response to the stimulus, which is inconsequential in 
normal rats long after the kindling procedure has been completed (therefore, kin-
dling can be described as a chronic epileptic state without spontaneous seizures). 
Kindled animals show exacerbated ASR, as well as exacerbated psychostimulant- 
induced locomotion [ 88 – 90 ]. Impaired ASR has been reported in other models of 
MTLE (e.g., SE induced by pilocarpine or kainic acid [ 91 ,  92 ]), as well as in a 
genetic model of absence epilepsy in rats (in Genetic Absence Epilepsy Rats from 
Strasbourg, GAERS) [ 93 ].  

    Autism 

 In rodents, most commonly examined symptoms of autism are impairments in 
sociability and repetitive behavior. 

 Animals’ ability for social engagement is most commonly examined using the 
three-chamber sociability test [ 94 – 96 ]. The test is performed in a box divided into 
three connecting chambers. During the fi rst (sociability) phase, one of the terminal 
chambers contains an unfamiliar rodent of the same species (conspecifi c), and the 
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opposite terminal chamber – an unanimated object (Fig.  1.6 ). Both conspecifi c and the 
object are placed inside cylindrical wired cages, so as to isolate them from the rest of 
the space. The test animal is placed inside the box and is allowed to explore it freely. 
Animal’s behavior is a result of the balance between general curiosity (manifested as 
exploration of both the object and the conspecifi c) and sociability (manifested as pref-
erential engagement with conspecifi c over the object). Indeed, normal animals spend 
more time exploring/engaging with the conspecifi c, than with the object. In models of 
autism, however, animals show no conspecifi c versus object preference, and divide 
their time between the two equally. During the social novelty phase, which immedi-
ately follows the examination of sociability, the object is replaced with another novel 
conspecifi c, while the conspecifi c from the fi rst phase remains in place, and the test is 
repeated. Now, normal animals spend more time engaging with the novel conspecifi c 
than with the already familiar one, while animals with autism-like impairments once 
again show no novel versus familiar conspecifi c preference.

   In immature animals (between the time of birth and weaning), sociability is 
examined by assessing their interaction with the separated dame [ 96 ]. Pups, when 
separated from the dame, emit ultrasonic calls of certain modalities. In animal mod-
els of autism, the modality of ultrasonic vocalizations is altered in a specifi c fashion, 
presumably refl ecting atypical vocalizations seen in autistic infants (e.g., the pups 
emit fewer harmonic, and more complex and short syllables [ 97 ,  98 ]. 

 Self-directed repetitive behavior is analyzed by counting the duration of grooming 
during a set period (typically 10 min) [ 99 ]. In normal animals, grooming is episodic, 
while animals with autism-like abnormalities spend excessively long periods groom-
ing, which is interpreted as the presence of self-directed repetitive behavior. 

  Fig. 1.6    Three-chamber sociability test for autism-like behavior. Shown is the sociability phase. 
Test mouse is shown in  black  in the left compartment. Conspecifi c mouse (in  gray ) is in the enclo-
sure in the same compartment, and an unanimated object is inside the similar enclosure in the right 
compartment. Time spent exploring conspecifi c versus the unanimated object is counted. For the 
social novelty phase, the object is replaced with another conspecifi c, and the time spent exploring 
the familiar mouse ( left ) versus the novel one is calculated       
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 Modeling autism in the laboratory refl ects accepted views on the causes of the 
disease. Several inbred strains exist, which are characterized by behavioral and his-
topathological correlates of autism. BTBR mice are by far most commonly used 
[ 97 ,  99 ,  100 ]. These mice present with such core symptoms of autism as impaired 
sociability, repetitive and restricted behaviors, as well as impaired ultrasonic calls 
during neonatal age. Histopathologically, BTBR mice are characterized by missing 
corpus callosum, which refl ects impaired long-range connectivity, typical of autism 
patients. Therefore, BTBR mice have generally good face and construct validity for 
modeling the disease. Other inbred strains with similar autism-like perturbations are 
represented by BALB/cByJ and C58/J mice [ 101 ]. Alongside inbred animals, mul-
tiple types of animals with targeted mutations are available, for example, Fmr1 
knockout mice are used as a model of Fragile X syndrome [ 102 ]; Shank1 knockout 
mice [ 103 ] and oxytocin receptor knockout mice [ 104 ] refl ect the implicated role of 
SHANK gene mutations and of oxytocin defi ciency, respectively, in the mecha-
nisms of autism. Finally, several models refl ect the role of environmental factors in 
autism. The offspring of rats and mice which were treated with valproic acid during 
pregnancy presents with autism-like behavioral impairments [ 105 ]. Maternal 
immune activation (MIA) mimicked in pregnant rodents by either polyinosinic–
polycytidylic acid (Poly I:C, a viral mimic) or LPS results in the offspring with 
impaired sociability, restricted and repetitive behaviors, and dysfunctional ultra-
sonic calls in neonates [ 98 ,  106 ]. 

 Following the path of modeling autism proper, models of comorbidity between 
autism and epilepsy employ both genetic and environmental approaches. Dravet 
syndrome, which is caused by haploinsuffi ciency of the SCN1A gene encoding 
voltage-gated sodium channel NaV1.1, is characterized by recurrent intractable sei-
zures and autism-like spectrum disorder [ 107 ,  108 ]. SCN1A (+/−) mice represent a 
model of Dravet syndrome with both good face validity (i.e., recurrent seizures and 
autism-like impairments) and construct validity [ 109 ]. Mice lacking adenomatous 
polyposis coli protein (APC) [ 110 ], as well as mice with triple repeat expansion of 
Aristaless-related homeobox (ARX) [ 111 ], present with infantile spasms during 
neonatal age and develop autism-like behavioral impairments later in life. 

 With regard to MIA (see above), the offspring of mice treated with either Poly 
I:C or LPS during pregnancy does not present with spontaneous seizures; however, 
these animals show increased propensity to MTLE upon the introduction of a sec-
ond, otherwise inconsequential, postnatal hit to the hippocampus [ 112 ]. Signaling 
pathways involved in the development of autism alone versus autism+epilepsy 
prone phenotypes in the Poly I:C-induced MIA offspring have been identifi ed: 
among many components of innate immunity induced by viral infection, an infl am-
matory cytokine interleukin-6 appears to be solely responsible for autism without 
increased propensity to epilepsy, whereas concurrent activation of interleukin-6 
[ 113 ] and IL-1β is necessary and suffi cient for producing autism+epilepsy prone 
phenotype [ 112 ]. 

 Neonatal rats treated with the combination of LPS (to mimic Gram-negative 
infection), doxorubicin (an antineoplastic agent to produce diffuse brain damage), 
and p-chlorophenylalanine (a selective serotonin neurotoxin, thus used to mimic 
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serotonin defi ciency observed in patients with infantile spasms) produce infantile 
spasms, followed by severe cognitive and sociability defi cits later in life [ 114 ]. This 
model therefore is deemed to refl ect a combination of environmental infl uences 
(i.e., infection, nonspecifi c. and transmitter-specifi c neurotoxicity) as risk factors 
for the development of infantile spasms and autism.  

    Prerequisite Fitness Tests 

 Even before proceeding with the examination of comorbid disorders, it is important 
to establish that the animal’s basic physiological functions and physical fi tness are 
intact. Both excitotoxic neurodegeneration and recurrent seizures (even if infre-
quent and subtle) may affect the animal’s ability to swim, maintain balance, con-
sume food and fl uids, taste, smell, see, etc. Therefore, the inclusion of basic fi tness 
tests relevant to the employed behavioral assays should be a prerequisite for all such 
studies. Examples include Rotarod test to assess coordination and balance, swim-
ming task with visible platform to assess appropriateness of MWM and FST, visual 
cliff test to assess visual perception, and quinine taste aversion test to assess anhe-
donia. Animals which fail in the basic tasks cannot be enrolled in behavioral studies 
of respective comorbidities. However, such prerequisite tests are not always per-
formed, and thus the experiments proper may yield either false-negative or false- 
positive results.  

    Multiple Concurrent Comorbidities 

 Seventy years ago, Arturo Rosenblueth and Norbert Wiener described two types of 
scientifi c models – formal and material models [ 115 ]. Formal model approach, 
which is reductionist by nature, is most commonly employed for examining neu-
robehavioral comorbidities of epilepsy. In practical terms, it means that the experi-
mental design focuses on one particular neurobehavioral disorder and its association 
with epilepsy, but either deliberately dismisses other variables or, when observing 
several concurrent disorders, does not regard them as dependent on, and connected 
to, one another. By virtue of being reductionist, such approach is far removed from 
real-life scenarios. As a result, clinical relevance of experimental fi ndings, their 
proper interpretation, and applicability for preclinical trials, all become severely 
limited. Indeed, epilepsy patients often present with more than one neurobehavioral 
disorder (e.g., cognitive impairments frequently coexist with mood disorders, anxi-
ety – with depression, etc.) [ 116 – 118 ]. Furthermore, epilepsy comorbidities may 
have complex relationships not only with seizures, but also among themselves, and 
thus are likely to infl uence each other’s course and clinical manifestations. 

 On the upside, merely because an experimental study explores a specifi c comor-
bidity, it does not mean that this is the only neurobehavioral disorder that the animal 
has. On the contrary, as it has been discussed earlier, perturbations in mood, cognition, 

A. Mazarati



17

attention, social interaction, all have been reported within the framework of a single 
epilepsy model. The problem therefore is not a system-limitation proper, but the fact 
that typical experimental design simply ignores multiple neurobehavioral impair-
ments in favor of a single disorder, which is the primary focus of the project. 

 Not only such simplifi cation overlooks the complexity of real life, but it also can 
lead to faulty interpretations. Indeed, similar to clinical situations, in laboratory 
systems, coexisting neurobehavioral comorbidities may infl uence one another, and 
therefore may skew outcome measures (e.g., the presence of anxiety will likely 
affect the way epileptic animal performs in cognitive tasks, and the presence of 
depressive disorder – performance in attention tasks; Fig.  1.7 ).

Anxiety

ADHD

Cognitive

impairments

Depression

  Fig. 1.7    Multiple interactions between seizures and neurobehavioral disorders in animal models 
of epilepsy comorbidities. Epilepsy proper (including both recurrent seizures and interictal events, 
such as interictal spikes) affects animal’s behaviors and hence the performance in respective tests 
(examples given are lateralized reaction time task for ADHD, Morris water maze for spatial cogni-
tive defi cits, the forced swimming test for depression, and the elevated plus maze test for general 
anxiety). Furthermore, seizure–behavior interaction is often bidirectional (e.g., depression- 
associated suppression of serotonergic transmission or ADHD-associated compromised noradren-
ergic transmission may further exacerbate epilepsy). In addition, concurrent neurobehavioral 
disorders in animals with epilepsy interact with each other and thus may infl uence outcome mea-
sures. For example, the presence of depressive impairments may affect animal’s performance in 
cognitive and memory tasks; the presence of ADHD may affect animal’s ability to perform ade-
quately in tests for depression, anxiety, etc. Such interactions emphasize the complexity of experi-
mental animal systems and call for a systemic, rather than isolated, approach for studying 
neurobehavioral comorbidities of epilepsy in the laboratory       
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   At the same time, when and if the interaction between different comorbidities is 
taken into account, animal studies may yield useful insights in human condition. 

 A case in point is comorbidity between depression and ADHD in animals with 
experimentally induced MTLE. Careful analysis of swimming behavior in epileptic 
rats during the FST has revealed complex behavioral patterns. While a majority of 
animals (approximately 2/3 in various experiments) show increased immobility 
time in the FST, thus pointing toward the presence of depressive disorder, a subset 
of epileptic rats exhibits increased active swimming, which was however different 
from the normal adaptive swimming behavior [ 76 ]. Unlike in normal rats, in the 
hyperactive epileptic animals, active swimming was nonadaptive: animals did not 
attempt to escape the tank, but rather trod water in the middle, without attempts to 
escape. On the surface, by merely looking at the passive-to-active swimming ratios, 
these animals could be categorized as the ones with reduced depressive behavior, 
with the conclusion that epilepsy may produce “antidepressant” effects [ 64 ,  65 ]. It 
turned out, however, that these animals, when examined in the LRTT, showed signs 
of hyperimpulsivity, that is, presented with symptoms of ADHD. Furthermore, 
looking at the biological substrate of passive versus nonadaptive swimming behav-
iors, it occurred that “depressed” animals displayed suppressed serotonergic tone in 
the raphe–PFC pathway, while “nonadaptive swimmers”/hyperimpulsive animals 
showed selective suppression of noradrenergic transmission in the LC–PFC ascend-
ing projection [ 76 ]. Therefore, the nonadaptive active swimming behavior observed 
in the FST more likely represented a manifestation of ADHD, rather than an “anti-
depressant” effect of seizures. This observation is also important, considering a 
well-known comorbidity between ADHD and depression, and the fact that in 
ADHD/depression patients, diagnosis of ADHD is often complicated as depression 
may mask symptoms of ADHD [ 119 ,  120 ]. Indeed, a small subpopulation of ani-
mals with chronic epilepsy (around 10–15 %), which acted only as depressed (i.e., 
having relevant impairments in the FST, but no hyperimpulsivity in the LRTT), was 
found to have compromised both raphe–PFC serotonergic transmission and LC–
PFC noradrenergic transmission [ 76 ], thus suggesting that they may have ADHD 
alongside depression; only the former does not show up in behavioral tests [ 76 ]. 

 The confounding contribution of hyperimpulsivity on animals’ behavior can be 
extended to anxiety. As it has been mentioned earlier, several studies found that 
animals with MTLE present with reduced, rather than increased anxiety (with the 
interpretation that seizures may have anxiolytic effects) [ 17 ,  70 ]. However, the same 
animals that showed reduced anxiety in the EPMT presented with hyperimpulsivity 
in the LRTT [ 76 ]. It is thus more plausible that hyperimpulsivity impaired animals’ 
ability to adequately perform in the EPMT for the examination of epilepsy- 
associated anxiety, thus rendering the test inappropriate under certain conditions. 

 These observations emphasize the importance of a broader approach in analyz-
ing neurobehavioral disorders in animal epilepsy models. For example, it is not 
suffi cient to merely claim that an animal has defi cient spatial or object memory 
without objective confi rmation of the substrate (e.g., dysfunction of place cells and 
neurodegeneration in perirhinal cortex, respectively). Indeed, if the same animal has 
depressive impairment (again correlating with the underlying neurobiological 
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 substrate, such as dysfunction of serotonergic transmission or dysregulation of the 
HPA axis), the lack of motivation may negatively affect its performance in memory 
tasks. 

 An effective way to improve clinical relevance of animal models of epilepsy 
comorbidities would be moving away from formal and toward material models. The 
latter attempts to account for many interconnected aspects and variables of an ana-
lyzed system, and to more closely approximate real-life situations (as Rosenblueth 
and Wiener put it, “the best material model for a cat is another, or preferably the 
same cat” [ 115 ]). 

 Material models are preferred even when only one single comorbidity is exam-
ined. On the one hand, this would allow accounting for whether and how comor-
bidities infl uence one another, and on the other hand, this may help explaining 
seemingly paradoxical fi ndings by putting them in the context of a multifactorial 
system.     
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    Chapter 2   
 Depression       

       Andres     M.     Kanner       and     Ramses     Ribot    

    Abstract     Depressive disorders are the most frequent psychiatric comorbidity in 
people with epilepsy, with lifetime prevalence rates of 30–35 %. Their prevalence is 
also higher than in the general population, and in particular, in people with poorly 
controlled seizures. In addition, there is a complex relation between epilepsy and 
depressive disorders, whereby not only are patients with epilepsy at greater risk of 
developing depressive disorders, but patients with primary depressive disorders are 
at greater risk of developing epilepsy. In this chapter, we review the salient aspects 
of depressive disorders in epilepsy that any clinician treating people with epilepsy 
must know.  

  Keywords     Major Depressive Disorder   •   Postictal Depression   •   Ictal Depression   • 
  Suicidality   •   Antidepressant Drugs  

        Introduction 

 Depressive disorders are the most frequent psychiatric comorbidity in people with 
epilepsy (PWE), with lifetime prevalence rates ranging from 30 to 35 % [ 1 ]. Higher 
prevalence rates (21–33 %) have been also found in patients with persistent seizures 
when compared to seizure-free patients (4–6 %) in several cross-sectional studies 
[ 2 – 4 ]. Furthermore, a population-based survey of 185,000 households, which 
screened for lifetime symptoms of depression yielded higher rates in PWE than 
those with other chronic conditions [ 5 ], with at least one episode of symptoms of 
depression reported by 32 % of PWE, compared to 16 % of patients with asthma, 13 
% with diabetes, and 8.6 % of healthy respondents. Similar prevalence rates have 
been identifi ed in children and adolescents with epilepsy [ 6 ]. 

        A.  M.   Kanner ,  MD, FANA      (*) •    R.   Ribot ,  MD   
  Epilepsy Section, Department of Neurology ,  Comprehensive Epilepsy Center, 
University of Miami, Miller School of Medicine , 
  1120 NW 14th Street, Room 1324 ,  Miami ,  FL ,  33136 ,  USA   

  EEG Monitoring Unit ,  University of Miami Hospital, 
University of Miami, Miller School of Medicine , 
  1120 NW 14th Street, Room 1324 ,  Miami ,  FL ,  33136 ,  USA   
 e-mail: a.kanner@med.miami.edu   

mailto:a.kanner@med.miami.edu


26

 Despite this high occurrence of depressive disorders in PWE, they remain under-
recognized and undertreated. For example, among 97 PWE with depressive epi-
sodes severe enough to warrant the use of psychotropic drugs, more than 1 year 
elapsed before 63 % of patients with spontaneous and 54 % with iatrogenic depres-
sive episodes were referred for treatment [ 7 ], while in a study carried out in children 
with epilepsy, 26 % of 44 children with depressive symptoms had never been previ-
ously evaluated or treated [ 8 ]. 

 Depressive disorders are easy to identify in a face-to-face evaluation in the offi ce 
and/or with the use of self-report screening instruments that detect the presence of 
symptoms of depression (e.g., Beck Depression Inventory) and major depressive 
episodes (MDE)—its most severe clinical expression—e.g., Neurologic Depressive 
Disorders Inventory in Epilepsy (NDDI-E) [ 9 ,  10 ]. In fact, these instruments can be 
given to patients to fi ll out in the clinic while waiting to be seen by their doctor. 
What accounts for the failure to identify this comorbidity then? One of the principal 
reasons appears to be the failure by clinicians to enquire about them.  

    Depression and Epilepsy: A Complex Relation 

 The concept that depressive disorders are a “complication” of epilepsy refl ects the 
common view of the relation between the two conditions. Yet, data from population- 
based studies have revealed a more complex, bidirectional relation between the two 
disorders, whereby not only are people with epilepsy at greater risk of developing 
depression, but people with depression are at greater risk of developing epilepsy. 
Furthermore, a lifetime history of depression has been associated with a worse 
response to the therapy of the seizure disorder. 

    Depression as a Risk Factor for Epilepsy 

 Twenty-six centuries ago, Hippocrates wrote :  “melancholics become epileptics and 
epileptics melancholics,” suggesting that “depression increases the risk of develop-
ing epilepsy and vice-versa.” This observation has been confi rmed with data from 
several population-based studies. Hesdorffer et al. (2012) used the United Kingdom’s 
General Practice Research Database, which included a total of 3,773 PWE and 
14,025 controls 10–60 years old [ 11 ]. Compared to controls, the incidence rate ratio 
of depression was signifi cantly higher among patients who went on to develop epi-
lepsy during the 3 years  preceding  its onset, and in PWE during the 3 years  that 
followed  the diagnosis of epilepsy; for suicidality, there was a higher incidence rate 
ratio during the 3 years before and 1 year after the diagnosis of epilepsy. In a second 
population-based study conducted in Sweden, investigators compared the risk of 
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developing unprovoked seizures or epilepsy among patients who had been hospital-
ized for a psychiatric disorder ( n  = 1885) to a group of controls, matched for gender, 
and year of diagnosis selected randomly from the register of the Stockholm County 
population [ 12 ]. The age-adjusted odds ratio for development of unprovoked sei-
zures was 2.5 for people with major depressive disorder, 2.7 for patients with bipo-
lar illness, 2.7 for anxiety disorder, and 2.6 for suicide attempt. Three other 
population-based studies published between 1990 and 2006 demonstrated that 
patients with a depressive disorder had a threefold to sevenfold higher risk of devel-
oping epilepsy [ 13 – 15 ]. 

 The above fi ndings cannot be attributed to the use of psychotropic drugs despite 
the long-held belief that antidepressants have proconvulsive properties. In fact, 
there is increasing data from experimental animal studies that this type of medica-
tions may have a protective effect against the development of seizures. In humans 
with primary mood disorders, one study suggested that antidepressants (with two 
exceptions) may have a protective effect against seizure occurrence. This study 
investigated the incidence of seizures in patients with primary major depressive and 
obsessive compulsive disorders during the course of multicenter-randomized 
placebo- controlled trials of antidepressants carried out for regulatory purposes in 
the United States and compared the incidence of seizures between those random-
ized to a psychotropic drug and those given placebo [ 16 ]. Data for this study 
included Phase II and III multicenter-randomized placebo-controlled trials that 
encompassed 75,873 patients between 1985 and 2004. The trials included antide-
pressants of the tricyclic, selective serotonin-reuptake inhibitor (SSRI) and 
serotonin- norepinephrine reuptake inhibitor (SNRI) families as well as bupropion. 
The investigators found a  higher  incidence of seizures in patients randomized to 
clomipramine and bupropion in its immediate release form. On the other hand, sub-
jects randomized to the other antidepressants were 52 %  less likely  (69 % less likely 
when excluding bupropion immediate release formulation) to develop seizures 
compared to those randomized to placebo. In addition, patients randomized to pla-
cebo were 19 times more likely to experience a seizure, compared to the expected 
incidence in the general population. 

 As indicated above, antidepressant drugs of the SSRI and tricyclic families have 
been found to display antiepileptic effects in several animal models of epilepsy [ 17 ], 
while reduction in seizure frequency has been suggested in three open trials with 
SSRIs in patients with treatment-resistant epilepsy [ 18 – 20 ]. In fact, the long-held 
belief of a proconvulsant effect of antidepressant drugs is derived from observations 
of seizures resulting from their use at very high doses (e.g., in overdoses). The only 
four antidepressants with known proconvulsant properties at therapeutic doses are 
amoxapine, clomipramine, maprotiline, and bupropion. Furthermore, since a psy-
chiatric history has been associated with an increased risk of the development of 
epilepsy, seizure occurrence during their pharmacologic management may in fact 
refl ect the “natural course” of the psychiatric disorder and not an iatrogenic effect 
of the psychotropic drug.  
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    Common Pathogenic Operant in Depression and Epilepsy 

 The data presented in the preceding section might be explained by the existence of 
common neurobiologic pathogenic mechanisms shared by depressive disorders and 
epilepsy, including: (a) Neurotransmitter disturbances in the central nervous system 
such as serotonin, norepinephrine, dopamine, glutamate, and gamma-aminobutyric 
acid (GABA); (b) endocrine disturbances such as hyperactive hypothalamic-
pituitary- adrenal axis, resulting in high serum concentrations of cortisol; (c) infl am-
matory mechanisms [ 21 ]. Here are some examples:

    (a)    Disturbances of serotonin transmission in the CNS have been identifi ed as piv-
otal pathogenic mechanisms of completed suicide and of major depression and 
anxiety disorders. Similarly, decreased secretion of serotonin has been identi-
fi ed in several animal models of epilepsy, including the genetically epilepsy- 
prone rat [ 22 ], the pilocarpine status epilepticus model in the Wistar rat [ 23 ], as 
well as in cats, rabbits, and rhesus monkeys [ 22 ].   

   (b)    High cortisol levels have become one of the neurobiologic markers of major 
depressive disorders. Likewise, several studies of animal models of epilepsy 
have confi rmed that pretreatment with corticosterone accelerates the kindling 
process in rats [ 24 ].   

   (c)    Glutamate is the excitatory neurotransmitter “par excellence,” and high glutama-
tergic activity is the pivotal abnormality of the epileptogenic process. By the 
same token, patients with primary mood disorders have been found to have high 
glutamate in plasma and CSF, while magnetic resonance spectroscopy studies 
have revealed high cortical concentrations [ 25 ]. In addition, there are data sug-
gesting that NMDA antagonists may exert an antidepressant effect in animal 
models of depression as well as in humans with treatment-resistant major depres-
sive disorders [ 26 ]. In the case of GABA, an inhibitory neurotransmitter, which 
also plays a pivotal role in the epileptogenic process, low CSF, plasma, and intra-
cortical concentrations have been found in humans with mood disorders [ 27 ].   

   (d)    With respect to infl ammatory disturbances, proinfl ammatory cytokines, in par-
ticular, interleukin-1β (IL-1β), have been found to play a pathogenic role in 
patients with mood disorders. In animal models of epilepsy, IL-1β has been 
shown to have proconvulsant properties, which are blocked by its naturally 
occurring antagonist (IL-1RA). The proconvulsant mechanism has been associ-
ated to a reduction in glutamate uptake by glial cells or an enhanced release of 
glutamate from these cells [ 28 – 30 ].    

       Clinical Manifestations 

 Depressive disorders in PWE may be identical to primary depressive disorders (e.g., 
major depression, bipolar disorder, cyclothymia, dysthymia, and minor depression). 
Nonetheless, in approximately 30–50 % of PWE, depressive episodes can present 
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atypical clinical manifestations and fail to meet the diagnostic criteria included in 
the  Diagnostic and Statistical Manual of Mental Disorders-IV  ( DSM-IV ) [ 31 ]. They 
consist of symptoms of depression intermixed with brief euphoric mood, irritability, 
anxiety, paranoid feelings, and somatic symptoms (anergia, atypical pain, and 
insomnia). They tend to follow a chronic course with recurrent symptom-free peri-
ods. This type of depression had been recognized since the beginning of the twenti-
eth century [ 32 ], and in later years was referred as “Interictal Dysphoric Disorder of 
Epilepsy” [ 33 ]. Yet, Mula et al. demonstrated that this form of depression was not 
specifi c to PWE [ 34 ]. 

 Depressive and anxiety disorders often occur together. For example, in a study of 
188 consecutive PWE, 31 met  DSM-IV  criteria of a current major depressive epi-
sode. Twenty-one of these patients had a mixed MDE and an anxiety disorder [ 35 ]. 
Recognition of such comorbidity is of the essence, as failure to target the anxiety 
symptomatology in the treatment plan can result in the recurrence of the depressive 
disorder. In addition, comorbid depressive and anxiety disorders in patients with 
and without epilepsy are associated with a worse course of the depressive disorder 
and a worse quality of life than in patients with only the depressive disorder [ 35 ]. 

    Clinical Manifestations of Depressive Episodes Particular 
to Epilepsy 

 Depressive episodes and symptoms of depression in PWE can follow a temporal 
relation to the occurrence of seizures and present before (pre-ictal), as an expression 
of the ictus (ictal), after the seizure (postictal), or may be independent of the timing 
of the seizure occurrence (interictal). In addition, depressive episodes can be the 
expression of a “para-ictal” disorder, which occurs upon the sudden remission of 
seizures in patients with treatment-resistant epilepsy. 

  Pre-ictal symptoms of depression and depressive episodes  typically present as a 
dysphoric mood in which the prodromal symptoms may extend for hours or even 
1–3 days prior to the onset of a seizure. This was exemplifi ed by Blanchet and 
Frommer [ 36 ] who assessed mood changes during the course of 56 days in 27 PWE, 
who rated their mood on a daily basis. Mood ratings pointed to a dysphoric state 3 
days prior to a seizure in 22 (81 %) patients. This change in mood was greatest dur-
ing the 24 h preceding the seizure. Patients or parents of children with epilepsy 
often report that dysphoric symptoms completely resolve the day after the ictus. 

  Ictal symptoms of depression  are the clinical expression of a focal seizure with-
out loss of consciousness in which the depressive symptoms are the sole (or 
 predominant) semiology and in which the symptomatogenic zone involves limbic 
structures, in particular, in mesial temporal regions. The actual prevalence of ictal 
symptoms of depression is yet to be established in larger studies. Symptoms of 
depression ranked second after symptoms of anxiety/fear as the most common type 
of ictal affect in one study [ 37 ]. This presentation occurred in 21 % of 100 PWE 
who reported auras consisting of psychiatric symptoms [ 38 ,  39 ]. The most frequent 
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symptoms include feelings of anhedonia, guilt, and suicidal ideation. Such mood 
changes are typically brief, stereotypical, occur out of context, and are associated 
with other ictal phenomena. More typically, however, ictal symptoms of depression 
are followed by an alteration of consciousness, as the ictus evolves from a focal 
seizure without loss of consciousness to a seizure with loss of consciousness. 

  Postictal symptoms of depression and depressive episodes  have been recognized 
for decades, but have been investigated in a systematic manner in only one study 
[ 40 ]. Postictal symptoms of depression were identifi ed in 43 of 100 consecutive 
patients with refractory partial seizure disorders. These symptoms occurred after in 
more than 50 % of seizures, and their duration ranged from 0.5 to 108 h, with a 
median duration of 24 h. However, postictal symptoms of depression can outlast the 
ictus for up to 2 weeks. 

 Of note, PWE may experience interictal depressive episodes with postictal exac-
erbation in severity of these symptoms [ 40 ]. Furthermore, in patients with interictal 
depressive episodes in remission, postictal symptoms of depression can occur 
despite the presence of adequate doses of antidepressant medication (Kanner AM, 
unpublished data). This observation suggests a different pathogenic mechanism 
operant in postictal and interictal depressive symptoms.  

    Depressive Episodes as an Expression of a Para-Ictal Disorder 

 The sudden remission of epileptic seizures in patients with treatment-resistant epilepsy 
can be followed by the occurrence of psychopathology presenting as a MDE or a psy-
chotic episode. This phenomenon has been known as “forced normalization” [ 41 ], 
because the EEG recordings of these patients failed to reveal any epileptiform activity 
concurrent with the psychopathology. In later years, this phenomenon was referred as 
“alternating psychopathology” [ 42 ]. While this phenomenon is more often identifi ed 
in the setting of a psychotic episode, depressive episodes are more frequent but often 
go unrecognized. Remission and/or improvement of psychiatric symptoms follow the 
recurrence of seizures, though symptomatic treatment can at times be effective.  

    Depressive Episodes as an Iatrogenic Effect 

    Caused by Antiepileptic Drugs 

 All antiepileptic drugs (AEDs) can potentially cause psychiatric symptoms, particu-
larly when used at high doses [ 43 ]. However, AEDs with GABAergic properties, 
primarily phenobarbital, primidone, the benzodiazepines, tiagabine, and vigabatrin, 
are more likely to cause depression [ 44 – 47 ]. Other AEDs that have been associated 
with the development of depression include felbamate, topiramate, levetiracetam, 
zonisamide and more recently perampanel [ 7 ,  48 ,  49 ]. Psychiatric adverse events 
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are more likely to be identifi ed in patients susceptible to develop psychiatric disor-
ders, such as those with a past psychiatric history or with a family psychiatric his-
tory [ 50 ]. Accordingly, obtaining a good personal (current and past) and family 
psychiatric history is of the essence to identify patients that may be at risk of devel-
oping iatrogenic depressive episodes. 

 The addition of AEDs with mood-stabilizing properties, such as carbamazepine, 
valproic acid, and lamotrigine, can occasionally cause depressive episodes, albeit 
with a signifi cantly lower frequency than other AEDs. More often than not, these 
AEDs are associated with the occurrence of depression  upon their discontinuation  
in patients with a prior history of depression or panic disorder, which had been kept 
in remission by these AEDs [ 51 ]. 

 The Food and Drug Administration (FDA) announced in 2008 that it would 
require manufacturers of AEDs to add a warning to their labeling indicating that the 
use of these drugs increases the risk by a twofold of suicidal thoughts and behaviors 
[ 52 ]. The decision was based on an FDA meta-analysis of 199 clinical multicenter- 
randomized, double-blind placebo-controlled and parallel trials of 11 AEDs. The 
FDA data were carefully reviewed by a task force of the American Epilepsy Society, 
which identifi ed several methodological fl aws including: (1) grouping of all AEDs 
(which have different mechanisms of action) into one class; (2) basing the recom-
mendation on spontaneously reported adverse events, rather than on systematically 
acquired data [ 53 ]. Furthermore, attempts to replicate the data from the FDA meta- 
analysis in fi ve large studies yielded contradictory fi ndings. Thus, it is possible that 
certain  but not every  AED can cause psychiatric adverse events that can lead to 
suicidal ideation and behavior, but this is likely to occur in patients with a predispo-
sition for psychiatric illness. Accordingly, before starting an AED, like topiramate, 
zonisamide, vigabatrin, barbiturates, or levetiracetam, it is essential to inquire about 
a prior personal or psychiatric history.  

    Depression Following Epilepsy Surgery 

 It is not unusual to see “mood lability” within the initial 6 weeks to 3 months after 
surgery. Often, these symptoms subside, but in up to 30 % of patients, major depres-
sive episodes may become apparent within the fi rst 6 months [ 54 ]. Characteristically, 
symptoms vary from mild to very severe, including suicidal attempts. In most 
instances, these depressive disorders respond readily to pharmacologic treatment 
with antidepressant drugs (see below). 

 Patients with a prior history of depression are at greater risk. A German study 
found that patients with personality disorders are at higher risk of suffering from 
postoperative psychiatric complications, as compared with patients with other pre-
operative psychiatric conditions (such as depression) or with patients with no pre-
operative psychiatric diagnosis whatsoever [ 55 ]. While some studies have not found 
a relation between depression and the postsurgical control of seizures, others have 
[ 54 ]. All patients undergoing epilepsy surgery, therefore, should be advised of this 
potential complication,  prior to surgery .    
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    Impact of Depressive Disorders in PWE 

    Impact on Mortality Risk 

 Depressive disorders have a negative impact on the mortality of PWE. A recent 
population-based study from Sweden found premature mortality to be 11-fold 
higher in PWE than controls, with the mean age of death being at 34 years of age 
[ 56 ]. Close to 16 % of all deaths were attributed to external causes, which included 
death by suicide and accidents (in a motor vehicle, drug poisoning, falls, drowning, 
assault, and others). In fact, PWE had a greater than threefold higher risk of prema-
ture death from these causes than the control groups. Furthermore, among PWE 
who died from external causes, comorbid psychiatric disorders were identifi ed in 
75.2 %, the majority of which included depression and substance misuse. It is worth 
noticing that the lifetime prevalence of psychiatric disorders in PWE was 40.7 %, 
compared to 10.3 % in controls. In a separate population-based study conducted in 
Denmark, the presence of mood disorders increased the risk of suicide by 32-fold 
[ 57 ]. In a review of 21 studies, suicide accounted for 12 % of all deaths in PWE [ 58 ].  

    Impact on the Management of the Seizure Disorder 

    Worse Tolerance of Antiepileptic Drugs 

 The concomitant presence of MDE in PWE is associated with the endorsement of 
more severe adverse events and worse tolerability of AEDs [ 59 ,  60 ]. The study by 
Kanner et al. [ 60 ] demonstrated that the worse tolerance was not limited to MDE, 
but was of comparable magnitude in patients with less severe forms of depression 
such as subsyndromic depressive episodes. Tolerance was also worse among PWE 
who experienced anxiety disorders in addition to MDE [ 17 ].  

    Worse Response to the Pharmacologic and Surgical Treatment 
of the Seizure Disorder 

 Two studies have suggested a worse response of the seizure disorder to pharmaco-
therapy with AEDs. In a prospective study of 138 patients with new onset epilepsy, 
those with symptoms of depression and anxiety at the time of diagnosis of epilepsy 
were signifi cantly less likely to be seizure-free at the 1-year follow-up evaluation [ 61 ]. 
The second study included 780 patients with new onset epilepsy; individuals with a 
history of psychiatric disorders preceding the onset of the epilepsy, and particularly 
depression, were twofold less likely to be seizure-free with AEDs, after a median fol-
low-up period of 79 months, compared to patients without a psychiatric history [ 62 ]. 

 Likewise, a lifetime history of psychiatric disorders and in particular depression has 
been associated with a worse postsurgical seizure outcome following an anterotempo-
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ral lobectomy. For example, in a study of 100 consecutive patients, only 12 % of 
patients who reached complete seizure freedom after surgery (mean follow-up period 
8.3 ± 3.3 years) had a lifetime history of depression, while such history was identifi ed 
in 67 % of patients who had auras, but no complex partial and/or secondarily general-
ized tonic-clonic seizures, and in 79 % of patients with persistent disabling seizures 
[ 63 ]. These data were confi rmed in two other studies that included patients with mesial 
temporal sclerosis (MTS): in one study of 280 patients, those with a preoperative psy-
chiatric diagnosis (38 % of the entire cohort) were signifi cantly less likely to remain 
seizure-free [ 64 ], while in the second study of 115 patients, a presurgical history of 
major depressive disorders was a risk factor for persistent postsurgical seizures [ 65 ].  

    Impact on the Quality of Life 

 Several studies of patients with treatment-resistant epilepsy demonstrated that 
depressive disorders are strong predictors of poor quality of life, even after control-
ling for seizure frequency, severity, and other psychosocial variables [ 35 ,  66 – 69 ]. In 
one of these studies, depression was signifi cantly associated with poor quality of 
life, independently of seizure type, but seizure freedom for the last 3 months 
improved the quality-of-life ratings [ 66 ]. Of note, comorbid depressive and anxiety 
disorders have a worse impact on the quality of life of PWE than the depressive or 
anxiety disorders occurring alone, and particularly when a major depressive episode 
is comorbid with more than one anxiety disorder [ 35 ].  

    Impact on Health-Care Costs 

 Patients with untreated depression were found to use signifi cantly more health 
resources of all types, independent of seizure type or duration [ 70 ]. Mild-to- 
moderate depression was associated with a twofold increase in medical visits com-
pared with nondepressed controls, while severe depression was associated with a 
fourfold increase. This could be in part due to the above reported increased risk of 
poor tolerance of AEDs and worse response to pharmacological and surgical treat-
ments. The presence and severity of depression was also a predictor of lower dis-
ability scores, irrespective of the duration of the seizure disorder.    

    Identifi cation of Depressive and Anxiety Disorders 
in the Outpatient Clinic 

 Providing clinicians with user-friendly self-reported screening instruments of 
depressive and anxiety disorders is probably the best solution to facilitate their iden-
tifi cation in PWE in a busy outpatient clinic. Several self-reported instruments have 
been developed to identify and quantify the severity of symptoms of depression and 
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anxiety; these include the Beck Depression Inventory (BDI-II) [ 9 ] and the Center of 
Epidemiologic Studies—Depression (CES-D), which have been validated for PWE 
[ 71 ]. Clinicians can use the Neurological Disorders Depression Inventory for 
Epilepsy, a six-item instrument which was validated to screen for MDE in PWE 
specifi cally [ 10 ]. This instrument has the advantage of having been constructed spe-
cifi cally to minimize confounding symptoms that plague other instruments, such as 
somatic symptoms, which may also be the expression of adverse events of AEDs, or 
of cognitive problems associated with epilepsy. Patients can fi ll out the instrument 
in less than 3 min. A score of >15 is suggestive of a MDE. These instruments are  not 
diagnostic  by themselves, and a subsequent more detailed evaluation is necessary. 
Once the diagnosis of a mood disorder has been confi rmed with a psychiatric evalu-
ation, the self-rating screening instruments can be given at every visit to document 
symptom remission. 

 As already discussed, comorbid anxiety disorders or symptoms of anxiety are a 
common occurrence, and their identifi cation and effective treatment is of the 
essence. The seven-item Patient’s Health Questionnaire Generalized Anxiety 
Disorder–7 (GAD-7) is an ideal self-rating instrument to screen for generalized 
anxiety disorder (GAD) [ 72 ]. It takes 2–3 min for patients to complete; a score of 
>10 is suggestive of a GAD.  

    Treatment of Depressive Disorders in PWE 

 The management of depressive disorders consists of pharmacotherapy and/or psycho-
therapy, and is similar to the one provided to patients with primary depressive disorders. 
Given the relatively high comorbid occurrence of depressive and anxiety disorders, we 
will include treatment strategies that encompass the management of the latter. 

 With respect to pharmacologic therapy, the selective serotonin-reuptake inhib-
itor (SSRI) and serotonin-norepinephrine reuptake inhibitors (SNRI) have 
become the fi rst line of treatment of primary depressive and anxiety disorders, 
and have replaced the tricyclic antidepressants (TCA) because of their lower tox-
icity. To date, there are no published double-blind placebo-controlled trials that 
have tested the effi cacy of these two families of antidepressants in PWE. In their 
absence, two consensus statements have been published outlining pharmacologi-
cal and psychotherapeutic approaches for PWE with mood and anxiety disorders 
using data from the management of primary mood disorders and from open trials 
with SSRIs in PWE [ 73 ,  74 ]. Both documents recommend the use of these anti-
depressant drugs in PWE. However, their use remains empirical given the absence 
of controlled trials. 

 Before starting pharmacotherapy, it is important to determine if the depressive 
episodes resulted from an iatrogenic process, which may result from the 
following:

•    The introduction of an AED with negative psychotropic properties (e.g., barbitu-
rates, topiramate, benzodiazepines, zonisamide, vigabatrin, levetiracetam), par-

A.M. Kanner and R. Ribot



35

ticularly in PWE at risk of developing psychiatric disorders (e.g., patients with a 
prior psychiatric history and/or family history).  

•   The discontinuation of an AED with mood-stabilizing properties (e.g., carbam-
azepine, oxcarbazepine, valproic acid, lamotrigine) in patients with a personal 
(or family) history of mood disorder, which was in remission and/or masked by 
one of these AEDs.  

•   The addition of an AED with enzyme-inducing properties (carbamazepine, phe-
nytoin, barbiturates) in PWE taking an SSRI, which had resulted in remission of 
the depressive episode. In these patients, these AEDs will increase the clearance 
of the antidepressant, lower its serum concentration, and limit its effi cacy.    

 Another cautionary consideration before starting an antidepressant drug is to rule 
out a history of a manic or hypomanic episode that may be suggestive of a bipolar 
disorder, as these drugs can potentially trigger a manic or hypomanic episode in the 
short term, while it may worsen the course of the bipolar disorder in the long term, 
particularly in the case of rapid-cycling bipolar disease. In such cases, an AED with 
mood-stabilizing and antidepressant properties such as lamotrigine, carbamazepine, 
oxcarbazepine, and valproic acid should be considered. 

    Pharmacokinetic Interaction Between Antidepressant Drugs 
and AEDs 

 Most antidepressant drugs are metabolized in the liver, and their metabolism is 
accelerated in the presence of AEDs with enzyme-inducing properties (e.g., carba-
mazepine, phenytoin, barbiturates, and oxcarbazepine at doses of >900 mg/day and 
topiramate at doses >200 mg/day). This pharmacokinetic effect is not observed with 
the new AEDs, gabapentin, lamotrigine, tiagabine, levetiracetam, zonisamide, pre-
gabalin, vigabatrin, and ezogabine. 

 Conversely, some of the SSRIs are inhibitors of one or more isoenzymes of the 
Cytochrome P450 (CYP 450) system. These antidepressants include fl uoxetine, 
paroxetine, fl uvoxamine, and, to a lesser degree, sertraline [ 75 – 77 ]. Escitalopram 
and citalopram, on the other hand, do not have pharmacokinetic interactions with 
AEDs. Sertraline has been shown rarely to increase phenytoin levels, and this is 
thought to be associated with displacement by tight protein binding, or by inhibition 
of the CYP 450 system [ 78 ]. 

    Choice of Antidepressant 

 The criteria used to choose an antidepressant must be based on the following criteria:

    1.    The type of depressive episode: retarded versus agitated. In the former, SNRIs 
may be more effective, given their noradrenergic effect. In the latter, SSRIs 
should be considered fi rst.   

2 Depression



36

   2.    Depending on the presence of comorbid anxiety disorder(s) and their type. In 
such cases, the clinician must identify the SSRI or SNRI, which can cover the 
symptoms of both conditions.   

   3.    The adverse event profi le of the antidepressant drug, in particular, those drugs 
with a propensity to cause weight gain.     

 Dosing of the antidepressant must be the same as in the treatment of primary 
mood disorders. The aim is to achieve complete symptom remission, as persistence 
of symptoms is associated with an increased risk of recurrence of a MDE. Furthermore, 
clinicians must adjust the dose in the presence of enzyme-inducing AEDs, by 
increasing it by 30 %.   

    Are AEDs with Mood-Stabilizing Properties Suffi cient to Treat 
Depressive Disorders? 

 The use of AEDs in primary mood disorders has become common practice, particu-
larly in patients with bipolar disorders in a manic state. Lamotrigine has been used 
as an augmenting agent to concomitant antidepressants in refractory depressive dis-
orders. Most AEDs with positive psychotropic properties have mood-stabilizing and 
antimanic properties (e.g., carbamazepine, oxcarbazepine, valproic acid), while 
lamotrigine is the only one which has been found to yield mood-stabilizing and 
antidepressant properties in patients with depressive episodes occurring in the con-
text of bipolar disorders. Pregabalin has been found to yield anxiolytic properties, 
and has an indication for the treatment of generalized anxiety disorders in Europe, 
but not in the United States, while gabapentin has been found to be effective for the 
treatment of social phobia. 

 To date, no study has suggested that an AED with positive psychotropic proper-
ties alone can cause the remission of a MDE in PWE. As indicated earlier, discon-
tinuation of these AEDs has been associated with the development of depressive 
and/or anxiety disorders in patients at risk of depressive and/or anxiety disorders. 
These observations imply a mood-stabilizing role of these drugs, but not an antide-
pressant effect per se. 

    Psychotherapy 

 In addition to pharmacological intervention, the value of psychotherapy for the 
treatment of depression in PWE should not be overlooked. Counseling and psycho-
therapy, in particular, cognitive behavior therapy, can be useful in helping the patient 
deal with the stressors and limitations of living with epilepsy. In addition, cognitive 
behavior therapy has been found to be an effective treatment modality for depres-
sive and anxiety disorders in patients with primary mood and anxiety disorders as 
well as in PWE. Often, a combination of CBT and pharmacotherapy is necessary.   
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    Other Types of Psychiatric Treatments 

 Electroconvulsive therapy (ECT) is  not  contraindicated in depressed PWE [ 79 ,  80 ]. 
It is a well-tolerated treatment and is worth considering in PWE with very severe 
depression that fails to respond to antidepressant drugs. Furthermore, there is no 
evidence that ECT increases the risk of epilepsy [ 81 ], and, in fact, it has been used 
in the treatment of refractory status epilepticus. 

 Vagal nerve stimulation (VNS) is used as an adjunctive treatment for epilepsy 
and has also shown long-term mood effects [ 82 ]. The impact of other neurostimula-
tion interventions, such as deep brain stimulation (DBS) or transcranial magnetic 
stimulation, on mood in PWE has not been studied in controlled trials.   

    Concluding Remarks 

 We reviewed data that highlight the importance of an early recognition and treat-
ment of depressive disorders in PWE. Physicians who treat PWE do not have any 
further excuse for ignoring the existence of this psychiatric comorbidity, as it has a 
negative impact on the response to pharmacologic treatment of the seizure disorders, 
the quality of life of PWE, and the associated increased risk of death by external 
causes which can be prevented or at least minimized with a timely identifi cation and 
intervention. The long-held belief that antidepressant drugs lower the seizure thresh-
old does not appear to apply to the use of SSRIs and SNRIs at therapeutic doses.     
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    Chapter 3   
 Mania and Elation       

       Marco     Mula     

    Abstract     Despite the substantial literature on mood disorders in epilepsy, the 
majority of authors focused on depression with limited data on manic symptoms. 
Historically, this was due to the general impression that both psychomotor excita-
tion and overt mania were rarely encountered in epilepsy. However, recent studies 
demonstrated that manic symptoms can be occasionally seen in the context of epi-
lepsy, either as seizure-based phenomena or as treatment-emergent adverse events. 

 This chapter briefl y describes the evolution of the concept of bipolar disorders 
and covers the main symptom clusters usually described in manic episodes. In the 
epilepsy setting, peri-ictal manic symptoms are described post-ictally and are often 
associated with psychotic symptoms. Inter-ictal manic symptoms are defi nitely rare. 
Specifi c clinical entities, such as the inter-ictal dysphoric disorder of epilepsy, pres-
ent some overlaps with the more unstable form of rapid cycling bipolar type II 
patients, but main psychopathological features are different. Manic symptoms as 
treatment-emergent adverse events of antiepileptic drugs are anecdotally described 
as well as after epilepsy surgery. Finally, major treatment options for mania in 
patients with epilepsy and the use of lithium are discussed.  

  Keywords     Epilepsy   •   Bipolar Disorder   •   Mania   •   Antiepileptic Drugs   •   Lithium   • 
  Adverse Events   •   Inter-ictal Dysphoric Disorder   •   Epilepsy Surgery  

        Introduction 

 The relationship between epilepsy and depression has a long story. Around 400 BC, 
the Greek physician Hippocrates observed that “melancholics ordinarily become 
epileptics, and epileptics, melancholics: what determines the preference is the 
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direction the malady takes; if it bears upon the body, epilepsy, if upon the intelli-
gence, melancholy” [ 1 ]. Nowadays, it seems well established that reasons for such 
a close link are both biological and psychosocial [ 2 ]. However, manic symptoms in 
epilepsy have been traditionally considered less common as compared to depres-
sion. Nevertheless, epilepsy and bipolar disorders have many similarities. First, 
both of them are episodic conditions with a time course of the disease that can 
become chronic. Second, both of them have similar rates of drug-refractory patients, 
namely about 30 % in epilepsy [ 3 ] and 40 % in bipolar patients [ 4 ]. Still, without 
treatment, the rate of episodes in bipolar disorder increases, and the symptom-free 
intervals become shorter [ 5 ], a progression of the disease very similar to that 
described for epilepsy [ 3 ]. Finally, both conditions respond to antiepileptic drugs 
and seem to share a number of biochemical and neurobiological underpinnings, 
such as the kindling phenomenon, changes in neurotransmitters (i.e., GABA, excit-
atory aminoacids, dopamine, serotonin), modifi cations in voltage-opened ion chan-
nels (i.e., sodium, calcium, potassium), and changes in second messenger systems 
(i.e., G-proteins, phosphatidylinositol, protein kinase C, myristoylated alanine-rich 
C kinase substrate) [ 6 ,  7 ]. All these evidences taken together clearly suggest a com-
mon underlying pathophysiology or better a close link between the neurobiology of 
seizures and that of mood polarity. 

 The aim of this chapter is to review the possible clinical scenarios where manic 
symptoms can potentially occur in patients with epilepsy. Treatment options are 
also discussed.  

    What Is Mania? 

 The contemporary conceptualization of the manic-depressive illness is traced back 
to 1854, when Jules Baillarger described to the French Imperial Academy of 
Medicine, a biphasic mental illness causing recurrent oscillations between mania 
and depression [ 8 ]. The same year, Jean-Pierre Falret presented a case description 
on what was essentially the same disorder. This illness was named “folie circulaire” 
(circular insanity) by Falret, and “folie à double forme” (dual-form insanity) by 
Baillarger [ 9 ]. After that, Emil Kraepelin categorized and studied the natural course 
of untreated bipolar patients and coined the term “manic depressive psychosis” 
[ 10 ]. He noted that intervals of acute illness, manic or depressive, were generally 
punctuated by relatively symptom-free intervals in which the patient was able to 
function normally. More recently, in 1968, both the newly revised classifi cation 
systems ICD-8 and DSM-II introduced the term “manic-depressive illness,” subse-
quently substituted by “bipolar disorder” in subsequent DSM and ICD editions. 

 Epidemiological studies suggest that bipolar disorders, considering the whole 
spectrum, affect up to 5 % of the general population [ 11 ,  12 ]. A manic episode is not 
a disorder in itself, but rather a part of a disorder. If symptoms are not the result of 
substance use or abuse (e.g., alcohol, drugs, medications), or are not caused by a 
general medical condition, they are usually part of a bipolar disorder. 
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 A manic episode is characterized by a period of at least 1 week, where an ele-
vated, expansive, or unusually irritable mood, as well as notably persistent goal- 
directed activity is present. The mood disturbance associated with manic symptoms 
should be observable by others (e.g., friends or relatives of the individual) and must 
be uncharacteristic of the individual’s usual state. These feelings must be suffi -
ciently severe to cause diffi culty or impairment in occupational, social, educational, 
or other important functioning. Typical symptoms include: infl ated self-esteem or 
grandiosity, decreased need for sleep (e.g., one feels rested after only 3 h of sleep), 
being more talkative than usual or pressure to keep talking, fl ight of ideas or subjec-
tive experience that thoughts are racing, attention easily drawn to unimportant or 
irrelevant items, increase in goal-directed activity (either socially, at work or school, 
or sexually) or psychomotor agitation, and excessive involvement in pleasurable 
activities that have a high potential for painful consequences (e.g., engaging in unre-
strained buying sprees, sexual indiscretions, or foolish business investments). A 
hypomanic episode has the same symptoms as a manic episode, with a few impor-
tant differences: the mood usually is not severe enough to cause problems with the 
person working or socializing with others; never require hospitalization; there are 
never any psychotic features. 

 However, apart from this general framework, the phenomenology of mania is 
quite complex, as manic symptoms can sometimes occur as isolated symptoms, as 
subtle temperamental features, or even in the context of depression (i.e., mixed epi-
sodes). For this reason, a number of authors investigated the “factor” structure of 
mania and hypomania in order to identify specifi c symptom clusters. In hypomania, 
most of the authors agree that two groups of symptoms can be easily identifi ed, 
namely positive-productive symptoms and problem-causing symptoms [ 13 ], also 
defi ned as the “sunny” and “dark” side of hypomania [ 14 ]. Basically, increased 
energy levels, elation, and psychomotor activation belong to the fi rst group, while 
irritability and risk-taking behaviors to the latter. In the case of mania, current stud-
ies suggest a more diversifi ed factor structure, with hyperactivity, decreased sleep, 
rapid/pressured speech, and hyperverbosity representing the core symptoms of 
mania, while other dimensions, such as hypersexuality, extravagance, religiosity/
mystical experiences, and violent and assaultive behaviors, can be considered linked 
to the core, maybe refl ecting specifi c clinical endophenotypes [ 15 ].  

    Do Manic Symptoms Occur in Epilepsy? 

 As already mentioned, data on manic symptoms in epilepsy are more than scant. 
However, a rational approach to the problem is always to identify elements that may 
potentially contribute, such as seizures or the epileptic disorder (Table  3.1 ). In fact, 
patients with epilepsy may experience a number of psychiatric manifestations 
around the ictus that have to be clearly differentiated from true psychiatric comor-
bidities. The practicality of classifying such symptoms according to their temporal 
relation to seizure occurrence (peri-ictal/para-ictal symptoms vs. inter-ictal 
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symptoms) is well established. Peri-ictal phenomena have been well described by 
Gowers [ 16 ] and Jackson [ 17 ], and also by Kraepelin [ 10 ] and Bleuler [ 18 ]. The 
differentiation between peri-ictal and inter-ictal psychiatric symptoms has relevant 
implications in terms of prognosis and treatment. Finally, epilepsy treatment plays 
another important role in the occurrence of psychiatric symptoms and, for this rea-
son, the role of antiepileptic drugs and epilepsy surgery will be discussed.

   Data on pre-ictal symptoms are limited. However, around one-third of patients with 
temporal lobe epilepsy report premonitory symptoms, usually preceding secondarily 
generalized tonic-clonic seizures [ 19 ]. Most of the times, these symptoms are focal 
seizures (i.e., auras), but sometimes patients clearly describe prodromal mood swings 
with depressed mood and irritability that occur hours to days before a seizure, and 
these symptoms are typically relieved by the convulsion itself [ 20 ]. Among pre-ictal 
symptoms, behavioral changes are those most frequently reported [ 21 ]. In our case 
series, around 13 % of patients with temporal lobe epilepsy experience irritability, 
dysphoria, or depressed mood preceding seizures [ 22 ]. Such feelings are almost indis-
tinguishable from inter-ictal ones, apart from the duration and the close relation with 
seizure occurrence. It seems, therefore, important for clinicians to enquire about these 
phenomena, because they cannot be detected by rating scales or questionnaires [ 23 ]. 

 Ictal mania has been very rarely reported in isolation, as it can be occasionally 
observed in the context of a focal nonconvulsive status, usually accompanied also 
by hallucinations [ 24 ]. However, negativism, anxiety/fear, irritability, and aggres-
sion are classic behavioral manifestations described in nonconvulsive status of tem-
poral lobe origin [ 25 ], while indifference, perplexity, mutism, or poverty and 
slowness of speech are described in extratemporal status, especially in frontal polar 
cases. In this regard, it is important to point out that, in some cases, the continuous 
epileptic activity is restricted to deep limbic areas, and the scalp EEG may be even 
normal [ 26 ,  27 ]. The association between ictal manic symptoms and the nondomi-
nant hemisphere, as suggested by Flor-Henry [ 28 ], has been matter of debate, with 

    Table 3.1    Manic symptoms in epilepsy   

 Seizure/epilepsy  Peri-ictal  Pre-ictal dysphoria 
  Ictal mania  (nonconvulsive focal status 
epilepticus – extratemporal, nondominant 
hemisphere) 
  Post-ictal mania  (frontal, nondominant 
hemisphere) 

  Para-ictal    Alternative mania  (forced normalization 
phenomenon) 

  Inter-ictal    Inter-ictal mania  (bipolar disorder, inter-ictal 
dysphoric disorder) 

  Treatment    Antiepileptic drugs or 
vagus nerve stimulation  

  Secondary mania  (toxic encephalopathy) 
 Seizure worsening ( postictal mania ) 
 Seizure control ( alternative mania ) 

  Surgery    Postoperative mania  (nondominant temporal 
lobectomy) 
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some authors clearly pointing on the right hemisphere [ 29 ], while others the left 
[ 24 ]. However, EEG and SPECT fi ndings in post-ictal mania clearly show func-
tional changes in right-hemisphere structures, mainly the frontal, temporal, and 
paralimbic areas [ 30 ]. 

 Post-ictal mood changes are less recognized in clinical practice, but are fre-
quently reported by patients and their relatives. Manic/hypomanic symptoms are 
reported post-ictally in 22 % of patients, often with associated psychotic phenome-
nology [ 31 ]. It seems that post-ictal mania has a distinct position among psychiatric 
manifestations observed in the post-ictal period. Such manic episodes last for a 
longer period and have a higher frequency of recurrence than post-ictal psychoses, 
being associated with an older age at onset, EEG frontal discharges, and nondomi-
nant hemisphere involvement [ 30 ]. 

 Finally, inter-ictal manic symptoms may suggest a true comorbidity between epi-
lepsy and bipolar disorders. However, also in this case, it seems evident that in a 
large proportion of cases, inter-ictal mania or dysphoria are related to phenotype 
copies of bipolar disorder, such as the inter-ictal dysphoric disorder [ 23 ]. Premodern 
psychiatrists, such as Kraepelin and Bleuler, observed that patients with epilepsy 
could develop a pleomorphic pattern of depressive symptoms intermixed with 
euphoric moods, irritability, fear, and anxiety, as well as anergia, pain, and insomnia 
[ 32 ,  33 ]. This concept has been revitalized during the twentieth century by Blumer 
who coined the term inter-ictal dysphoric disorder to refer to this type of somatoform- 
depressive disorder, claimed as typical of patients with epilepsy [ 34 ]. Since its intro-
duction, the concept of inter-ictal dysphoric disorder has been matter of debate [ 35 ]. 
Recent data show that the inter-ictal dysphoric disorder can be diagnosed in a sub-
group of patients with drug-refractory epilepsy, but does not seem to be a disease- 
specifi c syndrome, being observed also in patients with migraine. Further studies are 
needed to clarify whether this syndrome is an organic mood disorder typical of neu-
rological disorders or an affective syndrome observed in subjects with chronic medi-
cal conditions.  

    Manic Symptoms as Treatment-Emergent Adverse Events 

 Organic mania, or better secondary mania, is a clinical syndrome which resembles 
a manic state, but is due to specifi c factors such as physical illnesses (e.g., hyperthy-
roidism) or drugs (e.g., L-dopa, decongestants, sympathomimetics, steroids, and 
others). This concept received little attention in neuropsychiatric literature, because 
it was thought to be relatively uncommon before the seminal paper by Krauthammer 
and Klerman [ 36 ]. 

 Anecdotally, manic/hypomanic symptoms have been described as a treatment- 
emergent adverse event of almost all antiepileptic drugs [ 37 ]. In this regard, a case 
of hypomania driven by vagus nerve stimulation is of particular interest [ 38 ], 
because it suggests that the mechanism underlying the control of seizures could be 
interlinked with that of regulation of mood and the control of its polarity. 

3 Mania and Elation



48

 In patients with epilepsy, drug-related manic symptoms can be classifi ed into 
three main groups: (1) due to a toxic effect of the drug; (2) in the context of post- 
ictal psychopathology; (3) due to the forced normalization phenomenon (Table  3.1 ). 
The fi rst group resembles the concept of secondary mania, also described by 
Krauthammer and Klerman, while the others are completely different entities whose 
pathophysiology resides in the pathophysiology of the epilepsy itself and are, there-
fore, unique to patients with epilepsy [ 37 ]. Post-ictal mania and forced normaliza-
tion are only indirectly related to the drug and do not depend on the specifi c 
mechanism of action of the compound [ 39 ]. These episodes may be misleadingly 
interpreted by the epileptologists as a side effect of the anticonvulsant, while they 
are strictly connected to seizure precipitation or control, and must be carefully noted 
because this differentiation has important implications regarding prognosis and 
treatment. 

 Another important scenario in epileptology is that of epilepsy surgery. Since the 
early series, the possibility that brain surgery could be associated with the develop-
ment of psychiatric disorders, in particular, psychoses, has been discussed [ 40 ,  41 ]. 
A few centers, however, regularly include psychiatric screening as part of their pre-
operative assessment, but postoperative psychiatric follow-up is often excluded. 
Assessment of psychosocial adjustment is rarely performed, in contrast to the often 
scrupulous recording of neuropsychological defi cits. In some patients, elevated 
mood can be detected a few days after surgery [ 42 ]. It may begin with an excessive 
feeling of gratefulness for the surgeon who is denoted as the savior and responsible 
for the patient’s new life. While this affection is partly comprehensible, the mood 
may switch into a socially inappropriate euphoric state, including seeking emo-
tional closeness to rather distant persons, and fi nally the development of classic 
manic symptoms (e.g., increased levels of energy, insomnia, pressured speech, 
fl ight of ideas, marked irritability, and increased sexual activity). Risk factors have 
included right temporal resection and bilateral electrographic ictal foci [ 43 ]. In most 
cases, hypomanic symptoms are identifi ed in the early postsurgical period and typi-
cally are short-lived. Pharmacotherapy is rarely required, unless the patient does not 
respond to redirection over the euphoric mood and limit setting of inappropriate 
behavior. Low doses of atypical antipsychotic medication for a few days up to 2 
weeks may be suffi cient. Of note, postsurgical hypomanic episodes may herald an 
undetected bipolar disorder and should alert the clinician to the cautious use of 
antidepressant drugs [ 42 ].  

    Treatment of Mania in Epilepsy 

 Lithium has a signifi cant wealth of literature supporting its utility as an antimanic 
agent, although it seems to be less effective for dysphoria, mixed states, or rapid 
cycling [ 44 – 46 ]. Valproate, carbamazepine, and, to a lesser extent, oxcarbazepine, 
have proven effi cacy for manic symptoms. Atypical antipsychotics (olanzapine, 
quetiapine, risperidone, aripiprazole, ziprasidone) are also considered effective 
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antimanic agents with less potential, compared to previous generation neuroleptics, 
to cause tardive dyskinesia and extrapyramidal symptoms [ 45 ,  46 ]. Olanzapine, 
quetiapine, and risperidone have been associated with weight gain and metabolic 
syndrome, being, therefore, not preferred in combination with valproate. 
Aripiprazole and ziprasidone seem to have a favorable metabolic profi le, but akathi-
sia remains an unfavorable side effect [ 45 ,  46 ]. All these agents are dopamine block-
ers and may, therefore, lower the seizure threshold. For this reason, antipsychotics 
need to be carefully used in patients with epilepsy. 

 In the acute treatment of mania, lithium still plays a major role. In patients with 
epilepsy, it is important to consider interactions with antiepileptic drugs and seizure 
risk. The concomitant prescription of lithium carbonate and carbamazepine, though 
possibly associated with a favorable pharmacodynamic interaction on mood stabi-
lization, may increase lithium toxicity with the potential occurrence of severe 
hyponatremia when lithium alone is stopped [ 47 ] and a signifi cant modifi cation in 
thyroid function with reduction in T4 and free T4 [ 48 ]. Conversely, the combina-
tion of lithium and valproate has a better tolerability, but side effects such as weight 
gain, sedation, and tremor may become easily evident. The combination with 
lamotrigine seems to be the best option [ 49 ] in terms of tolerability. Conversely, 
co-therapy with topiramate may reduce lithium clearance, leading to lithium-toxic 
plasma levels [ 50 ]. 

 Lithium may have proconvulsant properties, especially at high plasma levels 
(>3.0 mEq/L). At therapeutic levels, the effect of lithium on seizure frequency in 
individuals with epilepsy is inconsistent [ 51 ]. If the prescription of lithium is needed 
and medically indicated, lithium can be adopted, but vigilant monitoring of blood 
levels and careful clinical follow-up are needed.     
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    Chapter 4   
 Anxiety       

       Christian     Brandt     

    Abstract     Anxiety disorders constitute important, though for a long time, neglected 
comorbidities of epilepsy. They deserve attention, because they are frequent and 
negatively impact the quality of life of persons with epilepsy. This chapter covers 
aspects of the neurobiological and pathophysiological correlates of anxiety and 
anxiety disorders, classifi cation and differential diagnosis of epilepsy-related anxi-
ety, epidemiology, the relationship between anxiety and different forms of epilepsy, 
and the infl uence of epilepsy surgery on concomitant anxiety. The bidirectional 
relationship between epilepsy and anxiety deserves broad attention, as this extends 
to the different levels of this comorbidity from animal models (for instance, GAERS 
rats may show increased levels of anxiety when compared to healthy controls, 
already before the onset of epilepsy) to epidemiology (anxiety may be detected up 
to 3 years before epilepsy diagnosis). Treatment (drugs, psychotherapy, alternative 
treatments) is also covered. Selective serotonin-reuptake inhibitors and serotonin- 
noradrenalin reuptake inhibitors are established in the treatment of anxiety disor-
ders. It would be of value in persons with epilepsy and a comorbid anxiety disorder 
to treat both conditions with a single drug, which leads to the issue of anxiolytic 
properties of antiepileptic drugs (AEDs). Strong evidence has been demonstrated 
for pregabalin in social phobia and generalized anxiety disorder, lamotrigine in 
posttraumatic stress disorder, and gabapentin in social anxiety. Anxiety may also be 
a side effect of AEDs. Case vignettes at the end of the chapter illustrate the issue.  
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        Introduction 

 Anxiety disorders constitute important, though for a long time, neglected comor-
bidities of epilepsy [ 1 ]. They deserve attention, because they are frequent and nega-
tively impact the quality of life of persons with epilepsy. While stigma and social 
consequences of epilepsy may lead to consecutive anxiety, there is also a bidirec-
tional relationship between both disorders. One aspect of this relationship is that an 
anxiety disorder may also precede the onset of epilepsy. Animal models mirror the 
relationship between both disorders.  

    Neurobiological Correlates of Anxiety 

 Activation of brain regions in anxiety in healthy subjects and in patients with different 
anxiety disorders has been studied extensively by means of fMRI. Different areas have 
been found to be involved in different subtypes of anxiety disorders: hyperactivity of 
amygdala and insula in posttraumatic stress disorder (PTSD), social phobia and spe-
cifi c phobia, hypoactivation in the dorsal and rostral anterior cingulate cortices, and 
the ventromedial prefrontal cortex structures linked to the experience and regulation 
of emotion in PTSD [ 2 ]. The serotonin system is crucially involved in the develop-
ment of anxiety, and PET studies showed decreased 5-HT1A binding in persons with 
temporal lobe epilepsy (TLE), thus demonstrating that the serotonin system is dis-
turbed in persons with TLE [ 3 ]. The hippocampus plays an important role in re-expe-
riencing fear, and the mechanisms are similar to epileptic discharges [ 4 ]. Activation of 
fear circuits is a major hypothesis for explaining symptoms in anxiety disorders, and 
the reduction of an excessive output from these neurons may theoretically improve the 
clinical picture [ 4 ,  5 ]. GABAergic inhibition and modulation of Ca-channels work 
antiepileptic and anxiolytic, which may be an explanation for the effi cacy of some 
antiepileptic drugs in anxiety disorders [ 6 ] that will be discussed below. Imbalances in 
the GABAergic system have been found in brain specimens of operated patients with 
refractory temporal lobe epilepsy and comorbid anxiety and/or depression [ 7 ].  

    Ictal, Postictal, and Interictal Anxiety 

 First of all, anxiety may be a seizure symptom, that is, a simple partial seizure may 
present with anxiety as part of the seizure semiology. It is a key issue for the clini-
cian to clarify the differential diagnosis between ictal anxiety and an anxiety disor-
der. Several features have been described as helpful: ictal psychiatric symptoms are 
usually brief, stereotyped, occur out of the context, and are associated with other 
seizure-related phenomena such as subtle or overt automatisms or postictal confu-
sion of variable duration [ 8 ]. 
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 Ictal anxiety is frequent in right temporal lobe epilepsy [ 9 ] and rare in extratem-
poral epilepsy [ 10 ]. It seems to be reported by 10–15 % patients with partial sei-
zures [ 11 ], is more common in women than men [ 12 ,  13 ], and seems to have a poor 
prognostic value for surgery [ 14 ]. Ictal anxiety can be differentiated through a care-
ful history-taking, with special attention to the association between the duration of 
the attacks and the presence of accompanying nonparoxysmal symptoms of an anxi-
ety disorder like avoidance behavior or the “circle of fear.” Linguistic methods may 
be helpful in the differential diagnostic process [ 15 ]. Although not in the narrow 
focus of this chapter, it should be mentioned that dissociative seizures also may go 
along with anxiety. Persons with dissociative seizures described a greater number of 
somatic symptoms of anxiety during the attacks when compared to persons with 
epilepsy [ 16 ]. 

 Structured interviews are of value in establishing the diagnosis of an anxiety 
disorder [ 17 ]. They form a gold standard, but screening instruments that are easy 
and quick to administer are helpful in a busy clinic. A widely used screening instru-
ment for anxiety disorders is the GAD-7 [ 18 ], which may also be used in the context 
of epilepsy. It is only recently that a Korean version of this instrument has been vali-
dated in persons with epilepsy [ 19 ]. 

 Harter et al. reported on a patient who had had a few generalized tonic-clonic 
seizures in his youth and subsequently developed agoraphobia with panic disorder 
[ 20 ]. This man had had a couple of self-induced seizures, and sometime after 
refraining from inducing seizures, he developed anxiety that was fi rst suspected to 
be of epileptic origin. EEG and MRI were normal, and thorough history-taking led 
to the correct diagnosis. Psychotherapy relieved the symptoms. One remarkable 
feature of this case is that the patient had only had a few seizures and that these were 
moreover self-induced, and that he, despite this, developed an anxiety disorder. 

 Postictal psychiatric symptoms have been studied thoroughly using a question-
naire of 42 items answered by 114 patients with regard to a period of 72 h after a 
seizure [ 21 ]. Anxiety was the most frequent postictal emotional symptom, experi-
enced by 45 out of the 114 patients. This is not only of theoretical interest but has 
also therapeutic implications. It means that some patients deserve special attention 
during the fi rst 3 days following a seizure, because of emotional disturbances. 

 Anxiety is high in patients who report stress – acute or chronic – as seizure- 
precipitant [ 22 – 24 ]. Many persons with epilepsy attribute seizures to stress, though 
it is not yet clear in how many of them this is a true seizure-precipitant, maybe 
mediated by high levels of anxiety, or a mere attribution that is driven by anxiety.  

    Epidemiology 

 Several studies have assessed the prevalence of comorbid anxiety in people with 
epilepsy, applying different methods (telephone interviews, mailed questionnaires, 
direct contact in the clinic as ways of approaching the patients, and self-assess-
ment or psychological examination as ways of assessing symptoms resp. 
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diagnosis) and referring to different populations. Symptoms of anxiety and anxiety 
disorders are more frequent in patients with epilepsy than in the general popula-
tion. According to Tellez-Zenteno et al. [ 25 ], people without epilepsy reported a 
lifetime incidence of 11.2 % for any anxiety disorder compared with 22.8 % in the 
group with epilepsy. With regard to the last 12 months, there was a prevalence of 
4.6 % in the group without epilepsy compared to 12.8 % in the group with epi-
lepsy. A major strength of the study is that it is a population-based one with a huge 
number of included subjects. A potential weakness of the study is how the diagno-
sis of epilepsy was asserted. In fact, this was done by asking the interviewees “do 
you have epilepsy diagnosed by a health professional?” This might have led to 
over-reporting or underreporting. According to an also nationwide study from 
England [ 26 ], using an approach similar to the Canadian one, the prevalence of any 
depressive or anxiety disorder in people with epilepsy was 30.6 %, which corre-
sponded to an adjusted odds ratio (OR) of 1.9. The OR for social phobia was 5.2, 
for agoraphobia 3.2, and for generalized anxiety disorder (GAD) 2.6. Anxiety 
symptoms are – not surprisingly – also present in patients with epilepsy and 
depression [ 27 ]. 

 Brandt et al. found the diagnosis of an anxiety disorder in 19.6 % of patients with 
refractory epilepsy, a fi gure that is well within the range reported for epilepsy in 
general [ 28 ]. This study also assessed prevalence rates for the subtypes of anxiety 
disorder, namely 7.2 % for social phobia, 6.2 % for specifi c phobia, 5.1 % for panic 
disorder, 3.1 % for generalized anxiety disorder, 2.1 % each for anxiety disorder not 
further specifi ed and obsessive-compulsive disorder (OCD), and 1.0 % for posttrau-
matic stress disorder. A trend for people with shorter epilepsy duration ( P  = 0.084) 
and younger age ( P  = 0.078) being more likely to have a diagnosis of anxiety disor-
der was revealed. This could mean that people with epilepsy might be able to develop 
coping strategies with increasing age or with increasing duration of the disease. 34.2 
% of the inpatients of the same center were found to suffer from an anxiety disorder, 
using a slightly different methodology [ 29 ]. The higher fi gure might be due to dif-
ferent methodology, but it is more likely that it refl ects a higher morbidity in inpa-
tients when compared to outpatients. Gandy et al. directly compared people with 
refractory epilepsy and with well-controlled epilepsy with respect to mood, and 
anxiety disorders and suicidality [ 30 ]. They did not fi nd any signifi cant difference 
between the groups. Over all patients, they found a rate of 29 % for an anxiety dis-
order. High prevalence of anxiety in people with epilepsy extends to different ethnic 
populations respectively of a variety of countries [ 31 ,  32 ]. Anxiety is also frequent 
in children and adolescents with epilepsy [ 33 ,  34 ]. A recent study applying the State 
Trait Anxiety Inventory (STAI) [ 35 ] to persons with epilepsy and to healthy controls 
found an increased prevalence of self-reported anxiety, both state and trait, in people 
with epilepsy compared to matched controls [ 36 ]. Poorer general health, worry 
about seizures, and self-reported antiepileptic drug (AED) side effects were con-
tributory factors for anxiety; good social support was protective. Anxiety is also 
present during pregnancy in women with epilepsy (22.4 %), especially when taking 
antiepileptic drugs (AED) (26.3 %), further increasing with polytherapy (31.4 %) 
[ 37 ]. Comorbid anxiety in epilepsy in general has been found to be associated with 
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a current history of depression, perceived side effects, lower educational attainment, 
chronic ill health, female gender, and unemployment [ 38 ]; high seizure frequency 
and female gender [ 39 ]; and higher scores relating to powerful others [ 40 ]. Increased 
levels of neuroticism have also been found to be a risk factor [ 41 ]. Stigma [ 42 ], 
higher escape-avoidance and decreased distancing [ 43 ], and increased use of wish-
fulfi lling fantasy [ 44 ] predicted higher levels of anxiety. The fi ndings are, however, 
not necessarily consistent with each other [ 45 ]. Factors to infl uence anxiety are also 
social aspects of stigma, effectiveness of seizure control, employment status, and the 
number of different epilepsy drugs [ 46 ]. This is an important recent fi nding in a 
time, where it sometimes seems that neurobiological factors are the only ones fi nd-
ing attention and social factors do not fi nd the attention they might deserve. There 
seems to be also a relationship between cardiorespiratory fi tness and level of anxiety 
in persons with temporal lobe epilepsy [ 47 ]. A signifi cant negative correlation was 
observed between the levels of tension-anxiety and maximal aerobic power. Persons 
with anxiety (and also depressive) disorders scored higher in the Adverse Events 
Profi le [ 48 ]. Reports of adverse events should be evaluated in the light of comorbid 
depression or anxiety. 

 An anxiety disorder may not only accompany epilepsy but also precede its onset 
by 3 years [ 49 ]. This fi nding points already to the bidirectional relationship between 
epilepsy and anxiety that will be discussed further below.  

    Anxiety and Epilepsy Syndrome, Localization 
and Lateralization 

 A study from Hong Kong found a higher prevalence of anxiety in patients with 
frontal lobe epilepsy than in those with generalized epilepsy [ 50 ]. A limitation of 
the study might be that the authors combined idiopathic, cryptogenic, and symp-
tomatic forms of generalized epilepsies (GE). Patients who were diagnosed as hav-
ing GE after stroke or infection or trauma were included. There was also a high 
proportion of cryptogenic GE. It would be of interest to see the results for idiopathic 
GE, which might form a more homogeneous group. 

 A clear lateralization could not be demonstrated for psychopathology (including 
anxiety) in epilepsy patients by several studies [ 51 ,  52 ], nor could a clear localiza-
tion (temporal lobe vs. extract temporal lobe epilepsy) be shown [ 53 ].  

    Bidirectional Relationship 

 An anxiety disorder may not only be the consequence of epilepsy but also pre-
cede the onset of epilepsy by 3 years [ 49 ]. Also, in a population-based study 
from Sweden, the incidence of seizure disorders was higher in persons with a 
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history of several psychiatric disorders, one of which were anxiety disorders. 
One explanation for the bidirectional relationship between anxiety disorders 
and epilepsy may be in the role that serotonin plays for both diseases [ 54 ]. 
These fi ndings are paralleled in a couple of animal studies: Genetic absence 
epilepsy rats of Strasbourg (GAERS), a genetic model of human generalized 
epilepsy, showed increased levels of anxiety when compared to healthy con-
trols. The development of anxiety was already detectable before the onset of 
epilepsy [ 55 ]. Genetically epilepsy-prone rats (GEPR), another animal model 
for epilepsy, have serotonergic and noradrenalinergic abnormalities [ 56 ]. Status 
epilepticus in early life caused an increase in anxiety-like behavior in male 
Wistar rats. Behavioral change could be prevented by the administration of ket-
amine during the status [ 57 ]. Subconvulsive doses of pilocarpine led to anxiety-
like behavior in male Wistar rats [ 58 ]. Plastic changes in amygdala and 
hippocampus induced by kainate injection in mice were associated with 
increased anxiety-like behavior [ 59 ]. In humans, a previous psychiatric history 
(and/or genetic predisposition for psychiatric disorder), neurobiologic changes 
associated with the underlying epilepsy, peri-ictal phenomena, and iatrogenic 
and reactive processes infl uence the development of a psychiatric comorbidity 
in persons with epilepsy [ 60 ].  

    Anxiety Pre and Post Epilepsy Surgery 

 In surgical patient collectives, between 0 and 45 % of patients had symptoms of 
anxiety, differences in assessment accounting for the different prevalence rates [ 61 ]. 
The majority of postsurgical evaluations showed – at least after a while – an amelio-
ration of anxiety, but exaggeration and even de novo anxiety were possible. A bidi-
rectional relationship between epilepsy and anxiety – as discussed above – has also 
been demonstrated by the fact that the presence of anxiety predicts a worse seizure 
outcome after epilepsy surgery [ 62 ,  63 ], and that epilepsy surgery, vice versa, may 
improve the pre-existing anxiety symptoms, especially when seizure freedom could 
be achieved [ 61 ,  64 ,  65 ]. Depression and anxiety infl uence quality of life after epi-
lepsy surgery [ 66 ].  

    Impact of Anxiety on Quality of Life in Persons with Epilepsy 

 Comorbid anxiety disorders or anxiety symptoms have a negative impact on the 
subject’s quality of life in adults and children, and adolescents, especially within 
the context of a combined comorbidity of anxiety and depression [ 48 ,  67 ,  68 ]. 
Patients who attribute the control over their illness to the so-called powerful 
others experience higher levels of anxiety [ 40 ]. Self-perception of seizure pre-
cipitants also increased the anxiety level [ 22 ]. It may be that patients attribute 
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seizures to irrelevant factors and thus experience anxiety. Anxiety (and also 
depression) is associated with the presence of adverse events (AE) to antiepilep-
tic drugs [ 69 ]. This is actually a fi nding that may have a major impact on clinical 
practice: it can be speculated that it might be necessary in patients who report a 
high number or severity of AE to focus on a comorbid anxiety or mood disorder 
rather than merely on changing the antiepileptic drug regimen. The causal rela-
tionship may, however, also be the other way, that is, a higher rate of AEs might 
lead to a mood or anxiety disorder. A comorbid anxiety disorder is a risk factor 
for suicidality in people with epilepsy [ 70 ]. High anxiety levels have been found 
to have a negative impact on memory performance measured by the California 
Verbal Learning Test, thus impairing its lateralizing value in presurgical diag-
nostics [ 71 ]. 

 Drug-resistant epilepsy patients with anxiety and/or depression symptoms may 
be more likely to miss outpatient appointments, and – suffering from both comor-
bidities– may be admitted more frequently for inpatient services compared to con-
trols [ 72 ].  

    Iatrogenic Anxiety 

 AEDs may cause anxiety as an adverse event (AE). Several AEDs have been associ-
ated with anxiety as an AE, but only a minority causes it frequently [ 73 ]. The newer 
AED lacosamide does not seem to lead to increased anxiety [ 74 ].  

    Treatment of Anxiety Disorders in Persons with Epilepsy 

 Selective serotonin-reuptake inhibitors (SSRI) and serotonin-noradrenalin reup-
take inhibitors are established in the treatment of several subsyndromes of anxiety 
disorder [ 75 ,  76 ]. There is, however, a latency of 2–6 weeks [ 77 ] before they can 
show full effi cacy. Benzodiazepines (BZD), mainly alprazolam, are advocated as 
treatment during that phase. As BZDs have also antiepileptic properties, treatment 
of both conditions with one drug should be possible. They are, however, only treat-
ment option of further choice in epilepsy. There is data for anxiolytic properties of 
AEDs with varying degrees of evidence. Strong evidence (at least one randomized 
controlled trial) has been demonstrated for pregabalin in social phobia and general-
ized anxiety disorder, lamotrigine in posttraumatic stress disorder, and gabapentin 
in social anxiety [ 6 ]. This refers to the effi cacy on anxiety disorders in general, not 
necessarily meaning comorbid anxiety disorders in persons with epilepsy. 
Pregabalin has been shown not only to improve seizure frequency but also to 
reduce effectively symptoms of anxiety in patients with refractory focal epilepsy 
and comorbid anxiety disorder in an open, uncontrolled study [ 78 ]. Effi cacy on 
seizure frequency was especially high in persons with an anxiety disorder, leading 
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to the speculation that an improvement of anxiety may lead to an improvement of 
epilepsy, which again touches the fi eld of the bidirectional relationship between 
both diseases. 

 Epilepsy patients treated with add-on levetiracetam (LEV) for their seizure dis-
order showed signifi cantly less anxiety after LEV was added [ 79 ]. This was, how-
ever, only true for the subgroup that had an improved seizure frequency and is thus 
not a specifi c anxiolytic effect of LEV. This fi nding is therefore in line with the 
above-mentioned studies showing improvements of anxiety symptoms after suc-
cessful epilepsy surgery. Anxiety has – among other psychiatric conditions – also 
been reported as a side effect of LEV [ 80 ]. 

 An important point is the collaboration between neurologists and psychia-
trists, at least if the treating physician does not unify both specialties in one 
person. It has been hypothesized that neurologists and psychiatrists do not 
cooperate to the extent they should and in the way they used to previously [ 81 ]. 
It has been advocated to train neurologists in recognizing and treating psychiat-
ric disorders, and to psychiatrists, vice versa [ 82 ]. An embedded psychiatrist 
within an epilepsy service may lead to amelioration of comorbid psychiatric 
symptoms by initiating or adjusting pharmacological treatment or by delivering 
time-limited psychotherapy [ 83 ]. Many European epilepsy centers have dedi-
cated services for persons with epilepsy and comorbid psychiatric disorders 
(   ht tp: / /www.mara.de/fi leadmin/Krankenhaus_Mara/downloads/ezb_
verhaltensmed_u_psychoth_epileptologie_201408.pdf.pdf    ) [ 84 ]. These are 
wards, where neurologists, psychiatrists, specialized nurses, and other health-
care professionals, for instance, occupational therapists, work together in an 
interdisciplinary setting applying drug therapy and psychotherapy. These insti-
tutions take account of the high comorbidity, not only of epileptic and dissocia-
tive seizures but also of epilepsy and psychiatric disorders, for example, anxiety. 
This is in fact a paradigm of the concept of comprehensive care for people with 
epilepsy [ 85 ]. 

    Psychotherapy 

 Cognitive-behavioral therapy (CBT) has been shown to improve anxiety in patients 
with epilepsy [ 86 ] in a noncontrolled study in a small group of patients and is 
regarded as the psychotherapeutic procedure with the highest evidence in favor 
[ 76 ]. Psychodynamic therapy is second-line [ 76 ]. It has, however, to be questioned 
that an approach with a standard manual is adequate. Probably, a specifi c program 
for people with epilepsy and anxiety symptoms should be designed. Combination of 
pharmacotherapy and psychotherapy has been advocated. Amygdala hyperactiva-
tion has been found to normalize after exposure therapy [ 87 ], which shows an 
organic correlate of the effi cacy of this psychotherapeutic procedure.  
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    Alternative Treatments 

 Bright light therapy for symptoms of anxiety and depression in patients with focal 
epilepsy has been examined in a randomized controlled trial [ 88 ], but the results are 
inconclusive.   

    Conclusion 

 Anxiety disorders are important comorbidities of epilepsy. Recent research has elu-
cidated many aspects of this comorbidity. There is, however, still a major need for 
future research, and especially for such leading to improvement in clinical practice, 
for instance, the development of specifi c screening instruments and disorder- specifi c 
psychotherapeutic procedures. Care for persons with the comorbidity of epilepsy 
and anxiety – as well as other psychiatric diseases – is a constitutional part of com-
prehensive care for people with epilepsy. This issue should be subject to further 
research, especially, concerning effi cacy, also concerning its economic aspects.  

    Case Vignettes 

 Case 4.1 
 This is a now 49-year-old lady who had developed epilepsy at age 10. She 
experiences simple partial seizures with a strange sensation rising from the 
stomach, anxiousness, nervousness, and visual hallucinations. These proceed 
to complex partial seizures of psychomotor semiology with oroalimentary 
and hand automatisms. She also had generalized tonic-clonic seizures 10 
years before, but these do not occur any more. They seized after the introduc-
tion of carbamazepine into her therapeutic regimen. In addition, she has epi-
sodes during which her systolic blood pressure rises up to 200 mmHg, 
accompanied by anxiety, a tight chest and heat sensation, hyperventilation, 
and numbness of both legs. She avoids traveling in buses. MRI revealed a 
right-sided hippocampal sclerosis, and during EEG, she experienced an epi-
gastric aura, accompanied by a right anterior-temporal seizure pattern (rhyth-
mic theta activity). In conclusion, her epilepsy was classifi ed as a right-sided 
temporal lobe epilepsy due to hippocampal sclerosis. Additionally, an anxiety 
disorder, not further specifi ed, was diagnosed. It was recommended to change 
the antiepileptic drug regimen from carbamazepine to oxcarbazepine and to 
refer her to presurgical diagnostics. She refused, however. She was advised to 
continue psychotherapy, which she had already begun. 
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 Case 4.3 
 This 33-year-old male patient suffers from epilepsy since early infancy. 
According to his mother, he was seizure-free under phenobarbitone for 3 
years and without any drug for another 22 years. He did not become seizure- 
free again, despite treatment with different AEDs. He describes a disgusting, 
strange feeling that is diffi cult to describe, accompanied by slowed thinking 
and anxiety. He also describes seizures with falls, lateral tongue-biting, and 
bilateral shaking of arms and legs with a duration of 2 min, followed by reori-
entation over 15 min. He would feel exhausted and have muscle pain after the 
seizures. These seizures would occur with a frequency of 6–8 per year. He 
feels depressed and lives in fear of further seizures. In addition, he 

 Case 4.2 
 This is a report on a 39-year-old female patient who suffers from epilepsy 
since the age of 29 years. Her fi rst seizure had been a generalized tonic-clonic 
seizure during the ninth month of pregnancy with her third child. She was 
started on lamotrigine after her second grand mal seizure that occurred 3 years 
after the fi rst one. She continued to have grand mal seizures with varying 
frequency. She also experiences absence-like seizures lasting a couple sec-
onds and occurring two to ten times per day. When being among many people, 
for instance, in a supermarket, she gets sweat attacks, heart palpitations, diz-
ziness, fear that an epileptic seizure might come, tremor, and hyperventila-
tion. She would be ashamed to have a seizure in the public. On admission, she 
was under lamotrigine 200 mg b.d., valproic acid 450 mg b.d., oxazepam 
40 mg o.d., and trimipramine 40 mg o.d. EEG revealed generalized 3-Hz 
spike-wave complexes lasting from 1 to 10 s. Psychological diagnostics: The 
Symptom Checklist revised (SCL-90-R) revealed high parameters in all 
domains as well as a high global severity index. A score of 24 in the Beck 
Depression Inventory (BDI) indicated a moderate depressive episode. The 
results of the State/Trait Inventory (STAI) showed an elevated situation- 
related anxiousness and a more-than-average disposition to show anxious 
reactions. Dissociative symptoms (FDS-20) were in the upper normal range, 
and the results of the Childhood Trauma Questionnaire (CTQ) indicated mild 
emotional and physical negligence. In conclusion, she has a diagnosis of an 
idiopathic generalized epilepsy (although the age of the fi rst manifestation 
was atypical), a moderate depressive episode, and agoraphobia. She was 
admitted to the psychotherapeutic ward for combined antiepileptic drug treat-
ment and psychotherapy. She is, however, reluctant to continue, showing 
avoiding tendencies, and will be discharged after a short stay, getting the offer 
to be re-admitted if desired. 
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    Chapter 5   
 Delusions and Hallucinations       

       Naoto     Adachi       and     Nozomi     Akanuma     

    Abstract     Delusions and hallucinations are core symptoms of psychoses. The prev-
alence of psychoses in people with epilepsy is higher than in the general population. 
Links between psychoses and epilepsy have been observed since ancient times. 
Today, we are aware that not only epilepsy-related vulnerability factors but also 
individual-related (general) vulnerability factors make people with epilepsy more 
prone to psychoses. Bidirectional relationships between epilepsy and psychoses in 
their genesis are also recognized. Chronological relationships between the onset of 
the seizure and of the psychoses themselves are a feature unique to psychoses in 
epilepsy, which are classifi ed as ictal, post-ictal, and inter-ictal accordingly. In this 
chapter, we have described delusions and hallucinations in people with epilepsy 
within the three subclassifi cations, since the manifestations are rather different 
among the three groups. We have summarized their treatment and prognosis, which 
again differ between the three types of epilepsy psychoses. We have then presented 
newer concepts on the genesis of these symptoms. Many characteristics are com-
mon between ictal (particularly during seizure status) and post-ictal phenomena; 
thus, there may be a practical value to have them unifi ed and classed as peri-ictal 
phenomena. We have also reviewed accumulating evidence illustrating characteris-
tics common between “epileptic” and “functional” psychoses. This highlights the 
importance of individual-related (general) vulnerability factors for the genesis of 
delusions and hallucinations in people with epilepsy.  

  Keywords     Delusion   •   Hallucination   •   Psychosis   •   Epilepsy   •   Vulnerability   • 
  Ictal psychotic phenomenon   •   Post-ictal psychosis   •   Peri-ictal psychosis   •   Inter- 
ictal psychosis   •   Functional psychosis   •   Organic psychosis   •   Genesis of psychoses  
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        Introduction 

 Links between psychoses and epilepsy have been recognized and documented since 
ancient times [ 1 ]. The position of epilepsy in the fi eld of psychiatry has notably 
changed, as diagnosis and treatment for psychoses has advanced. Epilepsy was con-
sidered a mental disorder/insanity; therefore, no separate entity as “psychosis in 
epilepsy” was established until the early twentieth century [ 2 ]. Today, the  DSM-5  
[ 3 ] includes specifi cs of psychoses in epilepsy with commonly used subclassifi ca-
tions under psychotic disorder due to another medical condition (code 293.8). We 
recognize that the prevalence of psychoses is higher in people with epilepsy than in 
the general population [ 4 – 6 ]. Their vulnerable factors are related to both epilepsy 
and generic features such as genetic predisposition to psychoses and intellectual 
functioning. Bidirectional relationships between epilepsy and psychoses in their 
genesis are also observed [ 7 – 9 ]. 

 During the era before modern psychiatry, psychoses were conditions with anom-
alous behavior, including hallucinations, delusional ideas, elated mood, psychomo-
tor excitement, impaired consciousness, dissociation, or dementia. In the middle of 
the nineteenth century, it became possible to recognize psychotic symptoms that 
occurred following obvious cerebral pathology or damage, such as neurosyphilis 
and wartime head injury [ 2 ]. These psychoses were called “organic psychosis” in 
contrast to “functional psychosis” (the condition without apparent brain damage or 
disorders), including what we now call schizophrenia. At around the same period of 
time, psychoses were defi ned as a condition occurring under clear consciousness, 
excluding symptoms and behavior under clouded consciousness (due to cerebral or 
systemic abnormalities), which were termed “delirium” [ 10 ,  11 ]. 

 Understanding the psychopathology of psychoses was dramatically increased in 
the early twentieth century when German psychiatrists [ 12 ,  13 ] established a method-
ology for mental state examination and its description for patients treated in long- stay 
hospitals. Delusions and hallucinations were at the center of these studies. 
Classifi cation of psychoses, together with other mental disorders, also progressed by 
using psychopathology, etiology, course of illnesses, and their prognosis: the founda-
tion of modern classifi cations that we currently use [ 3 ,  14 ]. It was generally accepted 
that the psychopathology of the delusions or hallucinations  per se  did not have a 
diagnostic value for a specifi c condition, although certain symptoms tended to be 
observed more frequently in one condition than the others. It was also understood that 
both delusions and hallucinations could be seen in the nonclinical population [ 15 ]. 

 Since the operational diagnostic criteria (e.g., DSM [ 3 ] and ICD [ 14 ]) became 
common for the use of research and clinical practice in 1980s, abnormal thoughts 
and perceptions, mainly delusions and hallucinations, were seen as the core symp-
toms of psychoses. These symptoms were coined by Crow [ 16 ] “positive symp-
toms” of psychoses, while other symptoms, including blunted affect and abulia, 
were called “negative symptoms.” In the recently published  DSM-5  [ 3 ], a wider 
range of symptoms has been added to the diagnostic criteria for psychotic disorders, 
which include formal thought disorders, grossly disorganized or abnormal motor 
behavior (including catatonia), and negative symptoms. 
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 Psychoses in people with epilepsy became distinguished from “functional psy-
choses” and even other “organic psychoses” in the middle of the twentieth century 
[ 17 ,  18 ]. There is a feature unique to epilepsy in observing psychotic episodes: 
chronological relationships between the onset of seizures and that of psychotic 
symptoms. The psychotic symptoms are classifi ed as ictal, post-ictal, and inter-ictal 
phenomena, depending on the timing of the psychotic episodes emerging in associa-
tion with the seizures. 

 In this chapter, we will fi rst summarize the defi nition of delusions and hallucina-
tions in general and raise issues relevant to these symptoms in epilepsy. We will then 
discuss characteristics of delusions and hallucinations in people with epilepsy with 
special reference to the unique characteristics within epilepsy. We will attempt to 
appraise some issues of current diagnostic criteria and classifi cation. The last part of 
this chapter will cover treatment principles and prognosis of these symptoms in 
people with epilepsy.  

    General Psychopathology of Delusions, Hallucinations, 
and Related Symptoms 

    Delusions 

 Delusions are defi ned as false, uncorrectable convictions or judgments, out of keep-
ing with reality and with socially shared beliefs of the individual’s background and 
culture [ 19 ]. Jaspers [ 13 ] described three main criteria for delusions: (1) the belief 
is held with extraordinary conviction and with an incomparable subjective certainly 
(certainty); (2) the belief is maintained imperviously to other experiences and to 
compelling counterarguments (incorrigibility); and (3) the content of the belief is 
impossible or false (impossibility/falsity). Jaspars’ criteria have long been used as a 
golden standard. In particular, incorrigibility may be the most essential for diagnos-
ing the phenomena [ 20 ]. 

 Delusions often manifest certain themes, for example, delusions of guilt, grandi-
osity, reference, or persecution [ 21 ]. The theme of the delusions may be congruent 
to the mood or incongruent to it. It is possible to have delusions with one specifi c 
theme or multiple themes simultaneously. 

 Neuroanatomical regions responsible for the genesis of delusions have not been 
thoroughly understood [ 22 ]. A number of studies have suggested functional and/or 
structural abnormalities in the frontal and temporal lobes and their connectivity. 
Given the complexity of most delusional systems, involvement of the networks 
responsible for memory, affect, and conceptualization is suspected [ 23 ]. 

 In accordance with Jaspers’ diagnostic characteristics, delusions were once con-
sidered as a binary condition (i.e., present or absent), leaving a large number of 
anomalous beliefs undiagnosed. This resulted in reduced diagnostic sensitivity with 
increased false-negative episodes. For example, patients with long-lasting delusions 
may have a double bookkeeping system on their delusions, showing a paradoxical 
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combination of an apparent total certainty with and an awareness of the nature of 
their delusion [ 24 ]. Certainty and incorrigibility can be thoughts or feelings on the 
personal inner mind of normal individuals [ 24 ,  25 ]. It is plausible that delusions 
fi nally turn out to be true [ 13 ,  26 ]. Certain groundless confi dence (e.g., the subject’s 
worthiness) as well as religious or philosophical beliefs cannot be attested whether 
real or unreal, possible or impossible [ 20 ]. In order to overcome these issues, further 
characteristics of diagnosing delusions have been found useful. As a consequence, 
delusions are seen as a continuum from normal to severe, the triad of criteria, each 
distributing to a degree. The additional characteristics are a self-evident truth with 
personal signifi cance and not shared by common social or cultural backgrounds [ 23 ]; 
the level of preoccupation; subjective distress; and interference in functioning [ 26 ]. 

 Some psychopathology may be similar to those of delusions, but have to be 
differentiated:

•     Overvalued ideas  are isolated convictions understandable in the context of the 
person’s personality and life experiences [ 23 ]. They are considered an intermedi-
ary group on the borders of normal beliefs and delusions [ 20 ,  27 ].  

•    Obsessional thoughts  are ideas, images, or impulses that enter the person’s mind 
repeatedly in a stereotyped form [ 19 ]. They are almost invariably distressing, and 
the person often tries to resist them. Their insights about the irrational contents 
are considered to be different from those with delusions [ 28 ].  

•    Confabulation  is defi ned as the production of false memories without deliberate 
intent to lie [ 29 ] or false narratives purporting to convey information about one-
self or the world [ 30 ]. It can be observed in people with a variety of memory 
impairments that mostly involve the frontal lobes.  

•    Delirium  is a transient organic mental syndrome of acute onset. It is character-
ized by global impairment of cognitive functions, a reduced level of conscious-
ness, abnormalities in attention, increased or decreased psychomotor activity, 
and a disordered sleep-awake cycle [ 11 ].    

 The review article by Freeman [ 31 ] summarized that approximately 10–15 % of 
nonclinical population had fairly regular delusional ideation. A further 5–6 % had 
delusions, which were not as severe as those of psychotic disorders, but still with 
social and emotional diffi culties. A further 1–3 % had delusions of which severity is 
comparable to clinical cases of psychoses. Van Os et al. [ 32 ] reviewed that approxi-
mately 75–90 % of psychotic experiences were transitory and disappeared over time.  

    Hallucinations 

 Hallucinations are defi ned as perception-like phenomena that occur without exter-
nal stimuli [ 3 ]. Hallucinations can range from “elementary” to “complex.” For 
example, simple auditory hallucinations are the perception of simple sounds. 
Complex hallucinations include voices, music, or well-formed sounds. Auditory 
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and visual hallucinations are more common; however, hallucinations can occur in 
any sensory modality [ 33 ]. Auditory hallucinations are experienced more frequently 
in functional psychoses than in organic or substance-induced psychoses. Visual and 
other hallucinations were relatively often seen in those with organic or physiologi-
cal dysfunctions, that is, delirium and dementia [ 33 ,  34 ]. 

 Abnormal perceptions, in particular, elementary hallucinations, may derive from 
the abnormality of the cortical areas responsible for that perceptual modality, for 
example, elementary visual hallucinations occur with impairment in the visual cor-
tex [ 35 ]. In the case of complex hallucinations, areas responsible not only for spe-
cifi c modality in the perception but also for attention, memory, language, and 
self-monitoring are likely to be involved [ 36 ]. 

 Several perceptual phenomena need to be differentiated from “true” hallucina-
tions. These incorrect perceptual phenomena are in principle nonclinical on their 
own.

•     Pseudohallucinations  are defi ned when the person is fully aware of the unreality 
of the experiences [ 34 ]. Visual or auditory perception is often involved, for 
example, visual hallucinations in elder persons with impaired eyesight and musi-
cal hallucinations in patients with hearing diffi culties.  

•    Illusions  are defi ned as false sensory perception of real external stimuli that may 
be misinterpreted and perceived in a distorted way [ 28 ,  34 ].  

•    Imagery  is as an experience appearing in inner subjective space and lacking the 
concrete reality of perception, which is usually self-evoked and under control of 
the will [ 37 ].    

 The prevalence of hallucinations was reported with a wide range (median preva-
lence 4–13 %) of nonclinical individuals due to variation of the evaluation methods 
[ 38 ]. The fi rst cross-national study across 52 countries on psychotic symptoms in 
the general population reported an age and gender-adjusted estimate of 5.8 % for 
hallucinations [ 15 ].  

    Relationships Between Delusions and Hallucinations 

 Strauss [ 39 ] suggested that hallucinations and delusions represent points on dimen-
sions of perceptual and ideational continua function, rather than two separate enti-
ties. Patients hearing unpleasant voices tend to be convinced of the presence of 
persecutors [ 20 ]. Several psychotic experiences, such as audible thoughts, control 
of thinking, and thought broadcasting, have characteristics of both delusions and 
hallucinations [ 28 ]. Cenesthopathy (anomalous somatic sensations) can be classi-
fi ed as either somatic hallucinations or hypochondriac delusions. Some patients 
have a single form of psychotic symptom, either delusions or hallucinations. Others 
have both symptoms, whereas one can be predominant to the other. A dominant 
symptom may transform into the other in the course of the psychotic illness [ 40 ].   
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    Delusions and Hallucinations in Epilepsy 

 At the beginning of the twentieth century, when epilepsy as a whole was excluded 
from being a mental disorder [ 2 ,  12 ], there was no consistency as to the causative 
relationship between epilepsy and psychoses. Psychotic symptoms were thought to 
be rare in people with epilepsy, leading to a concept that epilepsy and psychosis are 
antagonistic to each other [ 41 ]. In the middle of the twentieth century, the invention 
of EEG and subsequent advancement of clinical epileptology, and treatment with 
AED resulted in developing more sophisticated classifi cations of psychoses in epi-
lepsy and further thinking of relations between epilepsy and psychoses. Gibbs [ 42 ] 
showed that patients with psychotic symptoms were likely to have temporal lobe 
epilepsy. This observation led to the hypothesis that psychoses originated from the 
temporal lobes. More recent studies in a larger community-based, population-based 
cohort showed a higher prevalence of psychosis in patients with epilepsy [ 4 ,  5 ], and 
bidirectional relations between epilepsy and psychoses in their genesis [ 7 – 9 ]. 

 As for the operational diagnostic criteria, organic mental disorders in the ICD-10 
[ 14 ] or psychoses due to epilepsy in the  DSM-5  [ 3 ] are applied. The current diag-
nostic systems entail that epilepsy-related psychoses emerge as a “secondary” con-
dition to epilepsy ( DSM-5 ) or due to epilepsy as the “organic” cause (ICD-10), 
implying an orthodox dichotomy between “organic” and “functional” psychoses 
[ 43 ,  44 ]. There seems to be little understanding or acceptance of the bidirectional 
relation between epilepsy and psychoses. 

 Studies on psychoses in people with epilepsy have focused on “positive symp-
toms” and often not evaluated “negative symptoms” [ 45 ]. Moreover, few studies 
examined “positive symptoms” in detail. In the following chapters, we will discuss 
delusions and hallucinations in people with epilepsy. We will use “psychoses” in the 
place of delusions or hallucinations at times, due to the limited evidence available 
of clear psychopathological descriptions. 

    Ictal Phenomena 

 Ictal delusions and hallucinations can be observed in two different ways [ 18 ,  46 ]. 
Psychotic symptoms occur as a seizure phenomenon per se, either as a single, iso-
lated partial seizure, or as a precursor (aura) of subsequent progression to a complex 
partial seizure, which last for seconds to a few minutes. Alternatively, psychotic 
symptoms occur during a series of seizures, such as status epilepticus with complex 
partial seizures or absences [ 47 ]. 

 During a single partial seizure, a variety of hallucinations or delusions can hap-
pen. Visual hallucinations are most frequently observed; auditory hallucinations are 
also experienced. Olfactory or somatosensory hallucinations may also occur. 
Gastaut [ 48 ] considered these “epileptic hallucinations” as complex sensory mani-
festations or perceptions; they occurred in the absence of any corresponding stimuli 
and constituted the essential and occasionally the sole clinical symptom (sometimes 
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initial) of partial epileptic seizures. Subsequently, similar epileptic hallucinations 
were captured under monitoring with EEG or neuroimaging, permitting identifi ca-
tion of the contributing neuroanatomical or neurophysiological regions and/or func-
tions [ 35 ,  49 ]. 

 Delusions do not occur as frequently as hallucinations ictally [ 50 ]; this may be 
because the duration of a single seizure is too short to generate such complex mental 
activities. Some delusions that are not systematized (e.g., feelings of persecution or 
guilt) can present with accompanying paroxysmal anxiety and delusional moods. 

 These ictal psychotic symptoms are traditionally termed psychic aura or psychic 
seizures. These phenomena are sometimes classifi ed as simple partial seizures. The 
person’s consciousness during more complicated psychiatric seizures, however, is 
generally disturbed to some degree; thus, classifi cation as complex partial seizures 
seems appropriate [ 51 ]. 

 A short-run of delusions, hallucinations, and extreme psychomotor excitements 
may occur during nonconvulsive status epilepticus [ 52 ]. The period during and 
shortly after these seizures is called the epileptic twilight state, characterized by 
inaccessibility, delusions, visual or auditory hallucinations, ideas of reference, para-
noia, thought disorder, illogical responses, and a curious perseverative obsessive 
insistence [ 53 ]. Intense affective symptoms, either panic-like attacks or mood 
swings, frequently accompany them [ 47 ]. Such states may be classed as an interme-
diate condition between very slightly clouded consciousness and confusions. For 
example, approximately 20 % of the cases of absence status showed reduced levels 
of consciousness, which manifested with simple slowing of thought process and 
expression, but not to a level of distinct mental confusion [ 54 ]. The psychotic symp-
toms experienced under this level of alertness have been regarded as similar to those 
observed in “clear” consciousness; therefore, they have been distinguished from the 
symptoms of prolonged post-ictal confusions. Several cases of various psychotic 
symptoms have been reported during long-term EEG monitoring [ 55 ,  56 ]. 

 Hesdorffer and Hauser [ 57 ] described ictal psychosis as an acute psychotic epi-
sode that may be an extension of the ictal perceptions or aura. Some caveats in this 
theory should be pointed out. It is unclear whether the person’s disturbance in func-
tioning and/or distress could be due to the seizure per se or the psychiatric symp-
toms. It is essential for the diagnosis of psychosis that the functional disturbance 
and distress result from the psychiatric symptoms. These psychotic episodes are 
usually too short-lived to produce such dysfunctions or complicated mental activi-
ties, in particular, the characteristics for delusions (e.g., incorrigibility). It is 
extremely diffi cult to evaluate whether the symptoms have characteristics needed 
for the diagnosis of psychotic symptoms or nonclinical phenomena such as pseudo-
hallucinations [ 46 ]. Obviously, these episodes would not meet the requirement of 
operational diagnostic criteria of psychotic symptoms: 1 day or longer in acute and 
transient psychotic disorders of the ICD-10 [ 14 ], and brief psychotic disorder of the 
 DSM-5  [ 3 ]. Finally, it may not always be possible to recognize the point of the sei-
zure cessation for the person or the witnesses in order to ensure that the experiences 
are “ictal” rather than “post-ictal”. Taken all together, the diagnostic validity and 
reliability of “ictal psychosis” appear to be limited.  
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    Post-ictal Phenomena 

 Psychomotor excitements and extreme aggression including self-harm immediately 
after seizures were described in the late nineteenth to early twentieth centuries [ 1 ]. 
Slater and Roth [ 58 ] coined psychotic episodes emerging under clear conscious-
ness, “schizophrenia-like psychosis in epilepsy.” Since this concept was widely 
accepted, marked psychomotor excitements following a seizure were frequently 
regarded as symptoms occurring during a prolonged period of post-ictal confusion. 
This trend continued until Toone and his colleagues [ 17 ,  59 ] re-evaluated these 
symptoms and classed them as post-ictal psychosis (PIP) in 1980s. 

 PIP was defi ned as a psychotic episode occurring within 7 days after a decisive 
seizure or cluster of seizures [ 59 ,  60 ]. The period between the cessation of the sei-
zure and onset of the psychotic episode is called the lucid interval, a unique charac-
teristic of PIP [ 59 ]. The lucid interval is observed in approximately 60 % of the 
episodes [ 61 ,  62 ]. Kanemoto and his colleagues [ 62 ,  63 ] proposed subclassifi ca-
tions of PIP: the nuclear type with a lucid interval and initial hypomanic stage, and 
the atypical peri-ictal type without these features. There appears to be considerable 
overlapping between atypical PIP and ictal psychosis during status epilepticus (Fig. 
 5.1a, b ).

   As for psychopathological features, visual hallucinations are more common than 
auditory hallucinations in PIP [ 64 ]. Grandiose and religious delusions are frequently 
observed [ 64 ,  65 ]. These delusions may be associated with hypomanic symptoms, 
prolonged insomnia, and hyperactivity as a precursor. While most PIP episodes are 
self-remitting in nature, even relatively short duration of the episodes can accom-
pany astonishingly violent behavior, extreme agitation, or seriously incoherent 
behavior [ 65 – 69 ]. The level of consciousness during the episode is thought to be 
intact, because the patient appears orientated and can perform complex tasks. The 
patient’s postepisodic recall about the episode, however, is often absent or 
fragmental. 

 PIP episodes mostly occur in patients with partial epilepsies, in particular, TLE 
or FLE [ 61 ,  62 ]. The presence of either diffuse or bilateral brain disturbance is sug-
gested as a risk factor. Age of onset (mean 30–35 years) is higher than that of IIP 
(mean 25–30 years) [ 60 ]. Family history of affective disorders [ 60 ] or functional 
psychosis [ 70 ] is often present. Some patients have a history of psychosis, previous 
to the initial PIP episode [ 60 ,  71 ,  72 ]. 

 It is at times diffi cult to identify the point of cessation of the seizure and begin-
ning of the post-ictal period, even with use of EEG monitoring [ 73 ]. In the cases of 
repeated seizures, the psychotic phenomena may start in between the seizures, mak-
ing it hard to determine as to whether the phenomena occur during or after the sei-
zures. During a seizure status, the level of consciousness may fl uctuate for a 
prolonged period of time; thus, the onset and cessation may not be clearly identifi ed 
for each seizure (see Fig.  5.1b ). In these instances, the psychotic symptoms can be 
classifi ed as post-ictal (or peri-ictal) symptoms rather ictal symptoms. This raises 
two crucial questions as to the diagnosis of ictal and post-ictal psychoses. First, due 
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  Fig. 5.1    ( a ) A model of post-ictal psychosis. A pre-ictal sensation ( green line ) may occur preced-
ing a seizure. A post-ictal confusion (=delirium,  blue line ) may occur just after the seizure. 
Thereafter, a short-lasting lucid interval ( purple line ) and post-ictal psychotic symptoms ( red line ) 
may develop. ( b ) A model of psychotic symptoms during a cluster of seizures. When a cluster of 
seizures occur, it is diffi cult to clarify whether psychotic symptoms are pre-ictal, ictal, or post-ictal 
phenomena. Psychotic symptoms ( bold red line ) may not be clearly differentiated from some pre- 
ictal sensations, ictal symptoms, post-ictal confusions (deliriums), lucid intervals, and previous/
subsequent psychotic symptoms       
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to the diffi culties in distinguishing the onset of the psychotic symptoms in relation to 
the seizures, the validity and usefulness of the terms of ictal and post-ictal psychoses 
may be reduced, and putting both together under “peri-ictal” psychoses may be more 
appropriate [ 46 ]. Second, it is questionable that all the cases of ictal and post-ictal 
psychoses occur under “clear” consciousness. Some may emerge during a prolonged 
period of ictal or post-ictal confusions, making these episodes closer to delirium.  

    Inter-ictal Phenomena 

 Psychoses can occur without a chronological relationship to seizures. This type of 
psychoses used to be called “epileptic psychosis” and regarded as the most common 
form of psychosis in epilepsy. From their large case series, Slater and colleagues 
[ 58 ,  74 ] coined this “schizophrenia-like psychosis in epilepsy,” defi ning a chronic 
paranoid state that occurred under clear consciousness in people previously having 
epilepsy. The onset of the psychosis was not necessarily during or immediately fol-
lowing a seizure. This was later classed “inter-ictal psychosis (IIP)” by Toone [ 17 ] 
in contrast to PIP. Slater’s criterion is concise and practical, and has been used for 
approximately four decades. 

 Slater and Roth [ 58 ] stated that psychotic symptoms seen in IIP were proper to 
epilepsy, rather than universal phenomena in psychoses in general. Their concept 
was based on three fi ndings: (i) no genetic tendency for psychoses was found, (ii) 
some psychopathological features were unique to epileptic psychosis, and (iii) psy-
chosis always occurred after the development of epilepsy. As a consequence, the 
idea that psychoses may be a mere comorbidity in people with epilepsy diminished 
until population-based studies revealed the bidirectional relationship between epi-
lepsy and psychosis in the twenty-fi rst century. 

 British neuropsychiatrists described qualitative differences in psychopathology 
between “epileptic” psychosis and schizophrenia as “nonepileptic” functional psy-
chosis [ 58 ,  75 ,  76 ]. They reported that, when compared with those with schizophre-
nia, patients with IIP tended to show warmer affect and less personality deterioration, 
and exhibit paranoid delusions with a religious coloring (a relatively common occur-
rence of mystical delusional experiences) and more visual hallucinations. Subsequent 
controlled studies with structured evaluation tools [ 77 – 82 ] failed to show distinct 
qualitative difference in psychopathology between IIP and schizophrenia (Table 
 5.1 ). These studies employed more scientifi c approaches than traditional descriptive 
studies, although they still had several limitations, including binary evaluations, 
small sample cohorts, or insuffi ciently controlled clinical conditions.

   Vulnerability factors for IIP have been reported in three categories: (i) epilepsy 
related, (ii) brain damage related, and (iii) individual related [ 18 ,  83 ]. Epilepsy- 
related (epileptic) vulnerability factors include age of onset of epilepsy, type and 
frequency of seizures, lateralization and localization of epileptogenic regions, and 
use of antiepileptic drugs. Brain damage related (organic) vulnerability factors con-
sist of lateralization and localization of brain lesions and acquired cognitive impair-
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ment. Individual-related (general) vulnerability factors include sex, family history 
of psychoses, level of education, and intellectual functioning. These factors may 
overlap or interact with one another [ 60 ,  84 ]. 

 Since Slater’s initial study of schizophrenia-like psychosis, epileptic and organic 
factors have been well studied and identifi ed [ 18 ]. Recent large-scale studies have 
confi rmed the contribution of some of these vulnerability factors to the genesis of 
IIP, including partial epilepsies and complex partial seizures [ 60 ,  79 ,  84 ,  85 ]. These 
studies did not replicate many factors of previously shown signifi cance, such as the 
left-sided foci and sinistrality. They also added some factors previously dismissed, 
such as partial epilepsies with extratemporal lobe foci [ 60 ,  86 ]. 

 In contrast, general vulnerability factors have been ignored or underestimated. 
Recent studies highlighted the presence of certain general vulnerabilities, for exam-
ple, low intellectual functioning [ 60 ,  87 ]. While Slater and colleagues [ 74 ] reported 
no genetic tendency for psychoses, recent controlled studies [ 5 ,  60 ,  78 ,  88 ,  89 ] sug-
gested the presence of genetic vulnerability to psychosis (Table  5.2 ).

   The administration of antiepileptic drugs (AED) can be associated with the 
development or exacerbation of psychotic symptoms [ 90 ,  91 ]. AED-induced psy-
choses can be a consequence of differing aspects from epilepsy-related, individual- 
related, and iatrogenic factors. AED is prescribed for controlling the epileptic 
seizures, and their adversarial response may vary from person to person. A rapid 
titration of AED, use of extraordinarily high dosage of AED, or unnecessary poly-
pharmacy may be the contributing factors [ 91 ]. In accordance with the international 

   Table 5.1    Comparison of delusions and hallucinations between inter-ictal psychosis (IIP) and 
functional psychosis (schizophrenia) [ 77 – 82 ]   

 Papers  IIP (n)  FP (n)  Evaluation tools  Findings 

 Toone et al. 
1982 [ 77 ] 

 41  40  PSE  Delusions of persecution, IIP > FP 
 Delusions of reference, IIP > FP 
(slight tendencies) 
 Catatonic symptoms, IIP < FP 
(slight tendencies) 

 Perez et al. 
1985 [ 78 ] 

 24  11  PSE  Delusions of grandeur, IIP < FP 
 Visual hallucinations, IIP < FP 
 Other items, IIP = FP 

 Mendez et al. 
1993 [ 79 ] 

 62  62  Conventional 
psychopathology 

 Delusions, IIP = FP 
 Hallucinations, IIP = FP 

 Matsuura et al. 
2004 [ 80 ] 

 44 IIP 
 14 PIP 

 58  OPCRIT  Positive symptoms, IIP&PIP < FP 
(thought withdrawal, delusions of 
passivity, organized delusion, 
thought insertion) 

 Tadokoro et al. 
2007 [ 81 ] 

 13  59  PANSS  Positive symptoms, IIP = FP 

 Ito et al. 2010 [ 82 ]  76  184  BPRS  Positive symptoms, IIP = FP 

   IIP  inter-ictal psychosis,  PIP  post-ictal psychosis,  FP  functional psychosis,  PSE  Present State 
Examination,  OPCRIT  Operational Criteria Checklist,  PANSS  Positive and Negative Syndrome 
Scale,  BPRS  Brief Psychiatric Rating Scale  
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diagnostic criteria, psychoses induced by AED are classifi ed into mental and behav-
ioral disorders due to psychoactive substance use (ICD-10) [ 14 ] and substance/
medication-induced psychotic disorder ( DSM-V ) [ 3 ]. 

 Most studies have shown a gap of approximately 14–15 years between the onset 
of epilepsy and that of IIP [ 18 ]. This delayed period is often thought to be required 
for the development of psychoses as a result of epilepsy-related adversities, for 
example, repeated seizures, AED administrations, and psychosocial disadvantages. 
The delay, however, is not observed in all the reported IIP cases; in particular, those 
with IGE, normal intellectual functioning, or the presence of family history of psy-
chosis [ 82 ]. These patients likely develop IIP much sooner after the onset of their 
epilepsies. This may be because they tend to have greater individual-related vulner-
ability factors than epilepsy and organic-related factors.  

    New Concept for the Genesis of IIP 

 Figure  5.2  shows a new concept for the genesis of IIP [ 92 ], applying a vulnerability 
continuum of general psychopathology [ 93 ]. Every person with epilepsy has con-
genitally a degree of general vulnerability factors as in those without epilepsy. 
When the congenital general vulnerabilities are signifi cantly high, they develop IIP, 
regardless of the degree of epilepsy-related and/or organic-related vulnerabilities. 
When the congenital general vulnerabilities are not high, the development of IIP 
will increasingly depend on the level of acquired vulnerabilities related to either 
epilepsy or organic causes, including high seizure frequency, frequent inter-ictal 
discharges, or use of AED. The latter group seems equivalent to Slater’s epileptic 
psychosis [ 58 ].

   Table 5.2    Studies on family history of psychosis in inter-ictal psychosis (IIP) [ 5 ,  60 ,  78 ,  88 ,  89 ]   

 Papers 
 Study design (controlled/
population-based)  Study groups  Findings 

 Genetic 
tendency 

 Flor-Henry 
(1969) [ 88 ] 

 Controlled  IIP 50, EP 50  Equivalent, no detail  No 

 Perez et al. 
(1985) [ 78 ] 

 Controlled  IIP 24, FP 11  IIP (FH+/FH-) 3/21, 
FP (FH+/FH-) 3/11 

 Yes 

 Jensen & 
Larsen 
(1979) [ 89 ] 

 Controlled  IIP 20, EP 54  IIP (FH+/FH-) 13/7, 
EP (FH+/FH-) 21/33 

 Yes 

 Adachi et al. 
(2002) [ 60 ] 

 Controlled  IIP 246, EP 
658, FP 612 

 IIP (FH+/FH-) 13/233, 
FP (FH+/FH-) 70/542, 
EP (FH+/FH-) 2/656 

 Yes 

 Qin et al. 
(2005) [ 5 ] 

 Population-based  IIP 519, EP 
34494 

 Relative risk of 
psychosis (FH+/FH-) 
4.03/1 

 Yes 

   IIP  inter-ictal psychosis,  EP  epilepsy without psychosis,  FP  functional psychosis,  FH  family his-
tory of psychosis  
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        Treatment 

 Although our understanding of vulnerability factors for developing psychotic symp-
toms in epilepsy has been improving, it is as yet not possible to predict who would 
develop these symptoms in the fi rst instance. The fi rst step for treatment is to detect 
symptoms and establish diagnosis [ 94 ]. Once the type of epilepsy-related psychosis 
is suspected or confi rmed, symptomatic treatment should commence to contain 
acute symptoms and associated problems. In the cases of recurrent episodes, pre-
ventative measures should be implemented inter-ictally. This should include reduc-
ing polypharmacy and optimizing AED treatment, while monitoring serum AED 
levels where possible [ 91 ,  95 ]. 

 Evidence for treatment of psychotic symptoms in epilepsy is limited [ 96 ,  97 ]. 
Most treatment strategies for psychotic symptoms in epilepsy are empirical. The 
strategies have hitherto been in line with well-established treatment protocols for 
schizophrenia and related psychotic illnesses [ 98 ,  99 ]. 

 Treatment targets should depend on the severity of the episodes determined by a 
combination of risks to self and others by the symptoms and subsequent behavioral 
changes, and impairment of daily function and quality of life [ 95 ,  97 ]. 
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  Fig. 5.2    A new concept for the development of inter-ictal psychosis. The model shows that psy-
chosis emerges when the sum of the two sets of psychosis vulnerability factors exceeds the thresh-
old: the individual-related (general and congenital;  vertical axis ), and epilepsy-related (acquired), 
vulnerability factors ( horizontal axis ). When the individual-related factors are high (toward the 
 bottom left ), the development of psychosis will increasingly depend on this level, regardless of 
epilepsy-related factors. Thus, the psychosis once developed, appears similar to functional psycho-
sis (schizophrenia), despite the comorbid presence of epilepsy. In contrast, when the epilepsy- 
related factors are high (toward the  top right ), but individual-related factors low (toward the  left ), 
the genesis of psychosis is associated with this level, equivalent to Slater’s epileptic psychosis       
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    Ictal Phenomena 

 Ictal psychotic symptoms per se rarely cause serious dysfunction in patients, 
whereas the progression of seizures, either CPS, secondary GTC, or nonconvulsive 
seizure status, can result in hazardous consequences. Particular treatment for psy-
chosis may not be required. When a patient presents with aggressive behavior or 
self-harm conduct during seizure status, certain sedation or protective seclusion 
would be required. 

 In the inter-ictal period, optimizing treatment for better seizure control is essen-
tial. In patients with repeated ictal psychotic episodes, patients and carers should be 
given psychoeducation; they should be taught how to notice the early warning signs 
of the episodes and maintain safety during the episodes. There is no evidence that 
psychotropic drugs can prevent ictal psychotic symptoms.  

    Post-ictal Phenomena 

 Acute protective measures prioritize the management of risk in the early stages of 
PIP. The most important point is to notice an unusual state (e.g., elevated mood or 
peculiar irritability) after a seizure or seizure clusters and to be aware of its potential 
as a precursor of PIP [ 100 ]. Psychotropic agents, either benzodiazepine or antipsy-
chotic drugs, can be used for the purpose of sedation [ 66 ,  97 ,  101 ]. If the precursor 
symptoms are treated successfully, the episodes can be contained within the early 
stage, interrupting the progression to a full-blown episode. 

 Once PIP develops fully, immediate protective custody is required in many 
cases when the patient becomes violent or try to commit serious self-harm [ 66 , 
 69 ]. The judicious application of local mental health legislation will be necessary 
[ 97 ,  101 ]. Antipsychotic drugs can be used to control or reduce psychomotor 
excitements [ 66 ]. Sedation and cessation of the process of the present PIP episode 
should take priority over possible risks of antipsychotic drugs, such as lowering 
seizure thresholds [ 97 ]. 

 In the cases with recurrent PIP, preventative procedures are necessary, including 
optimizing seizure control by adjusting AEDs or by surgical treatment [ 62 ,  70 ]. Like 
in ictal psychotic phenomena, patients and carers should have an opportunity of psy-
choeducation to improve early detection and management of further episodes [ 97 ].  

    Inter-ictal Phenomena 

 In general, psychotic symptoms are better managed earlier rather than later [ 102 ]. 
In cases of mild symptoms or where the patient does not give consent to be treated 
with psychotropic drugs, they can be offered psychosocial interventions, or be care-
fully monitored [ 95 ,  103 ]. Psychotic symptoms with serious distress and/or 
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functional disturbance inevitably need pharmacological treatment in outpatient or 
inpatient settings [ 97 ]. 

 Any mainstream APD can be used for inter-ictal psychotic symptoms; the choice 
of APD should be due to a balance between pharmacological profi les, effi cacy, and 
adverse effects [ 97 ,  98 ]. Among the readily available APD, there appears to be no 
signifi cant difference in the psychotropic effects for IIP when the dosage of equiva-
lent antipsychotic strength is used [ 104 – 106 ]. In patients treated with AED, most 
APD can be safely administered without seizure exacerbation [ 107 ]. General rules 
of APD titration are: to commence at low dose, titrate slowly to a minimum thera-
peutic dose, and continue at a fi xed therapeutic dose for a suffi cient period of time 
[ 91 ,  97 ]. When the patients have particular conditions, such as distinct brain damage 
and impaired hepatic/renal function, a smaller initiation dose with slower titration is 
recommended [ 108 ]. 

 In addition to pharmacological interventions, psychoeducation, self-help, and 
reframing may be provided. As well as patients, family and carers often need 
support. The existing therapeutic relationship helps ensure that epilepsy patients 
with psychoses are more likely to be cooperative with their treating doctors than 
are patients with fi rst-episode psychosis who are treatment-naïve [ 96 ].   

    Prognosis 

    Ictal Phenomena 

 Ictal hallucinations or delusions per se are short lasting, and rarely result in harmful 
consequences. Psychotic episodes during nonconvulsive seizure status last a longer 
period, depending on the duration of the status. Secondary risks may exist due to 
clouded consciousness (e.g., accidents), or self-harm due to psychotic symptoms 
(e.g., delusions of guilt and voices commanding killing oneself). 

 There is no evidence on the long-term prognosis of ictal psychotic symptoms, 
either during a single seizure or seizure status. It should be linked with the prognosis 
of their seizures. The long-term prognosis of nonconvulsive seizure status is related 
to the cause and the type. Most patients with absence status have a single episode, 
while some have a marked tendency to recur despite AED treatment [ 55 ]. 
Unprovoked CPS status, or CPS status as part of chronic epilepsy, is very likely to 
recur [ 53 ,  109 ].  

    Post-ictal Phenomena 

 PIP episodes are generally benign because of their self-remitting nature. In a seizure 
monitoring setting [ 66 ,  110 ], PIP episodes tend to resolve within 1 week in an over-
whelming majority of patients. In the community and standard inpatient settings 
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[ 61 ], approximately 95 % of PIP episodes resolved within 1 month, with a mean 
duration of 10.5 days (SD 11.2, median 7 days, and mode 3 days). It should be noted 
that suicidal attempts are frequent complications of PIP episodes; without interven-
tions, there is an increased risk of mortality. 

 Approximately half the patients with PIP have only one single episode. In the 
remaining half, PIP episodes tend to recur. Even extreme cases of quasiregular epi-
sodes have been reported after a cluster of complex focal seizures or secondary 
generalization [ 59 ,  66 ,  67 ]. Some patients develop into chronic IIP after recurrent 
PIP episodes [ 71 ,  72 ,  111 ].  

    Inter-ictal Phenomena 

 IIP episodes often take a chronic course. In a longitudinal follow-up study of 320 
IIP episodes in 155 patients, the mean duration of the episodes was reported to be 
82.7 weeks (median 17 weeks). Approximately 90 % of all IIP episodes lasted for 1 
month or longer; 65 % had episodes which lasted for 6 months or longer [ 102 ]. The 
study considered only the periods during which the patients manifested hallucina-
tions and/or delusions. The duration of the episodes is likely to be more prolonged 
if formal thought disorders, negative symptoms, and/or nonpsychotic symptoms 
(e.g., depression, anxiety, and irritability) were included. 

 IIP episodes often recur even after remission of the previous episodes. Onuma 
et al. [ 112 ] reported that during a 10-year follow-up period, almost two-thirds of IIP 
patients had episodes of relapse after remission or chronic episodes with further 
worsening. In the course of the illness, patients sometimes exhibit different types of 
psychoses, which include acute-transient and chronic [ 102 ], AED-induced and 
AED-unrelated [ 80 ,  85 ], and even IIP and PIP [ 71 ,  72 ]. Some IIPs recur after dis-
continuation of APD treatment [ 96 ,  112 ]. 

 Patients with mental disorders in general have an increased risk of premature 
death due to either natural or unnatural causes [ 113 ]. Patients with epilepsy also 
have higher risks of early death by sudden unexpected death, status epilepticus, 
suicide, or accidents [ 114 ]. Synergism of the two conditions can lead to an increased 
risk in mortality.   

    Conclusions 

 We have described delusions and hallucinations in people with epilepsy and pre-
sented newer concepts on the genesis of these symptoms. Many characteristics are 
common between ictal (particularly seizure status-related) and post- ictal phenom-
ena. This may indicate the possibility of pathogenesis common to these two subcat-
egories; thus, there may be some practical value to have them unifi ed and classed as 
peri-ictal phenomena. 
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 We have also reviewed accumulating evidence illustrating characteristics com-
mon between “epileptic” psychosis and “functional” psychosis. This highlights the 
importance of individual-related (general) vulnerability factors in the genesis of 
delusions and hallucinations in people with epilepsy. There is a potential risk to 
overestimate epilepsy-related vulnerability factors for epileptic psychosis, based on 
the historical dichotomy between “organic (epileptic)” and “functional” psychoses.     
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    Chapter 6   
 Obsessiveness and Viscosity       

       Bruce     Hermann     

    Abstract     There has been a long and controversial history concerning the relation-
ship between epilepsy, and specifi c epilepsy syndromes, and the presence and char-
acteristics of diverse personality and behavioral changes. Here we focus on several 
distinct traits that have been included in this area of research including obsessive-
ness, viscosity, hypergraphia, and verbosity. Aspects of this interesting history are 
reviewed, the development and elaboration of theories concerning these personality 
and behavioral traits and epilepsy are discussed, and segments of the empirical 
research that has been conducted in the fi eld are examined. The presence, rate, and 
correlates of these target behaviors (e.g., hypergraphia, viscosity) vary as a function 
of important details of the research methodology (e.g., mode of assessment, opera-
tional defi nition of behavior). The clinical signifi cance and underlying neurobiol-
ogy of these characteristics remain to be determined.  

  Keywords     Temporal Lobe Epilepsy   •   Behavioral Change   •   Hypergraphia   • 
  Circumstantiality   •   Bear-Fedio Inventory   •   Viscosity   •   Epilepsy   •   Personality  

        Introduction 

 The topic of this chapter is a gateway to an interesting, complex, and contentious lit-
erature—one with an interesting history. One aspect of the discussion of alterations in 
personality and behavior, and behavior change in epilepsy, temporal lobe epilepsy 
(TLE) in particular, arguably dates to the work of Gibbs and colleagues in the late 
1940s and early 1950s [ 1 ] (Fig.  6.1 ), work that in retrospect initiated the so-called 
period of psychomotor peculiarity in epilepsy-behavioral research [ 2 ]. Two develop-
ments led to re-popularization of the controversial concept of the “epileptic personal-
ity” that was attributed to TLE. First, there developed a better appreciation of the role 
of the limbic system in emotion and behavior, and second, it was recognized that a 
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sizeable proportion of partial seizures had their origin in the temporal lobes and limbic 
system. Case studies published over the years also stimulated interest in unusual per-
sonality and behavioral traits/changes associated with epilepsy and TLE specifi cally, 
which included sudden religious conversions, increased philosophical interest, and 
humorlessness. Waxman and Geschwind [ 3 ,  4 ] eventually formally proposed a spe-
cifi c inter-ictal behavioral syndrome consisting of alterations in sexual behavior, 
increased religiosity, and a tendency toward extensive writing (hypergraphia).

   This theme of thinking and research was further developed by Bear and Fedio 
[ 5 ], who proposed that progressive changes in limbic system structure occurred 
secondary to a temporal-limbic epileptiform focus which produced new functional 
connections between neocortical and limbic structures—termed  sensory-limbic 
hyperconnection , resulting in enhanced affective associations to previously neutral 
stimuli, events, or concepts—subsequently resulting in progressive changes in 18 
proposed changes in personality, behavior, and affect. It was argued that as these 
behavioral changes were neither maladaptive nor psychopathologic in the tradi-
tional sense, new and different assessment techniques were needed to demonstrate 
their existence. Questionnaires to assess these characteristics were devised by Bear 
and Fedio including a patient self-report form ( Personal Inventory ) and a compan-
ion proxy-based measure ( Personal Behavior Survey ). In their infl uential initial 
paper, and related to the theme of this chapter, Bear and Fedio [ 5 ] reported that 
circumstantiality, obsessiveness, and viscosity were among the most discriminating 
traits identifying TLE from controls. 

 This was and remains a very highly cited paper (591 citations as of March 2015) 
and it initiated a long and very intense debate surrounding the question of personal-
ity change in epilepsy. Some 20+ years later, Devinsky and Najjar [ 6 ] critically 
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  Fig. 6.1    Severe personality disorder and EEG focus [ 1 ]. “To use a fi gure of speech, the Sylvian 
fi ssure is one of the chief boundaries between neurology and psychiatry” [ 1 ]       
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reviewed 17 papers specifi cally using the inventories developed by Bear and Fedio 
and concluded: (1) TLE and other epilepsy groups exhibited increased (abnormal) 
scores versus healthy controls and/or neurobehavioral controls; (2) differences 
between patients with TLE versus other epilepsies, such as primary generalized 
epilepsies, were inconsistent; (3) epilepsy patients were poorly distinguished from 
patients with psychiatric disorders; (4) laterality differences in relation to the pre-
sentation of these personality and behavioral changes in TLE were not strongly 
marked; (5) factors that could affect personality were not systematically studied; (6) 
a behavioral syndrome distinctive or specifi c for TLE was not defi ned; and (7) the 
behavioral inventories developed by Bear and Fedio focused interest in behavior 
and epilepsy. 

 Additional research at the time included the development of additional assess-
ment techniques to assess the behaviors of interest including semi-structured inter-
view techniques (Behavior Rating Scales for Epilepsy [ 7 ]), other similar 
questionnaires (Neurobehavioral Inventory [ 8 ]), questionnaire measures of specifi c 
behaviors such as viscosity [ 9 ], and direct behavioral investigations of the traits of 
interest which will be reviewed in more detail.  

    Defi nition of Terms 

 In the original Bear and Fedio publication, the proposed behavioral changes were 
presented as having been based on specifi c clinical observations refl ected in pub-
lished case studies and reports. Obsessionalism was based in observations of ritual-
ism, orderliness, and compulsive attention to detail. Viscosity was based in 
observations of stickiness and a tendency to repetition. Related traits were circum-
stantiality (characterized by loquacious, pedantic, overly detailed and peripheral 
speech) and hypergraphia (characterized by keeping extensive diaries, detailed 
notes, and writing autobiography or novel). 

 All of these terms and behaviors of course have additional meanings and some 
traits have been of longer-standing interest in epilepsy. For example, in a more con-
ventional characterization, circumstantiality can be defi ned as a communication 
disorder in which the focus of conversation drifts, but often comes back to the point. 
Unnecessary details and irrelevant remarks cause a delay in getting to the point. 
This is less severe than tangential speech where the speaker wanders and drifts but 
usually never returns to the original topic. Pertinent symptoms may include slowed 
thinking and speaking at length about trivial details, and eliciting information can 
be diffi cult as circumstantiality makes it hard for the person to stay on topic. In most 
instances, the relevant details are eventually achieved. For example, if one asks “At 
what age did your mother die?”, the speaker may respond by talking at length about 
his mother, accidents, and how too many people die in accidents, and then eventu-
ally state the age at which his mother died (due to an accident) [ 10 ]. This particular 
trait had been of interest and early views, such as expressed by Kraepelin [ 11 ], sug-
gested a link to epilepsy:
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  Here we observe a unique sign, the circumstantiality of the epileptic patient. The patient 
begins each answer with many details that initially don’t seem to be related to the question. 
He adds so many unnecessary details that he does not seem to move forward. He does not 
lose his train of thought, though, and eventually gets to the point, albeit circuitously. 

   As noted, over time, the link between circumstantially and epilepsy began to 
focus on an association with specifi c epilepsy syndromes, included as part of a 
broader set of personality characteristics linked to epilepsy and temporal lobe epi-
lepsy in particular, attributed to nonspecifi c psychiatric complications of the epilep-
sies, and posited to perhaps refl ect a more generally disordered language system.  

    Hypergraphia and Viscosity: Written and Oral Refl ections 
of Circumstantiality or Obsessiveness? 

 Overlapping and related traits such as hypergraphia [ 3 ,  12 – 15 ] and verbosity/vis-
cosity [ 14 ] were  topics of direct investigation in their own right. Hypergraphia was 
defi ned and operationalized to include: (a) writing styles that were  unusual  (e.g., 
mirror images, codes, different colored inks, ritualized script), (b) writing that was 
 excessive  (e.g., length, frequency, duration of writing), and (c) preoccupation with 
selected  themes  (e.g., philosophical, moral, ethical). Others added additional fea-
tures such as “writing goes beyond social, occupational, or educational require-
ments” and “associated with a pressure to express self and ideas, perception of 
having unique thoughts and ideas.” 

 Operational defi nitions made it possible to interrogate these traits in ways that 
were arguably more precise than assessment via questionnaires. For example, 
assessing hypergraphia specifi cally, and in an operational fashion, Sachdev and 
Waxman [ 12 ] used a standard stimulus question (“Describe to the best of your abil-
ity, your present state of health, understanding of the disease, and the changes in 
your life resulting from it”). Letters were then mailed to 63 patients and dependent 
measures of interest included the response rate, length of written response, and 
qualitative features of the syndrome. The response rate was 53 % for TLE and 21 % 
for non-TLE, and the median length of responses for TLE was 403 words versus 
other epilepsies with a median length of response of 100 words. Qualitative features 
of the responses suggested that two patients exhibited the behavioral syndrome. 

 In one of our own attempts to examine hypergraphia [ 12 ], a standard written stimu-
lus question was posed to patients who were undergoing inpatient EEG monitoring:

  We are very interested in learning about how epilepsy affects our patients’ lives. Please 
begin writing below and tell us, in as much detail as you think important, how epilepsy has 
affected you and the course of your life, both for the better as well as for the worse. Use as 
many additional sheets as necessary. Everything you write will be held strictly 
confi dential. 

   Two dependent measures were derived from the writing samples: (1) the total 
number of words contained in the response; and (2) the presence or absence of ref-
erences to the meaning or signifi cance of their seizures—philosophical, ethical or 
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religious themes, and unusual writing styles (e.g., calligraphy, use of unusual sym-
bols or drawings). These assessments were conducted by an independent rater 
blinded to all characteristics of each responder. This was done in a fashion identical 
to that used previously by the present investigators. 

 The sample consisted of 50 epilepsy patients and 6 % of the responses were 
hypergraphic with the predictors of response length being the MMPI Depression 
scale ( p  < .05) (decreased length with increased depression), the MMPI Mania scale 
( p  < .05) (increased length of response with increased Ma scale score), and the pres-
ence of adverse life events ( p  = .04) (increased response length with elevated mania 
scale and increased life events). 

 In addition to this direct measure of writing behavior, the subjects were clinically 
evaluated regarding their writing behavior using an interview-based Research 
Diagnostic Criteria-like procedure. Using this procedure, 30 % of the sample was 
classifi ed as hypergraphic. While the proportion of patients classifi ed as hyper-
graphic differed between the two methods, there was a signifi cant correlation 
between the number of words written and a clinical-interview-based rating of hyper-
graphia. Predictors of interview determined hypergraphia included primary general-
ized epilepsy ( r  = 0–35), a previous psychiatric history ( r  = 0.45), increased MMPI 
Hypomania ( r  = 0.34) and Schizophrenia ( r  = 0.27) scales, an increased number of 
life events ( r  = 0.38), and being female ( r  = 0.25). 

 Thus, operational defi nitions help to focus attention on the behavior of interest, 
provide estimates of the frequency of occurrence and the predictors of the behavior. 
The operational defi nitions have varied across studies of hypergraphia, there are 
demonstrated differences in the same subject pool when assessed by direct behavior 
versus interview, and clear is the fact that these behaviors occur in a modest subset 
of epilepsy patients in general and TLE in particular. Many of the classic features 
are not observed (i.e., different inks, mirror writing), suggesting that such behaviors 
are even more uncommon, and predictors of these abnormal behaviors include 
markers of psychopathology. 

 Similar objective approaches examined  verbosity or viscosity . Examining ver-
bosity, Hoeppner et al. [ 15 ] characterized the actual speech of patients with various 
types of epilepsy and various foci, and compared it with the speech of control indi-
viduals. They also investigated the infl uence of several variables on speech includ-
ing intelligence, memory, and age of onset and duration of epilepsy. 

 All subjects were shown the “cookie thief card” from the Boston Diagnostic 
Aphasia Examination and all responses were tape-recorded and then transcribed 
verbatim. Transcriptions were blindly reviewed, and examined were topical shifts, 
trivial details, length of response and dysfl uencies (i.e., part-word repetitions, word- 
repetitions, revisions, incomplete phrases, broken words, prolonged sounds). The 
results showed that only 4 of 29 (14 %) epilepsy participants were verbose. All had 
complex partial seizures with left hemisphere EEG foci, not quite half of all epi-
lepsy participants with left-sided complex partial seizures. They tended to be older 
than other epilepsy participants, with longer seizure and medication histories. They 
tended to introduce extra-list intrusions into recall, but were not otherwise distin-
guishable from nonverbose epilepsy participants with complex partial seizures in 
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other aspects of memory or intelligence. Finally, their verbosity was marked by 
references to nonessential details, including subjective, peculiar, illusory, and one 
extrapictorial elaboration. 

 Rao et al. [ 9 ] examined viscosity and social cohesion in TLE. As they pointed 
out that viscosity had different meanings:

  This trait has had two meanings in the epilepsy literature: stickiness of thought processes or 
enhanced interpersonal adhesiveness; also referred to as increased social cohesion. Such 
patients are often described as talking repetitively and circumstantially, sticking to restricted 
topics, and having diffi culty in breaking off conversations. Increased social cohesion is char-
acterised by a tendency to form clinging relationships with family members and close friends. 

   They developed self-report and rater scales for both viscosity, defi ned strictly as 
repetitive and circumstantial speech, and social cohesiveness. They embedded these 
two scales within a longer test, which provided additional scales for paranoid ten-
dencies and a defensive response style. They examined a total subject pool consist-
ing of 118 participants that included patients with left, right, or bilateral TLE as well 
as patients with absence or generalized epilepsy, a psychiatric control group consist-
ing of panic disorder patients, and normal controls. 

 All subjects completed a 32-item true-false questionnaire that yielded four sum-
mary scales: viscosity, social cohesion, paranoia, and fi ve items from the lie scale of 
the MMPI. Similar traits were also rated by a close relative (spouse, parent, sibling) 
or friend with a 24-item true-false questionnaire assessing the same traits. 

 There were no group differences in social cohesion, but viscosity, as measured 
by self-report and rater scales, was observed more often in patients with left-sided 
or bilateral temporal lobe seizure foci. The authors speculated that viscosity is 
caused by a critical defi cit in the TLE patient’s ability to perceive social cues in 
conversation including posture, facial expressions, and eye contact in addition to 
linguistic communication. 

 As they explained:

  During normal conversation, participants assume mutual responsibility for assuring that 
what is said has been heard and understood before the conversation proceeds. TLE patients 
with viscosity may fail to perceive that the listener has understood what was said, resulting 
in speech repetition or disjointed conversational switches. In addition, mental slowing, 
which is common in epilepsy patients partly due to seizure medications, may contribute to 
the perception of viscosity by observers. 

       Conclusion 

 When  operationally defi ned and behaviorally assessed , “traits” such as circumstan-
tiality, hypergraphia, and verbosity occur in a small subset of epilepsy patients; 
therefore, these behaviors are the exception rather than the rule. Varying methods of 
analysis (direct behavioral observations vs. rating scales) of the same behavior will 
result in different frequencies. An imprecise understanding of what underlies the 
expression of these unusual behavioral phenotypes remains, as does the 
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relationships across traits and their underlying anatomy. The relationship of these 
atypical behaviors to disorders of social interaction and related anatomical substrate 
as well as fundamental abnormalities in the underlying language system appear to 
be potentially promising paths to pursue.     

  Acknowledgments   Thanks to Guenter Kraemer, MD, for providing the quote by Kraepelin and 
Susanne Seeger, MD, for translation.  
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    Chapter 7   
 Aggressive Behavior       

       Hesham     Yousry     Elnazer       and     Niruj     Agrawal     

    Abstract     Epilepsy was considered to be commonly associated with aggression his-
torically. It has also been emphasized in medicolegal settings. However, the link 
between epilepsy and directed aggression is now noted to be less clear-cut even 
though brief and non-directed aggression can occur not so uncommonly. Aggression 
in epilepsy could be linked to a number of factors including seizures or the underly-
ing electrophysiological activity of the brain, neuropsychiatric comorbidities, anti-
epileptic drugs or underlying brain damage which may cause aggression and 
epilepsy both. Common clinical presentations of aggressive behaviors in epilepsy 
and their pathogenesis are discussed. A clinical approach to assess and manage 
these problems is described and related evidence is discussed.  

  Keywords     Epilepsy   •   Aggression   •   Agitation   •   Automatism   •   Intermittent Explosive 
Disorder  

        Introduction 

 Epilepsy is one of the oldest known illnesses. Seizures were believed to be associ-
ated with evil procession causing violent movements and aggressive behaviors. 
Throughout history, the disorder was thought to be of a spiritual nature. The world’s 
oldest description of an epileptic seizure goes back to Mesopotamia around 2000 
BC. A person was described as being under the infl uence of a moon god with violent 
movements and disruptive behaviour and subsequently underwent exorcism. 
Epileptic seizures are listed in the Code of Hammurabi (c. 1790 BC) as reason for 
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which a purchased slave may be returned for a refund [ 1 ]. The Edwin Smith Papyrus 
(c. 1700 BC) describes cases of individuals with epileptic convulsions [ 2 ]. 

 The Babylonian tablet 1067 BC (currently at the British Museum in London) 
describes different seizure types, similar to what we recognize today. It also emphasizes 
the supernatural nature of epilepsy, with each seizure type associated with the name of 
a spirit or god—usually evil alluding to development of bad/aggressive behaviors. The 
text gives signs and symptoms, different types, and details treatment and likely out-
comes [ 2 ]. Punarvasu 900 BC Atreya described epilepsy as loss of consciousness; this 
defi nition was carried forward into the Ayurvedic text of Charaka Samhita (400 BC) [ 3 ]. 

 The idea that epilepsy is a supernatural or spiritual disorder persisted with wide-
spread beliefs that it was due to possession by the devil. This notion gained popular-
ity through the common observation—at the time—of violent movements, 
behavioral changes, and aggression. Epilepsy was also viewed as a result of a per-
son perpetrating evil doings, or as a consequence of cycles of the moon or mystic 
magical phenomenon. 

 Hippocrates (c .  400 BC) was fi rst to regard epilepsy and its associated motor and 
behavioral changes as a physical disorder due to natural causes. This was contradic-
tory to the wide belief understanding of epilepsy as a spiritual phenomenon. Galen 
of Pergamon (AD 130–200) described three types of fi ts, and deduced that epilepsy 
was a brain disorder related to an accumulation of thick humors. Galen postulated 
that the moon governs the periods of epileptic cases [ 4 ]. 

 It was not before the nineteenth and twentieth centuries that scientifi c explana-
tions replaced and dominated the previous concepts. Nevertheless, the belief that 
epilepsy is linked to violent behavior acquired popularity in the late nineteenth cen-
tury when the criminologist Cesare Lombroso promoted the association of epilepsy 
with aggressive, sociopathic tendencies on the basis of degenerative theory, which 
was prevalent at that time [ 4 ]. The notion of a close association between epilepsy 
and violence persisted long after the Degenerative theory became widely refuted. 
Up until the early 1980s, aggressive and self-destructive impulses were linked to 
people with epilepsy in a popular psychiatric textbook [ 5 ,  6 ]. This view gradually 
lost general acceptance in the 1990s following several studies which showed that 
aggressive phenomena, including destructive acts, can arise during epileptic sei-
zures, but are extremely rare [ 7 ,  8 ].  

    Epidemiology 

 Epilepsy is a common condition with a prevalence of 8.2/1000 [ 9 ]. Risk factors for 
aggression in epilepsy include organic cerebral disease, low socioeconomic status, 
and poor upbringing [ 10 ]. Some data suggests higher vulnerability for patients with 
intractable epilepsy to develop aggressive disorder following epilepsy surgery 
including hippocampectomy or temporal lobectomy. The hippocampus and related 
area have been implicated in seizure-induced behavioral and cognitive disorders 
and also aggression [ 11 ]. 
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 A multicenter study measured aggression in 503 patients from nine centers using 
the Aggression Questionnaire. This study concluded that aggressive behaviors in 
patients with epilepsy were different from that in the normal population. After 
adjustment for age and sex, when appropriate, the results showed that the presence 
of compromised intellectual functioning, psychiatric disturbances, and disability 
status, number of medications, geographic distribution, education, chronologic age, 
and disease duration all signifi cantly affected aggressiveness [ 12 ]. 

 A retrospective study at a residential epilepsy center found the prevalence of 
aggression to be 27.2 % in 1 year compared to age and sex matched controls. The 
overall frequency was estimated at between 121 and 207 incidents per 100 persons 
per year. A few incidents (0.7 %) were related to an acute psychosis but they were 
more likely to result in signifi cant injury. Offenders were younger than non- 
aggressive residents. Gender, age of onset of epilepsy, history of psychosis, mobil-
ity, abnormality on MRI scan, learning disability, and seizure frequency were not 
associated with aggressive conduct [ 13 ]. 

 An earlier review suggested a two- to four-times greater prevalence of epilepsy 
in prisoners than controls although it maintained that the prevalence is similar to the 
prevalence in other socioeconomic populations from which the prisoners came. The 
review refuted that violence was more common among epileptic patients than non- 
epileptics or in patients with temporal lobe epilepsy compared to other subtypes of 
epilepsy. Ictal violence is rare, and usually in the form of resistive violence due to 
confusion as the result of physical restraint at the end of a seizure. Violence early in 
a seizure is extremely rare, stereotyped, and never supported by consecutive series 
of purposeful movements [ 14 ]. 

 The chronological relationship between seizures and violent behaviors in patients 
with epilepsy is signifi cant. A study on patients with post-ictal psychosis (PIP) 
showed that well-directed violent attacks occurred during 22.8 % of the post-ictal 
psychosis episodes, 4.8 % of the inter-ictal psychosis episodes, and 0.7 % of the 
post-ictal confusions. Proneness to violence (and also suicidal attempts) stood out 
in the post-ictal psychotic episodes. Purposeful, organized violence as a direct man-
ifestation of seizures or ictal automatism is highly exceptional. Violent acts could 
occur in post-ictal confusion as an expression of unconscious, vigorous resistance 
against efforts of surrounding people to prevent the affected patient from sustaining 
accidental injury. On the other hand, some post-ictal psychotic episodes can be 
risky, especially if a violent act has been reported in preceding episodes. Violent 
acts by patients with epilepsy should be treated differently according to the various 
pathophysiological backgrounds from which the violence arises [ 15 ]. 

 Post-ictal behavioral changes (PBCs) include psychosis, aggression, and mood 
change, and are commonly observed in patients with epilepsy. Recognition and 
description of the clinical manifestations of PBCs is important in patients’ manage-
ment. Additionally, various quantifi ed objective scales available in clinical psychia-
try could be used to assess PBCs. There are few reports in which objective rating 
scales have been used to assess neuropsychiatric symptoms in patients with  epilepsy. 
In contrast, there have been a small number of studies on inter-ictal psychosis and 
depression in which either the Brief Psychiatric Rating Scale or the Hamilton 
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Depression Scale was used. These can be useful for the assessment of PBCs but may 
not be routinely required [ 15 ].  

    Clinical Description/Presentation 

 Epilepsy is often complicated by behavioral symptoms including aggression or 
various psychiatric disorders. Behaviour symptoms associated with epilepsy may 
be pre-ictal, ictal, post ictal or inter ictal [ 16 ]. Seizures-related behavioral changes, 
including aggressive behaviors, have been interpreted as the emergence of “archei-
cal” or innate motor patterns [ 17 ]. 

 One third of patients with epileptic seizures—especially secondarily general-
ized seizures—develop pre-ictal prodromal symptoms hours to days before the 
seizures. These can include mood changes or depression, irritability, restlessness 
or motor hyperactivity, and poor frustration tolerance; all of which can lead to 
aggressive or emotional outbursts. These symptoms are often relieved by the occur-
rence of the seizure although might persist for few days afterwards. It has been 
suggested that these prodromal symptoms may represent biophysiological pro-
cesses involved in initiation of abnormal emotions and seizures or a subclinical 
seizure activity [ 16 ]. 

 Ictal behavioral symptoms occur in nearly in 25 % of auras (especially when 
long), following a cluster of complex partial and secondary generalized seizures of 
temporal lobe epilepsy (TLE) or non-convulsive status epilepticus [ 18 ]. These can 
include depression (which ranges from mild sadness to profound hopelessness, 
despair feelings of anhedonia, guilt, and suicidal ideation) [ 16 ], fear, distress, ner-
vousness, anger, irritability, panic attacks, phobias [ 19 ,  20 ], forced thinking, obses-
sion [ 12 ,  13 ], and aggression [ 21 ]. Ictal aggression is unorganized and accidental. 
Directed aggression towards people is observed as resistive aggression as a result of 
physical restraint in the context of ictal confusion [ 22 ]. 

 Ictal behavioral symptoms tend to be stereotyped, paroxysmal, of brief duration, 
and unprovoked by environmental stimuli. These are sometimes associated with 
other characteristics of temporal discharges such as bizarre behavior, mutism and 
amnesia, depersonalization and déjà vu, as well as automatism and altered con-
sciousness [ 23 ]. 

 Post-ictal behavioral symptoms occur after seizures, particularly with TLE and 
last hours to days. The symptoms include anxiety, dysphoria, depression, psychosis, 
suicidal ideas, and transient aggression [ 24 – 26 ]. Aggression is frequently reported 
in post-ictal confusional states or post-ictal psychoses. Post-ictal psychosis might 
ensue between 12 h and up to 7 days following the seizure episode, with symptoms 
lasting from few hours to few days or rarely for up to 4 weeks. Post-ictal psychosis 
may be associated with irritability and aggression along with affective and psy-
chotic symptoms [ 25 ]. 

 Inter-ictal behavioral symptoms are often mild and spontaneously reversible 
[ 27 ]. Complex partial seizures (CPS) of temporal lobe origin may be accompanied 
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by inter-ictal emotional disturbances [ 28 ] such as sadness or dysphoria, anxiety, 
irritability, and aggression [ 29 ]. 

 Personality changes have been reported in association with epilepsy (as epileptic 
personality), schizophreniform psychosis, impulse control disorder (including 
aggression), somatoform disorder (conversion, somatization), dissociative amnesia, 
and fugue and psychogenic non-epileptic seizures [ 27 ]. Inter-ictal aggressive behav-
ior is among the frequent psychiatric comorbidities with epilepsy, with prevalence 
varying between 4.8 and 50 % (not taking into account the specifi c epileptic sub- 
syndromes) compared to aggression in general population comparing for socioeco-
nomic profi le, public and family circumstances, and ethnic social vulnerabilities [ 21 ]. 

 Aggression in patients with epilepsy can also manifest as episodic and indepen-
dent from observable seizures and may not be classifi able as ictal post-ictal or inter- 
ictal. This could either be due to AEDs, psychiatric comorbidities, or associated 
with underlying neurological conditions (episodic dyscontrol) [ 23 ]. 

    Investigations and Diagnosis 

 The mainstay of diagnosis of aggressive behavior is a detailed history rather than 
any particular investigation. Obtaining detailed and complete neuropsychiatric his-
tory and pre-existing aggressive behaviors or other behavioral disturbances is cru-
cial. Vulnerability factors to aggression in epilepsy should be investigated. 

 Early detection of neuropsychiatric comorbidities including history of head 
trauma, brain surgeries, or hemorrhage can increase the risk of behavioral changes 
in epilepsy and aggression. Pre-existing or subsequently developed depression, 
anxiety, or psychotic disorders increases the risk of developing aggressive 
behaviors. 

 In contrast to EEG, brain imaging may not be a part of the essential practice in 
the diagnosis and management of epilepsy. Nevertheless, utilizing neuroimaging to 
detect early or old brain changes can be helpful to determine the vulnerability of the 
patient to develop behavioral changes and aggression. EEG may show increase of 
slow-waves in individuals with aggressive behavior [ 17 ]. 

 Brain imaging studies have reported that patients with epilepsy and severe 
aggression (intermittent explosive disorder) had a signifi cantly higher incidence of 
encephalitic brain disease and left-handedness, more bilateral EEG abnormality, 
and less frequent hippocampal sclerosis than controls. A sub-group in the aggres-
sive patients showed severe amygdala atrophy. In a further analysis using voxel- 
based morphometry, reductions of gray matter density over large areas of the left 
extratemporal neocortex, maximal in the left frontal neocortex, were observed [ 30 ]. 

 Aggression associated with epilepsy can be discriminated from a non-ictally 
related aggression by its directionality. That is, ictal aggression is not planned and 
focused. However, ictal aggression might ensue if post-ictal delirium is forcibly 
contained [ 31 ,  32 ]. Suggested criteria to diagnose specifi c violent behaviors of epi-
lepsy include: a. the diagnosis of epilepsy should be established by a neurologist 
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with special competence in epilepsy; b. the presence of epileptic automatisms 
should be documented by the case history and closed-circuit TV-EEG; c. aggression 
during epileptic automatisms should be documented on closed-circuit TV-EEG; d. 
the aggressive act should be characteristic of the patient’s habitual seizures; and e. a 
clinical judgment should be made by the neurologist as to the possibility that the 
violent act was part of a seizure [ 14 ].   

    Pathogenesis 

 The relationship between epilepsy and psychiatric presentations suggests involve-
ment of similar—if not the same—neuroanatomical structures, pathogenic mecha-
nisms, and neurotransmitters. Recurrent epileptiform discharges, kindling, and 
related neurobiological abnormalities will result in prolonged aura, hypometabo-
lism of other brain areas, disrupted neuronal plasticity, epilepsy intractability cogni-
tive defi cits, and behavioral phenomena [ 32 – 35 ]. It has been suggested that post-ictal 
psychiatric manifestations are a direct manifestation of epileptic discharges in the 
brain, although it might be a consequence of the inhibitory mechanisms involved in 
the termination of seizures [ 23 – 25 ]. 

 The repeated focal or generalized ictal and inter-ictal epileptiform results in an 
abnormal recurrent synaptic bombardment of distant projection areas. This may 
induce plastic changes sensory-limbic hyper-connection and impair the naturally 
occurring homeostatic which maintain the inter-ictal state and therefore disturbing 
the normal neuronal and psychological functions [ 32 ,  35 ,  36 ]. 

 Disturbances of the limbic system, frontal-limbic-subcortical circuits, frontos-
triatal systems, limbic-brainstem connections or amygdala, amygdala-hypothalamic 
connection, amygdala-locus coeruleus connection are postulated to be among the 
potential causes of behavioral disorders in patients with epilepsy and are likely to be 
linked with aggression in epilepsy as well [ 32 ,  34 ,  37 ]. 

 Available literature is consistent with the explanation that epilepsy-like neuronal 
hyperexcitability is a biological substrate of disturbed emotional behavior [ 38 ]. The 
hippocampus and the amygdala are common foci from which CPS originate. The 
amygdala is involved in normal and abnormal emotional behaviors and serves an 
important role in fear, anxiety, and emotional memory. The amygdala is also 
involved in complex social behaviors such as aggression and impulse control. In 
CPS, the emotional behavior system can become supersensitized, resulting in an 
epilepsy-like state of neuronal hyperexcitability that produces emotional distur-
bances and abnormal behavior. This facilitates an adaptive, rapid, subcortical pro-
cessing of the emotional salience of objects and events in the surrounding 
environment. Abnormal behavior can result from the over activity of this mecha-
nism. In the extreme, the over activity produces seizures [ 38 ]. 

 At a sub-seizure level, cellular and molecular mechanisms may underlie the 
abnormal emotional processes that contribute to emotional dysfunction, namely, 
inappropriate aggression and lack of impulse control [ 38 ]. Afferent input to the 
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amygdala activates both excitatory and inhibitory amino acid receptors [ 39 – 42 ] and 
thus, alteration of excitatory and inhibitory transmission may change the functional 
output of the amygdala. Neurobiological processes that depend on the amygdala 
occur with changes in excitability of neurons within the amygdala. 

 Mechanisms of synaptic plasticity, including long-term potentiation [ 43 ,  44 ] and 
long-term depression [ 45 ], have been shown to occur at specifi c synapses in the 
amygdala. Plastic changes in neurotransmission also occur following epilepsy [ 46 , 
 47 ] and following fear-conditioning [ 42 ,  48 ]. 

 Following induced epilepsy, several physiological alterations have been demon-
strated. A comprehensive study investigating lasting changes in amygdala neuronal 
excitability used a sharp electrode and whole-cell recordings from brain slices con-
taining the baso-lateral nucleus of the amygdala (BLA) [ 47 ], has shown that gluta-
mate and GABA receptors are altered after eliciting fully induced (stage 5) seizures 
[ 49 ]. Neurons in the BLA become hyper-excited following kindling [ 38 ]. 

 Aggressive behaviors are relatively rare during epileptic fi ts [ 50 ]. A case study of 
a patient with intractable CPS, had depth electrodes implanted in the amygdala to 
map the focus of epileptic activity prior to surgery. This study showed that deliver-
ing a short stimulus via the implanted electrodes evoked a seizure that included 
angry facial grimaces with baring of the teeth (a primate “threat display”) and a 
sudden and unexpected violent attack. Although the reported violent behaviors were 
directed toward an inanimate object (the wall), the suddenness of the aggressive 
outburst explained why others had been harmed during similar stereotyped out-
bursts in prior seizures [ 51 ]. The study highlights the overlap between aggressive 
behavior and seizure activity, even though the violent outbursts are phenomenologi-
cally different from violence in people without epilepsy [ 38 ]. 

 Other brain areas involved in generating epileptic discharges and behavioral 
symptoms include: limbic system, temporal lobe, orbitofrontal regions, anterior 
insula, anterior cingulate gyrus, and basal ganglia [ 52 – 54 ]. The most important 
brain structures implicated in the mediation of aggressive behavior are the amyg-
dala and associated-limbic structures, the frontal lobes, periaqueductal gray, and the 
hypothalamus. The amygdala is thought to play a crucial role in the mediation of 
fear-induced aggression [ 55 ].  

    Antiepileptics and Aggression 

 Some antiepileptic drugs (AEDs) have demonstrated mood improvement and a 
therapeutic potential for patients with epilepsy. However, other AEDs have been 
reported to have a negative behavioral effect in patients with epilepsy [ 56 ,  57 ]. 

 The negative behavioral disturbances may result from the direct action of the 
drug via alteration of ion channels and neurotransmitter system functions and 
 modulation of the electrochemical systems [ 57 – 59 ]. AEDs negative effects may 
indirectly result from the effect of the drug on the epilepsy itself leading to what is 
known as forced normalization phenomenon. This occurs when successful seizure 
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control with AED is associated with negative impact of worsening of behavior with 
concomitant improvement in seizure control. 

 Many AEDs exert their effect via potentiating GABA inhibitory transmission. 
Some studies report phenobarbital to have the greatest behavioral toxic potential 
with dose-related impairment in attention and reaction time, performance intelli-
gence quotient, and short-term memory, and inducing a hyperkinetic syndrome in 
children [ 60 ]. Gradual conversion to a non-barbiturate AED in epileptic patients 
with depressed, irritable, or aggressive manifestations may avoid the need for pre-
scribing a psychotropic medication [ 27 ]. 

 Valproate causes sedation and less often cognitive impairment, irritability, 
depression, hyperactivity, and aggressive behavior [ 61 ]. Gabapentin can cause irri-
tability and agitation and minimal negative cognitive and behavioral side effects in 
patients with epilepsy [ 62 ]. Vigabatrin was reported to be associated with increased 
occurrence of depression and psychosis, agitation, and irritability. Hyperkinesia and 
agitation were commonly reported in children receiving vigabatrin [ 62 ]. 

 Antigultamatergic AEDs may cause anxiety, insomnia, and agitation. Lamotrigine 
was reported to cause insomnia, irritability, hyperactivity, and stereotypic or aggres-
sive behavior. Also, felbamate has stimulant properties, which can cause anxiety, 
irritability, or insomnia [ 56 ,  57 ,  63 ,  64 ]. 

 Some AEDs act on serotonin receptors. In patients with existing behavioral dif-
fi culties, carbamazepine may cause irritability, impaired attention, and behavioral 
problems. Carbamazepine-epoxide (active metabolite) is partly responsible for the 
mild cognitive and psychomotor effects attributed to carbamazepine. Mild degrees 
of confusion, nervousness, agitation, irritability, abnormal thinking, and fatigue 
have been reported with zonisamide therapy. High rates of psychosis and depression 
have been reported for zonisamide and topiramate (highlighting their action as car-
bonic anhydrase-inhibitors) [ 65 ]. 

 The mechanism of action psychotropic effects for some AEDs is not known. 
Reports suggest a Phenytoin’s dose-related decline in concentration, memory, 
visuomotor functions, and mental speed, generating anxiety, aggression, fatigue, 
and depression [ 65 ]. In contrast to these reports a double-blind crossover study on 
impulse and premeditated aggression in in-mates reported that during the phenytoin 
treatment, the frequency of impulsive aggressive behaviors were signifi cantly 
diminished compared with that in the placebo control condition. The anti- aggressive 
effect of phenytoin was concluded to be selective for impulsive aggression as it was 
without effect on aggression in the premeditated group. Similar results were reported 
in a non-inmate population showing that carbamazepine and valproate are also as 
effi cacious as phenytoin in reducing impulsive aggressive acts. These anticonvul-
sants have been used in psychiatric patients with impulsive aggressive symptoms 
[ 66 ,  67 ]. The selective properties of phenytoin on impulsive aggression suggest that 
biological mechanisms of excitability distinguish impulsive and premeditated 
aggression [ 38 ]. 

 Phenytoin and levetiracetam may cause anxiety, impair mood, and cognitive 
functions, and consequently increased risk of suicide. Ethosuximide is used to treat 
absence seizures. It may cause confusion, sleep disturbances as insomnia, aggres-
sive behavior, depression, and rarely psychosis [ 68 ]. 
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 It has been reported that ~ nearly 5–10 % of adults taking levetiracetam manifest 
with irritability, hostility, nervousness, emotional lability, anxiety, depression, and 
other behavioral and cognitive disorders [ 69 ,  70 ]. In a study of 288 consecutive 
patients with epilepsy on levetiracetam (90 % polytherapy, mean dose = 2689 mg), 
43 patients on other AEDs as a control group and 135 relatives, to determine whether 
levetiracetam caused a positive or negative behaviors. Levetiracetam was rated as 
very effective by 40 % of the patients. In contrast to only 9 % of the controls, a 
considerable number of patients reported a behavioral change while taking leveti-
racetam (12 % very negative, 25 % negative, 16 % positive, 6 % very positive). 
Negative ratings included—predominantly—aggression, loss of self-control, rest-
lessness, and sleep problems. Positive ratings were related to increased energy, vigi-
lance, and activation. Increases in psychomotor speed, concentration, and remote 
memory indicated subjectively experienced positive effects on cognition. The proxy 
reports indicated reliable self-reports. Levetiracetam exerts a dose-independent 
stimulating effect that can be positive or negative. Aggression is a prominent fea-
ture. Lack of effi cacy, mental retardation, and presumably also pre-intake disposi-
tion (organic psychosyndrome, impulsivity) may be helpful in predicting whether 
additional activation under levetiracetam will be positive or negative [ 71 ]. However, 
more recently, aggression associated with levetiracetam in epilepsy has been shown 
to correlate to clinical and subclinical depression [ 72 ]. 

 There is RCT evidence showing worsening of aggressive behavior in children 
with adjunctive treatment with levetiracetam as compared to placebo [ 73 ]. Similar 
evidence exists for levetiracetam mono-therapy in late onset post-stroke seizures 
leading on to aggressive behavior in 8.55 % at 3000 mg which lead to termination 
of the treatment [ 74 ]. In an open label treatment multicenter observational study in 
a cohort of 285 pediatric patients with a mean age of 9.9 years, diagnosed with 
refractory generalized and focal epilepsy who received levetiracetam as an add-on, 
somnolence (23.9 %), general behavioral changes (15.4 %), aggression (10.5 %), 
and sleep disturbances (3.2 %) were reported [ 75 ]. In a multicenter, open label, 
study assessing cognition and behavior in 103 patients aged 4–16 years with partial- 
onset seizures levetiracetam was associated with treatment-emergent adverse events 
including aggression [7.8 %] and irritability [7.8 %]. Of these patients, 4.9 % dis-
continued levetiracetam because of treatment-emergent adverse events [ 76 ]. 

 In a study of perampanel as an adjunct treatment of patients with partial seizures 
in three phase trials, overall, depression and aggression were reported more fre-
quently in patients taking perampanel, particularly at higher doses, than in patients 
taking placebo. Reported side effects necessitated the withdrawal of perampanel in 
99 patients (9.5 %) and placebo in 21 patients (4.8 %) [ 77 ].  

    Epilepsy, Psychiatric Comorbidities, and Aggression 

 Epilepsy is commonly complicated with psychiatric disorders. Among these, 
depression is the most, with prevalence of 20–55 %, some references report up to 80 
% [ 78 ,  79 ]. Aggression may be a consequence of a pre-existing psychiatric disorder 
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or a psychiatric disorder that developed subsequent to epilepsy [ 23 ]. A wide range 
of psychiatric comorbidities in epilepsy can present with aggressive behavior. 

 Commonly depression and anxiety can be associated with increased irritability 
which could result in verbal or physical aggression [ 23 ,  80 ]. Issue of correlation of 
depression with aggression in epilepsy was studied using Beck Depression Inventory 
II (BDI-II), Centre for Epidemiologic Studies Depression Scale (CES-D), and Buss- 
Perry Aggression Questionnaire (BAQ) in patients with epilepsy and depression 
compared to patients with idiopathic depression [ 81 ]. The results showed the BAQ 
and BDI scores were closely related within a group of patients with epilepsy and 
depression, while BAQ and BDI scores were not correlated with each other within 
a group of patients with idiopathic depression. This suggests that depression in peo-
ple with epilepsy is more likely to lead to aggression than idiopathic depression. 
There is some emerging evidence that suggests that depression may modulate drug- 
induced aggression particularly with levetiracetam in epilepsy [ 72 ]. 

 Aggression in epilepsy can be due to a comorbid antisocial personality disorder 
[ 23 ]. High risk of aggressive behavior in epilepsy has been found to be frequently 
related to left TLE, intractable epilepsy, low intelligence quotient in particular ver-
bal intelligence, early onset of seizures, dominant-hemisphere electroencephalo-
graphic (EEG) focus, and antisocial personality disorders [ 23 ]. 

 Epilepsy and aggression can often present together as a consequence of other 
neurological or psychiatric conditions such as traumatic brain injury, vascular dis-
orders, limbic encephalitis, alcohol or drug dependence, or due to learning disabil-
ity. In such situations epilepsy may not be causally linked to aggression and may be 
merely an incidental comorbidity [ 80 ].  

    Medicolegal Aspects 

 The link between epilepsy and aggression against humans has been disproportion-
ally emphasized in the medicolegal settings. Available evidence lacks the precise 
description of seizures as well as the chronological relationship of violence and 
seizures [ 82 ]. However, a few studies have attempted to study the link between epi-
leptic seizures and aggressive behavior. 

 Well-directed attacks on surroundings are unlikely to occur with ictal automa-
tism. More organized aggressive response may be possible during post-ictal confu-
sion. Sudden serious emotional upset while in clear consciousness is commonly 
produced by psychic aura, and could serve as a potential source of aggressive 
behavior, especially if the amygdala is involved and the episode lasts for an extended 
period [ 30 ,  83 – 85 ]. If the violent act is post-ictal and sudden-onset, it is more likely 
to occur after a cluster of seizures and is usually related with alcohol abuse. 

 A study of groups matched age and age of onset of epilepsy, examined 30 patients 
with post-ictal confusion, 30 patients with post-ictal psychosis, and 33 patients with 
inter-ictal psychosis. All patients had complex partial seizures and EEG temporal 
foci. The study monitored aggressive behaviors towards humans following 
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spontaneous complex focal seizures and were directly observed and documented by 
the medical staff within 1 month of admission. Well-directed and well-documented 
attacks against humans were counted as incidents of violent behavior, which was 
defi ned as irrational behavior that resulted in a severe injury, such as bone fracture, 
or a life-threatening situation, such as strangulation. Aggressive behavior such as 
cursing and menacing gestures, without physical attacks were not included. Episodes 
of resistive violence, in which attempts to restrain patients followed a violent reac-
tion, were counted separately. Well-directed violent attacks occurred during 22.8 % 
of the post-ictal psychosis episodes, 4.8 % of the IIP episodes, and 0.7 % of the 
episodes of post-ictal confusion. Compared with the other two situations, proneness 
to violence stood out in the post-ictal psychosis episodes. Resistive violence was 
observed only during episodes of post-ictal confusion (3.0 %) [ 86 ]. 

 In patients with frequent, hyperkinetic seizures of frontal origin, well-targeted, 
highly organized violent acts have not been reported. On the other hand, violent acts 
could occur in post-ictal confusion as an expression of unconscious, vigorous resis-
tance to efforts of surrounding people to prevent the affected individual from roam-
ing or fumbling about. If caretakers can avoid direct physical contact and only 
watch as the situation may allow, it will require at most half an hour before the 
unorganized behavior ceases and the individual becomes settled. 

 Some post-ictal psychosis episodes can be highly alarming, especially if a vio-
lent act has been committed in preceding episodes. Even without any apparent phys-
ical intervention, unpredictable outrage can be targeted toward people incidentally 
in the area. Post-ictal psychosis episodes are biologically based and closely linked 
to seizures; thus, successful seizure control also controls violent acts. In contrast, in 
IIP episodes, aggression based on frank psychotic experience is typically not 
directed toward those who are incidentally in the area, but rather toward an imagi-
nary culprit suggested by a hallucinatory voice or delusional idea [ 86 ]. 

 Intermittent explosive disorder (also known as episodic dyscontrol syndrome) was 
described as a condition with associated cranial neurophysiological abnormality 
although the validity of the concept has been disputed. It presents as sudden episodes 
of spontaneously released violence, often in the setting of minimal provocation, which 
tend to be short-lived. They may be provoked by small amounts of alcohol, and after 
the events, patients may feel remorse. Generally, the condition is associated with non-
specifi c abnormalities that are also seen in epilepsy, with evidence of minimal neuro-
logic damage, soft neurologic signs, and abnormal EEG studies, although there is no 
evidence that these episodes have the same pathophysiology as epileptic seizures [ 87 ].  

    Management of Aggression in Epilepsy 

 Aggressive behavior and related behavioral diffi culties in patients with epilepsy can 
often be missed. Screening for behavioral changes and psychiatric comorbidities 
such as depression is crucial for early identifi cation and adequate management. 
Chronological prospective needs to be adopted when considering whether 
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behavioral changes are premorbid, related to the illness, psychiatric comorbidities, 
or a consequence of treatment. Early recognition and treatment can help patients 
and carers to cope better and in turn a better quality of life [ 88 ]. 

 Optimizing seizure control is important when managing any epilepsy-related 
aggression, but particularly in cases of ictal, post-ictal, and inter-ictal aggression 
symptoms [ 27 ] and aggression. In addition, psychological and behavioral measures, 
such as anger management, relaxation training, and if necessary, individual psycho-
therapy particularly cognitive behavioral therapy (CBT), can help [ 27 ]. If optimiza-
tion of AEDs, seizure control, and behavioral and psychological measures are not 
suffi cient, psychopharmacological measures can be used. 

 There are no RCTs to guide treatment of aggression in people with epilepsy. 
Generally the pharmacological approach followed would be similar to management of 
aggression in other neurological settings including traumatic brain injury. Atypical 
antipsychotic medications such as risperidone or quetiapine can be used in smaller 
doses and if there is lack of tolerance or lack of response then other atypical antipsy-
chotics such as olanzapine or aripiprazole can be used. If aggression is linked to 
depression then use of SSRIs is indicated. In patients where aggression is linked to 
emotional lability or impulsivity then the use of mood stabilizers or choice of AEDs 
with mood stabilizing properties such as carbamazepine and valproate can be helpful. 

 When aggression is believed to be due to AED, reducing or discontinuing that 
AED and replacing it with a suitable alternative is indicated. After a thorough 
assessment, if a salient psychiatric symptom or aggression persists and the AED 
cannot be changed, both behavioral and pharmacology intervention should be 
added. Caution must be used while choosing a psychotropic medication to avoid 
drugs with known signifi cant effect on the seizure threshold. The adverse effects 
and drug interactions should be carefully considered [ 89 ]. 

 Untreated comorbid psychiatric disorders can lead to aggressive behaviors. The 
relationship between psychiatric disorders and epilepsy has therapeutic implica-
tions which should be directed towards a comprehensive biopsychosocial 
approaches. Continuous re-evaluation of the management plan and the anticonvul-
sant treatment is important. Pre-ictal and ictal depression does not usually require 
any specifi c psychopharmacological or psychological treatment [ 27 ]. In more severe 
cases of personality disorders with epilepsy where aggression is evident, lithium, 
antipsychotics, carbamazepine, and valproic acid should be considered [ 90 ]. 

 When treating comorbid depression with epilepsy, priority should be given to 
AEDs that might improve mood along with antidepressant and attention enhancing 
effi cacy, and reduce anxiety and suicidal tendencies. Some AEDs with 
 antiglutamatergic and serotonergic properties may confer antidepressant, mood stabi-
lizing effects [ 56 ]. AEDs with serotonergic properties will improve mood and reduce 
the anxiety risk, because they exert effects similar to antidepressants (i.e., selective 
serotonin reuptake inhibitors or SSRIs), whereas AEDs that lack serotonergic mecha-
nisms would not be effective in improving mood, reduction of anxiety and suicidality. 
Sedating drugs have anxiolytic, antimanic, and sleep-promoting benefi ts [ 27 ]. 

 Both antiepileptic and antidepressants drugs are metabolized by the hepatic 
microsomal cytochrome P450 oxidases (3A4, 1A2, 2C19, 2C9, and, possibly, 2B6) 
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[ 91 ] and also infl uence the 2D6 cytochrome. Antidepressants and AEDs can infl u-
ence these enzymes by inducing or inhibiting them. The levels of AED that act as a 
substrate for the cytochrome may be decreased if an inducing antidepressant drug is 
added, with decreasing of seizure threshold while enzyme inhibitor may decrease 
the metabolism of AEDs, thus increasing toxicity from the AED. Serotonin syn-
drome is a rare disorder that may result from drug interactions between AEDs of 
serotonergic properties and SSRIs. It is caused by excessive serotonergic stimula-
tion; symptoms include restlessness, myoclonus, hyperthermia, convulsions, and 
possibly death [ 92 ]. 

 Careful follow-up of the serum levels of antiepileptic and antidepressants may be 
required while treating comorbid depression with epilepsy. The AEDs most com-
monly reported for interactions with antidepressants are the cytochrome-inducing 
drugs and the inhibitory agent valproate [ 93 ,  94 ]. Signifi cant levels of these AEDs 
have been observed when used in combination with fl uoxetine and thus fl uoxetine 
should not be used in combination with carbamazepine, phenytoin, or phenobarbi-
tal, or, at the least, serum monitoring is required. 

 Slow titration in antidepressant dosages is recommended while treating comor-
bid depression and epilepsy as fast titration can cause an increase in seizure fre-
quency with antidepressants. Other methods of treatment should be considered for 
severe, treatment-resistant, or psychotic depression and independent of effect on 
seizure frequency which include: neuroleptics [ 95 ], electro convulsive therapy 
(ECT) [ 96 ], and vagus nerve stimulation [ 97 ]. 

 Buspirone at low dosages has been found to be useful for ameliorating aggres-
sion. It does not appear to interact with anticonvulsants. However, in animal models, 
buspirone has been shown to be pro-convulsant [ 98 ]. In addition, one case report 
cites a patient who sustained a seizure after an overdose of buspirone [ 99 ]. 

 Beta-blockers (propranolol) may be useful for modulating overstimulation and 
to treat aggression in patients with epilepsy [ 100 ]. The beta-blockers decrease 
hyperarousal, restlessness, and tension. They decrease anxiety and cause little cog-
nitive compromise. Nadolol works peripherally, whereas propranolol is more lipo-
philic and exerts more CNS effects. Both medications, especially propranolol, may 
require titration to obtain an effective dosage. However, propranolol has been noted 
to be associated with seizure activity in over dosage. In some animal models, how-
ever, it appears to increase the seizure threshold [ 101 ]. In addition, depression is a 
rare side effect of propranolol [ 100 ]. Benzodiazepines and barbiturates should not 
be used as anxiolytics in people with epilepsy because of the danger of dependence 
and the potential for withdrawal seizures [ 27 ]. 

 In a small study of deep brain stimulation (DBS) of the posterior hypothalamus 
(pHyp) in the treatment of drug-refractory and severe painful syndromes of the face, 
disruptive and aggressive behavior was associated with epilepsy and below-average 
intelligence. Six (75 %) of eight patients presenting with aggressive behavior and 
mental retardation benefi ted from pHyp stimulation; six patients were part of the 
authors’ series and two were reported in the literature [ 80 ]. However, DBS is not 
clinically indicated at this stage in treating aggression in epilepsy based on the cur-
rent level of evidence.     
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    Chapter 8   
 Epilepsy and Sleep: Close Connections 
and Reciprocal Infl uences        

       Paolo     Tinuper      ,     Francesca     Bisulli      , and     Federica     Provini     

    Abstract     Epilepsy and epileptic seizures affect every aspect of a patient’s cogni-
tive, social, and emotional well-being. Also sleep disorders have an adverse impact 
on daily living for both patients and their caregivers . This chapter is devoted to the 
relationship between epilepsy and sleep and its disorders. The effects of epilepsy on 
sleep architecture and the quality of sleep are reviewed discussing how sleep may 
affect epilepsy and the role of antiepileptic therapy on sleep structure. Evidence on 
the relation between epilepsy and sleep disorders is summarized with a brief discus-
sion highlighting the differences between these disturbances. This chapter ends with 
an outline of the evaluation and treatment of epileptic patients with a sleep 
disorder.  

  Keywords     Sleep   •   Epilepsy   •   Arousal Disorders   •   Nocturnal Frontal Lobe Seizures  

        The Infl uence of Epilepsy on Sleep Architecture 
and the Quality of Sleep 

 Epilepsy and epileptic seizures affect every aspect of a patient’s cognitive, social, 
and emotional well-being. Also sleep disorders have an adverse impact on daily liv-
ing for both patients and their caregivers [ 1 ,  2 ].  

 Epilepsy may have an important effect on sleep and the sleep–wake cycle affect-
ing the quality, quantity, and architecture of sleep. Epileptic seizures may provoke an 
alteration in total sleep time, sleep latency, and spontaneous awakenings. Moreover, 
epileptiform discharges themselves may affect sleep by disrupting normal sleep 
architecture. The effects of epilepsy on sleep vary depending on the different epilep-
tic syndromes and seizure type. The amount of REM sleep is decreased by 50 % in 
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patients with primary generalized tonic–clonic seizures, while it may be as low as 41 
% in those suffering from secondarily generalized seizures [ 3 ]. Young children with 
infantile spasms and hypsarrhythmia and children with Lennox–Gastaut syndrome 
also have decreased REM sleep [ 4 ], whereas patients with childhood absence epi-
lepsy and epilepsy with myoclonic absences did not show such disturbances [ 5 ]. The 
total non-REM sleep duration was higher (46.7 %) in patients with juvenile myo-
clonic epilepsy than in age-matched controls (23 %). Sleep disruption is less com-
mon in focal epilepsies and only in patients with multiple nocturnal seizures is the 
proportion of REM sleep signifi cantly lowered. Interestingly, the pattern of sleep is 
largely unimpaired in benign focal epilepsy, a disorder with no apparent impairment 
of mentation or symptoms of daytime dysfunction, despite nocturnal seizures [ 6 ,  7 ]. 

 The negative effect of epilepsy on the quality of sleep is particularly evident in 
children, who have more sleep problems than siblings or healthy controls. In addi-
tion, children with active seizure disorders have more complaints than epileptic 
children who are seizure-free. Age is also a factor, with younger children having 
more sleep problems than older children [ 8 ]. A correlation between nighttime awak-
ening and daytime problems in learning and behavior in children with epilepsy has 
also been described [ 3 ]. 

 An increase in daytime sleepiness-related symptoms in patients with epilepsy is a 
matter of debate. The few studies applying validated tools to investigate sleepiness 
failed to demonstrate a difference with respect to healthy controls [ 9 ]. Patients with 
Nocturnal Frontal Lobe Epilepsy, a particular epileptic condition with seizures occur-
ring almost only during sleep [ 10 ], occasionally many times per night, may report 
non-restorative sleep and they often feel tired during the day [ 11 – 13 ]. However, day-
time sleepiness is not signifi cantly higher in patients with SHE than in controls [ 14 ].  

    The Infl uence of Sleep on Epileptic Activity 

 The infl uence of sleep stages on paroxysmal activity and seizures is well known. 
Epileptic inter-ictal discharges may be infl uenced by the state of arousal and sei-
zures, particularly in some epileptic conditions, precipitated by sleep or occur pri-
marily according to a recognizable circadian rhythm [ 15 ]. Drowsiness and NREM 
sleep EEG activity facilitate the propagation and synchronization of epileptiform 
discharges. In the presence of diminished, but still preserved, muscle tone, these 
discharges facilitate the clinical manifestation of seizures [ 2 ,  16 ]. 

 The opposite occurs in REM sleep, when postural tone is inhibited and EEG 
activity desynchronized. For these reasons, inter-ictal discharges of focal epilepsies 
tend to propagate during NREM sleep whereas they become topographically 
restricted during REM episodes. On the other hand, the thalamocortical volleys that 
physiologically evoke the K-complexes and spindles in NREM stages facilitate the 
occurrence of generalized discharges in idiopathic generalized epilepsies (IGE). 
Seizures in IGE with Grand Mal (GTC) seizures on awakening appear exclusively 
or predominantly after awakening or while relaxing [ 17 ]. In these patients routine 
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awake EEG could be normal, whereas EEG after sleep deprivation and during early 
sleep stages or soon after awakening may disclose generalized spike-and-wave dis-
charges. The myoclonic jerks characteristic of juvenile myoclonic epilepsy (JME), 
another type of IGE, usually occur after awakening and are often precipitated by 
sleep deprivation [ 18 ]. Sleep is an important activating state of seizures in Benign 
Epilepsy of Childhood with Centrotemporal Spikes (BECT) [ 19 ], a form of idio-
pathic (with age-related onset) focal epilepsy. Drowsiness is a strong trigger of the 
typical EEG paroxysmal abnormalities on the centrotemporal areas and spikes 
appear only during sleep in about one third of patients. 

 Focal seizures in lesional or cryptogenetic partial epilepsy may have a random 
occurrence. However, seizures in some patients may adopt a more regular circadian 
rhythm during the illness, irrespective of the clinical form, and tend to concentrate 
preferentially during sleep. 

 Infantile spasms also occur more frequently in the period preceding or just fol-
lowing sleep, whereas they rarely occur during non-REM sleep and never during 
REM. Generalized tonic seizures associated with Lennox–Gastaut syndrome occur 
more frequently in clusters upon awakening. 

 Patients with sleep disorders may exhibit an increase in seizure frequency and 
more diffi culty with seizure control secondary to sleep fragmentation. Patients with 
obstructive sleep apnea syndrome or restless legs syndrome may have poor seizure 
control. Patients with altered sleep patterns may also experience increased seizures. 
Central nervous system abnormalities that alter or interrupt circadian pathways may 
also affect sleep and seizure control.  

    Epilepsy and Sleep Disorders 

 Sleep disorders or sleep-related physiological events frequently coexist in patients 
with epilepsy and may mimic epileptic seizures. Prompt recognition of phenomena 
mimicking epilepsy is vital to prevent patients undergoing unnecessary and costly 
investigations, and clinicians instigating potentially harmful therapeutic regimens. 
Furthermore, it is important to recognize these cases because treatment of the sleep 
disorder may contribute to seizure control by decreasing sleep disruption [ 6 ,  20 ]. 

    Sleep-Related Breathing Disorders 

    Obstructive Sleep Apnea (OSA) 

  Obstructive sleep apnea  ( OSA ) is characterized by snoring associated with repetitive 
episodes of upper airway obstruction or cessation of breathing during sleep, associ-
ated with blood oxygen saturation reduction and consequent arousals and sleep dis-
ruption [ 21 ]. Awakenings with feelings of suffocation, fear due to sleep apnea, and 
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intense distress are common; they may be mistaken for a nightmare, sleep terror, sei-
zure or panic attack, but obstructive apneas occur repeatedly during the night, com-
pared to the typical single occurrence per night for nocturnal panic (awaking from 
sleep in a state of panic, that is an abrupt and discrete period of intense fear or discom-
fort, accompanied by tachycardia, sweating, shortness of breath, chest pressure, etc.) 
[ 22 ]. When chronic, this pattern leads to sleep deprivation and excessive daytime 
sleepiness [ 21 ,  23 ]. OSA can be confi rmed with polysomnography. The severity of 
OSA has been defi ned by use of apnea/hypopnea index (AHI) criteria alone. 

 Patients complain of daytime sleepiness and fatigue. Behavioral problems, 
hyperactivity, and neurocognitive defi cits are much more common in children with 
sleep apnea compared to normal controls. 

 The prevalence of OSA is estimated at 10 % in unselected adult patients with 
epilepsy and 30 % of patients with medically refractory epilepsy [ 24 – 28 ].  

    Sleep-Related Groaning (Catathrenia) 

  Sleep - related groaning  ( catathrenia ) is an expiratory groaning noise occurring 
almost every night, mainly during REM sleep and in the second half of the night 
[ 29 – 31 ]. The noise occurs without any respiratory distress or concomitant motor 
phenomena; patients are unaware of their groaning, and upon awakening in the 
morning do not recall anything particular about the night and feel restored. Affected 
patients have no overt neurological or respiratory diseases and during the groaning 
arterial oxygen saturation remains normal. Its predominant or exclusive occurrence 
during REM sleep, its duration (groaning usually lasts few seconds, often repeated 
in clusters) and the absence of any concomitant motor phenomena distinguish this 
nocturnal sound from moaning occurring during epileptic seizures. Patients usually 
decline any treatment because they are unconcerned about the problem.   

    Narcolepsy 

 Narcolepsy is a chronic neurologic disorder occurring in approximately one in 2000 
persons and peaks in the second decade of life. There is no signifi cant gender differ-
ence. Symptoms include excessive daytime sleepiness with or without cataplexy (a 
bilateral loss of muscle tone, triggered by strong emotion such as laughter or crying 
with consciousness usually unaffected), hypnagogic hallucinations, sleep paralysis, 
and fragmented nighttime sleep [ 20 ]. Narcolepsy characterized by excessive day-
time sleepiness and cataplexy is actually classifi ed as Narcolepsy type 1. It has now 
been fi rmly established that narcolepsy type 1 is caused by a defi ciency of hypotha-
lamic hypocretin (orexin) signaling. Narcolepsy characterized by excessive daytime 
sleepiness without cataplexy, although some atypical sensations of weakness trig-
gered by unusual emotions such as stress and anger may be reported, is classifi ed as 
Narcolepsy type 2 [ 21 ]. As sleepiness may be the only symptom in children, the 
diagnosis of narcolepsy may be more diffi cult in this age group [ 32 – 34 ]. Narcolepsy 
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is likely an under recognized disorder in pediatric practice; 30 % of adults report 
symptom onset before 15 years, perhaps 16 % before 10 years of age, and possibly 
4 % before the age of 5 [ 35 ,  36 ]. 

 The symptoms of narcolepsy are frequently misdiagnosed as neurologic, psychi-
atric, or behavioral [ 37 – 39 ]. Diagnostic confusion arises because a lack of respon-
siveness due to excessive sleepiness is mistaken for epileptic absences, and cataplexy 
is confused with a variety of seizure types. In young children recognition of exces-
sive sleepiness can be confounded by the occurrence of daytime naps in normal 
children. However, these should normally cease by the age of 3–4 years after which 
the reappearance of repeated napping is signifi cant. The variety in the degree and 
distribution of loss of tone in cataplexy can be mistaken for different types of focal 
and generalized epileptic seizures. A lack of responsiveness associated with tired-
ness can be confused with facial myoclonia associated with absences. 

 The identifi cation of triggers for cataplexy (usually strong emotions such as 
laughter or crying) is important in differentiating these paroxysmal events. Home- 
video recording of events can be more useful than attempting to capture events in 
unfamiliar environments such as hospitals because a degree of familiarity with sur-
roundings and a relatively relaxed state is often required for cataplexy to occur. The 
relative frequency of attacks, their relation to emotional experience and preservation 
of consciousness are useful guides to genuine cataplexy. Polysomnography with a 
multiple sleep latency test (MSLT) may provide clear evidence of narcolepsy. 
Narcolepsy with cataplexy is strongly associated with hypocretin defi ciency and 
human leukocyte antigen (HLA) DQB1*06:02 and the reduced or absent cerebro-
spinal fl uid hypocretin may aid diagnosis [ 40 ]. 

 The current treatment recommendations for narcolepsy include education (with 
the family and the other individuals with whom the child interacts), sleep hygiene 
(appropriate sleep scheduling and daily naps), and pharmacological interventions. 
Modafi nil was reported to be effective for treating sleepiness, venlafaxine for cata-
plexy, and sodium oxybate for all symptoms, also in children [ 33 ].  

    Parasomnias 

 Parasomnias are considered benign phenomena, especially in children, and do not 
usually have a serious impact on sleep quality and quantity. They include disorders 
of arousal (arising from NREM sleep), parasomnias usually associated with REM 
sleep, and other parasomnias [ 21 ]. 

    Disorders of Arousal 

  Disorders of arousal  are common pediatric sleep disorders that tend to cease with 
development [ 41 ]. The three basic types of arousal disorders recognized in the 
International Classifi cation of Sleep Disorders-ICSD-3 are confusional arousals, 
sleep terrors, and sleepwalking. 
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  Confusional arousals , affecting up to 20 % of children, are characterized by 
mental confusion and disorientation, relative unresponsiveness to environmental 
stimuli and diffi culty awakening the subject [ 42 ] (Fig.  8.1 ). They are sometimes 
associated with incontinence. These events present a diffi cult diagnostic problem 
since they can resemble post-ictal confusion typical in a patient with seizures.  Sleep 
terrors , affecting 1–7 % of children, are “arousals from slow-wave sleep accompa-
nied by a cry or piercing scream and autonomic nervous system and behavioral 
manifestations of intense fear” generally lasting 1–5 min [ 21 ] (Fig.  8.2 ). Although 
appearing alert, the child typically does not respond when spoken to, and more 
forceful attempts to intervene may meet with resistance and increased agitation.

     Sleepwalking , peaking by age 8–12 years [ 41 ], is defi ned as “a series of complex 
behaviors (such as changes in bodily position, turning and resting on one’s hand, 
playing with the sheets, sitting up in bed, resting on knees, etc.) that are usually 
initiated during arousals from slow-wave sleep and culminate in walking around 
with an altered state of consciousness and impaired judgment” [ 21 ]. 

 During disorders of arousal, although individuals are asleep, they may appear 
awake (eyes open), but they may not recognize their parents or bed partner and 
resist attempts to be comforted or soothed, with attempts to wake the patient often 

  Fig. 8.1    Confusional arousal in a young girl. The patient sits on the bed and turns her head left and 
right pronouncing unintelligible words, unresponsive to environmental stimuli. Polysomnographic 
tracing during the event documents a delta-theta activity associated with increased muscle tone and 
change in respiratory and heart rates       
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prolonging the event. Typical parasomnias resolve spontaneously with the patient 
rapidly returning to sleep, with no recollection of the event in the morning. 

 Disorders of arousal tend to occur in the fi rst part of the night, when NREM 
stages 3 and 4 predominate, and may be triggered by a variety of factors including 
sleep deprivation, a disruption to the sleep environment or sleep schedule, stress, 
febrile illness, medications, alcohol, emotional stress in susceptible individuals or 
sleep-disordered breathing [ 43 ]. Polysomnography during the events reveals a 
rhythmic delta activity pattern associated with a marked increase in muscle tone, 
and changes in respiratory and heart rates. 

 Arousal parasomnias may mimic epileptic seizures, namely Nocturnal Frontal 
Lobe Seizures (NFLS), and the differential diagnosis can be challenging but can 
usually be accomplished by attention to the description of the events, their  frequency, 
clustering, and timing in relationship to sleep onset [ 44 ]. Features that suggest an 
NREM parasomnias rather than NFLS are a low rate of same-night recurrence of 
the episodes, long duration, appearance within the fi rst few hours of sleep (seizures 
may occur throughout the night), and the characteristic motor pattern (parasomnias 
are not stereotypical, and complex and repetitive behavior with abnormal move-
ments, such as dystonic and dyskinetic postures, are absent) [ 45 ]. Moreover, the 

  Fig. 8.2    Sleep terror in a 7-year-old boy. The patient sits on his bed, opens his eyes, touches the 
objects around him with his left hand looking around frightened, and then rapidly goes back to 
sleep. Polysomnographic tracing during the event documents a rhythmic delta activity associated 
with increased muscle tone and marked increase of heart rate       
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clinical picture of arousal disorders (early age at onset, decrease in frequency or 
disappearance after puberty) differs from NFLE which fi rst occurs between ages 
10–20 years, often persists into adulthood, and could be responsive to low doses of 
antiepileptic drugs, especially carbamazepine (Fig.  8.3 ).

   Many parasomnias can be diagnosed on the basis of history-taking. Patients should 
be considered for video-EEG monitoring if events are stereotypic or repetitive, occur 
frequently (minimum one event per week), have not responded to medications, and 
the history is suggestive of potentially epileptic events [ 46 ]. Interestingly, prevalence 
of a history of arousal parasomnias may be increased, both in individuals with SHE 
and other family members, pointing to the likelihood of shared mechanisms [ 47 ]. 

 Prompting the patient to make audio–video recordings at home with subsequent 
data analysis and comparison with the episodes recorded at the sleep laboratory 
may facilitate the diagnosis of arousal parasomnia. 

 Sleep terrors are also distinguished from nocturnal panic attacks by being fol-
lowed by a quick return to sleep without recall of the event [ 22 ]. 

 Management includes reassuring parents or bed partners that these episodes are 
a harmless developmental phenomenon, and they should not awaken the patient 
who should be gently redirected back to bed without awakening. Every effort should 
be made to avoid any predisposing and triggering factors identifi ed by a careful 
general medical and sleep history and polysomnography. Medications are rarely 
used to treat these sleep disorders but may be indicated if episodes are very frequent 
or when the patient or others in the home are in danger of the behavior. In these 
cases imipramine or clonazepam at bedtime are benefi cial in some patients.  

    REM Parasomnias 

 The most common and best-studied REM sleep parasomnia is the  REM sleep behav-
ior disorder  (RBD). RBD is characterized by episodes of motor agitation of varying 
intensity arising during REM sleep, because the absence of the physiological mus-
cle atonia of REM sleep permits the “acting out” of dreams [ 48 ]. The dreams are 
usually vivid, accompanied by vigorous, often violent sleep behaviors enacting 
attack or defense reactions; patients and bed partners are frequently injured, leading 
to bruising, lacerations, and fractures—the violence of the sleep-related behavior 
often being discordant with the waking personality. During the episodes autonomic 
activation is usually absent or mild. RBD patients tend to have from one to multiple 
events per night; the duration of the behavior is brief, and on awakening from an 
episode there is a rapid return to alertness and orientation with the patient’s report 
of dream mentation appropriate to the observed behavior. 

 The events are more frequent in the middle of the night or early in the morning. 
RBD is more common in people older than 50 years of age and males [ 49 ,  50 ] anti-
depressants (tricyclic antidepressants, particularly the serotonin-specifi c reuptake 
inhibitors, SSRIs) [ 51 ] or associated with their withdrawal (alcohol, barbiturates or 
meprobamate) [ 52 ,  53 ]. The chronic form represents usually a prodromal sign of 
neurodegenerative diseases, particularly the synucleinopathies such as multiple sys-
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  Fig. 8.3    Typical features distinguishing nocturnal paroxysmal episodes. In each fi eld only the 
distinctive clinical features of the phenomenon are listed       
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tem atrophy (MSA) and Lewy body disease, preceding the other symptoms by many 
years [ 54 – 57 ]. The memory of dream mentation appropriate to the observed behav-
ior associated with complete alertness and orientation on awakening is helpful in 
distinguishing RBD from NFLS. Moreover RBD episodes are short and often occur 
in the second half of the night, where REM sleep is prevalent. Patients with RBD 
are usually older than patients with NFLS. Even if inter-ictal epileptiform EEG 
abnormalities were detected in routine EEG of some rare cases with idiopathic RBD 
[ 58 ], the diagnosis remains straightforward. If in question, however, diagnosis can 
readily be established by video-EEG monitoring during night sleep, with concomi-
tant examination of polysomnographic parameters documenting an excessive 
amount of sustained EMG activity or intermittent loss of REM atonia or excessive 
phasic muscle twitching of the submental or limb EMG during REM sleep. 

 Figure  8.3  shows the different polygraphic features characterizing NFLS, sleep 
terror, and RBD. 

  Nightmares  are “disturbing mental experiences that generally occur during REM 
sleep and often result in awakening” [ 21 ]. They are common in young children, peak-
ing at ages 3–6 years [ 59 ] and their frequency decreases with age. A careful sleep 
history focusing on the time of night of fearful awakenings helps to distinguish REM-
related nightmares from disorders of arousals: the distinctive features of a nightmare 
are the recall of a long frightening dream, and clear orientation on awakening. The 
major distinction between nightmares and nocturnal panic is the stage of sleep: a 
panic attack is a NREM event usually occurring from stages 2–3 NREM [ 22 ]. 

 The scant motor behavior during the episodes and the absence of confusion on awak-
ening, as well as the availability of detailed dream reports helps distinguish between 
nightmares from NFLS [ 45 ]. In doubtful cases, video-polysomnography is indicated. 

 Sporadic nightmares are not worrisome, and require reassurance only, but recur-
rent nightmares or those with disturbing content may indicate excessive daytime 
stress [ 60 ]. Once the basis for the nightmares is discerned, measures should be taken 
to eliminate or reduce the child’s exposure to the causative factor. 

  Recurrent isolated sleep paralysis  is “an inability to perform voluntary movements 
at sleep onset or on awaking from sleep in the absence of a diagnosis of narcolepsy” 
[ 21 ]. Each episode lasts from seconds to a few minutes and is usually accompanied by 
intense anxiety. Sleep paralysis should be differentiated from atonic seizures which 
occur during wakefulness and nocturnal panic attacks usually not associated with 
paralysis (patients typically sit up and/or get out of bed) [ 22 ]. Reassurance and educa-
tion are the most useful treatment in isolated cases. If the frequency of sleep paralysis 
is bothersome to patients, there is a suggestion that SSRIs may be of some benefi t, 
likely because of their REM-suppressing properties [ 61 ].  

    Other Parasomnias 

  Sleep enuresis  is “characterized by recurrent involuntary voiding during sleep.” In 
primary sleep enuresis, recurrent involuntary voiding occurs at least twice weekly 
during sleep after the age of 5 years in a patient who has never been consistently dry 
during sleep for six consecutive months [ 21 ]. The prevalence of primary nocturnal 
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enuresis is approximately 15–20 % of 5-year-olds and is more common in boys than 
girls at all ages [ 21 ]. Epileptic seizures are excluded because in these cases enuresis 
is the only symptom and occurs without any motor phenomenon. 

 Primary nocturnal enuresis is a heterogeneous condition for which various caus-
ative factors have been identifi ed so the treatment could be a combination of non- 
invasive tools and only particular cases and motivated patients should receive a 
specifi c pharmacologic treatment [ 62 ].  

    Isolated Symptoms and Normal Variants 

  Sleep talking  is defi ned as talking during sleep “with varying degrees of comprehen-
sibility” [ 21 ]. It can arise from both slow-wave sleep and REM sleep. Although 
considered the most frequent parasomnia, sleep talking is usually without conse-
quences and is rarely a reason for consultation.   

    Sleep-Related Movement Disorders 

 Sleep-related movement disorders are primarily characterized by relatively simple, 
usually stereotyped, movements that disturb sleep or its onset. They include disor-
ders (a) and isolated symptoms and normal variants (b). 

    Disorders 

  Restless legs syndrome  ( RLS ). RLS is a sensorimotor disorder characterized by 
uncomfortable sensations usually involving only the legs that worsen in the evening 
and with long periods of inactivity (e.g., a long car ride or movie) [ 21 ,  63 ]. Sensations 
are often described as creepy-crawly or tingling feelings, temporarily alleviated by 
movement. Patients, especially young children, may have diffi culty describing the 
symptoms. Children may get into trouble at school or at home because they have 
diffi culty sitting still. In younger children Walters et al. [ 64 ] demonstrated an asso-
ciation with hyperactivity. In patients with epilepsy RLS may be confused with their 
underlying seizure disorder. Primary restless legs syndrome occurs frequently in 
families, indicating signifi cant genetic or shared environmental factors for the dis-
ease. Renal failure, iron defi ciency, diabetes, and pregnancy are the most common 
diseases and condition associated to the restlessness. 

  Periodic limb movement disorder  ( PLMD ) commonly co-occurs with RLS but 
may also appear independently. Periodic limb movements in sleep (PLMS) are brief 
repetitive movements or jerks, lasting 0.5 to 5 seconds and occurring every 5–90 s 
in a sequence of 4 or more movements, especially during sleep stages 1 and 2. 
PLMD is diagnosed when PLMS occur more than 5 per hour of sleep in children 
and >15/h in adults causing signifi cant sleep disturbance or daytime impairment 
[ 21 ]. Dopamine agonist therapy is the mainstay of RLS treatment in adults. 
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  Sleep bruxism ,  or teeth - grinding , is “an oral activity characterized by grinding or 
clenching teeth during sleep, usually associated with sleep arousals” which, when 
long-lasting, can cause signifi cant tooth wear [ 21 ]. Sleep bruxism occurs most com-
monly in children aged 3–12 years, without any sex prevalence, and then decreases 
throughout life; in many cases, patients are unaware of the jaw movements [ 65 ]. 
Bruxism occurs in all stages of sleep but is most common during NREM, especially 
stage 1–2 of sleep, in the absence of associated abnormal EEG activity. 

 Rhythmic jaw movements could be a semiological feature of epileptic seizures 
such as temporal lobe attacks, but in these cases the movements represent a more 
diffuse oro-alimentary behavior, and are often preceded by an arising gastric aura 
accompanied by other motor automatisms not limited to the face [ 66 ]. 

 There is no specifi c treatment for sleep bruxism: each subject has to be individu-
ally evaluated and treated. The three management alternatives are dental, pharmaco-
logical, and psychobehavioral therapy [ 67 ]. 

  Nocturnal facio - mandibular myoclonus  is characterized by nocturnal myoclonic 
jerks involving the masseter, orbicularis oculi, and oris muscles [ 68 ]. These abnor-
mal movements can trigger nocturnal awakenings due to painful tongue biting and 
bleeding sometimes leading to the misdiagnosis of tongue biting due to an epileptic 
seizure. A detailed description of the episodes, collected from a bed partner or other 
observer helps establish the correct diagnosis. Its relationship with sleep bruxism is 
still a matter of debate. 

  Sleep - related rhythmic movement disorders  ( RMD ) are “repetitive, stereotyped, 
and rhythmic motor behaviors (not tremors) occurring predominantly during drows-
iness or sleep and involving large muscle groups” [ 21 ]. They comprise head- banging 
(Fig.  8.4 ), head-rolling, and body-rocking. The rhythmic behaviors are generally 
benign and self-limiting in normal children: they are common in infancy dropping 
to 5 % by the age of 5 years [ 69 ]. Episodes are not restricted to sleep–wake transi-
tion, occur more frequently in wake, stages NREM 1 and 2, but also in REM and 
slow-wave sleep [ 70 ,  71 ]. Movements typically occur at a frequency of 0.5–2 times 
per second and events last 5–15 min. Children are usually non-responsive during the 
episodes and do not recall the events on awakening [ 71 ]. Although sleep-related 
epilepsy is a diagnostic consideration, the characteristic movements make epilepsy 
far less likely: unlike epilepsy, patients can usually arrest waking movements on 
request. The behaviors only rarely result in a signifi cant complaint (interference 
with normal sleep or daytime function, or self-infl icted bodily injury requiring med-
ical treatment). Pharmacological treatment is therefore rarely necessary. In severe 
cases, RMD episodes respond favorably to clonazepam at low doses [ 72 ].

    Benign sleep myoclonus of infancy  (BSMI) is a non-epileptic paroxysmal disor-
der characterized by repetitive myoclonic jerks during NREM sleep in the early life 
of healthy newborns [ 73 – 75 ]. BSMI is characterized by rhythmic or arrhythmic, 
generalized or sometimes segmental jerks, involving one limb or one side of the 
body, which typically appear during NREM sleep. They frequently occur in clus-
ters, lasting 20–30 min, and terminate with awakening. 

 According to ICSD-3, the following criteria are necessary for diagnosis: repeti-
tive myoclonic jerks involving the whole body, trunk, or limbs; onset in early 
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infancy, typically from birth to 6 months of age; the movements occur only during 
sleep and stop abruptly and consistently with arousal. In addition, the movements 
can be precipitated by rocking during sleep [ 76 ]. The syndrome is usually sporadic; 
only a few familial cases have been reported in the literature [ 77 ]. No medication is 
required. 

  Propriospinal myoclonus  ( PSM )  at sleep onset  is a distinctive form of spinal 
myoclonus characterized by violent muscle jerks arising from the axial muscles (in 
the neck or trunk), which extends up and down to the rostral and caudal muscles 
along the propriospinal pathways intrinsic to the cord [ 78 ]. In many cases PSM 
shows a striking relationship with vigilance level as it typically occurs during pos-
tural and mental rest, particularly when patients try to fall asleep giving rise to a 
severe and persistent insomnia [ 79 ]. The time of occurrence of the jerks (confi ned 
to the wake-sleep transition or to intra-sleep arousals), their frequent recurrence, 
and suppression of the motor phenomena by mental and sensory stimuli distinguish 
PSM from epileptic phenomena. Clonazepam (0.5–2 mg) can reduce muscle jerks 
and make sleep more restful. Opiates are also effective but carry the risk of depen-
dence [ 79 ].  

   Isolated Symptoms and Normal Variants 

  Sleep starts , also known as  hypnagogic  or  hypnic jerks , are bilateral, sudden, brief, 
non-periodic jerks, mainly affecting the legs or arms, just before sleep onset. The 
jerks are associated with a subjective feeling of falling, or a sensory fl ash or a 

  Fig. 8.4    Sleep-related rhythmic movement disorders (head-banging) in a 10-year-old boy. The 
patient presents repetitive, stereotyped, and rhythmic head movements characterized by forcibly 
banging his head back and down into the pillow. Polygraphic tracing ( right  of the fi gure) shows the 
typical artifact due to movements. The episodes appear during the sleep–wake transition and dur-
ing infra-sleep wakefulness as shown in the excerpt of the hypnogram ( bottom  of the fi gure).  Mylo  
Mylohyoideus muscle,  EOG  electroculogram,  Abd. resp  abdominal respiration       
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hypnagogic dream [ 21 ]. Sleep starts are a common and normal phenomenon occur-
ring in persons of both sexes and all ages with a prevalence of 70 %. Although usu-
ally a single contraction, they may be so severe as to be a true sleep disorder like 
sleep onset insomnia [ 21 ]. The characteristics of sporadic, isolated, brief jerks, usu-
ally associated with a psychosensory experience and mainly present during drowsi-
ness will differentiate sleep starts from epileptic clonias that are always associated 
with EEG spike-wave discharges of varying complexity. In most cases, reassurance 
that sleep start is a normal phenomenon is suffi cient. If drugs are necessary to treat 
cases of severe sleep disturbance and daily drowsiness, benzodiazepine appears to 
be the drug of choice. 

  Excessive fragmentary myoclonus  ( EFM ) consists in an abnormal intensifi ca-
tion of the physiologic hypnic myoclonia. EFM is characterized by brief involun-
tary arrhythmic asynchronous and asymmetric brief twitches involving various 
body areas. They occur throughout the night, including relaxed wakefulness and 
all sleep stages [ 42 ]. Patients are usually unaware of the twitch-like movements, 
which may be present during wakefulness or sleep. In many cases, EFM is diag-
nosed strictly as an incidental fi nding on polysomnographic recording, that dem-
onstrates recurrent and persistent very brief (75–150 ms) EMG potentials in 
various muscles occurring asynchronously and asymmetrically in a sustained 
manner without clustering; more than 5 potentials per minute are sustained for at 
least 20 min of non-REM sleep stages. 

 If severe, EFM may disturb sleep onset and sleep continuity [ 80 ]. EFM is readily 
distinguished from epileptic seizures by its atypical motor patterns (minor move-
ments of the fi ngers and toes or twitching of the corners of the mouth) and pro-
longed persistence throughout the night across all sleep stages. Pharmacological 
treatment is rarely required.   

    Sleep-Related Medical and Neurological Disorders 

   Sleep-Related Gastro-Esophageal Refl ux Disease (GER) 

  Sleep - related gastro - esophageal refl ux disease  ( GER ) is caused by symptoms and/
or signs related to the refl ux of gastric acid or intestinal bile contents onto the esoph-
ageal mucosa. The most common and essentially pathognomonic symptoms of 
GER are heartburn and regurgitation [ 81 ]. Chronic acid refl ux is often associated 
with frequent arousals during sleep. According to ICSD-3 diagnostic criteria “the 
patient complains of recurrent awakenings from sleep with shortness of breath or 
heartburn or a sour bitter taste in the mouth upon awakening from sleep or sleep- 
related coughing or choking or awakening from sleep with heartburn.” 
Polysomnography and esophageal pH monitoring demonstrate gastro-esophageal 
refl ux during sleep with associated arousal.    
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    Evaluation and Treatment of Patients with Epilepsy and Sleep 
Disorder 

 The proper identifi cation and treatment of common sleep disorders is an essential 
part of the overall evaluation and management of patients with epilepsy. A sleep 
history is the essential tool to evaluate sleep problems and involves a thorough 
review of the patients’ 24-h routine, focusing on bedtime habits, nighttime behavior, 
nap and daytime behavior. Nighttime behavior after sleep onset such as parasom-
nias and symptoms of OSA (snoring, gasping, breathing pauses, and restless sleep) 
should also be assessed. A sleep diary can be helpful in delineating the exact sleep 
pattern. 

 Insuffi cient sleep syndrome remains a major problem for adolescents. Adolescents 
have some degree of delayed sleep phase syndrome, which leads to early morning 
sleepiness and insuffi cient sleep. School start times, extracurricular activities, and 
peer pressure contribute to a chronic state of sleep deprivation, placing most adoles-
cent patients at risk for activation of their seizure disorder. Regular sleep habits 
must be recommended by physicians and enforced by parents. 

 Patients with epilepsy frequently complain of daytime sleepiness, usually 
considered an unavoidable adverse effect of antiepileptic therapy. Nevertheless, 
in patients with persistent hypersomnia, particularly if on AED monotherapy or 
with low serum drug concentrations and well-controlled seizures, primary sleep 
disorders should be suspected [ 82 ]. Study of these patients by video-EEG poly-
somnography or home video may be indicated [ 83 ]. Evaluation of sleep with 
polysomnography should be performed with extended EEG montages in patients 
with epilepsy to correlate arousal with seizures and inter-ictal activity. 
Monitoring for sleep-related breathing disorders, restless legs syndrome, or 
parasomnias should also be performed. Therapy should be directed at resolving 
any sleep disorder observed, as improved seizure control might result. 
Anticonvulsant monotherapy should be attempted whenever possible to mini-
mize the side effects of sedation. Less sedating anticonvulsants should be used 
as primary anticonvulsant therapy avoiding barbiturates, benzodiazepines, and 
topiramate.  

    How Treatment of Sleep Disorders Affects Seizures 

 The treatment of an underlying sleep disorder and improvement of sleep hygiene 
benefi ts not only daytime sleepiness but also seizure control. An example is the 
benefi cial effect on seizure frequency of C-PAP treatment in patients with OSA [ 84 , 
 85 ], without changes in the drug regimen. Resolution of chronic sleep deprivation, 
improvement in cerebral hypoxemia, and reduction in arousals from sleep have 
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been postulated to be the reason whereby treatment of a sleep disorder improves 
seizure control, even if the exact mechanism is unknown [ 86 ]. 

 The majority of sleep disorders do not need pharmacological treatment. 
Behavioral therapy and regular and regularization of sleep habits may reduce the 
problem in most cases [ 2 ]. 

 On the other hand, sleep problems in young children may present with hyperac-
tivity or behavioral problems rather than excessive somnolence. Recognition of the 
paradoxical response of hyperactivity as the result of excessive daytime sleepiness 
is central to evaluation of these pediatric patients [ 2 ]. 

 Insomnia has been reported in patients with epilepsy and may be caused by dif-
ferent situations. In particular, patients with epilepsy may become disabled, which 
will lead to “behaviorally” induced circadian rhythm problems because they may 
choose their own sleep hours if inactive. Nighttime fears may affect patients with 
epilepsy as well, especially if they have nocturnal seizures. In addition, caregivers 
may feel anxious about leaving the patient alone in the room [ 87 ].  

    How Treatment of Seizures Affects Sleep 

 Not only seizures but also antiepileptic drugs (AEDs) may contribute to sleep disor-
ders and adversely affect sleep. For example, in a patient predisposed to OSA, bar-
biturates and benzodiazepines may worsen the frequency of apneas and hypopneas 
by reducing the muscle tone of the upper airways and increasing the arousal thresh-
old. Similarly AEDs that are associated with weight gain (i.e., VPA) may worsen 
OSA. Avoiding these agents in patients with untreated OSA may be advisable, espe-
cially if alternative AEDs are available. 

 Clinicians may base their AED choice not only on the epilepsy syndrome but 
also on its effects on coexisting sleep disorders and complaints [ 2 ]. Somnolence and 
diurnal sedation are the most common side effects of AEDs especially in patients on 
polytherapy [ 86 ,  88 ]. Whether it is epilepsy itself or AEDs which cause abnormal 
sleep architecture is diffi cult to determine. This adverse effect on sleep is especially 
relevant to the AED effect on cognitive functions. It is likely that cognitive effects 
of AEDs on memory and concentration are related to drug effects on the central 
nervous system mediating arousal rather than the specifi c effect on cognitive func-
tions. Ideally the AED chosen to treat epilepsy should have the least effect on sleep. 
This may not be always possible. 

 AEDs have been shown to have a variety of effects on sleep and daytime vigilance. 
However, the literature is confounded by signifi cant methodological variations across 
studies, including composition of the study population, dose, timing and duration of 
treatment, and failure to control for seizures and concomitant AEDs. Much of the 
available literature on the older AEDs comes from animal studies, but with the use of 
newer anticonvulsants in other neurologic and psychiatric conditions, new data are 
becoming available on patients exposed to AEDs for the fi rst time. 

 It has been shown that anticonvulsants can improve seizure control by stabilizing 
sleep [ 15 ,  89 ]. Although it is certainly possible that part of the improved sleep seen 
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with the use of anticonvulsants may be the result of seizure suppression, it seems 
clear that AEDs also affect sleep independently of their antiepileptic effect. They 
may also cause state-dependent seizures to become dispersed randomly during the 
sleep/wake cycle [ 90 ]. 

    Effect of AEDs on Sleep Architecture 

 The effects of some specifi c AEDs on sleep architecture are discussed below. In gen-
eral, many of the traditional AEDs can reduce sleep latency and sleep fragmentation, 
delay REM onset or decrease the percentage of time spent in REM sleep [ 2 ,  89 ]. 

   Phenytoin      With chronic phenytoin use most investigators have found a shortened 
sleep latency, an increase in stages 1 and 2, a small decrease in REM sleep, and 
increased arousals [ 91 ,  92 ].  

   Carbamazepine      Carbamazepine, the most extensively studied AED, has shown to 
cause decreased sleep latency, increased total sleep time, decreased fragmentation, 
and improved sleep continuity [ 91 – 94 ].  

   Valproate      No notable alteration of sleep have been found with valproate which 
appears to promote a more normal distribution of REM sleep during the night, and 
can also stabilize the sleep cycle [ 91 ,  95 ].  

   Ethosuximide      The few studies available show an increase in stage 1 of NREM 
sleep with a concomitant decrease in stage 3, an increased number of awakenings, 
and an increase in the percentage of REM [ 91 ,  92 ].  

   Phenobarbital      Phenobarbital in chronic treatment shortened sleep latency and led 
to a reduction in body movements and arousals, increased total sleep time with a 
higher sleep effi ciency [ 92 ,  96 ]. It also caused a reduction in REM sleep and its 
abrupt withdrawal can cause a rebound of REM parasomnias. Usually phenobarbi-
tal may produce excessive daytime sleepiness but in children paradoxical effects on 
sleep behavior with hyperactivity are noted.  

   Primidone      The effects on sleep of primidone are similar to those of phenobarbital.  

   Benzodiazepines      Most benzodiazepines have been described to cause a decrease in 
sleep latency and the number of arousals. This is accompanied by an increase in the 
percentage of stage 2 sleep, with a decrease in the amount of stages 3 and 4 NREM 
sleep. REM sleep latency is increased, with longer acting benzodiazepines causing 
a greater suppression of REM sleep [ 97 ].  

   Lamotrigine      Compared with the older AEDs, LTG seems to have less effect on 
disruption of sleep. The only signifi cant effects of LTG treatment included an 
increase in stage 2 (light sleep) and a decrease in SWS (deep sleep). Although it did 
not reach statistical signifi cance, treatment with LTG was associated with a slight 
reduction in arousals and stage shifts and an increase in the number of REM periods 
without affecting sleep effi ciency, suggesting a tendency for sleep to be less dis-
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rupted [ 86 ]. Other authors reported different effects of LTG on sleep with an increase 
in the percentage of REM sleep, and a decrease in the fragmentation of REM sleep 
usually present in epileptic patients. Overall, sleep was also more stable, with a 
decreased number of phase shifts [ 98 ]. There was no correlation between the 
increase in REM sleep and the decrease in spikes, leading investigators to believe 
that the sleep stabilizing effect of lamotrigine acts independently of its antiepileptic 
effect. Another controversial point regarding LTG effects on sleep is insomnia of 
suffi cient severity to require discontinuation or dose reduction. This adverse effect 
was reported in 6.4 % of patients treated with LTG in a recent series of 109 subjects 
[ 99 ]. Diffi culty initiating and maintaining sleep developed shortly after LTG was 
introduced, increased with dose escalation, and resolved quickly with discontinua-
tion or dose reduction. Symptoms developed at a mean daily dose of 286 mg (100–
500). Based on these data, we believe that LTG may be less disruptive to sleep than 
the older AEDs. Because sleep fragmentation reduces the seizure threshold in some 
individuals, these changes may contribute to the anticonvulsant effects of the drug.  

   Gabapentin      In general, patients on GBP show a subjective improvement in sleep 
[ 97 ]. An increase in the percentage of REM sleep, and a prolonged duration of REM 
periods and a decreased number of awakenings have been observed in epileptic 
patients treated with GBP [ 100 ].  

   Vigabatrin      Vigabatrin as add-on therapy showed no difference in sleep latency, 
total sleep time, or number of awakenings without improvement in daytime sleepi-
ness [ 101 ].   

    Effect of VNS on Sleep 

 Vagus nerve stimulation (VNS), a nonpharmacological therapy for epilepsy involv-
ing intermittent stimulation of the left vagus nerve peripherally, may decrease day-
time sleepiness in epilepsy patients documented by MSLTs performed 3 months 
after VNS treatment was initiated (mean sleep latency from 6.4 to 9.8 min) [ 102 ]. 
However, VNS may also contribute to decreases in respiratory airfl ow and effort 
during sleep and exacerbate OSA via central and peripheral mechanisms [ 2 ,  103 ].      
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    Chapter 9   
 Dissociation       

       Matthias     Schmutz     

    Abstract     Dissociative seizures represent a psychiatric symptom with a long tradi-
tion going back to the ancient Egyptian and Greek medicine. Due to their semio-
logical similarity to epileptic seizures, establishing the proper diagnosis requires 
specialized neurological expertise. This chapter gives a short review of the relevant 
psychological theories about psychosomatic conversion and dissociation, which 
constitute the etiological and pathogenetic background of dissociative seizures. 
Furthermore, the major issues of the neurological differential diagnosis, the psychi-
atric and psychodynamic inclusion diagnosis, and the challenging clinical manage-
ment of patients with dissociative seizures are comprehensively summarized and 
discussed. Finally, the current research data on treatment, outcome, and prognosis 
are critically reviewed. From a psychiatric point of view, dissociative seizures do 
not represent a disorder in the nosological sense, but merely an accompanying 
symptom of an underlying psychiatric disorder. Based on this perception, guidelines 
for clinical management and treatment can be improved. In addition, this shift in 
focus could foster future research by clarifying some methodological problems lim-
iting the research fi ndings so far.  

  Keywords     Dissociative Seizures   •   Conversion Seizures   •   Psychogenic Non- 
Epileptic Seizures   •   Hysteric Seizures   •   Hysteria   •   Somatoform Disorder   • 
  Somatization   •   Dissociation   •   Trauma-Related Stress Disorder   •   Psychotherapy   • 
  Psychiatric Nosology   •   Differential Diagnosis  

        Introduction 

 Dissociative seizures represent a venerable psychiatric symptom with a long and 
sometimes controversial history pertaining to etiology, pathogenesis, diagnostic 
classifi cation, and treatment. As paroxysms characterized by loss of consciousness 
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and motor signs they have formed—among other motor and sensory phenomena—
the core symptoms of old hysteria since the ancient Egyptians and Greeks until the 
beginning of the twentieth century [ 1 ]. 

 Displaying semiological features with oftentimes striking similarity to epileptic 
and other somatogenic seizures, dissociative seizures require profound medical and 
neurological expertise in order to achieve diagnostic certainty. Therefore, neuro-
logical examination to exclude epileptic seizures or other somatogenic paroxysms 
ranks fi rst in the medical assessment, while psychiatric and psychotherapeutic inter-
ventions follow secondary. This succession of neurological and psychiatric involve-
ment corresponds to the illness behavior of most patients with dissociative seizures, 
who actively seek neurological advice fi rst and only reluctantly (if at all) accept 
referral to a mental health specialist. Most probably, this subordinate status is a 
major reason for the rather poor scientifi c contribution of contemporary psychiatry, 
compared to the abundant neurological literature in the fi eld. To fi ll the psychiatric 
void, neurological contributions pertain—nolens volens—far beyond their differen-
tial diagnostic expertise and cover genuine psychiatric issues like etiology, treat-
ment, outcome, and prognosis of dissociative seizures. 

 This chapter covers the topic of dissociative seizures in adolescent and adult 
patients. Dissociative seizures also occur in younger patients. Many of the follow-
ing issues may apply to children with dissociative seizures as well. For specifi c 
information, however, the specialized pediatric literature is authoritative.  

    Defi nition 

 Dissociative seizures are defi ned as paroxysmal events with alterations of con-
sciousness, emotions, motor body control, and/or sensory functions. They are psy-
chogenic, i.e., internal and/or external stress and the psychological mechanisms of 
dissociation and conversion play a crucial role in their etiopathogenesis. In regard to 
semiology they tend to mimic epileptic seizures, however, electroencephalography 
during dissociative seizures does not show epileptiform activity. From a nosological 
point of view, dissociative seizures represent an accompanying symptom of an 
underlying psychiatric disorder.  

      Terminology 

 To begin with, some remarks related to naming and terminology may be helpful. 
Dissociative seizures are often circumscribed by a number of different terms in cur-
rent scientifi c literature: non-epileptic attack disorder, pseudo-seizures, psycho-
genic non-epileptic seizures, non-epileptic seizures of non-organic origin, and 
functional seizures—just to mention a few [ 2 – 7 ]. In the last decades, most research 
papers on dissociative seizures have been written by neurologists and published in 
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neurological or even epilepsy-centered journals. The main basing point is obviously 
the differentiation from epilepsy, and the selected terms to circumscribe dissociative 
seizures very well refl ect this approach by emphasizing on what dissociative sei-
zures are not. However, a “non-symptom” is hard to communicate to patients and 
even harder to treat. Therefore, let us focus next on how they are named in the 
authoritative psychiatric diagnostic manuals. Some very short medico-historic 
remarks will help to understand the current concepts and theories about dissociative 
seizures. The relevant differential diagnoses will be discussed in the sections on 
“ Differential diagnosis ” and “ Diagnosing dissociative seizures ”.  

    Psychiatric Background 

    Conversion 

 DSM-V, the current version of the diagnostic and statistical manual of mental disor-
ders of the American Psychiatric Association [ 8 ], subsumes “conversion disorder” 
(or “functional neurological symptom disorder”) under the chapter “somatic symp-
tom and related disorders” (a renaming of the “somatoform disorder” of DSM-IV). 
Conversion disorder (code 300.11) includes motor and/or sensory symptoms indi-
cating an abnormal functioning of the somatic nervous system, though clear evi-
dence of incompatibility with any neurological disease is required. Psychological or 
physical stress or trauma in close temporal relationship to symptom manifestation 
is an additional feature supporting the diagnoses. Among different sensory and 
motor symptoms, seizures or attacks may be specifi ed as symptom type. Dissociative 
disorders like identity disorders, amnesia, depersonalization, derealization, and 
trance are dealt with in a separate chapter, thereby emphasizing their common focus 
on disruption and discontinuity of normal integration of consciousness (in contrast 
to conversion disorder with its focus on somatic symptoms). 

 The concept of conversion, which the DSM defi nition relates to, goes back to 
Freud. In 1894 he coined the term “conversion” as the main pathognomonic feature 
of hysteria, assuming a transformation of psychic arousal into a physical symptom 
[ 9 ]. In the very same year the German psychiatrist Sommer coined the term “psy-
chogenic states.” Though avoiding the term hysteria, he described a similar mecha-
nism of generating physical symptoms by (mental) ideas [ 10 ]. While the concepts 
of conversion and hysteria kept closely connected in the fi rst decades of psychoana-
lytic development, as from the 1960s conversion disorder was conceptualized com-
pletely uncoupled from both hysteria and hysterical personality traits [ 11 ]. Instead 
of “Hysteria,” which was disposed from the offi cial psychiatric discourse, Briquet’s 
mid-nineteenth-century fi ndings on hysteric symptomatology were revitalized by 
the St. Louise group of Guze in the early 1960s [ 12 – 14 ]. The so-called Briquet 
syndrome subsequently formed the basis for the introduction of the “somatization 
disorder” into the DSM-III in 1980. While keeping a prominent role in the somato-
form disorders, conversion concurrently mutated into an unspecifi c intra-psychic 

9 Dissociation



144

mechanism to be found in the whole spectrum of mental disorders. By generating a 
psychologically meaningful physical symptom through the psychic mechanisms of 
repression, isolation, and dissociation, the process of conversion yields relief from 
internal or external stress. 

 As from the 1950s, a rich literature evolved, pursuing a psychosomatic approach 
and delivering clinical and therapeutic considerations that are useful still today [ 15 –
 19 ]. Due to the common theoretical ground mentioned above, the terms “functional 
neurological symptoms,” “psychogenic symptoms,” and “conversion symptoms” 
are used synonymously by many clinicians today.  

    Dissociation 

 The term “dissociative seizures,” which is preferred in this chapter, is used by the 
ICD-10, the International Classifi cation of Diseases of the World Health Organization 
WHO [ 20 ]. ICD-10 does not distinguish conversion disorder from dissociative dis-
order. Both terms are used synonymously; hence, chapter F44 includes both the 
conversion symptoms and the dissociative symptoms of DSM. Dissociation is char-
acterized by a partial or complete loss of the normal integration between conscious-
ness, memory, awareness of identity and immediate sensations, perception, body 
representation, and control of body movements. The authors assume that dissocia-
tive mechanisms play the key role not only in the consciousness-related disorders 
like multiple identity disorder, amnesia or derealization and depersonalization, but 
also in the formation of physical conversion symptoms. 

 The concept of dissociation, which the ICD-10 relates to, goes back to the second 
half of the nineteenth century. Inspired by Charcot’s studies on hysteria at the 
Salpêtrière in Paris, a lot of empirical research was done in order to decode the 
underlying mechanisms. While Charcot basically kept the idea of an organic, though 
still unknown origin of hysteria until his death [ 10 ], Janet—like Freud and some 
other contemporary researchers—assumed a psychogenic etiology. In contrast to 
Freud, who understood the hysteric symptom formation as a pathologic defense 
mechanism in the framework of intra-psychic confl ict management, Janet originally 
coined the term “dissociation” as a weakness of the ego’s capacity to synthesize 
mental processes of memory, sensory functions, and motor control. He emphasized 
the pivotal role of traumatic experience in the etiopathogenesis of dissociative 
symptoms, pointing at the same time to their close connection to non-pathological 
phenomena like hypnotic and trance states or somnambulism [ 1 ,  10 ,  21 ]. After 
decades of low reception, Janet’s ideas on dissociation have experienced a fulminant 
revival as from the 1970s [ 22 ], promoting the still growing psychiatric fi eld of post-
traumatic stress disorders, dissociative disorders, and their interdependence. The 
majority of the recent research literature assumes that trauma and dissociation are 
intimately connected with each other [ 23 ]. Peri-traumatic dissociation as an adap-
tive mental survival strategy in a situation of overwhelming physical or psychologi-
cal danger may lead to continuing dissociative symptoms as defi ned by the diagnosis 
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of posttraumatic stress disorder. The concept of “structural dissociation” seems to 
be a useful theoretical framework for understanding and treating trauma- related dis-
sociative long-time effects on personality development [ 24 ]. Furthermore from a 
clinical point of view, two subtypes of dissociation have been proposed recently [ 25 , 
 26 ]. The core characteristic of “detachment” is an alteration in consciousness (as 
seen, e.g., in states of derealization or depersonalization), while “compartmentaliza-
tion” is characterized by an inability to control and integrate mental processes oth-
erwise regulated intentionally on a conscious level (as typically seen in conversion 
disorder). This dichotomous concept of dissociation may help to clarify the slight 
terminological confusion between DSM-V and ICD-10 by emphasizing both the 
common ground and the differences between conversion and dissociation. 

 A last remark in this paragraph pertains to the role of trauma in the etiopathogen-
esis of dissociative symptoms. Besides the mainstream of the current psychiatric 
theory, which clearly favors an almost obligatory relationship between trauma and 
dissociation [ 23 ], some serious research indicates that the correlation might not be 
as strong as suggested and, moreover, the causal link might also operate in the other 
direction than assumed [ 27 – 29 ]. Clinical evidence from the psychotherapeutic 
treatment of neurotic patients also shows that a signifi cant part of dissociative symp-
tomatology does not relate to prior severe anamnestic trauma [ 30 ]. It seems that the 
etiological role of internal stressors—as conceptualized for instance in the theory of 
intra-psychic neurotic confl ict—is rather underestimated in the current scientifi c 
discussion on dissociative symptomatology. At this point, the issue shall not be 
further elaborated; an in-depth discussion is to be found in [ 31 ].   

    Epidemiology 

 The annual incidence of new cases is approximately three patients with dissociative 
seizures per 100,000 inhabitants [ 32 ]. The overall prevalence of patients with dis-
sociative seizures is estimated to be 2–33 per 100,000 inhabitants [ 33 ]. For obvious 
reasons, patients with dissociative seizures are seen more frequently in epilepsy 
treatment settings than indicated by the average rates above. It is assumed that 5–20 
% of all outpatients with the diagnosis of epilepsy with therapy-refractory seizures 
in fact suffer from dissociative seizures [ 34 ]. Likewise, 10–40 % of all patients with 
epilepsy admitted to intensive monitoring units for evaluation of neurosurgical 
treatment options turn out to have dissociative seizures only [ 34 ]. These fi gures 
clearly demonstrate that dissociative seizures represent a signifi cant problem for 
health care providers. 

 Considering all patients with dissociative seizures regardless of their underlying 
psychiatric morbidity, some further epidemiological characteristics are particularly 
noteworthy. 

 The quota of woman patients amounts to 70–80 %. From the very beginning in 
old Egyptian and Hippocratic Greek medicine, hysteria was seen as a women’s dis-
ease, characterized by the migrating womb inside the woman’s body. This original 
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etiological theory has certainly exerted a signifi cant infl uence on the constant status 
of hysteria as a woman’s disease throughout history, whatever other reasons for the 
female preponderance might have been and still are [ 1 ,  10 ]. 

 Furthermore, initial manifestation seems to occur in a bimodal distribution. A 
fi rst peak is observed in late adolescence from the age of 19–22, a second peak in 
early adulthood between 25 and 35 years of age [ 35 ]. The fi ndings on socio- 
economic characteristics of patients with dissociative seizures are mostly normal, 
marital status is on average compared to the general population, and vocational 
training and professional qualifi cation seem to be slightly lower-than-average. 

 There are an abundant number of studies comprehensively covering epidemio-
logical and differential diagnostic topics pertaining to the group of patients with 
dissociative seizures. Several reviews—published both recently and over the last 
decade—provide excellent summaries [ 36 – 44 ].  

     Differential Diagnosis 

 Dissociative seizures oftentimes display a striking similarity to epileptic or other 
somatogenic seizures. Already Sydenham, the clinically gifted English 
seventeenth- century physician very accurately observed the “multiformity of the 
shapes” which hysteria puts on. “Few of the maladies of miserable mortality are 
not imitated by it … Hence, without skill and sagacity the physician will be 
deceived; so as to refer the symptoms to some essential disease of the part in ques-
tion and not to the effects of hysteria” [ 1 ]. Making a proper diagnosis of dissocia-
tive seizures, therefore, requires the exclusion of epileptic or other somatogenic 
seizures that might come into differential diagnostic question. 

 In the fi eld of somatogenic paroxysms, epileptic seizures (and particularly those 
of frontal lobe origin) constitute the most important and most diffi cult differential 
diagnosis to be considered. The specifi c features to be taken into account in these 
cases are discussed separately in the section on “ Diagnosing dissociative seizures ” 
below. Other relevant somatogenic differential diagnoses are listed in the left col-
umn of Table  9.1  [ 45 ].

   In the fi eld of psychogenic paroxysmal events, a number of differential diagno-
ses have to be considered likewise. They are listed in the right column of Table  9.1 .  

      Diagnosing Dissociative Seizures 

 In the fi rst step, establishing the diagnosis of dissociative seizures requires the 
exclusion of somatogenic and particularly epileptic seizures. Especially seizures of 
frontal lobe origin and some bilateral convulsive seizures may convey a strong psy-
chogenic appearance and, therefore, mislead the intuitive judgment of even proven 
specialists [ 46 ]. 
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 The combined video-EEG recording of a typical seizure remains the gold standard 
to confi rm the diagnosis [ 36 ]. Ictal EEG fi ndings with no activity typical for epilepsy in 
combination with semiological features suggestive for dissociative seizures do provide 
a high diagnostic certainty. However, home-based long-term EEG registration or Video-
EEG registration in telemetry unit are expensive examinations usually reserved to ter-
tiary centers. In many cases, the diagnosis has to be based on a normal standard EEG, 
the reported seizure history, and the reported semiological characteristics. However, no 
single semiological sign featuring a clear and unambiguous pathognomonic signifi -
cance has been identifi ed so far. The “ arc de cercle ,” the posture of opisthotonus with a 
reclination of the head and an overextension of the trunk, used to be one of the prevalent 
seizure signs of the female hysterics in the era of Charcot and Freud. Occasionally, it 
can be observed in both men and women still today. It is a semiological feature, which 
is certainly unusual in epilepsy and rather indicative for dissociative seizures. 

 Some seizure signs (see Table  9.2 ) are diagnostically suggestive. Together with 
the anamnestic data and the EEG-fi ndings they may facilitate a comprehensive clin-
ical judgment.

   There are some studies indicating that psychometric fi ndings pertaining to per-
sonality features might differentiate between patients with dissociative seizures and 
patients with epileptic seizures [ 47 ,  48 ]. The limited accuracy, though, does not 
allow a reliable diagnostic classifi cation, and the results remain indicative. 

 A micro-linguistic approach focusing on patient’s spontaneous seizure narratives 
proves to reveal most interesting results, from both a differential diagnostic and a 
psychological point of view [ 49 ]. Patients with epileptic seizures use complex and 
repeating pattern of phrasing to describe their seizures; furthermore, they frequently 
mention attempts to stop their seizures by specifi c countermeasures. In contrast, 
dissociative patients basically omit their seizures in their spontaneous seizure narra-
tive, thereby using simple and stereotype patterns of phrasing. Some promising 
empirical validation studies show that the method features quite powerful differential 
diagnostic properties [ 50 ]. A broader clinical application, however, will be limited 
by complexity and costs. 

    Table 9.1    Non-epileptic differential diagnosis of dissociative seizures [ 45 ]   

 Somatogenic non-epileptic paroxysms 
 Psychogenic non-epileptic 
paroxysms 

 Syncope  Panic attack 
 Toxic or drug-induced events  Dissociative fugue 
 Transient ischemic attack  Dissociative stupor 
 Migraine attack  Psychogenic hyperventilation 
 Vertigo attack  Psychotic catatonia 
 Sleep-associated disorders, e.g., narcolepsy, parasomnias  Psychotic stupor 
 Movement disorders, e.g., choreoathethosis  Artifi cial paroxysmal events 
 Hyperekplexia  Simulation of paroxysmal events 
 Hypoglycemic events 

  Reprinted with kind permission from Springer Science + Business Media and Springer Medizin 
Verlag Heidelberg, Germany from Schmutz et al. [ 45 ], © 2009  
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 Several attempts have been made to classify dissociative seizures according to 
their observable motor features [ 2 ,  51 ]. The value of these classifi cations for treat-
ment or prognosis has yet to be shown. Referring to the concept of symbolic signifi -
cance of somatic conversion symptoms, one of these classifi cation systems tries to 
combine motor features and psychodynamic constellations [ 2 ]. From a clinical per-
spective, the practical feasibility can be taken for granted; however, the assumed 
connection between specifi c motor features and specifi c psychodynamics still 
remains to be demonstrated. 

 A last remark in this section pertains to the fi ndings of neuroimaging studies. A 
number of MRI studies try to shed light on the pathophysiology of dissociative sei-
zures [ 52 – 54 ]. The fi ndings, though providing interesting insights in brain function-
ing, have no practical relevance for differential diagnosis or treatment so far. 
Furthermore, the authors often ignore the fundamental difference between causal 
and correlative connection in the interpretation of their fi ndings. In fact, it remains 
unclear whether the identifi ed neurobiological correlates have any etiological or 
pathogenic signifi cance. Lastly, the group under investigation is most heteroge-
neous. As shown in the section on “ Psychiatric and psychodynamic diagnosis ” 
below, dissociative seizures represent a mere symptom, but not a disorder in the 
nosological sense. The group of patients with dissociative seizures includes a broad 
spectrum of psychiatric disorders. Therefore, any fi ndings pertaining to this symp-
tom group have to be appraised very cautiously. 

    Forcing Diagnostic Clarifi cation 

 The time elapsed between the initial seizure manifestation and its diagnostic identi-
fi cation as dissociative is rather long. According to recent studies it amounts to 4–7 
years [ 37 – 44 ]. Often, many medical examinations without conclusive fi ndings, 

   Table 9.2    Clinical characteristics of epileptic versus dissociative seizures [ 45 ]   

 Sign  Epileptic seizure  Dissociative seizure 

 Duration  <5 min  >5 min 
 Occurrence  No regularity  With bystanders, seldom alone 
 Motor signs  Tonic-clonic  Asynchronous 
 Automatisms  Stereotypical, 

oro-alimentary 
 Varying, bizarre 

 Injury  Stereotype pattern of injury  Severe self-injury possible 
 Tongue bite  Lateral, cheek bite  None or tip of tongue 
 Eyes  Initially open  Closed, squinting 
 Amnesia  Total  Partial, resolvable 
 Postictal  Slow reorientation  Sudden reorientation, astonished, rubbing 

the eyes 
 Enuresis, enkopresis  Possible  Enuresis possible, enkopresis seldom 

  Reprinted with kind permission from Springer Science + Business Media and Springer Medizin 
Verlag Heidelberg, Germany from Schmutz et al. [ 45 ], © 2009  
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tentative treatments with anticonvulsive drugs, seizure-related inability to work, 
and, last but not least, a lot of social stress in families and friendships are the nega-
tive milestones of this interim time. Enabling early diagnostic clarifi cation has 
become a relevant issue in the health care management of dissociative seizures in 
order to minimize their adverse socio-medical implications (or, psychologically 
speaking: their accessory symptoms). Many specialized epilepsy centers around the 
world apply provocation techniques for seizure induction (e.g., the injection of 
NaCl) so as to facilitate ictal registration. The ethical pros and cons have been (and 
still are) substantially debated [ 55 – 57 ] and both positions (in short: the potential 
damaging of the patient-physician relation by a deceiving medical procedure versus 
the prevention of future seizure-related and iatrogenic harm by forcing diagnostic 
clarifi cation) merit full respect. 

 From a psychological point of view, however, the controversy is of minor signifi -
cance. If a patient is ready to have a seizure during inward EEG monitoring and 
thereby allows diagnostic identifi cation, it actually means that he or she is ready to 
face the intra-psychic confl ict and the related feelings of anxiety, shame, guilt, or what-
ever may constitute the psychological reasons for the seizures. It is, so to speak, a fi rst 
step in psychotherapy. The openness and willingness to tread this path does not depend 
on the seizure induction technique, but primarily on the patient’s conscious and uncon-
scious motivational state. Secondarily, the neurologist responsible for the lead-up to 
the inward monitoring should prepare the patient in a most frank and natural way for 
possible diagnostic outcomes, including dissociative seizures. Whether explicitly or 
implicitly, the patient will get the message that the neurologist would accept dissocia-
tive seizures and not despise them as probably suspected. And last but not least, the 
whole neurological and nursing inward stuff may substantially support the diagnostic 
procedure by maintaining a sympathetic attitude and thus enabling the patient to feel 
secure and to move forward psychologically. Some very basic theoretical education on 
dissociative seizures is required. Furthermore, appropriate communication training 
will foster stuff’s attitude and facilitate a successful diagnostic procedure.  

       Psychiatric and Psychodynamic Diagnosis 

 As shown in the previous sections, making the proper diagnosis of dissociative sei-
zures requires profound neurological expertise and, in many cases, the possibility of 
an inward monitoring setting in a specialized neurological or epilepsy center. In the 
initial phase of the diagnostic work-up, psychiatric and psychodynamic consider-
ations have no more than an indicative value. The occurrence of even severe intra- 
psychic or social stress per se cannot provide diagnostic certainty, because too many 
patients with epileptic seizures or with syncope also report strain and stress in their 
life. Only in combination with a clear exclusion of epileptic and other somatogenic 
seizures, psychiatric and psychodynamic fi ndings are conclusive. Nevertheless, 
there are good reasons to involve mental health specialist in an early stage of the 
diagnostic work-up. Communicating the diagnosis of dissociative seizures is much 
easier when both exclusion and inclusion diagnosis are provided together. 
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 When asked to give an account on their current life situation, a substantial num-
ber of patients with dissociative seizures initially describe a largely unremarkable 
and well-balanced condition in regard to emotions, relationships, and job situation. 
A regular psychiatric exploration primarily checking for severe psychopathologic 
signs will most probably yield inconspicuous fi ndings. From a psychological point 
of view, we should not be surprised about that and, moreover, we should not think 
that patients are not telling the truth. Every successful formation of a conversion 
symptom tries to absorb the unbearable internal or external stress and results in an 
emotional relief. This is the rationale behind all neurotic symptoms: a distress is 
covered up and displayed at the same time. Acknowledging this psychodynamic 
background, it makes sense to take down the past psychological and medical history 
in two stages. In a fi rst step, a detailed history of initial seizure manifestation and 
seizure semiology is taken, though without actively focusing on potential psycho-
logical and social circumstances that might be associated with the seizure genesis. 
In a second step, the patient is asked to disclose an overview on his or her biography 
including family of origin, adolescence, schooling, further education, professional 
situation, and social development in adulthood. Usually, patients do not match these 
two discourses (of symptom history and biography). But if  we  do so (and match the 
time of initial symptom manifestation with the corresponding biographical situa-
tion), we are able to establish a working hypothesis pertaining to the psychological 
reasons of the symptom formation in many cases. However, we should be aware at 
this point that the way from a psychological working hypothesis to a shared under-
standing with the patient has to be prepared carefully. An untimely communication 
may lead to rejection. 

 Along with the classical psychosomatic tradition, DSM refers to the constella-
tion just described above as conversion disorder. However, dissociative seizures 
may also occur as accessory symptom of severe psychopathology. 

 Most current publications on dissociative seizures include some remarks on the 
so-called psychiatric “comorbidity,” specifying co-occurring psychiatric diagnosis 
under this heading. The term “comorbidity” is actually misleading in this context, 
because it implies that dissociative seizures constitute an own morbidity, possibly 
occurring with other psychiatric morbidities. However, dissociative seizures do not 
represent a psychiatric disease per se, but a mere symptom. In other words they 
represent a symptomatic sign of an underlying disorder. The distinction between 
symptom and disorder is not trivial. A useful differential diagnostic category is mis-
taken for a nosological entity [ 58 ]. From a neurological point of view, patients with 
dissociative seizures may comprehensibly appear as a homogenous patient group, 
distinguished from patients with epilepsy or from patients with syncope. However, 
patients with dissociative seizures are part of most different psychiatric disorder 
groups, thus, from a psychiatric perspective, representing a most heterogeneous 
group with one common symptom. The consequences of this confusion are rather 
serious. A lot of current research papers report heterogeneous and unsatisfactory 
fi ndings in regard to therapy and outcome prediction. The common research prac-
tice to pool dissociative seizures patients and handle them as though they consti-
tuted a nosological group most certainly account for at least some of the problems 
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reported. The issue will be elaborated further below in the sections on “ Clinical 
management ” and “ Therapy ”. 

 Some recent reviews on dissociative seizures provide useful information about 
the comorbid, or more precisely, underlying psychiatric disorders associated with 
dissociative seizures [ 40 ,  42 ,  59 ]. However, data on frequency are very 
heterogeneous. 

 From a clinical point of view, a number of psychiatric disorders are particularly 
prone to include dissociative seizures or other conversion symptoms as one of their 
pathognomonic symptoms:

•    Disorders with predominant “somatoform dissociation” [ 60 ] or dissociative 
“compartmentalization” (see the section on “ Terminology ”) like the somatiza-
tion disorders or the conversion disorders, respectively. While somatization dis-
orders seem to operate on a rather undifferentiated psychological level close to 
bodily functions, conversion disorders rather include more sophisticated psycho-
logical confl icts, often pertaining to dependency and autonomy in late adoles-
cence and early adulthood or parenthood.  

•   Disorders with predominant “psychoform dissociation” [ 61 ] or dissociative 
“detachment” (see the section on “ Terminology ”) like the borderline personality 
disorders and the trauma-related stress disorders.  

•   Adjustment disorders in patients with severe learning or mental disabilities. Due 
to comorbid mental and/or physical handicaps a number of these patients live in 
sheltered or assisted accommodations. Most often, they develop dissociative sei-
zures as a reaction to social and environmental change or stress. Neighboring 
patients with epileptic seizures frequently serve as symptomatic role model.  

•   Epilepsy patients developing dissociative seizures after having achieved seizure 
freedom either by successful epilepsy surgery or by antiepileptic drug treatment. 
The “burden of normality” [ 62 ] weighs more than the benefi t of living without 
epileptic seizures and the conversion symptom intends to maintain secondary 
gain from illness. Referring to the neurobiological concept of “ alternative 
 psychosis ” in epilepsy [ 63 ], we might term this psychological process of failed 
adjustment as “ alternative neurosis. ”  

•   Epilepsy patients developing dissociative seizures in addition to their preexisting 
epileptic seizures. In reverence to Charcot, the co-occurrence of epileptic and 
dissociative seizures is sometimes called “hystero-epilepsy” (although Charcot 
actually used the term with different and partly confl icting meanings over the 
years [ 10 ]). The conversion symptom represents a dysfunctional coping with the 
epilepsy. Along with mentally impaired patients, severe borderline patients with 
comorbid epilepsy are particularly prone to this constellation, thereby complicat-
ing and sometimes even impeding adequate seizure treatment. In many cases, a 
proper classifi cation of an acute seizure exacerbation is not possible and non- 
adherence to the anticonvulsive drug treatment may further obscure the situation. 
In general, the co-occurrence of dissociative and epileptic seizures is rather sel-
dom; however, in specialized tertiary centers it is seen quite often. 5–10 % of all 
patients with confi rmed dissociative seizures suffer from epileptic seizures as 
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well [ 64 ,  65 ]. Considering the general prevalence of epileptic and of dissociative 
seizures [ 33 ], we can conclude the other way around that about 0.15 % of all 
patients with epileptic seizures also suffer from dissociative seizures.      

      Clinical Management 

 The clinical management of patients with dissociative seizures is generally consid-
ered as challenging [ 66 ]. A signifi cant number of patients are desperately seeking 
for an organic cause of their seizures. They perceive the diagnosis of dissociative 
seizures as disappointing and even offending and prefer to obtain another second 
opinion instead of being referred to psychotherapeutic treatment. Some major pit-
falls in the clinical management are discussed in the following. 

    Countertransference 

 Patients with dissociative seizures frequently behave in a most challenging way dur-
ing inward investigation. They are demanding and they quickly complain of not 
being taken seriously. Even on inquiry they remain very vague in the description of 
their seizure symptoms, and the degree of their psychological strain is surprisingly 
low in view of all the previous emergency admissions, the spectacular seizure- 
related disturbances in the social and professional environment, and last but not 
least the serious strain of their partners and close friends. Inward staff is regularly 
annoyed and complains about limited cooperation. 

 Focusing on the underlying psychiatric disorders and psychodynamics helps the 
neurologists and the nursing professionals to master these challenges. 
Countertransference is a most useful concept originally developed in  psychoanalysis. 
It basically assumes that the therapist’s emotional reactions to the patient refl ect the 
patient’s inner confl icts and psychodynamic [ 67 ]. The refl ection may operate in a 
complementary or parallel way. A depressed patient can cause health professionals 
to either react in a very protecting and sparing or in a rather aggressive and impa-
tient way. Both attitudes obviously refer to a basic problem of aggression manage-
ment in the psychodynamic of depression. Likewise, somatoform patients tend to 
induce anger and subtle reproaches of aggravating or even feigning their symptoms. 
This reaction refers to the somatoform process of fully absorbing interpersonal and 
emotional distress and strain by somatic symptoms, therefore effectively impeding 
the development of empathy and compassion. The tendency of borderline patients 
to induce splitting and overt confl ict in treatment teams is well-known, well 
described, and does not need further elaboration here. Patients with conversion dis-
order often display a most irritating unconcern or even airiness pertaining to the 
most serious medical and social implications and consequences of their dissociative 
seizures. Typically and in a pronounced contrast to patients with epileptic seizures, 
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they do not express an urgent wish to get rid of the seizures. Rather they are inter-
ested to know the diagnosis and how to cope better with the seizures. These phe-
nomena have been described as the hysteric “ belle indifference ” and refer to the gain 
of neurotic symptom formation (see the section on “ Psychiatric and psychodynamic 
diagnosis ”).  

    Communicating the Diagnostic Findings 

 In the framework of a comprehensive diagnostic work-up, the neurologist’s task 
does not only include to secure the exclusion of the somatogenic differential diag-
noses, but also to communicate the diagnostic fi ndings, to give a treatment recom-
mendation, and to initiate a referral if wished by the patient. 

 It is widely acknowledged that the way the diagnostic fi ndings are communi-
cated may infl uence the chance of a successful psychotherapeutic referral and might 
even have an impact on the symptomatic outcome. A number of manuals and proto-
cols have been proposed in order to facilitate the diagnostic disclosure talk [ 34 ,  68 , 
 69 ]. A central theme of the recommendations is to emphasize several exclusion 
issues: no epilepsy, no anticonvulsive drugs, no simulation. The intention to focus 
on seemingly good news and to avoid the confl ict-prone “psycho”-issue is under-
standable; however, the impact of this approach seems questionable. Instead of 
beating about the bush and talking about what the seizures are  not  and what they do 
 not  imply, why not tell the patients directly what their seizures are: fi ts with a high 
disintegrative impact on the control of bodily motor functions and consciousness 
(therefore called dissociative), originating from psychological and sometimes social 
distress and strain (i.e., a kind of cry for help in body language), that can be further 
identifi ed and resolved in a psychotherapy (by learning to read and translate the 
body’s language). 

 Identifying a somatic symptom as being dissociative in nature and disclosing the 
diagnosis to the patient is equivalent to making a strong psychological interpreta-
tion. The theory and clinical practice of psychoanalytic interpretation clearly show 
that preparation, timing, and wording are crucial. There is a considerable potential 
for failure. Patients with dissociative seizures may react to the diagnosis with anger, 
rage, and sometimes even with a sudden breakup of the hospitalization. Clinical 
experience suggests that mental health professionals should actively be involved at 
this point of the diagnostic work-up. Psychiatric and psychodynamic fi ndings—
while only indicative in the early stages of medical investigations—become most 
relevant now. From a patient’s point of view, the presentation of a working hypoth-
esis about the psychological background of the dissociative seizures will signifi -
cantly increase the diagnostic plausibility. In other words, disclosing the diagnostic 
fi ndings should preferably include both the psychological and the neurological 
results, presented jointly by the psychologist and the neurologist [ 70 ,  71 ]. Due to 
limited personal and fi nancial resources a leaner procedure may be required, though 
it is still possible to implement the presented basic idea.   
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     Therapy 

 In 1730, the English physician Mandeville published the “ Treatise of the hypochon-
driac and hysteric diseases. ” Somewhere he describes “ hysteric seizures ” of a 
female patient and, subsequently, the following dialog between the physician and 
this female patient: “[Physician:…] wherefore if the Lady’s youth and strength be 
prudently assisted, I am of the opinion, Madam, that she’ll certainly be cured. In 
order to it, in the fi rst place, I would for one month prescribe a course of exercise, 
and no medicines at all. [Patient:] A course of Exercise? and no medicines at all?” 
[ 72 ] The lady’s upset reaction to the treatment recommendation seems very modern 
and could easily come from a present-day patient. Likewise, present-day research 
literature on dissociative seizures rather consistently agrees with Mandeville, that 
psychotherapy is the treatment of choice [ 37 ,  39 ,  41 ,  72 – 74 ]. The widely recognized 
methods of cognitive-behavioral, psychodynamic, and systemic therapies [ 75 – 81 ] 
have proven their clinical worth, in general as well as in patients with dissociative 
seizures. From an empirical point of view, several studies [ 82 ,  83 ] and meta- analyses 
[ 84 ,  85 ] have investigated the effectiveness of the major psychotherapeutic methods 
and other psychological interventions like, e.g., hypnosis. Most studies report 
improved symptomatic outcomes under the applied intervention under investiga-
tion. However, there are methodological shortcomings signifi cantly limiting the 
results. Only some few studies control the selection bias by randomization. 
Therefore, it remains unclear what kind of patients would accept psychotherapy and 
what kind of patients would refuse to do so. Even the question whether psycho-
therapy is more benefi cial than the natural course itself [ 83 ] is unanswered. 

 A further and more basic methodological problem pertains to the psychiatric 
heterogeneity of patients with dissociative seizures. As shown in the section on 
“ Psychiatric and psychodynamic diagnosis ”, dissociative seizures represent a mere 
symptom, but not a disorder. They do not constitute a meaningful nosological group. 
This means that studies investigating psychotherapeutic treatments in patients with 
dissociative seizures are in fact dealing with very different underlying psychiatric 
disorders. It can be assumed that this heterogeneity basically accounts for the incon-
sistent and unsatisfactory treatment research fi ndings. 

 From a clinical point of view, the selection of the appropriate psychotherapeutic 
method and interventions should primarily relate to the operant underlying psychi-
atric disorder (and to the psychodynamic constellation of course). A short example 
may help to clarify this point. Different psychiatric disorders include insomnia as an 
accessory symptom, e.g., psychosis, depression, or anorexia—just to mention a few. 
It would not make sense to pool these patients in an insomnia group, to develop one 
joint insomnia treatment program, and to evaluate the effectiveness of this program. 
Of course, any meaningful treatment and research would primarily relate to the dif-
ferent underlying disorders and not to the mere symptom of insomnia. Likewise, 
there is no reason to develop or to apply specifi c therapy programs for dissociative 
seizures [ 74 ,  82 – 84 ,  86 ]. Rather, the neurologist should notice that there are already 
different clinically approved and evidence-based methods of psychotherapy, 
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providing most helpful theoretical and practical tools for the treatment of patients 
with all the psychiatric disorders that include dissociative seizures as an accessory 
symptom [ 75 – 81 ]. Neurologists do not have to start from scratch and reinvent 
psychotherapy. 

 The psychotherapists, on the other hand, should recognize that the treatment of 
dissociative seizures and other conversion symptoms used to be—and still is—their 
very own professional business [ 87 ]. After all, Anna O. and the other hysterics in the 
case histories of Freud and Breuer served as important catalysts for the development 
of psychotherapy [ 88 ]. As with epileptic seizures, dissociative seizures generally 
have a high impact on body and motor functioning. Most psychotherapists though—
be it psychiatrists or psychologists—are exclusively using verbal interactions as 
working tool. Occurring seizures may be perceived as a damage or even destruction 
of this verbal space of interaction and communication both in the literal and in the 
fi gurative sense. The patient needs physical support, the verbal communication is 
interrupted, and the time schedule of the consultation might get disturbed. We may 
assume that patients with dissociative seizures subtly elicit fear and discomfort par-
ticularly in psychotherapists who are not experienced in treating these patients. This 
fi ts in with the fact, that epilepsy centers or neurologists trying to refer patients with 
dissociative seizures to outpatient psychotherapy departments encounter striking 
reservations. 

    Seizure-Specifi c Therapeutic Considerations 

 Certainly, there are some specifi c seizure-related issues that the psychotherapist 
needs to know and to consider. The occurrence of a dissociative seizure does not 
require an emergency physician unless major injury is suspected. Also, there is no 
indication to apply sedative drugs. Even in the case of a prolonged dissociative sei-
zure (sometimes referred to as “dissociative seizure status”), the use of benzodiaz-
epines or similar drugs is not recommended. All dissociative seizures will fi nally 
cease, be it by exhaustion or by sleep. The condition of an underlying or indeed 
comorbid psychiatric disorder may certainly require the use of psychotropic medi-
cation; however, it should be clear for both the patient and the psychotherapist that 
there is no direct anti-dissociative seizure medication. 

 Some simple behavioral rules have proven to be effective for shortening a sei-
zure. Too many bystanders and too much care will most probably aggravate the 
seizures; too little attention will do the same. In the case of a seizure occurring dur-
ing consultation, it is up to the psychotherapist to react in a neither over- nor 
“under”-protective way. At home and at work, it is up to the patient himself or her-
self to inform family member and coworkers appropriately about reasonable reac-
tions in case of a seizure. Many patients report diffi culties to implement this kind of 
indirect coping behavior pertaining to the own seizures. For the most part, the 
patient’s readiness to move forward in the therapy will decide about the success. 
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 As with other conversion symptoms, dissociative seizures are particularly suit-
able for the rapid development of secondary gain from illness. Family members feel 
obliged to accompany and supervise the patient 24 h a day, general practitioners are 
pressured to confi rm the incapacity for work, and claims for insurance benefi ts or 
even a disability pension may arise. Secondary gain from illness in neurosis has 
always a strong anti-therapeutic impact because it ensures the perpetuation of the 
symptom. Therefore, the issue has to be addressed therapeutically with priority. 
Most certainly, there are a number of patients with dissociative seizures who do 
need a permanent supervision, and who are incapable for work indeed, and who 
may even qualify for insurance benefi ts. However, it is not the mere symptom of 
dissociative seizures but the underlying psychiatric disorder that may give reason 
for that. 

 Another seizure-specifi c issue is the fi tness to drive a car. In many countries there 
are legal regulations that apply to all seizures coming along with alteration of con-
sciousness or with a shortened capacity to control motor functions—irrespective of 
seizure etiology. In other countries, epileptic and dissociative seizures are addressed 
separately by the legal requirements, and fi nally there are some countries with 
unclear or even missing legal regulations pertaining to dissociative seizures. Due to 
the need for medical certifi cation, patients regularly raise the issue of fi tness to 
drive. Of course the psychotherapist must encourage the patient to observe any 
existing legal regulations—be it nationwide or statewide. In case of missing regula-
tions, the psychotherapist should give a well-founded advice. The prognostic assess-
ment should take into consideration the previous symptomatic and therapeutic 
course and, of course, seizure-related issues like frequency and circumstances of 
occurrence and possible changes in semiological features like altered consciousness 
or impaired motor control. Furthermore the potential for autoaggressive and self- 
injurious behavior should be evaluated. In most cases it is possible to achieve a 
reasonable and mutually agreed arrangement with the patient. 

 Lastly, some remarks pertain to role of the neurologist after the referral is done 
and the psychotherapy is established. Along with all conversion patients, patients 
with dissociative seizures repeatedly tend to mistrust the diagnostic fi ndings and to 
actively seek diagnostic reevaluation. Most interestingly, psychotherapists (espe-
cially psychiatrists) do the very same and express overt mistrust of the diagnostic 
validity of ictal video-EEG-registration [ 89 ]. This gap between differential diag-
nostic specialists and treatment specialists is remarkable, the more so as empirical 
fi ndings since the 1970s clearly demonstrate a constantly low rate of only 4 % of 
misdiagnosis in the fi eld of conversion symptoms [ 90 ]. When both the patient and 
the psychotherapist mistrust the referral diagnosis, treatment will not work well for 
sure. From a psychotherapeutic perspective, mistrusting the diagnosis may prefer-
entially occur in early, vulnerable, or stuck stages of the psychotherapeutic process. 
Psychotherapists challenging the diagnosis should not hesitate to check with the 
neurologist, who in turn should be ready to explicate the diagnostic fi ndings again. 
Sometimes a patient who has doubts about the diagnosis needs direct reassurance 
by the neurologist. A short consultation may prevent both a discontinuation of psy-
chotherapy and further unnecessary and costly reevaluations.   
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    Outcome and Prognosis 

 Patients with dissociative seizures have a rather poor symptomatic outcome. In about 
one-third of all patients seizures chronically persist. Another third do symptomati-
cally improve, though without achieving seizure freedom. The last third fi nally get 
seizure-free in the long run [ 58 ,  91 ,  92 ]. Due to methodological reasons, the perti-
nent outcome studies are diffi cult to compare; however, estimates of two meta-anal-
yses consistently reveal a rather poor overall trend [ 58 ,  92 ]. In order to enhance 
understanding and treatment, quite a number of psychiatric, psychological, medical, 
and socio-demographic features have been investigated with regard to their prognos-
tic properties. So far, the prognostic value of most of the investigated variables is 
controversially appraised by different studies. Two meta-analyses show that some 
few characteristics seem to be relevant for prognosis [ 58 ,  92 ]. First, a short period of 
time between initial seizure manifestation and diagnostic clarifi cation is associated 
with a better outcome. Second, severe personality pathology is associated with a 
worse outcome. Third and last, the clear identifi cation of a stressful event preceding 
the initial seizure manifestation is again associated with a better outcome. 

 There are some problematic methodological issues like the multitude of merely 
correlative fi ndings and the multitude of retrospective, but not prospective data 
 analysis. As already explicated in regard to therapy above in the section on “ Clinical 
management ”, a further and more basic methodological problem pertains to the 
psychiatric heterogeneity of patients with dissociative seizures. How should it be 
possible to identify common prognostic factors in a group of most different psychi-
atric patients? The prognostic features mentioned in previous paragraph are rather 
general and, therefore, might apply to different psychiatric disorders indeed. 

 The close interrelation between diagnosis, treatment, and prognosis is well- 
known in most fi elds of medicine. In a recently published clinical guide to epileptic 
syndromes and their treatments, it is put as follows: “Medical diagnosis is the iden-
tifi cation of a disease by investigation of its symptoms and history, which provides 
a solid basis for the treatment and prognosis of the individual patient” [ 93 ]. 

 To the best of my knowledge there is no outcome or prediction research on dis-
sociative seizures based on the underlying psychiatric disorders in the last decades. 
In the 1960s, Guze and Perley published two studies on the Briquet syndrome (i.e., 
the later somatization disorder) and could clearly demonstrate the diagnostic valid-
ity of the syndrome and a chronic poor symptomatic course in the long run [ 12 ,  13 ]. 
Here we have an example “of the identifi cation of disease by investigation of its 
symptoms and history, which provides a solid basis for … prognosis…” [ 93 ]. 

 In the fi eld of neurology, dissociative seizures remain a most challenging differ-
ential diagnostic task. With regard to treatment issues as well as research on out-
come and prognosis, the psychiatric and psychotherapeutic community should get 
into gear and increase its involvement. A look back into the history of psychother-
apy reveals its formerly close connection to seizures and other conversion symp-
toms. This tradition and expertise must be resumed and further elaborated in close 
cooperation with epilepsy centers and neurologist already working in the fi eld.     
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    Chapter 10   
 Consciousness       

       Andrea     E.     Cavanna     

    Abstract     The concept of consciousness is central to human experience in both 
health and pathology. Over the last few years, consciousness studies have featured 
translational approaches with multidisciplinary contributions from philosophy, psy-
chology, and neuroscience. Transient alterations of consciousness characterize the 
clinical phenomenology of different types of epileptic seizure. The assessment of 
both the level of consciousness (arousal, clinically tested as responsiveness) and the 
contents of consciousness (awareness, clinically tested as patient report of subjec-
tive experiences) is of pivotal importance for the clinical characterization of the ictal 
state. Investigation of changes in brain activity during epileptic seizures resulting in 
complete loss of consciousness (e.g., absence and generalized tonic-clonic seizures) 
or specifi c alterations of the normal conscious state (e.g., focal seizures of temporal 
lobe origin) is likely to shed light on the so far elusive neural correlates of con-
sciousness. In turn, in-depth understanding of the functional aspects of the neural 
networks sustaining consciousness can lead to the development of better strategies 
to improve seizure severity and health-related quality of life in patients with 
epilepsy.  
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       No better neurological work can be done than the precise investigation of epileptic parox-
ysms. John Hughlings-Jackson, 1889 [ 1 ] 

   The good physician is concerned not only with turbulent brain waves but with disturbed 
emotions. William G. Lennox and Charles H. Markham, 1953 [ 2 ] 

      Defi ning Consciousness in Epilepsy 

    From Philosophy of Mind to Consciousness Studies 

 The turn of the new millennium marked the beginning of a new era characterized 
by mushrooming of neuroscientifi c publications on consciousness, a concept tradi-
tionally confi ned to philosophical and psychological enquiry [ 3 ]. In 2004, the 
authors of the chapter “The neural correlates of consciousness” in the second edi-
tion of the classical textbook  Human brain function  explicitly stated that “In the 
fi rst edition of this book there was a fi nal chapter on the future of imaging in which 
use of the word consciousness was strictly avoided until very last sentence. Now 
that we have moved into a new millennium it has no longer been so easy to resist 
the Zeitgeist. That single sentence has become a whole chapter” [ 4 ]. Unprecedented 
advances in both clinical and experimental neurosciences led to heightened interest 
in the search for the neurobiological underpinnings (“neural correlates”) of mental 
states including the qualitative features of subjective experience [ 5 ,  6 ]. These 
include the whole spectrum of feelings and emotions and are collectively referred 
to by philosophers of mind using the concept of “qualia,” a Latin word which is the 
plural of quale and literally means “of what sort” or “of what kind.” Sensory qualia 
are familiar to all of us when we enjoy the taste of chocolate ( that kind of  pleasure) 
or experience shivers through the spine when listening to Puccini’s opera ( that kind 
of  emotion). American philosopher Daniel Dennett encapsulated the essence of 
qualia in his famous 1988 article titled “Quining Qualia”: “an unfamiliar term for 
something that could not be more familiar to each of us: the ways things seem to 
us” [ 7 ]. 

 The very concept of qualia is still at the center of a heated philosophical 
debate on the mind-body problem, as their very existence and nature can pose a 
serious challenge to reductionist or physicalist views of consciousness. 
Moreover, qualia were traditionally considered accessible only through intro-
spection (“fi rst person perspective”), and therefore resistant to scientifi c investi-
gation in terms of objective approaches (“third person perspective”). Despite 
conceptual diffi culties and theoretical uncertainties, the last few years have seen 
neuroscientists entering the arena of consciousness studies to offer a key contri-
bution towards the search for the neurobiological mechanisms underlying qualia 
[ 8 – 10 ].  
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    Level and Contents of Consciousness in Neuropsychiatry 

 Qualia are not the only feature of our consciousness. In medical textbooks, conscious-
ness is typically mentioned in the context of conditions characterized by its suppres-
sion, ranging from physiological states (sleep-wake cycle) to chronic brain pathologies 
(coma and vegetative state) and pharmacologically induced anesthesia (e.g., propo-
fol-induced unconsciousness) [ 11 ]. Subjects in these conditions share the characteris-
tic of being unresponsive, suggesting impairment in a core aspect of consciousness. 
While qualia refer to subjective experiences (contents of consciousness), unrespon-
siveness is an objective measure of arousal (level of consciousness). The identifi ca-
tion of two different components of consciousness suggested a multidimensional 
approach to the scientifi c study of consciousness, through the development of a bidi-
mensional model (level versus contents) for the assessment of conscious states [ 5 , 
 11 ]. Of note, the two components of consciousness show a degree of correlation 
(when we experience the world [contents], we usually are in a responsive state [level]). 
This can be better understood by comparing consciousness to television: when the 
television is switched on (level), different programs can be viewed (contents); on the 
other hand when the television is off, it is not possible to watch any program (Fig. 
 10.1 ). There are however a few instances in which subjects can experience vivid con-
tents of consciousness despite being unresponsive (absent level of consciousness), as 
in the rapid eye movement (REM) sleep stage. The bidimensional model of con-
sciousness acknowledges the different properties (and underlying neurobiological 
mechanisms) of the level and contents of consciousness [ 5 ].

Level

Contents

  Fig. 10.1    Bidimensional model of consciousness and analogy with television: level of arousal 
(on-off) versus contents of awareness (television programs)       
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   Over the last few years, the level-versus-contents bidimensional model has been 
successfully used to assess conscious states in chronic pathologies of consciousness 
and has been proposed and validated for use in transient pathologies of conscious-
ness such as epilepsy [ 12 – 14 ]. Patients with epilepsy can present with different 
degrees of alterations in both the level and contents of consciousness, depending on 
the differential involvement of brain structures. This has crucial implications in terms 
of diagnosis, treatment, and prognosis for patients who suffer from epileptic seizures 
which affect consciousness. The clinical relevance of understanding the mechanisms 
responsible for the specifi c alterations of consciousness induced by different epilep-
tic seizures cannot be underestimated, and it is not surprising that the international 
epilepsy community has recently developed a particular interest in consciousness 
studies. Over the last few years, two of the most important journals in the fi eld of 
clinical neuropsychiatry devoted an entire special issue to the relationship between 
epilepsy and consciousness, with articles focusing on all relevant aspects of this rela-
tionship [ 15 ,  16 ]. In a sense, epilepsy is an open window on the neural correlates of 
consciousness, which in turn have the potential to inform clinical scientists about the 
most promising avenues to develop effective treatments to prevent epilepsy-induced 
alterations of consciousness and improve health-related quality of life of patients [ 17 , 
 18 ]. The following section will review current strategies for the assessment of ictal 
conscious states in patients with epilepsy. This will be followed by an overview of 
the current understanding of the different alterations of consciousness in generalized 
seizures (complete black-out caused by absence and generalized tonic-clonic sei-
zures) and focal seizures (especially experiential phenomena or epileptic qualia 
caused by temporal lobe seizures), along with their underlying brain mechanisms.   

    Assessing Consciousness in Epilepsy 

    Ictal Consciousness Inventory 

 Over the last decade a few instruments have been specifi cally developed to assist the 
clinical assessment of alterations of consciousness during epileptic seizures [ 19 , 
 20 ]. These tools offer invaluable help to both clinicians and researchers who aim to 
systematically assess the ictal conscious state across different seizure types. The 
Ictal Consciousness Inventory (ICI) was developed in 2008 as the fi rst of these 
instruments, following the theoretical framework of the bidimensional model for 
the evaluation of ictal consciousness [ 14 ]. This scale consists of 20 items which 
evaluate both arousal/responsiveness (level of consciousness: items 1–10) and qua-
lia/subjective experiences (contents of consciousness: items 11–20) during epileptic 
seizures. The items focusing on the level of consciousness directly assess self-con-
sciousness, general awareness of time, place and other people’s presence, under-
standing of other people’s words, verbal and nonverbal responsiveness, gaze control, 
forced attention, and voluntary action initiation. The items focusing on the contents 
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of consciousness quantify the “vividness” of a range of subjective experiences: 
dreamy states, symptoms of derealization (with both temporal and spatial features), 
feeling of the presence of an absent person, illusions, hallucinations, déjà vu/vécu, 
unpleasant and pleasant ictal emotions. The results of the ICI development and vali-
dation study confi rmed that the ICI is an accurate psychometric instrument for col-
lecting retrospective accounts of the clinical phenomenology of seizure- induced 
alterations of consciousness, capturing the complexity of ictal experiential phenom-
ena. Limitations are mainly related to the retrospective nature of self-report accounts 
of past seizures, which can be particularly relevant for seizures resulting in ictal 
and/or post-ictal amnesia.  

    Consciousness Seizure Scale 

 The Consciousness Seizure Scale (CSS) was developed in a 2009 study exploring 
the mechanisms underlying loss of consciousness during epileptic seizures arising 
from the temporal lobe [ 21 ]. This instrument assesses ictal consciousness across six 
different features (eight clinician-rated items): unresponsiveness (assessed in two 
ways), visual attention, consciousness of the seizure, adapted behavior, amnesia 
(assessed in two ways), global appreciation of consciousness by an experienced 
physician. The CSS was proposed as a valid tool for the assessment of the degree of 
consciousness impairment in temporal lobe seizures, based on the signifi cant cor-
relation between this index and objective measures of neural signal synchronization 
concomitant to ictal alterations of consciousness. The main limitation of this instru-
ment is the methodology of its development, which was not based on standardized 
prospective testing, thus prompting the need for further research to fully evaluate its 
psychometric properties.  

    Responsiveness in Epilepsy Scale 

 The Responsiveness in Epilepsy Scale (RES) is the most recent addition to the 
instruments specifi cally developed for the assessment of consciousness in epilepsy 
[ 22 ]. This scale was modifi ed from the JFK Coma Recovery Scale-Revised [ 23 ], 
with modifi cations which allow ictal responsiveness testing within the typical short 
timeframe of seizures in patients undergoing video-electroencephalography. The 
RES was developed in two multi-level versions: RES-I and RES-II. The RES-I con-
sists of 12 items across three levels. The eight items in Level 1 include orientation 
questions, and other verbal questions and commands to test receptive and expressive 
language, visual processing, and motor praxis. The two items in Level 2 involve 
sensorimotor responses and visual tracking. Finally, the two items in Level 3 assess 
responses to visual threats and noxious tactile stimulation. The RES-I also includes 
additional tests for memory recall at seizures onset and post-ictal motor 
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performance. Level 2 is scored only if patients score above a set threshold in Level 
1, and Level 3 is scored dependent on patients’ scores in Level 2. The results of the 
RES-I validation study showed that this scale yields an accurate measurement of 
consciousness impairment across different seizure types, with the possible limita-
tions of the relatively small sample size and the requirement for skilled personnel for 
its administration. The RES-II scale is a more recent refi nement of the RES-I, with 
a similar structure to the RES-I and the reduction of the number of items to ten plus 
the possibility to score an additional item assessing responsiveness to a painful stim-
ulus, in case patients failed to respond to any of the other ten items [ 24 ]. Advantages 
of the RES-II include the improved user-friendliness and the shorter administration 
time compared to the RES-I, while maintaining the reliability of its predecessor.   

    Alterations of Consciousness in Epilepsy 

    Generalized Seizures 

 Generalized seizures (both convulsive seizures, such as generalized tonic-clonic sei-
zures, and absence seizures) are the most common causes of epilepsy-induced loss of 
consciousness, as they are associated with disruption in both the level and the contents 
of consciousness [ 25 – 29 ]. The dramatic clinical phenomenology of generalized tonic-
clonic seizures is characterized by rigid stiffening of the limbs (tonic phase), followed 
by violent bilateral spasms (clonic phase), which usually last for up to 2 min, during 
which consciousness is completely abolished. The ictal phase is typically followed by 
profound lethargy and confusion (i.e., decreased level of consciousness) persisting for 
a few hours. Most patients report complete amnesia for this type of seizures. 

 Ictal electroencephalographic recordings show widespread, low-voltage, fast or 
polyspike activity during the tonic phase, followed by polyspike-wave activity in 
the clonic phase, and generalized suppression in the post-ictal phase. Brain imaging 
during generalized tonic-clonic seizures is notoriously challenging because of obvi-
ous safety risks to the patients, as well as technical diffi culties related to the pres-
ence of abundant muscle artifacts caused by the convulsions. Neuroimaging using 
single-photon emission computerized tomography (SPECT) has the advantage of 
allowing injection of radiotracers during the ictal phase: although imaging is per-
formed over 45 min after administration, on medically stable patients, it is possible 
to map cerebral blood fl ow during the seizure as the radiotracers are taken up 
quickly by the brain after injection and do not redistribute [ 30 ]. SPECT imaging 
fi ndings from both focal seizures with secondary generalization and tonic-clonic 
seizures induced by electroconvulsive therapy have shown substantial blood-fl ow 
changes, with bilateral increases in blood fl ow seen in the lateral fronto-parietal 
cortex, medial parietal cortex, thalamus, and upper brainstem, while ictal decreases 
have been observed in the medial frontal cortex and anterior cingulate cortex [ 25 –
 29 ,  31 ]. These fi ndings have generally been supported by positron emission tomog-
raphy (PET) blood fl ow imaging studies [ 32 ]. 
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 During absence seizures patients experience complete loss of consciousness in 
terms of both level and contents. The behavioral picture features staring and unre-
sponsiveness, plus occasionally eyelid fl uttering or mild myoclonic spasms. The dura-
tion is short (a few seconds), with abrupt onset and termination, and patients tend to 
be amnestic for their transient “loss of contact” with the external environment [ 33 ]. 
This type of generalized seizures is most commonly seen in childhood absence epi-
lepsy and its electroencephalographic correlate is characterized by generalized spike-
wave discharges of 3–4 Hz lasting for up to 10 s, fi rst described by Gibbs in 1935 [ 34 ]. 

 High-resolution functional neuroimaging in absence seizures has been achieved 
in recent years with functional magnetic resonance imaging (fMRI), and most stud-
ies with simultaneous electroencephalography and fMRI during absence seizures 
have shown changes in brain activity in association with absence seizure-induced 
loss of consciousness. These studies have revealed increased activity in the thala-
mus and decreased activity in the medial frontal cortex, medial parietal cortex, ante-
rior cingulate cortex, posterior cingulate cortex and lateral parietal cortex, as well as 
a mixture of increased and decreased activity in the lateral frontal cortex [ 25 – 29 ,  35 , 
 36 ]. Interestingly, by using time-course analysis it has been shown that fMRI 
increases can begin in the medial frontal and parietal cortex up to 10 s before the 
electroencephalographic onset of absence seizures, and can be followed by complex 
changes in both cortical and subcortical activity, which cannot be measured by the 
standard hemodynamic-response function used for conventional fMRI analysis 
[ 37 ]. A summary of neurophysiological and neuroimaging fi ndings during general-
ized seizures is presented in Table  10.1 .

       Focal Seizures 

 Temporal lobe epilepsy has long been associated with qualitative changes in the 
contents of the ictal conscious state, encompassing a wide range of experiential 
phenomena [ 38 ]. At phenomenological level, the assessment of these subjective 
symptoms is crucial for the diagnosis and classifi cation of focal epileptic seizures, 
as the distinction between complex and simple seizures depends on whether the 

   Table 10.1    Summary of neurophysiological and neuroimaging fi ndings during generalized 
seizures   

 Seizure type  Electrophysiological fi ndings  Neuroimaging fi ndings 

 Absence seizures  Widespread bilateral 3–4 Hz 
spike-wake discharges 

 Increased activity in the thalamus and 
midline cortical structures, followed 
by widespread decreases in the 
fronto-parietal association cortices 

 Generalized 
tonic-clonic 
seizures 

 Widespread high frequency 
polyspike discharges followed by 
rhythmic polyspike-wave 
discharges 

 Increased activity in the thalamus and 
fronto-parietal association cortices 
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  Case 10.1: An Illustrative Case 
 A.B. was a 17-year-old male patient with a 1-year history of recurrent epi-
sodes characterized by visual hallucinations. He was originally referred to the 
Psychiatry Clinic for possible onset of schizophrenia and started on antipsy-
chotic medications, without substantial benefi ts. His past medical history was 
unremarkable and there was no signifi cant family history for psychiatric or 
neurological conditions. Routine tests including toxicological screening were 
unremarkable. On in-depth psychiatric assessment, it became clear that he 
had good insight into the nature of his hallucinatory experiences, which he 
described as vivid visual experiences of a hooded fi gure crossing his visual 
fi elds from left to right in slow motion for the duration of a couple of minutes 
(Fig.  10.2 ). He reported emotional distress associated with these experiences, 
although there was no communication between the hooded fi gure and him. 
These hallucinations were highly stereotyped and their frequency was weekly, 
sometimes leaving A.B. in a state of mild confusion.

   An organic basis for these episodic symptoms was suspected and A.B. was 
referred to the Neuropsychiatry Clinic for a specialist assessment. A routine 

level of consciousness is compromised (“complex partial seizures” in the traditional 
classifi cation) or not (“complex partial seizures” in the traditional classifi cation) 
[ 18 ,  39 ]. At neurobiological level, the investigation of the neurophysiological and 
neuroimaging correlates of ictal experiential phenomena induced by temporal lobe 
seizures has started to shed light on the brain mechanism underpinning pathophysi-
ological states of altered contents of consciousness or “epileptic qualia” [ 12 ,  40 , 
 41 ]. The most common alterations of the contents of consciousness during temporal 
lobe seizures encompass perceptual, dysmnesic, affective, and cognitive phenom-
ena [ 42 – 45 ]. Reported perceptual phenomena include illusions and distortion of 
body image, as well as structured hallucinations. These later tend to present with the 
characteristic features of organic hallucinations (complex visual scenes, stereo-
typed, of short duration, and with preserved insight) [ 46 ]. See Case   10.1  . 

  Fig. 10.2    Visual hallucination displayed by patient A.B. as a result of right temporal lobe 
epilepsy       
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  Memory fl ashbacks and illusions of memory (déjà vu, déjà vécu, jamais vu, 
jamais vécu experiences, paramnesias, or false recollections) are the main types of 
dysmnesic ictal symptoms. Affective phenomena are more frequently sudden unex-
plained unpleasant emotions (e.g., fear, terror, anxiety, guilt, sadness, depression, 
anger, embarrassment), although pleasant or positive emotions have also been docu-
mented (exhilaration, mirth, blissful happiness, ecstasy, sexual excitement) [ 47 ,  48 ]. 
Ictal dissociative symptoms include transient derealization (alteration in one’s sense 
of external reality) and depersonalization (alteration in one’s sense of self), plus 
other forms of alteration in an individual’s sense of personal reality and experience 
of self, such as autoscopy including out-of-body experiences and seeing one’s dou-
ble [ 49 ]. Finally, forced thinking and altered speed of thoughts are cognitive phe-
nomena which are likely to be underreported and/or unrecognized [ 50 ]. In the 
clinical assessment of altered conscious states induced by focal seizures it is impor-
tant to pay attention to a number of seizure-related factors: for example, forced 
attention and ictal dysphasia can affect the assessment of ictal responsiveness, 
whereas ictal and post-ictal amnesia can affect the retrospective recall of experien-
tial phenomena [ 39 ,  50 ]. 

 Scalp electroencephalographic recordings during temporal lobe seizures associ-
ated to altered contents of consciousness are characterized by epileptiform dis-
charges over the temporal lobe, and the relationship between temporo-limbic 
activity and experiential phenomena has been known since Wilder Penfi eld’s pio-
neering work in epilepsy surgery. Penfi eld’s experiments marked a landmark in con-
sciousness studies as they showed that similar subjective experiences can be elicited 
by electrical stimulation of temporal lobe structures [ 51 ]. 

 An altered level of consciousness, assessed as decreased arousal and responsive-
ness, is the defi ning feature of complex partial seizures, which have been recently 
renamed as “focal seizures with impairment of consciousness” by a report from the 
International League Against Epilepsy [ 52 ]. The behavioral changes associated 
with complex partial seizures include arrest of voluntary behavior and onset of star-
ing, often accompanied by automatisms, such as lip smacking, chewing, or repeti-
tive semi-purposeful limb movements (e.g., fi ddling with clothes), typically lasting 
for a couple of minutes. Decreased responsiveness in complex partial seizures can 
persist for several minutes into the post-ictal period, and patients are usually amnes-
tic to events around the time of the seizure [ 53 ]. 

EEG was unremarkable, but an ambulatory EEG was able to capture a typical 
clinical episode, showing focal epileptiform activity originating from the left 
temporal lobe. The diagnosis of temporal lobe epilepsy was explained to A.B. 
and a management plan consisting of medication review was agreed. The anti-
psychotic medication was therefore replaced with antiepileptic treatment 
(Carbamazepine monotherapy), to which the patient responded favorably 
with seizure remission. 
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 The development of specifi c instruments to assess the multifaceted spectrum of ictal 
experiences in complex partial seizures has recently improved our interpretation of the 
associated functional brain changes [ 54 ,  55 ]. Over the last few years, consistent fi nd-
ings across neurophysiological and neuroimaging studies have shown that alterations 
of consciousness during temporal lobe seizures correlate with large- amplitude slow 
EEG activity and neuroimaging signal decreases in fronto-parietal association net-
works [ 56 ]. These observations suggest an important role for extra- temporal structures 
in determining the nature and extent of ictal impairment of the level of consciousness 
in complex partial seizures of temporal origin (“network inhibition hypothesis”) [ 57 ]. 

 Temporal seizures are characterized by neuronal discharges that originate in the 
temporal lobe and propagate along networks interconnecting both cortical and sub-
cortical regions. Alterations of consciousness caused by temporal love seizures can 
also be understood within the theoretical framework of the “global workspace” 
theory of consciousness [ 58 ,  59 ]. According to this model, information processing 
accesses consciousness through the synchronized activity of neuronal modules 
linked to widespread brain networks. Thalamo-cortical functional connectivity 
plays a crucial role in this dynamic system, as the deactivation of thalamic struc-
tures, along with fronto-parietal cortices, can impair conscious processing of infor-
mation by preventing it from entering the global workspace [ 58 ,  59 ].   

    The Neural Correlates of Consciousness in Epilepsy 

 The reviewed data show that, although generalized (generalized tonic-clonic and 
absence seizures) and complex partial seizures differ in several ways, they all con-
verge on the same set of anatomical structures to produce dysfunction in specialized 
cortical-subcortical network which has recently been termed the “consciousness 
system” [ 29 ,  60 – 62 ]. The cortical components of the consciousness system include 
the medial frontal, anterior cingulate, posterior cingulate, and medial parietal (pre-
cuneus and retrosplenial) cortices on the medial surface, and the lateral frontal, 
orbitofrontal, and lateral temporoparietal association cortices on the lateral surface, 
with a possible contribution from portions of the insula. The subcortical compo-
nents are the basal forebrain, hypothalamus, thalamus, and upper-brainstem activat-
ing systems, plus possibly portions of the basal ganglia, cerebellum, and amygdala. 
Findings from neurophysiological and neuroimaging studies in epilepsy have con-
sistently shown that involvement of the main components of the consciousness sys-
tem result in alterations in the level of consciousness, whereas temporo-limbic 
structures appear to be selectively involved in the contents of consciousness [ 25 –
 29 ]. Interestingly, there is a considerable overlap between the consciousness system 
and the “default mode network,” a highly integrated network that is thought to sus-
tain the level of consciousness and shows selective deactivations in both chronic and 
transient loss of consciousness [ 63 – 65 ]. A pivotal role in coordinating patterns of 
activation and deactivation within the default mode network seems to be played by 
midline structures such as the posteromedial parietal cortex [ 66 – 69 ]. 
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 These novel insights into the brain mechanisms that underlie alterations of con-
sciousness during epileptic seizures have important implications for clinical prac-
tice in terms of diagnosis and management. The exact terminology for the description 
of ictal consciousness is regularly under review by the International League Against 
Epilepsy, in order to achieve a general consensus [ 70 ]. Arguably, the assessment of 
consciousness carries information which is potentially useful for the differential 
diagnosis of seizure types across epilepsy and non-epileptic attack disorder [ 71 –
 75 ]. Moreover, the effects of transiently losing the ability to experience or respond 
have a huge impact on the health-related quality of life of patients with epileptic 
ranging from emotional distress to practical limitations such as driving [ 76 ,  77 ]. The 
importance of continuing to carry out research in order to fully elucidate the mecha-
nisms whereby epileptic seizures can disrupt consciousness cannot be underesti-
mated. A better understanding of the brain mechanisms underlying consciousness is 
relevant to both neuroscientists and epileptologists, as it could lead to improved 
treatment strategies to prevent impairment of consciousness and improve the well-
being of patients with epilepsy [ 78 – 80 ].     
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    Chapter 11   
 Emotion Recognition       

       Stefano     Meletti     

    Abstract     The recognition of emotional signals from all sensory modalities is a 
critical component of human social interactions. It is through the understanding of 
the affective states of others that we can guide our own behavioral responses. 
Notably, facial expression provides the greatest amount of emotional cues that are 
useful in recognizing emotions, such as joy, anger, and fear. The temporal lobe – and 
the amygdala in particular – plays a crucial role in processing the appropriate auto-
nomic and behavioral responses to relevant emotional stimuli. Only in the past 
decade, however, the role played by the antero-medial temporal lobe region has 
been demonstrated in decoding the emotions, mental states, and beliefs of others. In 
the fi eld of epilepsy, this knowledge has several clinical, as well as speculative, 
implications. Indeed, temporal lobe epilepsy (TLE) is the most common type of 
focal epilepsy. It is frequently characterized by lesions or gliosis/atrophy (hippo-
campal sclerosis) involving the medial temporal lobe region, and antero-medial 
temporal lobe resection is the standard treatment for drug-resistant medial 
TLE. Consequently, the investigation of emotional and social competence in TLE 
patients has been the focus of several studies. Such studies have extended the scope 
of neuropsychological evaluation in TLE beyond the traditional evaluation of mem-
ory, language, and executive functions.  
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        Introduction 

 Emotions are instinctive biological mechanisms that help us in the fundamental life 
tasks. Emotions are  provisions to act  in response to someone or something that is 
important to us. Probably, the entire, rich spectrum of human emotions has evolved 
from the behaviors of approach and avoidance, which represents the action tenden-
cies of the simplest organisms. 

 Emotions have different independent purposes, albeit related. Emotions enrich 
our mental life; until the nineteenth century it was thought that this was the only 
function of the emotions, which were therefore considered as private experiences. 
Emotions facilitate social communication; Darwin fi rst in 1872 ( The expression of 
emotions in man and animals ) understood that emotions have played an important 
role in evolution, have social functions and are adaptive [ 1 ]. Emotions affect our 
ability to act rationally; indeed emotions allow us to use the information obtained 
from autonomic bodily responses for planning decisions and complex actions [ 2 ]. 
Emotions, fi nally and probably the most important, help us to escape from danger-
ous situations and to approach potential sources of pleasure. 

 In this chapter, we will focus on one aspect of emotions, which is how emotions 
are perceived, recognized, and consciously categorized by people with epilepsy. In 
particular, researches of the last 20 years have provided a wealth of data on this 
topic, especially in patients affected by temporal lobe epilepsy (TLE). 

 TLE is a group of disorders that predominately involves dysregulation of 
amygdalo- hippocampal function caused by neuronal hyper-excitability [ 3 ,  4 ]. 
Medial TLE in particular, is perhaps the best-characterized electroclinical syndrome 
of all the epilepsies [ 5 ]. The inherent potential for the temporal lobe to be predis-
posed to focal seizures is based on the unique anatomic-functional networks that 
involve the amygdalo-hippocampal complex and entorhinal cortex. Beyond sei-
zures, drug-resistant TLE is characterized by cognitive decline, especially involving 
memory functions, and by psychiatric co-morbidities [ 6 – 9 ]. Behavioral defi cits in 
TLE have a great impact on the burden of the disease, and often contribute much 
more than seizures per se to deteriorate the patient’s quality of life [ 10 ,  11 ]. 

 The temporal lobe, and the  amygdala  in particular (Box  11.1 ), has been demon-
strated to play a crucial role in the processing of the appropriate cognitive, auto-
nomic, and behavioral responses to emotional relevant stimuli [ 12 – 17 ]. In particular, 
the role and importance of the antero-medial temporal lobe region in decoding emo-
tions and in social cognition has been demonstrated by a number of lesion and 
functional imaging studies [ 18 ,  19 ]. 

  Box 11.1: The Amygdala and the Evaluation of Emotional Stimuli 
 The amygdala plays a critical role in the neural system involved in the percep-
tion and coordination of emotions [ 13 ]. In particular, it is vital for the follow-
ing aspects: (1) to learn the emotional signifi cance of stimuli through 
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  In the fi eld of epilepsy, this knowledge has several clinical as well as specula-
tive implications. Indeed, TLE is frequently characterized by lesions or gliosis/
atrophy (hippocampal sclerosis) involving the medial temporal lobe region. 
Moreover, antero-medial temporal lobectomy (ATL) is the “standard” treatment 
for drug- resistant medial TLE [ 25 ]. Consequently, the investigation of emotional 
and social competence in TLE patients has been the focus of different studies 
[ 26 – 30 ]. 

 After more than a decade of research it has been demonstrated that TLE 
patients show defi cits in emotion recognition (ER) (either before or after ATL), 
especially for facial expressions, but also for different emotional stimuli such has 
prosody and music [ 31 – 34 ]. However, several questions are still open, in particu-
lar concerning the “specifi city” of fear recognition impairment and the role of the 
right and left temporal lobes. These two questions are relevant and contribute to 
our understanding of how the brain processes emotions. Other important ques-
tions to be elucidated concern the impact of several disease variables on emotion 
recognition, as well as the effect of antiepileptic treatment, and temporal lobec-
tomy procedures. These last issues are clearly relevant from a clinical 
perspective. 

 The aim of this chapter is therefore to describe the pattern of emotion recogni-
tion defi cits in TLE through an appraisal of previous knowledge. In particular, we 
will consider whether differences in emotion recognition performance can be 
explained by disease-related factors, such as age of epilepsy onset, duration of 
disease, types and number of antiepileptic drugs, side of seizure focus, pre-/post-
surgery status.  

experience [ 20 ]; (2) to recognize the importance of this experience when it 
presents to us; (3) to coordinate the responses of the autonomic and endocrine 
systems in a appropriate manner; (4) to infl uence through emotion other cog-
nitive functions, in particular perception, and decision making [ 2 ,  21 ]. 

 The amygdala orchestrates the perception of emotional experience, both 
positive and negative. It does so by making us focused on emotionally signifi -
cant stimuli. The amygdala also encodes both the valence of emotions (rang-
ing from approach: positive; to avoidance: negative), as well as the degree of 
arousal induced by the stimulus [ 22 ,  23 ]. In reference to facial expressions, 
and in agreement with this view, the amygdala responds to a series of facial 
expressions, and not only to expressions of fear [ 24 ]. The amygdala plays a 
largely perceptual role in emotional response: it analyzes the incoming sen-
sory information, classifi es them, and then signals to other brain regions the 
appropriate response. In humans, the main consequence of damage to the 
amygdala is an inappropriate response to social ambiguous cues and the 
inability to effectively detect stimuli that are salient for the subject in relation 
to the context. 
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    Recognition of Emotions in Chronic TLE 

 Before considering the features of emotions’ recognition defi cit in TLE we will 
briefl y consider some methodological aspects concerning the patients’ population 
that have been investigated, as well as the type of emotional stimuli used to assess 
emotion recognition. 

    Methodological Aspects 

 At present about 40 studies have been published since 2003 when we fi rst investi-
gated the recognition of  basic facial expression of emotions  (Box  11.2 ) in a group 
of chronic drug-resistant TLE patients [ 26 ]. 

  Box 11.2: Basic Emotions and Darwin’s Legacy 
 According to Darwin [ 1 ], along the continuum between approach and avoid-
ance we can identify six universal components, which are refl ected in facial 
expressions of emotion. These six components include two main primitive 
emotions: happiness (ranging from ecstasy to serenity) and fear (ranging from 
terror to anxiety). Between these two extremes, there are four other basic 
emotions: surprise, disgust, sadness, and anger. From these basic emotions 
can emerge, mingling, other emotions (such awe that comes from fear and 
trust) in which the role of learning and previous experience of the subject is 
crucial. Darwin assumed that facial expression is the primary social system of 
reporting human emotions and that consequently the expression of the face is 
crucial for social communication. Also, since all faces have a constant num-
ber of characteristics (two eyes, a nose, a mouth) sensory and motor aspects 
of emotional signals are universal and transcend culture. Furthermore, he 
stated that the ability to form facial expressions, as well as the ability to read 
facial expressions of another person, is innate. 

 Darwin’s observation that the faces are the primary means of transmission 
of emotions has been extended a century later by the American psychologist 
Paul Ekman [ 35 – 37 ]. In a series of studies conducted at the end of the seven-
ties. Ekman examined the recognition of facial expressions in a variety of 
cultures fi nding essentially the same six major facial expressions of emotions 
described by Darwin. 

 Neuroscientists have wondered: do the six universal emotions represent 
elementary biological systems, the “building blocks” of social cognition? 
Each discrete emotion is produced by a specifi c brain system or emotions 
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  Since then, studies were drawn from a range of countries and ethnicities, 
including the United States, the United Kingdom, Italy, France, Canada, Japan, 
Spain, the Netherlands, India, Australia, and Switzerland. All of the studies com-
pared patients’ ER abilities with healthy volunteers matched for principal demo-
graphic variables (age, education, and sex). Some study included also a clinical 
control group (frontal or extra temporal lobe epilepsy, generalized epilepsy). The 
choice to compare medial TLE with other epilepsy patients is relevant to ascribe 
the specifi city of the observed defi cits to the medial temporal lobe region, and to 
exclude a generic effect of epilepsy per se. The rationale for using extra-TLE 
group is that people with extra- temporal lobe epilepsy live in a similar social and 
emotional environment with respect to people with TLE; they experiment epi-
lepsy stigma and limitation in social and personal aspects due to epilepsy; they 
also are treated with antiepileptic drugs. 

 The majority of studies included at least one test of facial emotion recognition. 
The most commonly used stimuli were static black and white images from Ekman 
and Friesen series [ 35 ]. In some studies 60 pictures were used [ 39 – 42 ], with 10 
stimuli for each basic emotion. In other studies 24–42 pictures, typically with four- 
fi ve stimuli for each emotion, were used [ 12 ,  14 ,  15 ,  26 – 28 ,  33 ,  43 – 46 ]. Some 
authors excluded surprise, to avoid mistaking fear for surprise and vice versa [ 26 –
 28 ,  33 ,  44 ]. In some studies, the recognition of emotion posed with different inten-
sity was tested creating “morphed” facial stimuli from prototypical facial expressions 
[ 39 ,  42 ,  44 ,  47 ]. Other authors used tests composed by in-house made stimuli to test 
emotion recognition in children [ 48 ,  49 ]. Notably, few studies (only three to our 
knowledge) used dynamic stimuli realized by videos [ 43 ,  50 ,  51 ]. 

 As far as emotional stimuli different from faces go, ten studies included tasks of 
emotion recognition in the auditory modality. The recognition of both short nonver-
bal vocal sounds (e.g., laughter and grows) as well as prosody from sentences with 
neutral meaning was evaluated [ 15 ,  33 ,  34 ,  47 ,  52 ,  53 ]. The emotions tested in most 
of studies were happiness, sadness, fear, anger, disgust, and surprise. 

 Finally, recently, three studies tested emotion recognition from music, using 
musical excerpts composed to induce fear, peacefulness, happiness, and sadness 
[ 31 ,  32 ,  54 ].  

have common components, overlapping, forming a continuum from positive 
to negative? Most scientists of emotions tend to agree that the six major emo-
tions represent points along a continuum and that emotions have neural ele-
ments that are both distinctive than shared [ 38 ]. Moreover, most neuroscientists 
believed that emotions and their facial expressions are not entirely innate, but 
are partly determined by our previous experience with emotions and by our 
associations of certain emotions with certain contexts. 
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    Emotion Recognition from Facial Expressions, Voices, Sounds, 
and Music 

 Considering facial expressions, data consistently demonstrates that patients with 
chronic TLE, as well as patients that underwent temporal lobectomy for curative 
drug-resistant TLE, were impaired in the recognition of facial expressions of others. 
Emotion recognition impairment was found across different stimuli: static pictures, 
“morphing” methods, and videos. 

 In Fig.  11.1  we reported for comparison the normalized performance from differ-
ent patients’ groups in nine studies: in all TLE patients were impaired with respect 
to the control population.

   As far as the recognition of single emotional categories, fear recognition defi cit 
was observed in each study. 

 In about 50 % of the studies fear recognition was selective, while in the remain-
ing studies it was associated to defi cits in the recognition of disgust, and sadness 
[ 28 ,  33 ,  42 ]. Impairment in anger recognition was reported only rarely, whereas 
defi cit in the recognition of happiness was exceptionally observed. Notably, fear 
recognition defi cits seem specifi c when comparing TLE/ATL patients with respect 
to extra-temporal lobe epilepsies. In this sense, fear recognition appears to be a 
good biological marker of chronic medial temporal lobe epilepsy. 

 Information about recognition of emotions via other sensory channels in TLE 
remains limited for fi rm conclusions to be drawn. However, at least for vocal 
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 emotion recognition, the emerging picture is broadly convergent with the data 
obtained for facial expressions. The recognition of vocal fear was found consis-
tently impaired, although recognition of vocal disgust and sadness were often defec-
tive [ 15 ,  29 ,  33 ,  34 ,  55 ]. Interestingly, the few studies that investigated emotion 
recognition from music suggest that TLE/ATL impairs also the emotional attribu-
tions to complex, and strongly emotional stimuli, as the music ones are [ 31 ,  32 ,  54 ]. 
In particular scary music recognition was consistently found to be impaired. 

 Importantly, patients with TLE appear to be impaired in categorizing negative 
emotional stimuli independently from the sensory channel. Indeed, TLE/ATL 
patients were impaired in both visual and auditory ER tasks. In particular, a fear 
recognition defi cit, independently on the sensory channel, was reported in the stud-
ies where this issue has been specifi cally investigated [ 29 ,  32 ,  33 ].  

    Emotion Recognition and Brain Responses to Emotions 
in an Illustrative Case 

 The patient, LF, is a 38-years old right-handed male of average intelligence (full 
scale IQ, 100). He suffers from drug-resistant partial seizures since the age of 28 
years. LF brain MRI demonstrated atrophy and gliosis of the left amygdala- 
hippocampal region, while noninvasive video-EEG monitoring showed an indepen-
dent bilateral temporal lobe onset of seizures. LF was markedly impaired in memory 
functions, both verbal and visuo-spatial, as well as in attention and abstract reason-
ing. On the Benton test of unfamiliar face recognition, LF’s performance was in the 
normal range [ 56 ]. Our test of emotion recognition used a forced-choice procedure 
in which the emotion conveyed by each of the faces was identifi ed by selecting one 
label from a list (comprising a label for each emotion tested). The task used faces 
from the Ekman and Friesen series [ 35 ] and contained examples of fi ve facial 
expressions (happiness, fear, sad, disgust, anger). Emotion labels were visible 
throughout testing. 

 Overall LF showed a very low accuracy in recognizing facial emotions (64 %) 
with respect to an age and education-matched healthy control group (96 % correct 
labeling). In particular, LF was signifi cantly impaired in the recognition of sad, fear, 
and disgust from facial expression with accuracy scores that fall below three stan-
dard deviations from the controls’ mean (Fig.  11.2 ) [ 57 ,  58 ].

   The performance of LF appeared similar to the one of a clinical control group of 
patients with bilateral medial temporal lobe damage and epilepsy of comparable age 
and education [ 33 ]. These fi ndings replicate previous results observed in patients 
with bilateral selective amygdala damage and in patients affected by drug-resistant 
bi-temporal lobe epilepsy [ 14 ,  59 ]. 

 Interestingly, the patient’s amygdala responses to facial expression were also 
tested during an intracranial EEG recording. Figure  11.2  shows the amygdala 
responses (intracranial event-related potentials, icERP) to facial expressions 
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ognition of sadness (60 %), fear (40 %), and disgust (20 %) with respect to healthy subjects 
(** p  < 0.001). Facial emotion recognition of the MTLE group was signifi cantly impaired com-
pared to healthy controls for each emotion tested except happiness (* p  < 0.001).  Error bars  repre-
sent s.e.m. ( b ) IcERPs to facial expressions recorded from right and left amygdala in LF. No clear 
event related response was recorded in both amygdale; Stimuli consisted of briefl y presented faces 
depicting different emotions (600 ms).  H  happy faces,  N  neutral faces,  F  fearful faces. ( c ) IcERPs 
in a patient with a normal amygdala. Note the high amplitude event-related potential in response 
to faces (with different emotions) between 200 and 500 ms post-stimulus. Note also that the 
temporo- occipital cortex showed a positive response to faces approximately a 170 mf from stimu-
lus presentation representing the “fusiform face area” [ 57 ,  58 ]       
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 signaling threat, happiness, and neutrality: no reproducible icERP was observed 
bilaterally. This negative fi nding is explained by the high number of pathological 
slow-wave and spikes recorded in the amygdala during the experimental procedure. 
The absence of an icERP in response to facial expressions represents the electro-
physiological counterpart of the patient’s severe impairment in decoding facial 
expressions, and especially fearful ones [ 60 ,  61 ].   

    Clinical Variables That Modulate Emotion Recognition 
Impairments 

    Side of Epilepsy/Lobectomy 

 The majority of studies have addressed the question of whether or not the ER 
defi cit is lateralized to the right or left temporal lobe. The answer to this ques-
tion has a dual signifi cance. On one hand, it can contribute to our understanding 
of the role of the two temporal lobes in the perception of stimuli with emotional 
valence. On the other hand, it may indicate which patients are most at risk of 
developing defi cits in emotion recognition. Present knowledge however, does 
not provide a framework for unambiguous interpretation. The majority of the 
studies demonstrated that right TLE/ATL patients had a worst performance 
compared with healthy controls and in few studies also with respect to left TLE/
ATL. However, other works did not fi nd a signifi cant difference between right 
and left patients, and few studies found that only left-side patients were impaired 
in facial ER [ 45 ,  46 ,  50 ,  62 ]. Therefore it is not possible to give a defi nite 
answer. There are several possible explanations for these discordant results. 
Apart from methodological questions, regarding the type of stimuli and presen-
tation, it must be considered that TLE is a complex disease. Moreover, in some 
cases the presumed lateralization of epilepsy may be incorrect – even if it is 
correct it can be misleading. For example, even in cases with unilateral hippo-
campal sclerosis, the epileptogenic network dysfunction might involve bi-tem-
poral and extra-temporal regions [ 63 – 65 ]. It must be considered that adult TLE 
patients can present atrophy or dysfunctions that extend well beyond the medial 
temporal lobe, involving the cortical-sub-cortical regions that have been demon-
strated to participate in processing different emotions. These brain regions 
include the anterior insula (which processes disgust), the orbital frontal cortex 
(anger and sadness), and somato-sensory cortices. Also in cases with early-
onset seizures, plasticity phenomena may result in a remodeling of memory 
function, language, and emotions in the two temporal lobes [ 66 ,  67 ]. Finally, 
many studies are small series and probably underpowered to show statistically 
signifi cant differences. For all these reasons, clearly the natural clinical vari-
ability may underlie many of the inter-study differences, meaning that where 
differences do exist, they are not necessarily contradictory. 
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 Beyond side matters, an important and consistent fi nding is the observation that 
the patients showing the more severe and extended defi cits were the ones with a 
bilateral dysfunction and a bilateral temporal lobe damage, often with the demon-
stration of a bi-temporal seizures onset zones [ 28 ,  33 ,  59 ].  

    Age of Epilepsy Onset and Duration of Epilepsy 

 There is an important question concerning the recognition of facial expressions. 
Does there exist a critical period of life for establishing the neural network 
underlying emotion processing? It has been hypothesized that early insults to the 
right medial temporal structures could play a crucial role in causing emotion 
recognition impairments [ 28 ]. Several studies tried to understand if there is a 
critical age of life that is important to develop a functional brain system(s) do 
recognize emotions. Despite different methodologies used there are convergent 
evidences demonstrating that the development of seizures in infancy (febrile or 
afebrile) correlates with a more severe defi cit of emotion recognition. This issue 
was assessed in different ways. Authors compared the patients’ groups, setting 
the age of 5 years as cut-off, fi nding that early-onset patients had impairment in 
ER, especially for fearful faces [ 26 ,  27 ,  33 ,  68 ]. Other authors considered the 
correlations between facial ER performance and the age of epilepsy onset: a 
positive correlation between the age at onset of epilepsy and ER performance 
was observed, supporting the hypothesis that earlier onset of temporal lobe sei-
zures led to worse performances for recognition of facial expressions [ 12 ,  15 ,  26 , 
 28 ,  40 ,  42 ,  48 ,  49 ,  51 ,  69 ]. Therefore, it is possible that inter-ictal/ictal seizure 
activity involving the right temporal lobe during the critical period of early child-
hood might affect the development of emotion recognition ability. This hypoth-
esis was confi rmed by a recent study in children with TLE. The study showed 
that emotion recognition defi cits were already present during infancy in patients 
with early-onset seizures [ 48 ]. Altogether these data support the idea that the 
emotion recognition impairment observed in adults with early-onset TLE (surgi-
cal cases or otherwise) is a developmental disorder. In this line, a recent study 
investigated ER in a group of school-aged children that were exposed to febrile 
seizures in early infancy: a proportion of patients had ER defi cits even if they had 
not (yet) developed overt epilepsy [ 70 ]. Taken together the evidence emerging 
from these studies suggests that recognition of various negative emotions may be 
affected from an early stage in TLE, and that impairments become more likely, 
more severe and more widespread across emotions as disease evolves. Indeed, 
also the duration of epilepsy was observed as a negative factor, able to infl uence 
ER performance: longer duration of epilepsy was related to worst performance in 
ER tasks, especially for fear recognition. Notably, it is important to emphasize 
that in TLE the term “exposure” does not mean a contact with a discrete event 
(that start and stop), but it means a damage/dysfunction that begins at a specifi c 
time-point and then continues chronically in subsequent years.  
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    Effect of Antiepileptic Drugs 

 Only few studies reported information about the number and types of antiepileptic 
drugs (AED) used by patients during ER evaluation. Meletti et al. [ 28 ] grouped TLE 
patients according to the number of AED taken (one, two, three, and more-AED 
groups). No difference in ER scores was observed among the three groups. Then 
they analyzed ER in TLE patients using a given AED with respect to TLE patients 
that were not taking that particular AED observing that only the use of Phenobarbital 
had a negative effect on emotion recognition abilities. Hlobil et al. [ 71 ] described 
that fear recognition was signifi cantly associated with the number of AED taken at 
time of testing.  

    Emotion Recognition and Measures of Intelligence 

 To date few studies have evaluated formally the relationship between global intel-
ligence measures and emotion recognition in TLE. In these studies no signifi cant 
correlation emerged at least concerning facial expressions. Two studies, on the 
other hand, documented a negative effect of low total and verbal IQ scores on 
auditory emotion recognition. Overall, the available literature is not suffi cient to 
make a fi nal judgment. At least with regard to the recognition of facial expres-
sions, the overall level of intelligence and education do not seem to have an 
important role [ 28 ,  29 ,  33 ].   

    Emotion Recognition After Anterior Temporal Lobectomy 

 An important open question concerns the consequences (if any) of antero-medial 
temporal resections on ER abilities in patients with an enduring temporal lobe epi-
leptic focus. Current literature shows that in patients with ATL there is a lack of 
emotion recognition skills, with qualitative and quantitative characteristics appar-
ently similar to that observed in patients with pre-surgical TLE. Unfortunately, 
however, there are currently only few studies that have investigated the longitudinal 
changes before and after temporal lobectomy, that too in small groups or case 
reports [ 45 ,  46 ,  55 ,  72 ,  73 ]. For this reason, it is not possible to determine the real 
effect of temporal lobectomy in TLE patients. ER impairments, at least as facial 
emotion labeling is concerned, are “on average” similar in severity to those observed 
in patients with chronic TLE; however, the “average picture” observed after tempo-
ral lobectomy is likely the result of improvement in some patients and worsening in 
others. Indeed, some evidence exists that after lobectomy, and seizure-freedom, 
patients can improve in ER [ 45 ,  46 ,  73 ]. Finally, a weakness, observed in some of 
the studies, is the lack of clinical information pertaining to the surgical outcomes. In 
other words, if after temporal lobectomy the patients studied were recovered from 
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epilepsy or not. This is a highly relevant issue in the analysis of neuropsychological 
outcomes. Longitudinal, prospective studies are needed to shed light on this issue. 

 Finally, another important issue concerns the ER ability of ATL patients seen at 
long follow-up intervals. Since several factors can contribute to the interpretations 
of neuropsychological fi ndings in TLE and in ATL patients (i.e., etiology, side of 
focus/surgery, age of epilepsy onset, post-operative seizure freedom), we recently 
evaluated ER in an homogenous cohort of ATL patients (undergone to surgery at 
around 40 years of age) with: (a) more than 5 years of follow-up and (b) complete 
seizure-freedom status. We found that defi cits in the evaluation of facial expressions 
were still present at long follow-up intervals in seizure-free patients [ 74 ]. This fi nd-
ing should prompt researchers to investigate in future studies whether this picture 
changes in relation to the age of ATL surgery, especially if the patients operated 
earlier can better compensate or implement plasticity mechanisms leading to recover 
the defi cit.  

    Facial Expression Processing in TLE: Evidences from FMRI 

 Beyond neuropsychological and behavioral tasks, functional magnetic resonance 
imaging (fMRI) has been used to evaluate the brain processing of emotional stimuli 
in patients with TLE/ATL. Experiments have been performed to understand the 
consequences of pathological amygdala tissue (in the case of chronic medial TLE), 
or of the absence of the amygdala (in the case of ATL), on the processing of emo-
tional material. Knowledge from fMRI experiments in healthy subjects consistently 
demonstrated that facial expressions, and particularly fearful faces, induce a robust 
response in the amygdala [ 75 ,  76 ]. The amygdala response to facial expression can 
be modulated by different variables (type of stimulus, type of response, type of task) 
but is highly reproducible. Moreover, the perception of emotional faces induces a 
higher fMRI response over the extra-striate visual cortical areas (such as the fusi-
form face area) with respect to the vision of neutral faces [ 77 ]. This means that the 
perception of emotional stimuli enhances cortical activity in associative areas. This 
is one of the ways through which emotions affect and enhance cognition. In the case 
of chronic medial TLE, different authors have reported two main results. First, the 
medial temporal lobe region ipsilateral to the epileptogenic zone does not show a 
reproducible response to facial expression, and especially to fearful ones; this result 
is the direct consequence of the pathological tissue affecting the amygdala/temporal 
pole region. This effect, or loss of fMRI responses to fearful faces, has also been 
used in chronic TLE to obtain information at single-subject level to lateralize the 
side of the epileptogenic focus [ 78 – 81 ]. Moreover, activation of the right amygdala 
preoperatively was predictive of emotional disturbances following right anterior 
temporal lobectomy [ 79 ]. 

 Second, and probably most importantly, it has been demonstrated that amygdala 
pathology prevents the increased response in distant cortical areas as instead has 
been observed in healthy subject while viewing emotional facial expressions [ 44 , 
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 77 ]. These fMRI fi ndings are an important demonstration of the role of the amyg-
dala in the processing of emotional stimuli and of its relevance in the orchestration 
of perceptual responses to external stimuli that are salient for the individual. Very 
recently, the same evidence has been observed also for the processing of emotional 
voices. Indeed, emotional cues embedded in vocalizations receive enhanced decod-
ing in sensory cortical areas of the auditory system. In subjects with TLE treated by 
ATL, this effect was lost [ 82 ].  

    Future Directions and Conclusions 

 From the perspective of the individual patient with TLE, present knowledge clearly 
shows that TLE is associated with impaired recognition of negative emotions, espe-
cially fear. One key implication is that emotion recognition could potentially serve 
as a biomarker of disease onset and progression in TLE. Emotion scores (both com-
posites and individual emotions) are indeed a part of the neuropsychological defi cits 
of patients with chronic TLE and further work should demonstrate how sensitive 
emotion recognition is at tracking decline over time, relative to other potential 
markers. There is however, little formal evidence concerning the impact of emo-
tional defi cits on the social functioning of people with TLE. The studies that inves-
tigated measures of wellbeing such as QOLIE-31 failed to demonstrate a correlation 
between measures of ER and measures of global and emotional wellbeing or depres-
sion. This is one important question that needs to be elucidated in future studies. 
Indeed, the possibility exists that the studies carried out so far have not documented 
a correlation because patients with TLE have little awareness of their own social 
diffi culties. Therefore, future studies should use different measures, and not only 
subjective ones, to quantify the diffi culty that patients have in everyday life. 

 Actual knowledge suggests certain directions for further work. There is a need 
for large, longitudinal studies of emotion comprehension in TLE (and especially 
before and after ATL) that are informed by emerging neurobiological data and 
which use consistent measures of disease stage and severity. In future studies it will 
be important to compare emotion processing in different sensory modalities and at 
different levels of response (autonomic as well as cognitive) and to extend the 
assessment to include more ecological kinds of emotion processing beyond the rela-
tively artifi cial scenario of the forced-choice recognition protocols. There is also a 
need to understand how these defi cits impact on patients’ cognitive abilities. Like 
other diseases, TLE will almost certainly benefi t from the progress currently being 
made in the basic neuroscience of human emotion. The structural and functional 
anatomical bases for altered emotion processing in TLE should be addressed in 
hypothesis-driven studies motivated by the neuropsychological data.     
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    Chapter 12   
 Neuropsychiatric Symptoms in Learning 
Disability       

       Anagha     A.     Sardesai       and     Howard     Ring     

    Abstract     This chapter commences with a brief introduction to the concept of 
learning disability, including its defi nition, causes, and manifestations. Issues 
around the co-occurrence of epilepsy and learning disability, including prevalence, 
etiological factors, and diagnosis are then introduced. The consequences of signifi -
cant learning disability for the manifesation and diagnosis of abnormal mental 
states are considered. This chapter then progresses with accounts of the manifesta-
tion, diagnosis and management of affective, psychotic, and behavioral psycho-
pathological states in people with epilepsy and a learning disability, including how 
to consider particular issues arising in those with severe intellectual disabilities and 
signifi cant communication defi cits. Accounts are also provided of specifi c comor-
bidities of epilepsy with autism and with Down syndrome.  

  Keywords     Learning Disability   •   IQ   •   Diagnosis   •   Depression   •   Anxiety   •   Psychosis   
•   Autism   •   Down Syndrome   •   Dementia  

        What Is LD? 

 Learning disability (or intellectual disability) used to be known as mental handicap 
or mental retardation. Sometimes the term general or global developmental delay is 
used. People meeting diagnostic criteria for a learning disability fi nd it more diffi -
cult to learn, understand, and develop skills compared to others. The degree of dis-
ability can vary greatly. Some with greater degrees of disability will need life-long 
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help for most or almost all activities including basic self-care such as feeding, dress-
ing, or going to the toilet. On the other hand, others may have a disability that is 
mild and compatible with living independently. Internationally three criteria are 
required to be met before a learning disability can be diagnosed. These are:

•    Intellectual impairment (IQ)  
•   Social or adaptive dysfunction associated with low IQ (diffi culty in everyday 

functioning or being able to fl exibly adapt to everyday situations, for example, 
bus being late, change in model of washing machine, etc.)  

•   Onset during the developmental period    

 The prevalence of learning disability in the UK general population is reported as 
3.7 per 1000 of the population [ 1 ] and in 2010, it was estimated [ 2 ] that 1,198,000 
people in England had a learning disability. This included:

•    298,000 children (188,000 boys, 110,000 girls) age 0–17  
•   900,000 adults aged 18+ (526,000 men and 374,000 women), of whom 191,000 

(21 %) were known to learning disabilities services     

    How Is Learning Disability Different from Specifi c Learning 
Diffi culty? 

 A global learning  disability  is distinct from a specifi c learning  diffi culty . The former 
describes a global impairment that limits an individual’s ability to reach the average 
range of intellectual and functional achievements. The latter term is used to describe 
diffi culties in circumscribed areas of intellectual achievement in an otherwise typi-
cally developing individual; for example, a specifi c learning diffi culty in reading, writ-
ing or arithmetic, but with no problems learning skills in other areas of functioning.  

    Causes of Learning Disability 

 There are three critical periods when potential causes of learning disability may 
disturb development:

•    Prior to birth: for instance – genetic disorders, metabolic disorders, and maternal 
factors  

•   During birth: for instance – hypoxia associated with birth complications  
•   After birth but during development – particularly during critical periods of early 

development in the fi rst 2 years of life: for instance as a consequence of trau-
matic brain injury, infection, or effects of therapeutic intervention such as radio-
therapy for malignant disease    
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 The causes of learning disability include:

•    Genetic factors:

    1.    Chromosomes make up the genetic blueprint of every individual and each of 
us usually has 46 chromosomes. Sometimes there can be an abnormality in an 
individual’s chromosomes, which can lead to learning disability. The com-
monest and most widely known example of this is Down’s syndrome where 
there is extra chromosomal material of chromosome 21 (trisomy 21). It is 
estimated that this affects 1 in 650–1000.   

   2.    There could also be mutations in a single gene rather than a chromosome. 
Mutations of FMR1 gene cause Fragile X syndrome. Fragile X syndrome 
occurs in approximately 1 in 4000 males and 1 in 8000 females.   

   3.    Some conditions, for instance autism, appear to develop as a consequence of 
the result of multiple effects from many genes.      

•   Infections or exposure to harmful chemicals before birth:

    1.    Some infections caught by the mother, for example, TORCH (Toxoplasma, 
Rubella, Cytomegalovirus, Herpes) and others, for instance syphilis and vari-
cella zoster may be passed on to the unborn child, and may lead to learning 
disability.   

   2.    The mother may also have dietary defi ciencies, or consume substances which 
can be detrimental to the developing brain of the fetus.   

   3.    Exposure to alcohol leading to Fetal Alcohol Syndrome or Fetal Alcohol 
Spectrum Disorder      

•   Brain injury or damage at birth: A learning disability may result if the baby’s 
oxygen supply is interrupted for a signifi cant length of time. Signifi cantly 
premature birth also increases the risk of subsequent developmental 
disability  

•   Brain infections or brain damage after birth:

    1.    Some childhood infections can affect the brain, causing learning disability; 
the most common of these are encephalitis and meningitis.   

   2.    Severe head injury, for example from a road accident, may result in learning 
disability.      

•   Metabolic disturbances in early life that if detected can be corrected – for instance 
hypothyroidism  

•   Idiopathic – For many people diagnosed with a learning disability the cause is 
unknown. It has also been established that adverse social and environmental 
 factors, such as poor housing conditions, poor diet and health care, malnutrition, 
lack of stimulation, and all forms of child abuse may contribute to an exacerba-
tion of learning disability, although the mechanisms of these effects are largely 
unknown     
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    Why Do Epilepsy and LD Often Occur Together? 

 Epilepsy is common in those with a learning disability (LD). The prevalence of 
epilepsy in learning disability overall is said to be 20–30 % [ 3 ]. Its frequency 
increases progressively with more severe intellectual impairment. Overall lifetime 
prevalence of epilepsy in those with mild to moderate learning disability (IQ 35–70) 
has been estimated at 15 % while in those with severe to profound learning disabil-
ity (IQ less than 50) a prevalence of 30 % has been reported [ 4 ], and overall, those 
with more signifi cant learning disability are also likely to have more severe epilepsy 
[ 5 – 11 ]. Conversely, research in people presenting with epilepsy has demonstrated 
that up to a quarter also have a learning disability [ 12 ]. 

 While, as indicated above, there are many causes of learning disability, some 
etiologies are associated with high rates of comorbid epilepsy. This is particularly 
the case for some genetically determined neurodevelopmental syndromes, where 
consideration of the underlying genetic defect is already starting to shed light on 
pathophysiological processes that underlie the development of intellectual disabil-
ity, epilepsy, and the relationship between them. For instance, in Fragile X syn-
drome, resulting from expansion of a CGG-repeat beyond 200 triplets in the 
5′-untranslated region of the FMR1 gene, prevalence of seizures is 11.8–13.1 %; in 
Rett syndrome, an X-linked disorder involving mutations in the MeCP2 gene the 
prevalence of seizures is higher [ 13 ], with reported prevalence of seizures varying 
between 60 and 94 %; and in Angelman syndrome, resulting from loss of expression 
of the maternal copy of the imprinted UBE3A gene, generally following microdele-
tion of the 15q11–q13 region, seizures are reported in 86 % of affected individuals. 
These genetic disturbances and the associated metabolic consequences result in dif-
ferent presentations of epilepsy. In most children with fragile X syndrome who 
develop epilepsy it starts between the ages of 4 and 10, while in those with Rett 
syndrome seizures typically develop between 3 and 5 years of age with decreasing 
seizure rates by adolescence, while in those with Angelman syndrome seizures 
often persist throughout childhood and tend to be more severe, with more seizure 
types. Considering treatment response, seizures in Fragile X syndrome tend to 
respond more readily to AEDs than is the case in Rett syndrome and Angelman 
syndrome. Learning Disability can also arise as a secondary consequence of severe 
epilepsy during a critical development period, for example, Lennox–Gastaut 
syndrome.  

    Diagnosing Epilepsy in People with LD 

 Diagnosis in patients with learning disability is complex as patients are frequently 
unable to provide any history themselves and the family carers or paid support 
workers who accompany them may not always be well informed. It is important to 
note that misdiagnosis of epilepsy among people with learning disabilities is 
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relatively frequent – with an estimated rate of misdiagnosis of 32–38 %. Reasons 
for high misdiagnosis rates include misinterpretation of behavioral, physiological, 
syndrome- related and medication-related events by parents, paid support workers, 
and healthcare professionals [ 14 ]. There can often be diagnostic overlap and over-
shadowing, for instance the presence of stereotyped and self-stimulatory behaviors, 
expressions of pain or frustration and periods of drowsiness or withdrawal of 
engagement with the environment have all been misdiagnosed as seizures in people 
with a learning disability. Therefore, in England, National Institute for Clinical 
Excellence (NICE) clinical guidelines state that diagnosis of epilepsy should be 
established by a specialist medical practitioner with training and expertise in epi-
lepsy. They further advise that diagnosis should be based upon a detailed history 
and (where possible) eyewitness reports of events usually supplemented with 
EEG. Where diagnosis cannot be clearly established, further investigations (e.g., 
blood tests, sleep EEG, neuroimaging, and 12-lead ECG) and/or referral to a tertiary 
center is recommended.  

    How Is Epilepsy Manifest in LD? 

 Compared to epilepsy in the general population, epilepsy in people with an LD is 
more likely to be refractory to antiepileptic drug (AED) treatment, with prognosis 
for seizure control in people with learning disability and epilepsy poorer than for 
those with epilepsy without learning disability [ 15 ]. These higher rates of inade-
quately controlled epilepsy bring increased rates of morbidity and also mortality 
[ 16 ]. In a Swedish study of over 1400 patients with learning disability, followed up 
for 7 years, the standardized mortality ratio (SMR) for those with learning disability 
without epilepsy was 1.6 but the SMR increased to 5.0 in those with concomitant 
epilepsy [ 17 ]. As is also the case for those with epilepsy in the absence of an associ-
ated learning disability, it is among those with ongoing seizures that the risk of 
neuropsychiatric symptoms is greatest.  

    How Is Psychopathology Diagnosed in People with LD? 

 There are particular and very important challenges to consider when diagnosing 
neuropsychiatric symptoms in people with a signifi cant learning disability. 

 People with more severe learning disabilities often lack the language abilities to 
verbally describe their psychological experiences. In these circumstances history tak-
ing should focus on asking carers about observable changes in presentation that may 
be signs of the development of psychopathology. For instance, possible biological 
features of depression such as sleep disturbance and change in appetite should be 
discussed with carers. Behavioral changes such as decreased social interaction, loss of 
interest in activities previously engaged in, apparent agitation or distress, tearfulness, 
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and a decrease in previous levels of functional abilities may all suggest signifi cant 
lowering of mood. However, people with a learning disability often already lead rela-
tively restricted lives and it can be harder to identify change in functioning at an early 
stage. Diagnosing delusions and hallucinations may be particularly diffi cult as mani-
festation of these symptoms generally requires well- developed speech. Thought dis-
order may also be diffi cult to identify in somebody whose behavior and communications 
may already be diffi cult to follow. It should also be kept in mind that the same symp-
tom can present differently in patients depending on the level of their learning 
disability. 

 There is also the complex issue of equivalence of diagnoses to consider. For 
instance, how might somebody with severely impaired language and understanding 
experience auditory hallucinations or persecutory delusions. Thus for those with the 
most severe learning disabilities, it remains unclear whether behavioral disturbances 
that appear to indicate psychological distress are indicating mental states such as 
depression or psychosis that are equivalent to such states as experienced by those 
with higher IQs. The diagnosis of psychotic states may be particularly problematic 
in this context and this may relate to the observation that there are increased rates of 
depression and psychosis in those with moderate compared to those with severe or 
profound LD. 

 Particularly in the context of these challenges it is of  critical importance  to 
remain alert for signs and symptoms suggestive of psychiatric states in people 
with LD and epilepsy. At the same time it is equally important to consider whether 
the presentations of apparently psychiatric states are either manifestations of other 
illnesses and/or pain, or are psychiatric consequences of physical illness that has 
not been diagnosed. Similarly, adverse effects of AEDs and other medications are 
not uncommon and in people not able to report these verbally, clinicians should 
remain alert to such effects as the cause of behavioral or emotional symptoms. 
This issue can be addressed through careful and thorough history taking and 
searching for physical adverse effects of treatment that may go alongside psychi-
atric effects. 

 The role of informants: Collateral history takes on the utmost importance for 
patients who cannot tell the clinician what the problem is. While they might com-
municate “something is not quite right” it might be only someone close to them who 
is able to articulate “what” is not right. How robust the collateral history is depends 
on how long the carers have worked with the patient, how well versed they are in 
their observations of the patient and also what facets they see. Different carers often 
have different ways of working and different perspectives to offer which can lead to 
quite different collateral histories regarding nature, onset, duration and progression 
of the diffi culties stated. The skill of the clinician lies in being able to fi t in the 
 different pieces of the jig-saw offered so as to form a coherent picture, arrive at a 
formulation and then come up with a management plan that can be effectively 
shared with the patient and carers so as to enable the patient to be supported 
effectively.  

A.A. Sardesai and H. Ring



201

    Mood Disorders in People with LD and Epilepsy 

 The association between epilepsy and affective disorders is well known [ 18 ,  19 ]. 

    Prevalence 

 Patients with LD and epilepsy are at high risk for depression because of an incom-
pletely understood combination of factors that may be both psychosocial and neu-
rological. Research has shown that lifetime rates of depression and suicidal ideation 
in patients with epilepsy is at least twice as high as that of the general population. 
Mood disorders are also more common in patients with LD when compared to the 
general population.  

    Diagnosis and Presentation 

 It may be helpful to consider the different ways in which presentations of affective 
symptoms can relate to different stages in seizure manifestation. Some reports 
describe seizure prodromes, lasting for several hours or occasionally days and these 
states can be manifest as distinct changes in mood or behavior before an epileptic 
event, characterized for instance by increased lability of emotion or irritability. During 
the period after a seizure, the post-ictal period, during which a person is in the process 
of returning to their normal inter-ictal state, reports of symptoms of depression are 
relatively common. While this post-ictal depression may be short- lived – lasting for 
minutes to hours, it can be intense and at times associated with suicidal thoughts. 
Affective symptoms, as well as psychotic sates and behavioral disturbances, have also 
been reported in the context of period of reduced clinical and EEG seizure activity – 
described as “forced normalization.” Such episodes may develop spontaneously but 
are also recognized to have occurred following introduction of an AED that has 
reduced seizure frequency. The factors that determine which psychiatric symptoms 
may arise during such an episode remain unclear. It is also interesting to note that 
depression appears to be much more common than manic or bipolar states in patients 
with a learning disability and epilepsy. This could be due to the fact that many of the 
most widely used AEDs also have mood stabilizing properties (for instance carbam-
azepine, lamotrigine, sodium valproate), while some others are associated with devel-
opment of depressive symptoms (for instance, phenobarbitone and vigabatrin). 

 In the presence of communication diffi culties, particularly in those with more 
severe learning disability, clinical presentation and diagnostic observations are, as 
described above in the section How is Psychopathology Diagnosed in People with 
LD, likely to involve observations of somatic symptoms such as psychomotor 
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retardation/agitation, loss of appetite and weight, sleep disturbance, and with-
drawal from environment or activities which were previously enjoyable. 

 Patients with a learning disability, particularly those with more severe dis-
abilities, may also present with “Challenging behavior.” This term describes 
behavior likely to challenge those providing support and care and may include 
repeated self- injurious or aggressive behaviors. The development of challenging 
behavior may indicate the presence of a developing mood or other psychiatric 
state, but can also occur as a response to pain or discomfort, fear, boredom, frus-
tration or distress at environmental changes such unexpected alterations in 
established routines, the departure of a known carer or the introduction of a new 
one.  

    Management of Mood Disorders 

 It is important to know that the presence of a learning disability most defi nitely 
does not preclude successful treatment of a mood disorder. The NICE guidelines 
advocate person centered care in the treatment of all mood disorders. This holds 
particularly true for patients with learning disability with comorbid epilepsy who 
rely on carers for help. In the past there has been reluctance to treat depression 
that arises in patients with epilepsy due to concerns about affecting seizure 
threshold. With the availability of selective serotonin reuptake inhibitors (SSRIs), 
which have minimal effect on seizure threshold, it is no longer such a worry and 
consensus guidelines describing approaches to treatment have been published 
[ 20 ]. 

 When treating depression the fi rst consideration should always be to check the 
patients’ anticonvulsant regimen for potential drug-induced depression (e.g., viga-
batrin and phenobarbitone are particularly known to affect mood as a side effect). It 
may well be that the patient would benefi t from changing the anticonvulsant to 
another agent with a more favorable effect on mood rather than adding in an 
antidepressant. 

 While the risk of seizures with SSRIs is low, no drug information leafl et lists 
it at “zero” and patients and carers should be made aware of this when prescrib-
ing. It is important to note that the risk of seizures increases with increasing 
doses. 

 SSRIs are considered the fi rst line antidepressant option in patients with epi-
lepsy. Fluoxetine is not the best choice due to its long half-life, a possibly greater 
incidence of seizures and an increased risk of drug interactions. Citalopram or ser-
traline may be considered the better options due to safety and reduced interaction 
potential with the anticonvulsants. Moclobemide is a good alternative, as it has a 
low incidence of seizures but due to limited data it should be reserved as a second 
choice. 

 Tricyclic antidepressants (TCAs) should be used cautiously in patients with epi-
lepsy and reserved for patients who poorly respond to or are intolerant of other 
antidepressants. Where a TCA is needed, doxepin is possibly of lowest risk of 
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adverse drug interactions and therefore the agent of choice. This is in keeping with 
the guidelines drawn up by the UK Medicines Information pharmacists. 

 There is always the possibility of interactions between antidepressants and anti-
convulsants and clinicians should monitor carefully patients with epilepsy who are 
prescribed antidepressants. The old adage of “start low and go slow” holds particu-
larly true when managing patients with learning disability. Introducing the antidepres-
sant with a low dose, gradually increasing to therapeutic dose and not exceeding the 
maximum recommended dose may reduce the risk of a seizure as well as other side 
effects. If seizures occur or if the incidence of seizures increases, a clinical decision 
needs to be taken on whether the antidepressant should be discontinued and an alter-
native tried after the washout phase. Patients and carers also need to be made aware of 
the fact that it can often take 4–6 weeks for the benefi ts of treatment to be apparent. 

 In patients with mild learning disability, cognitive behavioral therapies (CBT) and 
other psychological treatments can be used as fi rst line to manage depressive symp-
toms particularly if it appears that the symptoms arise in response to a known trigger 
such as bereavement or loss. Music therapy and Art therapy as well as environmental 
changes with removal of demand can be of help in treating affective and behavioral 
symptoms in patients with moderate/severe learning disability but tend to be more 
effective as an adjunct to pharmacological intervention rather than on their own. 

 In keeping with NICE guidance after achieving recovery and return to baseline, 
patients should continue on the medication at the appropriate dose for at least 2 years 
to minimize risk of relapse. Often in clinical practice it becomes apparent that a longer 
duration of treatment is needed particularly if the mood disorder was of a severe nature. 

 Discontinuation of the antidepressant should also be attempted extremely slowly 
allowing plenty of time (for instance 4–6 weeks) between each step to allow carers 
and patients to pick up any deterioration from decrease in dose of medication. 

 While a patient continues treatment with anti-depressants it is important to moni-
tor for side effects in addition to monitoring for any change in seizure frequency. 
SSRIs are known to decrease bone density and predispose to osteoporosis. This is 
of particular importance in patients with learning disability and epilepsy who have 
an increased incidence of osteoporosis and Vitamin D defi ciency. NICE recom-
mends that Vitamin D levels are measured in patients receiving AEDs and they are 
of particular importance in patients treated with SSRIs in addition to AEDs. 
Signifi cant SSRI induced hyponatremia is rare but can occur particularly in the 
elderly. This is particularly important if they are on anticonvulsants such as carbam-
azepine, eslicarbazepine, and oxcarbazepine, which are known to induce hyponatre-
mia as a side effect, themselves. It may be diffi cult to elicit these symptoms, so 
consider ordering serum electrolytes if patients complain of fatigue, dizziness or 
cramping, or if carers report listlessness in patients.   

    Anxiety in People with LD and Epilepsy 

 Anxiety is a complex disorder, characterized by a combination of mood, thought, 
and autonomic system symptoms. 
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    Prevalence 

 Next to depression, anxiety is the most prevalent condition in patients with epilepsy 
[ 21 ]. Anxiety seen as a direct manifestation of the seizure tends to be brief (a span 
of a few minutes to hours) as compared to primary anxiety disorders, which tend to 
be much more long lasting. 

 Anxiety occurring just before a seizure can be part of an aura and in patients with 
severe to profound LD may be a symptom recognized by the parents or carers who 
also sometimes report that a seizure appears to relieve the anxiety and fearfulness 
seen prior to its occurrence. Ictal anxiety is considered to be common with up to a 
third of patients with partial seizures reporting fear as part of their aura, particularly 
those with a right temporal foci. In patients with learning disability the fi gures are 
harder to determine as communication diffi culties can often lead to diffi culties with 
naming emotions. At times anxiety may be the only sign of a seizure noticed by 
carers who might not notice other features of seizure phenomena such as short-term 
loss of awareness or arrest of activity. Post-ictal anxiety is not particularly common 
but may be seen in someone who experiences post-ictal confusion and therefore 
gets anxious. Anxiety has also been reported following temporal lobe surgery in 
epilepsy in the fi rst 6–12 weeks [ 22 ].  

    Diagnosis 

 It is important to establish whether the anxiety symptoms relate to seizure activity 
and therefore are best treated by pursuing adequate seizure control or whether they 
form a comorbid psychiatric illness that needs to be treated in its own right. Panic 
disorder, generalized anxiety, agoraphobia, social phobia, and obsessive compulsive 
disorder can occur in patients with LD and epilepsy and diagnostic criteria are the 
same as that of general population. However, obsessive behaviors and rituals are 
also seen in people with learning disabilities and autism and, as described below, 
there is an increased rate of epilepsy in people with autism and learning disability. 
It is important to note that psychosocial diffi culties, social stigma, and unpredict-
able seizures may also contribute to anxiety symptoms. Diagnosis is based on clini-
cal history and presentation after ruling out thyroid, other endocrine and medication 
side effects as causes.  

    Presentation 

•     Patients often present with a sense of fear, unease, or panic.  
•   Problems sleeping.  
•   Cold or sweaty hands and/or feet.  
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•   Shortness of breath.  
•   Heart palpitations.  
•   Dry mouth.  
•   Inability to sit still and be calm.  
•   Tingling and numbness or altered sensation in their hands or feet.  
•   Carers occasionally report agitation or behavior diffi culties. Often the behavior 

diffi culties are described as “challenging behavior.”    

 As with other disorders, as the degree of learning disability and communication 
diffi culties increases the clinician has to rely more on the observable symptoms, as 
it can be diffi cult for the person with LD to effectively communicate their emotions 
and thoughts. Also, it is not always possible to gain cooperation for a physical 
examination.  

    Management 

 Attempting adequate seizure control and excluding other medical causes mentioned 
above are of utmost importance in managing the symptoms of anxiety. 

 Psychological treatments, for example, CBT play an important part in the man-
agement of anxiety symptoms and can be very effective particularly in patients with 
mild learning disability particularly when used alongside pharmacological 
intervention. 

 Pharmacological intervention is by using SSRIs as fi rst line of medication with 
doses as per the appropriate guidelines, starting low and increasing slowly to titrate 
to good effect while carefully monitoring for side effects. Any SSRI may be used 
though it is helpful to avoid paroxetine, which can cause end dose anxiety. As men-
tioned above it is important to monitor carefully for side effects and possible 
increase in seizure activity. 

 Benzodiazepines and antipsychotics are not used for fi rst line management of 
anxiety and benzodiazepines where used are limited to managing short-term crisis 
of no more than a week or so in duration.   

    Psychosis in People with LD and Epilepsy 

    Prevalence 

 Prevalence rates of schizophrenia in people with learning disabilities are thought to 
be about three times greater than the general population. Epilepsy has long been 
considered a risk factor for psychosis. A systematic review [ 23 ] recently concluded 
that 6 % of individuals with epilepsy have a comorbid psychotic illness and patients 
with epilepsy have almost an eightfold increased risk of psychosis with the 
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prevalence rate being highest in temporal lobe epilepsy (7 %). Prevalence rates of 
psychosis in patients with LD range from 14–50 % depending on the assessment 
methods used and the degree of learning disability in the patients being screened. 
There are also reported cases of psychosis developing in patients being treated with 
antiepileptic drugs particularly with levatiracetam, vigabatrin, and topiramate. 
Inter-ictal psychosis is reported in up to 10 % of patients with temporal lobe epi-
lepsy [ 24 – 26 ].  

    Diagnosis and Presentation 

 As noted above, it can be diffi cult to make a diagnosis of psychosis as people who 
have a learning disability often behave in a way that could make others think, incor-
rectly, that they are hearing voices, or experiencing some of the other symptoms of 
psychosis. The task is to work out whether someone’s behavior is normal for them, 
or whether they are acting in a certain way because they are experiencing an episode 
of psychosis. 

 Talking to oneself or talking to imaginary friends, for example, may be develop-
mentally appropriate for someone who has a learning disability. People who have a 
learning disability sometimes express their thoughts in a way that appears to be jum-
bled, which can be misattributed to disordered thinking as a symptom of psychosis. 
Also, people who have a learning disability are sometimes very concerned about 
what other people think – often because they have been treated unkindly, rejected or 
discriminated against in the past. This could be misinterpreted as paranoid thinking. 

 It is even more diffi cult to distinguish the symptoms of psychosis in people who 
have more severe learning disabilities and who are often unable to communicate 
properly. When making a diagnosis, it is crucial to look for changes in the way 
people normally behave, or changes in their personality. For example, socially inap-
propriate or disturbed behavior that is out of character could be an early sign of 
psychosis or, as noted above, of an affective disorder. 

 Patients with epilepsy and a learning disability who suffer from psychotic symp-
toms can present with negative symptoms – lack of energy, lack of motivation, loss 
of interest in themselves and other people, loss of interest in personal appearance, 
memory problems, and becoming socially withdrawn. These can seriously affect 
people’s quality of life and also need to be distinguished from symptoms of a 
comorbid mood disorder such as depression. It is not always easy to clarify presence 
or absence of pervasive low mood that would aid in suggesting the presence of a 
mood disorder. As noted above, challenging behaviors in people with a learning dis-
ability can result from a variety of causes, among which can also be included the 
experiencing of psychotic symptoms.  
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    Management 

 In general, similar approaches to the management of psychosis operate for people 
with a learning disability and epilepsy as for those with epilepsy without a learning 
disability. However, as noted above, it is particularly important to consider the dif-
ferential diagnosis of the patient’s presentation, considering issues such as environ-
mental changes or stresses, physical illness and affective illness, and 
medication-related adverse effects including consideration of not only AEDs and 
psychotropic agents but also other medications. Patients with mild LD may be able 
to access mainstream mental health services for management of their psychosis, but 
those with a more severe learning disability are likely to do better with specialist 
services. 

 All patients suspected of having a psychotic illness should have access to a com-
prehensive multidisciplinary assessment. This should include assessment by a psy-
chiatrist, a psychologist, or a professional with expertise in the psychological 
treatment of people with psychosis or schizophrenia. 

 Once the diagnosis, or working diagnosis – which in the context of severe learn-
ing disability may be the appropriate position to take as defi nitive diagnosis may not 
be possible – of psychotic disorder has been established it is important to intervene 
early. The mainstay of treatment is antipsychotic medication (preferably given 
orally) accompanied by psychological intervention and support to carers. 

 The choice of antipsychotic medication should where possible be made collab-
oratively with the individual and their carers taking into account likely drug interac-
tions, benefi ts, and possible side effects of each drug including:

•    Metabolic (including weight gain and diabetes)  
•   Extrapyramidal (including akathisia, dyskinesia, and dystonia)  
•   Cardiovascular (including prolonging the QT interval)  
•   Hormonal (including increasing plasma prolactin)  
•   Other (including unpleasant subjective experiences)    

 It is recommended by NICE that before starting antipsychotic medication the 
following baseline investigations are undertaken:

•    Weight (plotted on a chart)  
•   Waist circumference  
•   Pulse and blood pressure  
•   Fasting blood glucose, glycosylated hemoglobin (HbA1c), blood lipid profi le, 

and prolactin levels  
•   Assessment of any movement disorders  
•   Assessment of nutritional status, diet, and level of physical activity  
•   ECG    

12 Neuropsychiatric Symptoms in Learning Disability



208

 Particularly where a working diagnosis has been made, when it has not been pos-
sible to reach a defi nite diagnosis of psychosis, treatment with antipsychotic medi-
cation should be considered as an explicit individual therapeutic trial – with clear 
outcome goals identifi ed at the start of treatment and against which the patient’s 
progress should be regularly assessed. Management should include the following:

•    Where possible discuss and record the side effects that the person is most willing 
to tolerate.  

•   Record the indications and expected benefi ts and risks of oral antipsychotic med-
ication, and the expected time for a change in symptoms and appearance of side 
effects.  

•   Describe the pre-treatment investigations and likely treatment-related adverse 
effects and discuss with the aim of identifying with the patient and their carers 
anything that the patient may fi nd it particularly hard to tolerate. This may lead 
to the need to reconsider the choice of antipsychotic. For instance some patients 
may not tolerate blood tests, blood pressure measurement, or other physical 
intrusions. In others, increased appetite and weight gain may present particular 
challenges.  

•   At the start of treatment give a dose at the lower end of the licensed range and 
slowly titrate upwards within the accepted dose range.  

•   Record the rationale for continuing, changing or stopping medication, and the 
effects of such changes.  

•   Carry out a trial of the medication at optimum dosage for 4–6 weeks.    

 Treatment guidelines generally recommend the following monitoring and record-
ing regularly and systematically throughout treatment, but especially during 
titration:

•    Response to treatment, including changes in symptoms and behavior  
•   Side effects of treatment, taking into account overlap between certain side effects 

and clinical features of schizophrenia (e.g., the overlap between akathisia and 
agitation or anxiety) and impact on functioning  

•   The emergence of movement disorders  
•   Weight, weekly for the fi rst 6 weeks, then at 12 weeks, at 1 year, and then annu-

ally (plotted on a chart)  
•   Waist circumference annually (plotted on a chart)  
•   Pulse and blood pressure at 12 weeks, at 1 year, and then annually  
•   Fasting blood glucose, HbA1c, serum prolactin, and blood lipid levels at 12 

weeks, at 1 year, and then annually  
•   Adherence to medication  
•   Overall physical health    

 It  must  be kept in mind that individuals with more severe learning disability will 
lack capacity to give informed consent to medication and in such cases it is impor-
tant to deliver treatment in the best interests of the patient, following discussion 
with others including family, paid carers, patient advocates, other involved mem-
bers of the clinical team, etc. It is important to maintain dialogue and to support the 
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patient and their carers throughout the treatment. At times it may be appropriate to 
consider whether an in-patient assessment would be of use in supporting diagnosis 
and if indicated initiation of medication. 

 Despite medication patients can be left with residual psychotic symptoms, and 
psychological treatments such as modifi ed CBT, art therapy, and music therapy can 
help them manage the impact of their symptoms better. Appropriate support is crucial. 
It is also imprtant to consider patients’ adherence to oral medication regimens. If it 
appears that medication is helpful but the individual fails to adhere to it, consider treat-
ment with depot. However, it is important to bear in mind that if adherence to antipsy-
chotics is in question, then adherence to antiepileptics may well be in question too.   

    Autism and Epilepsy in People with LD 

    Prevalence 

 There appears to be an increased rate of epilepsy in people with autism, with esti-
mates in children with autism ranging from 5 to 40 %. However, the relationship 
between autism and epilepsy is not clearly understood. Epilepsy is associated with 
older age, lower cognitive ability, poorer adaptive and language functioning, history 
of developmental regression and more severe autistic spectrum disorder symptoms 
such that for every one standard deviation increase in IQ, the odds of having epi-
lepsy decrease by 47 % [ 27 ]. Most studies indicate that prevalence of epilepsy in 
autism is around 30 %.  

    Diagnosis 

 Core symptoms of autism include impairment in reciprocity of social interaction, 
stereotyped repetitive behaviors and clear circumscribed or unusual interests, and 
for a diagnosis of autism to be made these symptoms need to have been present 
since early childhood. However, it is increasingly being recognized that in people 
with more severe learning disability, of various etiologies, a range of autistic traits 
may be recognized but that the presence of these do not necessarily confer a defi ni-
tive diagnosis of autism.  

    Management 

 The management of autism itself is currently limited to various approaches to alle-
viating particular symptoms. The approach to managing epilepsy in those with 
autism does not differ from the management of epilepsy in the absence of autism. 
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As with any other patients it is important to monitor for side effects of antiepileptic 
drugs and this may be more diffi cult in patients with more severe LD due to diffi cul-
ties in communication. Patients with autism may be particularly fearful of touch or 
any medical investigations. Often, this can be resolved by systemic desensitization 
approaches and gently introducing them to the equipment.   

    Down Syndrome, Dementia, and Epilepsy 

    Prevalence 

 Down syndrome is the most common chromasomal cause of intellectual disability 
with a prevalence of 1 in every 650–1000 live births. Three peak periods for devel-
opment of epilepsy in people with Down syndrome have been described; early 
childhood when infantile spasms have been reported, early adulthood when epi-
lepsy more often takes the form of partial seizures, and, most frequently, from 
around 40 years of age, when Alzheimer-type neuropathological changes and clini-
cal symptoms of dementia develop at signifi cantly higher rates and at earlier ages in 
those with Down syndrome than in the rest of the population [ 28 ]. Indeed, 40 % of 
people over 50 years with Down syndrome and 75 % of those aged over 60 are suf-
fering from Alzheimer’s disease. The prevalence of epilepsy increases signifi cantly 
in association with these Alzheimer-type changes in middle age. In one recent study 
74 % of people with Down syndrome and a clinical diagnosis of dementia had epi-
lepsy, with the epilepsy developing on average about 6 months after the dementia 
was diagnosed [ 29 ].  

    Diagnosis 

 Standard assessments such as the mini-mental state exam are not appropriate. It is 
important to explicitly look for a change in the individual’s own baseline. The reli-
ance is on collateral history obtained from an informant but this can be challenging 
at times because a reliable informant history may not be available. Diagnosis is 
much harder in patients with moderate and severe LD due to limited communication 
skills and diffi culties for carers to notice and clinicians to interpret change. These 
individuals already receive a signifi cant level of support with their day-to-day care 
and it can be diffi cult to notice any loss of skills particularly early on. 

 It is particularly important to rule out hypothyroidism and also sedation/seizure 
related confusion mimicking as cognitive decline in patients who have both Learning 
disability and epilepsy. It is also important to rule out other medical conditions such 
as pain, constipation, infections, and depression, which may present as behavioral 
and emotional problems.  
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    Presentation of Dementia 

 Patients often do not complain of memory problems themselves, rather they may be 
brought to the attention of services due to a decline in their functioning or activities 
of daily living or due to emotional and behavioral changes. Onset of epilepsy may 
sometimes be the fi rst sign of dementia.  

    Management 

 The mainstay in pharmacological management of dementia is by use of acetylcho-
linesterase inhibitors. However, it is important to note that these drugs may reduce 
seizure threshold, so it is important to monitor carefully for side effects alongside 
monitoring for any possible benefi t. 

 As dementia is a progressive disease, it is important to work with carers support-
ing the patients to aid their understanding of the nature of the disease as well as 
environmental modifi cations that may be needed to aid the individual.      
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    Chapter 13   
 Attention, Executive Function, and Attention 
Defi cit Hyperactivity Disorder       

       David     W.     Dunn       and     William     G.     Kronenberger     

    Abstract     People with epilepsy have an increased risk of problems with attention 
and executive function. Approximately one third meet criteria for attention defi cit 
hyperactivity disorder (ADHD). Also, children with ADHD have an increased risk 
for seizures. Risk factors for diffi culties with attention and executive functioning are 
common genetic vulnerability or underlying central nervous system damage, early 
age of seizure onset, more severe and more frequent seizures, and adverse effect of 
antiepileptic drugs. Phenobarbital, benzodiazepine, and topiramate have been asso-
ciated with attention problems. Problems with attention and executive function are 
associated with cognitive and academic disability. Methylphenidate is fi rst choice 
medication to treat attention diffi culties and rarely has a negative impact on seizure 
control. Atomoxetine is a second choice medication. Alpha-2 agonists, amphet-
amines, and low dose tricyclic antidepressants can be tried if neither methylpheni-
date nor atomoxetine are successful. Educational interventions may also be required.  

  Keywords     Attention   •   Executive function   •   ADHD   •   Academic function   •   Epilepsy  

        Introduction 

 Epilepsy is a pervasive disorder characterized by seizures, cognitive diffi culties, and 
behavioral problems. In this chapter we will review disturbances in attention and 
executive function and the comorbidity of attention defi cit hyperactivity disorder 
(ADHD) and epilepsy. We will ask several questions. How are ADHD, attention, 
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and executive function defi ned and measured? Is the risk of ADHD and diffi culties 
with attention and executive function greater in people with epilepsy? What are the 
potential explanations for the comorbidity of ADHD, problems with attention and 
executive function in patients with epilepsy? What are the optimal treatments for 
ADHD or impairments in attention and executive function in patients with epilepsy? 
Are there changes over time in attention and executive function? Finally, what are 
the areas needing additional research?  

    Attention Defi cit Hyperactivity Disorder (ADHD) 

 The current Diagnostic and Statistical Manual of Mental Disorders, 5th edition 
(DSM 5) lists ADHD as a neurodevelopmental disorder defi ned by the presence of 
six of nine symptoms of inattention and six of nine symptoms of hyperactivity and 
impulsivity, beginning prior to 12 years of age, and causing impairment of function 
in at least two settings [ 1 ]. For people over 17 years of age, only fi ve symptoms of 
inattention or hyperactivity and impulsivity are needed to meet criteria for diagno-
sis. If both inattention and hyperactivity/impulsivity are present, the diagnosis is 
ADHD, combined presentation and if only one of the sets of symptoms meets the 
threshold of 6 symptoms, the ADHD is called predominantly inattentive presenta-
tion or predominantly hyperactive/impulsive presentation. ADHD occurs in 5–10 % 
of children and 3–5 % of adults and is twice as common in males compared to 
females, particularly when hyperactive-impulsive symptoms are present. In a child 
and adolescent psychiatry clinic, ADHD, combined presentation is most common. 
In children, ADHD is often comorbid with the disruptive behavior disorders, oppo-
sitional defi ant disorder, and conduct disorder, and specifi c learning disorder also 
occurs more frequently when ADHD is present. Comorbidities in adults include 
substance-related disorders, mood disorders, and anxiety disorders. 

    Attention and Executive Functioning 

 Attention and executive functioning are multifaceted neuropsychological ability 
areas. While ADHD is a categorical measure with a diagnosis made once criteria are 
met, attention and executive functioning are dimensional measures with no exact 
demarcation between normal and abnormal. Attention includes the processes 
involved in perceiving and selecting stimuli, maintaining and shifting focus, and 
inhibiting responses to extraneous stimuli. Executive functioning is a broader term 
that encompasses multiple dimensions without a single well-accepted defi nition [ 2 , 
 3 ]. One representative defi nition describes executive functions as the cognitive abil-
ities “necessary to organize, control, and sustain the processing of information in a 
planned, goal-directed manner” [ 4 ]. The core components of executive functioning 
include shifting mental sets, updating and monitoring information in working 
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memory, and inhibiting impulsive responses [ 5 ]. Other components of executive 
functioning that have been identifi ed in some studies include self-regulation, plan-
ning, organization, concept formation, controlled attention, controlled cognitive fl u-
ency, emotional control, initiation, and self-monitoring [ 2 ,  6 ]. 

 Attention depends on multiple, widely distributed networks within the central 
nervous system. The parietal lobe, basal ganglia, and cerebellum are components of 
the attentional systems with control of attention centered in the prefrontal cortex. 
The types of attention most often assessed in people with epilepsy include selective 
attention, divided attention, and sustained attention. Sustained attention is most fre-
quently reported to be impaired in people with epilepsy [ 7 ]. Sustained attention is 
mediated by the frontoparietal networks, predominantly the right hemisphere. The 
anterior cingulate cortex is essential in selective and divided attention. The prefron-
tal cortex with its network connections to basal ganglia, limbic system, and cerebel-
lum is the anatomic locus for executive functions. The networks for executive 
functioning develop gradually throughout childhood into early adult years.  

    Assessment for ADHD, Attention, and Executive Function 

 A diagnosis of ADHD is based on history, consideration of differential diagnosis, 
and rating scales. Practice parameters and best practices recommendations for eval-
uation of ADHD recommend several primary components: (1) clinical diagnostic 
interviews with the patient and parent, (2) review of background information (fam-
ily history, social history, medical history, developmental history), (3) evaluation of 
possible comorbid or alternative psychiatric disorders, and (4) investigation of 
behavior and functioning at school or work [ 8 ,  9 ]. Behavior rating scales are not 
required for the diagnosis of ADHD but can be extremely valuable components 
because they provide structured, quantifi ed data that can be obtained rapidly and 
easily from multiple sources. 

 Most behavior rating scales designed specifi cally for ADHD assessment use the 
9 inattentive items and the 9 hyperactive impulsive items found in the DSM 5, 
worded for ratings on a 3- or 4-point scale by caregivers or other observers. Examples 
of rating scales include the ADHD Rating Scale IV [ 10 ] and the NICHQ Vanderbilt 
Assessment scales [ 11 ]. Broad scale measures that assess for ADHD and multiple 
other psychiatric disorders or symptoms are the Child and Adolescent Symptom 
Rating Scales [ 12 ], the Child Behavior Checklist (CBCL) [ 13 ], the Strengths and 
Diffi culties Questionnaire (SDQ) [ 14 ], and the Behavior Assessment System for 
Children, Second Edition (BASC-2) [ 15 ]. Other rating scales focus on neurocogni-
tive functions that are impaired in ADHD, such as executive functions; for example, 
the Behavior Rating Inventory of Executive Function (BRIEF) has been used to 
assess patients with epilepsy [ 6 ]. 

 Numerous performance-based neuropsychological tests that assess attention 
and executive functioning have been used clinically and in research with patients 
with epilepsy [ 16 ], and neuropsychological assessment is a valuable clinical tool in 
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evaluation and management of epilepsy [ 17 ]. Continuous performance tests mea-
sure vigilance, concentration, and inhibition by requiring patients to respond to 
target items and withhold response to nontarget items presented sequentially over 
time. Tests such as the Stroop Color-Word Test assess the ability to withhold pre-
potent responses in order to provide more effortful responses, refl ecting controlled 
attention and inhibitory control. Large neuropsychological test batteries such as 
the Delis-Kaplan Executive Functioning System [ 18 ] consist of a number of neu-
ropsychological tests to evaluate strengths and weaknesses across a wide variety of 
functions, including attention and executive functioning. Working memory tests 
present the patient with a stimulus (typically a series of verbal or visual stimuli) 
that must be remembered and recalled at the same time that another cognitive 
activity is taking place; for example, N-back working memory tests require the 
subject to indicate when a stimulus is the same as a prior stimulus presented 
N-times prior in a sequence. There are a large number of other neuropsychological 
tests and batteries that can be used to identify attention and executive function defi -
cits in patients with epilepsy, some of which have been specifi cally designed for 
the assessment of neuropsychological functioning in epilepsy [ 17 ,  19 ]. 

 Results of performance-based neuropsychological tests, which are administered 
in offi ce settings, show only modest agreement with behavioral reports provided by 
parents, teachers, and patients [ 2 ,  3 ]. Formal neuropsychological testing generally 
does not add to the diagnostic accuracy of ADHD and is not a required part of prac-
tice parameters or best practice recommendations for ADHD diagnostic assessment. 
Rather, clinical interview, evaluation of history, and observation are generally con-
sidered to provide a more valid diagnostic assessment of ADHD [ 2 ,  8 ,  9 ]. 
Neuropsychological testing yields specifi c information about abilities under con-
trolled conditions, whereas behavior checklists, interviews, and observations pro-
vide a more global assessment of behavior in day-to-day life [ 2 ].  

    Prevalence of ADHD in Epilepsy Samples 

 A wide range of prevalence rates has been reported for ADHD in people with epi-
lepsy, depending on differences in methodology of ADHD assessment or differ-
ences in sample composition. One epidemiological study provides data on incidence 
of ADHD and epilepsy. Chou et al. [ 20 ] used a health insurance database of children 
and adolescents less than 19 years of age identifying samples with epilepsy, with a 
diagnosis of ADHD, and controls. Over a 7-year follow-up, the incidence of ADHD 
was 7.76 % in the sample with epilepsy and 3.22 % in the controls, a hazard ratio of 
2.54 (95 % Cl 2.02–3.18). Several population-based studies have reported preva-
lence of ADHD in people with epilepsy. Reilly et al. [ 21 ] assessed behavior in a 
population-based sample of children 5–15 years of age with epilepsy and noted 
ADHD in 33 %. Cohen et al. [ 22 ] found ADHD in 27.7 % of people with epilepsy 
versus 12.6 % in the general population. Russ et al. [ 23 ] described a diagnosis of 
ADHD in 23 % of children with epilepsy or seizures compared to 6 % of controls. 
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Turkey et al. [ 24 ] noted ADHD in 44 %. Davies et al. [ 25 ] reported symptoms of 
ADHD in 12 % of patients with complicated epilepsy, 2 % of controls, and none of 
the patients with uncomplicated epilepsy. In a population-based survey, McDermott 
et al. [ 26 ] described 28.1 % of children with epilepsy as hyperactive compared to 5 
% of controls, and Carlton-Ford et al. [ 27 ] noted impulsivity in 39 % of children 
with epilepsy compared to 11 % of controls, though neither study made a specifi c 
diagnosis of ADHD. 

 There are fewer reports of ADHD in adults with epilepsy. In three of four 
population- based surveys of psychiatric comorbidity in adults with epilepsy, the risk 
of ADHD has been found to be higher than in controls. In the Canadian Community 
Health survey, adults with epilepsy had an increased risk of anxiety and suicidal ide-
ation, but symptoms of ADHD were apparently not assessed [ 28 ]. Ottman et al. [ 29 ] 
compared 3488 adults with epilepsy from the United States to a control group of 
169,471. ADHD was reported by 13.2 % of adults with epilepsy and 5.5 % of controls 
for a prevalence ratio of 2.39 (2.03–2.81). Raj et al. [ 30 ] reported a population-based 
survey of psychiatric comorbidity in adults with epilepsy from England. They found 
symptoms of ADHD on a screening instrument in 15.4 % of adults with epilepsy for 
an adjusted odds ratio of 1.6 (0.9–3.0). Ettinger et al. [ 31 ] assessed adults with epi-
lepsy using a 6-item screen for ADHD. They found that 18.4 % of the adults with 
ADHD had a positive screen for ADHD. They also noted that adults with a positive 
screen for ADHD had more symptoms of anxiety and depression, lower quality of life, 
and more social impairment than adults with epilepsy and no symptoms of ADHD. 

 The prevalence of ADHD in people with epilepsy is also higher in clinical sam-
ples, most often from tertiary epilepsy centers. In these studies, the ADHD diagnosis 
is most often based on psychiatric interview, rating scales, or structured interviews. 
The majority of studies report a prevalence of ADHD of 20–40 % in sample with 
epilepsy and 6–12 % rate in controls [ 32 – 42 ]. Two studies reported prevalence below 
the usual range. Freilinger et al. [ 43 ] noted symptoms of ADHD in the at-risk or clini-
cal range in 12 % of children and adolescents with various epilepsy syndromes, and 
Benn et al. [ 44 ] found ADHD in 12.4 % of the epilepsy sample and 7.8 % of controls, 
a nonsignifi cant difference. Their sample consists of patients followed for 8–9 years 
after seizure onset and 65 % of the sample had been in remission for at least 5 years. 
In contrast, Sherman et al. [ 45 ] noted ADHD in 71 % of their sample. The seizure 
patients had severe epilepsy or were undergoing seizure surgery evaluation. 

 In the studies documenting ADHD type, three found more ADHD, predomi-
nantly inattentive type. Dunn et al. [ 34 ] noted ADHD, predominantly inattentive 
type in 24 %; ADHD, combined type in 11.4 %; and ADHD, predominantly 
hyperactive- impulsive type in 2.4 % of children with epilepsy. Hermann et al. [ 37 ] 
in a new-onset seizure sample found that 52 % had the inattentive type, 17 % hyper-
active impulsive, 13 % combined type, and 17 % not specifi ed. In a sample of chil-
dren with severe epilepsy, 34.5 % had ADHD, predominantly inattentive type versus 
34 % combined and 2.5 % hyperactive impulsive [ 45 ]. The one report that found 
more combined type (58 %) compared to inattentive type (42 %) was based on a 
sample referred for an ADHD medication trial and may have been biased toward 
more disruptive children [ 46 ]. 
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 Children with ADHD frequently have other comorbid psychiatric disorders. Few 
groups have commented on additional behavioral disorders in children with epi-
lepsy and ADHD. Caplan et al. [ 47 ] assessed children with complex partial seizures 
and found ADHD with comorbid oppositional defi ant disorder or conduct disorder 
in 17 % compared to 6 % of controls and ADHD with comorbid anxiety or depres-
sive disorders in 23 % compared to 3 % of controls. Gonzalez-Heydrich et al. [ 46 ] 
noted ADHD with comorbid anxiety disorder in 36 % and oppositional defi ant dis-
order in 31 %.  

    Summary 

 The data from studies of prevalence of ADHD in people with epilepsy consistently 
show that ADHD is 2–3 times more common in people with epilepsy than in con-
trols. Demographic data generally show that the male–female ratio is equal in stud-
ies with ADHD and epilepsy, whereas males are more often affected in samples 
with isolated ADHD seen in psychiatric clinics. Though only a few of the studies 
report ADHD subtypes, there seems to be more ADHD predominantly inattentive 
presentation in the epilepsy groups and more ADHD, combined presentation in psy-
chiatric samples. There are two things missing in the data. Impairment in at least 
two areas is a criterion for diagnosis in the DSM 5 but is not usually addressed in 
current studies of ADHD in epilepsy. Second, symptoms of ADHD persist into 
adulthood, but as of the time of this review, there is very little information on natural 
history of symptoms of ADHD in people with epilepsy and very few reports on 
ADHD in adults with epilepsy.   

    Prevalence of Problems with Attention and Executive 
Functioning 

 Problems with attention are consistently reported as higher in clinical samples of 
children or adolescents with epilepsy than in controls or normative data. 
Questionnaires such as the Child Behavior Checklist and the Strengths and 
Diffi culties Questionnaire are often used as measures of attention problems, hyper-
activity, and impulsivity. On the attention problems subscale of the CBCL or on the 
hyperactivity-inattention subscale of the SDQ, 30–42 % of children and adolescents 
with epilepsy have been found to score in the “at risk” or “clinical” range compared 
to 5–10 % of controls [ 35 ,  38 ,  40 ,  42 ]. Two studies reported values outside this 
range. Freilinger et al. [ 43 ] noted elevated attention problems scores on the CBCL 
in 11.2 % of a sample of patients with epilepsy 8–18 years of age. Dunn et al. [ 34 ] 
reported CBCL attention problem scores in the “at risk” or “clinical” range in 58 % 
of children and 42 % of adolescents with epilepsy. The higher prevalence reported 
by Dunn et al. [ 34 ] may be partially explained by the age of patients. Several other 
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studies have found more attention or hyperactivity problems in younger patients 
with epilepsy [ 35 ,  41 ]. 

 Though most studies have used parents as informants, there are reports that use 
teachers as informants. Teachers reported inattention in 42 % of children with epi-
lepsy in the report by Holdsworth and Whitmore [ 48 ] and inattention or hyperactiv-
ity in 58 % of the children described by Sturniolo and Galletti [ 49 ]. Dunn et al. [ 50 ] 
prospectively followed children with new-onset seizures using teachers as raters of 
behavior. The ratings were obtained at baseline, 12, and 24 months. Teachers noted 
attention problems in 21 % of children with recurring seizures at baseline dropping 
slightly to 19 % at 24 months; attention problems were reported in 13 % of the chil-
dren with a single episode of seizures. 

 Other studies have used computerized performance tasks to assess attention and 
impulsivity in children and adolescents with epilepsy. Again, most show more prob-
lems in children and adolescents with epilepsy than in controls or normative scores. 
In general, these studies have found more problems with attention than with impul-
sivity [ 51 ]. In one of the few studies to use as controls both an ADHD group and 
healthy peers, Semrud-Clikeman and Wical [ 52 ] found that children and adoles-
cents with ADHD and complex partial seizures had more impaired attention than 
patients with complex partial seizures without ADHD or than patients with ADHD 
and no seizures. Both the patients with seizures and those with ADHD had more 
impairment than healthy controls. 

 Results of neuropsychological studies suggest differences in types of attention 
that are impaired in patients with epilepsy. Sánchez-Carpintero and Neville [ 7 ] 
reviewed studies of attention in patients with epilepsy and found that sustained 
attention was most consistently reported as impaired. Selective and divided atten-
tions were affected less often. Triplett and Asato [ 53 ] evaluated patients 8–17 years 
of age with new-onset seizures and normal development prior to instituting antiepi-
leptic drugs and found the lowest scores in tasks of complex attention. Similarly, 
Stiers et al. [ 54 ] found that complex attention but not simple attention was more 
impaired in patients with epilepsy and hippocampal malrotation than in patients 
with epilepsy without malrotation or in typically developing controls. 

 Studies of other components of executive functioning also frequently show defi -
cits in children with epilepsy relative to healthy controls, particularly when ADHD 
is present. Bechtel et al. [ 55 ], for example, compared children with ADHD and 
epilepsy to those with ADHD alone and found comparable levels of working mem-
ory abilities. Because of the broad neuropsychological risks related to epilepsy, neu-
ropsychological testing, including evaluation of attention and executive functioning, 
is an important component of epilepsy evaluation [ 17 ]. 

 The specifi c prevalence of broad executive function impairment in children 
with epilepsy is diffi cult to characterize because there is no clear defi nition of 
executive function, multiple measures have been used, and for many tests there are 
no clear demarcations between normal and impaired. Parrish et al. [ 56 ] found that 
48 % of 8–18 year old epilepsy patients had scores on the BRIEF in the “at risk” 
or “clinical” range versus 8 % of controls. Poor executive functioning was not 
predicted by age, gender, or seizure duration or type. Høie et al. [ 57 ] used fi ve 
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separate measures of executive functioning and defi ned abnormality as scores at or 
below the tenth percentile. They found executive function problems in 33 % of the 
6–12 year old epilepsy patients and 11 % of controls. In a previous study, they 
showed that problems with executive functions were associated with early seizure 
onset, more frequent seizures, and use of multiple antiepileptic drugs and were 
found in patients with all seizures types except for benign epilepsy with centrotem-
poral spikes (BECTS). Campiglia et al. [ 58 ] found impaired executive function in 
children with frontal or temporal lobe epilepsies with few differences between the 
two seizure groups. In contrast, Longo et al. [ 59 ] found more executive function 
problems in youth with frontal lobe epilepsy than in those with temporal lobe sei-
zures. Conant et al. [ 60 ] evaluated executive function in children with absence 
epilepsy compared to children with diabetes mellitus and controls. The children 
were similar in intelligence, memory, and processing speed, but the children with 
seizures were more impaired on multiple measures of executive function. 
Chowdhury et al. [ 61 ] assessed adults with idiopathic generalized epilepsy and 
found more impairment in executive function in patients than in fi rst-degree rela-
tives or healthy controls. 

 Most studies of attention or executive function in children with epilepsy are cross 
sectional and do not describe change over time. Williams et al. [ 33 ] followed 42 
children 5–16 years of age with new-onset seizures and ADHD assessing symptoms 
at baseline and a mean of 7 months later. Inattention and hyperactivity-impulsivity 
were present in 31 % at baseline. At follow-up, 27 % were still inattentive and 24 % 
hyperactive-impulsive. Dunn et al. [ 50 ], using teacher ratings of attention in chil-
dren with new-onset seizures, showed a minor drop in attention problems from 21 
% at baseline to 19 % at 24 months. One study found an increase in attention prob-
lems as measured by a computerized performance task with 21 % having inattention 
at baseline prior to treatment with antiepileptic drugs and 42 % at 1-year follow-up 
[ 62 ]. Austin et al. [ 63 ] found attention problems in 22 % of children with new-onset 
seizures at baseline with a drop to 11 % at 36 months. Only 4.7 % had symptoms of 
ADHD at all follow-up visits. 

    Summary 

 Studies of attention and executive function in children and adolescents with epi-
lepsy show a clear pattern of increased risk of problems in those with epilepsy 
with approximately 30–40 % having attention problems and executive function 
diffi culties. There is a suggestion that sustained attention and complex attention 
may be impacted more than selective or divided attention or simple attention, but 
the data is limited. Problems with the literature include small sample sizes, few 
adult studies, and a multiplicity of measures for attention of attention or execu-
tive function restricting the ability to compare results across studies. There 
seems to be improvement over time but there are too few studies for a defi nite 
conclusion.   
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    Risk Factors for ADHD in Children with Epilepsy 

 There are several potential explanations for the comorbidity of epilepsy and ADHD, 
disorders of attention, or defi cits in executive functioning. There may be concurrent 
comorbidity in which both epilepsy and impaired attention and executive function 
are due to a common underlying problem. Alternatively, the association may be due 
to successive comorbidity in which either epilepsy or ADHD causes or creates a 
vulnerability to developing the other condition. There are several potential explana-
tions for problems with attention and executive functioning (see Table  13.1 ).

      Concurrent Comorbidity 

 Suggestive evidence for concurrent comorbidity comes from studies that show 
symptoms of ADHD present prior to or at the onset of seizures and from studies 
demonstrating a bidirectional association between epilepsy and ADHD. Population- 
based surveys have shown that children with ADHD have over twice the risk of 
developing seizures than controls. Chou et al. [ 20 ] followed 3664 children and ado-
lescents with ADHD and 14,522 age matched controls for 3–3.5 years. The inci-
dence of epilepsy was 3.24 % in the ADHD sample in 0.78 % in controls for a 
hazard ratio of 3.94 (95 % CI 2.58–6.03). Hesdorrfer et al. [ 64 ] noted that the asso-
ciation between ADHD and subsequent epilepsy existed for ADHD predominantly 
inattentive type but not for ADHD combined or hyperactive-impulsive types. Davis 
et al. [ 65 ] used data from the Rochester Epidemiology Project to compare children 
with ADHD to controls. The children found with ADHD were 2.7 times more likely 
to develop epilepsy than controls. The children with ADHD developed seizures ear-
lier and had more severe seizures than controls with epilepsy, and the children with 
ADHD and epilepsy were less likely to receive treatment for ADHD than those with 
ADHD alone. 

 Several studies have obtained EEGs in patients with ADHD and found focal 
spikes in approximately 5–10 % of recordings [ 66 – 70 ]. Two studies of new-onset 
seizures found evidence of ADHD prior to fi rst seizure. Austin et al. [ 71 ] noted 
symptoms of ADHD in 10.7 % of children with new-onset seizures compared to 3.0 

  Table 13.1    Risk factors for 
problems with attention and 
executive function and 
ADHD  

 Risk factors for problems with 
attention and executive function and 
ADHD 

 1. Common genetic vulnerability 
 2. Central nervous system damage 
 3. Early age of seizure onset 
 4. Severe or frequent seizures 
 5. Frequent epileptiform discharges 
 6. Adverse effect of antiepileptic drugs 
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% of sibling controls. Hermann et al. [ 37 ] found that 82 % of the children with new- 
onset seizures and ADHD had evidence of ADHD prior to fi rst seizure. 

 One possible explanation for the association of epilepsy and ADHD is a common 
genetic vulnerability. The genetic bases of ADHD and epilepsy are being rapidly 
defi ned by use of genome-wide association studies. The rapid progress in genetics 
suggests possible links between epilepsy and ADHD. Lo-Castro and Curatolo [ 72 ] 
reviewed prior studies and found genes involved in synapse formation, neurotrans-
mission, and DNA methylation and remodeling that conveyed vulnerability for epi-
lepsy and ADHD. In a small sample of 16 mothers of children with epilepsy and 
ADHD, 8 of the 16 mothers had a current or past history of ADHD [ 73 ]. In contrast, 
Hesdorffer et al. [ 74 ] assessed family history of behavioral problems in fi rst degree 
relatives of patients with seizures. They found a familial clustering of symptoms of 
multiple behavioral problems in patients with unprovoked seizures, but did not fi nd 
an increase in attention problems or ADHD in relatives. 

 Underlying central nervous system damage may be a factor in both epilepsy and 
ADHD. One epidemiological study found that ADHD was signifi cantly more com-
mon in children with complicated epilepsy compared to those with no additional 
neurological impairment [ 25 ]. The two clinical series reported on symptoms in chil-
dren with severe epilepsy. Ferrie et al. [ 75 ] found hyperactivity in 77 % of children 
with intractable epilepsies and Sherman et al. [ 45 ] noted ADHD in 71 % of children 
being assessed for seizure surgery or having severe epilepsy. 

 Children with epilepsy and ADHD have been assessed with structural and func-
tional imaging. One group initially found increased gray matter in the frontal lobes 
of children with epilepsy and ADHD, but later reported an association between 
symptoms of attention problems and decreased cortical thickness in the frontal and 
left parietal lobes and an association between higher ADHD scores and decreased 
cortical thickness in the frontal and occipital lobes [ 37 ,  76 ]. Functional magnetic 
resonance imaging (fMRI) has been used to assess attention and executive function. 
Bechtel et al. compared boys with epilepsy and ADHD and boys with ADHD alone. 
They found similar areas of reduced activation in response to a working memory 
task in the two groups [ 55 ]. Killory et al. [ 77 ] evaluated attention in children with 
absence epilepsy and found reduced activity in the medial frontal cortex and 
impaired connectivity between the medical frontal cortex and the right anterior 
insula/frontal operculum. Using fMRI, McGill et al. [ 78 ] studied the default mode 
network and found decreased functional connectivity between the cingulate cortex 
and frontal lobe similar to what would be found in patients with impaired 
attention.  

    Successive Comorbidity 

 Potential reasons for successive comorbidity could include impaired attention and 
executive function secondary to seizures, to adverse effects of antiepileptic drugs, or 
to psychological or social reactions to having seizures. Seizure-related variables 
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could include age of onset, duration or severity of seizures, seizure type or locus, or 
epileptiform discharge on EEG. Antiepileptic drugs may have a negative impact on 
attention and executive functioning, or, alternatively, might be benefi cial. The 
occurrence of ADHD is not secondary to psychosocial stressors, but severity of 
ADHD symptoms has been related to adverse circumstances of life. Epilepsy may 
be an additional stress that contributes to severity of ADHD or executive 
dysfunction. 

 Age of onset of seizures has been associated with cognitive problems but not 
emotional diffi culties. Though it might be expected that early onset of seizures 
might negatively impact development of attention networks, age of onset has not 
been consistently associated with problems of attention or executive function in 
people with epilepsy. Tsai et al. [ 79 ] and Tanabe et al. [ 42 ] found an association 
between early age of onset and problems with attention. Black et al. [ 80 ] and 
Campiglia et al. [ 58 ] noted an association of early age of onset with executive func-
tion impairment. However, other studies have found no association with age of 
onset [ 37 ,  81 ]. This may be partially due to sample characteristics. Hermann et al. 
[ 37 ] assessed children with new-onset seizures starting after 8 years of age, and 
Cerminara et al [ 81 ] restricted their sample to children with BECTS, which typi-
cally starts after 3–4 years of age. 

 Duration of epilepsy, frequency of seizures, and severity of epilepsy may con-
tribute to diffi culties with attention and executive function. The prevalence of 
ADHD was highest in children with severe epilepsies and lowest in a sample that 
followed children after remission of seizures [ 44 ,  45 ]. In children with childhood 
onset absence epilepsy, Caplan et al. [ 40 ] found an association of ADHD with dura-
tion and frequency of absence seizures. Vega et al. [ 82 ] found that children with 
uncontrolled absence seizures were more impatient than those with controlled sei-
zures, and Masur et al. [ 83 ] noted more attention diffi culties in those children that 
continued to have absence seizures in spite of AED treatment. In the initial evalua-
tion of childhood absence epilepsy, future attention problems were associated with 
duration of seizures but not seizure frequency on initial EEG. 

 The association of seizure type and focus of epileptiform discharge with atten-
tion and executive function has been assessed. Hernandez et al. [ 84 ] showed that 
children with frontal lobe epilepsy had more attention problems than those with 
temporal or generalized seizures, and Gottlieb et al. [ 85 ] found more impairment of 
executive function in children with frontal lobe seizures than in those with temporal 
lobe foci. In contrast, Dunn et al. [ 34 ], Hermann et al. [ 37 ], Jones et al. [ 39 ], and 
Almace et al. [ 86 ] found no association between seizure type or localization and 
attention/executive functioning, and Jackson et al. [ 87 ] found more executive func-
tion diffi culties in children with idiopathic generalized than in those with idiopathic 
focal epilepsy. Hoie et al. [ 88 ] noted no problems with executive function in chil-
dren with benign focal seizures, although it would seem likely that frontal lobe 
dysfunction would lead to inattention or executive function impairment. 

 Epileptiform discharges may be important in attention and executive function. In 
a study combining video-EEG with neuropsychological function, frequent noncon-
vulsive seizures were associated with attention and cognitive impairment [ 89 ]. 
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Studies of children and adolescents with BECTS have found an association between 
frequency of EEG discharges and problems with attention. In addition, as the epi-
leptiform discharges abate, attention returns to normal [ 90 ]. In a sample of children 
with frontal lobe seizures, Zhang et al. [ 91 ] found that 89 % of children with frontal 
spikes on the most recent EEG had ADHD compared to 25 % of children with a 
normal EEG. Ibrahim et al. [ 92 ] combined fMRI and magnetoencephalography to 
show that changes in intrinsic connectivity networks including default mode and 
dorsal attention networks secondary to epileptiform discharges were associated 
with cognitive impairment. 

 Both inattention and hyperactivity have been adverse side effects of phenobarbi-
tal and the benzodiazepines [ 93 ,  94 ]. Impaired attention and executive functioning 
and decreased speed of responsiveness have been related to use of topiramate [ 95 ]. 
Glauser et al. [ 96 ] showed that sodium valproic acid had more negative effect on 
attention than ethosuximide or lamotrigine in children with absence epilepsy. In 
contrast, one small study of children with ADHD and spikes on EEG found that 
when treatment with valproic acid reduced spikes, there was improvement in atten-
tion [ 97 ]. In an fMRI study, Wandschneider et al. [ 98 ] found normalization of deac-
tivation of the default mode network in patients receiving levetiracetam. 

 Psychosocial stressors related to epilepsy are probably not a factor in causing 
problems with attention or executive function. Rodenberg et al. [ 99 ] performed a 
meta-analysis of 46 studies of psychopathology in children with epilepsy and other 
chronic illness. They found that attention problems were relatively specifi c to epi-
lepsy whereas anxiety and depression were in part associated with the presence of 
chronic illness. It is possible that anxiety and depression, both common comorbidi-
ties in children, adolescents, and adults with epilepsy, could negatively impact the 
ability to attend and concentrate.   

    Treatment of Problems of Attention in Children with Epilepsy 

 Children with ADHD alone respond well to the stimulant medication. Biederman 
and Faraone [ 100 ] report effect sizes of 0.9–0.95 for stimulants and 0.6 for non-
stimulants used to treat children, adolescents, and adults with ADHD. Consensus 
statements suggest starting with either methylphenidate or amphetamine, switching 
to the stimulant not previously used if patients fail to respond or have side effects 
and utilizing atomoxetine if stimulants are not effective or cause adverse effects 
[ 101 ]. Next choices are antidepressants such as bupropion or tricyclic antidepres-
sants and adrenergic agents such as clonidine and guanfacine. A similar approach 
with some modifi cations can probably be used in patients with epilepsy. However, 
the data for this recommendation are much weaker for people with epilepsy and 
ADHD than for patients with ADHD alone. See Table  13.2  for treatment of atten-
tion problems with people with epilepsy.

   For the most part, the old worries that stimulants might worsen seizures have 
abated. There is very little data to suggest that stimulants may lower the seizure 
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threshold, and the data to support this concern are limited. Several studies assessed 
the effect of methylphenidate on symptoms of ADHD in children with reasonably 
well-controlled seizures. Feldman et al. [ 102 ] and Gross-Tsur et al. [ 103 ] gave chil-
dren with ADHD and well-controlled epilepsy methylphenidate 0.3–0.6 mg/kg/day 
and found improvement in attention with no adverse effect on seizure control. 
Gucuyener et al. [ 70 ] treated 57 children with ADHD and epilepsy with methylphe-
nidate 0.3–1 mg/kg/day and found no change in mean seizure frequency during the 
12-month trial. Two recent studies evaluated response to methylphenidate in patients 
with more severe, persistent seizures. Fosi et al. [ 104 ], in a study of 18 patients, 6–18 
years of age with intractable seizures, intellectual disability, and ADHD, found that 
61 % responded favorably to methylphenidate 0.3–1 mg/kg/day, with no worsening 
of seizures. Santos et al. [ 105 ] assessed response to methylphenidate up to 1 mg/kg/
day in 22 patients with severe seizures. They found that 73 % had signifi cant 
improvement in symptoms of ADHD and also noted a reduction in seizure severity. 

 There is much less data on amphetamine to treat ADHD in children with epilepsy. In 
one retrospective study of 36 patients less than 18 years of age with epilepsy, the response 
to amphetamine in 17 patients was compared to methylphenidate in 19 patients [ 106 ]. 
There was a signifi cant difference in improvement of ADHD symptoms with 63 % of 
patients on methylphenidate improved versus 24 % on amphetamine. Seizure-related 
factors and cognitive status did not predict response to stimulant. An increase in seizure 
frequency was seen in one patient on amphetamine and one on methylphenidate. 

 Gonzalez-Heydrich et al. [ 107 ] performed a placebo-controlled trial of methyl-
phenidate OROS in 33 patients 6–18 years of age with epilepsy. Patients received 
18, 36, or 54 mg of methylphenidate or placebo for 1 week and were monitored for 
seizures and for response of symptoms of ADHD using the CGI-ADHD- 
improvement scale. At each dose, patients receiving methylphenidate OROS showed 
a greater decrease in ADHD symptoms than those receiving placebo. The percent of 
patients improving was higher on 54 mg than on 18 or 36 mg, but there was a trend 
for increase in seizure number at the higher dose of methylphenidate. 

  Table 13.2    Treatment of 
attention problems with 
people with epilepsy  

 Treatment of attention problems with 
people with epilepsy 

 1. Optimize seizure control 
 2. Review antiepileptic drugs for 
adverse effect on attention 
 3. Review history for possible learning 
disability, assess and treat if needed 
 4. Start methylphenidate if evidence of 
ADHD 
 5. If no effect or adverse effect from 
MPH, switch to atomoxetine 
 6. If no effect or adverse effect from 
atomoxetine, consider alpha-2 agonist 
 7. If no effect or adverse effect, 
consider amphetamine or low dose 
tricyclic antidepressant 
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 Approximately 60–70 % of children with epilepsy and ADHD respond to meth-
ylphenidate. This may be less than seen in children with ADHD alone, though none 
of the above studies directly compared children with epilepsy and ADHD to chil-
dren with ADHD alone. Confl icting data is present in the two studies that had groups 
with epilepsy and ADHD and ADHD alone. Semrud-Clikeman and Wical [ 52 ] com-
pared the response of children with complex partial seizures and ADHD and chil-
dren with ADHD alone to methylphenidate as measured by a computerized 
performance task. Both groups improved but the children with ADHD alone had 
normal scores after methylphenidate whereas the children with epilepsy and ADHD 
improved but remained 1.5 standard deviations below normal. Bechtel et al. [ 55 ] 
compared the response to methylphenidate of 17 boys with epilepsy and ADHD and 
15 boys with ADHD alone. Both groups improved to near-normal scores. 

 Decisions on second choice medication to use for ADHD and epilepsy if stimu-
lants are not effective or cause adverse effects are diffi cult. Atomoxetine, a norepi-
nephrine reuptake inhibitor, is the next choice in ADHD treatment algorithms. It 
does not seem to lower seizure threshold. Wernicke et al. [ 108 ] reviewed company 
databases and postmarketing reports and noted rates of 0.1–0.2 % for seizures dur-
ing trials of atomoxetine for ADHD and reports of seizures in 8/100,000 drug expo-
sures after atomoxetine was approved for use. There was no statistically signifi cant 
difference in occurrence of seizures in patients receiving atomoxetine, methylpheni-
date, or placebo. Torres et al. [ 109 ] reported a retrospective review of 27 patients 
with epilepsy that received atomoxetine. Atomoxetine was discontinued in 63 %, 
7/17 for inadequate improvement in ADHD symptoms and 9/17 with adverse effects. 
There was no worsening in seizure control. In an abstract, Hernández and Barragán 
[ 110 ] reported on atomoxetine in 17 children with epilepsy and ADHD, noting 
improvement in symptoms of ADHD without an increase in seizure frequency. 

 Antidepressants and the alpha adrenergics, guanfacine and clonidine, are alterna-
tive agents, but should be used cautiously if at all. There is a high relative risk for 
seizures at high doses of bupropion and an intermediate risk at moderate or low 
doses. The risk of seizures is intermediate at moderate to high doses of tricyclic 
antidepressants [ 111 ]. Guanfacine and clonidine may cause sedation and there are 
no published reports of use in patients with ADHD and epilepsy. They remain pos-
sible choices if other medications provide inadequate benefi ts [ 112 ]. 

 For ADHD without epilepsy, behavioral therapies have been demonstrated to be 
effective in clinical trials, although their effect size for short-term improvement in 
core ADHD symptoms is somewhat lower than the effect size for stimulant medica-
tion treatment [ 113 ]. The most widely used behavior therapy for ADHD is parent 
behavior training (PBT), in which parents are taught to apply behavioral principles 
such as ignoring, reinforcement, and contingency management to the specifi c 
behavior challenges associated with ADHD (impulsivity, inattention). Behavioral 
therapies for ADHD are also often implemented in the school setting, with teachers 
providing frequent, specifi c behavior feedback associated with target behaviors. 
Less often, behavior therapy may be delivered in intensive summer camps that 
include activities ranging from classroom work to sports, embedded within a strong 
system of behavioral goals, monitoring, and interventions [ 113 ]. 
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 Despite widespread research and clinical use of behavior therapies for ADHD 
alone, there has been relatively little research on the effi cacy of behavior thera-
pies for comorbid ADHD and epilepsy. Some authors have investigated cogni-
tive rehabilitation interventions attempting to improve attention and executive 
functioning, with behavioral components such as rewards or repetition practice 
sometimes incorporated into treatment as well. Engelberts et al. [ 114 ] reported 
improvements in attention in adults with epilepsy after cognitive rehabilitation. 
In a small fMRI study of 17 children with epilepsy, Triplett et al. [ 115 ] showed 
improvement in inhibitory control with reward trials suggesting the potential 
benefi cial effect of cognitive rehabilitation. Executive function defi cits may 
respond only partially to medication and may require educational 
interventions. 

 Treatment of ADHD and related symptoms is essential for functional improve-
ment and positive long-term outcomes. Williams et al. [ 116 ] found that after 
controlling for intelligence, attention was more important in predicting academic 
achievement than memory, self-esteem, or socioeconomic status. Similarly, 
Hermann et al. [ 117 ] noted that children with ADHD and new-onset epilepsy had 
more cognitive defi cits at baseline and at 2-year follow-up than healthy controls 
or children with new-onset seizures and no evidence of ADHD. The children 
with symptoms of ADHD and epilepsy were signifi cantly more likely to require 
special education service than children with epilepsy and no ADHD [ 37 ]. 
Fastenau et al. [ 118 ] found an association between ADHD and learning disabil-
ity in children with epilepsy. Høie et al. [ 88 ] showed that impaired executive 
function was associated with worse school performance than seen in controls. 
Missing in the data is a demonstration that appropriate treatment of ADHD in 
children with epilepsy leads to signifi cant improvement in academic 
functioning. 

 Just as academic achievement is negatively impacted by epilepsy and ADHD, 
quality of life is lower in people with epilepsy and ADHD than in those with epi-
lepsy alone. Here there is one study showing that methylphenidate treatment of 
attention problems in children with epilepsy leads to signifi cantly increased scores 
measuring quality of life [ 119 ]. 

    Summary 

 There is reasonable data to support the use of methylphenidate for treatment of 
symptoms of ADHD in children and adolescents with epilepsy. If methylphenidate 
is not effective or if adverse effects occur, atomoxetine is a second option. 
Amphetamines and alpha adrenergics may be considered though there is limited 
data to support their use in children with epilepsy and symptoms of ADHD. Behavioral 
therapies and educational programming is essential for the child with epilepsy, 
symptoms of ADHD, and comorbid executive function diffi culty and learning 
disability.   
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    Conclusions 

 Several things now seem clear. First, there is good epidemiological and clinical data 
to conclude that people with epilepsy are at increased risk of having symptoms of 
ADHD and problems with attention. There is adequate data to suggest that prob-
lems with executive functioning exist in people with epilepsy, though the data are 
less compelling than that on problems with attention. The data on risk factors for 
ADHD, attention problems, and impairment in executive function in people with 
epilepsy are not as clear. There does not seem to be a gender difference in the occur-
rence of ADHD, inattention, or executive dysfunction in people with epilepsy. 
Severity and frequency of seizures seem to be a risk for attentional problems. Other 
than barbiturates, benzodiazepines, and topiramate, antiepileptic drugs do not seem 
to be a signifi cant contributor to inattention or ADHD. Seizure type and location of 
epileptiform discharges have not been consistently found to be associated with 
ADHD, inattention, or executive dysfunction. Methylphenidate is a reasonable 
choice for treatment of ADHD and attention problems in people with epilepsy. 
Atomoxetine may be helpful or at least does not seem to lower seizures threshold 
signifi cantly. Behavioral treatments are also likely to produce benefi cial effects. 

 The body of research on epilepsy and combined ADHD, attention diffi culty, and 
executive dysfunction also has signifi cant limitations. Many of the studies report 
results using a very small sample size. This might be expected in fMRI studies, but 
larger samples are needed to comment on attention diffi culties, executive function 
problems, and the risk factors for symptoms of ADHD. Multiple measures of atten-
tion and executive function are used, making comparison of studies diffi cult. Too 
few studies assess the youngest children or adults, and not enough studies measure 
change over time. 

 There are multiple areas that still need research. Longitudinal studies are needed 
of people with new-onset epilepsy that assess attention, executive function, and 
symptoms at onset of seizures and throughout the course of epilepsy. Infants and 
preschool age children with epilepsy should be included in studies and should be 
followed to determine risk factors for development of symptoms of ADHD. Adults 
with epilepsy need to be assessed for symptoms of ADHD, problems with attention, 
and executive dysfunction. Recent neuroimaging studies could be helpful in explain-
ing the occurrence of problems with attention, and more information is needed in 
this area. Genetic studies may be able to improve the understanding of the comor-
bidity of epilepsy and symptoms of ADHD. In addition, pharmacogenomics studies 
may help with understanding the role of AEDs in impaired attention and executive 
function. Finally, options for treatment of attention and executive function diffi cul-
ties other than methylphenidate should be explored. We need to know what type of 
attention problems or executive function diffi culties will respond to medication and 
which need cognitive or behavioral therapies. There need to be trials demonstrating 
improvements in academic achievement, employment, social relationships, and 
quality of life with appropriate treatment of symptoms of ADHD in people with 
epilepsy.     
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    Chapter 14   
 Dementia       

       Alla     Guekht     

    Abstract     Association between epilepsy and dementia has been described centuries 
ago; still many neurobiological, clinical, and therapeutic issues remain unclear. This 
comorbidity is currently in the focus of experimental, translational, and clinical 
research. 

 There are similarities (as well as differences) between patients with dementias 
and those with temporal lobe epilepsy (TLE), and between animal models of 
Alzheimer disease (AD) and TLE. Seizures in the human temporal lobe transiently 
impair cognition and steadily damage hippocampal circuitry, leading to progressive 
memory loss; many mechanisms involved in AD infl uence excitability and cause 
seizures. 

 On one hand, there is a multifactorial cognitive defi cit in patients with chronic 
epilepsy; it is driven by the impact of the underlying etiology, the effects of recur-
rent seizures, adverse effects of antiepileptic drugs (AEDs), and psychosocial 
issues. 

 On the other hand, seizures are frequently observed in patients with dementia. 
The incidence of seizures among patients with dementia varies with the etiology of 
the dementing illness. 

 The proper choice of AEDs is essential in symptomatic treatment of seizures in 
patients with dementia; possible risks and benefi ts of the drug for the elderly patient 
should be noted. 

 Better understanding of the converging neurobiological pathways of epilepsy 
and dementia could enrich the therapeutic armamentarium and allow improved con-
trol of both conditions, ameliorate related abnormalities and potentially modify dis-
ease progression.  
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        Introduction 

 Association between epilepsy and dementia has been described centuries ago [ 1 ]. 
Thomas Willis wrote that dementia could result from the “cruel diseases of the 
head,” such as epilepsy [ 2 ]; the French Encyclopedia [ 3 ] also considered “incurable 
diseases such as epilepsy” one of the causes of dementia. 

 In fact, neuropsychiatric problems are observed in 30–50 % of patients with 
chronic epilepsy. Cognitive impairments, especially in memory, concentration, and 
word fi nding are well known. Cognitive defi cit in patients with chronic epilepsy is 
multifactorial and includes the impact of the underlying etiology, the effects of 
recurrent seizures, adverse effects of antiepileptic drugs, and psychosocial issues 
[ 4 – 9 ]. However, there is an increasing evidence that patients with newly diagnosed 
epilepsy are cognitively compromised even before the start of antiepileptic drug 
medication. The cognitive domains most affected are psychomotor speed, higher 
executive functioning, and memory [ 10 – 12 ]. 

 On the other hand, seizures are frequently observed in patients with dementia. 
The incidence of seizures among patients with dementia varies with the etiology of 
the dementing illness [ 13 – 17 ]. Pohlmann-Eden reported that the spectrum of dis-
eases with dementia and associated seizures ranges from more frequent conditions 
(Alzheimer’s disease) and vascular dementia (VaD), where seizures occur in a small 
proportion of patients, to rare conditions (Creutzfeldt-Jakob disease) in which sei-
zures are a common refl ection of the underlying epileptogenic neurobiological pro-
cess [ 18 ]. The incidence of epilepsy in persons with Down syndrome (DS) is 1.4–17 
% and varies with age [ 19 – 23 ]. 

 According to McVicker et al., seizures are quite prevalent at certain phases of 
DS, and could be seen in about half of patients over age 50 [ 24 ]. 

 There are a number of relatively rare conditions that are associated with early- 
onset dementia, myoclonus, and epilepsy: sialidosis, GM2 gangliosidosis, Lafora 
disease, ceroidlipofuscinosis, and mitochondrial encephalomyopathies [ 25 – 27 ]. 

 Dementia, stroke, and epilepsy are three most common neurological disorders in 
the elderly; incidence rates of over 100 per 100,000 for epilepsy in people over 60 
years of age have been reported [ 28 – 33 ]. Epilepsy, cerebral atherosclerosis, and 
age-related cognitive disorders, including Alzheimer’s disease, share many clinical 
manifestations, risk factors, and structural and pathological brain abnormalities. 
Plaque deposits in gray matter were fi rst described by Blocq and Marinesco as the 
result of the examination of nine deceased epileptic patients in 1892 [ 34 ]. They did 
not, however, relate the plaques to dementia; that was accomplished in 1906 by 
Alois Alzheimer [ 34 – 37 ].  

    Alzheimer’s Disease and Epilepsy 

 Patients with AD have an increased risk of developing seizures and epilepsy. AD 
and other neurodegenerative conditions represent the presumed etiology of 10 % of 
new-onset epilepsy in patients older than 65 years [ 38 ]. There are some prospective 
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investigations that noted a signifi cantly higher incidence of seizures in Alzheimer’s 
disease patients than in elderly controls without dementia [ 13 ,  14 ]. The incidence of 
unprovoked seizures is clearly higher in sporadic AD than in the reference popula-
tion, and the increase appears to be independent of disease stage [ 16 ,  39 ]. 

 In patients with Alzheimer’s disease, approximately 10–22 % had at least one 
unprovoked seizure [ 40 ]. Relative risk estimates vary considerably between studies, 
ranging from a sixfold higher risk in one study [ 15 ] to a tenfold higher risk in 
another study [ 13 ], depending on whether patients with AD were recruited from a 
special care facility or from a population-based setting. Also there is considerable 
variability in the reported lifetime prevalence rates of 1.5–64 % [ 41 ]. 

 Interestingly, Scarmeas et al. [ 17 ] even reported that unprovoked seizures are not 
common in AD, as only about 1.5 % of patients with AD developed seizures over 
the course of a mean of 3.7 years of follow-up; still seizures do occur more fre-
quently than in the general population. 

 The associations between seizures and the age of onset/stage/severity of AD are 
also the matter of controversy. 

 Advanced Alzheimer’s disease is often considered a risk factor for new-onset 
generalized tonic–clonic seizures in older adults; it is associated with a 10 % preva-
lence of seizures, particularly late in the illness [ 14 ]. Indeed, the increasing age is a 
common and well-established risk factor for both epilepsy and AD [ 42 ]. Mendez 
and Lim also noted that seizures usually occur in later stages of Alzheimer’s dis-
ease, on average ≥6 years of the disease [ 40 ]. In the huge follow-up study with a 
nested case–control analysis using the United Kingdom–based General Practice 
Research Database (GPRD), Imfeld et al. demonstrated that the patients with longer 
standing (more than 3 years) AD had a higher risk of developing seizures or epi-
lepsy than those with a shorter duration of disease, although this difference was not 
statistically signifi cant [ 43 ]. 

 However, a number of studies reported higher incidence of seizures in early AD 
[ 44 ]. In these studies, the highest risk was detected among younger persons with 
early-onset dementia (50–60 years), an age when their general incidence in the pop-
ulation remains low. It was demonstrated that the relative risk of unprovoked sei-
zures markedly increases in patients with early-onset AD, reaching 3-, 20-, and 
87-fold with dementia onset when aged 70–79, 60–69, or 50–59 years, respectively 
[ 16 ]. Also it has been noted that more than 80 % pedigrees of patients with very 
early onset of dementia (<40 years of age) show overt seizures or epilepsy (mostly 
generalized convulsive seizures and myoclonic seizures). It is much higher com-
pared to patients with late-onset AD – in this group 5–20 % suffer from convulsive 
seizures [ 16 ,  39 ,  45 – 47 ]. 

 In fact, younger patients with AD may have more aggressive disease or may be 
more likely to have a clinical episode recognized; also the younger brain may be 
more susceptible to seizure manifestation [ 16 ,  17 ,  48 ,  49 ]. 

 The risk factors of seizures in AD, including the association with the age at AD 
onset, EEG fi ndings, and apolipoprotein E (ApoE) status, are still being debated in 
the literature. Younger individuals, African Americans, males, and those with more 
severe disease and/or focal epileptiform fi ndings on electroencephalogram (EEG) 
were considered to be prone to have unprovoked seizures [ 50 – 52 ]. However, in 
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some studies no association between age at AD onset, as well as prior EEG fi ndings, 
or ApoE status was confi rmed [ 16 ,  17 ]. Race, when analyzed as a whole, and sepa-
rately as African-American and Hispanic race, did not alter the relationship between 
AD and seizures [ 53 ]. 

 Overall, AD is associated with high risk of seizures and epilepsy. Further studies 
on risk factors are needed in order to identify the most vulnerable patient 
populations.  

    Vascular Dementia and Epilepsy 

 Cerebrovascular diseases are the leading cause of symptomatic epilepsies in the 
elderly [ 30 ,  32 ,  54 ]. Patients with VaD, like the patients with AD, are at higher risk 
of developing seizures or epilepsy than dementia-free patients. Indeed, there are 
numerous risk factors of seizures that are common in patients in stroke, VaD, and 
epilepsy [ 42 ,  53 ,  55 – 57 ]. 

 Many papers during the last decades have been focusing on CADASIL (cerebral 
autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopa-
thy), which appears to be the most common genetic form of VaD [ 58 – 61 ]. This 
autosomal dominant disorder of cerebral small vessels maps to chromosome 19 and 
is caused by Notch3 gene mutations [ 62 ]. The underlying vascular lesion is a unique 
nonamyloid nonatherosclerotic microangiopathy involving arterioles and capillar-
ies, primarily in the brain but also in other organs. Recurrent transient ischemic 
attacks, migraine and dementia represent the principal symptoms in this systemic 
vascular disease. During the course of the disease, about 10 % of patients may expe-
rience focal or generalized epileptic seizures, mainly related to ischemic stroke. 
Rarely, seizures may precede the ischemic events and the cognitive impairment 
[ 63 – 66 ]. Valko et al. described the nonconvulsive status epilepticus in CADASIL 
patient [ 67 ]. 

 The bidirectional association between seizures and epilepsy, on one hand, and 
VaD, on the other hand, has been reported. In fact, preexisting dementia (present in 
12–16 % of stroke patients) was independently associated with the occurrence of 
late seizures after stroke, and early seizures are independent predictors of new-onset 
dementia within 3 years after stroke. Besides, preexisting vascular pathologies that 
may predispose to both seizures and new-onset dementia could be white matter 
changes, silent infarcts, or microbleeds [ 56 ,  68 ,  69 ]. De Reuck and Van Maele sug-
gested that seizure occurrence in patients with a lacunar infarct is not related to the 
severity of the stroke, but rather to the degree of cognitive impairment and is prob-
ably the expression of an underlying neurodegenerative process that is also respon-
sible for the mental deterioration [ 70 ]. 

 In the elderly patients with epilepsy hyperhomocysteinemia (Hcy) [ 71 ], 
 hypercholesterolemia/dyslipidemia, abnormal glucose metabolism and insulin 
resistance (IR), obesity, and subclinical hypothyroidism may increase the risk 
of age- accelerated vascular disease, cognitive decline, and cognitive disorders. 
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An age- accelerated atherosclerosis with increased carotid artery intima media thick-
ness is discussed as an independent risk factor in patients with epilepsy [ 70 ]. In fact, 
the following risk factors are shared between epilepsy and age-related cognitive 
disorders: increased carotid artery intima media thickness (CA-IMT), Hcy, lipid 
abnormalities, weight gain and obesity, IR, high levels of infl ammatory and oxida-
tive stresses, as well as the brain structural and pathological abnormalities including 
decreased volume of the hippocampus, increased cortical thinning of the frontal 
lobe, ventricular expansion and increased white matter ischemic disease, total brain 
atrophy, and β-amyloid protein deposition in the brain [ 42 ,  72 ,  73 ]. 

 Depression and hypertension have been also identifi ed as the risk factors for 
unprovoked seizures [ 15 ,  16 ,  74 ], which constitute an additional risk in patients 
with VaD. Some other investigators report that cholinesterase inhibitors itself may 
increase risk of seizures in dementias of different etiology [ 52 ]. 

 Interestingly, Imfeld et al. found out that the role of disease duration as a risk 
factor for seizures/epilepsy seems to differ between AD and VaD [ 43 ]. Patients with 
longer than 3 years standing AD had a higher risk of developing seizures than those 
with a shorter disease duration; whereas in patients with VaD the contrary was 
observed. 

 The association between vascular dementia and epilepsy, especially risk factors 
for seizures, requires further investigations, as there are many controversies in the 
literature. For instance, Conrad et al. reported that no patients with dementia devel-
oped seizures in his study [ 75 ], in contrast to the study by Cordonnier et al. who 
found dementia to be an independent risk factor for seizures [ 68 ].  

    Mechanisms 

 There are several hypotheses of co-occurrence of dementia and seizures epilepsy. 
 Some authors view dementia and seizures as on two fundamentally independent 

disorders, with the unfortunate co-occurrence of two disease genes or acquired 
encephalopathies; this hypothesis is supported by relatively low occurrence of sei-
zures in dementia, compared to some other neurological disorders [ 17 ,  41 ,  76 ]. 

 However, the vast majority of authors [ 53 ,  76 – 78 ] tend to explain comorbidity of 
epilepsy and dementia by the number of mechanisms underlying both conditions. 

 As many risk factors are shared between VaD and AD, and the importance of 
mixed vascular-degenerative dementia has been recognized [ 79 – 81 ], the mecha-
nisms of their association with seizures and epilepsy will be discussed together. 

 There are a number of studies looking at the association between amnestic epi-
sodes in patients with AD; in these patients epileptiform EEG discharges such as 
spikes and sharp waves [ 82 ,  83 ] were found. It was confi rmed by the fact that both 
conditions (specifi c cognitive disturbances and the associated epileptiform EEG 
discharges) could be prevented by antiepileptic treatment. On the other hand, epi-
leptiform discharges in patients with temporal lobe epilepsy can also lead to tran-
sient amnesia and even simulate similar to AD memory disturbances [ 46 ,  84 ]. Palop 
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et al. reported that transgenic mouse model of Alzheimer’s disease was found to 
have spontaneous nonconvulsive seizures accompanied by electroencephalographic 
changes, similar to those in human TLE [ 85 ]. 

 Most authors agree that neuronal cell loss in mesial temporal lobe structures play 
key role both in epilepsy and dementia [ 42 ,  86 – 90 ]. The histopathologic fi nding of 
hippocampal sclerosis (HS) can be seen in association with dementia, TLE, and hip-
pocampal ischemic injury [ 87 ]; Alzheimer disease is usually associated with some 
loss of hippocampal pyramidal neurons [ 91 – 93 ]. Korf et al. suggested that atrophy 
of hippocampus along with entorhinal cortex might be a reliable marker for cogni-
tive impairment and supposed  that medial temporal lobe atrophy is one of the most 
signifi cant predictors of progression mild cognitive impairment (MCI) to 
dementia [ 94 ]. 

 Velez-Pardo et al. found out two distinct patterns of neuronal loss in the CA1 
fi eld of familial AD (FAD) patients: (a) diffuse-patchy neuronal loss (in FAD non-
epilepsy patients) characterized by both a general decrease of neurons and the pres-
ence of multiple, small regions devoid of neurons, and (b) sclerotic-like neuronal 
loss (FAD epilepsy patients, bearing the PS1[E280A] mutation) similar to that 
found typically in the CA1 fi eld of epilepsy patients with hippocampal sclerosis 
[ 86 ]. 

 Indeed, decreased volumes of hippocampal formations are a common fi nding in 
patients with dementia and TLE. 

 A huge number of magnetic resonance imaging (MRI) studies, including those 
with results of the voxel-based morphometry, documented abnormalities in hippo-
campal, extrahippocampal temporal lobe, and extratemporal lobe in TLE. Within 
the temporal lobe, they have been observed in entorhinal cortex, parahippocampal 
regions, amygdala, individual temporal lobe gyrus, and temporal lobe white matter, 
alongside, or independent of hippocampal sclerosis [ 95 – 101 ]. 

 Pauli et al. (2006) found out that decreased neuronal density in the dentate gyrus 
evidenced by histology correlates positively with memory impairment in patients 
with TLE [ 73 ]. 

 Excitotoxicity is largely involved in pathogenesis of hippocampal neuronal death 
in epilepsy, as well as in dementia [ 102 ,  103 ]. Autoradiography study of receptors 
in the human hippocampus shows the highest binding for glutamate, 
 N-Methyl-D- aspartic acid, or N-Methyl-D-aspartate (NMDA), and α-Amino-3-
hydroxy-5- methyl-4-isoxazolepropionic acid (AMPA) receptors in the molecular 
layer of the dentate gyrus were demonstrated in experimental models of both condi-
tions [ 104 – 107 ]. 

 Koeller et al. suggested that basal cyclin D1 expression may render hippocampal 
circuits more susceptible to particular epileptogenic agents and excitotoxic cell 
death, though cD1 is not a direct precipitant in apoptosis [ 108 ]. Several studies 
reported new expression of cell cycle proteins in apoptotic, postmitotic neurons in 
various neurodegenerative mouse models and in pathological samples from patients 
having neurodegenerative conditions including AD [ 109 ,  110 ]. 

 Seizures could result from highly specifi c neuronal excitability changes related 
to the molecular pathogenesis of certain subtypes of dementia that give rise to both 
phenotypes. 
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 Dementia phenotypes accompanied by epilepsy may be produced by new muta-
tions in PS1, the most common gene for AD [ 111 ]. Importantly, epilepsy is a preva-
lent comorbid phenotype in probands and affected family members with familial 
AD; mutations in the gamma-secretase modulatory genes presenilin 1 (PS1) or pre-
senilin 2 (PS2) or amyloid precursor protein (APP) are linked to FAD [ 76 ,  112 –
 114 ]. The tight genetic association between Aβ over-expression and epilepsy has 
been explained by the fact that the seizures arise exclusively from the presence of 
any particular Aβ peptide fragment, since mutant AD genes may give rise to cleav-
age patterns in intracellular and extracellular peptides of alternative lengths and 
toxicity, or exert other deleterious effects [ 115 ]. Exaggerated intracellular Ca2 sig-
naling is a robust phenotype observed in cells expressing FAD-causing mutant pre-
senilins [ 116 ]. 

 There is an evidence now that high levels of β-amyloid in the brain destabilizes 
neuronal activity at the circuit and network levels. The pathological accumulation of 
oligomeric Aβ assemblies depresses excitatory transmission at the synaptic level, 
but also triggers aberrant patterns of neuronal circuit activity and epileptiform dis-
charges at the network level. Aβ-induced dysfunction of inhibitory interneurons 
likely increases synchrony among excitatory principal cells and contributes to the 
destabilization of neuronal networks [ 46 ,  47 ,  84 ,  112 ]. 

 It was demonstrated that elevation of Aβ elicits epileptiform activity, including 
spikes and sharp waves in EEG recording from cortical and hippocampal networks 
in human amyloid precursor protein (hAPP) transgenic mice [ 85 ]. 

 According to this hypothesis of Aβ-induced cognitive dysfunction [ 85 ,  117 , 
 118 ], high Aβ leads to aberrant excitatory network activity and compensatory inhib-
itory responses involving learning and memory circuits, which is associated with 
epileptiform activity and contribute to cognitive decline (Fig.  14.1 ).

   One of the most important genetic risk factor for Alzheimer’s disease and vascu-
lar dementia is apolipoprotein [ 119 ,  120 ]. It is interesting that ApoE4 carriers with-
out dementia show signs of epileptiform activity and sharp waves on their EEGs 
after hyperventilation, although their EEGs were normal under resting conditions 
[ 51 ]. ApoE4 also exacerbates epilepsy and promotes memory impairment in patients 
with long-standing intractable TLE [ 121 ]. 

  Fig. 14.1    β-Amyloid induces 
hippocampal remodeling       
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 Hyperhomocysteinemia is another one mechanism that may be involved in the 
development of seizures in patients with dementing diseases. Elevated plasma lev-
els of homocysteine can be caused by defi ciency of vitamin B12 or folate. Genetic 
factor involved is the C667T substitution of the gene encoding methylenetetrahy-
drofolate reductase [ 71 ]. Kado et al. demonstrated that elevated plasma levels of 
Hcy (eHcy) is an independent risk factor for facilitating medial temporal lobe atro-
phy and the evolution from MCI into AD [ 122 ]. Hyperhomocysteinemia acts like an 
excitatory neurotransmitter by competing with inhibitory neurotransmitters such as 
gamma-aminobutyric acid. Another effect of elevated plasma levels of homocyste-
ine is inducing microvascular permeability by attenuating the γ-aminobutyric acid 
(GABA)-A/B receptors that may cause disruption of the matrix in the blood–brain 
barrier. Gorgone et al. (2009) found out that the rate of brain atrophy was higher in 
epilepsy patients with eHcy [ 71 ,  123 ].  

    Differential Diagnosis 

 Persistent cognitive impairment as well as impairment of memory, disturbances of 
attention, abstract thinking, judgment, calculation, language, and executive function 
are the common clinical features of different types of dementia. 

 Dyscognitive epileptic seizures that are not evolving to generalized convulsive 
episodes also produce impairment of perception, attention, emotions, memory, and 
represent substantial differential diagnostic challenges, especially in the elderly 
[ 124 ,  125 ]. 

 Dementia with Lewy bodies (DLB) may cause diagnostic diffi culties due to its 
similarity with many psychiatric, neurologic, and medical conditions in elderly 
people [ 126 ]. Epileptic seizure may cause symptoms that mimic DLB too, so clini-
cians should consider an epileptic condition as a differential diagnosis for elderly 
patients with psychiatric symptoms and fl uctuating cognition. Defi nitive diagnosis 
is based on detection of specifi c for DLB so called Levy bodies [ 127 ]. EEG study 
and detection of rapid eye movement (REM) sleep behavior disorder that includes 
vivid dreaming, with persistent dreams, purposeful or violent movements, and fall-
ing out of bed can help clinician to identify DLB on early stages of the disease 
[ 128 ]. Nonconvulsive epileptiform activities underlie some of the cognitive impair-
ments observed in AD [ 46 ]; EEG monitoring is essential in these cases. 

 Ictal paresis may be the manifestation of nonconvulsive status epilepticus in 
elderly people with preexisting dementia. It can be as severe as complete fl accid 
hemiplegia and can last as long as for a week. EEG study usually reveals continuous 
epileptiform patterns in parieto-occipital areas and occasionally evolving to the cen-
tral area, indicative of focal nonconvulsive status epilepticus [ 129 ].  

A. Guekht



243

    Treatment 

 Comorbidity between dementia and epilepsy has important treatment implications. 
Population of patients with dementia is aged and rather vulnerable because of mul-
tiple other somatic comorbidities. There is a decline in renal and hepatic function 
with increasing age and weight loss is common, especially in people with 
AD. Standard doses of drugs may not be appropriate. Doses of drugs for chronic 
conditions such as hypertension or AEDs that were previously satisfactory may be 
excessive for an older, frailer person with dementia. All drugs should be reviewed 
regularly particularly for older people in care homes who are known to take more 
medications than older people in the wider community [ 130 – 132 ]. 

 Safety and tolerability of all the medications, including those for dementia treat-
ment, is the key issue in the elderly epilepsy patients. Accordingly, lifestyle modifi -
cation, which is safe and has been proved effective in cognitive decline, especially 
vascular-related [ 133 ,  134 ], is a reasonable option for these patients. Antiplatelet, 
antihypertensive, and lipid lowering agents are important for prevention of the 
recurrent stroke in VaD that might be associated by the further increase of seizure 
risk. 

 The well-accepted therapeutic algorithm for the treatment of dementia (AD or 
VaD) includes acetylcholinesterase inhibitors and/or the N-methyl-D-aspartate 
(NMDA)–receptor antagonist memantine [ 135 – 137 ]. Fisher et al. reported that 
donepezil prescribed to improve memory in patients with epilepsy caused a slight 
increase in frequency of generalized tonic–clonic seizures [ 138 ]. On the other hand, 
Imfeld et al. (2013) did not confi rm higher risk of seizures or epilepsy among 
patients with AD receiving treatment with antidementia drugs compared to patients 
without it [ 43 ]. 

 Emerging therapeutic strategies in dementia have not been substantially studied 
in terms of safety (and their capacity to provoke seizures), especially in the clinical 
settings. 

 It was widely discussed whether the vitamin supplementation can confer addi-
tional benefi t for treating cognitive decline [ 139 – 142 ]. Low folate levels are risk 
factors for cognitive decline in adults with concomitant eHcy [ 143 ,  144 ]. Some 
investigators report that administration of folate with vitamin-B-complex exerts a 
protective effect on the brain atrophy associated with eHcy [ 145 ,  146 ]. However, 
supplementation with high doses of folate was reported to worsen long-term epi-
sodic memory, total episodic memory and global cognition [ 71 ,  147 ]. Folic acid was 
initially suspected to be epileptogenic, but that concern has been resolved, as 
research has demonstrated that folic acid in therapeutic concentrations does not 
promote seizures. Folic acid level may be too low in persons with epilepsy taking 
some antiepileptic drugs [ 148 ] that might aggravate cognitive decline [ 149 – 151 ]. 

 Low doses of the GABA A receptor antagonist picrotoxin prevented long-term 
potentiation defi cits in the dentate gyrus [ 152 ], which may contribute to cognitive 
impairments, but blocking inhibition with GABA A receptor antagonists can also 
exacerbate or precipitate seizures, as proved by Palop in animal studies [ 46 ]. 
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 Some authors offer new avenues of dementia treatment aimed on enhancing of 
neurogenesis. Importantly, development of strategies that enhance hippocampal 
neurogenesis such as administration of distinct neurotrophic factors, physical exer-
cise, exposure to enriched environment, antidepressant therapy, and grafting of neu-
ral stem cells (NSCs) are proposed for easing various impairments associated with 
chronic epilepsy [ 153 ]. Administration of neurotrophic factors (such as FGF-2, 
IGF-1 and BDNF) is based on their ability to enhance neurogenesis in both intact 
and injured aged hippocampus [ 153 – 155 ]. 

 The emerging therapy – grafting of neural stem cells or glial progenitors into the 
chronically epileptic hippocampus – increases neurogenesis, and might also induce 
other benefi cial effects such as seizure control through generation of new GABAergic 
interneurons [ 153 ,  154 ,  156 ] and improved cognitive function through the release of 
neurotrophic factors by the grafted NSCs. 

 The alternative strategy to increase neurogenesis could be the administration of 
antidepressants, especially selective serotonin reuptake inhibitors (SSRI), known by 
their capacity to enhance neurogenesis by increasing the concentrations of sero-
tonin, norepinephrine, CREB, and multiple neurotrophic factors [ 157 ,  158 ]. In fact, 
in epilepsy patients with coexisting cognitive impairments and depression, adminis-
tration of antidepressants may be a useful and clinically safe option [ 159 – 161 ]. 

 Converging pathways between epilepsy and dementia are associated with the 
causal relationship between Aβ-induced aberrant excitatory neuronal activity and 
cognitive decline in humans. Accordingly, decreasing of the β-amyloid level and 
combating other mechanisms related to amyloid pathology could be regarded as 
important therapeutic targets for the treatment of patients with seizures and demen-
tia, especially AD. Human and amyloid precursor protein (hAPP) transgenic mice 
simulate key aspects of AD, including pathologically elevated levels of amyloid-β 
peptides in brain, aberrant neural network activity, remodeling of hippocampal cir-
cuits, synaptic defi cits, and behavioral abnormalities [ 85 ,  118 ]. It was shown 
recently that levetiracetam (LEV) can ameliorate hAPP/Aβ-induced network, syn-
aptic, cognitive, and behavioral dysfunctions in experimental setting [ 162 ]. Clinical 
studies demonstrated that in patients with amnestic MCI, low dose of levetiracetam, 
which attenuated dentate gyrus/CA3 activation, signifi cantly improved performance 
in some memory tasks [ 163 ]. 

 As LEV has been used has been widely used in epilepsy and proved to be effec-
tive with good tolerability and few drug interactions [ 164 – 167 ], it might be consid-
ered a valuable therapeutic instrument in patients with epilepsy and cognitive 
decline/dementia. 

 The proper choice of AEDs is essential in symptomatic treatment of seizures in 
patients with dementia; possible risks and benefi ts of the drug for the elderly patient 
should be noted. In principle, all the AEDs, approved for focal seizures, could be 
used; however, the key issues are safety in terms of drug-related adverse effect, 
especially cognitive and favorable pharmacokinetic profi le. Frequent comorbidities 
of dementia such as psychiatric (depression, anxiety, etc.) and numerous somatic 
(diabetes, hypertension, low bone density, etc.) should be carefully taken in consid-
eration. Patients who have been maintained on long-term enzyme-inducers AEDs as 
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CBZ, PHT, PB may be at risk of age-accelerated vascular disease that may contrib-
ute to the risk of progressive cognitive, brain, and behavioral changes. Accordingly, 
priority might be given to the new AED [ 168 – 171 ]. 

 The importance of adequate seizure control in patients with comorbid epilepsy 
and dementia is highlighted by the notion that seizures act as predictors of hippo-
campal atrophy in Alzheimer’s disease [ 172 ,  173 ]. 

 Known for centuries association between epilepsy and dementia is in the focus 
of experimental, translational, and clinical research during the last decades. There 
are similarities (as well as differences) between patients with dementias, especially 
AD and those with temporal lobe epilepsy, and between animal models of AD and 
TLE. Seizures in the human temporal lobe transiently impair cognition and steadily 
damage hippocampal circuitry, leading to progressive memory loss; many mecha-
nisms involved in AD infl uence excitability and cause seizures [ 46 ,  76 ,  118 ]. Better 
understanding of the converging neurobiological pathways of epilepsy and demen-
tia could enrich our therapeutic armamentarium and allow to improve control of 
both conditions, ameliorate related abnormalities, and potentially modify disease 
progression.     
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    Chapter 15   
 Stress and Epilepsy       

       Clare     M.     Galtrey       and     Hannah     R.     Cock     

    Abstract     The notion that stress, the physiological and/or behavioral response to 
event(s) interpreted as threatening to well-being, plays a role in triggering seizures 
or even causing epilepsy has been extensively studied in both experimental and 
clinical contexts. People with epilepsy consistently report stress as one of the most 
common triggers, although disentangling from confounders such as sleep depriva-
tion, mood, and alcohol, and cause from effect has proved challenging. A great deal 
of effort (and money) has gone into pre-clinical and clinical research, including 
more recently functional imaging studies, such that we now have a good under-
standing of pathways and potential mechanisms. Similarly, there has been consider-
able work looking at ways to reduce stress, which can undoubtedly be of benefi t in 
terms of psychological well-being, though may not improve seizure control. There 
has been very little consideration of cost-effectiveness or cost-utility thus far, which 
is of particular importance when there are inevitable limitations on resources. Thus 
beyond heightened awareness about the potential for stress and epilepsy to interact, 
little of this work has as yet translated into meaningful changes for clinical practice. 
Hopefully, further carefully directed preclinical and especially clinical research will 
lead to greater understanding of the interaction and benefi t to patients.  
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        Introduction 

 Stress and epilepsy interact on many levels: many patients with epilepsy report that 
stress infl uences the frequency and severity of their seizures; recent or past stressors 
might be the cause of their epilepsy, and for most the occurrence of a seizure, or a 
diagnosis of epilepsy per se is a stressful event both at the time, and for some more 
chronically. As a result patients may be resistant to evidence-based treatment 
changes, or expend considerable efforts on seeking explanations or attempting to 
exclude stress from day to day life, often without clear benefi t. On rare occasions 
beliefs may be held so fi rmly the individual struggles to accept the diagnosis of 
epilepsy at all, as illustrated by Box  15.1 . 

  Box 15.1. Stress and Epilepsy: Illustrative Case Summaries 
     1.    A 35-year-old nurse presented with witnessed generalized tonic–clonic 

seizures occurring from sleep with lateral tongue biting on two consecu-
tive nights while staying with a friend who called an ambulance on both 
occasions. Attending paramedics noted post-ictal drowsiness and obvious 
tongue injury. She also reported waking on 3–4 occasions in the preceding 
year with a bitten tongue and feeling unwell, but had not sought medical 
attention. She had a history of viral encephalitis aged 18 from which she 
had made a full recovery. She also disclosed having had particularly stress-
ful life events in the days leading up to the recent cluster, and prior to 
events over the preceding year. MRI was normal and EEG showed fre-
quent left temporal inter-ictal discharges. A diagnosis of epilepsy was 
made independently by two neurologists specializing in epilepsy – one on 
presentation to hospital with her second witnessed seizure, and a second at 
a later clinic appointment. At the time of writing, the patient remains ada-
mantly of the view that her attacks were caused by stress for which she has 
now sought counseling, and against advice has not started treatment with 
any antiepileptic drug.   

   2.    An otherwise well man underwent a left amygdalohippocampectomy for 
refractory temporal lobe epilepsy at the age of 33 years, and was found to 
have hippocampal sclerosis together with a dysplastic amygdala on histol-
ogy. Pre-operatively he experienced infrequent convulsions, but clusters of 
focal seizures with altered awareness and automatisms every 3–4 weeks 
since the age of 15 despite antiepileptic medication. Post-operatively he 
remains seizure free (14 months) on stable doses of two drugs, other than 
a single episode at 10 months when he had been increasingly stressed by a 
change in work-hours (shifts) over 1–2 weeks and forgot several doses of 
his medication over consecutive days.   

   3.    A woman, aged 33 at the time, had been very distressed following an epi-
sode towards the end of her second pregnancy when she awoke to fi nd an 
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  A considerable body of work in this area, both pre-clinical and clinical, illus-
trates that although potential mechanisms have been well elucidated, the association 
between stress and epilepsy is complex. This chapter will explore what evidence 
there is from both clinical and basic scientifi c research to support any causal asso-
ciation between stress, the occurrence of seizures and epilepsy, with a view to 
informing both future research and clinical practice. 

 Stress is defi ned as the physiological and/or behavioral response to an event or 
events that are interpreted as threatening to the well-being of the individual response 
[ 1 ]. Stress is a widely used term in lay, physiological, and psychological contexts, 
each with a different perspective. Precipitating events can be physical, environmen-
tal, psychological, and pharmacological. Most stress now is not life threatening but 
psychosocial, with both interpersonal and environmental contributors that are per-
ceived as straining or exceeding the individuals’ adaptive capacities. The element of 
perception is key, and refl ects individual differences in personality, as well as physi-
cal or health differences. Nonetheless, however defi ned, stress is present to a greater 
or lesser extent for all of us at times throughout life. 

 Many known triggers for seizures (in some cases also leading to epilepsy) are of 
themselves stressful, for example traumatic brain injury, alcohol withdrawal, acute 
stroke, which we will not be discussing other than where stress has been considered 
as a specifi c contributor. Similarly it is self-evident that for most the occurrence of 
a seizure, or a diagnosis of epilepsy per se, is a stressful event both at the time, and 
for some more chronically. It is also well recognized that there is a high prevalence 
of anxiety and depression in patients with epilepsy. These topics are covered in 
detail in Chaps.   2     and   4     and will not be further discussed here, other than in relation 
to the potential interaction with stress and seizure control. Finally, it is important to 

intruder in her home. Sometime after this she presented to her general prac-
titioner with daily episodes of sudden fear and panic, which were attributed 
to stress. Despite counseling the attacks worsened, and by age 36 were 
interrupting activities with brief periods of amnesia, described by her hus-
band as associated with episodes of being fi dgety and pacing around over 
20–30 s, sometimes with injuries. Citalopram had been added, without ben-
efi t and aged 39 she sought a private neurology opinion – a diagnosis of 
temporal lobe epilepsy, supported by left temporal abnormalities on MRI 
and EEG. However, despite witnessing a typical attack, the neurologist felt 
she also had post-traumatic panic attacks and continued to reinforce stress 
management approaches. As there was only marginal benefi t with the leve-
tiracetam, she was referred for a specialist epilepsy opinion aged 40, where 
pre-surgical evaluation was commenced in addition to switching her leveti-
racetam to lamotrigine, and withdrawing the citalopram. Video EEG subse-
quently confi rmed all of her attacks were focal seizures. On Lamotrigine 
she has at the time of writing had no daytime attacks for over 2 years, and 
only infrequent attacks from sleep so has deferred further investigation.     
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recognize that a major confounder in this area is the high rate of misdiagnosis with 
dissociative non-epileptic attacks (Chap.   9    ), where previous or current life stressors 
have an established role, often being labeled and managed as epilepsy which again 
we do not intend to cover in this chapter. 

 The key clinical issues we will address in this chapter are to whether stress can 
precipitate seizures or contribute to deterioration in seizure control in an individual 
with epilepsy, and whether stress may increase the likelihood of an individual devel-
oping epilepsy in the fi rst place. We will start by summarizing the clinical evidence 
that stress and seizures are linked, as this is the context for then reviewing defi ni-
tions and the neurobiology of stress. We will end by considering possible treatments 
and future research.  

    Clinical Association of Stress and Seizures 

 The idea that stress precipitates seizures dates back centuries, as reviewed by 
Shorvon [ 2 ], including: Gowers in 1881 (mental anxiety, frights, excitement, emo-
tion); Turner in 1907 (shock, emotional excitement, fear, anxiety, and overwork); 
and Lennox in 1960 (emotional disturbances are considered a contributor to the 
epileptic threshold). More recently still, some have proposed stress-induced sei-
zures might be a specifi c type of refl ex epilepsy [ 3 ], or perhaps more controversially 
that all seizures in temporal lobe epilepsy are provoked, usually by stress [ 4 ]. But 
what evidence is there to really support this? 

 In retrospective studies, stress is consistently identifi ed as the most common sei-
zure trigger (Table  15.1 ). However such studies are inherently dependent on patient 
perception and memory, and often have inherent selection biases, so methodologi-
cally unreliable. Loss of self-control is the most disturbing psychosocial conse-
quence of epilepsy and trying to fi nd connections between their seizures and external 
or internal events that give a feeling of predictability is a natural likely coping mech-
anism [ 5 ]. However, if nothing else such studies illustrate that irrespective of evi-
dence, this is something that concerns patients, so should be of interest to 
clinicians.

   Others have tried to minimize selection bias by studying seizure and epilepsy 
following traumatic events affecting whole populations. For example, 30 patients 
evacuated due to fl ooding in the Netherlands had signifi cantly more seizures during 
or shortly after the evacuation period ( p  < 0.05) compared to matched control patients 
from a non-fl ooded area [ 19 ]. Similarly, a survey of children with epilepsy during 
and after the 1991–1992 Croatian War [ 20 ] showed that those from directly affected 
areas ( n  = 52) had more seizures than before the war ( p  < 0.001), and then those from 
unaffected areas ( n  = 34;  p  < 0.009), who were mostly stable throughout. The actual 
numbers however are still small, the studies retrospective, and stress is inferred 
rather than confi rmed/measured. Furthermore disasters on this scale are very prone 
to confounding factors such as non-adherence with medication and sleep depriva-
tion as was found during a study in Persian Gulf War [ 21 ], although medication 
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adherence was reported as similar between groups in the Croatian study. That said, 
larger population-based studies also support an association. A Danish national reg-
istry study, examining the infl uence of losing a child on the subsequent risk of epi-
lepsy in either parent, demonstrated a signifi cant 50 % increased risk overall in 
bereaved versus non-bereaved parents, particularly in fathers within the fi rst 3 years. 
This could not be explained by sociodemographic factors, and is truly population 
based, though the effects of potential lifestyle confounders such as alcohol and sub-
stance abuse, and misdiagnoses could not be excluded [ 22 ]. A retrospective analysis 
of medical information and duty assignments (combat, maintenance, or administra-
tive) from over 300,000 compulsorily drafted Israeli Defense Forces males followed 
for 30 months gave confl icting results [ 23 ]: The risk of new onset seizures was 
slightly (RR 1.29, 95 % CI 1.03–1.62), but signifi cantly ( p  = 0.03) higher in the 
“high stress” combat than other units. However, in those with previous or current 
epilepsy (some of whom if seizure free, and off treatment with normal EEGs were 
assigned to combat), there was no identifi able effect on risk of recurrence. 

 There are a smaller number of prospective studies though hampered by a lack of 
clear defi nitions and standardized assessment tools. Stressful verbal stimuli pre-
sented to healthy controls have been shown to produce subtle EEG changes (nar-
rowing of the bandwidth and regional changes in frequency) of suffi cient magnitude 
that a blinded reviewer could correctly identify 92 % of stress stimuli on EEG 
alone [ 24 ]. Similarly in people with a variety of epilepsies, stressful interviews 
induced changes (exaggerated spiking, paroxysmal activity, or epileptiform com-
plexes) in the majority [ 25 ] and there are case series of stress inducing audio/video 
recordings inducing seizures in patients with temporal lobe epilepsy in particular 
[ 26 ]. There are few larger or longer term truly prospective studies (Table  15.2 ). 
These broadly support an association, but have struggled to separate the effects of 
stress per se from confounders such as sleep deprivation, alcohol, and missing 
medication, or to separate cause from effect. However, as highlighted by one of the 
most recent prospective studies, the relationship between, and diffi culties distin-
guishing stress from premonitory sensations and mood is particularly challenging 
to disentangle [ 27 ]. Thus changes in the brain preceding a seizure might increase 
patient perceptions of stress and anxiety rather than the converse. Nonetheless, 
overall there is reasonable support from clinical studies that stress might lower 
seizure thresholds, on which basis we now proceed to look more closely at putative 
mechanisms.

       Mechanisms and Consequences of Stress 

 The defi nition of stress depends on the context. In lay usage, stress is defi ned in the 
Oxford English Dictionary as “A state of mental or emotional strain or tension 
resulting from adverse or very demanding circumstances.” In the historical scien-
tifi c study of stress, as reviewed by [ 31 ], Claude Bernard (1865) noted that the 
maintenance of life is critically dependent on keeping our internal milieu constant 
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in the face of a changing environment. Cannon (1929) called this “homeostasis.” 
Selye (1956) used the term “stress” to represent the effects of anything that seri-
ously threatens homeostasis. The actual or perceived threat to an organism is 
referred to as the “stressor” and the response to the stressor is called the “stress 
response.” Although stress responses evolved as adaptive processes, Selye observed 
that severe, prolonged stress responses might lead to tissue damage and disease. 
Lazarus and Folkman (1984) described a model of psychological stress where the 

   Table 15.2    Prospective studies examining seizures and stress [ 6 ,  28 – 30 ]   

 Ref  No  Country  Epilepsy type  Setting  Method  Results 

 [ 28 ]  12  USA  Mixed, 
refractory ≥4 
seizures per 
month, with 
carer >10 h/
week 

 Epilepsy 
clinic 

 Prospective 
diaries for 3 
months, 
events, 
seizures, 
tension, 
blinded to 
purpose of 
study 

 Signifi cantly fewer 
seizures associated 
with low vs. high 
stress days 
( p  = 0.005); 7/12 
(58 %) individuals 
with signifi cant 
stress association 
(not possible to 
determine cause v 
effect) 

 [ 6 ]  6  USA  Mixed, 
refractory, 
selected from 
177 surveyed 
as reporting 
highest 
stress-seizure 
association 

 Neurology 
clinic 

 Detailed in 
patient ratings 
and EEG 
assessments 
to explore 
mechanisms, 
including 
hypothesis 
testing 
individual 
challenges 

 Main mechanism 
sleep deprivation 
in 1/6, 
hyperventilation 
4/6; no 
exacerbation (EEG 
or seizures) in 4/4 
given cortisol 
injections 

 [ 29 ]  46 (37 
analyzed) 

 USA  Mixed, 
refractory, 
average 3.3 
seizures/
week 

 Neurology 
clinics 

 Prospective 
diaries for 
10–36 weeks, 
seizures and 
life events 

 No signifi cant 
association when 
controlled for 
confounders (sleep 
deprivation, 
alcohol, missing 
medication) 

 [ 30 ]  71  USA  Localization-
 related 
epilepsy 

 Epilepsy 
centre and 
referring 
practices 

 Prospective 
paper diary, 
collected over 
>30 days 
(15,635 diary 
days) 

 1 unit increased 
stress (on 10 point 
scale) associated 
with an increased 
risk of seizure the 
following day (OR 
1.06, 95 % CI 
1.01–1.12 
multivariate 
model;  p  = 0.03) 
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environmental event or “stressor” initially undergoes primary appraisal of the stim-
ulus as threatening followed by secondary appraisal when the individual coping 
resources are appraised as insuffi cient, with both psychological and behavioral con-
sequences [ 31 ]. McEwen and Lasley [ 32 ] extended the defi nition of the stress 
response with the term allostasis which is the process by which bodily functions 
change in response to environmental challenges. When allostasis is moderate, it has 
benefi cial effects that aid adaption to change, but when it is excessive or prolonged, 
it has adverse effects known as the “allostatic load” that result in chronic disease 
mainly affecting the cardiovascular system, the immune system, and the brain. 

 Stressors can be physical (e.g., sleep deprivation, hyperventilation, excessive 
exercise, fever, illness, menstrual cycle), psychological (e.g., fear, sadness, anger), 
environmental (e.g., temperature, noise, lighting, smells), or pharmacological (e.g., 
substances of abuse such as cocaine or amphetamines, medication withdrawal such 
as benzodiazepines, withdrawal of caffeine or alcohol). Many of these stressors are 
well-known triggers for seizures which we will not be discussing. Most of the stress 
reported by patients is psychosocial, with both interpersonal and environmental 
contributors that are perceived as straining or exceeding the individual’s adaptive 
capacities. 

 Extensive experimental and functional imaging studies comprehensively 
reviewed elsewhere [ 33 ,  34 ] means we now have a good understanding of the neu-
roanatomy and neurobiology of stress. Broadly speaking physiological stressors 
(e.g., pain) are appraised by brainstem and hypothalamus (Fig.  15.1 ), whereas com-
plex emotional and experiential stressors are appraised in multiple limbic forebrain 
structures (amygdala, hippocampus, and prefrontal cortex with inputs from higher 
order sensory processing e.g., olfactory nuclei, preform cortex, and insular cortex) 
and memory (medial septum, entorhinal cortex, and cingulate cortex). Together 
with inputs from attention and arousal (e.g., locus coeruleus and raphe nucleus) 
these converge on subcortical structures to stimulate medial parvocellular paraven-
tricular nucleus of the hypothalamus. The acute response involves both fast (sec-
onds–minutes), and slower components (minutes–hours; Fig.  15.2  [ 35 ]) vital for 
adaption and recovery. However all also have the potential to cause harm, particu-
larly where there are repeated or chronic stressors. The considerable and varied 
impact of stress on brain function is also being increasingly recognized, with “hot 
spots” of receptors for key stress mediators in key strategic hubs for networks 
involved in learning and memory, decision-making, hormonal, autonomic, and 
emotional responses [ 36 ].

    The fast initiation response rapidly releases corticotropin-releasing hormone 
(CRH) that acts via the CRH1 receptor to activate the sympathetic nervous system. 
The medulla releases noradrenaline that stimulates the preganglionic neurons in inter-
mediolateral cell column of the spinal cord to produce sympathetic response leading 
to the release of noradrenaline and adrenaline from the adrenal medulla. Resultant 
behavioral changes include the largely protective fi ght or fl ight reactions, but can 
become maladaptive including increased eating, smoking, drug use, and increased 
vigilance leading to anxiety and worrying. CRHI also activates the hypothalamic–
pituitary–adrenal (HPA) axis. Neurons in medial parvocellular paraventricular nucleus 
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  Fig. 15.1    Anatomy and pathways involved in stress. Stress is the non-specifi c response of the body 
to any demand for change, and has multiple components. ( a ) Stressor: Stressors can be physiologi-
cal, e.g., pain or emotional, e.g., fear. ( b ) Appraisal: Physiological stressors activate the brainstem 
and hypothalamus. Emotional stressors activate limbic structures. Both systems activate the paraven-
tricular nucleus ( PVN ) of the hypothalamus and the brainstem via direct projections and the limbic 
system indirectly. ( c ) Stress Response: The PVN of hypothalamus releases corticotropin-releasing 
hormone ( CRH ). This activates both the sympathetic adrenergic pathway ( SAM ) of the autonomic 
nervous system ( ANS ) and the HPA (hypothalamic–pituitary–adrenal) axis. The PVN neurons 
secrete CRH and vasopressin ( AVP ) into the portal system to the anterior pituitary to produce adre-
nocorticotropic hormone ( ACTH ). ACTH stimulates the adrenal cortex to release cortisol       
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of the hypothalamus release corticotropin-releasing hormone (CRH) and arginine 
vasopressin (AVP) which in turn activate pituitary mechanisms, including the release 
of opioids, melanocortin peptides, and adrenocorticotropic hormone (ACTH). ACTH 
stimulates glucocorticoid release from the adrenal cortex. The slow termination phase 
acts via CRH2 receptor and urocortins to promote coping, adaption, and recovery. 

 In an effective stress response, corticosteroids operate in both stress systems via 
high-affi nity mineralocorticoid (MR) and comparatively lower affi nity glucocorti-
coid (GR) receptors. MR is implicated in appraisal process and onset of stress 
response and GR terminates the stress reactions. Both receptors act by binding DNA 
response elements to alter gene expression, and are thus capable of producing rela-
tively slow developing but long-lasting changes in transcription. In addition, corti-
costeroids can also act through non-genomic mechanisms, leading to more rapid 
changes in behavior and physiology. Control is exerted by parasympathetic activa-
tion via nucleus ambiguous and dorsal motor nucleus of vagus, and of particularly 
relevance in the context of epilepsy the HPA axis is itself tightly regulated by limbic 
GABAergic and glutamatergic pathways [ 37 ]. It is also noteworthy that many of the 
brain regions implicated as “hot spots” for stress mediator receptors are among the 
most connected and frequently implicated in refractory human epilepsies such as 
the cortex, amygdala, hippocampus, and locus coeruleus [ 36 ,  38 ]. 

 So what evidence is there to support a direct role for stress in the context of 
seizures?  

    Neurobiology of Stress and Seizures 

 The time course of the stress is crucial in determining both its biological effects and 
effects on health including seizures. Selye (1956) observed that acute stress 
responses evolved as adaptive processes but severe, prolonged stress responses 
might lead to tissue damage and disease [ 31 ]. McEwen again extended this stating 
when allostasis is moderate, it has benefi cial effects that aid adaption to change, but 

  Fig. 15.2    Normal and maladaptive responses to acute and chronic stress [ 35 ].  5-HT  5-hydroxy- 
tryptomine,  AVP  arginine vasopressin,  CA3  Cornu ammonus (of the hippocampus),  CRH  cortisol- 
releasing hormone,  CRHR1(2)  CRH receptor 1(2),  DG  dentate granule (hippocampus),  GR  
glucocorticoid receptors,  LTP  long-term potentiation,  MR  mineralocorticoid receptors. ( a ) Acute 
stress response: (i) Blood concentrations of adrenal glucocorticoids rise to peak levels 15–30 min 
and then decline slowly to pre-stress levels 60–90 min later. (ii) Fast activation changes happen in 
seconds–minutes. The cortisol released acts via MR involved in the appraisal process and the onset 
of the stress response. Slow coping and recovery occur over minutes to hours in response to acute 
events. The slower response is vital for adaption and recovery and CRH also activates CRH2 
receptor to produce urocortins (Reprinted by permission from Macmillan Publishers Ltd: de Kloet 
et al. [ 35 ] Figure 1 © Nature Publishing Group 2005). ( b ) Maladaptive mechanisms in the stress 
response over time: (i) Normal processes can become deranged where there are repeated or chronic 
stressors with abnormal elevations of cortisol, and (ii) later downstream consequences       
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when it is excessive or prolonged the cost of reinstating homeostasis becomes too 
high leading to “allosteric load” [ 39 ]. This inappropriate stress response produces a 
vulnerable phenotype and leaves genetically predisposed individuals and increased 
risk of chronic disease affecting the cardiovascular system, the immune system, and 
the brain [ 32 ]. This general model also appears broadly true for stress and seizures, 
though as we shall go on to outline in animal models the effect of acute stress on 
seizures depends on type of stressors and circuits involved. 

    Acute Stress and Seizures 

 Even in one brain region, in a single model, the consequences of an acute stress 
reaction can vary. For example acute stress, via CRH and ACTH initially has a 
largely pro-convulsant effect on CA1/CA3 excitation in the hippocampus. However, 
enhanced calcium infl ux several hours later protects against further excessive activ-
ity but is associated with a higher risk of neuronal injury if activation does occur. In 
contrast, increased corticosteroid levels in the dentate gyrus have less effect on 
activity, or calcium infl ux, but can enhance inhibition via effects on GABA recep-
tors and be mostly anticonvulsant at least in the short term [ 40 ]. This complexity, 
together huge variation in the species, seizure triggers, stressors, and outcome stud-
ied in the basic science literature probably accounts for similarly varied results and 
conclusions, as reviewed by [ 41 ]. As they detail, the largest group of experiments is 
in rodent models exposed to swim stress creating both physical and psychological 
stress. If the seizures were induced by a GABA-A antagonist (e.g., picrotoxin, bicu-
culline, pentylenetetrazol) acute stress was anticonvulsive, but exacerbated electro-
convulsive shock seizures, and had no effect on different various other models (e.g., 
kainite, strychnine, glycine, and acetylcholine antagonist or 4-aminopyridine- 
induced seizures). The anticonvulsant effects are most likely mediated via neuroac-
tive steroids acting at GABA-A receptors increasing inhibition and decreasing 
seizure activity [ 42 ,  43 ]. Supporting this, changes in GABA-A subunit expression 
have been demonstrated following acute stress [ 44 ]. Thus overall in terms of acute 
stress, such studies demonstrate a range of putative pro- and anticonvulsant mecha-
nisms, but are of little use beyond that in terms of understanding the interaction 
between stress and seizures in man. As Sawyer and Escayg [ 41 ] point out however, 
the increasing availability of genetically modifi ed mice carrying human epilepsy 
mutations, or mutations in stress pathway genes provide an opportunity to examine 
this relationship in a more direct manner in the future. 

    Chronic Stress and Seizures 

 The results of animal models of chronic stress consistently demonstrate that chronic 
stress increases seizures [ 40 ]. Studies in different rodent models consistently show 
that increasing corticosterone (equivalent to cortisol in man) by exogenous 
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administration lowers the threshold for provoked seizures in kindling [ 45 – 47 ] and 
chemiconvulsant models [ 48 ,  49 ]. Similarly, exogenous corticosterone enhances 
spike-wave discharges in a genetic model of absence epilepsy [ 50 ], and increased 
spontaneous inter-ictal epileptiform discharges in a post-pilocarpine status epilepti-
cus rat epilepsy model [ 50 ,  51 ], though neither study was able to demonstrate 
changes in seizure frequency perhaps due to relatively short time scales. Conversely, 
removal of corticosterone by removal of adrenal gland or pituitary decreases sei-
zures in kindling [ 52 – 54 ] and chemiconvulsant models [ 49 ,  55 ]. 

 Other stress studies tell the same story including: polygenic gerbils with 
spontaneous seizures exposed to chronic novelty stress [ 56 ]; genetic model of 
absence epilepsy in rats show that spike and wave discharges do not increase 
after a single foot shock stressor but increases over 3 days of repeated stressor 
[ 57 ,  58 ]; worsened seizures in rodents with GABA-A antagonist induced sei-
zures exposure to the chronic stress of social isolation [ 59 ,  60 ]. Heightened 
stress reactions are also postulated, with reasonable evidence, to be the primary 
mechanism underpinning one well characterized mouse strain with refl ex focal 
epilepsy (El mice) [ 61 ]. 

 Possible mechanisms are that corticotropin-releasing hormone that is released in 
the brain as fi rst response to stress causes increase in neuronal discharge and modu-
lates glutamatergic transmission, [ 62 ] and that glucocorticoid increases excitatory 
glutamate [ 63 ]. Conversely a decrease in GABAergic inhibition is seen in chronic 
stress [ 64 – 66 ], likely mediated via a change in neurosteroids [ 43 ].    

    Putative Roles of Stress in Epilepsy 

 The distinction between acute symptomatic seizures in a “normal brain,” and epi-
lepsy, characterized by an enduring predisposition to recurrent unprovoked seizures 
(Fig.  15.3a ) is not as clear cut as current defi nitions imply (nor for that matter is the 
defi nition of “normal”), but having a conceptualization of the process that generates 
chronic seizures, epileptogenesis is nonetheless useful. Epilepsy is most commonly 
conceptualized as a spectrum in which a potentially (in the case of, e.g., genetic 
malformations) or previously normal brain is functionally altered and biased 
towards the generation of the abnormal electrical activity subserving recurrent 
unprovoked seizures. There may be a initial predisposing brain insult (e.g., genetic, 
neurodevelopmental, trauma, infection, stroke), sometimes itself involving seizures 
(e.g., febrile convulsions, status epilepticus), followed by a latent period during 
which the brain is altered by progressive cellular and network changes to create an 
epileptic brain that is prone to spontaneous unprovoked seizures (epilepsy) [ 67 ] 
(Fig.  15.3b ), although in some instances it may be that the proposed insult and latent 
period are indistinguishable.

   There are several potential mechanisms by which stress might enhance this pro-
cess (Fig.  15.3a–d ). While it is likely these mechanisms interact, each will be dis-
cussed separately. 
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    Stress Increases the Excitability of Brain Activity 

 As discussed previously, stress may act as an insult of itself, and lower the seizure 
threshold and promote hyperexcitability via a range of mechanisms, rendering the 
brain more susceptible to unprovoked seizures, or at risk of more severe or frequent 
seizures (and their consequences) in the event of an additional insult (see Fig. 
 15.3a,b ). There is evidence of HPA axis dysfunction with epilepsy in rodent models 
with acutely provoked (kindled) seizures [ 61 ,  68 – 71 ] as well as in clinical studies of 
status epilepticus [ 72 – 74 ], although antiepileptic drug treatment is a potential con-
founder in all the clinical studies. What is less clear, there is something inherently 
different about the HPA axis regulation in people who go on to develop epilepsy, or 
if having seizures and epilepsy is stressful leading to secondary HPA axis dysfunc-
tion, or both. It is possible the hippocampus normally acts to shut off the HPA axis 
but excessive exposure to glucocorticoids can cause the hippocampus to shrink, 
disinhibiting the HPA axis and resulting in a vicious cycle of unopposed allostatic 
load. Functional imaging studies in humans are starting to try unlock the link and 
causality between the cortical and physiologic responses to acute stress and the 
relationship between seizure control in epilepsy and both the HPA axis and fMRI 
signal reactivity [ 75 ], though, have a long way to go. Stress has been postulated to 
be of particular importance in patients with temporal lobe epilepsy, in which context 

  Fig. 15.3    Putative mechanisms underlying relationship between stress and epilepsy.  Dashed black 
line  seizure threshold in “normal” brain,  Solid black line  seizure threshold in brain with epilepsy, 
 gray line  brain activity fl uctuations,  arrows  seizures occur. ( a ) Normal brain and stable epilepsy: 
It is possible to trigger seizures in a “normal” brain only with extreme physiological challenge 
(e.g., hypoxia, hypoglycemia, mechanical insults; acute symptomatic seizures, not shown). In a 
person with epilepsy, seizures occur at a lower threshold and are by defi nition unprovoked, though 
may be triggered at this lower threshold by lesser events, which may include stress. ( b ) 
Epileptogenesis: After brain insult (e.g., neurodevelopmental, genetic, traumatic, stroke, infec-
tious, or prolonged seizures) a process of epileptogenesis begins by which the previously normal 
brain is functionally altered and biased towards the generation of the abnormal electrical activity. 
This can take a variable period of time from days to years. At some point an individual’s seizure 
threshold reaches the level at which unprovoked (± triggers) spontaneous recurrent seizures occur, 
i.e., the threshold defi ning epilepsy. The individual seizure threshold may continue to decrease 
after the onset of epilepsy, as shown, or may stabilize, which may vary between individuals. ( c ) (i) 
Early life stress lowers the starting threshold: Early life stress may create a vulnerable phenotype, 
meaning they start with a lower than normal seizure threshold, such that on a subsequent epilepto-
genic insult it will reach the epileptic threshold, with unprovoked seizures sooner. (ii) Early life 
stress disregulates stress response: Early life stress has minimal effect on the background thresh-
old, but alters the HPA axis so that background and/or stress responses, and their effects on brain 
activity are exaggerated resulting in seizures. ( d ) (i) Chronic stress accelerates epileptogenesis: 
Chronic stress accelerates the process of epileptogenesis so that following an epileptogenic insult 
the epilepsy threshold is reached sooner in the time course and earlier seizures occur. (ii) Chronic 
stress increases brain activity: Increases in background brain activity during periods of chronic 
stress result in seizures being triggered more readily, including by fl uctuations that would not 
previously have been ictogenic       

 

C.M. Galtrey and H.R. Cock



271

that decreased functional connectivity this patient group [ 76 ] might refl ect underly-
ing network abnormalities resulting in epilepsy, but that also affect their response to 
acute stress. In support, one recent case control study ( n  = 23 each group) in left- 
sided temporal lobe epilepsy has shown a signifi cant relationship between seizure 
control and both the hypothalamic–pituitary–adrenal axis and fMRI signal reactiv-
ity to acute psychosocial stress [ 75 ].  

    Early Life Stress Creates a Vulnerable Phenotype 

 The idea that insults in prenatal or early life might prime the developing brain for 
seizures and epileptogenesis is attractive, given the recognized association between 
for example cerebral palsy and epilepsy, and febrile convulsions and later epilepsy. 
In this context, stress has been much studied in animal models as we will go on to 
summarize (see Fig.  15.3c ). To explore this in humans would have huge method-
ological challenges, which is likely why there is very limited clinical data on the 
effect of early life stress on seizures. One population-based cohort study involved 
children born to women who had lost a close relative during pregnancy or 1 year 
before pregnancy, with hospitalization due to epilepsy as the outcome measure. 
There was no association between this particular form of prenatal stress and risk of 
epilepsy [ 77 ]. However, despite that this was a national registry study, involving 
over 1.5 million children, of whom almost 40,000 were in the exposed group, there 
were no direct measures with respect to the timing and duration of stress, nor either 
of which might be important, and/or modifi ed by individual coping mechanisms and 
circumstances, although this too has been little studied, though not yet demonstrated 
where this issue is addressed [ 78 ]. More recently, a case control study of 120 chil-
dren under 30 months of age consecutively seen at a child care center in China with 
infantile spasms ( n  = 60), other epilepsy ( n  = 30), or healthy children ( n  = 30) reported 
a signifi cant association with prenatal maternal stress in the infantile spasm group 
[ 79 ]. Maternal stress was assessed retrospectively, though using a scale validated for 
this population (Pregnant Woman Life Event Scale), and that scores were similar in 
the other epilepsy and healthy group, but more than doubled in the infantile spasm 
group argues against this all being recall bias. Pre-clinical data however is strong 
that early life stress predisposes the brain to provoked seizures and to later epilepsy. 
For example, as covered in recent reviews [ 80 ,  81 ] if pregnant female rodents are 
stressed (e.g., by restraint, bright lights, or injections) several groups have shown it 
is easier to induce seizures up to several weeks later in the pups in response to kin-
dling [ 82 ], audiogenic stimuli [ 83 ], and chemoconvulsants [ 84 ]. Similarly, postnatal 
stress induced by separation of pups from their mother (typically for brief periods 
aged 2–9 or 14 days) renders the pups more susceptible to later seizures with kin-
dling [ 85 – 88 ] and chemoconvulsants [ 89 – 91 ]. Attempts to explore the effect of 
more subtle early life stressors, specifi cally quality of parenting on seizure risk by 
cross-fostering experiments between strains of seizure-prone and seizure-resistant 
rodents have given opposing results [ 92 ,  93 ], and are confounded by the likely stress 
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of maternal separation per se in the pups. Clinical studies looking at the interaction 
between family environment and epilepsy have mostly focused on psychosocial 
outcomes rather than seizures, or on the consequences of epilepsy on the family 
[ 94 ], and would be diffi cult methodologically. There is however preliminary data 
emerging from functional imaging in humans that show associations between white 
matter integrity of various limbic regions of the brain and early cortisol reactivity to 
stress may be moderated by parenting [ 95 ], which is also of potential relevance to 
epileptogenesis. 

 There are several possible mechanisms underlying the link between early life 
stress and epilepsy including (1) hyperactivity of the HPA axis that leads the 
adults with an impaired stress response to aversive stimuli including increase in 
stress hormone release and impairment of HPA negative feedback [ 96 ,  97 ]; (2) 
changes in hippocampal structure and function, mediated by early CRH elevation 
[ 98 ]; (3) hyper excitable neurotransmission in the limbic system due to decreased 
GABA inhibition [ 99 ]; (4) induction of immune and infl ammatory pathways 
[ 100 ] which are implicated in neural damage in epilepsy [ 101 ]; (5) decreased 
brain derived neurotrophic factor (BDNF) in the adult brain which, considered a 
critical mediator of neuroprotection in epilepsy [ 102 ]; (6) delayed development 
of white matter in the brain [ 103 ], commonly associated with a broad range of 
epilepsy phenotypes.  

    Chronic Stress Accelerates the Process of Epileptogenesis 

 The same mechanisms, proposed to enhance vulnerability in the developing brain, 
may also play a role in epileptogenesis at a later stage in the mature brain, though 
again this is largely speculative in clinical terms (see Fig.  15.3d ). A very broad 
range of mechanisms have been proposed to play a role in epileptogenesis, includ-
ing at a molecular level microglia and astrocyte activation, oxidative stress and 
reactive oxygen species production, mitochondria and damage of blood–brain 
barrier [ 104 ], which others have proposed converge at the level of circuit dysfunc-
tion [ 67 ]. Chronic stress has been shown to infl uence many of these mechanisms. 
Thus chronic stress may potentiate the process of epileptogenesis via increased 
microglia and astrocyte activation with an increase in infl ammatory mediators 
NF-B, TNF alpha, IL1, prostaglandins and free radicals such as nitric oxide [ 105 ], 
as well as causing abnormal neurogenesis in the hippocampus [ 106 ], with demon-
strable lasting changes in brain structure and function [ 107 ]. Stress also alters 
dentate granule cell proliferation and regulates dendritic and synaptic plasticity 
[ 108 ,  109 ]. Two types of plasticity occur: remodeling of dendrites of hippocampal 
pyramidal neurons in response to repeated stress and chronic elevation of gluco-
corticoids and inhibition of neurogenesis of granule cells in the dentate gyrus, 
each contributing to hippocampal network hyperexcitability and increased sei-
zure susceptibility. 

C.M. Galtrey and H.R. Cock



273

    Association Between Seizures, Stress, Anxiety, and Depression 

 Depression and anxiety are common comorbidities of epilepsy and there are com-
plex bidirectional relationships between both, and with stress. Stressful events can 
undoubtedly precipitate depression and anxiety, postulated to involve changes in 
corticotropin releasing factor (CRFR1) and serotonin (5-HT2R) receptors [ 110 ]. 
This is altered by genetic determinants and environmental factors, particularly 
stressor experiences encountered early in life [ 111 ]. 

 Several studies have tried to dissect the causal relationships between stress, anxi-
ety, depression, and other confounding factors such as sleep deprivation. A longitu-
dinal cohort study of over 400 community recruited patients using a range of 
validated scales applied retrospectively at two time points looked in detail at the 
interaction of anxiety, depression, and perceived stress on seizure frequency and 
concluded that depression underpinned the relationship [ 17 ]. In contrast cross- 
sectional studies, both of over 200 patients attending an epilepsy center [ 16 ,  112 ], 
50–80 % respectively of whom reported stress as a seizure trigger, concluded that 
anxiety was the most important factor. Others have shown a high correlation between 
stress, sleep deprivation, and fatigue [ 10 ], though others [ 12 ] including a more 
methodologically robust multivariate analysis of prospective paper diaries collected 
over up to 1 year [ 30 ], albeit in smaller numbers ( n  = 71), concluded that sleep depri-
vation, anxiety, and stress were all independent predictors of seizure occurrence. 

 It is also important to recognize in this context that conditions, previously thought 
of as psychiatric comorbidities or consequences of epilepsy, may be in fact manifes-
tations of genetic disturbances in the same pathways and that there may be overlap-
ping or common mechanisms between epilepsy, mood, and the stress response [ 2 ]. 
For example: there is HPA axis dysfunction in anxiety and depression [ 113 ]; people 
with epilepsy who report experiencing emotional seizure triggers show attentional 
biases toward threat [ 114 ]; people with epilepsy may have a lower stress threshold 
and a chronic state of heightened arousal, with autonomic nervous system connec-
tions to the amygdala, then hippocampus, hypothalamus, and cortex, involved in 
both stress perception and stress responses [ 115 ].    

    Stress Management in the Treatment of Epilepsy 

 Just as has been found in other chronic diseases [ 116 ], irrespective of the exact mecha-
nisms, and despite the diffi culties separating cause from effect with respect to seizures 
and epilepsy, there is little doubt that stress is important to people with epilepsy, will 
impact on quality of life, and may directly or indirectly also infl uence seizure control. 
Thus as well as for research purposes, there is arguably a strong incentive for us to 
more proactively identify stress in our patients, and more importantly provide support 
and treatment. Psychoeducational approaches are the most well studied, but we also 
briefl y discuss the potential roles of pharmacological and electrical stimulation. 
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    Psychoeducational Approaches 

 It could be argued that stress management should be dealt with by mental health 
services, rather as part of epilepsy management; however, evidence from other 
chronic diseases including cardiac [ 117 ], diabetes [ 118 ], and multiple sclerosis 
[ 119 ] suggests that this is best achieved through an integrated clinic, with improve-
ments both in disease control and quality of life. With respect to epilepsy, at least 
some consensus and guidance documents already include statements that argue in 
support of a similar approach. For example, UK guidance highlights the importance 
of ensuring people feel supported to manage their condition, and improved func-
tional abilities as key areas for enhancing quality of life [ 120 ], specifi cally include 
stress as a topic that patients should receive information on [ 121 ], and recommend 
that both psychologists and psychiatrists are part of a multidisciplinary epilepsy 
team at least at tertiary centers, although there are no psychiatric/psychological out-
comes in proposed US standards for epilepsy care [ 122 ]. 

 There are several types of interventions that have been explored to reduce stress 
in epilepsy, and have been comprehensively reviewed elsewhere [ 123 ,  124 ]. All the 
suggested therapies aim to increase the individual's ability to prevent the build-up of 
seizure activity and reduce both nonspecifi c seizure precipitants (e.g., stress, sleep 
deprivation) and specifi c internal (e.g., emotional distress) and/or external (e.g., 
sensory and environmental) contextual seizure precipitants. Proposed mechanisms 
of action include (1) stress reduction techniques to increase the parasympathetic 
response, thereby decreasing stress and seizures; (2) improving psychiatric comor-
bidity to improve seizures; (3) understanding that seizures are triggered and there-
fore potentially controllable is motivating for many patients; (4) learning a new 
response to pre-ictal and early ictal phenomena that engage neurons adjacent or 
contralateral to the area of hyperexcitable neurons, in order to prevent further 
recruitment and, hence, the spread of seizure activity and (5) a recognition that 
adjustment to having seizures can be diffi cult and can be enhanced by providing 
educational materials, introducing adaptive coping, communication skills, general 
problem-solving skills, and nonjudgmental awareness. 

 Cognitive–behavioral therapy, mind–body approaches, and multimodel educa-
tive interventions have consistently demonstrated signifi cant effects on improving 
psychological well-being, and enhancing epilepsy knowledge and adjustment as 
compared with controls. However, the effects on seizure control remain inconsistent 
across studies (Table  15.3 ), and a Cochrane review concluded there was no reliable 
evidence for stress management therapies in terms of seizure control [ 125 ].

   One clinical trial [ 142 ], “Stress Management Intervention for Living With 
Epilepsy” (SMILE, NCT01444183), has just ended recruitment and should be 
reported in 2015, though was halted early due to slow recruitment and funding limi-
tations ( n  = 66, personal communication, Privitera 2015). Although there is clearly 
potential for future larger studies, as illustrated in Table  15.3 , many interventions are 
resource intensive, and neither cost-effectiveness nor cost-utility have been consid-
ered in previous studies to our knowledge but are clearly of substantial importance.  
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    Vagal Nerve Stimulation, Stress, and Epilepsy 

 Vagal nerve stimulation (VNS) is now an established treatment for epilepsy, and 
known to both decrease seizure frequency and improve mood [ 143 ], with known 
effects on the autonomic nervous system [ 144 ] likely to also infl uence stress, which 
might thus be one of its modes of action. In support of this, non-invasive transcuta-
neous vagus nerve stimulation in healthy individuals during fMRI has been shown 
to cause widespread decreased activation to high threshold stimulation in  emotional/
stress related regions of the limbic system, associated with signifi cant  improvements 
in well-being afterwards compared to sham stimulation [ 145 ].  

    Pharmacological Strategies to Alter Stress 

 The interaction between stress and epilepsy is being explored with respect to exist-
ing and new drug treatments in a number of ways including:

    1.    Many of our current AEDs, believed to act by increasing inhibitory (GABAergic) 
activity reduce excitatory activity, are also widely used in the in treatment of 
mood disorders, for example valproate, carbamazepine, and lamotrigine as mood 
stabilizers, and pregabalin for anxiety, though further research is needed to prove 
if mechanisms involved in stress, such as HPA axis modulation, are directly or 
indirectly relevant to effi cacy.   

   2.    Neurosteroids themselves are also being explored as potential antiepileptic 
drugs. Fluctuations in endogenous levels might account for seizure frequency 
variations in for example pregnancy and menstruation [ 146 ], and exogenous 
administration has been shown to alter limbic system connectivity in functional 
imaging studies in humans [ 147 ], of potential relevance to the treatment of mood 
disorders and of epilepsy. For one such neurosteroid, Ganaxolone, a synthetic 
analogue of allopregnanolone and a potent allosteric modulator of GABA A  
receptors, there are promising results from Phase II clinical trials including for 
partial onset seizures and infantile spasms, with phase 3 studies are still on-going 
[ 148 ].   

   3.    Steroids and ACTH are of course already widely used in some pediatric epilep-
sies [ 149 ], with established benefi ts for seizures albeit with also well-established 
side effects, though the effects on stress have not been explored and would be 
diffi cult to disentangle. While there is enthusiasm in theory for blocking stress 
hormones as a treatment for epilepsy and its comorbidities, that stress hormones 
also play an essential role in the immune system and metabolic functions, as well 
as compensatory rises in hormone levels where antagonists are used, are substan-
tial barriers. Ideally a glucocorticoid antagonist would only affect the glucocor-
ticoid release in response to stress, without impacting on basal levels or the 
diurnal rhythm of glucocorticoid secretion [ 150 ], but this work still has a long 
way to go.       
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    Conclusions 

 Stress, however defi ned and whatever you believe about its role in susceptibility 
to seizures and epileptogenesis, is a topic that we hope you are now convinced it 
would be foolish to ignore in epilepsy-related research or clinical practice. 
People with epilepsy report this as a trigger more commonly than any other fac-
tor, and there are both pre-clinical and clinical studies to support this association, 
together with an increasing understanding about potential mechanisms. There is 
also good pre- clinical evidence that prenatal/early life stress may create a vul-
nerability although we may never know how relevant this is for human 
epilepsy. 

 Future animal studies, if continuing to dissect the mechanisms is considered 
important, should we suggest move away from seizure provocation studies, and 
focus on more clinically relevant models of chronic epilepsy, perhaps taking advan-
tage of increasingly available transgenic models in relation to epilepsy and stress 
mechanisms, as well as recognizing that for the most part it is prolonged psycho-
logical stressors which have the greatest effect on patients. Emerging functional 
imaging technologies also provide methods which can start to examine mechanisms 
and treatment effects less subjectively in both healthy controls, and those with 
epilepsy. 

 Any clinical studies exploring cause and effect are inevitably likely to be com-
promised by the numerous confounders, varied defi nitions, and overlap with mood 
and other psychosocial variables so are if of dubious benefi t. Prospective studies are 
at least less liable to recall biases, but logistically challenging and resource inten-
sive. There is already good clinical trial evidence to support that psychoeducational 
stress management strategies improve quality of life and enhance well-being, on 
which basis this should surely anyway be available as part of any epilepsy care 
package. The role of such interventions in improving seizure control, and which 
approach is most effective requires further study, but must surely include cost- 
effectiveness and cost-utility analysis. Pharmacological and electrical manipulation 
of stress pathways might already play a role in some current antiepileptic treat-
ments, though developing this in terms of a new target for drug development in 
epilepsy has substantial obstacles. 

 Throughout this chapter we have largely referred to epilepsy as though it were a 
single condition, whereas the reality is of course very different. As well as consider-
ing the many separate identifi ed electroclinical syndromes, it may be that people 
with epilepsy who report stress as a seizure precipitant are an additional subset, 
perhaps because of functional brain connectivity which may be secondary to under-
lying mood disorders – early life stress or genetics? If this is the case it is possible 
that treatment effects may differ for those in whom stress is contributory compared 
to others, and that these differences may not align with specifi c electroclinical syn-
dromes, suggesting we have yet more work to do in terms of developing individual-
ized treatment plans in the future.     
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    Chapter 16   
 Epilepsy in Psychiatric Disorders       

       Massimiliano     Beghi      ,     Ettore     Beghi      , and     Cesare     Maria     Cornaggia     

    Abstract     Around 20 % of people with intellectual disability (ID) develop epileptic 
seizures. ID is a risk factor for the development of epileptic seizures also in patients 
with autism (21.5 % vs 8 % in the general population). In both these conditions 
generalized seizures are more common than partial seizures. The incidence of epi-
lepsy is four to seven times higher in patients with depression than in the general 
population. Epilepsy and depression share an unusually high co-occurrence leading 
to a common etiology. A lifetime history of depression is also associated with a 
worse seizure outcome even after anterior temporal lobectomy. Patients treated with 
an antidepressant have a 50 % reduction in the occurrence of seizures. Epilepsy and 
bipolar disorder also could share a number of biochemical and pathophysiological 
underpinnings, even though the current literature is scarce. Patients with schizo-
phrenia have an 11-fold increase in the prevalence of comorbid epilepsy. At thera-
peutic doses, drugs with high epileptogenic potential include clozapine and 
phenothiazines; drugs with intermediate epileptogenic potential include maprotiline 
and tricyclic antidepressants, while drugs with low epileptogenic potential include 
bupropion. The antidepressants with higher seizure potential after overdose are 
imipramine, desipramine, nortriptyline, maprotiline, and bupropion.  
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        Introduction 

 Despite an abundant literature exploring psychiatric disorders in epilepsy, little is 
known on the epidemiology of epilepsy in psychiatric disorders. Some recent stud-
ies [ 1 ,  2 ] found an increased rate of psychiatric comorbidity preceding epileptic 
seizure onset and indicating a bidirectional relationship and common underlying 
mechanisms lowering seizure threshold and increasing the risk for psychiatric dis-
orders and suicide (Table  16.1 ). In this chapter we make a summary of the available 
evidence on this topic, trying to explain the underlying mechanisms.

       Neurodevelopmental Disorders and Epilepsy 

 Intellectual disability (ID), the term used instead of the previous one of mental retar-
dation, might be not properly considered a psychiatric disorder, but it has been 
always included in the psychiatric disorders category, both in the Diagnostic and 
Statistical Manual (DSM) [ 3 ] and in the International Classifi cation of Diseases 
(ICD) [ 4 ]. The fi fth recent edition of DSM [ 3 ] uses, in the broader category of 
“Neurodevelopmental Disorders,” the term “intellectual developmental disorders” 
(IDD), pointing out two substantial concepts: fi rst of all the “IDD” is no longer 
considered a “disability” but a “disorder”; second, the term strongly links the symp-
toms to the brain evolution process. About this aspect, cognitive or behavioral dis-
orders are associated and lie under the same etiopathogenic mechanism. This is thus 
the only condition strongly related to epilepsy in terms of diagnosis, prognosis, and 
treatment [ 5 ]. The comorbidity between IDD and epilepsy is high. Around 20 % of 
people with IDD develop seizures with a stable prevalence during the last decades 
[ 6 ,  7 ]. The risk for epilepsy increases with the severity of ID [ 8 ]. In patients with ID, 
generalized seizures are more common than partial seizures (63 % vs 33 %) [ 9 ].  

   Table 16.1    Age-adjusted odds ratios (ORs) with 95 % confi dence intervals (CIs) for development 
of unprovoked seizures after a fi rst discharge diagnosis of depression, psychosis, bipolar disorder, 
anxiety disorder, suicide attempt, or psychiatric disorders combined [ 1 ]   

 Symptomatic  Cryptogenic/idiopathic 

 Diagnosis  OR  95 % CI  OR  95 % CI 

 Depression  1.5  0.8–2.6  3.9  2.4–6.1 
 Psychosis  2.1  1.2–3.9  2.5  1.4–4.4 
 Bipolar disorder  2.3  0.9–5.6  3.3  1.4–7.9 
 Anxiety disorder  1.4  0.6–3.6  4.0  2.1–7.6 
 Suicide attempt  1.2  0.5–2.8  3.9  2.4–6.2 
 Psychiatric disorders combined a   1.9  1.3–2.9  3.5  2.5–5.0 

  Reprinted with permission Wolters Kluwer Health, from Adelöw et al. [ 1 ], © 2012 
  Abbreviations :  CI  confi dence interval,  OR  odds ratio 
  a The diagnosis psychiatric disorders combined includes all the other diagnoses except suicide 

attempt, for which each patient can have more than one psychiatric diagnosis  
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    Autism Spectrum Disorder and Epilepsy 

 Although there is a strong correlation between autism spectrum disorder and epi-
lepsy, the prevalence of comorbidity varies widely according to the patient’s IQ, 
with more autistic patients with IDD having epilepsy (Relative Risk [RR] = 0.555; 
95 % confi dence interval [CI]: 0.42–0.73;  p  < 0.001). The pooled prevalence of epi-
lepsy was 21.5 % in autistic subjects with IDD versus 8 % in autistic subjects with-
out IDD [ 10 ]. There is a signifi cant difference in RR according to gender, favoring 
comorbidity of epilepsy in autistic girls (RR M/F = 0.549; 95 % CI: 0.45–0.66; 
 p  < 0.001) [ 10 ]. The male:female ratio of autism spectrum disorder comorbid with 
epilepsy was close to 2:1, whereas the male:female ratio of autism spectrum disor-
der without epilepsy was 3.5:1 [ 10 – 12 ]. Generalized tonic–clonic seizures predomi-
nate (88 %). This indicates that the familial liability to autism spectrum disorder can 
be associated with the risk for epilepsy in the proband [ 11 ]. Although the presence 
of epilepsy in probands was not associated with an increased risk of epilepsy in their 
relatives, it was associated with the presence of a broader autism spectrum disorder 
phenotype in other family members [ 11 ]. 

 Patients’ histories were consistent with generalized tonic-clonic seizures in 88 % 
of individuals. The possibility of simple or complex partial seizures was increased 
in eight other individuals but was not confi rmed in any of them [ 11 ]. Seizure fre-
quency has a great impact on the individuals’ lives. Specialist medical care is needed 
in this severely communication-disabled population [ 12 ].  

    Attention-Defi cit Hyperactivity Disorder and Epilepsy 

 In a study of 148 children with fi rst unprovoked seizure and 89 seizure-free sibling 
controls, attention problems were 2.4 times more common before identifi cation of 
the fi rst seizure (8.1 %) than in controls (3.4 %) [ 13 ]. In a more recent study [ 14 ], a 
history of attention-defi cit hyperactivity disorder (ADHD) was 2.5 times more com-
mon among children with newly diagnosed seizures than among control subjects 
(95 % CI, 1.1–5.5). The association was restricted to ADHD predominantly of the 
inattentive type (odds ratio [OR], 3.7; 95 % CI, 1.1–12.8), while no association was 
found in the hyperactive/impulsive type (OR, 1.8; 95 % CI, 0.6–5.7) nor in the com-
bined type (OR, 2.5; 95 % CI, 0.3–18.3). Seizure type, etiology, gender, or seizure 
frequency at diagnosis (1 or >1) did not affect fi ndings [ 14 ].  

    Depression and Epilepsy 

 Depression and epilepsy seem strictly correlated. The incidence of depression is 
5–20 times higher and epilepsy 4–7 times higher for each group, respectively [ 15 ]. 
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 Depression itself and antidepressants have been examined as risk factors for 
developing epilepsy. Individuals with a history of major depression and/or suicide 
attempts are at increased risk for developing new-onset epilepsy [ 16 – 19 ], raising the 
possibility that depression and epilepsy share a common pathophysiology. Further 
evidence for this hypothesis can be found in studies showing that current neuropsy-
chiatric disability and depression are associated with a worse seizure outcome in 
people with new-onset epilepsy and that a lifetime history of psychiatric disorders, 
and more specifi cally of depression, is associated with a worse seizure outcome 
after anterior temporal lobectomy [ 20 ]. Epilepsy and depression share an unusually 
high co-occurrence leading to a common etiology. Disrupted production of adult- 
born hippocampal granule cells in both disorders may contribute to this high co- 
occurrence [ 21 ]. Chronic stress and depression are associated with decreased 
granule cell neurogenesis [ 21 ]. Epilepsy is associated with increased production 
and aberrant integration of new cells early in the disease and decreased production 
of new cells late in the disease [ 21 ]. In both cases, these changes in neurogenesis 
play important roles. Aberrant integration of adult-generated cells during the devel-
opment of epilepsy may impair the ability of the dentate gyrus to prevent excess 
excitatory activity from reaching hippocampal pyramidal cells, which promote sei-
zures [ 17 ]. Moreover, studies in mice underline that lack of exercise, very common 
in depressed patients, causes a reduction in galanine production, with consequent 
increase in seizure frequency [ 22 ]. 

 The mechanism leading to seizures in these individuals may thus be correlated 
with the pathophysiology of depression, suggesting different treatment strategies. 
The treatment of depression can improve seizure frequency. In placebo-controlled 
studies of serotonine selective reuptake inhibitors (SSRIs) or serotonine and norepi-
nephrine reuptake inhibitors (SNRIs) for treating depression, those treated with a 
drug showed a 50 % reduction in the occurrence of seizures as adverse events, and 
those on placebo experienced a 19-fold increased risk for developing seizures com-
pared to the general population [ 20 ]. These fi ndings may imply serotonergic mecha-
nisms underlying the observed comorbidity [ 20 ].  

    Bipolar Disorder and Epilepsy 

 Although mood disorders represent a frequent psychiatric comorbidity among 
patients with epilepsy, data regarding bipolar disorders are still limited. Recent data 
suggest that mood instability is actually frequent among patients with epilepsy but 
is phenomenologically different from that described in bipolar disorders [ 23 ]. 
Epilepsy and bipolar disorders are both episodic conditions that can later become 
chronic. Mania may represent a privileged window into the neurobiology of mood 
regulation and the neurobiology of epilepsy itself [ 23 ]. The kindling paradigm, 
invoked as a model for understanding seizure disorders, has also been applied to the 
episodic nature of bipolar disorders [ 24 ]. These two conditions apparently share a 
number of biochemical and pathophysiological underpinnings. Common 
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mechanisms at the level of ion channels might include the anti-kindling and the 
calcium- antagonistic and potassium outward current-modulating properties of anti-
epileptic drugs. All these lines of research appear to be converging on a richer 
understanding of neurobiological underpinnings between bipolar disorders and epi-
lepsy. In bipolar patients, changes in second-messenger systems, such as G-proteins, 
phosphatidylinositol, protein kinase C, myristoylated alanine-rich C kinase sub-
strate, or calcium activity, have been described along with changes in c-fos expres-
sion [ 23 ]. Future research on intracellular mechanisms might become decisive for a 
better understanding of the similarities between these two disorders [ 24 ].  

    Psychosis and Epilepsy 

 The view of psychosis, and more specifi cally schizophrenia, as a neuropsychiatric 
condition contributed to a scientifi c notion that structural brain abnormalities in 
these patients could directly contribute to an increased risk of seizures [ 25 ]. Patients 
with schizophrenia have been reported to have an 11-fold increase in the prevalence 
of comorbid epilepsy [ 26 ]. The most recent evidence suggests that there is signifi -
cant overlap in epidemiological, clinical, neuropathological, and neuroimaging fea-
tures of the two diseases, which share biological liability. Those include ventricular 
enlargement in both conditions, the leucine-rich glioma inactivated (LGI) family 
gene loci overlap in both conditions, and other similarities [ 25 ]. Pathological studies 
of the brains of schizophrenic patients have revealed disorganization of the typical 
laminar structure of the hippocampus [ 27 ]. Pathological abnormalities in the hip-
pocampus might result in the widespread disruption of the corticolimbic structures, 
such as the prefrontal cortex, with consequent development of schizophrenic symp-
toms [ 27 ]. In 1953, Landolt introduced EEG recordings as a means of better eluci-
dating this peculiar antagonism, and coined the term “paradoxical” or “forced EEG 
normalization” (FN) [ 28 ], stating that “FN is a phenomenon characterized by the 
fact that, with the occurrence of psychotic states, the EEG becomes less abnormal, 
or entirely normal, as compared with previous and subsequent EEG fi ndings.” 
Various mechanisms have been proposed as underlying the antagonistic relationship 
between epileptic activity and psychosis, including an imbalance of inhibition and 
over-activation, kindling processes, the propagation of epileptic discharges along 
unusual pathways, and neurotransmitter alterations [ 29 ].  

    Seizures and Psychotropic Drugs 

 A wide range of substances, including psychotropic drugs, increase the risk of epi-
leptic seizures. In a systematic review, Ruffmann et al. [ 30 ] addressed the issue of 
the epileptogenic potential of marketed drugs given at therapeutic doses. The 
authors clinically appraised the available reports emphasizing that a correlation 
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between drug exposure and occurrence of seizures does not necessarily lead to a 
causal association. To be considered a risk factor, the association should meet a 
temporal sequence, should be strong (the larger the difference of exposure, the 
greater the strength of association), consistent (reproducible in different popula-
tions), with biological gradient (dose-response effect) and plausibility (consistent 
with a recognized biological mechanism) [ 30 ]. According to these criteria, drugs 
with high epileptogenic potential include clozapine and phenothiazines; drugs with 
intermediate epileptogenic potential include maprotiline and tricyclic antidepres-
sants (TCA), while drugs with low epileptogenic potential include bupropion. 

 Alper et al. [ 31 ], accessing public domain data from the US Food and Drug 
Administration (FDA), compared seizure incidence among active drug and placebo 
groups in psychopharmacological clinical trials and the published rates of unpro-
voked seizures in the general population, involving a total of 75,873 patients. The 
authors found that an increased seizure incidence was observed with the antipsy-
chotics clozapine and olanzapine, and chlorimipramine, a TCA indicated for the 
treatment of obsessive compulsive disorder (OCD) (Table  16.2 ). Alprazolam, 
bupropion immediate-release (IR) form, and quetiapine were also associated with 
higher than expected seizure incidence. However, only antidepressants have been 
found to be associated with an increased risk of seizures when adjusting for the 
duration of exposure. There are many chemical pathways that trigger epileptic sei-
zures. Drugs that antagonize adenosine (A1), histamine (H1), and g-aminobutyric 
acid (GABA) receptors, and substances that stimulate cholinergic and glutamatergic 
receptors, can trigger seizures [ 32 ].

       Antidepressants and Risk of Seizure 

 The incidence of seizures is signifi cantly lower among patients with antidepressants 
than patients with placebo, as shown in Table  16.2  (standardized incidence ratio 
0.48; 95 % CI, 0.36–0.61) [ 31 ]. 

 A solid body of evidence now supports the concept that the noradrenergic and 
serotonergic effects of antidepressants are anticonvulsant at therapeutic doses, 
whereas higher doses, such as those that occur with supratherapeutic exposure or an 
intentional overdose, activate other neurochemical pathways that can culminate in 
seizures [ 32 ]. The drugs with higher seizure potential in overdose were imipramine, 
desipramine, nortriptyline, amoxapine, maprotiline, and bupropion (Table  16.3 ).

   A recent study carried out in Switzerland [ 33 ] identifi ed 15,441 single-agent 
exposures. Seizures occurred in 313 cases. Antidepressants with a high seizure 
potential were bupropion (31.6 %, seizures in 6 of 19 cases, 95 % CI: 15.4–50.0 %), 
maprotiline (17.5 %, 10/57, 95 % CI: 9.8–29.4 %), venlafaxine (13.7 %, 23/168, 95 
% CI: 9.3–19.7 %), citalopram (13.1 %, 34/259, 95 % CI: 9.5–17.8 %), and mefe-
namic acid (10.9 %, 51/470, 95 % CI: 8.4–14.0 %). 

 In adolescents, 23.9 % (95 % CI: 17.6–31.7 %) of cases exposed to mefenamic 
acid resulted in seizures, but only 5.7 % (95 % CI: 3.3–9.7 %) in adults ( p  = 0.001). 
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   Table 16.3    Risk stratifi cation for antidepressant overdose-induced seizures [ 32 ]   

 Risk for antidepressant overdose-induced seizures 

 Antidepressant class 
representative drugs 
from each class 

 Low risk <5 % seizure 
incidence after 
overdose 

 Intermediate risk 5–10 
% seizure incidence 
after overdose 

 High risk >10 % 
seizure incidence 
after overdose 

  MAOIs  
 Isocarboxazid b   +  –  – 
 Moclobemide  +  –  – 
 Phenelzine b   +  –  – 
 Selegiline b   +  –  – 
 Tranylcypromine b   +  –  – 
  CAs  
 Tertiary amines 
   Amitrtiptyline  –  +  – 
   Clomipramine  –  +  – 
   Doxepin  –  +  – 
   Imipramine  –  + 
   Trimipramine  –  +  – 
 Secondary amines 
   Desipramine  –  –  + 
   Nortriptyline  –  –  + 
   Protriptyline  –  +  – 
 Other 
   Amoxapine  –  –  + 
   Maprotiline  –  –  + 
  SSRIs  
 Citalopram c   –  +  – 
 Escitalopram  +  –  – 
 Fluoxetine  +  –  – 
 Fluvoxamine  +  –  – 
 Paroxetine  +  –  – 
 Sertraline  +  –  – 
  Atypical antidepressants  
 Bupropion  –  –  + 
 Duloxetine  Risk unknown  –  – 
 Mirtazapine  +  –  – 
 Reboxetine  Risk unknown  –  – 
 Trazodone  +  –  – 
 Venlafaxine d   –  +  – 

  Reprinted from Psychiatric Clinics of North America, Judge and Rentmeester [ 32 ], © 2013, with 
permission from Elsevier 
  a Data compiled from multiple sources referenced throughout the article. The table was constructed 
solely by the authors 
  b Seizure risk with overdose presumed to be low based on lack of convincing clinical evidence and/
or the drug shares a similar structure and/or pharmacologic mechanism to drugs within its class 
that have been determined to be low risk 
  c Seizure risk with overdose should be considered high with ingestions exceeding 600 mg 

  d Seizure risk may be high with large ingestions  
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For citalopram these numbers were 22.0 % (95 % CI: 12.8–35.2 %) and 10.9 % (95 
% CI: 7.1–16.4 %), respectively ( p  = 0.058). The probability of seizures with mefe-
namic acid, citalopram, trimipramine, and venlafaxine increased as the ingested 
dose increased [ 33 ]. 

 From a clinical point of view, current data show that a treatment should be given 
despite its epileptogenic risk.  

    Tricyclic Agents (TCA) 

 The incidence of seizures in patients treated with therapeutic doses (150–300 mg) 
of TCA is 1–2 % and time to seizures ranges between 3 days and 12 months [ 30 ]. 
The incidence of seizures with cyclic agents (CA) toxicity is varied, ranging from 3 
% to more than 20 % and is directly correlated to TCA blood concentration, that is 
the best predictor of seizures, if compared to EEG fi ndings [ 34 ]. Toxicity associated 
with CAs is caused by antagonism against a1-adrenergic, H1 histamine, and musca-
rinic receptors; blockade of cardiac ion channels (Na1 and K1); and interference 
with chloride conductance through GABA Cl ionophores. Each drug within this 
class shows variability in these pharmacologic mechanisms of action and their toxic 
effects [ 32 ].  

    Maprotiline 

 At therapeutic doses, seizures are recorded in 0.4 % of patients in clinical trials and 
in 0.025 % of patients in post marketing surveillance [ 30 ]. One retrospective study 
found a seizure rate of 15.6 % in patients taking between 75 and 300 mg daily [ 35 ]. 
Although it is uncertain what mechanisms are responsible for maprotiline-induced 
seizures, two possibilities include the inhibitory effect that maprotiline exerts on 
G-protein- activated inwardly rectifying K (GIRK) channels and antagonism of H1 
receptors [ 32 ].  

    Selective Serotonin Reuptake Inhibitors (SSRIs) 
and Serotonin and Norepinephrine Reuptake Inhibitors 
(SNRIs) 

 Despite their relative receptor selectivity, SSRIs can be proconvulsant in the setting 
of an overdose. How this occurs is still not known [ 36 ]. A review of SSRI poisoning 
admissions to an Australian toxicology unit reported a seizure incidence of 2 % for 
citalopram, 1 % for fl uoxetine, 4 % for fl uvoxamine, 2 % for paroxetine, and 2 % 
for sertraline [ 37 ]. Venlafaxine (SNRI) seems more correlated with seizures than 
SSRI [ 36 ]. 
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 SSRI overdose can cause serotonin syndrome that increases the risk for seizures, 
but not all SSRI overdose-induced seizures result from serotonin syndrome. 
Inhibition of glycine receptors and hyponatremia can also play a role in SSRI 
overdose- induced seizures. Seizures induced by citalopram may occur from QTc 
prolongation or inhibition of GIRK channels [ 36 ].  

    Bupropion 

 The drug is available in immediate-release (IR), sustained-release (SR), and 
extended-release (XL) formulations. The risk for seizures in therapeutic doses 
(150–600 mg) is relatively low (0.2 % in prospective studies and 0.4 % in retrospec-
tive studies) [ 30 ]. In randomized clinical trials the prevalence increased to 0.8 % but 
half cases had other risk factors [ 30 ]. On the other hand, seizure activity occurred in 
21 % of patients with overdose involving the IR formulation, 11 % of patients who 
primarily overdosed on the SR formulation, and 32 % of patients who overdosed on 
the XL formulation [ 32 ]. Seizures induced by overdose of bupropion are problem-
atic because they can be repeated and can progress to status epilepticus. Another 
problem with bupropion overdose-induced seizures is the delayed onset with which 
they can occur. Seizure activity has been reported to occur up to 8 h (mean, 3.7 h), 
14 h (mean, 4.3 h), and 24 h (mean, 7.3 h) after overdose on the IR, SR, and XL 
preparations, respectively.  

    Electroconvulsive Therapy 

 No report of spontaneous seizures was found in a study group of 619 patients. 
One patient who was excluded due to suspected neurosyphilis developed recur-
rent seizures 1 month after electroconvulsive therapy (ECT). Two patients in the 
control group had a single seizure with no relapse. ECT has not been found to 
cause epilepsy. Patients’ underlying conditions may infl uence the development of 
seizures [ 38 ].  

    Antipsychotics 

 Both fi rst-generation and second-generation antipsychotic medications can increase 
the chance of seizures. Hedges and colleagues [ 39 ] reviewed the published litera-
ture concerning the seizure-lowering effects of fi rst- and second- generation anti-
psychotic medications, fi nding that rigorously controlled studies are relatively 
infrequent. Of the fi rst-generation antipsychotic medications, chlorpromazine 
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appears to be associated with the greatest risk of seizures, although other fi rst- 
generation antipsychotics also lower seizure threshold. Conversely, molindone, 
haloperidol, fl uphenazine, pimozide, and trifl uoperazine are associated with a lower 
risk of seizure induction. Clozapine is the second-generation antipsychotic agent 
most frequently associated with seizures, with risperidone appearing to confer a 
relatively low risk, even in overdose [ 39 ].  

    First-Generation Antipsychotics 

 With the exception of chlorpromazine, the risk of seizures from fi rst-generation 
antipsychotics ranges between 0.5 and 0.9 % [ 39 ]. In patients treated with chlor-
promazine the risk increases to 1.2 %, especially in patients treated for an organic 
disease, whose risk is 2 %. The risk is dose-dependent (9 % for doses ≥1000 mg). 
The biochemical basis of the epileptogenic effect of antipsychotics can be attributed 
to the dopamine-blocking properties of these drugs [ 30 ]. 

    Clozapine 

 Clozapine-induced seizures may occur at any dose; the risk increases with dose 
and goes up to 4 % at ≥600 mg/day. Some authors advocated that patients on that 
dose regimen have anticonvulsants added as a primary prophylactic measure [ 40 ]. 
The author discusses the pitfalls of this recommendation and highlights that sei-
zures are better predicted by high serum concentration (1300 ng/ml) rather than 
dose alone, and that serum concentration is strongly infl uenced by gender, age, 
smoking habit, drug-drug interactions and variations in the 1A2, 2D6, and 3A4 
genotypes [ 40 ].   

    Seizures, Alcohol, and Illicit Drugs 

 In recent times, psychiatric disorders as psychosis, ADHD, mood and personality 
disorders can be triggered by street drug/alcohol misuse [ 41 ], even if this correla-
tion has not been found in all studies [ 42 ]. Alcohol/illicit drug abuse or dependence 
may worsen seizure control or even directly cause seizures. The potentially serious 
seizure outcomes from any of these compounds may cause seizures either acutely 
or on withdrawal [ 43 ]. Their use may also reduce effectiveness of antiepileptic 
drugs. In case of seizures onset in patients with a psychiatric disorder, a current/past 
alcohol/illicit drug (in particular cocaine or new compounds) misuse should be 
investigated.  

16 Epilepsy in Psychiatric Disorders



300

    Conclusion 

 In light of these fi ndings, the correlation between epilepsy and psychiatric disorders is 
evident, indicating a bidirectional relationship and common underlying mechanisms. 
A specifi c attention should be given for alcohol drug misuse. The risk of seizures 
should be taken into consideration by the psychiatrist, because it could be the result of 
the disorder itself or of its treatment. In patients with a history of seizures, antipsy-
chotics should be used carefully even if an increased risk for seizures is evident for 
clozapine, phenothiazines, olanzapine and, less, quetiapine. Antipsychotics with a 
low seizure potential should be however preferred. In therapeutic doses, antidepres-
sants are safe and increase the seizure threshold. In light of these results, in patients 
with epilepsy and a comorbid depression, antidepressants should be used (even if with 
adequate monitoring): SSRI and SNRI should be preferred to TCA and bupropion.    
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    Chapter 17   
 The Role of Epilepsy Surgery       

       Genevieve     Rayner       and     Sarah     J.     Wilson     

    Abstract     While seizure control is an obvious goal of epilepsy surgery, the postsur-
gical period can have the paradoxical effect of worsening an individual’s psychiatric 
function. This chapter systematically reviews the literature relating to neuropsychi-
atric outcomes of epilepsy surgery, revealing that there is a heightened risk for psy-
chopathology both before and after surgery. This commonly takes the form of 
depression, anxiety, and psychosocial adjustment diffi culties, and can emerge in 
patients with no prior psychiatric history. 

 From this review a compelling case arises for the routine provision of presurgical 
psychiatric and psychosocial evaluation, in addition to postsurgical follow-up and 
rehabilitation. Pre-surgery, this evaluation can shape the team’s understanding of sur-
gical candidacy and the patient’s capacity for informed consent. Moreover, it provides 
a prime opportunity for managing the sometimes-unrealistic expectations that patients 
and their families harbor for postsurgery life. While preexisting psychopathology is a 
risk factor for poor seizure and psychosocial outcomes, it is not a contraindication to 
surgery when the treating team has the capacity to treat it  proactively. Post surgery, 
effi cacious treatment of psychiatric comorbidity increases the likelihood of seizure 
freedom, as well as optimizing psychosocial functioning and quality of life. By con-
trast, failure to treat can allow psychiatric comorbidity to persist or escalate, and 
psychological diffi culties to develop as the patient adjusts to life after surgery.  
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       Introduction 

 Epilepsy is one of the most common neurological disorders, with approximately 70 
million sufferers worldwide [ 1 ]. Focal seizures occur within brain networks local-
ized to one hemisphere of the brain [ 2 ] and are drug resistant in up to one third of 
individuals [ 3 ]. Poorly controlled seizures habitually interrupt day-to-day life and 
are associated with a substantial disease burden. In particular, drug-resistant epi-
lepsy is commonly comorbid with cognitive impairment and psychiatric distur-
bance, and can be accompanied by a raft of psychosocial restrictions including an 
inability to drive, unemployment and underemployment, fi nancial dependence, 
strained family dynamics, social isolation, and stigmatization [ 3 – 6 ]. Of the focal 
syndromes, temporal lobe epilepsy (TLE) is the most prevalent. It is also the most 
relevant to this chapter because it follows a chronic, drug-resistant course in >70 % 
of individuals [ 7 – 9 ]. 

 Anticonvulsant drugs are not the only treatment option for focal epilepsy. Based 
on empirical research [ 3 ,  6 ,  10 ], international guidelines now recommend that after 
the failure of two antiepileptic drugs clinicians should consider a patient’s suitability 
for surgery to remove epileptogenic brain tissue [ 11 ]. Anterior temporal lobectomy 
(ATL) is the prototypical intervention for TLE and is used in epilepsy centers world-
wide. It typically comprises a 6.0–6.5 cm resection of the anterior lateral nondomi-
nant temporal lobe, or 4.0–4.5 cm of the dominant temporal lobe. The mesial 
resection includes the amygdala and, at a minimum, the anterior 1.0–3.0 cm of the 
hippocampus (most commonly, 4.0 cm) [ 7 ]. In support of its therapeutic effi cacy, two 
randomized controlled trials have shown that ATL is superior to ongoing medical 
therapy in terms of seizure control and quality of life, with around two thirds of 
patients rendered seizure-free compared to <9 % of patients who continue on medical 
treatment [ 7 ,  8 ]. Importantly, rates of seizure freedom or improvement after surgery 
remain relatively stable over the long-term (i.e., >15 years), and the vast majority of 
patients (92 %) consider epilepsy surgery worthwhile throughout this period regard-
less of seizure outcome [ 12 ]. Current guidelines strongly recommend early surgical 
intervention to maximize a patient’s chances of achieving seizure freedom [ 13 ]. 

 The success of epilepsy surgery depends on more than just the alleviation of 
seizures [ 14 ]. Given the psychosocial limitations that accompany drug-resistant epi-
lepsy, many patients see surgery as an opportunity to engage in life more fully, 
envisaging themselves enjoying liberties such as driving and independence; being 
employed; feeling happier, cleverer, and more in control; enjoying better family 
relationships; and having a better memory [ 14 – 16 ]. They may also harbor hopes 
that surgery will lead to the remission of a preexisting psychiatric condition [ 16 ]. 
Meanwhile, family members may assume that surgery will lessen the burden on 
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them to support and care for the patient, and, in some cases, patients or partners 
alike may view seizure relief as an opportunity to leave an unhappy relationship. 
The reality, however, is that seizure freedom does not always engender such changes 
in the postoperative period [ 15 ]. 

 Failure to meet preoperative expectations can leave patients feeling that surgery 
was unsuccessful [ 16 ], and the subsequent disappointment of postoperative realities 
may lead to unfavorable longer-term psychiatric outcomes [ 17 ]. The process of 
adjustment following ATL has been carefully documented, and primarily depends 
on managing preoperative expectations of surgery, postoperative mood and seizure 
outcome, as well as the patient’s capacity to discard roles associated with chronic 
epilepsy and learn to become well [ 18 ,  19 ]. This process and its clinical manifesta-
tions are known as the burden of normality, and will be discussed in greater detail 
later in this chapter.  

    Neuropsychiatric Outcomes of Epilepsy Surgery 

 The surgical setting can play an infl uential role in the persistence, remission, or 
emergence of neuropsychiatric symptoms in certain individuals [ 20 ,  21 ]. Following 
surgery, between 32 and 68 % of adult patients will experience clinically signifi cant 
psychopathology [ 22 – 27 ]. These overall rates, however, may conceal the onset of 
de novo psychopathology in the months shortly after surgery, conservatively esti-
mated to occur in ~20 % of patients [ 26 – 28 ]. Alternatively, in patients with a preex-
isting psychiatric condition, symptoms have been noted to resolve in around 15–30 
% [ 29 ] but up to 87 % [ 25 ] of patients after surgery. In an attempt to address the 
large variability in the rates of symptom occurrence, a recent systematic review of 
13 studies by Macrodimitris and colleagues [ 30 ] concluded that patients typically 
experience an improvement in their psychiatric functioning post surgery or, at the 
very least, avoid a worsening of their neuropsychiatric symptoms. 

 The aim of this chapter is to systematically review the available literature exam-
ining neuropsychiatric outcomes for the four most common disorders following 
resective epilepsy surgery, namely, depression, anxiety, psychosis, and somatic 
symptom disorders. Databases Medline, PubMed, and EmBase were searched for 
peer-reviewed studies published in English between 1980 and 2015 using the 
 following search terms:  psych*, outcome,  and  epilepsy surgery . This identifi ed a 
total of 1076 studies. 

 After 355 duplicates were removed, studies were excluded if (1) participants 
were aged ≤16 years at surgery, (2) they did not contain original empirical data, or 
(3) they did not report suffi cient methodological detail (e.g., sample size, frequency 
or prevalence statistics, etc.). Inclusion criteria comprised use of (1) formal psychi-
atric assessment after surgery with contemporary nosology (i.e., DSM or ICD clas-
sifi cation criteria) or (2) quantitative measures of psychiatric symptomatology (e.g., 
the Beck Depression Inventory, the State-Trait Anxiety Inventory) to assess depres-
sive, anxious, psychotic, or somatic symptoms and/or disorder. This resulted in a 
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total of 41 outcome studies included in the review, published between 1989 and 
2014. Of these, 56 % used psychiatric classifi cation criteria to diagnose psychopa-
thology; 45 % employed longitudinal, prospective follow-up experimental designs; 
and ~15 % were case studies or case series. Across the studies, the period of post-
surgical follow-up spanned 1.5 months to 22 years, although the most common time 
frame occurred within the fi rst 24 months after surgery. Table  17.1  summarizes the 
methodological properties of the studies captured by the systematic literature 
review, stratifi ed by disorder. It reveals that depression remains the most commonly 
studied neuropsychiatric sequelae of epilepsy surgery.

       Depressive Symptoms and Disorders 

    Presurgery Prevalence 

 Depressed mood is the most prominent psychiatric symptom of epilepsy [ 41 ]. 
Research suggests that between 17 and 55 % of people with drug-resistant epilepsy 
endorse clinically signifi cant depressive symptoms [ 17 ,  42 – 46 ], with 43 % higher 
odds of developing depression than healthy controls after adjusting for demographic 
factors [ 47 ]. Of the 41 studies reviewed, 26 examined the occurrence of depressive 
symptoms surrounding epilepsy surgery (Table S17.1). Most of these were longitu-
dinal studies prospectively following up patients for around a year after surgery, 
with a roughly even split of expert classifi cation of depression versus self-reported 
symptomatology based on questionnaires. These studies indicate that prior to 

    Table 17.1    Summary of the results of the systematic literature review [ 17 ,  31 – 40 ]   

 Depression  Anxiety  Psychosis  Somatoform 

 No. of studies  26  12 a   12 b   3 c  
 Design 
   Prospective 
   Retrospective 
   Cross-sectional 

 18 (69 %) 
 8 (31 %) 
 0 

 9 (75 %) 
 3 (25 %) 
 0 

 2 (17 %) 
 10 (83 %) 
 0 

 0 
 3 (100 %) 
 0 

 Sample type 
   Case series (i.e.,  N  ≤ 10)  1 (4 %)  0  5 (42 %)  1 (33 %) 
 Mode of classifi cation 
   Expert diagnosis 
   Self-report symptomatology only 

 12 (46 %) 
 14 (54 %) 

 6 (50 %) 
 6 (50 %) 

 12 (100 %) 
 0 

 3 (100 %) 
 0 

 Follow-up period (months) 
   Range 
   Median 

 1.5–60 
 12 

 1.5–96 
 24 

 12–264 
 24 

 24–56 
 N/A 

   a Including ten studies overlapping with the depression outcome studies [ 17 ,  31 ,  32 ,  34 – 40 ] 
  b Including two studies overlapping with the depression/anxiety outcome studies [ 31 ,  33 ] 

  c Including one study overlapping with the depression/anxiety/psychosis outcome studies [ 31 ]  
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epilepsy surgery, between 16 and 40 % of surgical candidates show elevated rates of 
depressive symptoms and disorder [ 17 ,  29 ,  31 – 36 ,  48 – 51 ]. Following surgery, pre-
operative depressive symptoms remit for around half of these patients [ 29 ] within 
3–6 months of surgery [ 36 ,  52 ].  

    Postsurgery Course 

 Most prospective studies indicate that after epilepsy surgery, around 20–30 % of 
patients experience unipolar major depression [ 17 ,  27 ,  29 ,  31 ,  37 ,  50 ,  51 ,  53 – 55 ], 
although Malmgren and colleagues [ 48 ] reported expert-diagnosed rates of postop-
erative mood disorder as high as 68 %. Most postsurgical depression is diagnosed 
within the fi rst 3 months of surgery [ 26 ,  33 ,  38 ,  50 ]. The importance of continued 
monitoring for all patients throughout the early postoperative period is underscored 
by the statistic that between 10 and 50 % of individuals with postoperative depres-
sion have no preexisting psychiatric history [ 22 ,  23 ,  26 ,  27 ,  29 ,  33 ,  37 ,  38 ,  50 ,  53 ,  56 , 
 57 ]. The emergence of de novo depression after epilepsy surgery may be especially 
common in patients with a mesial temporal lobe focus, and is typically heralded by 
signifi cant postoperative irritability as well as marital tension and confl ict [ 58 ]. 
Depressive disorder after epilepsy surgery is of critical clinical concern. Not only 
does postoperative depression limit the patient’s ability to take full advantage of the 
benefi ts of seizure freedom or improvement [ 59 ], suicide rates after epilepsy surgery 
are around 13 times higher in postsurgical patients than in the broader US popula-
tion, and commonly take place in the context of excellent seizure control [ 55 ,  60 ]. 

 While depression after epilepsy surgery may conform to DSM-type criteria, 
Blumer et al. [ 22 ] have suggested that patients can also present with “dysphoric 
disorders with prominent depressive mood.” Symptoms of this form of depression 
are intermittent and pleomorphic, comprising depressed mood, anergia, irritability, 
pain, insomnia, euphoria, fear, and anxiety. Depressive symptoms after epilepsy 
surgery typically persist for at least 3–6 months [ 26 ,  33 ,  38 ,  50 ], before steadily 
declining across a 24-month follow-up period [ 33 ,  50 ]. Regardless of the symptom-
atology, moderate to severe levels of depressive symptoms continue in about 15 % 
of patients who experience recurrent seizures and 8 % who are seizure free [ 32 ,  55 ]. 
Encouragingly, postoperative depression and dysphoric disorders show good remit-
tance with pharmacological treatment [ 22 ].  

    Risk Factors for Depression After Epilepsy Surgery 

 Catalysts for deteriorating mood after epilepsy surgery encompass psychosocial, 
psychiatric, and neurobiological factors (Table  17.2 ). Psychosocially, risk factors 
for postoperative depression include maladaptive personality traits (primarily 
dependent and avoidant traits), fi nancial dependence, adjustment diffi culties in 
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adapting to new societal and family roles, and poor postoperative family dynamics. 
Most consistently, however, a preexisting psychiatric history is reported, with stud-
ies from psychiatric populations supporting the notion that cumulative disruption to 
brain structure, function, and cognitive processing from previous depressive epi-
sodes heightens the risk of symptom recurrence in the future [ 61 ].

   Neurobiological risk factors for postoperative depression include bilateral EEG 
abnormalities in presurgical investigations, younger age at surgery, a larger 
 resection, preoperative generalized seizures, more frequent preoperative seizures, 
and abnormal hippocampal volume in the contralateral hemisphere (Table  17.2 ). 
While it appears that postsurgical depression is not related to the histopathology of 
the epileptogenic lesion [ 24 ,  56 ,  62 ,  69 ], there is considerable ambiguity as to 
whether the laterality of the lesion is an important antecedent, with no compelling 
evidence either way: some studies show no effect of laterality [ 24 ,  32 ,  56 ,  62 ], while 
others suggest that a right-sided resection is a vulnerability factor for worsening 
mood after surgery [ 23 ,  37 ,  53 ,  67 ]. Overall, the neurobiological risk factors for 
depression after epilepsy surgery comprise markers of more chronic, severe, and 
widespread epileptogenic abnormality occurring alongside focal unilateral dysfunc-
tion in mesial temporal structures. 

 Finally, specifi c risk factors for persistent depressive symptoms at 24-months 
include older age, preoperative generalized seizures, a family history of seizures, as 
well as a family history of psychiatric illness [ 32 ]. The relationship between a fam-
ily history of psychiatric disturbance and persistent depression is particularly note-

    Table 17.2    Risk factors for depressive symptoms after adult epilepsy surgery [ 24 ,  26 ,  27 ,  29 ,  37 , 
 50 ,  53 ,  54 ,  58 ,  59 ,  62 – 68 ]   

  Neurobiological antecedents  
 Bilateral EEG abnormalities  Anhoury et al. [ 62 ]; Carran et al. [ 53 ]; de 

Araújo Filho et al. [ 29 ] 
 Larger resection  Anhoury et al. [ 62 ] 
 Secondarily generalized seizures  Cleary et al. [ 63 ]; Carran et al. [ 53 ] 
 More frequent seizures presurgery  Desai et al. [ 27 ] 
 Abnormal contralateral hippocampal volume  Paparrigopoulos et al. [ 64 ]; Wrench et al. [ 58 ] 
 Younger age at surgery  Moss et al. [ 37 ] 
  Psychiatric and psychosocial antecedents  
 High neuroticism and low extraversion  Wilson et al. [ 65 ] 
 Preoperative personality disorder [PD], chiefl y 
Cluster C (Avoidant, Dependent, or Obsessive- 
Compulsive PD) or Cluster B (Borderline, 
Antisocial, Histrionic, or Narcissistic PD) 

 Koch-Stoeker [ 66 ] 

 Preoperative psychiatric history  Malmgren et al. [ 24 ]; Quigg et al. [ 67 ]; Pintor 
et al. [ 68 ]; Wrench et al. [ 50 ]; Cleary et al. 
[ 26 ,  63 ]; de Araújo Filho et al. [ 29 ] 

 Poor postoperative family dynamics  Wrench et al. [ 50 ] 
 Diffi culties adjusting to changed roles post 
surgery 

 Meador [ 54 ]; Wilson et al. [ 59 ] 
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worthy, indicating that depression after epilepsy surgery, like depression in the 
general population, likely has a genetic underpinning in some cases.  

    Depression and Seizure Outcome 

 Good psychiatric outcome for depressive disorders after epilepsy surgery is robustly 
linked to good seizure outcome, and vice versa. In particular, seizure remission is 
related to lower levels of depressive symptomatology following surgery [ 49 ,  52 ,  55 , 
 70 ], while recurrent postoperative seizures are associated with depressive symptoms 
and disorders presenting both pre- [ 29 ,  70 ] and postsurgically [ 32 ,  53 ]. Very few 
studies report no link between depression and seizure outcome [ 17 ,  36 ], and none 
reviewed here associate depression after epilepsy surgery with seizure freedom. 

       Anxiety Symptoms and Disorders 

    Presurgery Prevalence 

 Anxiety disorders are a somewhat heterogeneous group linked by abnormally ele-
vated threat responses and a generalized dysregulation of negative affect. A 
population- based study estimated a lifetime prevalence of anxiety disorders in peo-
ple with epilepsy at 22.8 % (versus 11 % in healthy controls) [ 41 ]. Moreover, 
patients may experience more than one form of anxiety disorder concurrently. This 
was illustrated in a study of 188 consecutive people with epilepsy that identifi ed 49 
patients (26 %) with a current anxiety disorder [ 71 ], of which 55 % had two or more 

 Summary: Depression 
•     ~30 % of surgical patients have a lifetime history of depression.  
•   After surgery, 20–30 % of patients present with depression.

 –    A signifi cant proportion (up to 25 %) has no psychiatric history i.e., de 
novo depression.     

•   The most compelling risk factor for postsurgery depression is presurgery 
depression (~75 % preexisting history across the lifespan).  

•   Neurobiological risk factors for postsurgery depression comprise markers 
of chronic, severe, and widespread epileptogenic abnormality, as well as 
younger age at surgery.  

•   Psychosocial risk factors for postsurgery depression comprise maladaptive 
personality traits, fi nancial dependence, adjustment diffi culties, and poor 
postoperative family dynamics.  

•   Seizure recurrence is linked to both pre- and postsurgery depression.    
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anxiety disorders, while 57 % had a comorbid depressive episode, with the latter 
commonly occurring in anxious people with and without epilepsy. In a German 
study of 96 patients with drug-resistant epilepsy, the prevalence of anxiety was esti-
mated at ~20 % [ 72 ]. 

 Of the 41 studies identifi ed in the current literature review, 12 examined the 
occurrence of anxiety symptoms surrounding epilepsy surgery, without delineating 
between subtypes of anxiety disorder (e.g., generalized anxiety disorder, agorapho-
bia, etc.) (Table S17.2). Most of the studies prospectively followed patients for 24 
months after surgery, employing quantitative or linear measures of symptoms to an 
equal extent. These studies indicate that the prevalence of anxiety in presurgery 
epilepsy patients is commensurate with that of drug-resistant patients more broadly, 
meaning that 20–30 % of surgical candidates have a lifetime history of heightened 
or clinically signifi cant anxiety [ 17 ,  27 ,  53 ,  73 ].  

    Postsurgery Course 

 The clinical trajectory of anxiety after adult epilepsy surgery typically shows a 
spike in anxious symptoms immediately following discharge from hospital [ 38 ]. 
In total, up to 28–42 % of patients may be diagnosed with an anxiety disorder in 
the early phase of surgical recovery [ 17 ,  27 ,  37 ], with around 27–46 % of these 
diagnoses comprising de novo symptomatology in people who were psychologi-
cally well before surgery [ 17 ,  34 ,  55 ,  73 ]. The studies also indicate that many 
patients with preexisting anxiety experience a dramatic remission in their symp-
toms [ 36 ,  73 ], while no studies reported a worsening of preexisting anxiety symp-
toms after surgery. Post surgery, anxiety symptoms tend to steadily decline until 
subbaseline levels of anxiousness are reached around the 24-month mark [ 32 ,  38 , 
 39 ,  68 ,  74 ].  

    Risk Factors for Anxiety After Epilepsy Surgery 

 Psychosocially, patients at the highest risk of developing anxiety disorders after 
epilepsy surgery are those with a previous history of affective disorders and adjust-
ment diffi culties [ 17 ,  68 ,  75 ,  76 ]. These adjustment diffi culties were most promi-
nent in patients with extratemporal lobe resections and took the form of psychological, 
sociological, and behavioral features of the burden of normality (see Table  17.3 ) 
[ 17 ]. Moreover, preoperative anxiety is a signifi cant predictor of postsurgery anxi-
ety and depression [ 37 ]. Together, these risk factors for anxiety after epilepsy sur-
gery implicate longstanding and possibly genetic vulnerabilities to mood 
dysregulation, as well as poor psychological coping skills in response to a situation 
often requiring signifi cant psychosocial change (see also the section “ The process 
of psychological recovery after epilepsy surgery ”).
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   Neurobiologically, neuroimaging research shows that postoperative anxiety is 
associated with resection of an amygdala with normal volume [ 73 ] or a smaller ipsi-
lateral hippocampal remnant following a left temporal lobe resection [ 64 ]. Together, 
these two studies suggest that signifi cant disease in mesial temporal structures, or 
the resection of relatively healthy tissue, plays some role in the development of post-
surgical anxiety. This is broadly consistent with functional imaging data in TLE 
patients showing that greater preoperative ipsilateral amygdala activation, presum-
ably from a healthy structure, is associated with signifi cantly increased anxiety 
symptoms after surgery [ 77 ]. The amygdala plays a central role in the limbic circuit 
responsible for threat reactivity. This circuit is thought to be modulated by the 
Affective Appraisal Network, which has nodes in the ventromedial prefrontal cor-
tex, the posterior cingulate cortex and the hippocampus, and is involved in emotion 
generation and regulation, self-related cognition, long-term memory retrieval, and 

    Table 17.3    Features of the burden of normality to canvass in rehabilitation after epilepsy surgery 
[ 19 ,  59 ]   

 Life domain  Features  Common issues for rehabilitation 

 Psychological  Changes in self-concept (“well 
self”) 

 Sense of “cure” or “difference” 
 Need to “prove” normality 
 Increased expectations (from self or 
others) 
 Lack of “excuse” of chronic illness 
 Grieving the loss of epilepsy 
 Sense of missed opportunities (“lost 
years”) 
 Need to make up for lost time 

 Behavioral  Changes in activities  “Overdoing it” (physical, vocational, 
social) 
 “Underdoing it” (physical, vocational, 
social) 
 Other somatic complaints 
 Change in sex drive (typically 
increased) 
 Nonadherence to anticonvulsants 

 Affective  Changes in mood  Euphoria, joy of “cure” 
 Anxiety, increased “pressure” 
 Depression, shame, guilt 
 Frustration, regret 

 Sociological  Changes in family dynamics and 
social function 

 Changed role of the primary carer 
 Attitudes of family members and 
friends 
 Increased family confl ict 
 New vocational horizons 
 Educational and vocational programs 
 Employment opportunities, promotion 
 New social horizons 
 Driving 
 Intimate and other friendships 
 New social activities and networks 
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context-based modulation of conditioned fear [ 78 ]. Although speculative, neuroim-
aging of postoperative anxiety suggests that surgical disruption to anxiety- related 
brain networks may exacerbate or give rise to anxiety symptoms after surgery.  

    Anxiety and Seizure Outcome 

 The relationship between anxiety and seizure recurrence after epilepsy surgery 
remains ambiguous. This literature review identifi ed one study showing that seizure 
freedom after surgery was related to lower postsurgery anxiety [ 40 ], and another 
suggesting that heightened anxiety was more likely to persist long-term in patients 
with ongoing seizures [ 32 ]. Three studies, however, did not fi nd a relationship 
between seizure outcome and pre- or postsurgery anxiety [ 17 ,  36 ,  74 ]. Since all fi ve 
of these studies were methodologically robust, employing prospective designs with 
sample sizes of 57–360 patients, further investigation is needed to clarify the issue. 

       Psychotic Symptoms and Disorder 

    Pre-surgery Prevalence 

 The psychoses of epilepsy are also a heterogeneous group of disorders that differ 
according to the temporal relationship they have with seizures. Postictal psychosis 
(PIP) is a well-established psychiatric complication of focal epilepsy, occurring in 
around 7 % of patients with drug-resistant TLE [ 79 ,  80 ]. Symptoms such as thought 
disorder, hallucinations, and delusions typically emerge 12–72 h after a cluster of 
seizures and last from a few days to a few weeks [ 79 ,  81 ,  82 ]. A diagnosis of PIP can 
be made on the basis of a single psychotic episode. Clinical risk factors include a 

 Summary: Anxiety 
•     20–30 % of surgical patients have a lifetime history of signifi cant anxiety.

 –    This is a predictor of postsurgery anxiety and depression.     

•   Around ~30 % of patients meet criteria for an anxiety disorder early 
postsurgery.

 –    A signifi cant proportion represent de novo anxiety symptoms.     

•   Neurobiological risk factors for postsurgery anxiety implicate dysregula-
tion of the mesial temporal node of the Affective Appraisal Network.  

•   Other risk factors for postsurgery anxiety include previous episodes of 
depression/anxiety and poor coping skills.  

•   Links between perisurgical anxiety and seizure recurrence remain 
equivocal.    
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history of encephalitis or head injury, a family history of psychiatric illness, second-
arily generalized seizures, and bilateral, extratemporal, or nonlocalized EEG abnor-
malities (see [ 63 ]). The diffuse nature of these risk factors, together with widespread 
dysfunction reported in neuropsychological and neuroimaging studies, implicates 
seizure-related dysfunction to networks in the anterior quadrant of the brain. 
Interictal forms of psychosis also present in between 2 and 9 % of people with epi-
lepsy, and more closely resemble primary psychotic disorders, such as schizophrenia 
and schizoaffective disorder [ 83 ]. In fact, overall evidence suggests that schizophre-
nia-like psychosis is 6–12 times more likely to present in people with epilepsy than 
in the general population [ 83 ]. Specifi c to surgical candidates, a prospective study of 
84 patients showed a 6 % prevalence rate for psychotic disorder before surgery, 
including interictal psychosis, PIP, or a combination of both, with their occurrence 
linked to a history of febrile convulsions and a left mesial temporal lobe focus [ 33 ].  

    Postsurgery Course 

 Of the 41 studies reviewed, 12 examined the occurrence of psychotic symptoms 
before or after surgery (Table S17.3). Approximately 40 % of these studies pre-
sented data on small series of individuals with psychosis (i.e.,  n  < 10), and the 
majority used retrospective designs and expert diagnosis to identify individuals with 
psychotic symptoms. The fi ndings indicate that comorbid psychosis and epilepsy is 
not necessarily a contraindication to epilepsy surgery. The case series consistently 
describe TLE patients with psychotic disorders who were able to provide informed 
consent and comply with both preoperative investigations and postsurgical manage-
ment [ 84 – 86 ]. 

 Post surgery, in one study 50 % of patients experienced an immediate worsening 
of their preexisting psychotic symptoms before stabilizing, while other small case 
series focusing on PIP reported complete symptom remission in the context of good 
seizure control [ 33 ,  87 ]. Others studies report no remission of psychotic symptoms 
despite good seizure outcome and patient report of improved quality of life. In the 
largest study to date, Cleary et al. [ 63 ] followed up 20 patients with PIP for up to 48 
months after surgery, relative to 60 TLE patients without a psychiatric history. They 
found that preexisting PIP did not affect a patient’s chance for seizure freedom after 
surgery. In sum, these studies suggest that epilepsy surgery can often prompt a 
remission or stabilization of psychotic symptoms in the context of seizure relief. 

 There is also some evidence to suggest that in patients with chronic psychosis, 
surgery may trigger nonpsychotic psychopathology. For instance, in the study by 
Cleary and colleagues [ 63 ], patients with recurrent PIP (defi ned as ≥ two psychotic 
episodes) were up to nine times more likely to develop de novo psychopathology in 
the 4 years following surgery compared to patients with no psychiatric history after 
controlling for preoperative psychiatric status. These de novo disorders emerged in 
the fi rst year after surgery and persisted for at least 6 months, often requiring 
pharmacological treatment. Diagnoses commonly included depressive or anxiety 
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disorders, although three patients with recurrent PIP went on to develop primary 
(interictal) psychotic disorders after surgery. This lends support to Kanner’s [ 88 ] 
assertion that epilepsy surgery is strongly  indicated  in patients with PIP to prevent 
ongoing seizures and the transition from PIP to a primary psychotic disorder. 
Together, the studies indicate that patients should be counseled that surgery can 
offer seizure relief, but may not improve the psychotic disorder. Moreover, patients 
with recurrent PIP should be advised of the risk of de novo psychopathology devel-
oping postsurgery and the need for regular psychiatric follow-up to manage any 
emergent neuropsychiatric symptoms. 

 Finally, de novo psychoses can emerge in around 3–5 % of patients after ATL 
[ 89 ,  90 ], typically in individuals who are seizure-free [ 86 ,  91 ,  92 ]. These disorders 
are characterized by prominent delusions, anxiety, irritability, aggression, and dys-
phoria [ 90 ]. Most cases of de novo psychosis emerge within the fi rst 12 months [ 91 ] 
and may be successfully treated with low-dose antipsychotic medication [ 92 ].  

    Risk Factors for Psychosis After Epilepsy Surgery 

 In two small studies investigating the psychopathological correlates of psychosis 
after epilepsy surgery, patients who developed de novo psychosis or aggravation of 
preexisting psychoses showed schizoid or schizotypal personality traits before sur-
gery [ 91 ,  93 ], providing preliminary evidence they may have developed psychotic 
disorders irrespective of epilepsy surgery. 

 The neurobiological mechanisms underpinning vulnerability to postsurgical psy-
chosis remain less clear. Risk factors for de novo psychosis after epilepsy surgery 
include a family history of psychosis, undergoing surgery after the age of 30, preop-
erative bilateral functional and structural abnormalities, and epileptogenic pathol-
ogy suggestive of cortical dysplasia or hamartoma [ 23 ,  94 ]. Together, these rather 
disparate determinants implicate a genetic vulnerability to psychosis as well as 
abnormal anatomical development. 

 Others ascribe the development of de novo psychosis in seizure-free patients to 
the phenomenon of “forced normalization.” This is said to occur when acute neuro-
psychiatric symptoms briefl y emerge during periods of dramatic seizure reduction, 
usually accompanied by an improvement in EEG activity [ 95 ]. Central to potential 
pathogenic mechanisms for forced normalization is the belief that there are antago-
nistic neurobiological processes that alternately give rise to either epilepsy or psy-
chosis. These include

•    Residual inhibitory electrical or neurochemical activity in subcortical limbic 
regions that does not exceed the seizure threshold, but nonetheless stimulates 
regions important to psychotic phenomena  

•   Functional changes to neurotransmitter systems that have antagonistic epilepto-
genic/antipsychotic effects  

•   Impaired ion channel function dysregulating limbic system excitability [ 96 ]    
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 The concept of forced normalization, however, remains controversial due to a 
paucity of both systemic research and direct empirical evidence for any of its puta-
tive mechanisms. 

       Somatic Symptom and Related Disorders 

    Presurgery Prevalence 

 A psychogenic nonepileptic seizure (PNES) is typically defi ned as a paroxysmal 
event that resembles an epileptogenic seizure to the observer, but is not accompa-
nied by changes in EEG activity. Instead, psychological and emotional factors are 
strongly suspected to have caused the event [ 97 ]. Of the 41 studies reviewed here, 
three examined the occurrence of PNES before or after surgery (Table S17.4). In 
one study of 58 surgical candidates, PNES was evident in 3 % of TLE patients and 
19 % of extratemporal patients before surgery. These patients were predominantly 
female (~75 %) and had risk factors typical of PNES, including a history of sexual 
and physical abuse, family and relationship problems, aggression, low IQ, as well 
as poor visual memory [ 98 ].  

    Postsurgery Course 

 Initial evidence suggests that preexisting PNES should not be considered a contrain-
dication to epilepsy surgery in patients who also experience epileptogenic seizures. 
Reuber et al. [ 99 ] followed up 13 adult epilepsy patients with comorbid PNES and 
found that epilepsy surgery led to meaningful improvements in 11 patients. Seven 

 Summary: Psychosis 
•     ~6 % of surgical candidates have a lifetime history of psychotic disorder.  
•   Epilepsy patients with comorbid psychosis commonly experience mean-

ingful seizure improvement after surgery, and no worsening of their psy-
chotic symptoms.  

•   De novo psychosis emerges in ~3–5 % patients after anterior temporal 
lobectomy.  

•   Putative neurobiological mechanisms for psychosis after surgery include 
so-called “forced normalization,” preoperative bilateral functional, and 
structural brain abnormalities.  

•   Other Risk factors for postsurgery psychosis include a family history of 
psychosis, undergoing surgery after the age of 30, and preexisting schizoid 
or schizotypal personality traits.  

•   De novo psychosis after epilepsy surgery is linked to seizure freedom.    
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became free of both epileptogenic and psychogenic seizures, two became free of epi-
leptic seizures but continued to have infrequent psychogenic seizures, one reported 
major improvement in epileptogenic seizures and cessation of psychogenic attacks, 
and in one patient nondisabling epileptogenic seizures persisted at lower frequency 
but psychogenic seizures ceased. This study provides preliminary evidence that epi-
lepsy surgery may have a benefi cial impact on comorbid PNES, although the psycho-
logical or neurobiological mechanisms underpinning remission remain unclear. 

 The successful surgical treatment of epilepsy occasionally has a paradoxical out-
come, namely, the development of PNES after surgery, including in patients who 
achieve good seizure control [ 100 ]. A study by Davies et al. ([101]; N=228) estimates 
a 3.5 % incidence of de novo PNES after surgery, with symptoms emerging anywhere 
between 6 weeks to 6 years after the procedure ( M  = 23 weeks). PNES is the most 
widely studied somatic symptom disorder in the epilepsy literature. Such disorders are 
heterogeneous; however, in a unique addition to the literature Naga et al. [ 102 ] identi-
fi ed 10 patients who developed somatic symptom disorders other than PNES from a 
cohort of 450 patients with surgically remediable epilepsy (i.e., a prevalence rate of 
2.2 %). After surgery, seven patients developed an undifferentiated somatic symptom 
disorder, one developed a pain disorder, one developed body dysmorphia, and one 
developed a combined pain disorder and body dysmorphia. All of the patients had 
undergone an ATL and nine had a right-lateralized resection, providing preliminary 
neurobiological evidence for the role of the right temporal lobe in emotional regula-
tion and the interpretation and attribution of somatic sensations and perceptions.  

    Risk Factors for Somatic Symptom Disorders After Epilepsy 
Surgery 

 Risk factors for the development of PNES after epilepsy surgery include a preexist-
ing neuropsychiatric disorder, physical complications from surgery (such as a bone 
fl ap infection), and low IQ [ 100 ,  101 ]. Females are again overrepresented, with 8.5 
% of female patients with a preoperative psychiatric diagnosis developing PNES 
after surgery [ 103 ]. These risk factors suggest that de novo PNES after epilepsy 
surgery might be more prevalent in female patients who have diminished psycho-
logical or cognitive resources to cope with a serious physical complication of sur-
gery or to manage the often complex process of adjustment that underpins the 
patient’s transition from chronically ill to suddenly well. 

 The neurobiological importance of the right hemisphere in the emergence of 
somatic symptom disorders after surgery is supported by a study comparing 79 
consecutive patients with PNES to 122 patients with epileptogenic seizures. 
Seventy-six percent of the PNES patients in this cohort had unilateral cerebral 
abnormalities on neuroimaging, of which 71 % were in the right hemisphere [ 104 ]. 
Together, these studies support the longstanding hypothesis that the right hemi-
sphere is preferentially involved in the perception and processing of emotions and, 
when dysfunctional, fails to facilitate the acceptance of traumatic emotions and 
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memories and resolve unpleasant feelings. There remains limited understanding, 
however, of the mechanism by which psychological stress can “convert” into 
somatic symptoms, with no investigation of this mechanism in patients presenting 
with PNES after epilepsy surgery. 

 Another possible neurobiological account of PNES after epilepsy surgery impli-
cates abnormalities in the Cognitive Control Network, the self-referential 
Autobiographic Memory Network, and circuits mediating emotional expression, 
regulation and awareness such as the anxiety-related Affective Appraisal Network 
(i.e., anterior cingulate and ventromedial prefrontal cortices, insula, amygdala, ver-
mis), and motor planning/coordination (supplementary motor area, cerebellum) to 
produce a defi cit of conscious sensory or motor processing [ 105 ]. The authors con-
cluded that aberrant neuroplasticity between the mesial prefrontal cortex and amyg-
dala, mediated by chronic stress, may facilitate the development of functional 
neurological symptoms in a subset of patients. This mechanism, however, requires 
direct testing in patients who have undergone epilepsy surgery.  

    Somatic Symptom Disorders and Seizure Outcome 

 There has been no robust investigation into the relationship between de novo somatic 
symptom disorder and seizure outcome after surgery, although data reviewed here 
suggest that (1) preexisting PNES can be ameliorated by epilepsy surgery, and (2) 
de novo somatoform disorder can emerge in the context of seizure freedom. More 
prospective studies investigating the relationships between seizure recurrence and 
somatic symptom disorders, such as PNES, are warranted. 

 Summary: Somatic Symptom and Related Disorders 
•     3–19 % of epilepsy surgery candidates have comorbid PNES.

 –    Patients often show abolition of epileptogenic and psychogenic seizures 
after surgery.     

•   After surgery, ~3.5 % of patients develop de novo PNES.  
•   Initial studies suggests that following epilepsy surgery, around 2.2 % of 

patients will develop a de novo somatic symptom disorder (other than 
PNES).  

•   Neurobiological accounts of somatic symptom disorders implicate the 
involvement of the right hemisphere, and, more recently, the Cognitive 
Control Network and Autobiographic Memory Network as well as emo-
tion regulation and motor processing networks.  

•   Other risk factors for de novo PNES include a preoperative psychiatric his-
tory, physical complications from surgery, and female gender.  

•   There is no evidence linking seizure outcome and perisurgical somatic 
symptom disorder.    
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        The Process of Psychological Recovery After Epilepsy Surgery 

 Regardless of the personal attributes and coping skills of the individual, epilepsy 
surgery typically invokes a process of signifi cant psychological adjustment. This 
process may be most intense in the 3–6 months immediately following surgery, but 
longer-term follow-up studies suggest that psychological adaptation and re- 
orientation continues to evolve for at least the fi rst 24 months. In particular, research 
groups from the United States and Australia have carefully mapped the psychiatric 
sequelae of epilepsy surgery and shown that the fi rst 24 months can be broadly 
divided into three phases of recovery [ 50 ,  59 ,  113 ]. 

 An initial, medically focused phase occurs while the patient is recuperating in 
hospital from the physical stressors of neurosurgery. For patients with premorbid 
psychiatric vulnerabilities, any surgical complications or an early recurrence of sei-
zures may trigger a decline in mental state, as seen in the emergence of PNES in 
patients with preexisting psychiatric diagnoses. Most patients, however, do not 
experience surgical complications and are focused on becoming well enough to be 
discharged from hospital. 

 Once home, the recovery period spanning 1–6 months post surgery can take 
several forms. Patients who are seizure-free must adapt to the sudden ablation of a 
pervasive and disabling condition that has often been present since early childhood 
[ 114 ], and essentially learn to be “normal.” At the core of this lies a change in the 
patient’s self-concept that can require adjustment across multiple life domains (see 
Table  17.3 ). Adaptation also takes place in the context of any “agendas” or expecta-
tions that patients and their families bring to surgery [ 114 ]. The weight of the 
changes expected from patients can sometimes lead to maladaptive behaviors that 
can undermine the potential benefi ts of seizure freedom. This process of adjustment 
and its pitfalls have been previously well characterized as the burden of normality 
[ 19 ,  59 ]. 

 Rare Neuropsychiatric Symptoms Surrounding Adult Epilepsy Surgery 
 Occasionally in the epilepsy literature, small case series or case studies appear 
to report on the more unusual neuropsychiatric symptoms and disorders that 
may emerge or resolve after epilepsy surgery in adults. These include appar-
ent improvements in pathological rage after surgery [ 106 ,  107 ], exacerbation 
or remission of obsessive-compulsive features [ 86 ,  108 ,  109 ], development of 
a profound tic disorder [ 110 ,  111 ], emergence of pathological or intrusive 
hypersexuality ([ 111 ,  112 ]; see also Case Vignette  2 ), as well the development 
of de novo postoperative mania ([ 53 ];  n  = 16). These studies provide initial 
evidence that epilepsy surgery can impact on more uncommon neuropsychi-
atric conditions, however the small case numbers limit our understanding of 
the underlying mechanisms that might give rise to these patterns of behavior 
following surgery. 
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 For patients who have only minimally incorporated epilepsy into their self- identity, 
the transition from “illness” to “wellness” may be relatively smooth. In contrast, 
patients who feel that they cannot live up to the expectations placed on them as a 
“normal” person may shirk their new responsibilities, focus on novel medical symp-
toms, or describe missing their epilepsy. Other patients may view themselves as 
“cured” and feel pressured to make up for lost time, which can manifest inappropri-
ately as patients “overdoing it,” trying to wean anticonvulsant medication against 
medical advice, or throwing off parental or domestic responsibilities because its “their 
time to live.” Neuropsychiatric symptoms may emerge in this context, particularly 
when the patient’s new life is not automatically cured of all preexisting problems, or 
else proves to be unexpectedly dissatisfying or unrealistic to achieve [ 114 ]. 

 In contrast, patients with seizure recurrence are required to adjust to the perceived 
“failure” of their surgery [ 17 ,  59 ,  115 ,  116 ], with postoperative seizures occurring in 
20–60 % of patients. In these patients there may be signifi cant disappointment [ 89 ], 
with resignation toward ongoing seizures as well as frustration over continued restric-
tions on independence and the perceived futility of anticonvulsant drugs [ 116 ]. A 
qualitative study investigating the experience of seizure recurrence showed a promi-
nence of psychological issues over medical concerns [ 116 ]. The most frequent themes 
expressed by patients related to (1) the perceived success of surgery, (2) medication 
options, (3) acceptance of seizure recurrence, and (4) levels of personal independence. 
However, patient sentiments were heterogeneous, with some reporting ambivalence 
about their outcome of surgery, while others used cognitive reframing and benefi t-
fi nding to achieve a sense of satisfaction despite seizure recurrence. Case Vignette  1  
illustrates the postsurgery trajectory of a young woman with preoperative psychopa-
thology and poor coping resources who experienced persistent postsurgery depres-
sion. Paradoxically, this patient reported “relief” when her seizures recurred after 
surgery, demonstrating the centrality of epilepsy to her sense of self and her life. 

  Case Vignette 1: “N.M.” 
  Persistent Depression in the Context of Seizure Recurrence and Poor 
Psychosocial Coping  

  Medical and Seizure History . This 24-year-old woman had a history of 
fortnightly focal seizures since the age of eight. MRI did not show any defi ni-
tive abnormality. PET scan showed a fairly striking area of decreased metabo-
lism in the posterior temporo-occipital region. Intracranial video-EEG 
monitoring revealed that seizures seemed to arise from the right posterior 
temporal area. An EEG-fMRI study showed an exquisite area of increased 
BOLD signal in the posterior temporal region on the right. Neuropsychologically, 
no focal defi cits were detected. It was agreed that she would be offered a 
resection of the gyrus highlighted by EEG-fMRI. 

  Psychiatric History . Formal psychiatric evaluation disclosed signifi cant 
issues relating back to the bitter divorce of her parents, as well as current dif-
fi culties relating to her highly involved but acrimonious relationships with her 
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  In the third phase of rehabilitation spanning 12–24 months post surgery, patients 
often attempt to reconcile their changed psychological and seizure status. One study 
that followed 89 patients for 24 months following ATL revealed two distinct patient 
pathways [ 59 ]. The majority of patients (58 %) reported good outcomes, character-
ized by improved family dynamics, enhanced vocational and social functioning, and 
driving by 24 months post surgery. A range of trajectories led to these outcomes, 
including the experience of early postoperative adjustment diffi culties. Case 
Vignette  2  illustrates the case of a young mother who eventually attained a good 
outcome from surgery, after overcoming adjustment diffi culties and depression in 
the early postoperative phase. As in the study by Wilson et al. [ 59 ], resolution of 
early anxiety and vocational change at 12 months were indicators of a good out-

mother and sister, and signifi cant vocational and social limitations she attrib-
uted to being unable to drive. She was deemed to have features of a moder-
ately severe depression, and at high risk for a further worsening of her mood 
post surgery. She was commenced on citalopram. 

  Postsurgery Follow-up . Within a few weeks of surgery family members 
witnessed a return of focal dyscognitive events, albeit at a reduced rate. She 
was irregularly compliant with both her antiepileptic and antidepressant med-
ication, and her mood remained low and variable. While disappointed at one 
level by the postoperative events, at the 3-month review N.M. described some 
sense of “comfort” in the familiarity that she ascribes to her seizures (e.g., a 
feeling akin to “fi nding a child who you have lost at the shops”). She contin-
ued to struggle with the increased expectations others had of her. Against a 
background of disrupted education, limited vocational opportunity, and a 
recent failed personal relationship, N.M. was struggling to make future plans. 
The situation was complicated by family relationships characterized by high 
levels of confl ict. Despite this she continued to live with her sister, while her 
mother lived next door. To direct enquiry, she regarded the surgery as having 
been successful by virtue of improved seizure control. She was attempting to 
make some gains in her level of independence but was bitterly resentful of the 
perceived ongoing overmanagerial behavior of others and her failure to be 
eligible for a driver’s license. She was counseled at length about the nature 
and course of postoperative adjustment both for herself and those close to her 
and encouraged to seriously reconsider the benefi ts of formal psychological 
support, which she declined. 

 At 29 months post surgery, the clinical picture remains largely unchanged: 
ongoing seizures against a background of multiple, ongoing psychosocial 
stressors, enmeshed relationships, chronic low mood, poor adjustment, lim-
ited coping skills, and variable adherence/disclosure. N.M. has made no real 
psychosocial gains. 
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come at 24 months for this patient. The case also highlights the critical value of 
close clinical follow-up and prompt psychological and pharmacological treatment 
of neuropsychiatric symptoms when they emerge after epilepsy surgery. 

 In the second distinct pathway, 31 % of patients perceived their outcomes as 
poor, reporting affective disturbance and diffi culties discarding sick role behaviors 
at 24 months after surgery. 1  For instance, sickness behaviors such as protracting the 
recommended physical limitations imposed by surgery (e.g., declining to do any 
housework 6–12 months after uncomplicated surgery “to play it safe”), or focusing 
on novel somatic or cognitive complaints may contribute to the patient shirking 
familial and social obligations associated with becoming well and cause signifi cant 
family or relationship discord. Early anxiety that remained unresolved served as a 
key marker of these poor outcomes, illustrating how stressful and overwhelming 
some patients fi nd adjusting to a new “well” identity. This study highlights the 
importance of looking for more individualized markers of longer-term outcomes, 
with the complexities of postoperative adjustment underscoring the need for a 
detailed follow-up and rehabilitation program for a signifi cant period after epilepsy 
surgery [ 59 ,  113 ]. The form that such a follow-up program may take is discussed 
further below. 

1   The remaining 11 % of patients in the study reported minimal adjustment issues after surgery. 

   Case Vignette 2: “S.P.” 
  Early Depressive Symptoms and Adjustment Diffi culties in the Setting of 
Seizure Freedom  

  Medical and Seizure History . S.P. was a 34-year-old working mother of 
two who experienced up to six focal seizures per day since the age of 22 after 
she fell off her bicycle. MRI confi rmed extensive damage to the right lateral 
temporal neocortex. Video EEG monitoring captured an ictal-rhythm over the 
right frontotemporal region. Using SPECT, ECD (technetium-99m-ethyl cys-
teinate dimer)-injected seizures showed hyperperfusion in the right temporal 
region. PET showed right temporal hypometabolism. Neuropsychological 
assessment was entirely normal. She elected to undergo an extended lateral 
temporal resection with removal of anterior hippocampus and uncus. 

  Psychiatric History . Routine preoperative psychiatric evaluation identifi ed 
signifi cant depressive symptoms over the preceding 6 months, manifesting as 
low mood, insomnia, reduced appetite, loss of energy, irritability, intermittent 
anger, fl eeting suicidal ideation, and generally reduced coping ability. S.P. had 
reduced her working hours, and was worried about caring for her young 
daughter. These symptoms occurred against the background of a depressive 
episode following the death of her sister 5 years prior, for which she briefl y 
saw a psychologist. The need to consider antidepressant medication was 
raised together with the value of relinking in with a local mental health pro-
fessional, but S.P. declined both. 
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 Summary: The Trajectory of Psychological Recovery After Epilepsy 
Surgery 
•     Seizure-free patients must adjust from being chronically sick to suddenly 

well, often invoking the burden of normality.  
•   Patients with seizure recurrence report a different adjustment process 

where signifi cant disappointment and psychological concerns are para-
mount. Patients describe using benefi t-fi nding and cognitive reframing as 
a way of adaptively coping with their suboptimal outcome.  

•   Regardless of seizure outcome, successful adjustment after epilepsy sur-
gery depends on the intrinsic coping capabilities of patients and their fami-
lies as well as the support of their treating team.  

•   Failure to adjust to seizure freedom or seizure recurrence may lead to 
ongoing neuropsychiatric symptoms and reduced quality of life.    

  Postsurgery Follow-up.  In the context of seizure freedom, by 1 month post 
surgery S.P. had developed some insight into her persistently low mood and the 
impact that it was having on her recovery and the dynamics of the family unit. 
Following liaison between our multidisciplinary Seizure Surgery Follow-Up 
and Rehabilitation Program and her local GP, she was prescribed citalopram 
and commenced cognitive behavioral therapy with a clinical psychologist. 

 At 3 months post surgery, S.P. described a signifi cant improvement in her 
mood. In particular, she described feeling “re-invigorated” with a very posi-
tive outlook and a sense that she was back to being the person she was prior 
to seizure onset. She described having a renewed sense of freedom, personal 
control, and autonomy with a related reduction in her dependence on others. 
She expressed resentment at well-intentioned comments from others that she 
required ongoing care and supervision. She stated that seizure freedom had 
“given me my life back” and was eager to maximize all future opportunities. 
Her libido also suddenly signifi cantly increased beyond what she had ever 
previously experienced but her sexual satisfaction was diminished, leading to 
frustration and more frequent demands for sex from her partner. 

 One year after resective surgery, S.P. remained completely seizure-free and 
considered herself “cured” of epilepsy. Her mood was now stable; she success-
fully weaned antidepressant medication after 6 months and was no longer 
attending psychological therapy. Her hypersexuality had now settled consider-
ably. She described herself as a happier, more confi dent, easy going, “in con-
trol” individual no longer plagued with the self-doubt that characterized her 
preoperative disposition. She denied ruminating about the possibility of sei-
zures. Psychosocially, the dynamics of the marital relationship underwent some 
adjustment in the context of changed roles stemming from seizure freedom, but 
eventually settled. She enjoyed the support of a close network of friends. S.P. 
made a successful, graded return to her former work position, has regained her 
driver’s license, and remained very happy with her decision to have surgery. 
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      Clinical Considerations Surrounding Adult Epilepsy Surgery 

 The success of a patient’s psychological adjustment to either seizure freedom or 
seizure recurrence depends on how the treating teams manage and support the 
patient through the rehabilitation process. The International League Against Epilepsy 
(ILAE) Commission on the Neuropsychiatric Aspects of Epilepsy developed a set of 
International Consensus Clinical Statements to provide clear guidelines about post-
operative follow-up [ 117 ]. These statements recommend that every person undergo-
ing epilepsy surgery should receive psychologically informed management and care 
through a formal postoperative follow-up and rehabilitation program. In addition to 
medical investigations, this comprehensive model of care should include preopera-
tive psychiatric, neuropsychological, and psychosocial evaluation, the results of 
which are used to contribute to decisions about surgery and the planning and provi-
sion of postoperative care, particularly in the fi rst 12–24 months after surgery so that 
psychopathology can be readily detected and treated promptly. 

    Before Epilepsy Surgery 

 Before epilepsy surgery, a detailed, face-to-face psychosocial assessment helps the 
treating team to gain an understanding of the way epilepsy has affected the patient 
and family over the lifespan, including the extent to which epilepsy forms part of the 
patient’s identity and infl uences the structure and functioning of the family. The 
presurgery evaluation should also canvass patient and family views about surgery 
and expectations of postoperative life [ 114 ]. Unrealistic expectations often require 
psychoeducation and guided cognitive reframing in order to best prepare patients 
and families for the adjustment process after surgery, and to aid the patient to make 
a truly informed decision about surgery [ 15 ,  16 ]. The central tenant of this counsel-
ing should be that while the surgery may be able to provide seizure relief, it cannot 
be expected to resolve longstanding relationship, personality, social, or vocational 
limitations; improvement in these domains will require a concerted effort on the 
part of the patient in the postoperative rehabilitation phase. Psychoeducation about 
optimizing physical recovery after surgery should also be addressed in preoperative 
counseling, including the need to remain compliant with anticonvulsant or psycho-
tropic medications until otherwise directed after surgery [ 114 ]. 

 The presurgery evaluation also provides an opportunity to treat any neuropsychi-
atric disorders, recognizing that patients with preexisting psychopathology are 
among the most likely to experience poor psychiatric and seizure outcomes after 
surgery. This assessment should canvass not only current psychopathology, but also 
previous episodes of psychiatric illness that are currently asymptomatic [ 71 ]. In 
patients who have severe neuropsychiatric conditions that may compromise 
decision- making ability, surgery is not necessarily contraindicated, but rather spe-
cialist neurobehavioral assessment is required to determine the patient’s capacity to 
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comply with treatment and to provide fully informed consent for an elective proce-
dure by weighing the risks of surgery against its potential therapeutic benefi ts [ 84 , 
 117 ]. Psychosocial and neuropsychiatric issues identifi ed in the presurgical evalua-
tion require discussion by the treating team to determine the patient’s suitability for 
epilepsy surgery, and what, if any treatment or support needs to be put into place 
before surgery. 

      After Surgery 

 After surgery, even psychologically resilient patients may fi nd the rehabilitation 
process challenging, and thus ideally, professional support should be offered to all 
candidates during the postoperative period [ 113 ]. Where possible, follow-up moni-
toring should include regular (i.e., 3–6 monthly) multidisciplinary reviews with 
both patients and their family members. The focus throughout the rehabilitation 
period is to canvass patient adjustment to life after surgery in the context of seizure 
outcome, including identifi cation of adjustment diffi culties, such as features of the 
burden of normality. This provides patients and their families with tailored counsel-
ing and where indicated, formal treatment. Wilson et al. [ 59 ] noted that liaison with 
members of the patient’s broader social community is also useful, particularly 
employers and vocational services to ensure that a carefully graded return to work 
is enabled. For geographically isolated patients, a dedicated epilepsy nurse clinician 
or other such specialist is essential for providing regular telephone monitoring and 
support, with the advent of telemedicine providing a novel opportunity to 

 Does Treating Neurobehavioral Disorder Improve Seizure Outcome 
After Surgery? 
 The impact of epilepsy surgery on psychopathology is tied to the recurrence 
of seizures after surgery. Namely, patients who are most likely to enjoy good 
seizure control after surgery are those with lower levels of psychopathology 
before and after the operation. This appears to be a bidirectional relationship. 
Preexisting neuropsychiatric symptoms such as anxiety, depression, and 
mania may signifi cantly lower a patients’ chance of achieving seizure free-
dom or improvement after surgery ([ 26 ,  29 ,  53 ,  62 ,  70 ,  109 ]; but see [ 44 ] for 
a null fi nding). Conversely, recurrent seizures after surgery are linked to the 
emergence, persistence, and exacerbation of psychopathology in the postop-
erative period [ 62 ,  70 ,  118 ]. The remission of psychiatric symptoms and dis-
orders after surgery is associated with the complete absence of seizures 
following the procedure ([ 22 ,  33 ,  47 ,  49 ]; although see [ 17 ] for a null fi nding). 
Together, these fi ndings make a compelling case for the prompt identifi cation 
and treatment of neuropsychiatric symptoms both before and after epilepsy 
surgery, to maximize an individual’s chances of achieving good seizure con-
trol and improved quality of life. 
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approximate face-to-face reviews with the treating team. Ideally, the postsurgery 
follow-up program should be of suffi cient length (i.e., ≥24 months) to allow prob-
lems to appear, with work by Wilson and colleagues [ 59 ] illustrating how the adjust-
ment process continually evolves over this period. 

 Patients with a history of psychiatric disorder are especially vulnerable to the 
challenges of postoperative life. Moreover, the strong link between seizure recur-
rence and the emergence or persistence of psychopathology after surgery indicates 
that regular management and review is particularly relevant in patients who experi-
ence seizure recurrence [ 119 ]. A patient displaying signs of comorbid psychopa-
thology will often warrant pharmacological and/or psychological interventions, 
with symptom remission achievable in up 60 % of patients treated with either phar-
macotherapy or cognitive behavior therapy (see [ 120 ] for a review). While some 
clinicians may be concerned that psychotropic drugs can lower the seizure thresh-
old, Blumer et al. [ 22 ] and others [ 92 ] illustrate that postoperative neuropsychiatric 
symptoms can be successfully treated with medication without risking seizure 
relapse. On the contrary, the evidence described above suggests that failure to treat 
psychopathology after epilepsy surgery may heighten the chance of seizure recur-
rence and undermine the patient’s psychosocial functioning and quality of life (see 
Text Box). 

       Implications for Future Research 

 Despite the impact of psychiatric comorbidity described by patients and caregivers 
surrounding epilepsy surgery, Cleary et al. [ 63 ] estimate that less than 3 % of out-
come studies have investigated the psychiatric comorbidity of surgery. Urgently 
warranted are more prospective, experimentally controlled studies to better 

 Summary: Clinical Considerations 
•     Ideally, all patients considered for epilepsy surgery should have access to 

formal pre- and postsurgery psychosocial counseling.  
•   Before surgery, patient and family expectations of surgery should be can-

vassed and psychoeducation provided to reframe unrealistic hopes for sur-
gery; patients should also be prepared for the postsurgical adjustment 
process.  

•   Preexisting psychiatric conditions should be stabilized with medical or 
psychological treatment before proceeding to surgery.  

•   After surgery, patient rehabilitation should be provided by specialized cli-
nicians, such as (neuro)psychologists, psychiatrists, and epilepsy nurse 
clinicians.  

•   Ideally, all patients should be regularly monitored for at least 2 years for 
the emergence of de novo or dormant psychopathology, and prompt treat-
ment provided.    
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delineate the prevalence and severity of psychiatric conditions occurring in the con-
text of epilepsy surgery, and to identify specifi c predictors of psychiatric outcome 
after epilepsy surgery. In particular, despite the prevalence and day-to-day impact of 
anxiety in people with epilepsy [ 121 ], the current literature review illustrates that 
anxiety attracts relatively scant research attention (Table  17.1 ) and further research 
into the course of anxiety both before and after epilepsy surgery is warranted. 

 The provision of personalized medicine in epilepsy would greatly benefi t from 
predictive modeling of postsurgery outcomes, including psychiatric risk for different 
disorders and their clinical  subtypes , rather than for heterogeneous cohorts of broadly 
similar patients [ 9 ,  59 ]. This could improve precision in how patients are grouped in 
behavioral, genetic, or neuroimaging studies and should help prevent the effects of 
smaller subgroups from being “washed out” in larger heterogeneous samples. 

 The neurobiological aspects of postsurgery rehabilitation also warrant more 
careful delineation. First, behavioral and neuroimaging studies could throw more 
light onto the neurocognitive and affective networks underscoring psychiatric dis-
turbance after epilepsy surgery. Longitudinal studies could relate patterns of cortical 
activation before and after surgery to out-of-scanner measures of cognition and 
mood to assess the neurobiological basis of any changes in the patient’s neuropsy-
chiatric status, and how this might vary in differing subtypes of patients. Such 
approaches provide a mean of identifying biomarkers of neuropsychiatric outcome, 
which, in turn, would enhance prognostic counseling and the provision of optimal 
treatment for patients undergoing epilepsy surgery. Although challenging to achieve, 
improved treatment of neuropsychiatric symptoms would increase the likelihood of 
seizure freedom and maximize the considerable psychosocial benefi ts afforded by 
epilepsy surgery.      
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    Chapter 18   
 The Role of Antiepileptic Drugs       

       Mahinda     Yogarajah       and     Marco     Mula     

    Abstract     Antiepileptic drugs (AEDs) suppress seizures by acting on a variety of mech-
anisms and molecular targets involved in the regulation of neuronal excitability. These 
include inhibitory (GABAergic) and excitatory (glutamatergic) neurotransmission, as 
well as ion (sodium and calcium) conductance through voltage-gated channels. However, 
these mechanisms and targets are also implicated in the regulation of mood and behav-
ior, which may explain why each AED is associated with specifi c psychotropic effects. 
This chapter will discuss the role of mechanisms and molecular targets of AEDs in 
mood and behavior, and review the positive and negative psychotropic effects of AEDs.  

  Keywords     Epilepsy   •   Antiepileptic drugs   •   Depression   •   Psychosis   •   Anxiety   • 
  Anticonvulsant   •   Mania   •   Behavior  
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  HRSA    Hamilton Rating Scale for Anxiety   
  LAC    Lacosamide   
  LEV    Levetiracetam   
  LTG    Lamotrigine   
  OXC    Oxcarbazepine   
  PGB    Pregabalin   
  PHT    Phenytoin   
  RTG    Retigabine   
  RUF    Rufi namide   
  STP    Stiripentol   
  TGB    Tiagabine   
  TPM    Topiramate   
  VGB    Vigabatrin   
  VPA    Valproate   
  ZNS    Zonisamide   

          Introduction 

 The introduction of nearly 15 new antiepileptic drugs (AEDs) in the past 20 years 
has signifi cantly expanded the pharmacological armamentarium for epilepsy [ 1 ]. 
Although some of these agents offer appreciable advantages in terms of pharma-
cokinetics, tolerability, and lower drug interaction potential, improvements in 
clinical outcome have fallen short of expectations, with no more than 15–20 % of 
patients refractory to older AEDs attaining seizure freedom without unacceptable 
toxicity [ 2 ]. In addition, AEDs are still characterized by treatment-emergent psy-
chiatric adverse effects that have a considerable impact on quality of life and 
compliance to treatment [ 3 ]. However, AEDs have also potential positive effects 
as demonstrated by the wide use in psychiatric practice for a broad spectrum of 
psychiatric disorders. The primary application is in mood stabilization [ 4 ] but 
interesting data are also emerging for anxiety disorders [ 5 ] and withdrawal syn-
dromes [ 6 ]. 

 Any discussion of the psychotropic effect of AEDs must acknowledge that psy-
chopathology in epilepsy has a multifactorial, biopsychosocial etiology, and AEDs 
constitute only one of several factors. In fact, it is often diffi cult to determine which 
psychopathological manifestations are due specifi cally to the drug therapy, and which 
may be due to other factors that can affect the patient. In addition, the mechanisms of 
action of several AEDs are not fully understood, and several AEDs have a diverse 
array of actions on biological systems, only some of which may be related to the 
desired antiseizure effect. In summary, therefore, the psychotropic effects of AEDs in 
epilepsy derive from a number of variables related to the single compound (i.e., 
mechanism of action), to the underling neurological condition (i.e., neurobiology of 
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seizure control), and to the individual (i.e., family history or personal history of psy-
chiatric disorders) (Fig.  18.1 ) [ 7 ].

   In this chapter, we discuss the role of mechanisms and molecular targets of AEDs 
in mood and behavior, and review the positive and negative psychotropic effects of 
AEDs.  

    Mechanisms of Action of AEDs in Mood and Behavior 

 Because AEDs have a wide variety of mechanisms at the neurotransmitter level, it is not 
surprising that the psychotropic effects vary greatly from one drug to another. AEDs can 
modulate neuronal membrane polarity, neurotransmitter activity, neuronal fi ring, and 
discharge propagation [ 8 ]. They act principally by reducing glutamatergic excitation, 
potentiating GABAergic inhibition, and by blockade of voltage-gated Na +  or Ca 2+  chan-
nels, although a number of other mechanisms have also been identifi ed. At a basic level, 
the psychotropic potential of AEDs can be divided into those that are positive and those 
that are negative. Our knowledge about positive or negative psychotropic properties of 
AEDs is not based on standardized or defi ned diagnostic criteria. There are no system-
atic data with respect to the older generation of compounds, such as barbiturates, phe-
nytoin (PHT), or carbamazepine (CBZ), and data for the new generation of drugs are 
derived from drug trials that are primarily designed to test antiseizure effi cacy. Therefore, 
the psychopathological phenomenology of psychiatric adverse effects of AEDs as well 
as their severity, time course, and relationship to seizures still remains partly unknown. 

 More than 15 years ago, Ketter et al. [ 9 ] suggested that two categories of drugs 
could be identifi ed on the basis of their predominant psychotropic profi le. Sedating 
drugs are characterized by adverse effects like fatigue, cognitive slowing, and weight 
gain, and are usually related to potentiation of gamma amino butyric acid (GABA) 
inhibitory neurotransmission. On the other hand, there are activating drugs with anx-
iogenic and antidepressant properties that determine attenuation of glutamate excit-
atory neurotransmission. The fi rst group includes drugs such as barbiturates, valproate 
(VPA), gabapentin (GBP), tiagabine (TGB), and vigabatrin (VGB), while the second 

Direct
(Drug-related)
• Mechanism of action of
 the drug
• Drug toxicity
• Drug withdrawal 

Indirect
(Epilepsy-related)
• “Forced normalization”
• “Release phenomenon”
• Postictal and periictal
 psychoses
• Severity of the epilepsy
• Limbic system
 abnormalities
(Patient-related)
• Past psychiatric history
• Family psychiatric history

  Fig. 18.1    Variables 
implicated in treatment- 
emergent psychiatric 
adverse events of 
antiepileptic drugs.       
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group includes felbamate and lamotrigine (LTG). Topiramate (TPM) can be consid-
ered a molecule with a mixed profi le. The paradigm proposed by Ketter is straightfor-
ward, but in patients with epilepsy the epilepsy itself complicates the situation. In 
fact, the fi nal psychotropic effect of AEDs is related to both direct and indirect mech-
anisms (Fig.  18.1 ). The former represent the main properties of the drug, and can be 
predicted using Ketter’s theoretical framework. However, treatment-emergent psy-
chiatric adverse events may also result from the effect of the drug on the epilepsy 
itself. In this regard, some phenomena, such as forced normalization or postictal psy-
chosis, may be the result of AED changes altering the control of the seizures, without 
being related to a specifi c drug. Factors such as the severity of the epilepsy or the 
presence of limbic system abnormalities may also be of relevance. Therefore, predic-
tion of the fi nal psychotropic effect of any AED needs to take into account not only 
the pharmacological variable related to the mechanism of action, but also the fi nal 
activity of the compound on the pathophysiology of the individual CNS disorder. 

    γ-Aminobutyric Acid (GABA) Transmission 

 Over the past 30 years, converging evidence from animal and human studies has 
suggested that GABAergic mechanisms may be implicated in the pathophysiology 
of mood disorders as demonstrated by basic science studies in experimental models 
of depression and in patients with major depressive disorders [ 10 ]. In addition, 
mood stressors can affect GABAergic function [ 10 ] and GABAergic dysfunction 
has also been reported in aggressive behavior [ 11 ], agitation, and hyperactivity [ 12 ]. 
In this regard, it is important to note that the abrupt discontinuation of benzodiaze-
pines can be accompanied by severe seizure exacerbation and changes in mental 
status, including anxiety, agitation, confusion, depression, psychosis, and even 
delirium [ 13 ,  14 ]. It seems, thus, evident that any disruption in GABAergic function 
has profound behavioral correlates. 

 Among AEDs, those that potentiate GABAergic neurotransmission, either by 
interacting with GABA A  receptors or by modifying the activity of enzymes and 
transporters involved in the turnover of GABA, are barbiturates, vigabatrin (VGB), 
stiripentol (STP), and tiagabine (TGB). However, robust GABAergic effects are 
also displayed by other compounds such as topiramate (TPM) and valproate (VPA).  

    Glutamate Transmission 

 The role of glutamatergic dysfunction in the pathophysiology of mood and behav-
ioral disorders has gained attention only in recent years. Glutamatergic neurotrans-
mission is an important component in the stress-responsive cascade of events 
ultimately leading to hippocampal and cortical alterations associated with mood dis-
orders [ 15 – 17 ]. Stress increases extracellular glutamate concentrations [ 18 ] and 
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alters glutamate receptor binding profi les and subunit expression in several brain 
regions [ 19 ,  20 ]. A number of studies show elevated glutamate levels in the plasma 
of patients with mood disorders [ 21 ,  22 ]. In addition, drugs altering the binding pro-
fi le of glutamate receptors [ 17 ] or modulating glutamatergic neurotransmission have 
positive effects on mood and behavior [ 11 ,  17 ]. Inhibition of glutamatergic neuro-
transmission is the primary or secondary mechanism of action for a number of AEDs, 
but it is of particular relevance for felbamate (FLB), lamotrigine (LTG), and TPM.  

    Voltage-Gated Sodium Channels 

 There has been a tendency to investigate the role of neurotransmitter systems in the 
pathophysiology of mood and behavioral disorders [ 23 ,  24 ], whereas other systems, 
such as disturbances in sodium and calcium transport, have been examined to a 
lesser extent [ 24 ]. Nevertheless, evidence exists that sodium homeostasis is altered 
in mood disorders [ 25 ,  26 ]. Furthermore, several effective mood-stabilizing treat-
ments reduce intracellular sodium concentrations or inhibit, through blockade of 
voltage-gated sodium channels, sodium infl ux [ 27 ]. Of note, blockade of voltage- 
gated sodium channels also results in inhibition of glutamate release [ 28 ], which is 
itself associated with positive effects on mood and behavior as described above. 
How such effect differs from the primary modulation of glutamate receptors is 
unknown and further studies in this area are urgently needed. 

 Many AEDs act primarily as sodium channel-blockers, including carbamazepine 
(CBZ), phenytoin (PHT), oxcarbazepine (OXC), eslicarbazepine acetate (ESL), 
lacosamide (LCM), and rufi namide (RUF). Of note, blockade of voltage-gated 
sodium channels is also an important mechanism of action for LTG, FLB, TPM, and 
zonisamide (ZNS).  

    Voltage-Gated Calcium Channels 

 Voltage-gated calcium channels are multimeric proteins composed of fi ve coassem-
bled subunits (α 1 , α 2 , β, γ, δ), which can be broadly classifi ed into high-voltage- 
activated channels (further subgrouped as L-, R-, P/Q- and N-types) and 
low-voltage-activated channels (T-type). Evidence exists that these channels, particu-
larly high-voltage-activated channels, may be implicated in the pathophysiology of 
mood disorders. Genetic variation in  CACNA1C , a gene encoding the alpha 1C sub-
unit of the L-type voltage-gated calcium channel, has been associated with bipolar 
disorder, depression, and schizophrenia [ 29 ]. In some experimental models, voltage-
gated calcium channel antagonists display antidepressant properties [ 30 ,  31 ], whereas 
agonists lead to depressant-like effects [ 32 ]. Inhibition of voltage- gated calcium 
channels probably translates into a reduction in excitatory neurotransmission [ 33 , 
 34 ], which may be ultimately responsible for positive effects on mood and behavior. 
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 Ethosuximide (ETX) is a low-voltage-activated T-type channel-blocker, whereas 
gabapentin (GBP) and pregabalin (PGB) are high-voltage-activated calcium 
channel- blockers through interaction with the α 2− δ modulatory site. Blockade of 
voltage-gated calcium channels is also an important mechanism for lamotrigine 
(LTG) and zonisamide (ZNS) (Fig.  18.1 ).  

    Other Direct Drug-Related Mechanisms 

 The serotoninergic system is widely recognized to modulate a wide range of physi-
ological functions, including mood and behavior. Decreased serotoninergic neuro-
transmission has been proposed to play a key role in the pathophysiology of affective 
disorders, and enhancement of serotoninergic neurotransmission is the primary 
mechanism of action for many psychotropic agents [ 35 ,  36 ]. An increase in extra-
cellular serotonin has been observed with VPA [ 37 ], CBZ [ 38 ], OXC [ 39 ], TPM 
[ 40 ], and ZNS in experimental models [ 41 ], and in vitro for LTG [ 42 ]. 

 The dopaminergic system has long been linked with mood and behavioral disor-
ders. Increased dopaminergic neurotransmission appears to play a role in schizo-
phrenia, mania, and aggressive behavior, whereas decreased dopaminergic function 
may be implicated in the pathophysiology of depression [ 11 ,  43 ,  44 ]. Dopaminergic 
neurotransmission is a major target for psychotropic agents [ 45 ]. AEDs may also 
modulate dopaminergic function, although seen mainly in experimental models. 
VPA stimulates brain dopamine turnover [ 46 ], whereas CBZ, OXC, TPM, and ZNS 
increase extracellular dopamine levels [ 39 ,  40 ,  47 ]. 

 Other potential mechanisms described in mood disorders comprise a disruption in 
neural plasticity [ 48 ] such as inositol biosynthesis, the cyclic adenine monophosphate 
(c-AMP) response element-binding protein, the brain-derived neurotrophic factor 
(BDNF), the glycogen synthase kinase-3 (GSK-3), the extracellular signal- regulated 
kinase pathway, the arachidonic acid pathway, the cytoprotective protein bcl-2, and 
mitogen-activated protein kinases [ 48 ,  49 ]. Some mood stabilizers and antidepres-
sants may act on these factors, ultimately attenuating or reversing disease- related 
impairments in neuronal plasticity, neurogenesis, or cell survival. The mood stabiliz-
ers VPA and, to a lesser extent, CBZ display similar actions on these target [ 49 ]. 

 Finally, it is important to mention the peculiar modulation of SV2A protein by 
levetiracetam (LEV) [ 1 ], although the role of SV2A in psychiatric disorders is still 
unknown.  

    Indirect Mechanisms: Forced Normalization 

 In some patients with epilepsy, sudden suppression of seizures may act as a trigger 
for the precipitation of psychiatric symptoms, a phenomenon called “forced nor-
malization.” This concept was originally described by Heinrich Landolt, head of the 

M. Yogarajah and M. Mula



339

Swiss Epilepsy Centre in Zurich between 1955 and 1971 [ 50 ]. He reported EEG 
investigations of patients with epilepsy who had paroxysmal psychiatric disorders, 
using the newly introduced EEG and described a group of patients who had produc-
tive psychotic episodes with “paradoxical normalization” of the EEG. In other 
words, the abnormal EEGs of these patients improved or normalized during the time 
that they were psychotic. Landolt noted that the introduction of a particular class of 
drugs, the suximides, led to an increase in the number of cases [ 51 ]. During the 
same period, Gibbs [ 52 ] reported the occurrence of psychiatric problems in patients 
with temporal lobe epilepsy when seizures were suppressed with phenacemide and 
commented that this could sometimes happen with barbiturates and hydantoins 
[ 51 ]. Subsequently, Tellenbach [ 53 ] introduced the term “alternative psychosis” for 
the clinical phenomenon of the reciprocal relationship between abnormal mental 
states and seizures, which did not, as Landolt’s term did, rely on EEG fi ndings. 

 Since the early observations of Landolt, a number of patients with alternative 
psychosis have been documented [ 51 ,  54 ,  55 ]. In many of the series described, the 
precipitation of the abnormal behavioral state or the psychosis has been linked with 
the prescription of AEDs, but it is important to note that this phenomenon should 
not be restricted to drug-induced seizure control. In fact, it is likely that in patients 
who develop de novo psychosis following epilepsy surgery, forced normalization 
may play such a role. Indeed, a case of an alternative psychosis secondary to vagus 
nerve stimulation has also been reported [ 56 ]. 

 Several psychopathological pictures including hypomania/mania, depression, 
and anxiety [ 51 ] have been linked to the forced normalization phenomenon, but 
psychosis is the most common [ 57 ]. Peter Wolf [ 58 ] noted that several clinical pic-
tures including psychosis may evolve, and that the development of psychotic symp-
toms was preceded by premonitory symptoms, especially insomnia, anxiety, and 
social withdrawal. Wolf reported an association with generalized idiopathic epilep-
sies, and the prescription of ETX, highlighting again the importance of both general-
ized seizures, and the suximide drugs in the development of these behavioral 
problems [ 59 ]. Different authors speculated on the potential underlying mechanisms 
including on-going epileptic activity in limbic structures, inhibition surrounding the 
epileptic focus, an altered balance between excitatory and inhibitory neurotransmis-
sion [ 51 ]. At any rate, forced normalization has been reported with most AEDs, and 
may at least in part explain why certain AEDs have paradoxical effects in epilepsy 
compared to primary psychiatric disorders (e.g., exacerbating mood dysfunction in 
patients with epilepsy vs. improving affective disorders in psychiatric populations).   

    Negative Effects of AEDs 

 The most common negative effects of AEDs are depression, psychosis and irritability, 
aggression and behavioral change. Given the multiple mechanisms of action of most 
AEDs, it is unsurprising that each AED can have multiple psychotropic effects. The 
AEDs described below are categorized according to their most commonly reported effect. 
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    Depression 

 Depression in epilepsy is a multifactorial problem with a number of variables being 
implicated [ 60 – 64 ]. For AED-related depressive symptoms, there is evidence for 
the following variables being relevant to the association: enhanced GABA neuro-
transmission, folate defi ciency, polytherapy, the presence of hippocampal sclerosis, 
forced normalization and a past history of affective disorders [ 7 ]. 

 AEDs that are particularly relevant in the occurrence of depression as a treatment- 
emergent adverse event include barbiturates [ 7 ], VGB [ 65 ], TGB [ 66 ], TPM [ 67 ], 
and ZON [ 68 ] (Fig.  18.2 ). All of these AEDs have varying degrees of GABAergic 
function, and it is of interest that some AEDs are more closely associated with 
depression than others, especially those with activity at the benzodiazepine-GABA 
receptor. In patients with psychiatric disorders without epilepsy, long-term treat-
ment with benzodiazepines has also been reported as provoking depressive symp-
toms [ 69 ], and withdrawal can provoke a depressive illness [ 14 ]. Interestingly, an 
increasing number of clinical observations and experimental studies have shown 
that GABAergic mechanisms are involved in the pathogenesis of depression [ 70 ].
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      Barbiturates 

 One of the fi rst studies on this subject was the one by Rodin et al. [ 71 ]. They stabi-
lized 45 patients on a combination of PHT and either primidone or CBZ. After a 
3-month period, those receiving CBZ were switched to primidone and vice versa. 
Over time, patients became clinically more depressed on a regime of primidone, and 
less so on CBZ. Subsequent studies corroborated these fi ndings [ 72 ,  73 ]. In general 
terms, it is recognized that a long history of exposure to barbiturates may carry the 
greatest risk of depression, particularly in the setting of polytherapy, and a personal 
or family history of affective disorders [ 7 ]. Interestingly enough, in children and 
individuals with learning disabilities, the use of barbiturates can also induce a syn-
drome characterized by insomnia, hyperactivity, impulsiveness, and aggressive 
behavior [ 12 ,  74 ], similar to that described with benzodiazepines [ 14 ].  

    Vigabatrin 

 Treatment-emergent psychiatric problems with VGB have been extensively studied 
[ 75 ,  76 ]. In some patients, the onset of depression was linked with a dramatic con-
trol of seizure frequency (a form of forced normalization) [ 51 ,  58 ], while in others 
it was unrelated to this, but in the majority of cases, it appeared to be more common 
in patients with a past history of depression [ 76 ]. A meta-analysis of double-blind, 
placebo-controlled adjunctive-treatment trials in a total of 717 adult patients with 
drug-resistant partial epilepsy showed that VGB, compared to placebo, is associated 
with a higher incidence of depression (12.1 % vs. 3.5 %,  p  < 0.001) and psychosis 
(2.5 % vs. 0.3 %,  p  = 0.028) [ 65 ]. Depressive symptoms are often mild in severity 
and psychosis generally improves following dose adjustment or discontinuation of 
VGB. In addition, monotherapy trials showed an incidence of depression much 
lower (~5 %) [ 77 ]. However, it is also for this reason that the use of VGB became 
progressively limited to specifi c epileptic syndromes. As described for other 
GABAergic drugs, in pediatric populations, up to 14.2 % of patients develop para-
doxical hyperactivity, agitation, insomnia, or aggressive behavior. As described for 
almost all AEDs, risk factors for treatment-emergent psychiatric adverse events 
include high starting and maintenance doses, a past psychiatric history, and a severe 
form of epilepsy [ 76 ,  78 ].  

    Topiramate 

 TPM has a broad-spectrum effi cacy due to the multiple mechanisms of action. In 
fact, TPM potentiates GABAergic neurotransmission, inhibits voltage-gated 
sodium and calcium channels, kainate/α-amino-3-hydroxy-5-methylisoxazole-4-
proprionic acid (AMPA)-type glutamate receptors and carbonic anhydrase. The 
variety of mechanisms may explain why TPM has “mixed” effects on mood and 
behavior [ 9 ]. 
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 Two healthy volunteer studies demonstrated that treatment with TPM was asso-
ciated with the onset of depression and a signifi cant augmentation in GABAergic 
neurotransmission [ 79 ,  80 ]. In patients with epilepsy, TPM has been associated with 
depression and behavior problems [ 67 ,  81 ]. In contrast to this, studies in patients 
with major depression suggest a potential positive effect of TPM. In a 10-week, 
randomized, double-blind, placebo-controlled trial of 64 patients with a major 
depressive disorder, TPM 200 mg/day monotherapy was associated with a 17 % 
improvement in the Hamilton Depression Rating Scale scores (from 23.1 to 19.2) 
compared to a 4 % improvement with placebo (from 22.9 to 22.0;  p  = 0.02) [ 82 ]. 
Similar results were found for add-on TPM in treatment-resistant major depressive 
disorder [ 83 ]. TPM was also found to be effective for anger and aggression associ-
ated with depression [ 82 ] or borderline personality disorder [ 84 ,  85 ], whereas data 
in schizophrenia are confl icting [ 86 – 88 ]. Preliminary data also suggests that it may 
be useful in eating disorders [ 89 ]. Overall studies demonstrate that the psychotropic 
potential of TPM is likely to be large and polymorphous [ 90 ]. Further studies are 
defi nitely needed.  

    Tiagabine 

 TGB potentiates GABAergic neurotransmission by selectively inhibiting the GAT-1 
GABA transporter, which is responsible for the uptake of GABA into neurons and 
surrounding glial cells after synaptic release. Data on the psychotropic profi le of 
TGB are controversial. Although case-series and a few open-label studies suggest 
that this AED may have benefi cial or no effects on mood and anxiety [ 91 – 93 ], the 
incidence of mood disorders across fi ve randomized, double-blind, placebo-con-
trolled, add-on trials was higher in patients taking TGB compared to those on pla-
cebo (5 % vs. 1 %) [ 94 ]. Nervousness was also more common with TGB than placebo 
(12 % vs. 3 %). Nevertheless, psychiatric problems appear to be mild to moderate, 
occur during titration, and abate spontaneously. The risk of TGB- induced psychiatric 
problems may be increased in patients with a personal history of mood disorders [ 7 ].  

    Zonisamide 

 ZNS is a second-generation AED that acts predominantly through blockade of 
voltage- gated sodium channels and inactivation of voltage-gated T-type calcium 
channels [ 95 ]. Other mechanisms, however, appear to be involved. ZNS binds to the 
GABA-benzodiazepine receptor complex [ 96 ], elevates brain levels of GABA [ 97 ], 
reduces extracellular release of glutamate [ 98 ], and inhibits carbonic anhydrase 
[ 95 ]. This broad mechanistic profi le may underlie the variety of effects of this AED 
on mood and behavior. In patients with epilepsy receiving ZNS, the occurrence of 
treatment-emergent psychiatric adverse events may not be uncommon. In a single- 
center study of 544 patients, the incidence of adverse psychiatric effects severe 
enough to be associated with discontinuation of ZNS was 6.9 % [ 68 ]. The most 
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common reason for discontinuation was depression ( n  = 11), followed by aggressive 
behavior ( n  = 8), psychosis ( n  = 6), and irritability ( n  = 5). Risk factors for discon-
tinuation due to adverse psychiatric effects were past psychiatric history ( p  = 0.005), 
symptomatic generalized epilepsy ( p  = 0.027), and lower maximum ZNS serum 
concentration (mean = 17.9 mg/L vs. 34.7 mg/L,  p  < 0.001).  

    AEDs, Indirect Factors, and Depression 

 In the pathogenesis of AED-induced depressive symptoms, a relevant role is played 
by the limbic structures [ 99 ]. There is growing evidence in literature that depression 
might be linked to small hippocampal volumes, and this association has been 
described in patients with epilepsy [ 100 ] but also in patients without epilepsy with 
a major depressive disorder [ 101 ,  102 ]. A case-control study of patients taking TPM 
showed that subjects with temporal lobe epilepsy and hippocampal sclerosis were 
more likely to develop depression than those with temporal lobe epilepsy and nor-
mal MRI, matched for starting dose and titration schedule of TPM [ 99 ]. Although 
patients with hippocampal sclerosis tend to be affected by more severe epilepsy, 
implying that treatment resistance is likely and that polytherapy may be prescribed, 
the hippocampal sclerosis itself appeared to be the main factor associated with the 
occurrence of depression [ 99 ]. 

 Folate defi ciency is another issue that may be of relevance regarding AEDs and 
depression. Patients in polytherapy are reported to have low serum, red cell, or 
cerebro-spinal fl uid folate levels [ 103 ] and this defi cit seems to be even greater in 
patients with epilepsy and psychopathology. It is known that folic acid plays a 
 crucial role in several important central nervous system transmethylation reactions 
and is linked to monoamine metabolism [ 69 ]. In this regard, it is worth noting that 
AEDs with a positive impact on mood and behavior, such as CBZ or LTG, have 
minimal effects on folate levels [ 104 ]. On the contrary, it is established that barbitu-
rates or PHT treatment can depress serum, red blood cell, or CSF folate levels in a 
high proportion of patients [ 105 ].   

    Psychosis 

 There is a considerable literature suggesting that the development of psychosis with 
AED therapy is associated with the forced normalization phenomenon in many 
cases [ 57 ]. Fischer et al. [ 106 ] and Roger et al. [ 107 ] described episodes of psycho-
ses during treatment with ETX characterized by anxiety, depression, visual and 
auditory hallucinations, and intermittent impairment of consciousness, the EEG 
often reverting to normal. These episodes resolved with the discontinuation of the 
AED and seizure recurrence. Another study [ 108 ] described seven patients who had 
no previous psychiatric histories and whose behavioral problems emerged shortly 
after starting or altering AED therapy. Their EEGs, abnormal before treatment, 
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normalized during the psychotic episodes. All patients had temporal lobe abnor-
malities on the EEG, but only two were on suxinimides. 

 Psychosis can, however, also be a direct effect of AEDs. Of the newer AEDs, 
psychoses have been noted, as a potential adverse event, in several cases, suggesting 
that this phenomenon is not drug-specifi c. Psychotic episodes have been described 
with felbamate (FBM) [ 109 ], TGB [ 66 ], TPM [ 110 ], VGB [ 111 ], ZON [ 112 ,  113 ], 
and levetiracetam (LVT) [ 54 ]. Although there is no clear evidence for LTG precipi-
tating psychosis, there are at least some case reports that suggest that this might be 
a possibility [ 114 ]. In general terms, the frequency of psychoses during AED treat-
ment seems to be in the region of 1–2 % and all described cases were diffi cult-to- 
treat patients undergoing add-on therapy. 

 With respect to specifi c AEDs, psychoses associated with VGB have been the 
most extensively studied. In a study by Thomas et al. [ 76 ], 30 % of patients who 
developed a psychosis during therapy with VGB had a previous history of psychosis 
and 60 % of them were seizure free. Since these early reports, the clinical signifi -
cance of VGB-associated behavioral problems has been a matter of controversy and 
two meta-analyses have been published [ 65 ,  78 ]. Analyzing seven placebo- 
controlled European studies, Ferrie et al. [ 78 ] showed an overall occurrence of these 
complications of 3.4 % in the VGB group and 0.6 % in the placebo group. Another 
meta-analysis of American and non-American double-blind studies demonstrated 
that there is a signifi cantly increased risk for psychosis, occurring in 2.5 % of 
patients treated with VGB compared to 0.3 % in the placebo group [ 65 ]. TGB has 
also been investigated, and placebo-controlled studies showed that the risk of psy-
choses was not signifi cantly increased [ 115 ]. However, the paradoxical provocation 
of de novo nonconvulsive status epilepticus is a specifi c issue reported by different 
authors [ 116 ] and, in some selected cases, there may be a differential diagnosis with 
brief ictal psychotic episodes. In such an event, EEG investigations are essential. 

 In general terms, it seems that psychoses with newer AEDs occurred in early clini-
cal trials, and were a refl ection of two factors. Firstly, many of these trials included a 
dosing schedule that subsequently appeared to be too rapid, or with too high dosages. 
Secondly, in many cases the populations studied were composed largely of patients 
with very diffi cult-to-treat epilepsy and those who had temporal lobe epilepsy, a pop-
ulation of patients that are most susceptible to develop psychoses. In other words, 
certain AEDs appear more likely to be associated with a psychosis as treatment-emer-
gent adverse event, although the latter tend to be seen in those patients who, in any 
case, are susceptible to develop psychopathology. With the introduction of other pow-
erful drugs in the future, these complications need to be both evaluated and treated.  

    Aggressiveness, Irritability, and Personality Changes 

 One of the fi rst studies investigating this issue was that by Reynolds and Travers 
[ 103 ] who studied 57 adult outpatients with chronic epilepsy for the presence or 
absence of behavioral changes or psychiatric disorders, looking at serum AEDs 
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levels. Patients with behavioral problems had signifi cantly higher levels of both 
phenobarbitone and PHT than those without, irrespective of seizure frequency. 
Since that time, there have been many studies about the effects of AEDs on cogni-
tive function or mood, but few of them have specifi cally investigated the issue of 
changes in behavior. In general terms, drug-induced behavioral problems, including 
irritability and aggressive behavior, appear to be more frequent with polytherapy 
and in patients with severe epilepsy syndromes, where mental retardation or abnor-
malities in the limbic system might be present [ 117 ]. For this reason, the trend 
toward treating patients on monotherapy, particularly in this subgroup of more vul-
nerable patients, would seem important for the patient’s overall well-being. 

 A wide spectrum of behavioral changes has been described with different mole-
cules. For example, we have already mentioned the paradoxical effects of 
GABAergic AEDs in children ADHD-like symptoms [ 74 ,  118 ]. However, whether 
this is a class effect or not is still matter of debate as other studies have not demon-
strated behavioral problems with phenobarbitone among children [ 119 ,  120 ]. As 
already mentioned, VGB showed the same paradoxical effect in children with learn-
ing disabilities [ 121 ]. However, LEV is the AED with the most consistent and wide-
spread reports of behavioral changes and aggressivity. 

    Levetiracetam 

 Aggressive behavior and irritability have shown to be one of the main treatment- 
emergent psychiatric adverse events during therapy with LEV, occurring in about 5 
% of patients [ 122 ]. The mechanism of action of LEV differs from that of currently 
available AEDs and appears to be mediated by binding to the synaptic vesicle pro-
tein SV2A [ 123 ]. LEV was initially postulated to have mood-stabilizing and anxio-
lytic properties [ 124 ,  125 ]. However, two randomized, double-blind, 
placebo-controlled trials failed to demonstrate the superiority of LEV over placebo 
in the treatment of bipolar depression [ 126 ] and generalized social anxiety disorder 
[ 127 ]. A negative trial has also been reported in impulsive aggression [ 128 ]. In a 
postmarketing, single, tertiary center study of 517 consecutive patients treated with 
LEV, 53 (10.1 %) experienced adverse psychiatric effects [ 129 ]. Thirteen (2.5 %) 
developed depression, 6 (1.2 %) psychotic symptoms, 19 (3.5 %) aggressive behav-
ior, 12 (2.3 %) emotional lability, and 3 (0.6 %) other behavioral problems, such as 
agitation, anger/hostile behavior, and personality changes. Risk factors for develop-
ing adverse psychiatric effects included a history of febrile convulsions, a history of 
status epilepticus, and a previous psychiatric history [ 129 ]. Notably, there are several 
reports suggesting that status epilepticus and febrile convulsions may play a role in 
the epileptogenic process. The main hypothesis has involved neuronal loss and syn-
aptic reorganization, mainly in the limbic system. These phenomena might explain 
the biological vulnerability of a subgroup of patients to psychiatric adverse events. 
Whether a faster titration schedule is also a risk factor is controversial [ 122 ,  129 ]. Of 
note, a recent study found an association between genetic variations in dopaminergic 
activity and the risk for adverse psychiatric effects during LEV therapy [ 130 ]. 
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 Learning disabilities plays a special role in treatment-emergent psychiatric 
adverse events of AEDs mainly because can be frequently encountered in all 
types of epilepsy [ 131 ]. A single-center study pointed out that aggressive behav-
ior is the main treatment-emergent psychiatric problem with LEV [ 129 ]. However, 
it was not more common in learning disabled patients as compared to the general 
population, suggesting that patients with learning disabilities are not generally 
more prone to develop psychiatric reactions of AEDs. However, in this special 
population of patients, specifi c phenomena such as the “release phenomenon” 
have to be considered [ 132 ]. This condition occurs when a patient who has been 
disabled by frequent seizures suddenly become seizure free without being sedated. 
As a consequence, these patients may have an increased propensity to misbehave 
(Fig.  18.3 ).

         Positive Effects 

 An emerging theme that unifi es epilepsy and primary psychiatric disorders is altered 
neuronal excitability, caused by abnormal expression and function of membrane ion 
channels [ 133 ]. For this reason, AEDs may be effective in the treatment of such 
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conditions. Indeed, the European Medicines Agency (EMA) has approved the use 
of PGB in generalized anxiety disorder, while both the EMA and the Food and Drug 
Administration (FDA) have approved the use of CBZ, LTG, and VPA in bipolar 
disorders, although in different phases. Interestingly enough, all these AEDs are 
channel modulators. However, TPM and OXC, which are also sodium channel mod-
ulators, have failed to demonstrate effi cacy in bipolar disorders. In fact, despite 
initial reports suggesting that TPM can be effective in bipolar and post-traumatic 
stress disorders, randomized controlled trials failed to demonstrate its superiority 
compared to placebo [ 134 – 137 ]. Promising data, although still preliminary, suggest 
some effi cacy in obsessive-compulsive disorder [ 5 ] and eating disorders [ 89 ]. For 
OXC, initially, small, underpowered, and uncontrolled studies suggested that OXC 
may be useful in the acute treatment of mania, but conclusive evidence is lacking 
[ 49 ]. A randomized, double-blind, placebo-controlled trial in young patients with 
mania failed to detect signifi cant differences between OXC and placebo [ 138 ]. 
Whether OXC is effective in the acute treatment of bipolar depression or the main-
tenance treatment of bipolar disorder is still undetermined [ 49 ,  139 ,  140 ]. The fact 
that OXC lacks positive psychotropic effects in comparison to its fi rst-generation 
predecessor CBZ casts some doubts on the hypothesis that sodium channel block-
ade is a decisive factor for mood stabilization. On the other hand, preliminary evi-
dence suggests that OXC may exert benefi cial effects on behavioral disorders, 
particularly impulsive aggression [ 128 ]. 

    Mood Stabilization Effects: Aggressiveness and Impulse Control 

    Sodium Valproate 

 Although its primary mechanism of action is yet to be identifi ed, evidence exists 
that VPA raises brain levels of GABA. This may occur by acting at different stages 
of the metabolism of GABA: (1) inhibition of GABA transaminase, (2) inhibition of 
succinic semialdehyde dehydrogenase, and (3) activation of glutamic acid decar-
boxylase [ 141 ]. It should be noted, however, that other mechanisms have been 
linked to VPA, such as inhibition of glutamatergic neurotransmission, inhibition of 
T-type calcium currents, and, possibly, blockade of voltage-gated sodium channels 
[ 142 ]. VPA has also been shown to exert epigenetic effects by inhibiting histone 
deacetylase activity [ 143 ]. Overall, each of these mechanisms could contribute to its 
psychotropic properties. 

 VPA is an effective mood stabilizer and is approved by the FDA and EMA for the 
treatment of acute mania and mixed episodes [ 49 ]. Meta-analyses show that VPA is 
as effective as lithium in the treatment of acute mania [ 144 ] or acute depression 
[ 145 ] in bipolar disorders. In addition, VPA is effective in patients who do not 
respond to lithium, with a more rapid antimanic effect than lithium and therapeutic 
benefi t within 3–5 days [ 146 ]. Although it has no maintenance indication in bipolar 
disorder, there is support for its use as a fi rst-line agent for maintenance treatment 

18 The Role of Antiepileptic Drugs



348

as well [ 147 ,  148 ]. A recent Cochrane review of the role of VPA as maintenance 
treatment analyzed data from six randomized controlled trials ( n  = 876) and con-
cluded that VPA was more effective than placebo in preventing study withdrawal 
due to any mood episode (RR 0.68, 95 % CI 0.49–0.93; number needed to treat for 
additional benefi cial outcome = 8), but no difference in effi cacy was found between 
VPA and lithium (RR 1.02, 95 % CI 0.87–1.20). However, VPA was well tolerated 
and associated with fewer participants dropping out of treatment for any cause when 
compared with placebo or lithium (RR 0.82, 95 % CI 0.71–0.95 and RR 0.87, 95 % 
CI 0.77–0.98, respectively). VPA also has benefi cial effects on several behavioral 
problems, such as hostility, impulsivity, and aggression, which may arise in differ-
ent clinical contexts [ 149 ].  

    Carbamazepine 

 CBZ is the prototypical sodium-channel blocking AED, and is approved by both the 
FDA and EMA for the treatment of acute manic and mixed episodes of bipolar I 
disorder [ 150 ]. In two multicenter, randomized, double-blind, placebo-controlled 
trials, 443 bipolar disorder patients with manic or mixed episodes were randomized 
to a fl exible-dose (200–1600 mg/day) extended-release CBZ ( n  = 225) or placebo 
( n  = 220) for a 3-week period [ 151 ,  152 ]. In both studies, the improvement in the 
Young Mania Rating Scale score (the primary effi cacy end point) was greater with 
CBZ treatment than with placebo (fi rst study,  p  = 0.032; second study,  p  < 0.001), 
and the CBZ arm had a higher responder rate compared to the placebo arm (52 % v 
26 %,  p  < 0.05). CBZ also appears to be effective for maintenance treatment of bipo-
lar disorder [ 49 ], although to a lesser extent when compared to lithium [ 153 ,  154 ]. 
CBZ seems to be a better alternative for atypical manifestations of bipolar disorder, 
such as rapid cycling course, mood-incongruent delusions, or other comorbid psy-
chiatric/neurologic conditions [ 155 ]. CBZ may also be effective in unipolar depres-
sion [ 156 ], whereas its utility in schizophrenia is still uncertain [ 157 ].  

    Lamotrigine 

 LTG has indirect antiglutamatergic effects by acting at voltage-gated sodium channels 
to stabilize neuronal membranes and glutamate release [ 158 ,  159 ]. LTG has also been 
shown to modulate calcium conductance involved in the release of excitatory amino 
acids in the cortico-striatal pathway [ 160 ], and to affect potassium conductance [ 161 ]. 
It may also increase the production of kynurenic acid, an endogenous antagonist at the 
glycine binding site on the NMDA receptor [ 162 ]. Support for the use of LTG is most 
robust in the maintenance treatment of bipolar disorder in order to prevent the occur-
rence of mood episodes [ 163 ], and indeed it is licensed for this by both the FDA and 
EMA. However, LTG appears to be more effective in preventing the relapse of depres-
sion than mania or hypomania [ 164 ]. A pooled analysis ( n  = 638) of two randomized 
controlled trials demonstrated signifi cantly increased time to intervention for a mood 
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episode in LTG versus placebo ( p  < 0.001) as well as lithium versus placebo ( p  < 0.001), 
with no statistical difference between LTG and lithium monotherapy. However, the 
trial also demonstrated that LTG, but not lithium, was superior to placebo at prolong-
ing time to intervention for a depressive episode (LTG,  p  = 0.009; lithium,  p  = 0.120). 
Notably, both LTG and lithium were statistically superior to placebo at prolonging the 
time to intervention for a manic, hypomanic, or mixed episode: median survival pla-
cebo, 86 days (95 % CI, 58–121); lithium, 184 days (95 % CI, 119–not calculable); 
and LTG, 197 days (95 % CI, 144–388), though lithium was superior to LTG 
( p  = 0.030). Although LTG is not FDA approved for the treatment of acute bipolar 
depression, there is some evidence to support a role in this context. A meta-analysis 
of individual patient data [ 165 ] ( n  = 1072) from 5 randomized controlled trials dem-
onstrated that LTG was better than placebo on several depression indices. On explor-
atory subgroup analysis, with groups divided by severity based on baseline depression 
scores, LTG was better than placebo only in individuals with more severe depressive 
symptoms at randomization. LTG seems to be effective in unipolar depression [ 166 ], 
at least in patients with epilepsy [ 167 ], whereas its usefulness in schizophrenia is still 
uncertain [ 168 ,  169 ]. LTG has also been shown to have benefi cial effects on impulsiv-
ity and aggression [ 170 ,  171 ]. Interestingly, a paradoxical effect on such a direction 
has been described in patients with epilepsy and learning disabilities [ 172 ].  

    Phenytoin 

 PHT is an established AED with a robust capacity to bind to, and prolong the inac-
tivation of, mammalian, voltage-gated sodium channels. Small randomized studies 
suggest that PHT may be useful in the treatment of bipolar disorder (acute therapy 
for manic episodes [ 173 ] and maintenance treatment [ 174 ]), major depressive dis-
order [ 175 ], and impulsive aggression [ 176 ]. However, larger studies are needed to 
confi rm the effectiveness of PHT in these conditions.   

    Anxiety 

 Different drug groups have been successfully used in anxiety disorders but selective 
serotonin reuptake inhibitors (SSRIs) and serotonin noradrenalin reuptake inhibi-
tors (SNRIs) still represent the gold standard for long-term treatment [ 177 ]. The 
role of GABAergic drugs in this scenario is of interest. Benzodiazepines represent 
the gold standard for the acute treatment because they have the advantage of a rapid 
onset of action. However, the long-term use can be complicated by the abuse liabil-
ity, dependence, and withdrawal risk if they are not tapered properly. Interestingly 
enough, classic GABAergic AEDs showed not also to be ineffective in the long- 
term treatment of anxiety disorders, but, in some selected cases, showed even dele-
terious effects [ 178 ]. Although this may appear contradictory, it is probably due to 
the still limited insight in GABAergic neurotransmission. 
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 At the moment, calcium channel blockers represent an emerging class of com-
pounds that showed potential benefi ts in anxiety disorders. In reality, the use of this 
class of drugs is not completely original considering that older agents globally 
reduce widespread activating pathways. 

   Gabapentin 

 GBP modulates calcium currents by binding to the α 2 -δ subunit of voltage-gated 
calcium channels [ 1 ]. In a double-blind, placebo-controlled, parallel-group trial, 69 
patients with social phobia were randomized to fl exible-dose (900–3600 mg/day) 
GBP ( n  = 34) or placebo ( n  = 35) for 14 weeks [ 179 ]. Compared to placebo, GBP 
was associated with a signifi cant improvement in a number of measures such as the 
Liebowitz Social Anxiety Scale, the Brief Social Phobia Scale, and the Social 
Phobia Inventory. Initial open-label studies suggested that GBP could be effective 
in the treatment of bipolar disorder [ 49 ]. However, a randomized, double-blind, 
placebo-controlled, add-on trial failed to demonstrate the superiority of GBP over 
placebo in the acute therapy of mania [ 180 ]. Similar results were obtained in patients 
with refractory bipolar or unipolar mood disorders [ 181 ]. A small, randomized, 
double-blind, placebo-controlled trial suggested that adjunctive GBP may be useful 
in maintenance treatment of bipolar disorder [ 182 ], but larger studies are needed. As 
previously described for other AEDs, GBP showed a paradoxical effect in children 
and patients with severe intellectual disabilities with the occurrence of hyperactivity 
and aggression [ 183 ,  184 ].  

   Pregabalin 

 Similarly to GBP, PGB is a ligand for α 2 -δ subunit of voltage-gated calcium chan-
nels. Several randomized, double-blind, placebo-controlled trials have found that 
PGB is effective in generalized anxiety disorder and social anxiety disorder, and it 
has been licensed by the EMA for use in the former condition [ 185 – 188 ]. 
Furthermore, studies comparing PGB to benzodiazepines [ 189 ], and to venlafaxine 
[ 190 ], in the acute and long-term treatment of anxiety, respectively, have demon-
strated its effi cacy. Other controlled studies suggest that PGB may be effective in 
the amelioration of comorbid depressive symptoms [ 191 ], especially in elderly sub-
jects with generalized anxiety disorder [ 192 ]. In one study, 273 elderly patients with 
generalized anxiety disorder were randomized in a 2:1 ratio to fl exible-dose (150–
600 mg/day) PGB ( n  = 177) or placebo ( n  = 96) for 8 weeks [ 185 ]. PGB was associ-
ated with a greater improvement, starting in the 2nd week of treatment, in the 
Hamilton Rating Scale for Anxiety (HRSA) total scores as compared to placebo 
( p  < 0.05). Greater improvements were also found in the HRSA psychic and somatic 
anxiety factors and in the Hamilton Rating Scale for Depression total scores. Finally, 
the long-term effi cacy of PGB in the treatment of generalized anxiety disorder has 
also been demonstrated [ 193 ]. Although a few reports suggest that PGB may be 
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effective in other mood disorders [ 194 ,  195 ], evidence from randomized controlled 
trials is lacking. In patients with epilepsy, PGB does not appear to have signifi cant 
negative effects on mood or behavior [ 196 ], although, again, depression has been 
reported in some patients [ 197 ].    

    Limitations of Current Literature 

 At this point it is important to emphasize that available data on psychotropic effects 
of AEDs in patients with epilepsy suffer from a number of methodological limita-
tions. Many observations come from case reports or uncontrolled studies, and this 
limitation may be compounded by a lack of rigor in the defi nition and measurement 
of psychiatric events. Because psychiatric symptoms can be related to the epilepsy 
itself rather than to its treatment, establishing cause-effect relationships can be 
problematic. Data from controlled trials also suffer a number of limitations such as 
(1) the frequent use of an add-on design, so that any psychotropic effect could be 
attributable to pharmacodynamic or pharmacokinetic drug interactions; (2) the use 
of fi xed doses and titration schedules, which often differ from those most commonly 
applied in clinical practice; (3) the exclusion of patients with comorbid psychiatric 
disorders and other high risk groups; (4) the follow-up period is often not suffi cient 
to detect effects with a late onset; and (5) the lack of a standardized assessment. 
Indeed, the fact that data on the psychotropic effects of AEDs in epilepsy come from 
very heterogeneous sources (i.e., case reports, retrospective surveys, observational 
studies, controlled clinical trials with different designs and outcome measures) lim-
its the ability to draw conclusions about the comparative effects of individual com-
pounds. However, it seems evident that treatment-emergent psychiatric adverse 
events are more frequent in patients with epilepsy as compared to psychiatric 
disorders.     
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    Chapter 19   
 The Role of Stimulation Techniques       

       Steven     C.     Schachter     

    Abstract     Neuropsychiatric symptoms are common, under-recognized, and 
 undertreated in patients with epilepsy (PWE), and have a profound impact on qual-
ity of life. Effective, safe, and well-tolerated treatments are urgently needed for 
patients whose neuropsychiatric symptoms do not respond to pharmacological or 
behavioral therapies. Some of the brain stimulation modalities that are effective 
for seizure control in patients with drug-resistant epilepsy may also be effective for 
neuropsychiatric symptoms of comorbid psychiatric disorders. This chapter fi rst 
provides an overview of comorbid psychiatric disorders that have shown symptom-
atic improvement in brain stimulation studies. Next, the effects of different stimula-
tion techniques on symptoms of these psychiatric disorders in PWE as well as in 
patients without epilepsy are reviewed. Limitations of our current understanding are 
then outlined with suggested directions for future research. The role of stimulation 
techniques in the care of PWE is only beginning to be understood and their potential 
application to the amelioration of neuropsychiatric symptoms in PWE should be 
actively pursued.  

  Keywords     Neurostimulation   •   Epilepsy   •   Depression   •   Suicidality   •   Anxiety   • 
  Psychosis   •   Closed-loop  

        Introduction 

 For the nearly one in three patients with epilepsy (PWE) who continue to have sei-
zures in spite of taking one or more properly selected and dosed antiepileptic drugs 
(AEDs) (drug-resistant epilepsy; DRE), physicians may turn to brain stimulation 
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techniques. While it may seem paradoxical that stimulating the brain directly or via 
a peripheral pathway could have an antiepileptic effect [ 1 ], the therapeutic benefi t 
of brain stimulation for epilepsy has been fi rmly established in clinical studies and 
practice, with many new techniques under evaluation. 

 During clinical trials of brain stimulation modalities for the treatment of epi-
lepsy, improvement in symptoms of comorbid psychiatric disorders may be inci-
dentally observed, similar to what has occurred in trials of AEDs. These 
observations have often led to trials of stimulation techniques specifi cally for those 
neuropsychiatric symptoms, whether in PWE or in patients with only psychiatric 
disorders. 

 A benefi t for brain stimulation on both seizures and behavior is not surprising 
given their many inter-connections, as well as the pervasiveness of psychiatric 
comorbidities in PWE, which are presumed, at least in part, to arise from shared 
underlying pathophysiologic mechanisms. There are several possible explanations 
for an effect of brain stimulation on neuropsychiatric symptoms in PWE. First, the 
symptoms may improve (or paradoxically worsen) as an indirect effect of improved 
seizure frequency or severity resulting from stimulation. Second, there may be a 
direct effect of stimulation on mechanisms relevant to neuropsychiatric symptoms 
but not to epilepsy. Third, brain stimulation may have a direct effect on cellular 
or network mechanisms that are relevant to both seizures and neuropsychiatric 
symptoms. 

 Neuropsychiatric symptoms are common, under-recognized, and undertreated in 
PWE. It has been estimated that one of every three PWE will experience mood and/
or anxiety symptoms during their life [ 2 ]. The causes are multifactorial and include 
a family history of psychiatric disorders; a personal psychiatric history antedating 
the onset of epilepsy; neurochemical (serotonin, norepinephrine, glutamate, and 
gamma-aminobutyric acid), neuroinfl ammatory, neuroendocrine, and brain struc-
tural changes related to epilepsy; psychosocial issues associated with living with 
epilepsy; and side effects of AEDs [ 3 ]. 

 Enhanced clinical recognition and more effective therapies are urgently needed 
for the neuropsychiatric symptoms of comorbid psychiatric disorders in PWE. This 
chapter fi rst provides an overview of depression, suicidality, anxiety disorders, 
and psychosis, which are comorbid with epilepsy and which have been reported to 
show symptomatic improvement in brain stimulation studies. Next, the specifi c 
clinical effects of different stimulation techniques on these psychiatric disorders 
in PWE as well as in patients without epilepsy will be reviewed. Finally, limita-
tions of our current understanding will be outlined with suggestions for further 
research. 

 Specifi c details about the stimulation techniques such as effects in animal mod-
els, surgical implantation (where applicable), safety and tolerability, practical 
aspects of implementation in the clinic, costs/reimbursement, impact on seizure 
control, and use in children, as well as personality disorders in epilepsy, use of elec-
troconvulsive therapy, and the differential diagnosis of neuropsychiatric symptoms 
are beyond the scope of this chapter.  
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    Comorbid Psychiatric Disorders and Related Symptoms 
as Potential Therapeutic Targets for Brain Stimulation 

    Depression 

 Depression is a risk factor for the development of epilepsy and vice versa [ 4 ,  5 ]. 
Depression occurs more often in PWE than in the general population, affecting 
10–20 % of patients with well-controlled epilepsy and up to 60 % of patients with 
DRE [ 6 ,  7 ]. Risk factors for depression include frequent seizures, symptomatic 
focal epilepsy, younger age, psychosocial diffi culties with learned helplessness, and 
polypharmacy [ 8 ]. Among patients with temporal lobe epilepsy, mesial temporal 
sclerosis is especially predictive of depression compared to other pathologies. 

 Depression is often under-recognized and undertreated in PWE. The majority of 
neurologists may not screen for depression in PWE [ 9 ]. Nearly one-third of patients 
with a lifetime history of major depressive disorder may never receive treatment 
[ 10 ] and for many others, treatment is signifi cantly delayed [ 11 ]. 

 Depressive symptoms may occur between seizures (inter-ictal) or before, during 
or after a seizure [ 12 ]. A common inter-ictal presentation is the so-called inter-ictal 
dysphoric disorder (IDD) [ 13 ] or “dysthymic-like disorder of epilepsy” [ 14 ]. 
Symptoms are typically independent of seizures, occur intermittently with abrupt 
onset and offset, and include irritability, depressed or euphoric moods, anergia, 
insomnia, atypical pains, anxiety, and fears. 

 A dysphoric mood, sometimes accompanied by aggressive behavior, may pre-
cede a seizure by hours or days [ 15 ] and be terminated by the seizure. Ictal depres-
sion, typically anhedonia, guilt, or suicidal ideation (SI), may manifest as the only 
ictal symptom, or be followed by a complex partial seizure. Post-ictal depressive 
symptoms may be severe, including SI, and occur in up to 43 % of patients with 
partial seizures, often persisting for hours to several days [ 12 ]. 

 Severe depressive symptoms may become manifest as seizure control or EEG 
abnormalities improve through epilepsy treatment [ 16 ,  17 ]. Landolt [ 18 ] originally 
described the development of severe mood changes or psychosis in the setting of 
normalization of the EEG, leading to the term “forced normalization.” Tellenbach 
subsequently observed patients in whom neuropsychiatric symptoms emerged in 
association with improved seizure control, which he termed “alternative psychosis” 
[ 19 ]. Clinical observations since then have linked this phenomenon to virtually any 
form of epilepsy treatment, including drugs, stimulation devices, and resective sur-
gery. Psychosis is the most common clinical presentation.  

    Suicidality 

 The lifetime prevalence of SI in PWE is approximately 12 %, nearly double that of 
the general population; up to 30 % of PWE attempt suicide, compared to 1.1–7 % 
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of controls; and PWE are approximately three times more likely than the general 
population to commit suicide [ 20 ]. Risk factors include comorbid psychiatric diag-
noses, including ictal and post-ictal depression, psychosis, anxiety, personality dis-
orders, and bipolar disorder, as well as psychosocial stressors, poor physical health, 
young age in men, early age of seizure onset (especially adolescence), temporal 
lobe epilepsy (TLE), cognitive impairment, brain lesions, inadequate follow-up or 
treatment of seizures, access to fi rearms or other methods of self-harm, and inter- 
ictal behavioral disorders such as viscosity [ 21 – 23 ]. 

 While the validity of the U.S. Food and Drug Administration (FDA) alert [ 24 ] 
regarding suicidality and AED use has been challenged [ 3 ], it nonetheless raised 
awareness for the potential occurrence of suicidality in PWE and stimulated the 
development of screening instruments that are practical for use in clinical settings.  

    Anxiety 

 Anxiety disorders are subdivided into generalized anxiety disorder (GAD), panic 
disorder (PD), obsessive–compulsive disorder (OCD), phobias, and post-traumatic 
stress disorder (PTSD). The prevalence of anxiety disorders is up to 66 % of PWE 
compared to 29 % in the general population [ 2 ]. As with depression, the association 
between anxiety and epilepsy is bidirectional [ 5 ] and symptoms may occur between 
seizures as well as before, during, or after seizures. 

 Pre-ictal anxiety may precede seizures by hours to days. Ictal anxiety, usually 
fear, is more common with medial than lateral foci in TLE. Post-ictal anxiety typi-
cally persists for 24 h, and a personal psychiatric history is a risk factor [ 12 ]. Inter- 
ictal anxiety does not correlate with seizure frequency [ 25 ,  26 ], and as with 
depressive symptoms, anxiety may occur as seizures remit. In addition, symptoms 
of anxiety may occur as a side effect of AEDs or develop in association with with-
drawal of GABAergic AEDs. 

 As many as one in fi ve PWE have inter-ictal PD [ 27 ], compared to 1–3.5 % of 
the general population. Patients with ictal fear are particularly susceptible [ 28 ]. The 
prevalence of OCD in patients with TLE has been estimated at between 10 and 22 % 
[ 29 – 31 ] compared to a 2–3 % lifetime prevalence of OCD in the general population 
[ 32 ]. OCD may also occur in association with seizures localized to the anterior cin-
gulate [ 33 ] or frontorolandic regions [ 34 ], as well as with primary generalized sei-
zures [ 35 ]. Common obsessions include intrusive and persistent thoughts, 
particularly related to symmetry or exactness, contamination, and aggressiveness; 
and typical compulsions leading to excessive repetitive behaviors or mental acts to 
reduce distress include ordering, washing, and checking [ 31 ,  36 ]. Comorbid anxiety 
and depression are common with OCD [ 37 ]. 

 PTSD is a disabling and often chronic condition associated with witnessing or 
sustaining a psychically traumatic event. There are few epidemiological or cohort 
studies investigating the prevalence of PTSD among PWE or determining whether 
PTSD may be a risk factor for epilepsy and vice versa [ 38 ]. Nonetheless, the pre-
valence of PTSD in epilepsy populations, particularly women, appears to be 
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 elevated [ 39 ]; and the rates are substantially higher in patients with both epilepsy 
and psychogenic non-epileptic seizures [ 40 ]. One study found evidence for the 
development of PTSD following epileptic seizures, with the severity of the symp-
toms related to diffi culty in identifying internal feelings and emotions [ 41 ]. The 
lifetime prevalence of PTSD in community cohorts is up to 8 % [ 32 ,  42 ]. Symptoms 
of PTSD occur with re-experiencing the traumatic event, avoidance, and hypervigi-
lence, and include hyperarousal, intrusive thoughts, fl ashbacks, emotional numb-
ness, and sleep disturbances, including nightmares.  

    Psychosis 

 Psychosis occurs in 0.6–7 % of community-based PWE and 19–27 % of hospital-
ized PWE [ 43 ]. Psychosis may occur before or after epilepsy onset, consistent with 
a bidirectional relationship [ 5 ]. Epilepsy-related risk factors include TLE, particu-
larly left TLE due to mesial temporal sclerosis [ 44 ,  45 ]. 

 Psychosis may occur inter-ictally, which is the most common presentation, or 
emerge with forced normalization, for example, after epilepsy surgery [ 46 ]. 
Psychotic symptoms may also be present during or after seizures, especially the fi rst 
72 h of the post-ictal period [ 12 ], typically in patients with bilateral independent 
ictal foci [ 47 ] and following a cluster of seizures or status epilepticus. Symptoms 
may last up to several weeks and include visual or auditory hallucinations, paranoia, 
delusions, confusion, affective changes, amnesia, and violence. Violent behavior 
may be purposeful and directed in response to hallucinations or delusions towards 
those nearby [ 48 ,  49 ]. Post-ictal violent behavior may also result when a person is 
restrained after a seizure, called “resistive violence” [ 50 ], and typically seen in 
those with CNS pathology, mental retardation, and comorbid psychiatric illness.   

    Neuropsychiatric Effects of Brain Stimulation 

 This section describes the effects of brain stimulation on the neuropsychiatric symp-
toms discussed in the previous section as well as on similar symptoms in patients 
with psychiatric disorders but without epilepsy, where applicable. 

    Vagus Nerve Stimulation 

 Vagus nerve stimulation (VNS) with the VNS Therapy system (Cyberonics, Inc.) is 
a non-pharmacological, surgically implanted, device-based therapy approved in 
1997 by the FDA as an adjunctive therapy in reducing the frequency of seizures in 
adults and adolescents over 12 years of age with partial onset seizures not controlled 
by medication or who experience intolerable side effects. In 2005, the FDA approved 
VNS as an adjunctive long-term treatment of chronic or recurrent depression for 
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patients 18 years of age or older who are experiencing a major depressive episode 
and have not had an adequate response to four or more adequate antidepressant 
treatments. VNS Therapy is also approved in numerous countries worldwide for use 
in DRE, and in the United States, Europe, Canada, Mexico, Brazil, Australia, and 
New Zealand for treatment-resistant depression (TRD) [ 51 ]. 

 The clinical effects of VNS are dependent on vagus nerve anatomy and synaptic 
connections. Once afferent vagus nerve fi bers enter the brainstem, they synapse at 
medullary nuclei including the nucleus of the tractus solitarius (NTS) [ 52 ,  53 ]. 
Fibers ascending from the NTS project primarily to the pontine parabrachial nucleus 
(PBN) and to brainstem nuclei that modulate the noradrenergic (via the pontine 
locus coeruleus) and serotonergic systems (via the medullary and pontine raphe 
nuclei) [ 54 ]. Afferent vagal information also travels from the PBN via multi- synaptic 
pathways [ 55 ,  56 ] to other sites related to epilepsy and depression such as the amyg-
dala, insula, and prefrontal cortex. In addition to these potential neurotransmitter- 
based mechanisms as the basis for effects in epilepsy and depression, VNS-induced 
neurogenesis may also play a role, at least for depression [ 51 ]. 

 A unique feature of VNS Therapy for epilepsy compared to other stimulation tech-
niques is on-demand stimulation, in which the patient or a companion can activate 
VNS using a hand-held magnet. In some patients, this may attenuate or end seizures 
[ 57 ,  58 ]. 

    Patients with Epilepsy 

 Some, but not all, studies suggest that improvement in mood and depressive symp-
toms may occur with VNS Therapy in patients with DRE [ 59 – 61 ]. Three studies 
demonstrated mood improvements for up to 6 months [ 59 ,  60 ,  62 ], including two in 
which AEDs remained constant [ 59 ,  60 ]. The magnitudes of seizure reduction and 
mood improvement were unrelated, and in one study, there was no correlation 
between stimulation “dose” and mood improvement [ 60 ]. In another study, improve-
ments in tenseness, negative arousal, and dysphoria—but not of depressive 
 symptoms—were observed following 6 months of treatment in 28 patients with 
stable AED regimens and low baseline depression scores [ 61 ]. 

 Recommendations for the treatment of mood disorders in PWE issued by the 
Canadian Network for Mood and Anxiety Treatments include VNS as a potential 
therapy [ 63 ]. Caution is warranted, however, inasmuch as a small percentage of 
patients with DRE whose seizures are signifi cantly improved with VNS may 
develop mood disorders, presumably due to forced normalization [ 64 ,  65 ], which 
may be improved by decreasing the pulse intensity [ 66 ].  

    Patients Without Epilepsy 

 VNS Therapy for TRD initially evolved from studies of patients with DRE in which 
subjects with concomitant major depression experienced an improvement in their 
depressive symptoms with sustained VNS Therapy. Four clinical trials (with 
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extension phases) have since evaluated the effi cacy of VNS Therapy in TRD 
 [ 67 – 74 ]. Extensive details of these studies are available elsewhere [ 75 ]. Each trial 
found that depressive symptoms in a substantial proportion of patients responded to 
VNS. Interestingly, symptoms in some subjects required 6–12 months of stimula-
tion for a clinical response to occur. Three open-label studies showed that the ben-
efi t of VNS persisted over the long term [ 69 ,  73 ,  76 ]. A meta-analysis of 6 trials 
reported that 71 and 67 % of those who responded at 24 weeks to VNS plus treat-
ment as usual had a sustained response at 48 and 96 weeks, respectively, compared 
to 56 and 48 % of responders receiving only treatment as usual [ 77 ].   

    Trigeminal Nerve Stimulation 

 Transcutaneous trigeminal nerve stimulation (TNS) is a relatively new technique 
that uses stimulation of another cranial nerve to affect brain function. The Monarch 
eTNS System received CE certifi cation in Europe in 2012 for the adjunctive treat-
ment of epilepsy and major depressive disorder for adults and children 9 years and 
older, and was given a Class 2 medical device license in Canada in 2013 for treat-
ment of DRE, major depressive disorder, and treatment-resistant depression. 

 The trigeminal nerve transmits sensory information from the face via the tri-
geminal ganglion to the trigeminal nuclei in the brainstem. Similar to the central 
projections of the vagus nerve, the trigeminal nuclei then send projections to the 
thalamus, the locus coeruleus, and the NTS. The shared central projections of the 
trigeminal and vagus nerves and the anticonvulsant effects of TNS in a standard 
animal model of epilepsy [ 78 ] comprised the basis for proceeding to clinical studies 
of TNS in PWE. 

    Patients with Epilepsy 

 The fi rst pilot study showed that TNS of the infraorbital and supraorbital branches 
was well tolerated [ 79 ] and was followed by a double-blind, randomized, multi-
center trial of bilateral transcutaneous stimulation of the ophthalmic and supratroch-
lear nerves with the Monarch™ eTNS™ System in patients with DRE [ 80 ]. 
Although there were no statistically signifi cant differences between the treatment 
groups for change in seizure frequency, proportion of participants who experienced 
at least a 50 % reduction in seizure frequency, and time to the fourth seizure, there 
were statistically signifi cant improvements in mood associated with active stimula-
tion as measured by the Beck Depression Inventory. One-year safety and effi cacy 
results were recently published, but an evaluation of mood was not included [ 81 ].  

    Patients Without Epilepsy 

 Currently, limited data exist with regard to the use of TNS in TRD. Two studies 
evaluated open-label TNS in 11 patients with TRD [ 82 ,  83 ]. Treatment consisted 

19 The Role of Stimulation Techniques



368

of nightly (approximately 8 h/night) bilateral transcutaneous electrical stimulation 
of the forehead (V1 trigeminal branch) for 8 weeks (approximately 55 treatment 
sessions). A statistically signifi cant reduction in depressive symptoms (both rater- 
and patient-rated) was reported. Of the 11 TRD patients enrolled, 6 had ≥50 % 
reduction in depressive symptoms and 4 achieved symptom remission. Shiozawa 
et al. subsequently conducted a randomized, sham-controlled trial of TNS in 40 
patients with major depressive disorder using a 10-day intervention protocol [ 84 ]. 
The investigators found a signifi cant benefi t of TNS compared to sham stimulation. 
These data are promising, but larger, prospective, double-blind studies of TNS for 
TRD are needed.   

    Transcranial Magnetic Stimulation 

 Transcranial magnetic stimulation (TMS) is a noninvasive technique that utilizes 
brief pulses of electrical current sent to a coiled wire placed over the scalp to deliver 
rapidly changing magnetic fi elds that pass through the scalp and skull to modulate 
plasticity and excitability of cortex within the stimulated fi eld. The specifi c cortical 
effects depend on pulse intensity and frequency as well as the targeted area of cor-
tex. The pulse intensity is usually titrated by fi rst determining the patient’s motor- 
evoked potential threshold [ 85 ]. TMS is approved for depression in the United 
States, Canada, Brazil, Australia, and Israel, and it is also widely used in Europe 
[ 86 ]. Most clinical applications of TMS to the treatment of neuropsychiatric symp-
toms involve trains of stimulation pulses, called repetitive TMS (rTMS). Low stim-
ulation frequencies (≤1 Hz) are generally inhibitory while faster frequencies 
(≥5 Hz) are usually excitatory. 

    Patients with Epilepsy 

 Though a number of studies have evaluated rTMS as a treatment for epilepsy, meth-
odological weaknesses limit the strength of the available data to “possible effi cacy,” 
according to European evidence-based guidelines [ 86 ]. Unfortunately, given the 
demonstrated benefi ts of TMS for depression and other psychiatric disorders, effects 
on neuropsychiatric symptoms in PWE have not been systematically assessed.  

    Patients Without Epilepsy 

 Many studies and meta-analyses have evaluated the use of TMS for depression. 
Evidence-based guidelines published by European experts found Level A evidence 
(defi nite effi cacy) for an antidepressant effect of high-frequency rTMS adminis-
tered to the left DLPFC and Level B (probable effi cacy) evidence for an antidepres-
sant effect of low-frequency rTMS to the right DLPFC [ 86 ]. By contrast, another 
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appraisal concluded that four health technology assessments of TMS for depression 
provided insuffi cient evidence “to draw conclusions regarding the use of TMS for 
treating patients with depression,” largely due to “methodological limitations of the 
primary research studies” [ 87 ]. The American Psychiatric Association includes 
rTMS in their list of possible initial therapies for depression [ 88 ]. 

 Besides depression, TMS has also been evaluated for anxiety disorders. 
Neuroimaging studies suggest that the medial and dorsolateral prefrontal cortexes 
are hypo-activated in patients with PTSD. Consequently, studies have evaluated the 
effect of rTMS targeting the DLPFC for symptoms of PTSD. Pooled results of 
meta-analyses [ 89 ] found statistically signifi cant improvements associated with 
TMS compared to sham TMS, especially when applied to the right DLPFC, but 
larger samples with more focused inclusion criteria and further testing of stimula-
tion parameters are needed [ 87 ,  90 ]. Low-frequency TMS may produce signifi cant 
improvement for symptoms of OCD, but the effects are transient [ 91 ]. Two case 
reports provide suggestive benefi t of rTMS for social anxiety disorder, and low- 
frequency rTMS over the right medial prefrontal cortex combined with high- 
frequency rTMS over the left medial prefrontal cortex has been proposed for further 
study [ 92 ]. There are few studies evaluating TMS for PD and GAD [ 93 ].   

    Transcranial Direct Current Stimulation 

 Transcranial direct current stimulation (tDCS) is another noninvasive technique in 
which a weak electrical current (usually 0.5–2 mA) generated by a battery-powered 
stimulator is administered via one of two electrodes (anode, cathode) placed on the 
scalp (the other is positioned elsewhere) and which thereby modulates resting mem-
brane potentials of cortical neurons [ 94 ]. Cathodal stimulation is postulated to be 
inhibitory and anodal stimulation excitatory [ 95 ], and the effects of both forms of 
stimulation may last well beyond the period of stimulation [ 96 ], depending on 
charge density, duration of stimulation, and the distance to the targeted area of cor-
tex. tDCS is not specifi cally approved for epilepsy or psychiatric disorders, but is 
widely available for clinical investigations. 

    Patients with Epilepsy 

 Only a couple studies of tDCS in PWE have been published and neither evaluated 
neuropsychiatric effects [ 97 ,  98 ].  

    Patients Without Epilepsy 

 Several systematic reviews and meta-analyses of randomized, controlled trials of 
tDCS for major depression concluded that active treatment was either no different 
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than sham [ 99 ], or was associated with a statistically signifi cant improvement in 
depressive symptoms [ 100 ,  101 ]. Therefore, further defi nitive trials are needed. 

 Two studies in patients with schizophrenia suggest that tDCS may have long- 
lasting effects in reducing auditory verbal hallucinations and other symptoms as 
measured by the Positive and Negative Syndrome Scale [ 95 ].   

    Deep Brain Stimulation 

 Deep brain stimulation (DBS) is delivered through one or more electrodes placed 
into one or more specifi c brain targets that are connected to an implanted battery- 
powered pulse generator in the upper chest. Though high-frequency DBS has both 
excitatory and inhibitory effects on neurons [ 102 ,  103 ], and DBS may disrupt neu-
ronal transmission [ 104 ], the mechanism by which DBS reduces seizure occurrence 
is unclear. DBS of the thalamus is approved for the treatment of drug-resistant par-
tial and secondarily generalized seizures in the European Union, Canada, Taiwan, 
Australia, New Zealand, and Israel, though not the United States at this time [ 105 ]. 

    Patients with Epilepsy 

 DBS targeting a variety of intracranial sites has been studied in patients with DRE, 
including the anterior nucleus of the thalamus, centromedian nucleus of the thala-
mus, basal ganglia (caudate nucleus and subthalamic nucleus), cerebellum, corpus 
callosum, hippocampus, locus coeruleus, substantia nigra pars reticulata, and cau-
dal zona incerta [ 105 – 107 ]. The primary outcome measure for studies of these stim-
ulation sites has been seizure frequency. The impact of DBS on neuropsychiatric 
symptoms has either not been monitored or not evaluated with standard safety and 
tolerability assessments. Further, most of the DBS studies in epilepsy are under-
powered, not blinded, or not designed to observe statistically signifi cant effects on 
behavior. The exception is the SANTE trial, which randomized 110 patients [ 108 ]. 
While anterior thalamic DBS in this study was not associated with changes in neu-
ropsychological function, there was a higher rate of self-reported depression in 
patients randomized to active treatment compared to controls (14.8 % vs. 1.8 %; 
 p  = 0.02). Seven of the eight patients in the stimulation group who reported depres-
sive symptoms had a prior history of depression, and three were on medications for 
depression at the study baseline.  

    Patients Without Epilepsy 

 A small number of open-label studies of DBS targeting the subcallosal cingulate 
white matter have shown suggestive benefi t for TRD. Other DBS targets for 

S.C. Schachter



371

treatment of TRD have been infrequently studied, including the ventral internal 
capsule/ventral striatum, the nucleus accumbens, and medial forebrain bundle, the 
latter showing the most rapid antidepressant effect [ 109 ]. With regard to OCD, it 
has been hypothesized that DBS targeted to the nucleus accumbens, ventral inter-
nal capsule/ventral striatum, or anterior limb of the internal capsule could regulate 
OCD- associated dysfunction of the nucleus accumbens and inhibit overactivity of 
the cortical-striatal-pallidal-thalamic network [ 36 ]. Consistent with this hypothe-
sis, a meta-analysis of fi ve double-blind, randomized, sham-controlled studies 
showed a statistically signifi cant improvement of OCD-related symptoms with 
active treatment [ 36 ]. A DBS system received an FDA Humanitarian Device 
Exemption from the FDA for patients with chronic, severe, treatment-resistant 
OCD [ 110 ]. 

 Subthalamic nucleus (STN) DBS is a well-established treatment for Parkinson’s 
disease. A recent review noted new-onset or worsened preexisting behavioral disor-
ders in association with STN DBS, including depression, apathy, and impulse dis-
orders (especially with rapid increase in stimulation intensity), whereas a signifi cant 
improvement of anxiety scores has also been observed [ 111 ].   

    Responsive Neurostimulation 

 Responsive neurostimulation (RNS) is a new, closed-loop technique for direct corti-
cal stimulation. The RNS System (NeuroPace) delivers electrical stimulation to one 
or two cortical seizure foci in response to physician-confi gurable, algorithmic 
detection of paroxysmal abnormal electrocorticographic activity such as spike and 
slow waves or changes in frequency or amplitude. The RNS System was approved 
by the FDA in 2013 as an adjunctive therapy in reducing the frequency of seizures 
in individuals aged 18 years or older with partial onset seizures who have undergone 
diagnostic testing that localized seizure onsets to no more than 2 epileptogenic foci 
and that are refractory to ≥2 antiepileptic medications, and who currently have fre-
quent and disabling seizures (motor partial seizures, complex partial seizures, and/
or secondarily generalized seizures) [ 112 ]. The system consists of a neurostimulator 
implanted in the cranium that connects to one or two recording and stimulating 
depth and/or cortical strip leads placed at the seizure foci [ 112 ]. 

 The RNS System was shown to have a statistically signifi cant effect on seizure 
frequency compared to no stimulation in patients with DRE (all patients had the sys-
tems implanted). In addition, for both the double-blind and the open-label periods, 
patient-reported improvements in quality of life were observed, and no worsening of 
neuropsychological function or mood, as measured by validated mood inventories, 
was noted [ 113 – 115 ]. Encouragingly, there were statistically signifi cant improve-
ments in depressive symptoms among patients with mesial TLE after 1 year as well 
as 2 years of open-label treatment. To date, there have been no published studies of 
effects of RNS on neuropsychiatric symptoms in patients without epilepsy.   
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    Limitations of Current Research and Future Directions 

 The existing evidence base suggests that stimulation techniques may have a role in 
the treatment of neuropsychiatric symptoms in PWE who have comorbid psychiat-
ric disorders. However, with the exception of VNS for the treatment of depressive 
symptoms in PWE, the potential benefi t and safety of stimulation techniques for 
neuropsychiatric symptoms in PWE is largely unknown. Therefore, further system-
atic, controlled, and blinded studies are needed. It would be of particular interest to 
determine whether a single stimulation technique could successfully treat both sei-
zures and neuropsychiatric symptoms in the same patient. Fortunately, the technolo-
gies underlying stimulation systems are rapidly improving [ 75 ,  87 ,  116 ], giving 
hope that further research will demonstrate the effectiveness of open- and closed- 
loop stimulation modalities in the treatment of inter-ictal, pre-ictal, ictal, and post- 
ictal neuropsychiatric symptoms. 

 As noted by Sun and Morrell, there are numerous challenges for designing and 
implementing closed-loop stimulation systems, including (1) determining the appro-
priate physiological markers and the site to detect them using physiological sensors 
that add minimal risk; (2) developing algorithms that detect the markers in real-time 
and require low computational power; and (3) modulating the stimulation in response 
to the detection so that the markers are affected in the clinically desired manner 
[ 112 ]. With regard to the occurrence of neuropsychiatric symptoms, the appropriate 
physiological markers are yet to be defi ned, but progress in closed-loop systems for 
epilepsy offer possibilities. For example, the AspireSR system (Cyberonics, Inc.) 
is a closed-loop VNS system in which algorithmic-based detection of ictal heart 
rate changes triggers VNS [ 117 ]. It is conceivable, therefore, that heart rate changes 
which characteristically accompany neuropsychiatric symptoms such as anxiety 
could trigger a stimulation modality. Likewise, if characteristic changes in scalp or 
cortical EEG were shown to be associated with the occurrence of particular neuro-
psychiatric symptoms, then open- or closed-loop stimulation could become a consid-
eration. With regard to implanted systems, the ideal scenario would be to stimulate a 
single site that effectively treats both seizures and neuropsychiatric symptoms in the 
same patient, such as the nucleus accumbens in a PWE who has OCD. 

 Neuropsychiatric symptoms are common, under-recognized, and undertreated in 
PWE, and have a profound impact on quality of life. Effective, safe, and well- 
tolerated treatments are urgently needed for patients whose neuropsychiatric symp-
toms do not respond to pharmacological or behavioral therapies. In this context, the 
role of stimulation techniques is only beginning to be understood and their potential 
application to the amelioration of neuropsychiatric symptoms in PWE should be 
actively pursued.     
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