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The field of epilepsy is broadening as the goal of therapy 
expands from seizure control to minimizing the full range 
of epilepsy’s negative medical and psychosocial conse-
quences. Accordingly, in addition to determining seizure 
type and epilepsy syndrome and selecting appropriate 
antiseizure therapies, clinicians are increasingly taking 
the behavioral aspects of epilepsy into consideration in 
their evaluation and treatment of patients.

In recent years, psychiatric disorders have perhaps 
received the most attention among epilepsy-related behav-
ioral conditions. Behavioral Aspects of Epilepsy: Principles 
and Practice builds on this widely recognized and studied 
group of comorbidities to encompass the complementary 
findings and insights of behavioral scientists from allied 
fields such as neuropsychiatry, neuropsychology, psychol-
ogy, social science, and cognitive neuroscience.

This volume begins with the work of animal experi-
mentalists and neurophysiologists. Their topics include the 
assessment of behavior in animal models of epilepsy, effects 
of environmental and social factors on the expression of sei-
zures, animal models of mood disorders, cognitive and affec-

Preface

tive associations of seizures in young and mature  animals, 
and neurophysiologic mechanisms underlying epilepsy and 
related behaviors.

Subsequent chapters highlight clinical topics across 
the age spectrum, including seizure-related behaviors, 
neuropsychologic function, interictal behavioral disor-
ders, and effects of seizure therapies and epilepsy surgery 
on mood and cognition. The final section explores other 
disorders associated with epilepsy that have behavioral 
features, such as nonepileptic events, autism, and atten-
tion deficit disorder.

The editors and contributors have organized the 
topics in Behavioral Aspects of Epilepsy: Principles and 
Practice to emphasize the importance and interrelatedness 
of multiple perspectives from the laboratory to the clinic 
in understanding the behavioral aspects of epilepsy and 
translating research findings into clinical practice. We hope 
this integrative approach will bring us closer to the day that 
health care professionals can help their patients successfully 
overcome all of the debilitating consequences of epilepsy, 
thereby enabling them to achieve their full potential.

Steven C. Schachter
Gregory L. Holmes

Dorothée G.A. Kasteleijn-Nolst Trenité
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Behavior-Seizure 
Correlates in Animal 
Models of Epilepsy

n-depth characterization and 
refinement of animal behavioral 
models of seizure susceptibility 
and reactivity have been identi-

fied as a pressing requirement for current and future 
research on epilepsy (1). These initiatives are pay-
ing dividends, judging by the recent publication of a 
behavioral assessment scale for seizure-prone rodents 
in a leading manual of core techniques for the neuro-
scientist (2). Perhaps the greatest utility for research 
related to assessment of seizure-related behaviors in 
animals is the potential yield of noninvasive tools for 
detecting subtle anomalies that precede and predict 
ictogenesis and epileptogenesis. For instance, the neu-
robiological basis for seizures cannot yet be studied 
ethically in human patients, and the examination of 
postictal behaviors in epileptic patients is complicated 
by preexisting secondary neuropathologies that arise as 
a result of prior seizure activity. In one possible solu-
tion to this quandry, Stafstrom identifies behavioral 
modeling in animals as a workable means of making 
the critical distinction between factors involved in the 
etiology of seizures as opposed to those arising as a con-
sequence of prior seizures (3). A concrete goal would 
be to advance a particular behavioral test, or battery 
of such tests, capable of discriminating among various 

Stephen C. Heinrichs

types of seizure disorders in the absence of electroen-
cephalographic measures. For example, specific utility 
of such a behavioral test battery has been achieved using 
spatial, learning, locomotor, and social interaction tests 
to assess the long-term behavioral and cognitive effects 
of seizures on the developing brain (3).

A wealth of animal models is available for the 
study of epilepsy. These models have proven utility 
in advancing the understanding of basic mechanisms 
underlying epileptogenesis and have been instrumen-
tal in the screening of novel antiepileptic drugs (4). A 
review by Sarkisian (4) addresses criteria that should 
be met in a valid animal model of human epilepsy 
and provides an overview of current animal model 
characteristics that are relevant to human epilepsy 
symptoms. While most human disorders are without 
any animal model, those models that are clinically 
relevant have strengths and weaknesses. One weak-
ness of animal models is that behavioral manifesta-
tions of different animal models can differ and may 
not at all resemble the behavior of an individual with 
epilepsy (4). The goal of the present chapter is thus 
to present, in abbreviated fashion, the latest advances 
in assessment of behavior-seizure correlates in animal 
models of epilepsy while integrating preclinical and 
clinical perspectives.

1

I



I • ANIMAL MODELS4

BEHAVIORAL ASSAYS RELEVANT FOR 
RODENT SEIZURE MODELS

Reflexive and Motor Functions

In epilepsy research a principal aim is to ensure that 
motor, sensory, or reflexive alterations do not explain 
performance differences during behavioral or cognitive 
testing (3). Assessment of early developmental sensorimo-
tor norms as well as juvenile/adult motor capabilities 
relevant for seizure susceptibility is therefore critically 
important. When the unborn organism is exposed to 
potential pathogens during gestation, monitoring of these 
same developmental endpoints in offspring can be termed 
“behavioral teratology.” One advantage for the epilepsy 
investigator of applying developmental measures in a pre-
disposition (genetic or otherwise) model of epilepsy is that 
the postnatal period of time over which data are collected 
represents the earliest phase of postpartum ontogeny in 
seizure-prone animals.

Measurement of Developmental Norms. Developmental 
test batteries have been used to examine morphological 
and behavioral ontogeny in inbred and mutant mice or 
following prenatal exposure to traumatic stimuli. For 
example, reflexive surface righting, forelimb-grasping reflex, 
and negative geotaxis assessments can be employed as 
very nonspecific markers of neurologic dysfunction 
impacting proprioception, visual acuity/muscle strength, 
and goal-directed locomotion, respectively (5). For exam-
ple, seizure-susceptible EL mice exhibit delayed surface 
righting (transitioning from supine to prone positions) 
on postnatal days 3–7 and delayed negative geotaxis 
(crawling against the force of gravity) on postnatal days 
5–9 relative to non-seizure-susceptible control mice (5). 
It is also important to note that testing procedures imple-
mented during this early postpartum period that disturb 
maternal/pup interactions can have a lifelong and even 
transgenerational impact on adult phenotype (6) and 
should be instituted cautiously.

Locomotor and Circadian Rhythm Measures. Locomo-
tor activity is used to assess the neural bases of arousal 
and circadian rhythm as a dependent measure with 
considerable clinical validity. The study of locomotor 
activity in rodents does not involve learning or condi-
tioning required for other behavioral tasks and is often 
used as an initial screen when describing a behavioral 
phenotype (7). Photobeam grid, observation checklist, 
and radiotelemetry-dependent measures of activity can 
determine spatial position very precisely, monitoring 
the animal as it rests, runs, walk, rears, or performs 
stereotyped behaviors. More than any other single 
behavioral dependent measure described in the present 
chapter, locomotor activity represents a single, seminal 

output system in the rodent that is likely influenced by 
a host of separate afferent and motivational systems. 
An important implication of this statement is that long-
term, circadian locomotor measures are perhaps more 
sensitive than any other single behavioral endpoint to 
neurologic changes accompanying the various forms of 
epilepsy. Moreover, animal models of neurologic disor-
ders and mental illness are increasingly reliant on such 
simple and fundamental “endophenotypic” measures 
in making substantive progress on questions of etiology 
and pharmacotherapeutic efficacy.

Basic activity monitoring has high utility for distin-
guishing seizure-prone from control strains of mice. For 
example, locomotor hyperactivity has been reported in 
adult, seizure-susceptible EL mice. Moreover, evidence 
suggests that epileptic seizures are modulated by the 
circadian timing system as revealed by locomotor out-
put. For example, daily rhythms of spontaneous loco-
motor activity in rats were studied before and after an 
episode of pilocarpine-induced convulsive status epi-
lepticus. Although both chronic epileptic and control 
groups displayed near-24-hour activity patterns under 
light-dark conditions, significant delays in phase tran-
sition were observed after spontaneous seizures had 
developed. The phase delay was positively correlated 
with seizure history and was likely the result of post-
ictal hyperactivity associated with seizures during the 
normal rest period. In the absence of damage to brain 
areas directly involved with the regulation of behavioral 
rhythms, chronic seizure activity presumably alters the 
timing of activity patterns through an endogenous, non-
light-sensitive mechanism. One additional experiment 
used a kindled animal model of epilepsy to investigate 
whether seizures could be a cause of the hyperactiv-
ity sometimes associated with brain hyperexcitability. 
Twenty-four hours after a seizure, kindled rats indeed 
displayed a greater level of exploratory behavior than 
did the controls. These preclinical results are consis-
tent with the suggestion that the hyperactivity seen in 
some children with epilepsy may also result from recent 
seizure activity.

Lasting Impact of Past Experience

Human epilepsy and seizure management using anti-
epileptic drugs are often accompanied by some degree 
of cognitive decline, typically expressed as learning or 
memory deficits. Cognitive deficits have developmental
significance in diagnosing seizure susceptibility, are 
relevant for seizure prognosis, and likely reveal much 
about hippocampal brain mechanisms that underlie 
seizure susceptibility (3). Similarly, certain anticonvul-
sant drugs are distinguished by their ability to suppress 
seizure incidence or severity without exerting learning- 
and memory-related side effects.
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Assessment of Learning/Memory Capacity. Rats bred 
selectively for differences in amygdala excitability, mani-
fested by “fast” or “slow” kindling epileptogenesis, dis-
play several comorbid features related to learning and 
memory performance. Regardless of whether the loca-
tion of the platform was fixed or varied over days, the 
fast-kindling rats displayed inferior performance in the 
Morris water maze test, suggesting both working and 
reference memory impairments. This finding is consistent 
with the report that rats with status epilepticus perform 
significantly worse in the water maze than control rats 
at all time points. Furthermore, when the position of the 
platform was altered after the response was acquired, 
fast-kindling rats were more persistent in emitting the 
previously acquired response. The poor performance 
of fast-kindling rats was also evident in both cued and 
uncued tasks, indicating that their disturbed learning was 
not simply a reflection of a spatial deficit. Moreover, fast-
kindling rats could be easily distracted by irrelevant cues, 
suggesting that these animals suffered from an attentional 
disturbance. These results suggest that the performance 
disturbance in fast-kindling rats may reflect difficulties 
in forming a conceptual framework under conditions 
involving some degree of ambiguity, as well as greater 
distractibility by irrelevant cues. Nonassociative memory 
deficits are also characteristic of the seizure-susceptible 
EL mouse (5). Clinical evidence for comorbidity of sei-
zure and learning disorders is consistent with findings in 
animal models of epilepsy, since children with epilepsy, 
as a group, have a greater risk for developing learning 
problems as comorbid disorders.

Tests of Affiliative Behavior. Alterations in sexual receptiv-
ity, both hypo- and hypersexuality, and aggression have been 
reported in animal models of epilepsy. For example, inves-
tigation of mating behavior on the first night of proestrus, 
corresponding to the height of female sexual receptivity in 
rodents, revealed fewer mounts, intromissions, or ejaculations 
from the untreated males that were caged with previously
epileptic females (8). Similarly, one notable characteristic 
of seizure-prone rodents is the potential for enhanced intra- 
and interspecies aggression. One set of experiments reported 
abnormal behavior in rats with a chronic epileptiform syn-
drome induced by the injection of tetanus toxin bilaterally 
into the hippocampus. The abnormal behavior included 
hyperreactivity to a novel environment, intermittent aggres-
sion on handling, and abnormally passive response to a 
strange rat introduced into the home cage. The intermit-
tent aggressive behaviors can be so extreme as to require 
one group of investigators to employ chain-mail “raptor 
gloves” for protection against biting injuries when handling 
rats treated previously with an excitotoxin (2). Consistent 
with these findings from the animal literature, behavioral 
alterations associated with epilepsy in some patients include 
changes in sexual behavior and aggressivity.

One critical form of social contact among mam-
mals with epilepsy is the interaction between mother and 
offspring. In particular, familial distributions of epilepsy 
reflect a higher risk for offspring of affected women, 
compared to the risk for offspring of affected male par-
ents. There are also examples in the clinical literature of 
significant associations between family stress and seizure 
intensity in predicting behavior problems. One possible 
mechanism for generational transmission of an adult 
seizure phenotype is the quality of parenting provided to 
developing offspring. In particular, the quality of maternal 
behavior has been implicated as an environmental deter-
minant in rodent neurochemical and behavioral develop-
ment. For example, evaluation of parental investment in 
seizure-susceptible EL mice using a novel apparatus for 
passive observation of undisturbed mice revealed that EL 
dams were slower than controls to initiate pup retrieval 
and spent less time nursing/crouching over pups (5). 
The results also suggested that EL mothers exhibit an 
overabundance of motor activities that compete with 
crouching/nursing and retrieval behaviors required for 
viability of the litter (Figure 1-1). Maternal care appears 
to be relevant for cognitive deficits and neuropathology
accompanying recurrent seizures in rodents, as these 
indices of impairment are worsened by a prior history 
of maternal deprivation.

Reactivity to Reinforcing and Aversive Stimuli

Interesting parallels arise between irregularities in eating 
behavior, such as food aversion, and seizure-related neu-
rologic disorders, including autism and Rett syndrome. 
There is an increased but variable risk of epilepsy in 
autism, reflected by common factors including genetic 
susceptibility, epileptiform electroencephalograms, and 
behavioral symptoms such as cognitive impairment 
and developmental delay. In support of the association 
between clinical autism and food consumption, one study 
of eating behaviors in children with and without autism, 
using a questionnaire pertaining to food refusal and 
acceptance patterns, indicated that children with autism 
have significantly more feeding problems and eat a sig-
nificantly narrower range of foods than children without 
autism. Similarly, a comprehensive study of nutrition and 
eating behavior revealed that patients with Rett syndrome 
exhibit lower body weights, more gastrointestinal symp-
toms interfering with eating, less self-feeding, and lower 
texture tolerance for chewy and crunchy foods compared 
with a developmental disability comparison group. While 
autism and Rett syndrome do not reflect major diagnos-
tic categories among the spectrum of epilepsy disorders, 
detection of comorbid anomalies in such a basic and 
ubiquitous vegetative function as food intake regulation 
provides an impetus for monitoring ingestive behaviors 
in future epilepsy research.
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Quantification of Appetite and Food Intake. Adult rodents 
in the laboratory consume discrete meals regularly over 
the course of the circadian cycle, and the meal size is pro-
portional to meal frequency. Food intake measures may 
be a particularly attractive means of studying bioenergetic 
substrates such as plasma glucose as potential covariates 
for seizure-susceptibility. This is especially true since basic 
aspects of feeding behavior, including carbohydrate intake, 
are relevant for anticonvulsant efficacy of the ketogenic 
diet. For example, seizure management techniques, such 
as ketogenic diet exposure, that fundamentally alter brain 
energy homeostasis (9) would likely alter glucose or sac-
charine taste thresholds or preference if these psychometric 
measures of palatability were measured. Taken together, 
these considerations suggest that there is some functional 
overlap in brain systems regulating feeding behaviors, bio-
energetics, and seizure susceptibility.

A more practical means of obtaining a better under-
standing of potential causal relationships between energy 
balance regulation on the one hand and seizure-related 
disorders on the other would be to predict efficacy of 
anticonvulsant drugs using measures of body weight 
or food intake. For example, there is evidence that the 
antiepileptic drug topiramate, designed originally as an 
oral hypoglycemic and approved subsequently as an 
anticonvulsant, is effective in producing weight loss suf-
ficient to treat binge eating disorder, bulimia nervosa, 

and obesity. Topiramate is also reported to be effective 
in seizure reduction among patients with refractory focal 
epilepsy. Similarly, Rett syndrome patients show improve-
ment in seizure control on topiramate. Moreover, patients 
receiving topiramate pharmacotherapy for a variety of 
neurologic disorders experience anorexia, body weight 
loss, and a reduction in body mass index (a coarse mea-
sure of adiposity). These intake and weight control char-
acteristics of topiramate efficacy may promote long-term 
adherence to treatment among psychiatric patients. A 
compelling possibility is that negative energy balance 
manifesting a beneficial change in brain energy metabo-
lism is one of the direct mechanism by which drugs such 
as topiramate exert seizure control.

Measures of Arousal and Emotionality. The finding of 
increased anxiogenic-like behavior in animal models of 
epilepsy appears to be highly reproducible. One represen-
tative study investigated the effects of amygdala kindling 
in Wistar rats on behavior in the elevated plus maze test 
of anxiety (10). It was found that kindling to stage five 
seizures increased anxiogenic-like responses in the plus 
maze for at least a week following the last seizure. Long-
term amygdala kindling in rats resulted in large and 
reliable increases in affective behavior that model the 
interictal emotionality often observed in patients with 
temporal lobe epilepsy. The results suggest that neural 

FIGURE 1-1

This panel of photos exhibits (top left) characteristics of the ictal phase of seizures in EL mice including Straub Tail, (right) the 
handling-induced seizure susceptibility procedure used as a seizure trigger in EL mice, and (bottom left) an example of post-
partum biparental care in a home cage litter of EL pups.
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changes underlying the genesis of interictal emotional-
ity may be related closely to those mediating epilepto-
genesis itself. Another study evaluated the exploratory 
activity of an inbred rat strain derived from progenitors 
that have been selected for audiogenic seizure suscep-
tibility. The exploratory activity of audiogenic seizure-
susceptible and -resistant rats was measured using the 
open field and the elevated plus maze models of anxiety. 
Susceptible animals displayed a reduced exploration in 
both the open field (reduced total distance moved) and 
the elevated plus maze (reduced number of enclosed-arm 
entries). Therefore, available results indicate that seizure 
predisposition or history confers caution and behavioral 
restraint when faced with a novel environment. Not 
surprisingly, hyperemotionality is thought to underlie 
the majority of behavioral problems in some individu-
als with temporal lobe epilepsy and animal models of 
temporal lobe epilepsy.

CONCLUSIONS

Several animal models of seizure disorders have contrib-
uted greatly to the understanding of physiology, neuro-
nal mechanisms, and behavioral changes associated with 
human epilepsy (4). However, most human conditions 
do not have well-characterized animal models, although 
select characteristics of animal models are analogous to 
diagnostic criteria for human epilepsy (1). One animal 
model characteristic that is analogous to clinical symp-
toms of epilepsy is the appearance of observable behav-
ioral signs, which are often quite distinctive and exhibit 
face validity. For example, automatisms are de novo 
behaviors involving involuntary, repetitive, and meaning-
less movements of the face, limbs, and trunk that appear 
in seizure-prone organisms and can be quantified by a 
trained clinical observer or in animals using stereotypy 
rating scales. Similarly, the frequent and robust appear-
ance of frank emotionality and disturbance of social 
interactions in both rodent models of seizure disorders 
and human epilepsy suggests that there are common, 
cross-species functional consequences of the neurologic 
hyperexcitability characteristic of epilepsy. Thus, the 
thesis presented earlier in this chapter that behavioral 
endpoints represent a kind of “meta-variable” with util-
ity for achieving a more general understanding of seizure 
mechanisms, as opposed to an understanding based upon 
idiosyncratic features of specific seizure induction models, 
is supported by the available data.

Very few studies have quantified functional changes 
just prior to seizure onset in the case of ictogenesis or 
prior to the first lifetime seizure in the case of epileptogen-
esis, and this unexplored niche represents an opportunity 
for future research in the area of behavioral phenotyp-
ing. For example, auras that precede focal seizures in a 

clinical population have been given particular empha-
sis in order to localize the point of seizure origin in the 
brain, but subjective aura reports have no animal model 
counterpart. Long-term, automated behavioral depen-
dent measures could be devised to detect some deviation 
in animal models of epilepsy that occurs at a preseizure 
latency synchronized with the occurrence of auras in a 
clinical population. For example, one study documented 
a decrease in expression of glial and neuronal glutamate 
transporters observed prior to the onset of epileptic sei-
zures in cortex and thalamus of GAERS rats—an animal 
model of absence epilepsy. The findings suggest an impair-
ment in maturation of the glutamatergic thalamocorti-
cal network, which may contribute to the establishment 
of epileptic circuitry. This hypothesis could perhaps be 
tested noninvasively by probing the ability of GAERS rats 
to perform behavioral functions, such as motor learning 
or attentional tasks, for which thalamocortical glutamate 
pathways are known to be critical. Finally, prodromes are 
long-lasting changes of disposition in humans in the form 
of anxiety, irritability, withdrawal, and other emotional 
aberrations that indicate a forthcoming seizure. In dogs, 
the most common prodromal sign described is motor rest-
lessness. Perhaps the results from a battery of behavioral 
tests could be subjected to multiple regression analysis 
in order to devise a prodromal fingerprint for impending 
seizure occurrence in rodent models of epilepsy.

Available evidence suggests that anxiogenic-like 
reactions observed using classical tests of anxiety may 
be controlled by different neurobiological substrates 
than control those that govern defensive/social behav-
iors. Thus, implementation of a single animal model 
of anxiety as a means of assessing emotionality has 
a higher risk of producing misleading results than a 
phenotyping/characterization strategy, such as one 
possible algorithm (Figure 1-2) that employs multi-
factorial and convergent exploratory and social end-
points. The epilepsy researcher is therefore encouraged 
to employ as many convergent dependent measures of 
a particular construct of interest as available time and 
resources allow; adoption of a multifactorial approach 
is an excellent way to avoid “pitfalls” alluded to at the 
beginning of this chapter.

Even a concerted behavioral phenotyping effort 
incorporating the present methodical approach may 
reflect inherent limitations in sensitivity or precision of 
available tools. For example, one clinically relevant dis-
tinction between simple (without loss of consciousness)
and complex (including loss of consciousness) partial 
seizures may be entirely beyond the reach of the ani-
mal model endpoints. In animals, signs of confusion or 
difficulties in recognizing familiar objects may be mis-
interpreted as signs of impaired consciousness. Rather 
than attempting to identify animal characteristics that are 
analogous to human target behaviors, the most fruitful



FIGURE 1-2

Behavioral phenotyping/characterization algorithm. Four branches of one possible strategy for characterizing the learning/memory, 
reflexive/sensory impairment, emotionality, and arousal characteristics of rodents. A learning/memory test battery is implemented once 
animals are found to develop normal reflexes or sensory capabilities. Reflexive/sensory impairment is present in the event that early 
postnatal developmental delays persist in the mature animal. A determination of emotionality can be made in the absence of overt altera-
tions in home cage locomotor activity or in the event of altered locomotor activity following positive results in an activity-independent 
social affect test. An arousal profile can be deduced from alterations in motor activity in the absence of efficacy in a social affect test.
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application of behavioral characterization efforts in 
seizure-prone animal models may well be provided by 
a rational approach that is sensitive simultaneously to 
the array of convergent behavioral dependent measures, 
the neural/genetic mechanisms for seizure induction/

maintenance, and the similarities between animal and 
human epilepsies (Figure 1-3). Such an approach can be 
described as flexible, causality–based, and mindful of 
the opportunities for translational research provided by 
the modern tools of behavioral neuroscience.
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Influence of Environment 
and Social Factors in 
Animal Models of 
Epilepsy

Sexual sterilization can be recommended for 
disabling degenerative diseases recognized to 
be hereditary, and epilepsy.

American Neurological 
Association report, 1936 (1)

Whereas deterministic arguments such as the rather 
disturbing statement in the foregoing quotation link 
inherited genes with neurologic disorders, mouse and 
rat models of epilepsy serve as an excellent platform for 
testing the complementary hypothesis that the ontog-
eny of seizure-related disorders is subject to revision 
according to environmental forces to which genetically 
susceptible mice are exposed. Idiopathic epilepsy is 
most often expressed as a multifactorial disorder in 
which more than one gene acts in concert with envi-
ronmental factors to mold the disease phenotype. The 
hypothesis of plasticity in animal models of epilepsy 
exposed to environmental and social manipulations 
will thus be evaluated critically in the present chapter 
while at the same time preclinical and clinical perspec-
tives are integrated.

Stephen C. Heinrichs

THE ROLE OF THE ENVIRONMENT IN 
SEIZURE ONSET

The term environment can be defined as a complex of 
surrounding circumstances, conditions, or influences in 
which an organism lives, modifying and determining its 
life or character. In animal models of epilepsy, environ-
ment is typically manipulated by altering the complexity 
of the home cage, by adjusting nutrition, or by adding 
or removing cagemates; an entire section of this chapter 
on socialization is devoted to this final instance of envi-
ronmental change. For example, one series of studies has 
established the efficacy of adjusting the diversity and com-
plexity of the home cage environment for altering subse-
quent seizure susceptibility (2). Seizure-prone rats were 
first housed from weaning in housing environments either 
without a companion in a standard shoebox cage (nonen-
riched) or in a group of 8–10 rats in a complex enclosure 
(enriched). The enriched environment led to worsening 
of seizure activity, assessed in terms of the proportion 
of rats exhibiting spontaneous spike-wave discharges as 
well as the duration of discharge (2). Moreover, exposure 
to the enriched environment later in life, at 3 months of 
age, also enhanced seizure activity,  suggesting that the 

2
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window of opportunity for environmental modulation 
of seizure activity is quite broad. While it is not possible 
to disentangle the social from the nonsocial components 
of enrichment in these studies, the results nonetheless 
provide evidence of the efficacy of daily living arrange-
ments in altering seizure-related pathology in a genetically 
seizure-susceptible rat model (Figure 2-1).

Conditioned Effects of Seizure Occurrence

Mild periodic electrical stimulation to any one of sev-
eral brain sites leads to the development and progres-
sive intensification of elicited motor seizures. This 
phenomenon, known as kindling, has been studied 
widely, both as a model of epileptogenesis and as a 
form of neuroplasticity, and there has been increasing 
interest in kindling as a model of the interictal (i.e., 
between-seizures) changes in emotionality that accom-
pany certain forms of epilepsy. Despite the extensive 
use of the kindling model, little consideration has been 
given to the role played by the environmental cues 
regularly associated with the delivery of the kindling 
stimulations. However, it has been demonstrated that 
cues associated with the standard kindling protocol 

(e.g., the stimulation environment) produce condi-
tioned effects on both the motor seizures and interictal 
behaviors, such as food avoidance, that are defensive in 
nature. The phenomenon of kindling-induced condition-
ing highlights how arbitrary contextual cues can produce 
a self-perpetuating set of seizure-related behaviors in 
the absence of ongoing seizure activity. One alarming 
possibility consistent with this finding is that increased 
seizure susceptibility could be induced as a conditioned 
response to the approach of a white-coated investiga-
tor, as first demonstrated by Pavlov using a salivation 
response in dogs, if some subsequent action of the inves-
tigator leads reliably to seizure onset.

Another conditioned effect of seizures is the 
increased likelihood of recurrent seizures arising as a 
facilitative consequence of seizure history (3). The con-
ditioned nature of this plasticity is evident in that every 
episode is to some extent an effect of preceding ones and 
a cause of subsequent ones. Proposed mechanisms for 
such seizure facilitation include loss in inhibitory neuro-
transmission via hippocampal pathology. Thus, the aims 
of any laboratory study examining the efficacy of causal 
environmental factors in seizure induction are perhaps 
best served by minimizing the number of prior seizures 

FIGURE 2-1

Seizure frequency in handled EL mice (control) as compared to EL mice exposed to a variety of environmental or social manipu-
lations. The environmental manipulations that all decreased seizure frequency were (1) providing hyperosmotic saline as the 
only drinking fluid, (2) eliminating developmental contact with humans, (3) adulteration of the chow diet with fluoxetine, and 
(4) enriching the postweaning home cage environment. The social manipulations that modulated seizure frequency biphasically 
were (1) maternal cross-fostering and (2) supplemental paternal care. Values reflect percent of respective untreated control 
groups; the latter are exhibited at 100% seizure frequency in order to compare results drawn from six separate studies from 
our laboratory.
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in experimental animals or, alternatively, employing a 
time-to-first-seizure-dependent measure to remove this 
potential confound (4).

Adverse Consequences of 
Human-Animal Interaction

In performing behavioral characterization work, the 
testing apparatus, the experimental room, and the 
experimenters themselves are significant environmen-
tal variables that can impact the functional dependent 
measures. For instance, one complication of functional 
dependent measures relates to the idiosyncratic behav-
ioral phenotype characteristic of a particular laboratory 
(5). In an eye-opening set of studies, mouse exploratory 
behaviors were found to differ significantly according to 
the laboratory in which the test was performed in spite of 
rigorous standardization of apparatus, test protocol, and 
environmental variables (5). Validation and application 
of a phenotyping battery for rodents can guard against 
errors in interpretation produced by uncontrolled sources 
of variance by providing multiple convergent measures 
of behavior. Similarly, innovative automated-home-cage 
approaches have been proposed for advancing mouse 
phenomics into the information age.

Stimulation-Induced Seizures. Perhaps the most convincing 
demonstration that noninvasive laboratory interventions 
are capable of modifying seizure phenotype is provided 
by the phenomenon of audiogenic seizure induction in 
nonsusceptible rodents (6). Rodents are typically exposed 
to loud (120 dB), high-frequency (12 kHz) pure tones in 
a closed environment for the purpose of inducing convul-
sions. Audiogenic seizures are induced in animal strains 
that are susceptible to epilepsy, although seizure-resistant 
strains of both rat and mouse can also be induced to seize 
with sufficiently intense or prolonged auditory stimula-
tion. For instance, mice not susceptible to audiogenic sei-
zures on initial exposure to an acoustic stimulus (priming) 
exhibit audiogenic seizures upon subsequent exposure to 
the acoustic stimulus as a function of age at priming and 
the prime-to-test interval in days. The ability of sensory
overstimulation to induce seizures appears to be a gen-
eral comparative phenomenon, since bangsenseless and 
slam-dance epileptic mutant flies respond with earlier and 
more pronounced postictal paralysis following mechani-
cal shock relative to wild-type flies, and this behavioral 
feature can be attenuated by administration of antiepi-
leptic drugs.

Impact of Animal Handling by Human Investigators. The 
term handling can be defined for the purposes of the 
present chapter as any noninvasive manipulation that is 
part of routine husbandry, including lifting an animal by 
the tail, cage cleaning, or moving an animal’s cage. One 

comprehensive meta-analysis documented that handling 
procedures induce multifaceted physiologic and endo-
crine stress responses regardless of the skill with which 
they are performed (7). The consequences of handling 
are judged to be noxious and substantial, based upon 
the fact that the activation state induced in the rodent 
can persist for hours. While functional measures of emo-
tionality are well suited to detecting affective responses 
to routine handling procedures, such measures are only 
infrequently collected. Thus, adverse consequences of 
human/animal contact on dependent-measure variabil-
ity or animal welfare are a necessary evil of laboratory 
animal science, unless rodents can be conditioned as juve-
niles to accept the touch of a human hand (7) or contact 
can be minimized or eliminated.

The role of human/animal interactions in seizure 
induction can be illustrated effectively in the case of 
seizure-prone EL mice. Todorova and colleagues moni-
tored a group of EL mice for seven days using 24-hour 
video surveillance and observed no evidence of sponta-
neous seizures or other behavioral abnormalities (3). In 
contrast, at the conclusion of the surveillance period, 
each mouse seized when picked up by the tail and moved 
from the observation cage to a cage with fresh bed-
ding. These findings suggest that spontaneous seizures 
do not occur in EL mice and instead that environmen-
tal stimulation is necessary for seizure induction. Simi-
larly, in GAD65 knockout mice, which lack the ability 
to synthesize gamma-aminobutyric acid (GABA) and 
exhibit deficiencies of this inhibitory neurotransmitter 
in cortex, cerebellum, and hippocampus, seizures can be 
induced by exposure to mild stressors such as brief con-
finement in a transparent acrylic plastic restraint tube 
or removal of the home cage lid for routine handling. 
Accordingly, a modified shoebox cage apparatus and a 
no-handling husbandry procedure have obvious utility 
both for examining the significance of human contact 
during rodent development and for behavioral pheno-
typing of undisturbed seizure-prone mice (8). A simple 
modified-cage husbandry and testing procedure allows 
mice to be born, be reared, and mature without the 
known short-term and permanent changes in behavior 
and neurobiology resulting from human contact and/or 
maternal separation.

The prediction that seizure-prone EL mice would 
be hypersensitive to human handling is supported by 
physiologic dependent measures. In particular, heart rate 
is elevated significantly in young EL mice by a tail sus-
pension procedure involving exposure to an ordinarily 
innocuous and routine stimulus that did not impact heart 
rate in control mice 15 minutes following stressor onset. 
These results suggest that genetic and environmental risk 
factors establish a mechanism for overreaction to a tail 
suspension stressor that is capable ultimately of inducing 
seizure activity in mature EL mice (3). Indeed, the neural 
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substrates for preictal tachycardia are currently being 
investigated as potential trigger zones for seizure onset. 
Together with the elevated core body temperature and 
increased overall activity exhibited throughout testing 
in EL mice relative to controls, it is clear that EL mice 
are faced with significant allostatic demands in which 
both physiologic and behavioral setpoints have been 
adjusted away from the normal homeostatic range. In 
this context, the tail suspension handling stressor can be 
thought of as a releasing stimulus rather than an induc-
ing stimulus for seizure onset in EL mice (Figure 2-2).

The significant impact of human/animal contact on 
the phenotype of the seizure-prone mouse just described 
allows some clear recommendations regarding colony 
maintenance and experimental procedures. Firstly, it 
is important to know which personnel are handling 
experimental animals and what manipulations are being 
employed. If husbandry is performed by animal vivarium 
staff using flat-bottom caging, then the procedure used 
to transfer animals from cage to cage and the frequency 
of this manipulation should be reported. Moreover, the 
investigators may wish to specify for vivarium staff the 

mechanism of cage transfer because the commonly used 
tail suspension procedure, for example, could well pro-
duce a sensitized response to this form of tactile stimula-
tion over time, as is the case with the seizure-prone EL 
mouse (3). Finally, the distress of a systemic injection 
procedure itself induces anxiogenic-like behavioral effects 
in both kindled and control rats. Thus, it may be judi-
cious to limit unnecessary experimental procedures such 
as handling for drug administration when other routes 
of hands-free administration are available (e.g., per os 
via adulteration of food or water). The most alarming 
form of investigator-induced variance in experimental 
outcome is one in which a latent change in results is 
induced unbeknownst to the investigator by implementa-
tion of within-subjects procedures. For example, the per-
formance of wild-type mice on rotarod and emotionality 
tests can be altered unintentionally when mice are used 
previously for other experimental purposes. One way to 
address this concern constructively is to perform a desired 
sequence of tests using both within-subjects (same mice 
tested sequentially) and between-subjects (different mice 
tested at each time point) designs in an initial validation 

FIGURE 2-2

Schematic diagram of rat brain activity during ictogenesis in which the rat detects a seizure trigger stimulus that drives brain
activation to a high level that is suprathreshold for seizure induction. Efferent responses to threat could include seizures and
seizure-related behaviors, hypophysiotropic release of adrenocorticotropin (ACTH), amygdalo-medullary increases in heart 
rate, septo-hippocampal avoidance learning, and septo-amygdalar emotionality. Black dots reflect the distribution of 
corticotropin-releasing factor (CRF) neurons; the thesis that stress neuropeptide systems in the brain are agents for devel-
opmental epileptogenesis is developed in more detail elsewhere (9). The present stress diathesis hypothesis is described 
more thoroughly in a previously published review (8).
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experiment in order to shed light on potential latent car-
ryover effects.

THE ROLE OF SOCIAL INTERACTION IN 
SEIZURE ONSET

The interactive influences of biology and environment 
on seizure susceptibility in rodents as described in the 
preceding section can certainly be exerted in an isolated 
organism. However, a more naturalistic and necessarily 
more complex view of risk, etiology, and maintenance 
of seizures should consider the impact of conspecific 
interactions of individual seizure-susceptible organisms 
with other organisms in a social context. Indeed, the first 
such interaction between mother and offspring in the 
ontogeny of altricial rodent species represents a “criti-
cal period” for the patterning of adult characteristics, 
including reactivity to stressors, brain neurobiology, 
and the quality of parental care provided to the next 
generation. Similarly, affiliative events such as mating, 
pair bonding, and dominance hierarchy formation can 
be viewed as critical adaptive skills for rodent species 
living in a social context.

Preclinical evidence suggests an inverse relation-
ship between social interaction and seizure susceptibil-
ity. For example, seizure-susceptible EL dams exhibit 
social withdrawal and neglect in caring for offspring, 
and an increase in the quality of dam-pup social interac-
tion by cross-fostering attenuates seizure susceptibility 
(8). Similarly, juvenile recognition, an innate form of 
short-term social working memory, is also reported to be 
deficient in seizure-susceptible EL mice of both genders. 
Consistent with these findings from the animal litera-
ture, changes in sexuality and aggressivity associated 
with human epilepsy provide evidence of strained inter-
personal relations. A second rationale for suspecting 
that an inverse relationship exists between social status 
and seizure outcome is the ability of stressor exposure to 
modulate these states in opposing directions. In organ-
isms with a predisposition for epilepsy, early-life stress 
and traumatic events are associated with an increase in 
occurrence of seizures. Both the development of the dis-
order and the repeated occurrence of seizures are facili-
tated by environmental stressors (9). The co-occurrence 
of social deficits, seizure susceptibility, and altered stress 
reactivity implicates the proconvulsive neuromodulator 
corticotropin-releasing factor (CRF), which acts as an 
anxiogenic agent in brain to suppress social interac-
tion (Figure 2-2). In addition, CRF receptor antagonists 
exert complementary prosocial and seizure-protective 
actions. Thus, available evidence suggests that normal 
social interaction is impaired in seizure-prone organ-
isms and that centrally mediated stress-coping responses 

may modulate the severity of these psychosocial and 
neurologic deficits.

Nongenomic Maternal Transmission

One critical form of social contact among mammals with 
epilepsy is the interaction between mother and offspring. 
In particular, population studies of epilepsy demonstrate 
a higher risk of epilepsy in offspring of affected women, 
as compared to the risk for offspring of affected men. 
One possible mechanism for the so-called nongenomic 
transmission (i.e., heritability not determined by genes 
alone) of an adult seizure-prone/hyperactive phenotype is 
the quality of parenting provided to developing offspring. 
In particular, the quality of maternal behavior has been 
implicated as an environmental determinant in rodent 
neurochemical and behavioral development. For example, 
offspring of mothers that exhibit relatively less vigorous 
maternal behavior mature with a high-emotionality, stress-
hyperreactive phenotype, whereas the opposite result is 
produced in offspring reared by more vigilant mothers. 
Cross-fostering of offspring results in mature adults with 
maternal and anxiety-related behavioral characteristics 
of the foster mother, essentially trumping the relevant 
characteristics of the biological mother.

Considering the significance of mother-infant inter-
actions in molding the behavioral phenotype of offspring, 
one testable hypothesis is that seizure-susceptible EL mice 
would suffer adult hyperexcitability as a result of dif-
ferential maternal behavior provided by EL mothers. In 
support of this hypothesis, EL dams exhibit deficits in 
maternal behavior, including longer latencies to retrieve 
pups and decreased time spent crouching/nursing, when 
compared to control dams. It is hypothesized that the 
deficits may result from the locomotor hyperactivity of 
the EL dam, because locomotor activity competes with 
motivated maternal behaviors such as crouching or nurs-
ing and pup retrieval. Studies also reveal a striking disso-
ciation in EL dams between two components of maternal 
behavior: nursing on the one hand and pro-nurturant 
behaviors on the other. EL dams spend less time nursing 
and crouching over pups than control mothers, yet they 
dedicate sufficient effort to build nests of quality equal to 
those of control dams. Maternal behavior of EL females 
is apparently not a coherent constellation of component 
behaviors that all rise or fall together, as could be pre-
dicted from some studies. Note that the relative decline in 
nursing by EL dams predicts high infant mortality, which 
is confirmed by the fact that only about 25% of EL dams 
in a breeding colony raise their litters successfully to the 
age of weaning.

A link between seizures/epilepsy and maternal 
behavior has been established in research using species 
other than the mouse. For instance, one study performed 
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using rats induced seizures, together with postseizure 
multifocal neurotoxicity, by administration of lithium/
pilocarpine 2 months prior to assessment of reproductive 
and maternal capacity. Exposure to these convulsants 
completely abolished maternal behavior, judged using 
crouching, retrieval, and nest quality measures, with-
out altering reproductive capacity or litter size. Clinical 
studies have also examined the extent to which maternal 
behaviors could impact children with epilepsy. Investiga-
tors interested in the psychosocial support systems of 
families affected by childhood epilepsy studied intellectual 
competence of children with epilepsy aged 7–13 years in 
a problem-solving task using an observational technique 
that measured the degree of maternal involvement. The 
results indicated that maternal support for a child’s suc-
cess in a task and the degree of self-reliance produced in 
the child both significantly improved problem-solving 
performance. Taken together, these studies are consistent 
with the notion that the quality of maternal behavior 
is positively correlated with offspring adjustment and 
viability in seizure-prone organisms.

Conspecific Interactions

Behavioral and seizure phenotypes of seizure-susceptible 
mice should also be altered following exposure to mean-
ingful and enduring changes in the nonparental social 
environment. In one experiment, the normal group hous-
ing condition that exists in the litter prior to the age of 
weaning was perpetuated in mice housed in groups of 
three per cage but was interrupted at the time of weaning 
in the case of single housing, a manipulation that could 
also be termed “isolation” housing. The consequence of 
an approximately 10-day period of post-weaning indi-
vidual housing was detected using a locomotor activity 
measure in which group-housed, but not single-housed, 
seizure-susceptible EL mice exhibited significant decreases 
in activity during the final portion of the nocturnal phase 
of the circadian cycle relative to controls (8). Thus, altera-
tion in postweaning social grouping condition alters 
behavioral phenotype in seizure-prone EL mice. Social 
enrichment can also be considered a risk factor for 
seizure susceptibility, to the extent that such enrichment 
is accompanied by persistent increases in motor activity. 
Indeed, social enrichment has been reported to augment 
seizure severity in a genetically susceptible rat model of 
absence epilepsy (2).

The degree to which rodents express an innate affin-
ity to interact with members of their own species has 
been studied using the social interaction test as an animal 
model of emotionality. The degree of socialization is char-
acteristic of a particular animal strain/species and can be 
modulated up and down by exposure to anxiolytic and 
anxiogenic drugs, respectively. A recent study tested the 
hypothesis that seizure-prone EL adults would exhibit 

diminished social investigation of juvenile and adult con-
specifics relative to controls investigating conspecifics of 
their own strain. The hypothesis was supported when 
control mice spent significantly more time in social inves-
tigation than mice of the EL strain. Although it is not 
yet clear whether this decline in investigation among EL 
mice results from blunted affiliative motivation on the one 
hand or to incompatible locomotor hyperactivity effects on 
the other, this result is consistent with the maternal dam/
pup finding that EL mice spend less time interacting with 
conspecifics than do non-seizure-susceptible controls. In 
additional to serving as a marker for seizure susceptibil-
ity in genetic models of epilepsy, diminished sociability 
could lead to deficits in social working memory and poor 
parental investment.

CONCLUSIONS

Findings reviewed in the foregoing sections support 
a diathesis-stress hypothesis (3) in which genetically 
seizure-susceptible rodents exhibit a multifaceted 
hyperreactivity to environmental and social stimuli.
According to this conceptual model, seizures arise 
in organisms subject to both innate vulnerability and 
exposure to a noxious environmental event(s). In 
the EL mouse model of epilepsy, a variety of stress-
protective and augmenting treatments are indeed 
reported to modulate seizure susceptibility (Figure 2-
1). Consistent with this notion, stress is often noted by 
patients as a precipitating factor in seizure induction. 
One retrospective study investigated the influence of a 
forced evacuation on the seizure frequency of patients 
with epilepsy, compared with patients of the same age 
and type of epilepsy living outside the evacuation area 
at the time of a threatening flood. Of 30 evacuees, 
eight exhibited an increase and one a decrease in sei-
zure frequency during or shortly after the evacuation 
period, compared with one and zero control patients, 
respectively. Consistent with these findings, 62% of 
400 patients of a tertiary-care epilepsy center cited at 
least one seizure precipitant. In order of frequency, 
stress (30%), sleep deprivation (18%), sleep (14%), 
fever or illness (14%), and fatigue (13%) were noted by 
at least 10% of patients. These data support the hypoth-
esis that there is a reliably reported relation between 
a stressful life event and seizure frequency. Implicit in 
this argument is the suggestion that stressful stimuli are 
potent stimulants for affective regulatory activation in 
the brain, a conclusion that is certainly supported by 
the present results (Figure 2-2). The affective character 
of seizure triggers is noted metaphorically by Bowman, 
who states that “like old volcanoes, the simmering emo-
tions lay partially dormant until painful life context and 
immediate precipitants jolt them to life” (10).
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The present results guide the rational design of 
animal colony husbandry procedures for investigators 
working with epilepsy models. First, prohibition of 
human tail suspension handling for the purpose of pro-
viding weekly cage change husbandry effectively extends 
for up to 60 days the time to first seizure in dam-reared 
EL mice (Figure 2-1). This is consistent with the known 
sensitivity of EL mice to tail suspension handling, which 
acts to increase seizure frequency and shorten seizure 
latency over the lifetime (3). Second, biparental rearing 
resulted in expression of the handling-induced seizure 
phenotype in EL mice that was latent in mice raised by 

a single dam (Figure 2-1). Phrased in a different way, 
biparental rearing reduced time to first seizure in geneti-
cally susceptible EL mice, consummating the process by 
which a normal brain is converted into a hyperexcitable 
brain (4). Thus, investigators working with environmen-
tal seizure triggers in animal models of genetic seizure 
susceptibility such as the EL or GAD65 mouse strains 
could potentially maximize baseline seizure incidence 
through biparental rearing combined with regular hus-
bandry and minimize baseline seizure incidence through 
single-dam rearing combined with infrequent or alterna-
tive methods of husbandry.
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Animal Models of Mood 
Disorders: Kindling as a 
Model of Affective Illness 
Progression

he classic animal models of depres-
sion or mania typically involve an 
environmental precipitant followed 
by a subacute period of abnormal 

behavior. For example, learned helplessness or depressive-
like behavior in animals can be induced by a series of 
avoidable, mild, foot-shock stressors in which the result-
ing behavioral abnormalities last for a brief period of time 
and then return to normal. Similarly, in the defeat stress 
model of depression, a naïve rodent is subject to attack 
by a resident rodent that viciously protects its territory, 
resulting in short periods of depressive-like behavior in 
the naive animal (1).

Conversely, in animal models of mania using psycho-
motor stimulants, an injection of cocaine or amphetamine 
results in brief periods of increased activity in animals and 
hypomanic-like activity in humans. Interestingly, a repeti-
tion of some stressors will induce increased reactivity (stress 
sensitization) and cross-sensitization to psychomotor stim-
ulants, resulting in increased degrees of motor activation 
compared with naïve animals that have been injected (2).

In this chapter, we focus on different aspects of the 
affective disorders, specifically their tendency to recur 
and progress. Some forms of seizure disorders, par-
ticularly complex partial seizures involving the medial 
temporal lobe structures, can also show this tendency 
for faster recurrence and progression to pharmacoresis-
tance and intractability. In this regard, amygdala-kindled 

Robert M. Post

seizures have been widely considered as a useful model 
for some aspects of complex partial seizure induction and 
progression. We take advantage of these characteristics of 
the animal model of amygdala-kindled seizures to exam-
ine some of the potential mechanisms underlying affective 
illness progression that may be useful in considering the 
differential pathophysiologies of both the recurrent affec-
tive disorders and complex partial seizures, as well as the 
potential development of loss of efficacy (tolerance) to 
previously effective pharmacological interventions (3).

It therefore becomes crucial to emphasize that 
amygdala-kindled seizures are a nonhomologous model of 
mood disorder recurrence, because many of the important 
criteria of a traditionally valid animal model of mood disor-
ders are not met (4). Amygdala-kindled seizures do not model 
mood disorders in their behavioral characteristics or inducing 
factors, nor do they precisely parallel the pharmacothera-
peutic measures that suppress or prevent them. Given this 
lack of direct homology, one must infer that the neurobio-
logical substrates underlying amygdala-kindled seizures and 
the recurrent affective disorders are also dissimilar (5).

With such major disjunctions from a valid or typical 
homologous animal model of mood disorder, one might 
immediately question the potential relevance of such an 
animal model of seizure progression to that of affective 
illness progression. The models are useful in the following 
areas: (1) the progressive development to full-blown episodes; 
(2) regular recurrence; (3) the emergence of spontaneity; and 
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(4) the tendency to develop tolerance to previously effec-
tive medications. In these aspects of episode progression, 
some indirect predictive validity, particularly concerning 
the principles involved in such a progression, may be use-
ful in conceptualizing clinically therapeutic maneuvers. 
The predictive validity of the amygdala-kindling model 
is only indirect, because there is not a direct extrapola-
tion of the effects of the specific medications themselves 
that are therapeutically effective in both amygdala-kindled 
seizures and affective episodes (even though they may both 
involve anticonvulsant drugs).

AMYGDALA-KINDLED SEIZURE 
PROGRESSION AND PARALLELS WITH 

AFFECTIVE ILLNESS RECURRENCE 
AND PROGRESSION

Amygdala-Kindled Seizures

In animals, repeated once-daily stimulation of the amygdala 
with intensities below the amygdala afterdischarge (AD) 
threshold will eventually lower that threshold and result in 
the presence of amygdala ADs. With repeated stimulations, 
these ADs progressively become longer, more complex, and 
more widely distributed throughout a variety of brain struc-
tures, first unilaterally and then bilaterally in limbic struc-
tures and cortex. In association with this AD progression 
is the development of increasing behavioral seizure stages 
in rodents, beginning with behavioral arrest (stage 1), then 
chewing and head-nodding (stage 2), followed by unilateral 
forepaw clonus (stage 3), and finally bilateral seizures with 
rearing and falling (stages 4 and 5) (6, 7).

Following a sufficient number of these stimulation-
induced seizures, full-blown seizures begin to appear spon-
taneously; that is, in the absence of exogenous stimulation 
through the amygdala electrode. Thus, three major phases 
or stages of amygdala-kindled seizure progression are evi-
dent. Phase I is amygdala-kindled seizure development and 
progression from no effect to full-blown seizures. Phase II is 
the mid phase, or repeated expression of completed amyg-
dala-kindled seizures after each amygdala-kindled stimu-
lation. Phase III, the late stage of spontaneity, involves 
seizures in the absence of stimulation.

What is most intriguing about these three separate 
phases of amygdala-kindled evolution is that they each 
have a different pharmacoresponsivity. As illustrated in 
Figure 3-1, some medications, such as the high-potency 
benzodiazepines, valproate, and levetiracetam, all appear 
to be effective in the prevention of both the phase I devel-
opment and phase II completed phases of kindling. In 
contrast, carbamazepine, phenytoin, and lamotrigine are 
examples of drugs that are ineffective in preventing the 
development of amygdala-kindled seizures but are highly 
effective in preventing the full-blown or completed phase 

of amygdala-kindled seizures. Conversely, other drugs 
are effective in preventing the development of amygdala-
kindled seizures but do not suppress those that are fully 
developed, such as the glutamate N-methyl-D-aspartate 
(NMDA) receptor antagonists.

Pinel (8) and others have demonstrated that the late 
(phase III) spontaneous seizures also have a differential 
pharmacoresponsivity compared with the earlier phases. 
In this regard, phenytoin is not effective in preventing 
amygdala-kindled seizure development and is of ambiguous 
potency and utility in the mid phase but is highly effective 
in preventing spontaneous seizures. Conversely, diazepam 
prevents the first two phases but is without effect on spon-
taneous seizures. Thus, the behaviorally similar seizures 
of phases II and III show a marked double dissociation in 
responsivity and further suggest that the underlying neu-
robiological substrates are also quite different.

Affective Episode Recurrence and Progression

Kraepelin (9) made some of the initial observations that 
have now been widely replicated using a variety of mod-
ern methodologies. He observed that successive affective 
episodes tend to recur on average after a shorter interval 
between recurrences, and they progress from being triggered 
by psychosocial stressors to occurring more autonomously 
(in the absence of obvious environmental precipitants). The 
tendency for episodes to recur with increased frequency and 
shorter well intervals, as mirrored in the amygdala-kindling 
process, we have termed episode sensitization.

Stress sensitization involves two components. The first 
component is similar to the initial (phase I) developmental 
stage of kindling, in which psychosocial stressors may be 
inadequate to produce clinical manifestations of affective 
illness but, with increasing stressor recurrence, may be suf-
ficient to induce brief and then full-blown episodes. A sec-
ond component of stress sensitization is related to the late 
(phase III) stage of kindling: autonomy, in which precipitated 
episodes can then begin to occur more spontaneously. In 
contrast to some interpretations in the literature, stress sen-
sitization therefore involves increased reactivity to a stressor 
over time, resulting in more full-blown episodes. However, 
the animal or human may continue to be highly reactive to 
some environmental stressors during the spontaneous phase, 
even though stressors are no longer necessary for the induc-
tion of affective episodes. Thus, the prediction is not that 
late-phase episodes are nonreactive to stressors but just the 
opposite—that is, stressors are not required (10).

Pharmacoresponsivity as a Function of 
Phase of Illness Evolution

Thus, both animals subject to amygdala-kindled seizures
and many patients with recurrent affective disorders 
progress through the three general phases of seizure 
or episode progression. Based on the pharmacological 
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disjunctions outlined in Figure 3-1 for kindled seizure 
evolution, one may ask whether such dissociations in 
therapeutic effectiveness also occur in different phases 
of affective disorder evolution. Currently, only a modi-
cum of data directly support such differences in efficacy 
as a function of stage of illness progression, but the 
consideration of these differences may be important 
for clinical pharmacotherapeutics.

To date, all of the clinically effective interventions 
for affective illness were developed for acute treatment 
of affective episodes (mania or depression) and then were 
continued for prophylaxis (prevention of recurrence). As 
one begins to consider the possibility of primary preven-
tion (i.e., intervention in the illness prior to its full-blown 
emergence in those at high risk), one needs to be aware 
that the same drugs that are effective against full-blown 

FIGURE 3-1

Pharmacologic responsivity as a function of stage of kindling. Top: Schematic illustration of the evolution of kindled seizures.
Initial stimulations (development) are associated with progressively increasing afterdischarge (AD) duration (not shown) and 
behavioral seizure stage. Subsequent stimulations (completed) produce reliable generalized motor seizures. Spontaneous seizures
emerge after sufficient numbers of triggered seizures have been generated (usually �100). Bottom: Amygdala–kindled seizures 
show differences in pharmacological responsivity as a function of kindled stage (��, very effective; �, partially effective; 0, not 
effective). The double dissociation in response to diazepam and phenytoin in the early versus the late phases of amygdala kin-
dling, as described by Pinel, is particularly striking. ECS, electroconvulsive seizures; NMDAR, N-methyl-D-aspartate receptor.
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episodes and capable of preventing them in that phase 
may not successfully prevent the initial or developmental 
phases of the illness, as was found for lamotrigine and 
carbamazepine in the kindling model.

Similarly, there is considerable indirect support for 
the observation that many of the drugs that are effective 
earlier in the illness are no longer effective in the late 
or more spontaneous phases. Although it is difficult to 
directly extrapolate to the late or spontaneous phases 
of the illness in the recurrent affective disorders, those 
patients with a high number of episode recurrences or 
a pattern of rapid cycling (four or more episodes per 
year) tend to be more resistant to most psychophar-
macological interventions. These medications include 
nonanticonvulsant drugs such as lithium and some of 
the typical and atypical antipsychotics, and perhaps the 
unimodal antidepressants. Also included on the list of 
medications that appear to be less effective in those 
with a greater number of episodes or more rapid cycling 
include carbamazepine, lamotrigine, and perhaps val-
proate (3).

It is important to make the point again that in com-
parison with a nonhomologous model, we are not making 
the assumption that the same drugs that are effective in 
different stages of amygdala-kindled seizures will be the 
same drugs that show parallel responsivity in the different 
stages of affective illness evolution. We are only using the 
clearly revealed general principle of differential pharma-
coresponsivity as a stage of illness evolution (Figure 3-1) 
to examine whether this proposition is maintained or 
not for individual agents used in the treatment of the 
affective disorders. This distinction is most clearly seen 
with lithium carbonate and the traditional unimodal 
antidepressants, which are largely not effective against 
amygdala-kindled seizures but, in bipolar disorder, show 
a change from relative effectiveness early in the illness to 
relative ineffectiveness in the late or rapid-cycling phases. 
Also demonstrating this point are the data that a potent 
anticonvulsant drug such as levetiracetam, which is effec-
tive in phases I and II of amygdala-kindling evolution, has 
not yet been demonstrated in a controlled study to have 
efficacy in any stage of bipolar illness (11).

Contingent Tolerance and Cyclic Phenomena

Carbamazepine, lamotrigine, the benzodiazepines, and, 
to a slightly lesser extent, valproate are all associated 
with a progressive loss of anticonvulsant efficacy when 
administered immediately prior to an amygdala-kindled 
stimulation (12, 13). Some animals treated with the 
same dose of drug rapidly progress to full-blown non-
responsivity, whereas other animals show intermittent 
and recurrent periods of responsivity and nonresponsiv-
ity, often in a cyclic fashion that eventually proceeds to 
complete tolerance.

This progression represents a unique form of phar-
macodynamic tolerance that we have called “contingent 
tolerance” because it is based on the drug’s administra-
tion prior to each amygdala-kindled stimulation (12). 
Interestingly, if the drug is administered immediately 
after each amygdala-kindled seizure has occurred, and 
animals thus receive the same amount of drug on a 
daily basis, they do not become tolerant. The toler-
ance is therefore contingent on the drug’s presence at 
sufficient levels at the time of the intended seizure. It is 
not the mere repeated presence of the drug in the body 
that is being adapted to and is associated with toler-
ance development, but its presence during the kindling 
stimulation.

Tolerance Reversal. Accordingly, if an animal has com-
pletely lost responsivity to a given anticonvulsant via 
contingent tolerance, a period of daily amygdala-kindled 
stimulations in the drug-free condition, or even the 
experience of full-blown seizures occurring with the 
drug administered immediately after the seizures have 
occurred, will result in tolerance reversal and a transient 
regaining of effectiveness.

We believe this medication-free and seizure-induced 
tolerance reversal is related to the reinduction of endog-
enous anticonvulsant substances that were not induced 
when seizures had occurred in the tolerant state. These 
endogenous adaptations were likely prevented from 
occurring by the presence of the drug, even when a full-
blown seizure in the tolerant condition was elicited.

Pathological versus Adaptive Changes in Gene 
Expression. Each amygdala-kindled seizure elicits a wide 
variety of changes in gene expression, which can be assessed 
by alterations in mRNA or by subsequent changes in pro-
tein levels. Many of these adaptations can be divided into 
two categories (Figure 3-2). One category includes those 
adaptations that are putatively part of the primary patho-
physiology of kindling and are related to increased excit-
ability and seizure susceptibility, represented by increases in 
corticotropin releasing hormone (CRH), glutamate recep-
tor upregulation, or gamma-aminobutyric acid (GABA) 
receptor inhibition. Conversely, other changes appear to 
represent endogenous anticonvulsant adaptations such 
as those represented by increases in the peptide thyrotro-
pin-releasing hormone (TRH), or upregulation of GABA 
receptors or their subunits.

This model has obvious important clinical impli-
cations in distinguishing between neurochemical altera-
tions associated with seizures and affective disorders that 
are part of the primary pathophysiological process from 
those that are secondary and endogenous mechanisms 
that have potential antiepisode effects. This distinction 
is vital because one would presumably want to enhance 
the abnormalities associated with the positive adaptations 
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and suppress the abnormalities that are part of the pri-
mary pathophysiological processes in both the affective 
and the seizure disorders (14).

This conceptual view suggests the availability of 
an entirely new potential range of therapeutic tools 
in attempting to enhance some of the abnormalities 
already present in these illnesses, while suppressing 
others. These tools include not only ones in the phar-
macological realm, but perhaps also in the physiologic 
realm, in which increases or decreases in brain activity 
in a certain region may represent either pathological 
or adaptive mechanisms. For example, in an abnormal 
area of hyperactivity in the brain that represents a 
positive or secondary adaptation, one might want to 
enhance this change further with targeted treatments 
such as high-frequency stimulation with repetitive 
transcranial magnetic stimulation (rTMS). Conversely, 
suppressing this hyperactive area (with low-frequency 
rTMS) would theoretically be appropriate if such a 
change were part of the primary pathophysiology of 
the illness process.

Tolerance Associated with Failure of Some Episode-induced 
Endogenous Adaptations. We discovered that selected 
anticonvulsant adaptations failed to occur in tolerant 
compared with nontolerant animals, which could help 
explain a loss of anticonvulsant responsivity (Table 3-1). 
For example, during contingent tolerance to the anticon-
vulsant effects of carbamazepine, we found that the nor-
mal seizure-induced increases in TRH mRNA or in the 
alpha-4 subunit of the GABAA receptor selectively failed to 
occur. This endogenous anticonvulsant hypothesis has been 
partially validated by studies in which TRH was adminis-
tered bilaterally into the hippocampus in tolerant animals, 
who then showed better responsivity to the anticonvulsant 
effects of carbamazepine (15). Similarly, in tolerant animals, 
the failure of the alpha-4 subunit of the GABAA recep-
tor to be upregulated by seizures may make the rat more 
susceptible to seizures and less drug responsive.

When seizures are then induced in the absence of 
carbamazepine, these positive adaptations are again gener-
ated and are likely to be associated with renewed anticon-
vulsant efficacy. We believe this phenomenon of transient 

FIGURE 3-2

Competing pathological and adaptive endogenous responses to kindled seizures. This figure is a schematic illustration of potential 
transcription factor, neurotransmitter, and  peptidergic alterations that follow repeated kindled seizures. Putative mechanisms 
related to the lasting primary pathological drive (i.e., kindled seizure evolution) are illustrated (top), as are those thought to
be related to the more transient secondary compensatory responses (i.e., anticonvulsant effects)  (bottom). The horizontal line 
represents time. Sequential transient increases (above the line) or decreases (below the line) in second messengers, immediate 
early genes, and neurotrophic factors are followed by longer-lasting alterations in peptides, neurotransmitters, and receptors or
their mRNAs. Given the unfolding of these competing mechanisms in the evolution of seizures and their remission, the question 
arises as to whether parallel opposing processes also occur in the course of secondary and primary affective disorders or other
psychiatric disorders. Such endogenous adaptive changes may be exploited in the design of new treatment strategies. CRH, 
corticotropin-releasing hormone; GABA, gamma-aminobutyric acid; Ca, calcium; cAMP, cyclic adenosine monophosphate; fras, 
fos-related antigens; TRH, thyrotropin-releasing hormone.
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tolerance reversal by seizures that are elicited in the absence 
of medication may be related to observations by Engel and 
Rocha (16) and others: that treatment-refractory patients 
who discontinue their medications prior to considering 
epilepsy surgery, experience a number of seizures in the 
unmedicated condition, and are subsequently found not 
to be good surgical candidates may show reresponsivity to 
their previously ineffective anticonvulsants. This prediction 
would be made only if a tolerance phenomenon had been 
involved in the eventual development of drug refractoriness, 
and it would not be pertinent to those patients who never 
had a period of good response to that drug.

These observations of both tolerance and cyclic 
phenomena in between seizure occurrence and suppres-
sion during drug treatment in the kindling model may be 
pertinent to similar periodic episode emergence that can 
occur during the long-term prophylaxis of the recurrent 
affective disorders (17).

Tolerance Development in the Course of Treatment of 
the Recurrent Affective Disorders. In recurrent uni-
polar depression, tolerance can occur in the long-term 

preventive effects of the tricyclic antidepressants, the 
monoamine oxidase inhibitors, or the newer second-
generation antidepressants. In these cases, patients show 
an initial excellent preventive response for a period 
of years and then begin to show progressively more fre-
quent or severe episode breakthroughs (18).

The same tolerance phenomenon can occur with 
most of the mood stabilizing drugs for the prevention 
of manic and depressive episodes. These drugs include 
carbamazepine, valproate, lamotrigine, and the nonanti-
convulsant lithium. We postulate that parallel phenomena 
occur, similar to that observed in the contingent toler-
ance model of anticonvulsants used in the prevention of 
amygdala-kindled seizures, and that there is a dissipation 
of the full range of episode-induced positive endogenous 
adaptations during tolerance. At the same time, there 
continues to be a progression of the primary pathophysi-
ological alterations driving episode recurrence, and the 
convergence of these two processes could lead to gradual 
loss of drug effectiveness (Figure 3-3).

In this regard, there is considerable evidence that TRH 
possesses endogenous antidepressant and antianxiety effects 

TABLE 3-1
Selective Failure of Some Kindled Seizure-induced Neurochemical Changes in 

Carbamazepine Contingent Tolerance

SEIZURE-INDUCED ADAPTATIONS IN CBZ–TOLERANT ANIMALS,
(IN NONTOLERANTa ANIMALS) SEIZURE-INDUCED ADAPTATIONS ARE

 PRESENT ABSENT

 c-fos mRNA   c-fos

 Diazepam receptors  Diazepam-R 

 GABAA receptors [3H] musimol   GABAA-R
 alpha-4 subunit   alpha-4 subunit
 beta-1 and-3 subunits  beta 1 and 3 subunits

 TBPS binding  TBPS

 Glucocorticoid R mRNA   Glucocorticoid R
 Mineralocorticoid R mRNA  Mineralocorticoid R

 BDNF mRNA  NT3 mRNA  BDNF

 TRH mRNA   TRH
 CRF mRNA   CRF
 CRF-BP mRNA   CRF-BP
 NPY-mRNA  (  NPY)

 enkephalin mRNA  (  enkephalin)
 dynorphin mRNA  dynorphin

aTreated with CBZ after each daily amygdala kindling stimulation; nontolerant animals were matched for amount 
of drug and number of seizures seen in tolerant animals. CBZ, carbamazepine; DZp, diazepam; GABA, gamma-
aminobutyric acid; TBPS, [(35)S]tert-butylbicyclophosphorothionate; BDNF, brain-derived neurotrophic factor; NT3, 
neurotrophin-3; TRH, thyrotropin-releasing hormone; CRH, corticotropin-releasing hormone; CRH-BP, CRH binding 
protein; NPY, neuropeptide Y; ( ), partial loss; R, receptor.
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in patients with affective disorders as well as in normaliz-
ing both hyper- and hypoactivity in animal models. There 
is also evidence that TRH is hypersecreted during some 
affective episodes, as revealed by increases of TRH in 
cerebrospinal fluid (CSF) or by the downregulation of the 
thyroid-stimulating hormone (TSH) response to TRH dur-
ing endocrine testing (19).

Thus, we postulate that TRH is an example of a 
positive endogenous psychotropic compound and that 
its failure to be induced by affective disorder episodes 
could be typical of a range of positive adaptations that 
fail to occur during tolerance development. Similarly, 
if a patient became tolerant to carbamazepine, and it 
was removed from the treatment paradigm, episodes of 
affective illness may again be capable of inducing TRH, 
which could be associated with a transient renewal of 
psychotropic prophylaxis. This effect has not been sys-
tematically studied in patients, although several case 
vignettes have been reported that are consistent with 
these observations.

The observations from the amygdala-kindled sei-
zure model of cyclicity (14) and tolerance (3) have direct 
clinical implications for therapeutics in both the seizure 

and affective disorders. The model suggests the poten-
tial utility of switching to medications with different 
mechanisms of action that do not show cross-tolerance 
in the model, a potentially useful approach to the loss 
of clinical anticonvulsant responsivity in the epilepsies. 
However, the mechanisms underlying tolerance devel-
opment in the seizure disorders may not be the same 
ones pertinent to tolerance in the affective disorders, 
and a specific assessment of drugs that do and do not 
show cross-tolerance in both the clinical epilepsies and 
the affective disorders needs to be directly assessed and 
verified.

Cross-Tolerance Phenomena. Cross-tolerance, or lack 
thereof, demonstrated in the contingent tolerance para-
digm of amygdala-kindled seizures may be a good starting 
place for considering the same phenomena in the clinical 
seizure disorders (20) (Table 3-2). Similarly, manipula-
tions that are associated with slowing the development 
of tolerance in the amygdala-kindled seizure model may 
be worth considering in the clinical affective disorders. 
We have found a variety of manipulations that appear 
to slow tolerance development in the kindling model, 

FIGURE 3-3

Hypothetical schema of the role of endogenous regulatory factors in the generation and progression of illness cyclicity. After 
an illness episode (A), adaptive compensatory mechanisms are induced (large triangle) that, together with drug treatment (B, 
bottom shaded line), suppress the illness (initial treatment response; box). The endogenous compensatory adaptations dis-
sipate with time (i.e., the time-off seizure effect), and episodes of illness reemerge. Although this reelicits illness-related com-
pensatory mechanisms, the concurrent drug treatment prevents some of the illness-induced adaptive responses from occurring 
(smaller triangles). As tolerance proceeds (associated with the loss of adaptive mechanisms), illness reemergence occurs more 
rapidly. Thus, the drug is becoming less effective in the face of less robust compensatory adaptive mechanisms. The primary 
pathology is also progressively reemerging, driven by additional stimulations and episodes (i.e., the kindled memory trace of 
the primary pathological mechanisms). Since this cyclic process is  presumably driven by the ratio of primary pathological to 
secondary compensatory responses at the level of changes in gene expression, we postulate that such fluctuations arising out 
of illness- and treatment-related variables could account for the wide variations in individual patterns of illness cyclicity.
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including using consistently higher drug doses or two 
previously marginally effective drugs in combination 
(Table 3-3). Each of these propositions requires specific 
testing in the clinical arena, however, to demonstrate its 
potential applicability and utility.

Contingent Inefficacy. One variation of the contingent 
tolerance phenomenon is that if a drug is administered 
before (but not after) each amygdala-kindled stimulation 
during the early phase of kindling development (when it 
is ineffective), the drug may no longer be effective in the 
fully developed stage of kindled seizures when it would 

otherwise be highly effective. We have observed this 
phenomenon with both lamotrigine and carbamazepine 
pretreatment during kindling development (12, 21). The 
ineffective pretreatment with these drugs subsequently 
precludes their efficacy once the full-blown phase of com-
pleted seizures has occurred.

It is important to note that it is not the presence of 
the drug in the animal during kindling development that 
accounts for the drug’s inefficacy, because the administra-
tion of these drugs after each amygdala-kindled seizure 
during development still results in normal anticonvul-
sant efficacy in completed kindled seizures. It is the treat-
ment immediately prior to the kindling stimulation that 
is crucial. These observations raise a number of clinical 
concerns for the epilepsies and affective disorders. For 
example, it is theoretically possible based on the model 
that pretreatment with phenytoin—which has been most 
widely studied in the potential prevention of posttrau-
matic epilepsy and was found to be ineffective—would 
also interfere with its effectiveness in suppressing com-
pletely developed posttraumatic seizures.

Such attempts at primary prophylaxis have not yet 
been systematically attempted in the affective disorders, 
but the contingent inefficacy observations raise the cau-
tion that administering a drug that is ineffective in this 
early developmental prevention could also interfere with 
its overall efficacy when it is known to work in suppressing 
and preventing full-blown affective episodes. This theoreti-
cal possibility makes it even more important to discern 
which drugs are effective in the early developmental stages 
and which ones may not be, so that they can be appropri-
ately used in these early phases of illness evolution.

Similarly, in posttraumatic seizures, it may be worth 
reexamining drugs that are effective during amygdala-
kindling development for their potential efficacy in 

TABLE 3-3
Ways of Preventing or Slowing Tolerance to 

Anticonvulsant Effects on Once Daily Amygdala 
Kindled Seizures in Rodents

Higher doses (VPA) More effective drugs
Steady, nonescalating  (VPA � CBZ, LTG)

doses
Drug combinations Alternating high and

(CBZ � VPA)   low dose (LTG)
Early rather than late For LTG, adding MK801

initiation of treatment  or Gabapentin
Decreasing stimulation

intensity

Potential Ways of Reversing Tolerance
Add drugs with different mechanisms of action (i.e., without 

cross-tolerance).
Discontinue now-ineffective drug; seizures occur in 

medication-free state and med-free episodes; responsiveness is 
re-achieved.

TABLE 3-2
Cross-Tolerance Patterns in Contingent Anticonvulsant Effects on Amygdala Kindled Seizures

DRUG; TOLERANCE FROM CROSS-TOLERANCE TO NO CROSS-TOLERANCE TO

Carbamazepine (CBZ) • PK11195 Clonazepam
• CBZ-10,11-epoxide Diazepam
• Valproate (?via  alpha-4 subunit of GABAA R) Phenytoin

Levetiracetam*

Lamotrigine (LTG) • Carbamazepine Valproate
MK801a

Gabapentina

Levetiracetam (LEV) • Carbamazepine*

*Unidirectional cross-tolerance from LEV to CBZ; not CBZ to LEV.
aThese drugs slow the development of tolerance to LTG.
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clinical seizure prevention following head trauma, rather 
than using drugs such as carbamazepine, phenytoin, and 
lamotrigine that are ineffective in the early developmental 
phases (at least in the amygdala-kindling model). Thus, 
assessing the usefulness of valproate and levetiracetam in 
the prevention of posttraumatic epilepsy would appear 
worthy of further consideration.

CONCLUSIONS

There are obviously a number of caveats in the application 
of a nonhomologous model, such as amygdala-kindled sei-
zures, to the recurrent mood disorders. There are marked 
limitations in the ability to extrapolate from one to another 
in most realms. However, we hope we have illustrated that 
a variety of the principles involved in seizure progression 
that are revealed in the kindling model may also be per-
tinent for clinical consideration in the affective disorders 
and their therapeutics, even if the specific manipulations 
differ in the two illnesses.

The potential division of illness-related abnormali-
ties into those that are pathological and those that are 
adaptive may be of considerable clinical importance in 
conceptualizing new approaches to therapeutics, as well 
as in the prevention or reversal of tolerance phenomena.
Loss of responsiveness to many of the long-term pro-
phylactic treatments in the affective disorders is more 
common than previously recognized, and the contingent 
tolerance model may be helpful in conceptualizing some 
of the processes involved and ways of circumventing them. 
This is of particular importance because a variety of recent 
observations have indicated that minor breakthrough 

affective episodes appear to predict more major-episode 
recurrence, and appropriately targeting these early phe-
nomena with therapeutics may help prevent more seri-
ous subsequent untoward events. This course of action 
would not only address a generally accepted long-term 
goal of the treatment of the current affective disorders 
(i.e., achieving and maintaining long-term remission), 
but also aid in the conceptualization of some novel 
principles that may help ensure this desired long-term 
outcome.

Thus, while the inferences from a nonhomologous 
model (such as amygdala-kindled seizures) to recur-
rence in the affective disorders have many inherent 
limitations, the model may still have applicability and 
indirect predictive validity in the specific area of illness 
recurrence and progression. It is increasingly common 
and recognized as scientifically useful to describe ill-
ness “endophenotypes,” which then can be examined 
in their own right, even if they are not illness-specific. 
In a similar fashion, we would suggest that principles 
of illness recurrence and progression may have simi-
lar utility in conceptualizing therapeutic approaches 
to both the recurrent seizures and affective disorders. 
Whereas amygdala-kindled seizures are not a good or 
homologous model for affective episodes in relation-
ship to most characteristics—their inducing factors, the 
behaviors manifest, the comparative temporal relation-
ships (seconds to minutes for seizures versus weeks to 
months for affective episodes), or in most cases, the 
pharmacological interventions—the seizures may none-
theless have considerable heuristic utility in considering 
variables associated with the course and prevention of 
these highly recurrent illnesses.
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Cognitive and Affective 
Effects of Seizures: 
Immature Developing 
Animals

here is general agreement about 
the fact that the immature brain is 
more prone to generation of epi-
leptic seizures than the adult brain. 

In contrast, there has been a long-lasting discussion on 
the possible consequences of seizures in immature brain. 
Attention has focused primarily on morphological dam-
age. The initial observation that the immature brain was 
resistant to seizure-induced morphological damage has 
been progressively overruled by data demonstrating age- 
and model-specific brain damage even if seizures are elic-
ited at early stages of development (1–8). Less attention
has been given to functional consequences of early-life 
seizures; there are only a few laboratories working in 
this field. Experimental studies were begun by Wasterlain 
(9, 10), and then this topic was systematically studied 
in Holmes’ laboratory (11). At present not only Holmes’ 
but three other laboratories are regularly publishing data 
in this field (Stafstrom, Kubová, Huang), and there are 
isolated papers from other laboratories. All these studies
have been performed in rats; two strains are mainly used: 
Wistar and Sprague-Dawley. It is rather difficult to com-
pare published results because different models are used, 
seizures are elicited at different postnatal ages (from the 
day of birth—postnatal day 0, or PD0—to PD45); severe 
status epilepticus (SE) or single or recurrent seizures are 
induced; and the age when the animals are tested also 
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differs (from PD15 to PD180; mostly in adulthood). 
The only point common to many papers is the Morris 
water maze (MWM), but in various modifications as to 
the number of exposures, as a method to detect possible 
deficits in learning; other methods (open field, eight 
arm maze, elevated plus maze, handling test) are used 
far less commonly.

MOTOR PERFORMANCE

The necessary prerequisite for behavioral testing in the 
aforementioned tests is sufficient motor performance. 
Delayed development of reflexes was described by Waster-
lain (9, 10) after long-lasting flurothyl-induced seizures at 
PD4 as well as after repeated electroshocks during the first 
10 postnatal days. Phasic changes of motor abilities dif-
fered according to the age when SE was elicited, as dem-
onstrated by Kubová et al. (12). Rotorod performance of 
adult rats was found to be impaired in some studies—after 
recurrent bicuculline seizures at PD5–7 (13), after lithium-
pilocarpine (LiPILO) SE at P12 (12), but not after recur-
rent pentylenetetrazol (PTZ)-induced seizures at PD10-14 
(14) or after LiPILO SE at P14 (15). Locomotor activity 
was increased in adult rats exposed to repeated PILO SE at 
PD7–9 (16, 17), to LiPILO SE at the age of 25 days (12), 
after kainic acid (KA) at PD22–26 (11), at PD30 (18) and 
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at PD35 (19, 20), but not after KA at PD1, 7, 14 or 24 
(21) and after 55 seizures induced repeatedly by flurothyl 
at P0–12 (22). Transient changes were demonstrated in 
studies checking motor activity repeatedly: LiPILO SE at 
PD12 (12), repeated PTZ at PD16–20 (23). Swimming 
speed in the MWM was not found to be a factor in the 
spatial impairment observed (24).

COGNITIVE CHANGES

Consequences of Status Epilepticus

Continuous Hippocampal Stimulation. This model, 
originally elaborated by Lothman, was used only in one 
study (25). Long-lasting continuous hippocampal stimu-
lation was performed at PD20, 30, or 60. The rats were 
tested in the MWM at PD 80. There were no changes in 
animals stimulated at the age of 20 or 30 days; impair-
ment was found only in the PD60 group.

Kainic Acid. The data for the KA model are at variance. 
Whereas Holmes et al. (11) described slower learning and 
worse results in the probe test in the MWM (in which, 
after the rat masters the MWM, the platform is removed 
and time spent in the quadrant where the platform was 
originally localized is compared to time spent in other 
quadrants) in adult rats exposed to KA at PD22–26, 
Stafstrom et al. (18) did not find any difference in the 
MWM test in adult rats exposed to KA at PD5 or PD10; 
the only difference in animals given KA at PD20 or PD30 
was poorer results in the probe test. Rats exposed to KA 
at the age of 60 days were slow in learning and failed in 
the probe test. Similar results were described by Koh et al. 
(26) for animals exposed to KA at PD15. In contrast, 
Sayin et al. (21) found differences in latencies to find a 
platform in the MWM in adult rats exposed to KA at PD7 
or PD24 and failure in probe test also in animals injected 
with KA at PD1. These authors also demonstrated poor 
performance of adult rats given KA at PD1, PD7, PD14, 
or PD24 in the radial arm maze and shorter time spent in 
the open arms of the elevated plus maze. The eight-arm 
radial maze was used also by Lynch et al. (27): Adult rats 
injected with KA at PD1, PD7, or PD14 were able to learn, 
though much more slowly than controls, but animals with 
KA-induced SE at PD24 or PD75 rarely reached criterion. 
As far as other tests are concerned, de Feo et al. (28) dem-
onstrated that rats exposed to KA at PD10 or PD25 were 
significantly worse than controls in an active avoidance 
test at PD45. Adult rats after KA SE at PD22–26 exhibited 
worse performance in the T-maze (11). Administration 
of a subconvulsive dose of KA at PD12 resulted in an 
impaired nonassociative learning: PD25 rats exposed to 
open field for the second time did not exhibit (in contrast 
to controls) signs of habituation (29).

Discrepancies are also found in results obtained with 
repeated administration of KA. Tandon et al. (30) did 
not find any difference between controls and rats given 
KA repeatedly at PD12, 16, 20, and 24, and Sarkisian et 
al. (31) described no difference between MWM perfor-
mance before and after KA injected repeatedly at PD22, 
24, and 26. Koh et al. (26) described worse performance 
in the MWM in rats given KA repeatedly at PD15 and 
45 than in animals exposed at PD45 only, suggesting 
that repeated seizures early in life “prime” the brain for 
injury with a second insult—the so-called “second hit 
hypothesis.”

A study of Liu and Holmes (19) demonstrated that 
intracerebroventricular infusion of basic fibroblast growth 
factor during KA-induced seizures in 35-day-old rats pre-
vented behavioral effects in the MWM, open field, and 
handling tests observed after these seizures in control adult 
rats. Animals with KA SE at PD35 treated with gabapentin 
up to PD75 and tested in the MWM at PD80–PD87 did 
not differ from nontreated KA SE rats (32).

Pilocarpine. There are two modifications of this type of 
status: SE induced by a high dose of pilocarpine (PILO), 
and by 5–10 times lower dose in rats pretreated with 
lithium chloride (LiPILO). There are no marked differ-
ences in the pattern of SE induced in these two ways.

Liu et al. (33) found that adult rats exposed to PILO 
at PD20 performed worse in the MWM than controls 
but better than animals with SE at PD45. Data from 
the LiPILO model demonstrated no (34) or only minor 
(35) worsening of performance of adult rats with SE at 
PD12. If SE was elicited at the more advanced develop-
mental stage—PD14 (15), PD16 or PD20 (34), or PD25 
(35, 36)—performance of adult rats in the MWM was 
worse than that of control animals. Serious impairment of 
MWM performance was demonstrated also in rats under-
going LiPILO SE at PD20 and tested at PD22, PD25, 
or PD50 (37). Adult rats with a history of LiPILO SE 
between PD18 and 21 exhibited impairment of reference 
memory in the eight-arm radial maze (38).

Auditory testing of adult rats demonstrated a dif-
ference between animals with SE at PD20 and at PD45. 
The former group exhibited only moderate impairment 
in location discrimination, whereas rats exposed to PILO 
at PD45 had marked deficit in location as well as sound-
silence discrimination (39).

Repeated elicitation of PILO SE at PD7, 8, and 
9 resulted in marked deficits in adult rats; they were 
impaired in the Skinner box and exhibited longer laten-
cies in the step-down test (16, 17).

There are also studies of possible ways to influence 
the consequences of severe epileptic activity in developing 
rats. Paraldehyde was used to interrupt seizures in studies 
by Kubová et al. (12, 35). If two different doses were used 
in PD12, animals with the lower dose tended to perform 
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worse in the MWM; this difference was significant in rats 
with SE induced at PD25.

Malnutrition in the very first postnatal days neither 
worsened nor improved MWM performancce of adult 
rats with a history of LiPILO SE at PD21 (40). Akman 
et al. (41) reported similar results, causing food depriva-
tion by isolating pups from dams for 12 hours daily from 
PD2 to PD19 and LiPILO SE at P20. At variance with 
Akman’s data were the results of Lai et al. (42), in which 
shorter isolation (daily from PD2 to PD9) and LiPILO 
SE at PD10 led to worse learning in the MWM at adult-
hood. The administration of metyrapone (an inhibitor of 
corticosterone synthesis) immediately after SE reversed 
this detrimental effect.

If the LiPILO SE was elicited at PD20 and these rats 
were exposed to an enriched environment for 4 hours 
daily since PD21, they performed in the MWM better 
than SE controls in spite of a similar extent of neuronal 
damage (37, 43).

Performance in the MWM was positively influenced 
by choline supplementation administered with a normal 
diet to pregnant female rats. Their offspring were trained 
in the MWM at PD29–32, then PILO SE was elicited at 
PD34 and the rats were retrained in the MWM at PD41–
44. Rat pups of choline-supplemented dams exhibited at 
PD41 the same latency as at PD32, whereas control SE 
rats had to learn from the beginning (44).

Aminophylline pretreatment just before elicitation 
of LiPILO SE at PD12 (45) or at PD14 (46) resulted in 
much worse performance of adult rats in the MWM.

The combination of LiPILO SE at PD11 with sub-
sequent flurothyl seizures (25 seizures at PD12–16) 
resulted in worsening of learning in the MWM at the 
age of 30 days (47). This combination was modified in 
another study from Holmes’ laboratory: LiPILO SE was 
induced at PD20, MWM training started at PD25, and 
when asymptotic performance was reached, single fluro-
thyl seizures were elicited. Animals were exposed to the 
MWM at different intervals (from 15 to 360 minutes) 
after seizures; SE rats needed longer time for recovery 
than controls exposed to flurothyl seizures only (48).

Corticotropin-releasing hormone is able to induce 
seizures when administered to infant rats (49). These 
animals exhibit progressive worsening of performance in 
the MWM if tested at the age of 3, 6, and 10 months, as 
well as an impairment of short-term memory in the object 
recognition test (50).

Consequences of Single Seizures

Hypoxia-Induced Seizures. Nearly all 10-day-old rats 
exposed to hypoxia exhibited epileptiform EEG activity, 
but 60 days later they did not differ from control siblings 
in the MWM, open field, and handling tests (51).

Focal Ischemia-induced Seizures. Focal ischemia elic-
ited by local application of endothelin-1 in the dorsal 
hippocampus induced acute seizures in both PD12 and 
PD25 rats. When tested as adults in the MWM, only the 
younger group exhibited significantly longer latencies 
than controls (52).

Tetanotoxin-induced Seizures. Rats with tetanotoxin 
applied into hippocampus at PD10 exhibited changes in 
the MWM at PD57–PD61: They learned the maze, but 
latencies to reach the platform were always longer than 
those of controls (53).

N-methyl-D-aspartate (NMDA). Stafstrom and Sasaki-
Adams (54) elicited seizures by systemic administration 
of NMDA in 100 PD12 to PD20 rats; after 30 minutes, 
seizures were arrested with ketamine. Slower learning in 
the MWM was observed in all these animals during adult-
hood, but there was no difference in the probe trial.

Consequences of Repeated Seizures

Flurothyl. Rats were exposed at PD6 to flurothyl for 
30 min; during this period all animals exhibited repeated 
seizures. A control group was exposed to flurothyl only 
for a short time sufficient to elicit a single seizure. Adult 
rats from the group with repeated seizures exhibited 
impaired learning in the the MWM (55). Repeated short 
flurothyl-induced seizures were first studied by Holmes 
et al. (24); 25 seizures during neonatal period resulted 
in impaired learning in the MWM. Three studies with 
45 to 55 short flurothyl seizures during the first 9 or 12 
postnatal days (22, 56, 57) found impaired learning in 
the MWM studied at different ages (from PD20 to PD82). 
Even 15 short flurothyl seizures elicited at PD15–19 were 
sufficient to worsen performance of adult rats in the 
MWM and impair auditory location discrimination, but 
not auditory quality discrimination (58).

Chronic administration of topiramate after repeated 
flurothyl seizures at PD10–14 (59) improved performance 
of PD48–52 rats in the MWM. The combination of repeated 
flurothyl seizures at PD0–4 with LiPILO SE at PD20 led to 
poor learning of adult rats in the MWM; chronic topira-
mate administration starting at PD5 improved this learn-
ing, especially at the first day of training (60).

PTZ. Daily administration of PTZ (fractionated doses 
up to elicitation of SE) at PD10–14 led to impairment 
of learning in the MWM. At the age of 35 days worse 
learning was observed at all four training days, whereas 
if MWM was trained at the age of 60 days, there was a 
difference only during the first day (14). If these animals 
were fed with fish oil (but not with corn oil) from PD3 
to PD21, they performed better (61).
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Bicuculline. Bicuculline administered daily at PD5–7 
resulted in moderate impairment of performance in the 
MWM in adulthood; impairment was more severe in rats 
injected with kainic acid at PD53 and worse in a group 
with combined bicuculline and KA administration (42).

AGGRESSIVITY

All published data demonstrated increased aggression in rats 
undergoing SE in the fourth postnatal week and later.

Increased aggression toward the experimenter was 
observed in adult rats exposed to KA-induced SE at PD30 
or PD60 (18) as well as in animals exposed to PILO SE at 
PD35 (19) or PD45 (33). Rats with LiPILO SE at PD25 
treated with the oxygen radical scavenger PBN exhibited 
extreme aggressivity not only toward the experimenter 
but also to other rats in the cage, such that they were 
kept in isolation. Such high levels of aggressivity were 
not observed in rats with LiPILO SE and PBN at PD12 
(Kubová et al., in preparation).

ANXIETY

Results are contradictory. Three studies demonstrated 
decreased anxiety, but the fourth one speaks in favor of 
increased anxiety.

Behavior of rats in the elevated plus maze was exam-
ined in three studies. A decrease in entries into arms was 
found in both laboratories, but dos Santos et al. (16) 
described a longer time spent in open arms in rats exposed 
repeatedly to PILO SE at PD7–9, whereas Kubová et al. 
(35) observed longer time spent in closed arms and an 
increase of risk assessment in rats with LiPILO SE at 

PD25. Transfer latency from the open to the closed arm 
was increased 60 minutes, 24, 48 as well as 72 hours 
after nonconvulsive seizures induced by KA at PD18 (62), 
which is in agreement with the finding that daily PTZ 
administration at PD16-20 (again fractionated doses up 
to SE) led to shorter latency to enter the open arm in an 
elevated T-maze (23).

GENERAL CONCLUSIONS

The basic question whether seizures are harmful to the 
immature brain (63, 64) can be answered without any 
hesitation: Yes, they impair the developing brain. Recent 
review articles make the same conclusion (4, 5, 65–69). 
The present review shows that behavioral consequences 
were demonstrated in adult rats exposed to severe epi-
leptic activity at early stages of brain development. Sever-
ity of impairment is different; the age at which epileptic 
seizures are elicited plays an important role. It is necessary 
to take into account that even the morphological dam-
age depends on this factor and that it is not the same as 
in adult animals. The unifying point, the MWM used 
to test cognitive functions, has both advantages—that it 
provides some possibility to compare data from different 
studies—and drawbacks—that it is a test only of spatial 
memory (66) and other aspects of cognition are studied 
only exceptionally. Another aspect still missing is possible 
phasic development of impairment. Longitudinal studies 
analyzing dynamics of changes are necessary not only 
to confirm or exclude phasic development of changes, 
to establish levels of maturation necessary for appear-
ance of individual effects, but also to distinguish simple 
developmental delay from real damage as well as to find 
the optimal method and timing of therapy.
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immature rats varies according to the paraldehyde treatment. Epilepsia 2005; 46 Suppl. 
5:38–42.

37. Rutten A, von Albada M, Silveira DC, Cha BH, et al. Memory impairment following 
status epilepticus in immature rats: time-course and environmental effects. Eur J Neurosci
2002; 16:501–513.

38. Kostakos M, Persinger MA, Peredery O. Deficits in working but not reference memory 
in adult rats in which limbic seizures had been induced before weaning: implications for 
early brain injuries. Neurosci Lett 1993; 158:209–212.

39. Neill JC, Liu Z, Mikati M, Holmes GL. Pilocarpine seizures cause age dependent impair-
ment in auditory location discrimination. J Exp Anal Behav 2005; 84:357–370.

40. Huang LT, Lai MC, Wang CL, Wang CA, et al. Long-term effects of early-life malnutrition 
and status epilepticus: assessment by spatial navigation and CREBSerine-133 phosphoryla-
tion. Brain Res Dev Brain Res 2003; 145:213–218.

41. Akman C, Zhao Q, Liu X, Holmes GL. Effect of food deprivation during early develop-
ment on cognition and neurogenesis in the rat. Epilepsy Behav 2004; 5:446–454.

42. Lai MC, Holmes GL, Lee KH, Yang SN, et al. Effect of neonatal isolation on outcome follow-
ing neonatal seizures in rats: the role of corticosterone. Epilepsy Res 2006; 68:123–136.

43. Faverjon S, Silveira DC, Fu DD, Cha BH, et al. Beneficial effects of enriched environment 
following status epilepticus in immature rats. Neurology 2002; 59:1356–1364.

44. Yang Y, Liu Z, Cermak JM, Tandon P, et al. Protective effects of prenatal choline supple-
mentatiom on seizure-induced memory impairment. J Neurosci 2000; 20:RC109 1–6.

45. Hung PL, Lai MC, Yang SN, Wang CL, et al. Aminophylline exacerbates status epilepti-
cus-induced neuronal damages in immature rats: a morphological, motor and behavioral 
study. Epilepsy Res 2002; 49:218–225.

46. Huang LT, Liou CW, Yang SN, Lai MC, et al. Aminophylline aggravates long-term 
morphological and cognitive damages in status epilepticus in immature rats. Neurosci
Lett 2002; 321:137–140.

47. Hoffman AF, Zhao Q, Holmes GL. Cognitive impairment following status epilepticus and 
recurrent seizures during early development support the “two-hit hypothesis.” Epilepsy
Behav 2004; 5:873–877.

48. Boukhezra O, Riviello P, Fu DD, Lui X, et al. Effect of the postictal state on visual-spatial 
memory in immature rats. Epilepsy Res 2003; 55:165–175.

49. Baram TZ, Schultz L. Corticotropin-releasing hormone is a rapid and potent convulsant 
in the infant rat. Brain Res Dev Brain Res 1991; 61:97–101.

50. Brunson KL, Eghbal-Ahmadi M, Bender R, Chen Y, et al. Long-term progressive hippocam-
pal cell loss and dysfunction induced by early-life administration of corticotropin-releasing
hormone reproduce the effects of early-life stress. PNAS 2001; 98:8856–8861.

51. Jensen FE, Holmes GL, Lombroso CT, Blume HK, et al. Age-dependent changes in 
long-term seizure susceptibility and behavior after hypoxia in rats. Epilepsia 1992; 
33:971–980.

52. Mátéffyová A, Otáhal J, Tsenov G, Mareš P, et al. Intrahippocampal injection of 
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Cognitive and Behavioral 
Effects of Seizures: 
Adult Animals

he ultimate challenge to clinicians 
and scientists is to provide thera-
pies that prevent any adverse effects 
associated with epileptic seizures. 

The first step in this quest is to understand the patho-
physiological basis of such adverse effects. While the 
human condition clearly differs from that occurring in 
animals, human studies are often difficult to interpret 
because of the large number of variables associated 
with human epilepsy. Neuropsychologic outcome in 
individuals with epilepsy may be influenced by such 
factors as etiology; age of onset; duration of the disor-
der; seizure type, frequency, and severity; concomitant 
disorders; genetic background; and treatment. Animal 
studies allow investigators control over most of these 
variables. Indeed, a large number of investigators have 
utilized animal models, leading to many fundamental 
insights into seizure-induced changes in the brain.

As suggested by clinical studies, it is now recognized 
that the effects of seizures are influenced by the maturity 
of the neuronal circuitry; the effects of seizures in the 
immature brain with developing and plastic neuronal 
connections are quite different from those in the adult 
brain with relatively fixed neuronal circuits. Indeed, 
animal studies have demonstrated that the pathophysi-
ological consequences of both status epilepticus (SE) 
and recurrent seizures in the developing brain differ 
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considerably from those of the mature brain (1). In this 
chapter the effects of seizures on cognitive and affective 
function in the mature brain will be reviewed. Pavel 
Mareš (Chapter 4) reviews the topic in the immature 
brain.

ANIMAL MODELS

There are a large number of animal models employed in 
epilepsy research (2). A majority of the animal models have 
been used to induce a single seizure, usually prolonged 
(status epilepticus) or recurrent repetitive seizures. Che-
moconvulsants and electrical stimulation have been most 
widely used in adult rodents, although recently a larger 
number of genetic models have been employed (3). Genetic 
models often are complex, with the animals having other 
structural, functional, or developmental issues (4). In addi-
tion, there may be considerable differences among strains 
in regards to seizure susceptibility and outcome (5).

Because of costs and convenience, most investigators 
have used rodent models. While these models provide 
considerable insight into pathophysiological mechanisms, 
they are limited in regards to the human condition. Subtle 
cognitive and behavioral changes are difficult to measure, 
and higher cortical function such as language and abstract 
thinking cannot be studied in rodents.

5
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Another issue with animal studies is that they do 
not mimic epileptic syndromes well. For example, there 
are no animal models of disorders such as juvenile myo-
clonic epilepsy or Lennox-Gastaut syndrome. Likewise, 
complex electroencephalographic (EEG) patterns seen 
in humans cannot be mimicked in rodents. Neverthe-
less, the biological mechanisms responsible for seizures 
in humans and animals are similar, and rodent models 
have the potential to delineate mechanisms of behavioral 
changes associated with seizures, which, it is hoped, will 
lead to new therapeutic strategies.

Epilepsy is characterized by recurrent, unprovoked 
seizures. Some patients with epilepsy will have their onset 
of epilepsy with a bout of SE, defined as ongoing seizure 
activity lasting more than 30 minutes, or will have an epi-
sode of SE during the course of their illness. The cognitive 
and behavioral deficits occurring after SE may be quite 
different from those associated with chronic epilepsy. For 
that reason, in this chapter we consider the cognitive and 
behavioral deficits seen with SE and recurrent seizures 
separately.

EFFECTS OF STATUS EPILEPTICUS ON 
SPATIAL LEARNING AND MEMORY

Although a variety of tests can be used to assess 
learning and memory (6,7), one of the most popular is 
the Morris water maze (MWM), a measure of visual-spatial 
memory (8). In the water maze the animal uses visual 
clues to learn the location of a platform submerged 
below the water line in a tank of water. The primary 
outcome measure is the time it takes the rat to find 
the platform. Although rats swim well, they would 
prefer to be out of the water, so the water maze uses 
negative reinforcement.

As used in our laboratory, test animals are placed 
in a 2-meter-diameter tank filled with water. Four points 
on the rim of the pool are designated north (N), south 
(S), east (E), and west (W), thus dividing the pool into 
four quadrants (NW, NE, SE, SW). An 8 � 8-centimeter
acrylic plastic platform, onto which the rat can escape, 
is positioned in the center of one of the quadrants, 
1 centimeter below the water surface.

On day 1, each rat is placed in the pool for 
60 seconds without the platform present; this free swim 
enables the rat to become habituated to the training 
environment. On days 2–5 rats are trained for 24 trials 
(six trials a day) to locate and escape onto the sub-
merged platform. For each rat, the quadrant in which 
the platform is located remains constant, but the point 
of immersion into the pool is varied among N, E, S, and 
W in a quasi-random order for the 24 trials so that the 
rat is not able to predict the platform location from the 
point at which it is placed into the pool. The latency 

from immersion into the pool to escape onto the plat-
form is recorded for each trial, and the observer also 
manually records the route taken by the rat to reach 
the platform. On mounting the platform, the rats are 
given a 30-second rest period, after which the next 
trial is started. If the rat does not find the platform in 
120 seconds, it is manually placed on the platform for 
a 30-second rest. At the start of each trial, the rat is 
held facing the perimeter and dropped into the pool to 
ensure immersion.

One day after completion of the last latency trial 
(Day 6), the platform is removed and animals are placed 
in the water maze in the quadrant opposite to where 
the platform had previously been located. The path 
and time spent in the quadrant where the platform had 
been previously placed is recorded. In this part of the 
water maze, known as the probe test, normal animals 
typically spend more time in the quadrant where the 
platform had been previously located than in the other 
quadrants.

The MWM is a test of hippocampal-dependent 
spatial memory, which parallels episodic memory in 
humans. Although intact hippocampus function plays 
a major role in the test, lesions in other brain regions, 
including neocortex, retrosplenial cortex, striatum, basal 
forebrain, and cerebellum, can alter water maze perfor-
mance (9). The testing procedure used during the four 
days of locating the hidden platform provides a measure 
of both working memory and reference memory. The 
animal uses working memory to know which areas of the 
tank have been visited while trying to find the platform, 
and it uses reference memory to know where the platform 
was previously placed. The probe test is a measure of the 
strength of reference memory.

There are many variations of the water maze used, 
including size of the tank and escape platform, number 
of trials per session, and duration of trials. The test 
procedure may vary depending on the type of memory 
studied. For example, to study working memory, the 
platform is changed every two trials so that the rat’s 
performance is based solely on what is learned on the 
previous trial. The outcome measure is the length of 
time required to find the platform during the second 
trial (10). The MWM is a favorite test of many labora-
tories because food or water deprivation is not neces-
sary. In addition, rats can learn to do the test shortly 
after weaning (11).

Many studies have examined the effect of seizures on 
water maze performance. In the adult rat, spatial learning 
is impaired following status epilepticus induced by kainic 
acid (12,13), pilocarpine (14–18), sarin (19), or electrical 
stimulation (20–22).

The radial arm maze is also widely used to test spa-
tial memory in rodents. Unlike the water maze, the radial 
arm maze requires food deprivation to ensure motivation 
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to search for food. In the radial arm maze using eight 
arms, the rat typically learns to go to four baited arms 
and not enter four unbaited arms. The test provides a 
measure of working errors (i.e., returning to a previously 
entered arm) and reference errors (entering an unbaited 
arm). Outcome measures include the number of trials 
to achieve a criterion performance, such as consump-
tion of all bait without any errors (reentering an arm or 
going down an unbaited arm), or number of reference 
and working memory errors.

As with the water maze, the radial arm maze pro-
tocol can be varied to address specific hypotheses. The 
number of arms used can vary, as can the ratio of baited to 
nonbaited arms. The radial arm maze can also be placed 
in a tank of water with the animal required to learn which 
arm has the escape platform (23).

In the adult rat, status epilepticus results in long-
term deficits in learning and memory (12, 14, 15, 22, 
24–26). When studied weeks or months following SE, 
rats have longer latencies to the escape platform and 
spend less time in the target quadrant than non-SE rats 
(25). Both reference and working memory are impaired 
in these studies. The increased latency to the escape 
platform was not related to motor deficits or swimming 
speed. Rats subjected to SE and then tested after they 
developed spontaneous seizures had impaired function 
in the 8-arm radial maze (27). SE induced by electrical 
stimulation of the amygdala results in neuronal loss 
of the amygdala, the hippocampus, and surrounding 
cortical areas, along with mossy fiber sprouting in the 
dentate gyrus.

BEHAVIORAL DISORDERS FOLLOWING 
STATUS EPILEPTICUS

Changes in Anxiety

A variety of tests are available to measure anxiety 
in rodents. Anxiety levels are measured by exposing 
animals to an unfamiliar, aversive environment (28). 
The elevated plus maze consists of two elevated, open 
(brightly lit) arms perpendicular to two enclosed dark 
arms. In this test there are two forces driving behavior. 
Elevating the platform off the ground is frightening to 
the rodent. Rodents prefer dark, enclosed spaces rather 
than open, lit areas. At the same time, rodents are curi-
ous and like exploring. The elevated plus maze is an 
unconditioned spontaneous behavioral conflict test that 
measures the conflict between exploration of a novel 
environment and avoidance of a brightly lit, open area 
(29). The shorter the amount of time the animal spends 
in the open arms relative to total time, the greater the 
animal’s anxiety.

Status epilepticus caused by pilocarpine or kainic 
acid results in increased anxiety in adult rats (30). On 

the other hand, SE induced by pentylenetetrazole (PTZ) 
does not result in increased anxiety (31).

Changes in Socialization

Tests of socialization include the home cage intruder 
test. Another animal of similar age, size, and gender is 
placed in the cage of the experimental animal. Aggres-
sive, passive, and other interactive and noninteractive 
behaviors are recorded (32–34). A variation of the 
home cage intruder test is the social recognition task. 
In this test the experimental rat is exposed to another 
rat, usually a juvenile rat. It is expected that the two 
animals will explore each other actively on the initial 
encounter but that this exploration will decrease with 
repeated exposures. Outcome measures include time 
spent sniffing, grooming, and so forth. Following SE, 
animals are significantly more aggressive, irritable, and 
difficult to handle by experimenters; however, these 
animals often display increased passivity toward the in-
truder animal (32). Abnormalities in the home cage 
intruder tests have been documented after pilocarpine-
induced nonconvulsive SE (35) and kainic acid–induced 
SE (36).

Changes in Response to Discomfort

The handling test is a measure of emotional response 
to graded amounts of discomfort, elicited by non-
stressful handling (rubbing the fur along the grain), 
stressful handling (rubbing the fur against the grain), 
and graded tail pinch with a hemostat. Responses are 
graded on an ordinal scale from 1 to 4. Immature rats 
undergoing kainic acid–induced SE and tested as adults 
were notably more aggressive on the handling test (36). 
Following SE, adult animals become more irritable and 
aggressive in the handling test (12, 37) and become 
more hyperactive (12).

Mechanisms of SE-Induced Cognitive and 
Affective Disorders

The mechanisms of SE-induced cognitive and affective 
disorders remain unclear. A number of morphological 
and physiological changes occur as a result of SE. In the 
adult animal, status epilepticus causes neuronal loss in 
hippocampal fields CA1 and CA3 and in the dentate 
hilus (38, 39), with the pattern of cell loss dependent 
upon the agent used to induce the seizures (40, 41). In 
addition to cell death, prolonged seizures in the adult 
brain lead to synaptic reorganization, with aberrant 
growth (sprouting) of granule cell axons (the so-called 
mossy fibers) in the supragranular zone of the fascia and 
infrapyramidal region of CA3 (42, 43). Sprouting and 
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new synapse formation occur in other brain regions—
notably the CA1 pyramidal neurons, where it has been 
shown that newly formed synapses produce an enhanced 
frequency of glutamatergic spontaneous synaptic 
currents (44).

The relationship between cell loss, sprouting, and 
behavioral and cognitive dysfunction remains unclear. 
A relationship between cell loss and memory deficits 
following SE has been reported (26). Aggressive behav-
ior in male rats subjected to lithium-pilocarpine status 
epilepticus was closely related to cell loss (45, 46).

Physiologic Effects of SE

To directly address the physiologic effects of SE, we 
recorded the activity of single hippocampal neurons in 
freely moving rats subjected to SE and compared this 
activity to that in control rats. Neurons in the hip-
pocampus called place cells encode the animal’s loca-
tion within its environment. When a rat is exploring 
a given environment, hippocampal pyramidal neurons 
discharge when the animal enters certain locations of 
the environment, called the cells’ firing field. Field 
location, size, and shape are specific to each cell and 
each environment, and fields cover the surface of the 
environment homogeneously. For a given environment, 
in normal rats, they remain unchanged, even between 
exposures separated by months (47–50). Since there 
is a relationship between place cells activity and the 
ongoing spatial behavior of rats (51, 52), it is believed 
that such signals provide the animal with a spatial rep-
resentation in order to navigate efficiently within the 
environment. These cells provide a very useful single-
cell measure of spatial memory.

We found that adult rats that experienced SE show 
deficient performance in two variants of a complex 
spatial task (the Morris swimming task) and, in parallel, 
have defective place cells, as expected from the spatial 
mapping theory. The place cells from the SE rats were 
defective in two ways: (1) Their firing fields were less 
orderly than those of normal rats, and (2) their firing 
fields were less stable than those of normal rats. Each 
of these defects provides a reasonable explanation of 
why water maze performance is deficient in SE rats and 
suggests that the cognitive impairment seen in our rats 
cannot be attributed to cell loss alone. However, the 
mechanisms responsible for the aberrant firing patterns 
remain unclear.

In summary, the majority of studies in the rat have 
shown deficits in behavior and memory following the SE. 
While there are some variations in the findings, the SE mod-
els appear to mimic the clinical situation well and serve as 
a useful tool in further understanding the pathophysiology 
of cognitive and behavioral deficits.

REPETITIVE SEIZURES

Somewhat surprisingly, there have been fewer studies 
examining the effects of recurrent seizures on cognitive 
and behavioral effects than following SE. As will be seen, 
in general the effects of recurrent seizures on cognition 
and behavior are less severe than those following SE.

Although there have been a variety of agents to 
induce recurrent seizures, kindling has been studied most 
extensively. Kindling is the process whereby repeated 
application of seizure-evoking stimulation produces neu-
ronal changes that result in an enduring enhancement of 
susceptibility to seizure-evoking stimulation. Electrical 
kindling is most commonly used, although a variety of 
chemical agents have also been used. Recurrent gener-
alized seizures can also result in a kindling effect. For 
example, repeated exposures to the volatile agent fluro-
thyl (bis-2, 2, 2-trifluoroethyl ether), a potent and rapidly 
acting central nervous stimulant, produces seizures within 
minutes of exposure (53). With repeated exposures to 
flurothyl, rats have reduced latencies to seizure onset and 
longer duration of the seizures (54).

Since kindling is a gradually acquired process, 
behavioral tests can be done during the kindling or 
after the animal has fully kindled. If done during the 
acquisition of kindling, the investigator can assess 
behavior before or following each stimulation. If testing 
occurs after kindling, the investigator can manipulate 
the time of the testing to determine the duration of any 
postkindling effect.

Investigators have examined the effect of kindling 
on spatial memory with the animal being studied after 
or during kindling. Both the radial arm maze (55–57) 
and water maze (58–61) have been used. Leung and col-
leagues reported that hippocampal kindling produces 
deficits in working memory when the animals are tested 
later in the radial arm maze or water maze after the kin-
dling (56, 57, 62). However, McNamara and cowork-
ers (63, 64) reported that following full kindling in the 
perforant path, septum, or amygdala, spatial learning 
in the water maze was unimpaired when the animals 
were tested several days after the last seizure. Likewise, 
perirhinal cortex kindling had no effect on water maze 
performance (65). These results in the perirhinal cortex 
contrast with the selective disruption of spatial memory 
produced by dorsal hippocampal kindling. The site selec-
tivity of the behavioral disruptions produced by kin-
dling indicates that such effects are probably mediated by 
changes particular to the site of seizure initiation rather 
than to changes in the characteristic circuitry activated 
by limbic seizure generalization.

Rats partially kindled in the hippocampus after learn-
ing the radial arm maze showed deficits in retention (66). 
Lopes da Silva and coworkers (55) found that kindling of 
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the hippocampus produced persistent deficits in reference 
memory and transient decreases in working memory when 
the rats were studied during the kindling phase. Robinson 
et al. (67) compared the transient and persistent effects of 
kindling the perforant path on acquisition in the radial 
arm task, finding learning impairment only in rats kindled 
30–45 minutes prior to each learning trial. Animals that 
were fully kindled and then had a stimulation-free period 
prior to the testing had no deficits. Gilbert and coworkers 
[68] used two procedures to assess the spatial learning and 
memory of rats in the Morris water maze task subsequent 
to hippocampal kindling. Kindling was performed either 
before water maze testing or after the water maze task was 
learned. Generalized seizures elicited prior to water maze 
testing impaired acquisition of the task, whereas either 
partial or generalized seizures administered following kin-
dling impaired retention. Even a few localized hippocam-
pal stimulations delivered prior to the task can disrupt 
spatial cognition (69).

The effects of kindling on spatial memory are not 
confined solely to electrical kindling. With repetitive 
pentylenetetrazole-induced seizures given every other 
day for 28 days, rats made more reference errors in the 
radial arm water maze (70). Genetically epilepsy-prone 
rats (GEPRs) subjected to 66 audiogenic stimulations 
showed impairment in both the water maze and T-maze 
when compared to littermates that were handled and 
placed in the sound chamber but were not stimulated (71). 
Neonatal rats subjected to recurrent flurothyl-induced 
seizures also have impaired spatial memory when tested 
in the water maze (72, 73).

It is likely that the effects of kindling on cognition 
are dependent on the underlying condition. For example, 
Ihara epileptic rats (IER/F substrain) have neuropatho-
logic abnormalities and develop generalized convulsive 
seizures when they reach the age of approximately 5 
months. Okaichi et al. (74) tested nine IER/F rats that had 
not yet experienced seizures and older IER/F rats that had 
repeatedly experienced seizures with identical tasks. Both 
groups showed behaviors that were different from those 
of control rats in the water maze. Because young IER/F 
rats without prior seizures also showed severe learning 
impairments, the results suggested that recurrent seizures 
had no discernible effect on spatial learning and memory. 
Genetically programmed microdysgenesis in the hippo-
campus was suspected as a cause of the severe learning 
deficits of IER/Fs, rather than the seizures themselves.

It appears from the literature that kindling disrupts 
learning and memory, particularly when the kindling 
stimulations are administered shortly before training ses-
sions. While hippocampal kindling can result in long-term 
impairment of spatial memory, nonhippocampal kindling 
effects on hippocampal function are substantially less 
prominent.

Amygdala-kindled animals also exhibit heightened 
anxiety (75). Kindling of the amygdaloid complex in rats 
results in an enhanced emotionality, frequently expressed 
by an elevated anxiety and defensive attitude toward other 
animals (76). Kalynchuk and coworkers (77) kindled the 
hippocampus, amydala, or caudate nucleus. Rats were 
then tested in the open field, in the elevated plus maze, 
and for resistance to capture. Rats kindled in the amyg-
dala and hippocampus were less active in the open field, 
were more resistant to capture from the open field, and 
engaged in more open-arm activity in the elevated plus 
maze. The authors suggested that the reduced activity 
in the open field and the increased activity in the open 
arm in the elevated plus maze were signs of increased 
anxiety. Perirhinal cortex kindling also increased anxiety-
related behavior in both the elevated plus and open field 
mazes and disrupted spontaneous object recognition (78). 
Pentylenetetrazole-treated rats have also been shown to 
have a higher anxiety levels in the open-field exploratory 
maze test (70).

Amygdala kindling also alters social attraction between 
rats in the open field test, with kindled rats showing a higher 
likelihood of remaining in close proximity to a partner rat 
(76). Partial kindling of the ventral perforant path in cats 
produced a lasting increase in defense response of cats to 
both rats and conspecific threat howls. In addition, there 
was a suppression of approach-attack behaviors directed 
toward rats (79). Pentylenetetrazole-treated rats also dis-
played decreased offensive behaviors in the home cage 
intruder test (80). GEPRs subjected to repetitive seizures 
were less active in the open field activity test, less aggressive 
in the home cage intruder test, and more irritable and aggres-
sive in the handling test (71). In a test that mimics depression 
(the forced swim test), animals receiving repetitive pentyl-
enetetrazole injections were immobile significantly longer 
than control rats (70).

In summary, most studies have demonstrated that rats 
subjected to recurrent seizures show deficits in learning, 
memory, and behavior. As such, these animals provide a 
useful model of postseizure dysfunction, which may serve 
as a screen for potential treatments for these cognitive, 
emotional, and neuropathological deficits that resemble 
those symptoms observed in human epilepsy. However, 
as in humans, there is considerable variation in outcome 
following repetitive seizures. Genetic background of the 
animals, as in humans, appears quite important.

MECHANISMS OF SE-INDUCED COGNITIVE 
AND AFFECTIVE DISORDERS

Kindling has been shown to produce sprouting of the 
mossy fiber axons of the dentate granule cells of the 
hippocampus (43), cell loss (81–83), enhanced function 
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of N-methyl-D-aspartate receptors (84–86), reduction 
in intracellular calcium binding (86), and a myriad of 
synaptic changes (87, 88). In addition, recurrent fluro-
thyl seizures in immature rats are associated with mossy 
fiber sprouting in CA3 (89). Which of these changes are 
associated with the cognitive and behavioral effects seen 
in rats following kindling or repetitive seizures is not yet 
known.

CONCLUDING REMARKS

There is now a substantial literature demonstrating 
that both SE and recurrent seizures result in cognitive 

impairment and behavioral changes. These cognitive and 
behavioral changes mimic many of the problems faced 
by patients with seizures. The challenge for investigators 
now is to determine which of the seizure-induced changes 
in the brain lead to these adverse outcomes. Understand-
ing the pathophysiology of these changes should lead to 
the development of novel therapeutics.
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Cognitive Effects of 
Antiepileptic Drugs

omplaints of impaired memory 
and/or cognition are not uncom-
mon in patients with epilepsy (1). 
Many factors may contribute to 

these complaints, including the underlying pathophysi-
ology of the disease state. However,  antiepileptic drug 
(AED) therapy has the potential to contribute to cogni-
tive impairments. For example, it is well established 
clinically that drugs that enhance gamma-aminobutyric 
acid (GABA)-mediated (GABAergic) inhibitory neuro-
transmission, such as barbiturates and benzodiazepines, 
can have marked negative effects on cognitive processes 
in normal volunteers (2). Since AEDs are the major ther-
apeutic modality for control of seizures, being able to 
assess the potential impact of AEDs on cognitive pro-
cesses is of particular importance. A growing body of 
literature has focused on evaluating the potential effects 
of AEDs on cognition in normal volunteers and patients 
with epilepsy (1–3). However, being able to assess the 
potential adverse effects of AEDs on cognition in animals 
would be of great benefit, not only in helping to delineate 
the effects of AEDs and possibly optimize current therapy, 
but also in the discovery of the next generation of AEDs 
with greater efficacy and no negative, and potentially 
positive, impact on cognition.

Cognition is not a unitary concept. Rather, cogni-
tion may be divided into multiple domains, including 

Harlan E. Shannon

attention, working memory, and learning. A negative 
impact on any cognitive domain could give rise to a cog-
nitive deficit that could very strongly impact quality of 
life. However, the extent to which AEDs impact any one 
domain, or whether different mechanistic classes impact 
different domains to different extents, is unclear. We (4–6) 
therefore undertook a series of experiments to evaluate the 
potential for a broad series of AEDs (Table 6-1) (7) to affect 
the cognitive domains of attention, working memory, and 
learning in rats.

The term attention refers to the selective aspects 
of perception which function so that at any particular 
moment an organism focuses on certain features of the 
environment to the relative exclusion of other features. 
An organism must, presumably, first “attend” to a stimu-
lus before the stimulus can be cognitively processed, and 
it is therefore potentially the most basic of all cogni-
tive processes. Attention tasks can be subdivided into 
vigilance (or sustained-attention), selective-attention, and 
divided-attention tasks, which are aimed at measuring the 
subject’s ability to focus on one task for a sustained period 
of time, to resist distraction by irrelevant stimuli, and to 
perform more than one task at a time, respectively. Tasks 
used to evaluate attention in humans include variations of 
the continuous performance test, the Brief Test of Atten-
tion, and digit symbol substitution tests. In animals, an 
often-used attention test is the five-choice serial reaction 

C
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time (5CSRT) task developed and popularized by Robbins 
and coworkers (8). In this task, a stimulus is briefly pre-
sented at one of five locations, and a response at that 
location results in the presentation of a reinforcer. The 
5CSRT task thus primarily assesses sustained attention.

Working memory is a theoretical concept that refers 
to a set of cognitive processes that provide temporary 
maintenance and manipulation of the information neces-
sary for complex cognitive tasks (9). Tasks used to evalu-
ate working memory in humans include various forms of 
the N-back test, digit span, and the Corsi test. In animals, 
working memory has often been operationally defined as 
the maintenance of information in memory and making 
a subsequent response based on, but in the absence of, 
that information or event. One approach to assessing 
working memory is a delayed spatial alternation task, 
in which an animal is required to respond alternately 
on left and right levers in order to obtain a reinforcer. 
Thus, in order to respond correctly during the current 
trial, an animal must remember where it had responded 
during the just preceding trial. By varying the interval 
between trials, time-dependent memory processes can 
be evaluated. Thus, spatial alternation behavior primar-
ily assesses the time-related maintenance component of 
working memory.

Intact attention and working memory are neces-
sary for higher cognitive processes such as learning. In 

humans, learning is often assessed by having subjects 
master lists of words, as in the Selective Reminding Test. 
Requiring an animal to master a sequence of behaviors, 
such as a sequence of lever press responses, is analo-
gous to mastering a list of words in a particular order. 
In a repeated acquisition of response sequences task, 
animals are required to learn a sequence of behavioral 
responses (lever presses) that is constant during a given 
experimental session but is varied between experimen-
tal sessions (10). This general procedure has permitted 
the investigation of steady states of “rule” learning 
across experimental sessions and has been an impor-
tant behavioral baseline for determining the effects of 
drugs on learning.

In order to assess the effects of AEDs on these 
cognitive domains of attention, working memory, 
and learning, we determined dose-response curves in 
each task for AEDs from multiple mechanistic classes, 
including the older AEDs phenobarbital, valproate, and 
carbamazepine and the newer AEDs lamotrigine, topi-
ramate, gabapentin, levetiracetam, and tiagabine. For 
purposes of comparison, dose-response curves were 
also determined for the anticonvulsant benzodiaz-
epines chlordiazepoxide or triazolam, as well as the 
muscarinic cholinergic receptor antagonist scopol-
amine, which are well known to disrupt cognition in 
both humans and rats.

TABLE 6-1
Minimal Effective Doses of AEDs for Cognitive vs. Anticonvulsant Effects

   WORKING COMPLEX

   MEMORY LEARNING LOCOMOTOR THRESHOLD 6-HZ

  ATTENTION (SPATIAL (REPEATED ACTIVITY ELECTROSHOCK ELECTROSHOCK

 DRUG (5-CSRT) ALTERNATION) ACQUISITION) CHANGEa TESTa TESTa

MED, MG/KG MED, MG/KG MED, MG/KG ED50, MG/KG ED50, MG/KG MED, MG/KG

Phenobarbital 56 30 56 30 5.6 5.8
Triazolam 1.0 0.1 nd nd nd nd
Chlordiazepoxide 17.5 nd 17.8 �30 5.7 0.78
Tiagabine nt 30 �30 nt 1.4 0.32
Valproate �300 300 �300 �300 90 121
Gabapentin �300 �300 nd 100 10.5 327b

Carbamazepine 56 30 56 30 5.5 12.5b

Phenytoin �30 �30 30 �30 3.4 33b

Topiramate �100 100 �100 �30 1.4 �30
Lamotrigine �100 �100 100 30 1.7 30b

Levetiracetam �200 �200 200 300 �300 6.0
Ethosuximide nd 300 nd �560 �560 179

Comparison of minimal effective doses for disrupting attention, working memory, and learning in rats with the minimal effective doses
for decreasing locomotor activity in mice and the ED50 doses in the threshold electroshock (TES) and the 6-Hz electroshock tests in mice.

aFrom Shannon et al. (7).
bMaximum effect between 50 and 100%.
nd, not determined.
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ATTENTION: 5-CHOICE SERIAL 
REACTION TIME

Under baseline conditions, stimuli were presented for 
0.5 seconds duration with equal probability above each 
of five response levers (5). The percentage of trials with 
an error of omission, a typical measure of a lapse of 
attention, was typically approximately 15–20%. Includ-
ing only those trials during which an animal did respond, 
the percentage of correct responses was approximately 
85–90%, and the percentage of incorrect responses was 
approximately 10–15%. The GABA-related AEDs phe-
nobarbital, triazolam, and chlordiazepoxide significantly 
disrupted attention in that they produced dose-related 
increases in errors of omission. In fact, after a dose of 100 
mg/kg of phenobarbital, the animals failed to respond 
on any trial, resulting in 100% omissions (Figure 6-1, 
upper left, and Table 6-1). In contrast, the GABA-related 
AEDs tiagabine and gabapentin did not increase errors 
of omission. The sodium channel blocker carbamaze-
pine increased errors of omission, whereas the sodium 
channel blockers phenytoin, topiramate, and lamotrigine 

(Figure 6-1, lower left) were without significant effect 
on performance. Similarly, levetiracetam had no effect 
on attention. The disruptions produced by phenobar-
bital, triazolam, chlordiazepoxide, and carbamazepine 
were similar in magnitude to those produced by sco-
polamine. These results demonstrated that the positive 
allosteric modulators of GABA receptors phenobarbital, 
triazolam, and chlordiazepoxide produced marked dis-
ruption of attention, but other GABA-related AEDs as 
well as sodium channel blockers (with the exception of 
carbamazepine) and levetiracetam had little or no effect 
on attention in nonepileptic rats.

WORKING MEMORY: SPATIAL 
ALTERNATION BEHAVIOR

In this task, animals were required to respond alternately 
on the left and right levers with a retention interval delay 
between trials, during which the chamber was dark, which 
varied from 2 to 32 seconds (4). Averaged across all reten-
tion intervals, the percentage of correct responses was 

FIGURE 6-1

Comparison of the effects of varying doses of phenobarbital and lamotrigine on attention, working memory, and learning in 
nonepileptic rats. Each point represents the mean of six different animals. Vertical lines represent � SEM and are absent when 
less than the size of the point. *, p � .05 versus vehicle, Dunnett’s t-test. %, Animals failed to respond sufficiently after 100 
mg/kg of phenobarbital to calculate a reliable value for percent correct.
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typically 85–90%; however, performance was typically 
nearly 100% correct at the shorter (2–4-second) delays 
and decreased to approximately 75% after the 32-second 
delay. Dose-response curves could be constructed by tak-
ing the overall average percent correct responding for the 
session for all delays. The GABA-related AEDs pheno-
barbital (Figure 6-1, upper middle) and triazolam signifi-
cantly disrupted working memory in that they decreased 
the overall percentage of correct responding. As with the 
attention task, a dose of 100 mg/kg of phenobarbital 
markedly decreased the number of trials during which 
the animals made a response, precluding calculation of 
the overall percent correct at this dose. In contrast, the 
GABA-related AEDs tiagabine, valproate, and gabapentin 
were without significant effect on working memory in this 
task. The sodium channel blockers carbamazepine and 
topiramate produced modest but significant decreases 
in percent correct performance, whereas phenytoin 
was without effect on percent correct but decreased the 
number of trials on which the animals responded, and 
lamotrigine (Figure 6-1, lower middle) was without any 
significant effect on either measure. Levetiracetam was 
also without effect on working memory in this task. The 
disruption produced by phenobarbital and triazolam 
were, again, comparable in magnitude to that produced 
by scopolamine, indicating that direct positive allosteric 
modulators of GABA neurotransmission, but not other 
mechanistic classes of AEDs, can produce significant dis-
ruption of working memory.

COMPLEX LEARNING: REPEATED 
ACQUISITION OF RESPONSE SEQUENCES

Under the repeated acquisition task, rats exhibited stable 
learning curves across days, thus providing a stable base-
line against which to assess the effects of AEDs. Learn-
ing curves were determined by dividing each session into 
five 15-trial bins, for a total of 75 trials each session. 
The percent correct responding increased from approxi-
mately 20% to greater than 80% correct across the five 
bins. The total number of correct sequences during a 
30-minute test session was typically approximately 50. If 
an AED disrupted the animals’ ability to learn, then the 
total number of correct sequences was decreased. The 
GABA-related AEDs phenobarbital (Figure 6-1, upper 
right) and chlordiazepoxide significantly disrupted per-
formance by producing dose-related decreases in the total 
number of correct sequences. Phenobarbital and chlordi-
azepoxide also shifted the learning curve to the right and 
increased errors. In contrast, tiagabine and valproate were 
without significant effect on any of the measures. The 
sodium channel blockers carbamazepine and phenytoin 
decreased responding at higher doses, whereas lamotrigine 

(Figure 6-1, lower right) produced a modest, but nonsig-
nificant, decrease in the total number of correct sequences 
and increased errors, while topiramate was without sig-
nificant effect. In addition, levetiracetam also shifted the 
learning curve to the right and increased errors. The dis-
ruptions produced by phenobarbital, chlordiazepoxide, 
and levetiracetam were similar in magnitude to the effects 
of scopolamine, and the effects of lamotrigine were quali-
tatively similar to, but smaller in magnitude than, those 
of scopolamine. The results of this study indicated that 
direct positive allosteric modulators of GABA receptors 
as well as sodium channel blockers produce the most 
consistent impairment of learning.

DISCUSSION

Cognitive function in individuals with epilepsy can be 
influenced by the underlying pathophysiology, the fre-
quency and severity of seizures, and the potential detri-
mental effects of AEDs, among other factors. Of these, 
the potential effects of AEDs are perhaps the most critical 
because they are the major therapeutic modality for the 
control of seizures. We therefore sought to determine 
the effects of AEDs on the cognitive domains of atten-
tion, working memory, and learning. These studies have 
been conducted in nonepileptic rats to ascertain better 
the effects of the AEDs on cognition without the added 
complexities of the disease state or occurrence of seizures. 
However, the behavioral and cognitive effects of AEDs 
are likely to differ between epileptic and nonepileptic sub-
jects as well as with the specifics of the pathophysiology, 
seizure frequency, and seizure type. Moreover, the studies 
reviewed here evaluated only the acute effects of the drugs 
and did not attempt to ascertain the effects of the drugs 
upon chronic administration. Studies on the cognitive 
effects of AEDs in epileptic subjects and after chronic 
administration are needed. Moreover, studies to date have 
evaluated only a limited number of cognitive domains, 
and additional studies on other cognitive domains, par-
ticularly executive function, are also needed.

Among the AEDs evaluated in these studies, the 
barbiturate and benzodiazepine direct positive alloste-
ric modulators of GABAA receptors produced the most 
robust and consistent disruption of cognition across the 
domains studied (Table 6-1). Phenobarbital and triazolam 
or chlordiazepoxide typically produced effects that were 
similar in magnitude to the effects of the muscarinic cho-
linergic receptor antagonist scopolamine. In contrast, the 
GABA-uptake blocker tiagabine, which increases brain 
levels of GABA, was largely without effect. Together, these 
results suggest that the benzodiazepine-sensitive GABAA
receptors may be involved in producing cognitive deficits 
but are not necessarily involved in the anticonvulsant effects 
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of GABAA receptor stimulation. Thus, it may be possible 
to develop drugs that act directly at non-benzodiazepine-
sensitive GABAA receptors that are anticonvulsant but 
have little or no negative impact on cognition.

Overall, the impact of most other AEDs was not large 
in magnitude and typically occurred at doses several-fold 
above the ED50 values in anticonvulsant tests (Table 6-1). 
A limitation in this interpretation is that the anticonvulsant 
data are in mice, whereas the cognitive data are in rats. 
However, the mouse models are the typical models used 
in evaluating AEDs, and dose ranges are usually, but not 
always, similar in mice and rats. Also, efficacious dose 
ranges of AEDs can differ for different seizure types. Thus, 
the separations between doses that are anticonvulsant and 
those that impact cognition were different for the different 
seizure types (Table 6-1) and could also differ with acute 
versus chronic administration. Be that as it may, the present 
findings are similar to those in human volunteers, where 
the effects of AEDs on cognition are generally not large in 
magnitude, even with chronic dosing (3, 11).

Among the three cognitive domains studied, atten-
tion appeared to be the least impacted by the drugs tested. 
Other than the GABAA receptor positive allosteric modu-
lators, only carbamazepine had a modest, but significant 
effect on attention over the dose-ranges tested (Table 6-1). 
Attention is one of the most basic cognitive processes. 
Thus, our findings suggest that to the extent that AEDs 
disrupt cognition, that disruption is unlikely to be due 
primarily to a negative impact on attention. However, 
choice reaction time tasks assess primarily vigilance, 
or sustained attention, rather than selective or divided 
attention. The extent to which AEDs may impact selec-
tive or divided attention would be an important topic 
for future studies.

Working memory and learning were impacted by 
more AEDs than attention was (Table 6-1). Working 
memory was significantly impacted not only by phe-
nobarbital, triazolam, and carbamazepine but also by 
tiagabine, valproate, topiramate, and ethosuximide. 
Learning was significantly impacted not only by pheno-
barbital, chlordiazepoxide, and carbamazepine but also 
by phenytoin, lamotrigine, and levetiracetam. However, 
in general, the effects of AEDs that were not GABAA

receptor allosteric modulators were relatively modest in 
magnitude and occurred at doses that were five- or more-
fold above their ED50 doses for producing anticonvulsant 
effects. Intact attention and working memory are presum-
ably necessary for more complex cognitive processes, such 
as learning, to occur. Thus, it might be expected that AEDs 
that impacted either attention or working memory would 
also impact learning. This hierarchy was observed for 
phenobarbital, chlordiazepoxide/triazolam, and carba-
mazepine, and possibly levetiracetam (which impacted 
only learning) but not for tiagabine or topiramate (Table 
6-1), both of which impacted working memory but not 
learning. The reasons for this difference are presently 
unclear. However, the memory and learning tasks used 
here represent primarily maintenance working memory 
and rule learning. The present tasks do not tap into other 
cognitive domains such as executive working memory 
(9) or other types of learning that might be impacted 
by AEDs.

The AEDs tested here, which included older AEDs 
as well as newer AEDs, generally produced little to mod-
est disruption of attention, working memory, and rule 
learning, particularly in comparison with the muscarinic 
receptor antagonist scopolamine. The major exceptions 
were the barbiturate phenobarbital and the benzodiaz-
epines chlordiazepoxide and triazolam, which produced 
effects in most tests that were comparable in magnitude to 
those produced by scopolamine. Moreover, the minimal 
effective doses of the AEDs, including phenobarbital and 
the benzodiazepines, were typically severalfold above the 
anticonvulsant ED50 doses for the compounds (Table 6-1). 
However, given that the ED50 values depended on the 
seizure type (tonic extensor seizures elicited by threshold 
electroshock and limbic seizures elicited by 6-Hz stimula-
tion), and fully efficacious doses were typically 3- to 10-
fold higher than the ED50 values, even the modest effects 
observed in our studies occurred within anticonvulsant 
dose-ranges for these AEDs. In general, however, our 
findings are in accord with clinical results (1, 3, 11, 12) 
indicating that barbiturates and benzodiazepines produce 
the most marked cognitive disruption, and that other 
AEDs, particularly newer ones, produce more modest 
or subtle effects.
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The Role of Sprouting 
and Plasticity in 
Epileptogenesis and 
Behavior

harmacological therapy for intrac-
table partial-onset epilepsy is aimed 
to symptomatically relieve seizure 
frequency and severity. Over the 

past 30 years, almost 30,000 compounds have been 
screened using two animal models of acute evoked con-
vulsions for clinical trial development. Thus, it should 
not be surprising that this strategy has provided clini-
cians with excellent anticonvulsants, but that these com-
pounds appear to be less effective against other seizure 
types, and ineffective in altering the development and 
natural history of the epilepsies. The development of 
therapies that alter the natural history of this condition 
has been hampered by our lack of understanding of the 
fundamental mechanisms of epileptogenesis, the patho-
physiological process underlying the development of epi-
lepsy. Understanding the mechanisms of epileptogenesis 
might lead to better experimental models for discovery 
of compounds that are disease modifying, altering the 
natural history of symptomatic partial-onset epilepsy. 
This chapter critically summarizes potential mechanisms 
for epileptogenesis, including synaptic reorganization in 
the hippocampal circuitry, aiming to characterize these 
mechanisms within the perspective of the most common 
pharmacologically intractable form of partial-onset 
epilepsy: mesial temporal lobe epilepsy. As synaptic 
reorganization of hippocampal structures appears to 

Devin J. Cross
Jose E. Cavazos

progressively enhance limbic hyperexcitability, it might 
also contribute toward pharmacological intractability 
in partial-onset epilepsy.

MESIAL TEMPORAL LOBE EPILEPSY

Mesial temporal lobe epilepsy (MTLE) is the most com-
mon epilepsy syndrome with pharmacologically intrac-
table partial-onset seizures. This epileptic syndrome has 
a high association with a remote history of febrile sei-
zures, particularly complex or prolonged febrile seizures, 
but has also been observed to be associated with other 
acute neurologic insults such as an episode of partial-
onset status epilepticus, closed head injury, brain tumors, 
and stroke. However, many patients with MTLE have no 
obvious brain insult other than the cumulative effect of 
repeated brief partial-onset seizures. Typically, when there 
is a history of a prior neurologic injury, there is a latent 
period between the initial insult and the onset of MTLE 
that can span at least several weeks, but more commonly 
several years. Severe prolonged insults such as prolonged 
febrile convulsions and generalized convulsive status epi-
lepticus appear to have a shorter latency to the onset of 
spontaneous partial-onset seizures, compared with other 
less severe precipitating events such as simple febrile sei-
zures. The latent period between the precipitating event 
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and the onset of epilepsy is one of the hallmarks of the 
pathophysiological process underlying the progression of 
epileptogenesis in MTLE.

Most of our understanding of the pathophysiology 
of MTLE derives from studies of brain tissue obtained 
surgically from patients with intractable and unilat-
eral MTLE; typically, the tissue is examined after 20 or 
more years from the onset of their epilepsy. The majority 
of these highly selected patients dramatically improve 
after an anterior temporal lobectomy, which includes resec-
tion of the hippocampus, amygdala, and adjacent temporal 
neocortex (1). Thus, it has been presumed that the mecha-
nisms underlying the development and intractability of 
MTLE must lie within the resected tissue.

Neurophysiologic studies have shown that most 
patients with intractable MTLE have seizure onset 
within the hippocampal formation (1), which has led to 
the study of hippocampal slices from the resected hip-
pocampus obtained during resective surgery in these epi-
leptic patients. The neurophysiologic studies demonstrate 
evidence of cellular hyperexcitability in granule cells and 
hippocampal pyramidal neuron, but only under certain 
conditions that impair inhibitory mechanisms (2). In addi-
tion, investigators found a general correlation between 
the degree of cellular hyperexcitability of granule cells 
under these conditions and the degree of synaptic reor-
ganization of the mossy fiber pathway, a form of mor-
phological plasticity observed in patients with MTLE and 
in experimental models of MTLE. This study suggests 
that the neurophysiologic abnormalities can be associ-
ated with neuropathological alterations in patients with 
MTLE. However, causative relationships between these 
phenomena cannot be established with this approach, 
which examines only the late stage of these phenomena 
many years after the onset of partial seizures.

Studies of the resected tissue from patients with 
intractable MTLE have shown several neuropathologi-
cal abnormalities, including (1) a pattern of hippocampal 
neuronal loss known as mesial hippocampal sclerosis, 
(2) sprouting and reorganization of the mossy fibers in 
the dentate gyrus (DG), (3) hippocampal gliosis, and 
(4) dispersion of granule cells with ectopic locations. 
These neuropathological abnormalities might be conse-
quences of repeated seizures or the result of the initial 
precipitating brain insult that led to repeated seizures. 
However, each of them might be a potential mechanism 
that contributes toward the pathophysiological process of 
epileptogenesis that resulted in pharmacologically intrac-
table MTLE. Understanding the relative contribution of 
these neuropathological abnormalities in epileptogenesis 
has been considerably improved by multiple experimen-
tal models of MTLE, where the relationships between 
these phenomena and other potential mechanisms can 
be systematically tested.

EXPERIMENTAL MODELS OF MTLE

Several strategies are used to study the process of epi-
leptogenesis in experimental models of MTLE. One 
strategy utilizes chemoconvulsants to produce an acute 
excitotoxic insult that results in status epilepticus, which 
later results in the development of spontaneous brief 
seizures. This strategy demonstrates a latency of sev-
eral days between the insult and the development of 
seizures, but it is unclear how representative it is of the 
majority of patients with intractable MTLE who have 
no identifiable insult earlier in life. Two frequently used 
models that employ this approach are the kainic acid 
and pilocarpine models of MTLE. Rats that have expe-
rienced convulsive status epilepticus induced with these 
chemo-convulsants exhibit neuropathological and neu-
rophysiologic abnormalities similar to those observed 
in intractable MTLE. Adult rats that have experienced 
kainic acid–induced status epilepticus demonstrate 
prominent neuronal damage and gliosis in hippocampal 
pyramidal neurons and the hilar polymorphic neurons of 
the DG. After hippocampal neuronal loss, these regions 
demonstrate morphological plasticity, with sprouting of 
the mossy fiber pathway into the inner molecular layer 
of the DG. Synaptic reorganization induced by seizures 
has been studied extensively in the mossy fiber pathway 
because of the ease of detecting changes in the laminar 
pattern of this pathway using Timm histochemistry or 
dynorphin-A immunocytochemistry (3). Most studies in 
experimental models of MTLE have shown sprouting 
in the mossy fiber pathway into the inner molecular 
layer of the DG and sprouting of the distal mossy fiber 
projection to the CA3 region.

Another strategy utilizes repeated exposure to sei-
zures, using chemo-convulsants or electrical stimulation 
of limbic pathways (i.e., kindling) to produce frequent 
small insults that lead only to brief repeated seizures. In 
general, these chronic models of MTLE exhibit consid-
erably less injury compared with the acute models that 
require an initial episode of status epilepticus. Further-
more, the neuropathological and neurophysiologic abnor-
malities evoked in the chronic models are less severe than 
those evoked in the acute models. Although the chronic 
models more appropriately mimic the seizure burden and 
frequency of patients with intractable MTLE, they also 
lead to apparently less frequent late spontaneous seizures 
than the kainic acid or pilocarpine model of MTLE.

Sprouting and synaptic reorganization have been 
investigated only in hippocampal pathways; however, 
neuronal loss has been demonstrated in multiple limbic 
areas. Experimental models that evoke a more limited 
degree of hippocampal injury, such as electrical kin-
dling, demonstrate a lesser degree of synaptic reorga-
nization, compared with the acute models of status 
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epilepticus (4). An advantage of the acute models of 
MTLE is that the time course of progression of the 
neuropathological and neurophysiologic abnormali-
ties can be studied in relation to the development of 
spontaneous partial-onset seizures. Following an acute 
excitotoxic insult, several of these neuropathological 
phenomena develop during the latency period for several 
days, before the emergence of cellular hyperexcitability 
and the onset of spontaneous seizures (5). During the 
latency period, there are transitory functional impair-
ments of inhibitory control that recover during the 
chronic state; whereas other neuropathological abnor-
malities are permanent. It has been hypothesized that 
the permanent neuropathological alterations might 
underlie the mechanisms of epileptogenesis in intrac-
table MTLE that lead to late intractable spontaneous 
seizures (Figure 7-1); in particular, several investigators 
have shown that the progressive development of synap-
tic reorganization parallels the increased cellular excit-
ability in the DG (6) preceding spontaneous seizures. 
This type of synaptic reorganization of the mossy fiber 
has been observed in essentially all acute and chronic 
adult models of MTLE and in pathological specimens 
of humans with MTLE. Thus, synaptic reorganization 
of hippocampal structures is a potential mechanism 
explaining hippocampal hyperexcitability in patients 
with intractable MTLE.

SPROUTING AND SYNAPTIC 
REORGANIZATION OF THE MOSSY FIBERS

Mossy fiber sprouting can be examined using Timm his-
tochemistry, which depicts the projection pattern of the 
mossy fibers in the hippocampus by means of the high 
zinc content of their synaptic terminals. In normal rats 
and humans there are few Timm granules in the inner 
molecular layer of the dentate gyrus. However, after many 
repeated seizures or status epilepticus, a dense band of 
Timm granules is present in the inner molecular layer 
(Figure 7-2). Granule cell axons—the mossy fibers—
reorganize and sprout axons into the inner molecular 
layer to form new synaptic terminals with the dendrites 
of interneurons, but primarily on spines and dendrites of 
granule cells. Timm histochemistry has been used at the 
light and ultrastructural levels to assess the time course of 
development and permanence of the reorganized projec-
tion pattern. Small amounts of mossy fiber sprouting into 
the inner molecular layer can be recognized as early as 
5 days; sprouting peaks at 3 weeks and has been observed 
to last as long as 18 months (1). After an excitotoxic 
insult, neuronal degeneration in the hilus can be recog-
nized as early as 6 hours, and at 24 hours terminal degen-
eration in the inner molecular layer can be detected prior 
to the development of mossy fiber sprouting. Neuronal
loss of the hilar polymorphic neurons is considered to be 

FIGURE 7-1

Mechanisms of epileptogenesis. The schematic diagram describes the relationships between pathophysiological phenomena and 
brain location during epileptogenesis in mesial temporal lobe epilepsy. Partial-onset seizures might initially originate in neocor-
tical areas, but after the establishment of intractability, there is a vicious circle of interrelated pathophysiological phenomena
within the hippocampal circuitry that self-sustains intractable seizures with propagation to neocortical structures.
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the mechanism that triggers mossy fiber sprouting into 
the inner molecular region of the DG. Ultrastructural 
experiments with acute lesions of pathways projecting 
to the molecular layer of the DG have taught us that the 
synaptic densities in the molecular layer are restored by 
21 days after the lesion (7). In the kainic acid and pilocar-
pine models, most of the newly formed synaptic terminals 
in the inner molecular layer of the DG are on granule cell 
spines, creating primarily a recurrent excitatory collateral 
circuit. It has been estimated that a sprouted granule cell 
develops about 500 newly formed synaptic contacts with 
granule cells and fewer than 25 contacts on interneurons 
(8). The chronic model of repeated kindling seizures to 
limbic structures was also used to demonstrate that the 
early stages of mossy fiber sprouting consist of the devel-
opment of punctate granules that formed “strings” in the 
inner molecular layer before spreading to the rest of the 
layer (1). These strings were subsequently identified as 
collections of synaptic contacts on interneurons including 
basket cells (9). Thus, it is likely that mossy fiber sprout-
ing, early on, is a homeostatic compensatory mechanism to 
restore inhibitory control by providing feedback synaptic 
connections on basket cell interneurons. However, as the 
repeated seizures continue, the terminal degeneration in 
the inner molecular layer may become overwhelming 
from the death of hilar polymorphic neurons, and the 
newly formed synaptic contacts develop primarily on 
granule cell spines, dendrites, and soma.

Seizure-induced plasticity of the mossy fibers is not 
limited to the formation of aberrant recurrent collaterals 
into the inner molecular layer of the DG. Other altera-
tions of the normal terminal field of the mossy fibers 
include (1) increased branching within the hilus of the DG, 
(2) development of abnormal connectivity between the 
two blades of the DG, (3) increased connectivity to gran-
ule cells and hilar region along the septotemporal axis of 

the hippocampus, and (4) formation of aberrant recurrent 
collaterals into the stratum oriens of CA3, where the 
pyramidal neurons extend their basal dendrites.

To summarize, the latency to the development 
of morphological plasticity matches the time course 
of development of spontaneous seizures in acute and 
chronic experimental models of MTLE. Neuronal loss 
and terminal degeneration precede the development of 
mossy fiber sprouting into the inner molecular layer in 
acute models of MTLE, and in addition, there is a direct 
correlation between degree of neuronal cell loss, mossy 
fiber sprouting into the inner molecular layer, and granule 
cell hyperexcitability. However, the physiological conse-
quences of hilar polymorphic neuronal loss and mossy 
fiber sprouting remain a controversial subject.

SYNAPTIC REORGANIZATION BEYOND 
THE MOSSY FIBERS

In humans and experimental models of MTLE, CA1 
pyramidal neurons also demonstrate persistent cellular 
hyperexcitability and a pattern of neuronal loss that is 
similar to the epileptic DG. Examination of the time 
course to formation of sprouted CA1 recurrent collaterals 
in acute models of MTLE suggests that seizure-induced 
CA1 hyperexcitability is due to the formation of recur-
rent excitatory collaterals in the CA1 region (10). Pro-
longed excitatory postsynaptic potential (EPSP) bursts 
observed in bicuculline-treated hippocampal slices from 
kainic acid–treated rats showed an all-or-none behavior 
(11). The all-or-none behavior cannot be explained by 
changes in the intrinsic properties of CA1 pyramidal 
neurons because the EPSP bursts would then be graded. 
Thus, the prolonged EPSP bursts are mediated by synaptic 
transmission reflecting a network-driven hyperexcitability, 

FIGURE 7-2

Mossy fiber sprouting. These are three photomicrographs from histological sections of the dentate gyrus (DG) stained with 
Timm histochemistry. Dark punctate granules depict the projection pattern of mossy fiber terminals that originate from granule 
cell axons. (A) The DG from a normal rat shows dense staining in the hilus (area within the U-shape of the DG) and in the 
CA3 region, with an absence of dark punctate granules in the molecular layer of the DG (arrow). (B) The DG from a rat that 
experienced status epilepticus induced with kainic acid demonstrates prominent staining in the molecular layer. (C) Human 
DG obtained surgically during a standard anterior temporal lobectomy for the treatment of pharmacologically intractable mesial 
temporal lobe epilepsy. Note that the molecular layer of the DG has prominent staining, demonstrating mossy fiber sprouting 
into that region. See color section following page 266.
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suggesting a role for synaptic reorganization and sprout-
ing in the CA1. However, the prolonged EPSP bursts 
were only seen in 28% of the isolated CA1 transverse 
slices spontaneously (11). Although this may be due 
to a sampling error, one possibility is that the critical 
recurrent CA1 collaterals are cut away from the hip-
pocampal slice because of the variability in the plane 
of cutting slices. Subsequently, Smith and Dudek (10), 
using isolated CA1 transverse slices, demonstrated that 
glutamate microapplication to the CA1 pyramidal cell 
layer increased excitatory postsynaptic current frequency 
only in slices of kainic acid–treated rats but not in con-
trol slices. These results support the hypothesis that 
the increased recurrent excitatory connections between 
CA1 pyramidal cells after kainic acid–induced status 
epilepticus are functional connections that increase the 
excitatory drive of the hippocampal circuitry.

Hyperexcitability in CA1 neurons has been pro-
posed to result from sprouting of recurrent CA1 axon col-
laterals; however, all of these results were demonstrated 
in hippocampal slice preparations, which have limited 
depiction of the axonal projection perpendicular to the 
plane of the hippocampal slice and do not articulate the 
complexity of the anatomical topography of the CA1 
projection to the subiculum. A recent study examined 
the possibility that the distal axonal projection of the 
epileptic CA1 pyramidal neurons reorganizes outside of 
its normal laminar boundaries within the subiculum and 
CA1 hippocampal region (Figure 7-3) (12). Sprouting of 
the CA1 projection to its primary output, the subiculum, 
might provide a mechanism for the enhanced and per-
sistent cellular hyperexcitability in this region that has 
been observed using a variety of techniques. The major 
finding of this study was synaptic reorganization in the 
terminal field (distal axonal branches) of the CA1 axo-
nal projection to the subiculum, demonstrated in five 
animal models of MTLE. Tracing experiments showed 
that the retrograde labeling extended 42–67% beyond the 
normal lamellar organization to include lamellae above 
and below the injection site. This is a demonstration of 
substantial plasticity of the CA1 projection to the subicu-
lum along the septo-temporal axis of the hippocampus, 
allowing for increased transverse connectivity among hip-
pocampal lamellae above and below the normal circuitry. 
The reorganized circuitry might allow epileptic activity in 
a hippocampal lamella to recruit and synchronize activ-
ity in additional hippocampal lamellae, amplifying the 
epileptic response and playing a role in the persistent 
hyperexcitability observed in intractable partial-onset 
epilepsy (Figure 7-4).

Synaptic reorganization of the CA1 axons projecting 
to the subiculum might have a major role in explaining the 
persistent cellular hyperexcitability in the epileptic hippo-
campal circuitry. In the pilocarpine and kainic acid models 
of MTLE, there is some degree of neuronal degeneration 

in the subiculum that is less than that in CA1 or the hilus 
of the DG. In a study using the pilocarpine model, there 
was only 30% neuronal loss in the subiculum, whereas 
more than 60% of CA1 pyramidal and hilar polymorphic 
neurons degenerated (13). This selective vulnerability has 
also been observed in patients with MTLE (14). The prin-
cipal neurons in the subiculum are electrophysiologically 
characterized by their firing properties: regular spiking 
or bursting action potentials. Neuronal loss results in a 
change in the relative ratio of bursting pyramidal neu-
rons in the subiculum. After induction of status epilep-
ticus with pilocarpine, there is a prominent increase in 
the number of bursting neurons in the subiculum, from 
40% in normal rats to 82% (15), perhaps due to selective 
vulnerability of the nonbursting pyramidal neurons in the 
subiculum. Nevertheless, the presence of increased num-
bers of intrinsically bursting neurons in the output gate of 
the hippocampus may allow the reorganized subiculum to 
play a potentially critical role in modulating the transition 
between interictal and ictal events.

FIGURE 7-3

Synaptic reorganization in the CA1 projection to subiculum. 
There is prominent reorganization of the lamellar projection 
of the CA1 axonal pathway to the subiculum in several ani-
mal models of mesial temporal lobe epilepsy using retrograde 
tracers. In control rats, the extent of CA1 retrograde labeling 
from an injection site is limited to a couple of lamellae above 
and below the injection site in subiculum. In contrast, in 
epileptic rats, the retrograde labeling extends beyond several 
CA1 lamellae above and below the normal projection. This is 
direct evidence that axonal terminals from neurons in those 
layers extend their axons into the area of injection. Modified, 
with permission, from Cavazos et al. (4).
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TRANSLAMELLAR HYPEREXCITABILITY

The observation of synaptic reorganization in the CA1 
projection to subiculum with an increased lamellar ratio 
might be better understood in the context of the lamel-
lar hypothesis of hippocampal organization. The lamellar 
hypothesis proposes that the hippocampal formation con-
sists of a stack of hippocampal slices that are functionally 
connected unidirectionally along the rostrocaudal axis. In 
this manner, the entorhinal cortex projects to the DG via 
the perforant pathway. The granule cells of the DG then 
project to the CA3 pyramidal region via the mossy fiber 
pathway. The CA3 region projects to the CA1 pyramidal 
region through the Schaffer collaterals and the CA1 region 
projects to the subiculum. Principal neurons of the subicu-
lum then project back to the entorhinal cortex, completing 
the loop within the hippocampal formation. The myelinated 
fibers of these synaptic pathways project in the rostrocaudal 

axis following the alveolar surface of the hippocampus. In 
essence, the function of the structure is organized primarily 
topographically into hippocampal slices or lamellae, and 
interconnections with lamellae above or below have no 
significance with respect to its primary function. However, 
there is some divergence of the projections within lamellae. 
For example, experiments have shown that injection of 10% 
of the ventrodorsal axis of the entorhinal cortex projected 
to about 25% of the DG (16). Furthermore, some types of 
hilar polymorphic neurons give rise to highly dense projec-
tions to the DG for almost two-thirds of the entire ventro-
dorsal axis. Even though the presence, density, and extent of 
these associational interconnections seem to invalidate the 
lamellar hypothesis, detailed functional studies are lacking. 
Some of the hilar polymorphic neurons could be activating 
local inhibitory circuits tuning out lamellae above or below 
the activated lamella (17). Nevertheless, the projections in 
the hippocampal formation clearly follow a topographical 

FIGURE 7-4

Synaptic reorganization in CA1 projection to the subiculum results in translamellar hyperexcitability in the hippocampal forma-
tion. The schematic drawings illustrate normal hippocampal circuitry and abnormal circuitry during the latent state and after 
development of spontaneous seizures in the kainic acid model of mesial temporal lobe epilepsy. The red neurons and axons 
are excitatory neurons; the blue neurons are inhibitory interneurons. (A) In the normal hippocampus, activation of the CA1 
pyramidal neurons in a lamella results in limited activation of subicular neurons shown also in red, and the CA1 interneurons 
inhibit CA1 pyramidal neurons from lamellae above and below the activated lamella (shown as a blue block over those lamel-
lae). (B) During the latent state, inhibitory mechanisms are functionally impaired, with slow improvement in the inhibitory tone
(perhaps, in part, due to synaptic reorganization of inhibitory pathways). There is a mild degree of disinhibition in lamellae above
and below the activated lamella (shown as smaller blue block in those lamellae). Furthermore, mild disinhibition results in a 
greater degree of activation in subiculum (shown as a greater number of activated subiculum sections). (C) Once spontaneous 
seizures develop in epilepsy models, there is prominent synaptic reorganization of the CA1 pyramidal axons, making synaptic 
contacts with additional CA1 pyramidal neurons and subicular neurons in sections (lamellae) above and below their normal 
projection pattern. The resulting increased recurrent excitatory connectivity between principal neurons in the hippocampus and 
within hippocampal lamellae results in translamellar sprouting. See color section following page 266.
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organization that is reorganized in experimental models of 
MTLE, providing additional pathways for further activation 
of hippocampal circuitry that do not normally receive these 
projections. The functional consequences of these alterations 
are not completely understood, but might contribute to the 
state of hypersynchrony and hyperexcitability observed in 
epilepsy.

A revision of the lamellar hypothesis using extracel-
lular field potentials in vivo showed that it still “remains 
a useful concept for understanding of hippocampal con-
nectivity.” Andersen et al. (18) showed that the ampli-
tude of the compound action potential was largest in a 
slightly oblique transverse band across the CA1 toward 
the subiculum, with decreasing activation in the lamellae 
above and below the activated lamella despite the larger 
dorsoventral extent of the neuroanatomical projection. 
Recent experiments (17, 19) have also shown that the 
larger extent of dorsoventral projections actually serves 
to inhibit the surrounding lamellae to limit the spread of 
activation. In the DG, the excitatory associational projec-
tions play a major role in activating inhibitory hilar circuits 
in lamellae away from the source of the associational projec-
tion. This pattern of organization strengthens the lamellar 
hypothesis by fine-tuning the activation to the “on lamella” 
while there is an increase in inhibition in the “off lamella” 
(Figure 7-4). Furthermore, Zappone and Sloviter (17) sug-
gest that hilar neuronal loss in epilepsy models leads to 
translamellar disinhibition in the DG. Although the func-
tional consequences of remodeling of the CA1 projection 
to the subiculum are not known, it is possible that the 
enhanced excitatory spread of CA1 axonal collaterals that 
make contact with spine profiles would enhance transla-
mellar hyperexcitability in the subiculum (Figure 7-4), the 
output gate of the hippocampal formation. Early during 
the process of epileptogenesis it is likely that the primary 

effect of translamellar sprouting is to restore inhibitory 
tone. However, as the number of potential targets for the 
sprouted fibers decreases, translamellar sprouting results 
in primarily recurrent excitatory collaterals with cellular 
hyperexcitability. There are many unanswered questions 
deserving further investigation.

CONCLUSIONS

Synaptic reorganization of hippocampal pathways induced 
by excitotoxicity or repeated seizures is not limited to the 
mossy fiber pathway. Increased connectivity of the epileptic 
hippocampal network allows for increased synchrony and 
faster propagation of epileptic discharges within the struc-
ture. Synaptic reorganization of mossy fiber projections of 
the DG has been shown to play a significant role under-
lying persistent cellular hyperexcitability in the epileptic 
circuitry of the hippocampal formation. As the subiculum 
is the output gate of the hippocampus, its critical location 
in the limbic pathways, the presence of intrinsically burst-
ing neurons, and the increased lamellar interconnectivity 
in epilepsy models may also explain the persistent cellular 
hypersynchrony and hyperexcitability in the limbic system 
observed in humans with intractable MTLE. Although syn-
aptic reorganization of limbic pathways is not a necessary 
precondition for the occurrence of partial-onset seizures, 
it might be the cellular mechanism underlying the phar-
macological intractability of human MTLE.
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Regulation of Neuronal 
Excitability in the 
Amygdala and Disturbances 
in Emotional Behavior

he amygdala, a collection of nuclei 
located in the temporal lobe, is a key 
structure of the limbic system with 
well-defined roles in both emotion 

and epilepsy. Normal learning and memory, motivation 
and reward, and the regulation of mood and affective 
states are all dependent on amygdala activity (1). 
However, the amygdala is also a common locus of 
abnormal synchronous neuronal hyperexcitability in 
temporal lobe (complex partial) epilepsy. Amygdala 
dysfunction is also implicated in some psychiatric con-
ditions such as anxiety and mood disorders, and people 
with temporal lobe epilepsy may experience psychiatric 
symptoms.

In a very general sense, the amygdala functions by 
sampling sensory input and directing behavioral output 
based on the emotional salience of the input. Behavioral 
output contingent on reward or punishment requires suf-
ficient affective input to direct the most advantageous 
course of action. To be adaptive, the neural processing in 
the amygdala must be extremely rapid, not relying on highly 
processed, detailed sensory information to guide behavior. 
Thus, neuroanatomical and neurophysiologic mechanisms 
have evolved that provide a rapid “all-or-none” type of 
response to environmental danger. This functional orga-
nization of the amygdala may predispose this nucleus to 
abnormal neuronal excitability. In its most severe form, 
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neuronal hyperexcitability is expressed as seizure activity. 
In this chapter, we discuss the relationship between emo-
tion and epilepsy in terms of the cellular and molecular 
mechanisms of neuronal excitability in the amygdala. 
Whereas extreme excessive activity results in epileptic 
seizures, subseizure levels of neuronal hyperexcitability 
may underlie the abnormal biological processes that con-
tribute to emotional dysfunction. That is, the seemingly 
unrelated functional roles of the amygdala in epilepsy and 
emotion may share a common set of biological underpin-
nings. The synapses and circuits that normally operate 
to coordinate adaptive emotional responses may become 
overly sensitized, resulting in an epilepsy-like state of 
hyperexcitability associated with emotional disorders 
(2, 3). Conversely, during the interictal period, patients 
with temporal lobe epilepsy may experience altered 
mood states because of heightened neural activity in 
the amygdala.

In this chapter, we begin with a brief description of 
the biology of the amygdala before discussing the role 
of the amygdala in producing normal emotional expe-
rience, focusing on the critical role of the amygdala in 
fear learning. We also describe some changes in amygdala 
neurons that follow experimental induction of epilepsy 
in animals (i.e., kindling), and also address cellular and 
molecular mechanisms of excitability (transmitter recep-
tors and ion channels) in the amygdala. These mechanisms 
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can contribute to changes in excitability that may be 
associated with disturbed emotional behavior occurring 
between seizures, and to psychiatric symptoms in people 
without epilepsy.

ANATOMY AND PHYSIOLOGY 
OF AMYGDALA NEURONS

The amygdaloid complex is composed of thirteen nuclei, 
which are divided into three groups that are highly inter-
connected: the basolateral complex, the cortical nuclei, 
and the centromedial nuclei. The basolateral complex of 
the amygdala consists of the basolateral amygdala (BLA) 
and lateral amygdala (LA) nuclei. The LA is the primary 
target of sensory input from the thalamus and cortex 
to the amygdala. The central amygdala (CeA) functions 
as the main output nucleus of the amygdala. From the 
CeA, information is projected to many areas of the brain, 
including the hypothalamic-pituitary axis (HPA), the bed 
nucleus of the stria terminalis (BNST), and the reticular 
formation. Because of these connections, the amygdala 
has the ability to control the HPA and consequent stress-
related emotional reactions.

The morphology and physiology of the basolateral 
complex has been investigated in detail; see Sah et al. 
(4) for a thorough review. There are two main cell types 
found in the basolateral nuclei: pyramidal neurons and 
smaller stellate neurons. Pyramidal neurons have sev-
eral dendrites originating from the soma that give rise to 
spiny dendritic trees and are recognized physiologically 
by action potential accommodation (i.e., cessation of fir-
ing) in the continued presence of a depolarizing stimulus. 
Efferent pathways from the basolateral complex consist 
of axons of pyramidal neurons, which release glutamate 
onto their synaptic targets. In contrast stellate cells are 
spine-sparse, or aspiny, and can be recognized physiologi-
cally by the absence of action potential accommodation 
during depolarization. Stellate cells in the basolateral 
complex are GABAergic interneurons, making local 
circuit connections within the basolateral complex and 
among other amygdala nuclei.

Afferent input to the basolateral complex arises 
from sensory relay nuclei of the thalamus, as well as 
sensory and association cortices. Thalamic and cortical 
inputs are glutamatergic, and ionotropic glutamate (iGlu) 
receptors are expressed on the somata and dendrites of 
both pyramidal and stellate neurons in the basolateral 
complex; however, they are differentially distributed. 
Pyramidal neurons express both N-methyl-D-aspartate 
(NMDA) and non-NMDA subtypes of glutamate 
receptors; whereas stellate interneurons have non-
NMDA receptors but very few or no NMDA recep-
tors. There is also substantive monoamine input from 
the brainstem that supplies the amygdala with serotonin

(5-hydroxytryptamine, or 5-HT), norepinephrine (NE), 
and dopamine (DA). The rich aminergic input is impor-
tant in regulating neuronal excitability and, thus, in con-
trolling amygdala-dependent behavior.

THE ROLE OF THE AMYGDALA IN 
EMOTIONAL BEHAVIOR

Studies in humans have revealed the functional role of 
the amygdala in human emotion, especially fear (1, 5). In 
humans, electrical stimulation of the amygdala produces 
subjective feelings of fear, apprehension, and rage. Func-
tional magnetic resonance imaging (fMRI) studies show 
that the amygdala is activated during the acquisition of 
learned (conditioned) fear, and that amygdala activation 
is greater when viewing masked fearful faces than when 
viewing masked happy faces, even when subjects are not 
consciously aware of the facial expressions. This suggests 
that substantial subcortical input reaches the amygdala 
and is processed quickly to control behavior. Damage 
to the amygdala or areas of the temporal lobe including 
the amygdala produce deficits in fear conditioning. In 
humans, amygdala lesions are associated with deficien-
cies in emotional processing, including dysfunctional 
fear learning and impaired recognition of emotional facial 
expression. Nonhuman primate studies further support a 
critical role of the amygdala in emotional behavior. In mon-
keys, bilateral destruction of the temporal lobes produces 
a state of emotional dysfunction, including significant 
changes in social behavior and the absence of emotional 
motor and vocal reactions usually associated with emo-
tional states. The emotional deficits are mimicked by 
discrete amygdala lesions. Amygdala-lesioned monkeys 
become socially isolated from the troupe, they are no 
longer able to maintain their position in the dominance 
hierarchy, and mothers do not adequately nurture their 
offspring. The severe emotional processing deficit that 
results from amygdala lesions makes both human and 
nonhuman primates especially poorly suited to compete 
in a complex environment.

Fear Conditioning as a Model of 
Human Emotional Disturbance

Since Pavlov, it has been known that an initially neutral 
stimulus (the conditioned stimulus, or CS) can acquire 
affective properties when paired with a biologically sig-
nificant event (the unconditioned stimulus, or US). As the 
CS–US association is learned, the innate physiologic and 
behavioral responses elicited by the US come under the 
control of the CS. For example, after several pairings of a 
visual CS with an electric shock US, an experimental sub-
ject will show defensive responses when exposed to only 
the CS. Specific defensive behaviors include freezing and 
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potentiated startle reflex, as well as changes in autonomic 
(heart rate and blood pressure) and endocrine (hormone 
release) activity. The association between CS and US is 
quite adaptive and can be observed in several species at 
many levels of phylogenetic complexity. Every species that 
has been examined is capable of learned fear responses.

Research from several laboratories has combined to 
provide a remarkably clear picture of the neuroanatomy 
of conditioned fear in mammals (5, 6). Conditioned fear 
is mediated by the transmission of information about the 
CS and US to the amygdala, which initiates a constella-
tion of fear reactions via projections to behavioral, auto-
nomic, and endocrine response control centers located in 
the brainstem. The input and output pathways, as well 
as internuclear connections, have been elucidated. The 
critical nuclei mediating fear conditioning are the lateral 
(LA), basolateral (BLA), and central (CeA) nuclei, and 
the connections between these.

CS sensory inputs to the amygdala terminate mainly 
in the LA, and damage to the LA interferes with fear 
conditioning. Sensory inputs to the LA come from both 
the thalamus and the cortex, and fear conditioning to 
a simple CS can be mediated by either of these path-
ways. Thalamic input is involved in rapid conditioning 
to simple CSs, and the slower corticoamygdalar pathway 
appears to be involved in conditioning to more complex 
stimulus patterns (e.g., vocalizations or speech). Sensory 
information about the US reaches the amygdala through 
several pathways, including spinothalamic input from the 
thalamus to both the LA and the BLA, and nociceptive 
input from the medullary parabrachial nucleus to the 
CeA. Evidence from both humans and animals suggests 
that neuronal plasticity in the LA underlies at least part of 
the CS–US association that occurs in fear conditioning.

The CeA projects to hypothalamic and brainstem 
areas that mediate the autonomic and behavioral responses 
to feared stimuli. Although damage to CeA interferes with 
the expression of an array of fear responses, damage to 
areas to which CeA projects selectively disrupts the expres-
sion of individual fear responses. For example, damage to 
the lateral hypothalamus affects blood pressure responses, 
and damage to the bed nucleus of the stria terminalis 
disrupts the conditioned release of stress hormones. Pro-
jections to the brainstem are to three main areas: the 
periaqueductal gray (PAG), which controls vocalization, 
potentiated startle, freezing, analgesia, and cardiovascular 
changes; the nucleus of the solitary tract (NTS), which is 
connected with the vagal system; and the parabrachial 
nucleus, which is involved in pain pathways.

Mechanisms of Conditioned Fear

CS–US convergence is thought to occur primarily in 
the LA during fear conditioning, and the LA is the 
primary site of neuronal plasticity associated with fear 

conditioning (7). There is evidence that some LA neurons 
respond to both auditory and nociceptive stimulation 
and that conditioning induces plasticity in CS-elicited 
responses in this area. The strength of thalamoamygda-
lar synapses are increased following fear conditioning, 
a physiologic measure shown both in vivo and in vitro. 
However, plasticity in the auditory thalamus may contrib-
ute to LA plasticity. Plasticity has also been observed in 
the auditory cortex and in the BLA and CeA nuclei during 
aversive conditioning. However, the acoustic response 
latencies in the LA within trials (�20 msec) and the rate 
of acquisition of learned fear (one to three trials) are best 
explained by changes in direct thalamoamygdalar neuro-
transmission. Thus, the LA seems to be at least the initial 
site of plasticity in the amygdala. Furthermore, cellular 
mechanisms controlling excitability of the amygdala are 
able to strongly impact the distributed fear circuitry.

Long-term potentiation of neurotransmission 
(LTP) is an experimentally advantageous, but artifi-
cial, form of plasticity that was first pioneered in stud-
ies of the hippocampus. Much evidence suggests that 
LTP engages cellular mechanisms similar to those that 
underlie natural learning. Extensive studies of the CA1 
region of the hippocampus have outlined one form 
of LTP in great detail. In short, glutamate binds to 
alpha-amino-5-hydroxy-3-methyl-4-isoxazole propionic 
acid (AMPA) receptors. The AMPA receptor–mediated 
postsynaptic depolarization allows activation of glu-
tamate and voltage-gated NMDA receptors. Calcium 
then enters the cell through the channel complex of the 
NMDA receptor and initiates a cascade of intracellu-
lar signaling events, resulting in long-term changes in 
synaptic plasticity through altered gene expression and 
the synthesis of new proteins. Cellular mechanisms that 
promote prolonged depolarization impact the biological 
mechanisms underlying fear learning.

LTP-like mechanisms have been investigated in the 
amygdala both in vitro and in vivo. Fear conditioning 
enhances synaptic responses recorded subsequently in 
vitro from amygdala slices. However, the receptor mecha-
nisms underlying this form of plasticity are not com-
pletely understood. In vitro studies suggest that LTP in the 
thalamoamygdalar pathway also involves calcium influx 
into the postsynaptic cell, but that the calcium enters 
through L-type voltage-gated calcium channels rather 
than through NMDA channels. L-type calcium channels 
have also been implicated in hippocampal LTP.

In vivo studies of LTP in the thalamoamygdalar path-
way have relied on the use of extracellular field potential 
recordings. These studies have shown that LTP occurs in 
fear-processing pathways and that fear conditioning and 
LTP induction produce similar changes in the processing 
of CS-like stimuli. LTP has also been found in vivo in 
the hippocampal-amygdalar pathway thought to mediate 
contextual conditioning. However, in vivo studies provide 



II • MECHANISMS62

some of the strongest evidence to date of the link between 
natural learning and LTP.

Drugs that block LTP have been infused into amyg-
dala areas where LTP is thought to occur, and effects on 
the acquisition and expression of conditioned fear behavior 
assessed. Infusion of NMDA receptor antagonists, such 
as 2-amino-5-phosphonovalerate (APV), into the amyg-
dala prevents the acquisition but not the expression of 
conditioned fear. This suggests that NMDA receptors are 
involved mainly in the plasticity underlying learning rather 
than the transmission of signals through the amygdala. 
However, later studies have shown that NMDA recep-
tors contribute significantly to synaptic transmission in 
the amygdala and that blockade of NMDA receptors with 
APV may affect both the acquisition and expression of con-
textual and cue-specific fear learning in vivo. One proposed 
explanation of these findings is that NMDA receptors have 
different expression patterns or different functional roles 
in the thalamoamygdalar and corticoamygdalar plasticity 
pathways. For example, NMDA receptors contribute less 
to synaptic responses in the cortical input pathway than 
they do in the thalamic input pathway. Thus, infusion of 
APV would block both transmission and plasticity in the 
thalamic pathway, but only plasticity in the cortical path-
way. Another, but not necessarily exclusive, possibility is 
that behaviorally significant plasticity occurs downstream 
of LA, and that APV infusions affect this plasticity rather 
than plasticity at the input synapses of the LA.

The plastic mechanisms in the amygdala are likely 
a key contributor to adaptive fear learning. One pos-
sibility is that CS–US associations are stored in the LA 
as enhanced synaptic strength of thalamoamygdalar 
synapses. The gain of this synapse is regulated by LTP-
like processes. The adaptive nature of this phenomenon 
lies in the brain’s ability to make selective associations 
about specific stimuli (i.e., cued CSs). However, dysfunc-
tional emotional behaviors may result when this system 
becomes supersensitized such that the CS–US associations 
become more generalized. In this supersensitized state, 
the organism may have exaggerated reactions to fearful 
stimuli, or conversely, pathological emotional behavior 
may be evoked by low-intensity stimuli. In the next sec-
tion, we consider the receptor changes that accompany 
amygdala kindling–induced epilepsy, a clinically relevant 
model of temporal lobe epilepsy, and then discuss how 
kindling-like changes in cell excitability in the amygdala 
may affect mechanisms of emotion.

CELLULAR MECHANISMS OF EXCITABILITY 
IN THE AMYGDALA AFFECTING BEHAVIOR

The cellular and molecular mechanisms of excitability 
in the amygdala involve many ion channels and 
neurotransmitter systems, and the ensuing intracellular 

signal transduction cascades. Much of what is known 
about the role of glutamate in amygdala excitability stems 
from experiments using the kindling model of epilepsy. 
These studies implicate important roles for the amino 
acid transmitters glutamate and gamma-aminobutyric 
acid (GABA) in controlling excitability. However, the 
amygdala is also richly innervated by amine transmitters 
such as 5-HT and DA. Investigating the cellular physi-
ologic mechanisms mediated by these transmitters in the 
amygdala leads to interesting hypotheses of how 5-HT 
and DA can affect cellular excitability. Calcium-activated 
potassium channels and hyperpolarization-activated, 
cyclic nucleotide–activated, nonselective cationic (HCN) 
channels also have important roles in controlling cellular 
excitability. Last, growth factors such as brain-derived 
growth factor (BDNF) are known to affect fear behaviors 
and cellular excitability. Although this list of chemical 
correlates is by no means exhaustive, consideration of 
these specific systems can yield important insight into 
basic cellular and molecular mechanisms of amygdala-
dependent behavior, as well as suggest biologically valid 
targets for development of newer, safer anticonvulsant 
and mood-stabilizing compounds.

Receptor-Mediated Mechanisms

Glutamate Receptors. Glutamate receptors have an 
essential role in normal neurotransmission and are also 
important regulators of cellular excitability and synaptic 
plasticity in many brain areas, including the amygdala. 
Glutamate receptors, especially ionotropic receptors, 
are responsible for the majority of fast excitatory neu-
rotransmission in the brain. Release of glutamate from 
presynaptic nerve terminals activates NDMA and non-
NMDA receptors that underlie excitatory postsynaptic 
potentials (EPSPs).

Normal neuronal plasticity in the amygdala, which 
uses LTP-like mechanisms, promotes associative fear 
learning. In learning to fear environmental dangers, the 
mechanisms underlying LTP are adaptive, promoting sur-
vival of the organism. The learning mechanisms involve 
strengthening synapses through up-regulation of gluta-
mate receptors, thereby sensitizing amygdala synapses 
and increasing neuronal excitability in the amygdala. 
However, in pathological conditions such as epilepsy, 
circuits involving the amygdala become hyperexcitable 
and lead to seizure behavior. Additionally, cellular hyper-
excitability in the amygdala may lead not only to seizure 
activity, but also up-regulate activity in fear circuits and 
contribute to many of the psychiatric symptoms some-
times seen in temporal lobe epilepsy. Since the amygdala 
has one of the lowest seizure thresholds in the brain 
and is a common focus of abnormal synchronous firing 
of temporal lobe epilepsy, the amygdala is often used 
for experimental induction of epilepsy by the kindling 
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method. Amygdala-kindling experiments have revealed 
much about the cellular mechanisms controlling excit-
ability in the amygdala.

Kindling is a well-established animal model of tem-
poral lobe epilepsy. In vivo electrical stimulation of the 
amygdala (or hippocampus), which is initially delivered at 
a subconvulsive intensity, eventually leads to spontaneous 
seizures when stimulations are repeated daily. Following 
the induction of “fully kindled” seizures, there are long-
term changes in receptor function. Amygdala neurons 
become hyperexcitable. In vitro, epilepsy-like bursting is 
evident in BLA neurons from amygdala-kindled rats. Both 
spontaneous bursting and synaptically evoked bursting 
elicited by stimulation of afferent fibers to the amygdala 
are recorded from amygdala-kindled neurons. Synaptic 
bursting activity is elicited by activating afferent input 
at low stimulation intensity, much lower intensity than 
that needed to evoke single-action-potential firing from 
control neurons. In BLA neurons from amygdala-kindled 
rats, NMDA receptor antagonists attenuate burst fir-
ing in kindled neurons whereas non-NMDA receptor 
antagonists block all synaptically mediated firing activ-
ity. This suggests a critical role for NMDA and non-
NMDA glutamate receptors not only in the physiologic 
changes necessary to support LTP and fear learning, 
but also in the receptor changes that follow kindling-
induced epilepsy.

Metabotropic glutamate (mGlu) receptors in the 
amygdala also undergo functional changes following 
kindling-induced epilepsy. In control BLA neurons, acti-
vation of mGlu receptors produces a hyperpolarization 
followed by depolarization. The hyperpolarization is medi-
ated by a calcium-activated potassium current, whereas 
several mechanisms contribute to the depolarization (e.g., 
inhibition of leak potassium conductance and activation 
of electrogenic sodium-calcium exchange). mGlu recep-
tors classified as group 2 receptors (mGlu2 and mGlu3) 
mediate the inhibitory hyperpolarization, whereas group 
1 receptors (mGlu1 or mGlu5) are involved in the depo-
larization. Following kindling, the mGlu-mediated hyper-
polarization is lost and the depolarization is increased in 
BLA neurons. Together, these kindling-induced changes 
in mGlu receptor function further promote pathological 
changes in amygdala excitability that likely contributes 
to seizure activity.

Although excessive hyperexcitability of amygdala 
neurons may lead to seizures and temporal lobe epilepsy, 
we and others suggest that there may be a subseizure level 
of hyperexcitability that underlies maladaptive emotional 
behaviors. That is, some degree of excitability is adap-
tive and underlies normal fear-learning mechanisms. On 
the other end of the spectrum is pathological excitability 
associated with seizure activity and epilepsy. But in a 
supersensitized state, the circuitry in the amygdala may 
produce disturbances in mood, anxiety, and aggression 

even in the absence of overt seizure activity. This is one 
hypothesis for the pathophysiology of interictal violence 
and aggression, fear and anxiety disorders, and impulsive 
or aggressive behavior. This hypothesis is further sup-
ported by the finding that many antiepileptic drugs are 
also mood stabilizers, thus suggesting related mechanisms 
in neuronal hyperexcitability and emotional disturbances 
(8), and that amygdala kindling increases fearful and 
defensive behaviors in rats (9).

The majority of excitatory transmission in the 
amygdala is mediated by glutamate receptors, whereas 
GABA receptors are important for controlling inhibitory 
tone. In addition to these important chemical transmit-
ters, biogenic amine transmitters such as serotonin and 
dopamine act as modulatory transmitters to influence 
the relative tone of excitatory transmission in the amyg-
dala. In a very simplistic view, serotonin acts to dampen 
amygdala excitability whereas dopamine acts to increase 
excitability. The loss of adequate serotonergic input to the 
amygdala, or excessive dopaminergic transmission, can 
both tip the balance of excitation to maladaptive levels 
that may in part underlie psychiatric symptoms. The roles 
of these transmitters are considered next.

Serotonin Receptors. Serotonin is implicated in modu-
lating emotional behaviors, and serotonergic activity can 
modulate the excitability of amygdala neurons. Release 
of 5-HT can activate several subtypes of 5-HT receptors. 
There are at least 14 different 5-HT receptors, which can 
be grouped into seven classes, named 5-HT1 to 5-HT7. 
Activation of any of these receptors may be involved 
in modulating cellular properties of neurons and thus 
change behavioral output. Serotonin modulates neuronal 
excitability in many brain areas. In hippocampus, post-
synaptic 5-HT1A receptors may have either excitatory or 
inhibitory effects on the neuronal membrane by modulat-
ing potassium conductances underlying membrane hyper-
polarization. 5-HT2 receptors enhance both excitatory and 
inhibitory synaptic transmission in cortex. In neurons from 
the nucleus of the solitary tract (NTS), the 5-HT2 agonist 
1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI) 
inhibits single-neuron activity that is mimicked by the 
5-HT2C–selective agonist MK-212. Moreover, the selec-
tive 5-HT2C antagonist RS-102221 inhibits the activity 
of both DOI and MK-212, showing that 2C receptors are 
important for inhibitory action in NTS cells. Therefore, 
the role of 5-HT on neuronal excitability depends on 
many factors, including the native receptors at a given 
synapse, the synaptic locus of those receptors, and the 
excitatory or inhibitory function of the neuron modulated 
by serotonin.

Many areas of the amygdala, including the baso-
lateral complex, receive dense serotonergic projections. 
Receptor protein expression and mRNA studies show that 
many 5-HT receptors are found in the amygdala, especially 
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5-HT1, 5-HT2, 5-HT3, 5-HT4, and 5-HT6 receptors. 
There are regional differences in 5-HT receptor expression 
in the amygdala. The CeA nucleus, but not the basolat-
eral complex, expresses high levels of 5-HT1A receptors, 
whereas the basolateral complex exhibits high expres-
sion of 5-HT2, 5-HT3, and 5-HT6 receptors. Physiologic 
experiments also suggest that pyramidal neurons of the 
basolateral complex lack 5-HT1A receptors but express 
5-HT2 receptors, whereas GABAergic interneurons 
express predominantly 5-HT2 and 5-HT3 receptors.

As in other brain areas, 5-HT transmission in the 
amygdala can have either excitatory or inhibitory effects 
depending on the specific cell type studied. Intracellu-
lar whole-cell recordings show that inhibitory interneu-
rons in the BLA are depolarized by 5-HT, but pyramidal 
neurons are hyperpolarized. Extracellular recordings of 
action potential firing rate show that 5-HT has a pre-
dominately inhibitory action on LA neurons Together, the 
net result of these effects of 5-HT is to inhibit excitability. 
The 5-HT–induced inhibition recorded in BLA neurons is 
mimicked by 5-HT2 agonists, but not 5-HT1A agonists. 
Thus, although the main effect of 5-HT on the amygdala 
may be to inhibit neuronal excitability, many receptor 
mechanisms, perhaps at different pre- and postsynaptic 
sites, may underlie the inhibitory properties of 5-HT on 
neuronal excitability.

Classical fear conditioning has been used to assess 
the role of serotonin in amygdala-dependent behav-
iors. Increased serotonergic activity generally reduces 
fear behavior in these studies. Systemic administration 
of 5-HT1A agonists such as buspirone, flesinoxan, or 
8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT) 
before testing dose-dependently reduces the expression of 
fear-potentiated startle (FPS) in rodents. Intra-amygdalar 
infusion of flesinoxan also blocks FPS in rats. Similarly, 
intra-amygdala injection of 8-OH-DPAT impairs inhibi-
tory avoidance of the open arms of the elevated plus maze, 
a task representing unconditioned fear. Also, bilateral 
microinjection of the selective serotonin reuptake inhibi-
tor (SSRI) citalopram into the amygdala before testing 
significantly reduces freezing behavior induced by con-
ditioned fear stress. In contrast, decreasing serotonergic 
activity often enhances fear behavior. For example, rats 
treated with p-chlorophenylalanine (PCPA), a competi-
tive inhibitor of 5-HT synthesis, show an exaggerated 
FPS response. Mice lacking the 5-HT3A receptor show 
enhanced fear conditioning as indexed by fear-induced 
freezing behavior. Similarly, 5-HT1A receptor knockout 
(KO) mice are more fearful than wild-type mice in an 
array of behavioral anxiety tests. Also, 5-HT1B receptor 
KO mice are more reactive to nonentrained stimuli and 
more aggressive in the resident-intruder paradigm than are 
wild-type mice. Taken together, these studies suggest an 
inverse relationship between amygdala 5-HT receptor 
activation and fear learning in animals.

To account for both the behavioral and the elec-
trophysiological activities of serotonin, it is proposed 
that 5-HT–mediated control of cell excitability in the 
amygdala directly affects the expression of emotional 
behavior. That is, 5-HT functions to limit excitability by 
both activating GABAergic interneurons and inhibiting 
glutamatergic projection neurons. Compounds affecting 
5-HT activity that decrease excitability also reduce fear 
behaviors, whereas 5-HTergic compounds that increase 
excitability also promote increased fear behaviors. Thus, 
5-HT–mediated mechanisms of neuronal hyperexcitabil-
ity in the amygdala may lead to emotional dysfunction by 
increasing cellular activity to subseizure levels. However, 
not all findings, particularly in transgenic animals, are 
consistent with this hypothesis. For example, 5-HT3A 
receptor KO mice show enhanced fear-induced freezing 
behavior but reduced anxiety in the elevated plus maze 
compared to wild-type mice. It is possible that compensa-
tory processes have occurred in these animals in response 
to lifelong changes in gene expression. Moreover, the 
complexity of serotonergic neurotransmission, combined 
with the limited availability of specific receptor agonists 
and antagonists, makes it difficult to empirically test the 
contribution of specific 5-HT receptors to emotional 
behavior in vivo.

Dopamine Receptors. Whereas 5-HT acts to promote 
inhibition of the amygdala in fear processes, DA functions 
to remove inhibition and facilitate amygdala activity. 
Physiologically, DA acts to increase neuronal excitability 
in the amygdala, especially under conditions of stress. DA 
removes tonic GABAergic inhibition of basolateral (BLA) 
neurons, thereby facilitating amygdala function. Disin-
hibition of BLA neurons is accomplished by decreasing 
GABA output from amygdala interneurons. More spe-
cifically, a special population of GABAergic neurons (the 
paracapsular cells surrounding the basolateral complex) 
mediate a feedforward inhibition of BLA neurons. Activa-
tion of dopamine D1 receptors located on the paracap-
sular interneurons evokes a membrane hyperpolarization 
that suppresses GABA release onto BLA and CeA neurons 
(10). By reducing GABAergic inhibition of amygdala pro-
jection neurons, DA promotes cellular excitability in the 
amygdala. Thus, in contrast to the inhibitory effects of 
5-HT on amygdala excitability, DA facilitates excitability 
and amygdala activity, especially under stressful condi-
tions or other conditions characterized by excess DA.

Dopamine also affects emotional behavior involving 
the amygdala. Emotional processes are often impaired in 
neurologic and psychiatric disorders involving the dopa-
minergic system such as Parkinson disease, schizophrenia, 
autism, attention deficit hyperactivity disorder (ADHD), 
and Huntington disease. Furthermore, administration of 
dopaminergic agonists/antagonists alters emotional behav-
ior in both humans and animals. For example, treating
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Parkinson disease with 3,4-dihydroxy-L-phenylalanine 
(L-DOPA), an intermediate in DA biosynthesis, is associ-
ated with increased anxiety and depression.

Neurochemical data demonstrate a role for DA in 
the amygdala during fear behaviors. Fear-evoking stimuli 
activate dopaminergic neurons and enhance dopamine 
transmission in the amygdala. Extracellular DA levels are 
increased following presentation of an auditory CS previ-
ously paired with electric footshocks. This CS-elicited DA 
release is enhanced in methamphetamine-sensitized ani-
mals, indicating that a sensitization of DA transmission in 
the amygdala may underlie the potentiation of conditioned 
fear responses observed after long-term amphetamine or 
cocaine administration. Moreover, both amphetamine pre-
treatment and electrical stimulation of DAergic neurons 
in the ventral tegmental area (VTA) enhance amygdala 
kindling. Electrical stimulation of the VTA also evokes 
fear in cats. Combined with later findings linking amyg-
dala kindling with enhanced emotional behavior, these 
studies suggest that dopaminergic regulation of amygdala 
excitability may be involved in fear learning.

D1 and D2 receptors are highly expressed in the 
amygdala. To further understand the role of dopamine in 
the amygdala, a number of fear conditioning experiments 
have been conducted using administration of specific D1 
or D2 antagonists. Peripheral administration of the D1 
receptor antagonist SCH 23390 reduces the acquisition of 
conditioned freezing and both the acquisition and expres-
sion of fear-potentiated startle. Infusion of SCH 23390 
into the BLA blocks both the acquisition and expression 
of conditioned fear. In contrast, acute peripheral admin-
istration of the D1 receptor agonist SKF 38393 produces 
an enhanced acoustic startle response during initial FPS 
testing and also in fear-extinguished rats. Unexpectedly, 
experiments employing systemic administration of D2 
receptor agonists/antagonists have given completely 
opposite results. The D2 receptor antagonist metoclo-
pramide enhances fear-induced freezing behavior in rats, 
and the D2 receptor agonist quinpirole blocks the acqui-
sition of second-order fear conditioning, presumably by 
preventing the recall of emotional memory. However, D2 
antagonists eticlopride and raclopride reduce conditioned 
fear when infused into the amygdala before training or 
testing. It is proposed that the facilitating effect of sys-
temic D2 antagonists on conditioned fear is not mediated 
by the terminal DA receptors in the amygdala but by 
autoreceptors in the VTA. Furthermore, the similarity of 
the effects observed after intra-amygdala infusion of D1 
and D2 receptor antagonists on learned fear behaviors 
suggests that local D1 and D2 receptors may act together 
in the amygdala to facilitate both the acquisition and the 
expression of conditioned fear.

As previously discussed, mechanisms of synaptic plas-
ticity in the amygdala have been implicated in the forma-
tion of CS–US associations underlying fear conditioning.

Interestingly, systemic administration of the dopamine 
antagonist haloperidol has been shown to block amyg-
dala plasticity induced by conditioning procedures. 
Dopamine also gates the induction of LTP in the amyg-
dala by suppressing feedforward inhibition from local 
inhibitory interneurons. Altogether, these findings imply 
that DA transmission in the amygdala plays an important 
functional role in promoting the associative processes of 
conditioned fear.

Ion Channel Mechanisms

Calcium-Activated Potassium Channels. Thedepolarizing 
phase of action potential spiking is mediated by voltage-
activated sodium and calcium channels. In amygdala 
neurons, as in most neurons, the action potential causes 
a significant rise in the intracellular concentration of 
calcium. This influx of calcium has many effects, includ-
ing release of transmitter from the nerve terminal and 
regulation of transcriptional processes. Additionally, 
intracellular calcium activates a special class of potassium 
channels, called calcium-activated potassium channels. In 
general, these channels underlie three types of calcium-
activated potassium currents called IC, IAHP , and IsAHP.
IC is activated during the repolarizing phase of the action 
potential and contributes to both spike repolarization 
and the fast after-hyperpolarization (AHP) that follows 
a single action potential. IC is mediated by large conduc-
tance voltage- and calcium-activated potassium channels, 
also called BK channels. IAHP and IsAHP underlie medium 
and slow AHPs, respectively. However, the channels that 
underlie these currents are not clearly identified. Small-
conductance, calcium-activated potassium channels, also 
called SK channels, have been suggested to underlie the 
slow AHP (via IsAHP). However, SK channels also contrib-
ute to the medium AHP (via IAHP). Nonetheless, because 
all three voltage- and calcium-activated potassium cur-
rents (IC, IAHP, and IsAHP) affect neuronal firing properties, 
they are important modulators of cellular excitability.

As mentioned previously, amygdala neurons are gen-
erally divided into two classes. Projection neurons exhibit 
a wide range of accommodation properties, whereas 
interneurons are nonaccommodating. Calcium-activated 
potassium conductances play an important role in the 
active firing properties of amygdala neurons (4, 11). Dur-
ing a prolonged depolarizing current injection, the train 
of action potentials elicited in lateral amygdala projection 
neurons shows a frequency-dependent spike broadening. 
Action potentials at the end of the train are broader than 
those at the beginning of the train. Spike broadening is 
mediated by inactivation of BK channels that mediate IC.
BK channel inactivation reduces the calcium-activated 
potassium efflux during the repolarizing phase of the 
action potential, thereby delaying the return of membrane 
potential to resting values. In contrast, the degree of 



II • MECHANISMS66

accommodation is dependent on the size of IsAHP. Neurons 
that show complete accommodation have larger amplitude 
IsAHP than neurons that do not completely accommodate. 
In an elegant series of experiments (11), it was shown that 
the slow AHP (mediated by IsAHP) in amygdala projection 
neurons is mediated by a calcium-activated current that 
is not mediated by either SK or BK channels. Blockade of 
SK channels reduces the amplitude of the medium AHP 
(IAHP) with no effect on accommodation.

By controlling the shape, frequency, and number 
of action potentials fired during a prolonged depolar-
ization, calcium-activated potassium channel activity 
is involved in neuronal excitability. Pharmacological 
substances that affect these channels and the currents 
they carry can have profound effects on excitability. 
Cholinergic, adrenergic, and serotonergic agonists 
that block the slow AHP decrease the degree of action 
potential accommodation in amygdala neurons (11). 
Thus, calcium-activated potassium channels represent 
another physiologic mechanism whereby neurotransmit-
ter receptors can affect cellular excitability. However, 
the behavioral consequences of action potential accom-
modation in amygdala neurons are not well understood. 
Furthermore, it is likely there are other, as yet unidenti-
fied, currents that also contribute to accommodation 
properties of amygdala neurons.

HCN Channels. The hyperpolarization-activated 
current (IH) is a depolarizing, mixed cationic current 
that is activated by membrane hyperpolarization. The 
channels that underlie IH constitute a family of mem-
brane proteins that are sensitive to membrane hyper-
polarization and intracellular accumulation of cyclic 
adenosine 3�,5�-monophosphate (cAMP). Cloning of 
the hyperpolarization-activated, cyclic nucleotide–gated, 
nonselective cation channel subunits 1–4 (HCN1–4) 
reveals the molecular basis of IH function. These subunits 
can assemble as homo- or heterodimers, to yield channels 
with diverse physiologic properties. The voltage depen-
dence and the activation kinetics are both influenced by 
channel subunit composition. For example, the hyper-
polarization-activated current mediated by homomeric 
HCN1 channels occurs at a more depolarized mem-
brane potential and shows faster kinetics than currents 
mediated by heteromeric HCN1–HCN2 subunits. The 
diversity of channel subunit composition imparts a wide 
range of physiologic characteristics that result in HCN 
channels having sometimes different activities in different 
brain areas. In thalamic relay neurons, IH is active at rest 
and contributes to passive and active membrane proper-
ties. In hippocampus, HCN channels are expressed more 
abundantly with greater distance from the soma and 
make substantial contributions to synaptic integration. 
Thus, the nature of IH is dependent on the native subunits 
expressed in specific brain areas.

Recent studies show that IH is an important molecu-
lar determinant in the physiologic processes that contrib-
ute to epilepsy-like states of hyperexcitability. However, it 
is unclear whether activation of HCN channels is anticon-
vulsant or proconvulsant. For example, IH prevents low-
threshold calcium channel activity that leads to absence 
seizure–like bursting activity in the thalamus. Therefore, 
in thalamus, activation of IH could be anticonvulsant. In 
the hippocampus, IH is activated by increased inhibitory 
tone brought on by hyperthermia-induced febrile seizures. 
In this case, activation of IH is proconvulsant. Although 
these results further suggest there are regional specificities 
to H-current activation, there are certain perturbations that 
consistently cause up- or down-regulation of H-current. 
Manipulations that increase neuronal activity are gener-
ally associated with increased IH, such as LTP-inducing 
tetanic stimulation, febrile seizures, and neuropathic pain. 
Inhibiting neuronal activity is generally associated with 
decreased IH, as is found following loss of cortical input 
to the hippocampus. Altogether, these data suggest there 
is a relationship between neuronal activity and IH and 
that IH is an important determinant in seizure-related 
hyperexcitability. Currently, the behavioral consequences 
of activation or inhibition of IH on amygdala-dependent 
behavior are unknown.

SUMMARY

We conceptualize the effect of cellular excitability in the 
amygdala on emotional behavior as existing on a contin-
uum. At the low end of the excitability continuum, neu-
ronal firing activity is kept in check by a predominance 
of inhibitory mechanisms. 5-HT levels in the amygdala 
are sufficient to inhibit excessive excitability. In this state, 
the amygdala functions to monitor internal and exter-
nal stimuli, waiting for an emotionally salient event. In 
the presence of an environmental danger, fear-learning 
processes are engaged. These LTP-like mechanisms allow 
emotionally relevant stimuli to increase the level of amyg-
dala excitability in an adaptive, survival-promoting man-
ner. Dopamine release during stress releases the inhibitory 
brake to facilitate cellular mechanisms of associative learn-
ing. At the top end of the excitability continuum, seizure 
mechanisms are engaged. However, we propose there is a 
hyperexcited state that is subthreshold for activating overt 
seizures. This hyperexcited state may result by many inter-
acting receptor- and ion channel–mediated mechanisms. 
For example, reducing 5-HT input may promote a tendency 
toward hyperexcitability by diminishing important braking 
mechanisms on amygdala neurons. This perhaps results 
in a state of disinhibition in which epilepsy-like neuronal 
activity is easily evoked. Similarly, excessive dopaminergic 
transmission may promote amygdala hyperexcitability, since 
DA suppresses important inhibitory drive (i.e., disinhibition) 
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mediated by GABAergic interneurons. Although the behav-
ioral correlates of calcium-activated potassium channels 
and HCN channels are currently unknown, future inves-
tigation may reveal similar relationships between cellular 
mechanisms of excitability controlled by these channels and 
changes in fear and seizure behavior.

In the subseizure state of cellular disinhibition, amyg-
dala activity may resemble an interictal state that perhaps 
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underlies the psychiatric symptoms associated with tem-
poral lobe epilepsy. Controlling neuronal hyperexcitability 
may account for the mood-stabilizing properties of anticon-
vulsant medications. Further understanding of the cellular 
and molecular mechanisms that control excitability in the 
amygdala may promote the development of more efficacious 
treatments of temporal lobe epilepsy and the associated 
emotional difficulties sometimes faced by these patients.
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Computer Simulation of 
Epilepsy: Implications 
for Seizure Spread and 
Behavioral Dysfunction

esiotemporal lobe epilepsy (MTLE), 
with or without hippocampal scle-
rosis, has been reported to be asso-
ciated with memory, emotional, 

behavioral, and cognitive anomalies, which many would 
expect based on our current understanding of hippocam-
pal formation function; but the role of seizures in alter-
ing cells and circuits has been difficult to define. Other 
reported behavioral or psychiatric alterations, including 
depression, schizophreniform disorders, and personality 
anomalies, may arise by the same mechanisms, but the 
biological bases for these manifestations have been even 
more difficult to define, in part due to limitations with 
regard to animal models.

The hippocampal formation, comprising the 
hippocampus, entorhinal cortex, and subicular areas, 
is a collection of cortical brain regions with a variety 
of cell types and circuits (1). Two allocortical regions, 
the dentate gyrus and Ammon’s horn (CA1–CA3), com-
monly referred to as the hippocampus, are characterized 
by a single layer of principal neurons. The neighboring 
parahippocampal region incorporates entorhinal cor-
tex, parasubiculum, presubiculum, and subiculum (2). 
These periallocortical structures form the anatomical 
transition between the hippocampus and the six-layered 
isocortex (or neocortex; see Figures 9-1 and 9-2). The 
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entorhinal cortex, parasubiculum, and presubiculum 
crudely resemble isocortex, having multiple distinct cell 
layers with stellate and pyramidal cells. The subiculum 
is morphologically intermediate between the single-
layered hippocampus and multilayered presubiculum 
with a single broad layer of pyramidal cells.

Studies of the various hippocampal regions have 
led to the widely held view that the combination of a 
critical density of recurrent excitatory connectivity and 
spontaneous activity in some of the cells (pacemaker cells) 
is required for a brain region to generate seizure activity. 
The excitatory connectivity is both intra-regional (intrinsic) 
and inter-regional.

Several hippocampal formation regions possess 
substantial intrinsic connectivity. The pyramidal cells 
of CA3 are relatively heavily interconnected (1, 3), and 
the parahippocampal regions all have some degree of 
intrinsic connectivity (1). Even area CA1, discussed in 
more detail later, has an intrinsic connectivity that cannot 
be overlooked. The hippocampal formation is also rich 
with inter-regional connectivity, from the long circuit 
that begins with the trisynaptic pathway and serially 
connects entorhinal cortex with every element of the 
hippocampal formation, to much smaller two-region 
circuits such as the reentrant subiculum–presubiculum 
circuitry.

9
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The interactions of cells within a region for seizure 
initiation, the interactions of regions with one another to 
sustain seizure activity and provide pathways for spread, 
the alteration in regional roles during the progression of 
a single seizure, and the alteration in patterns of activ-
ity with progression of epilepsy over years are complex 
mechanisms that are only beginning to be understood. 
To reduce this enormous complexity and begin to define 
some basic principles of seizure generation, we depend 
on computer simulations to complement physiologic 
experimentation.

THE ROLE OF SIMULATIONS FOR 
UNDERSTANDING NETWORKS

Historically, in constructing a model we formalized our 
understanding of the underlying biology (4). If a model 
can replicate a complex biological association (e.g., the 
relation between seizure activity and particular pharma-
cological manipulations, or the relation between activity 
spread and broadening that we describe below), we have 
an initial understanding of biological features that can be 
leveraged through continued simulation and experiment 
to reveal more detail. We continue to use computer simu-
lations in this way, tuning them with biological details as 
we are able. Several obstacles stand in the way of more 
extensive use of realistic neural network modeling as an 
adjunct to physiology.

First, many biological details are still difficult to 
obtain with experimentation. Physiologic experiments 
provide many kinds of quantitative data. Subcellular 
properties (e.g., voltage- and ligand-gated ion channel 
activity), cellular properties such as firing patterns, and 
circuit properties, including types of contacts, their fre-
quency, and the resultant activity of the network as a 
whole, are all accessible with experimentation. On the 
other hand, it is difficult or impossible to quantitate many 
kinds of anatomical data. Some structural features can be 
quantitated by using physiologic methods. As an example, 
the frequency of coupling between CA3 or CA1 pyrami-
dal cells was based on counting pairs of simultaneously 
recorded cells that showed monosynaptic excitation (3). 
Other features, such as the number of pyramidal cells in 
CA1 that might constitute the cognitive map of a particu-
lar environment (a hypothesis of place cell theory in rat 
hippocampus), or that are required to relay seizure activity 
from CA3 to the subiculum, remain immeasurable.

A second deterrent to widespread use of full mul-
tineuron, multicompartment models is that they require 
supercomputers, long simulation times, or both. Full 
multicompartment models remain the gold standard of 
realistic neural modeling. These models, pioneered by 
Rall and coworkers (5), were put into a network con-
text by Traub for CA3 pyramidal cells. They permit 
the inclusion of any aspect of neural organization that 
can be quantified experimentally. Neuronal geometries 
drawn with a Neurolucida (Microbrightfield, Williston, 
VT) or Eutectics (Eutectic Electronics, Raleigh, NC) 
imaging systems can be used directly. Two-state Markov 
chain (MC) models are used for synaptic channels, and 
Hodgkin-Huxley equations, which are multistate models 
with redundant states, are used for most voltage-sensitive 
channels. In many cases, calcium-sensitive mechanisms 
are also included. Full MC models are built with between 
150 and 300 compartments, depending on dendritic com-
plexity. A full complement of ion channels is typically 
included in the soma (fast sodium, delayed rectifier, L and 

FIGURE 9-1

Horizontal and nearly parasagittal sections of hippocampus
and parahippocampal regions from rat brain. Thionine-stained 
sections illustrate the locations of structures in relation to each 
other and emphasize the cell layers (cell somata are stained by 
thionine). The single densely packed layers of principal cells 
in the dentate gyrus (DG) and hippocampal areas CA3 and 
CA1 are clearly distinguishable from the broad cell layer of 
subiculum (SUB) both in the ventral section (A) and the dorsal 
section (B). The multilayered structure of parahippocampal 
structures presubiculum (PRE), parasubiculum (PARA), and 
entorhinal cortices (EC) are apparent. The insets for part B 
show the angle of the section. Layers are numbered in part 
A. Adapted from (2).
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T calcium channels, SK and BK channels) whereas ion 
channels are included in only 10–20 dendritic compart-
ments to increase simulation speeds.

Alternative modeling strategies exist that sacrifice 
detail in the cellular or circuit elements in return for com-
putational manageability, in particular for exploring large 
numbers of parameter variations. Our 2-C model is a vari-
ation of that proposed by Pinsky and Rinzel (6). The two 
compartments of the model are a soma compartment and 
a dendrite compartment. Currents into the dendrite com-
partment leak to the soma compartment across a coupling 
resistance that can be adjusted to permit the current storage 
in the dendrite that produces different firing patterns, includ-
ing burst firing. Having two compartments also permits 
segregation of inputs. We have used the 2-C model for simu-
lating epileptiform events in dentate gyrus (7). Even simpler 
is the cellular automaton (CA) neural network model (8). 
This highly simplified model can replicate emergent phe-
nomena seen in the standard Traub CA3 model. The CA 
neural network models allow arbitrary connectivity, which 
can be made identical with that of complex models for 
direct comparison, and, more importantly, comparable to 
the connectivity identified in brain tissue. These simplified 
networks of simplified cells have significant advantages for 
parameter testing (discussed below), and hybrid models 
may offer the best of both worlds (9).

A final limitation to widespread use of computer 
simulations is the lack of tools for comparing activity 
in an experimental preparation to activity in a realistic 
neural network or even for comparing activity in one real-
istic neural network to activity in another. If a model has 
difficulty replicating a particular biological phenomenon, 
the difficulty may be simply that the result lies within a 
small range of parameters that have not been checked. 
This argues in favor of exploring a wide swath of param-
eter combinations. A problem with MC network models 
is that they become so computationally large that it is not 
always possible to do extensive parameter searches. It is 
here that the simpler models are valuable. The CA model 
has the potential to allow searches on the order of 106

parameter combinations (with a network of 104 neurons
on our fastest computer) in hours to days. Although the 
2-C models cannot be scaled up this far, they have the 
advantage of using many of the membrane parameters 
used in the MC models so that they can be directly com-
pared with the MC models.

The NEURON simulation environment (http://
senselab.med.yale.edu/senselab/ModelDB/default.asp) 
has rapidly evolved and now includes numerous fea-
tures to address analytical issues. NEURON has a suite 
of simulation fitting tools that repeatedly run a simulation 
with small changes in parameters and compare the results 
to a physiologic trace. The fitting comparison is limited 
by difficulties in quantifying the similarity between two 
traces, when there are too many parameters to examine, 

or if the fitness function shows large discontinuities with 
parameter changes. In response to these limitations we 
have developed a package, PARSET (parameter setter), 
that installs as a module in NEURON. It permits the user 
to select ranges or specific values of particular param-
eters and then runs all parameter combinations in batch 
mode. With large simulations and multiple parameter 
settings these runs can last for several hours. PARSET 
then allows rapid random-access retrieval of this large 
amount of data by using binary bulk-memory reads from 
disk. The user has a pull-down menu that permits him to 
set specific tested values for all but two of the parameters. 
One of the two remaining parameters is assigned to rows 
and the other to columns. The program then produces a 
two-dimensional array of graphs showing the changes in 
activity as one parameter is varied against the other. We 
have found that this software permits us to expeditiously 
review and assess several thousand parameter combina-
tions by eye in 1 to 2 hours.

Tools and techniques to sample many cells simul-
taneously in biological experiments are rapidly improv-
ing and offer new ways to study population activity, 
but analytical methods relating the collective firing of 
neurons to a population event are only beginning to be 
developed. We see computer simulations rapidly grow-
ing beyond their current roles in neuroscience to emerge 
as a way (perhaps the best way) to develop necessary 
analytical methods for the study of population activities 
such as seizures. In this context, the roles of computer 
simulation and biological experimentation, held over 
these last several decades, will be reversed, as simu-
lations are used to formulate analytical tools that get 
tested in a biological experiment.

EXAMPLES FROM SPECIFIC HIPPOCAMPAL 
FORMATION CIRCUITS

Some hippocampal formation regions have been estab-
lished as seizure foci. In experiments, CA3 and entorhinal 
cortex have been shown to generate seizure activity. Tem-
poral lobe seizures are thought to originate in the ento-
rhinal cortex or the hippocampus (CA3). As discussed in 
the introductory section, the hippocampal formation is 
a collection of brain regions with a variety of principal 
cell types and circuits. The dentate gyrus and Ammon’s 
horn (CA1–CA3) are characterized by a single layer of 
principal neurons. The entorhinal cortex, presubiculum, 
and parasubiculum are multilayered cortices. Between 
them and Ammon’s horn lies the subiculum, a structure 
with a single broad layer of pyramidal cells. The inter-
regional connectivity is topologically complex (1), and 
the intra-regional connectivity has been shown to differ 
in its symmetry. These features have been summarized 
and simplified (slightly) in Figure 9-2.
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A combination of biological experimentation and 
computer simulations has been used to define the cel-
lular and synaptic basis for epileptiform activity in CA3, 
as reviewed by Traub et al. (3). These are unstructured, 
hence topologically zero-dimensional networks. Two 
major conditions have been identified as important in 
the formation of epileptiform activity in CA3. First, there 
are relatively dense recurrent excitatory connections. Sec-
ond, depolarization of apical dendrites can drive repetitive 
dendritic calcium spiking at rates up to 10 Hz. An epilepti-
form burst event is terminated as the after-hyperpolarizing 
conductance (a slowly activating and inactivating cal-
cium-dependent potassium conductance) grows to offset 
the intrinsic calcium current and the sustained NMDA 
receptor–mediated synaptic excitation. GABA-mediated 
conductances (in particular GABAB, especially if the con-
vulsant is a GABAA antagonist) can also shape the dura-
tion of the event.

In this scenario, the primary epileptiform burst and 
any subsequent afterdischarges are the result of sustained 
depolarization of the dendrites. This depolarization causes 
calcium spiking and subsequent after-hyperpolarization due 
to potassium conductances. The result is repetitive dendritic 
calcium spiking. Each dendritic burst triggers a somatic 

burst that, through axon collaterals and AMPA recep-
tors, keeps the whole network synchronous. The string of 
afterdischarges stops as the after-hyperpolarization grows.
Blockade of NMDA receptors shortens the primary burst 
and eliminates the afterdischarges, so it is thought that the 
NMDA receptor activation is the sustained depolarizing 
stimulus that drives afterdischarges.

Whereas the basic elements for seizure generation 
seem to be in place for CA3, dentate gyrus and CA1 are 
normally resistant to seizure generation. Pacemaker activ-
ity does not seem to differ significantly between CA3 and 
CA1 (10), so the lack of a critical density of recurrent 
excitatory connectivity is the preferred explanation for 
why CA1 does not produce spontaneous epileptiform 
activity in response to bicuculline (3). In our studies of the 
ability of CA1 to relay population discharges from CA3 
toward the subiculum, we discovered that the intrinsic 
connectivity of CA1 was asymmetric (Figure 9-3), unlike 
that described for CA3, entorhinal cortex, subiculum, 
presubiculum, and parasubiculum.

How does the asymmetric spread in CA1 arise? One 
possibility is that the asymmetry results from differences in 
the numbers of collaterals from each cell on its subicular 
side compared with the number on its CA3 side. A weak 

FIGURE 9-2

Refolding hippocampus simplifies the topology of inter-regional connectivity and suggests that the entire hippocampus might 
function as a single laminar unit. (A) Horizontal section of rat ventral hippocampus stained with rapid Golgi techniques and 
counterstained with thionine to highlight the cell layers of hippocampus. Major regions are labeled: LEC, lateral entorhinal 
cortex; MEC, medial entorhinal cortex; paraS, parasubiculum; preS, presubiculum; SUB, subiculum; CA1 and CA3, Ammon’s 
horn; dentate gyrus is not labeled. (B) Regions (excluding dentate gyrus) are schematized as a ribbon. Broken arrows indicate 
the directions that the cortical sheet will be moved to achieve the refolded configuration in C. Open and closed stars mark 
points in the normal (panel B) and refolded (panel C) configurations. (C) After refolding, the “close-to-close” and “far-to-far”
topography of CA3-to-CA1 and CA1-to-subiculum connections are simplified. The topography of MEC-to–distal subiculum 
and LEC-to–proximal subiculum/distal CA1 connectivity is clear from the natural folding of subicular and entorhinal areas. 
Light double- or single-headed arrows in each region indicate known symmetrical or asymmetrical intrinsic collateral systems 
for seizure spread. The refolding suggests that the entire hippocampus might function as a single multilaminar unit, where the 
laminae are distinct regions (e.g., CA1 or subiculum). In this view, the inter-regional connectivity is analogous to the columnar
organization of isocortical structures, and the intrinsic (intra-regional) connectivity is analogous to the intralaminar circuitry of 
isocortex (19). See color section following page 266.
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argument can be made in favor of this notion from the ana-
tomical evidence for a strong projection by CA1 to subic-
ulum (1), and evidence that collaterals can emerge from 
projection axons. Alternatively, we have seen weak evidence 
for more extensive local axonal arbors on CA1 cells close 
to CA3. This is clearly a quantitative issue that none of the 
anatomical data will settle. Simulations will be necessary to 
test whether these anatomical differences are plausible for 
controlling activity spread, but the definitive answers will 
necessarily await data from more experiments.

Uniformly connected cells in a distributed network 
model show features of the forward spreading in CA1 or 
activity seen in other hippocampal formation areas whose 
intrinsic connectivity appears symmetrical. Figure 9-4 
shows the two main features of activity spreading through 
such a network. First, there is a threshold to activate the 

cells of a cluster that is associated with a rate for the propa-
gation of the population event (10, 11). Second, as a cluster 
of neurons excites an adjacent cluster, the duration of activ-
ity increases, a process we refer to as broadening.

What functional purpose would the asymmet-
ric intrinsic connectivity serve? One possibility derives 
from the inter-regional connectivity (Figure 9-2). Given 
the inter-regional connectivity of areas CA3, CA1, and 
subiculum, there exists the possibility of an unusual and 
dangerous reverberant activity. A normal event such as 
a sharp wave spreading from the dentate side of CA3 
toward CA1 will activate CA1 near subiculum and suc-
cessively back toward CA3 (enhanced by intrinsic con-
nectivity). Reverberations of activity going toward and 
away from the CA1/CA3 border can be started. Changing 
the intrinsic connectivity to favor spreading only in the 

FIGURE 9-3

Spread and broadening of evoked population discharges in rat area CA1. Population discharges evoked in the presence of 
bicuculline (50 µM). (A–E) Spread with broadening of event duration when stimuli are applied on the CA3 side of CA1 (stratum 
oriens/alveus or radiatum; column 8), but not when stimuli are applied on the subicular side of CA1 (column 1). Ventral hip-
pocampal brain slices were cut from Sprague-Dawley rats and maintained in a recording chamber that permitted 64 simultane-
ous extracellular recordings. In each row, the set of eight electrodes that followed the cell layer are shown. Brief single stimulus
pulses were applied with bipolar electrodes to the CA3 side or the subicular side of CA1.
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direction from CA3 toward the subiculum reduces the 
chances of reverberation.

The subiculum, anatomically a transition zone, can 
generate epileptiform activity similar to CA3 (12), but it 
also participates in a variety of more complex seizures 
involving neighboring structures. The subiculum is a 
target of projections from CA1, which can relay epi-
leptiform activity that originates in area CA3 (13). The 
subiculum is also the target of inputs from entorhinal 
cortex and presubiculum. Single subicular neurons can 
follow activity originating in CA3 or entorhinal cortex (13). 
Reciprocal connections between subiculum and presu-
biculum lead to complex reentrant seizure activity (14). 
Intracellular and field potential recordings revealed two 
reentrant paths for the interaction of presubicular and 
subicular neurons. We demonstrated a deep presubicu-
lar input to the subiculum and separate return paths 
from subicular bursting neurons onto deep and super-
ficial layer pre- or parasubicular neurons. Recordings 
from subicular cell apical dendrites showed repetitive 
burst firing during sustained depolarizing current injection. 

Reentrant activity in this  presubiculum–subiculum cir-
cuit generated epileptiform activity in both regions that 
was more complex than activity seen in either region 
when it was isolated from surrounding areas. It appeared 
that the presubicular inputs to subiculum depolarized 
apical dendrites, which caused them to burst repetitively. 
These bursts were transmitted back to the presubiculum. 
Iterations on this circuit acted to prolong the dendritic 
depolarization of subicular bursting neurons and to 
entrain the activity across subicular cells, resulting in 
multiple afterdischarges (Figure 9-5).

Interlaminar circuits in the multilayered cortices can 
also generate seizure activity (15). These circuits can gen-
erate more complex patterns of activity such as epilepti-
form spikes with multiple afterdischarges. In disinhibited 
brain slices, epileptiform events from entorhinal cortex 
and the associated parahippocampal cortices contained 
many more afterdischarges compared with the simpler 
events seen in disinhibited slices of CA3. Similarly, indi-
vidual isolated parahippocampal regions (subiculum, pre-
subiculum, or parasubiculum) produce limited epileptiform 

FIGURE 9-4

Computer simulations of spread and broadening in a model with uniform intra- and intercluster connectivity. Activity spread 
in different activity-chain models. (Left) Raster plots show time of spiking with sequential activation of modules after initial
triggering (lower left in each). Weak connectivity (A) shows minimal broadening. Strong connectivity (B) shows pronounced 
broadening. (Right, top) Simulated field potentials show broadening and amplitude reduction as spikes desynchronize. (Right, 
bottom) Duration of activity (circle size) in most distant module from stimulus as a function of excitatory–excitatory connectivity
strength within each module (x-axis), between modules (y-axis). Strength of excitatory–inhibitory connections between modules 
(z-axis). Increasing inhibition (diagonal up to the right) has relatively smaller impact on broadening.
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activity: simple population spikes with no afterdis-
charges. Interlaminar and inter-regional circuits will 
also be critical for seizure spread. Models of cortical 
columns are starting to appear in the literature (16).

IMPLICATIONS FOR BEHAVIOR

An enormous amount of biological detail, acquired 
over decades, has caused computer simulations to 
mature at an extraordinary pace. Perhaps the best 
demonstration of this maturity is the recent work 
by Traub and colleagues in which they found that 
their detailed models of CA3 could not replicate 
high-frequency oscillations seen in biological experi-
mentation unless gap junctions between axons were 

added. This addition was the only modification nec-
essary to extend the model’s capabilities (3). This is 
an extraordinary accomplishment of modeling. This 
is also likely to be an uncommon event, because the 
dramatic mismatch between the biological activity 
and the performance of the model was cleared up by 
adding a single new element. More commonly, there 
will be subtle differences between the biology and 
the modeling, or multiple missing parameters in the 
model resulting from an incomplete understanding 
of the biology. Glial– neuron interactions, extracellu-
lar chemistry, changes in cell and synapse physiology 
with activity, roles of modulatory neurotransmitters, 
and the distributed nature of intra-regional and inter-
regional networks—these are some features of the 
biology that are very poorly understood.

FIGURE 9-5

Circuits involving parahippocampal cortices with different structural complexity. (A) An interlaminar circuit involving layer III
(superficial) pyramidal cells and layer V (deep) pyramidal cells in entorhinal cortex is capable of generating complex seizure 
activity patterns and providing multiple pathways for spread within entorhinal cortex. (B) An incomplete interlaminar circuit 
exists in pre- and parasubiculum. Superficial to deep connections exist, but the return connections do not. Interconnections 
with the adjacent subiculum provide a full circuit capable of generating complex seizure activity patterns. (C) Multiple schematic
columns and circuits are drawn to illustrate pathways for spread in the parahippocampal areas.
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The more interesting area is to use simulations for 
the development of tools to define population events or 
activity based on samples of cells. We need to develop an 
entirely new set of tools to describe and study population 
phenomena. Whereas we have long been able to witness 
population-based phenomena (e.g., seizure discharges), 
it is only recently that we have the tools to record a 
number of single cells at a time. We will develop tools 
once we develop concepts to describe. Such concepts may 
include firing rate spaces (J. B. Ranck, Jr., unpublished 
data) and ideas about determining the dimensionality of 
the rate space for sets of neurons encoding a particular 
thing (e.g., the set of neurons that forms the cognitive 
map of a particular environment, or the set of neurons 
whose activity generates a seizure discharge). The use 
of principal component analysis to define an activity 
“fingerprint” or “signature” for a neuronal ensemble dur-
ing a task (17) may also be a useful concept. Simulations 
can be used to formulate and test the relations between 
the activity of cellular elements and the resulting popu-
lation activity.

The activity of individual regions changes through-
out a seizure and, more significantly, over time as a 
result of repeated seizures. Neuronal loss is an estab-
lished consequence of repeated seizures in the hippo-
campal formation. Neuronal loss concentrated in a 
particular region such as CA3 will disrupt major inter-
regional circuits. Scattered neuronal loss will impact 
intrinsic and inter-regional circuitry. Surviving neu-
rons remain connected to the rest of the brain. It is 
generally uncertain how these neurons’ firing patterns 
relate to firing in the normal brain. We propose four 
alternative hypotheses for the interictal activity of these 
neurons: (1) They produce normal patterns of activity, 
perhaps changing their individual roles to accommodate 
the neuronal losses. (2) Surviving neurons in epileptic 
brain regions are actively walled off from the rest of 
the brain by inhibitory neuronal circuits or some non-
epileptiform abnormal oscillation that prevents their 
normal functional interactions with other brain areas. 
The functional effect would be comparable to that of 
an ablation. (3) Surviving neurons remain active and 
involved in brain function but are unable to fully pro-
duce the signals or oscillations that are required for 
normal brain function because of lost neighbors and/or 
inputs. (4) The worst alternative is that the activity 
of surviving neurons and circuits is altered to confer 
seizure-generating capabilities on regions that previ-
ously subserved follower roles. Repeated seizures lead-
ing to massive neuronal loss (e.g., in CA3) do not impair 
seizure generation, but rather transform the remaining 
hippocampal circuitry such that other regions (e.g., 
subiculum) become new seizure foci.

The alternatives suggested in our first three hypoth-
eses will most likely be associated with milder forms of 

brain damage. Sublethal cellular consequences of sei-
zures are likely to include aberrant changes in synaptic 
strength, disrupting memories or the ability to learn, 
which, together with circuit alterations, will likely have 
major effects on behaviors that depend on normal hip-
pocampal formation activity. With regard to the origins 
of behavioral disturbances, the third hypothesis from our 
list—that brain areas are “active but abnormal”—would 
appear to best explain positive symptoms such as those 
seen in the personality disorders or psychoses associated 
with MTLE. Additional support for this hypothesis comes 
from nonlinear analyses of the preictal electroenceph-
alogram (EEG). These analyses suggest that the area 
surrounding the epileptic focus produces normal syn-
chronization and phase-locking with the rest of the brain 
up until a period several hours before the seizure. At 
this time the epileptiform area appears to “unlink” from 
the rest of the brain (phase scattering) before relinking 
at the pathological frequencies just before the onset of 
the clinical seizure. One can extrapolate from this to 
suggest that the unlinking is the initial pathophysiologi-
cal phase. This unlinking would presumably produce 
mild brain dysfunctions. Such a propensity to unlinking 
would be a candidate cause for interictal disturbances 
of behavior and cognitive and emotional function even 
under circumstances where progression to seizure did 
not occur.

CA3 models have demonstrated the basic proper-
ties necessary for a seizure, but therapeutically they have 
led to only relatively obvious suggestions such as GABA 
potentiation. There is still little known about seizure ini-
tiation and spread in intermediate and complex cortical 
circuits. The emergent properties of these circuits will 
determine how pharmacologically mediated channel or 
receptor alterations, or specific surgical disconnections, 
will affect abnormal and normal dynamics. Studies of 
hippocampal formation circuits and dynamics will offer 
new possibilities for drug and surgical intervention, so 
that a pattern of activity becomes the therapeutic target 
rather than a class of cells or receptors. This will extend 
the concept of rational pharmacotherapeutics from 
strictly biochemical computer modeling to a broader 
model effort leading from pathophysiological dynamics 
to drug choice (18).

OTHER RESOURCES

Many simulations are available via the NEURON ModelDB 
database (http://senselab.med.yale.edu/senselab/ModelDB/
default.asp). This resource permits the reader of a study 
to obtain all of the files needed to generate one or more 
figures of that study. This allows researchers to build 
directly on the work of other researchers, providing a 
complete and fully verifiable methods section.
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Neuroethology and 
Semiology of Seizures

hen the Commission of the Inter-
national League Against Epilepsy 
(ILAE) published their proposal 
for revised classification of epilep-

tic seizures (1) and proposal for revised classification of 
epilepsies and epileptic syndromes (2), they proposed a 
framework to which epileptologists could look for objec-
tive orientations for diagnosis, treatment, or research. 
However, when we talk about ictal semiology of seizures 
and epilepsies, we need to point out the most precise term 
that defines semiology. Therefore, in a recent report from 
the ILAE Task Force on Classification and Terminology 
(3), it is said that semiology is “the branch of linguistics 
concerned with signs and symptoms.”

Furthermore, following a recent discussion on epi-
lepsy semiology Wolf (4) says: “when neurologists ana-
lyze seizures, as they develop in time, we try to understand 
what brain phenomena are reflected in the development 
of the seizures. The more we understand, the more we 
move from a mere semiological approach to true semi-
ology: an understanding of the significance of signs and 
symptoms. . . . This should be the ultimate scientific aim 
at our efforts at classifying seizures.”

Engel (3) follows:

The description of the ictal event, without reference 
to etiology, anatomy, or mechanisms, can be very 
brief or extremely detailed as required for clinical or 

Norberto Garcia-Cairasco

research purposes. Although detailed descriptions of 
the onset and evolution of localized ictal phenomena 
often are not necessary, they can be useful: for instance, 
in patients who are candidates for surgical treatment 
or for research designed to elucidate the anatomic 
substrates or pathophysiologic mechanism underlying 
specific clinical behaviors. Communication among clini-
cians, and among researchers, will be greatly enhanced 
by the establishment of standardized terminology for 
describing ictal semiology. . . . (emphasis added).

The ILAE developed the diagnostic axes scheme (3), 
where “Axis 1 consists of a description of ictal phenomenology 
using a standardized Glossary of Descriptive Terminology.” 
(see this glossary in Blume et al. [5]). Moreover, as an alterna-
tive approach, and analogous to the ILAE axes, researchers 
at the Cleveland Clinic proposed the so-called dimensions 
scheme (6–8), where dimension 2 corresponds to ictal semi-
ology. Furthermore, Loddenkemper and Kotagal (8) state 
“semiology can reflect only the symptomatogenic zone and, 
therefore, can give only indirect information about the sei-
zure onset zone or the epileptogenic zone, as the epileptic 
activity may have spread from a ‘silent’ cortical area into a 
different cortical area that actually produces symptoms.”

In fact, the discussion on seizures and epileptic syn-
dromes classification versus what some have called “diag-
nostic manuals” is currently a more complicated one (see 
a recent debate [4,9,10–13]). For example, Engel et al. (9) 
state that “at the present time the designation of specific 

10
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epilepsy syndromes and epileptic seizure types are [sic]
based more on clinical experience and expert opinion 
than on scientific principles. . . . The ILAE Commission 
on Classification is beginning to develop scientific and 
evidence based approaches to defining and recognizing 
these diagnostic entities as distinct conditions. . . . Any 
classification must be constantly reevaluated, challenged, 
and revised as necessary, and clinical care must always 
be based on features of individual patients, whether or 
not a specific diagnosis can be made. . . .”

In the same controversy, Lüders et al. (10)  mention 
that most epileptic syndromes were never defined scientifi-
cally. Furthermore, Avanzini (14) comments on how the 
sequence of events characterizing some partial seizures is not 
easily incorporated into the International Commission on 
Epileptic Syndromes 1981 definitions (1). Following on that 
discussion, Bauer and Trinka (13) believe that the Cleveland 
Clinic seizure system, based upon five-dimensional patient-
oriented epilepsy classification, documents the sequence of 
seizure symptoms, but that, analogously to the diagnos-
tic axes of the ILAE, the system represents a checklist for 
symptoms and signs but not a classification of seizures; for 
recent data on this matter see (7, 8). Moreover, Bauer and 
Trinka (13) consider the mathematical or statistical (cluster 
analysis) approach to the sequence of seizure symptoms (15, 
16) to be difficult to use.

We strongly believe that—independently of which 
is the most suitable scheme, either diagnostic axes or 
dimensions—it is obvious that for the purpose of knowl-
edge of (1) the basic mechanisms and (2) the neural 
substrates associated with the origin and spreading of 
seizures, or (1) for diagnostic purposes and (2) for pre-
surgical evaluations, detailed descriptions of ictal semiol-
ogy will be always desirable.

Thus, one of the main purposes of the current chap-
ter is to demonstrate that ethology and particularly neu-
roethology will be adequate to any attempt to approach 
quantitative semiology of seizures and epilepsy. In other 
words, we will present data from animal models and 
clinical setups showing how appropriate the use of neu-
roethological approaches is for quantitative semiological 
studies of epilepsy.

ETHOLOGY: A SYSTEMATIC 
STUDY OF BEHAVIOR

Ethology is the systematic study of animal behavior. 
Most of the studies on animal and human behavior 
have oscillated between descriptions of innate behaviors 
and reactions to a given stimulus. Although pioneering 
research—such as that of Konrad Lorenz (17), the father 
of ethology—was mostly descriptive, it would not be fair 
to call it superficial or innocuous in terms of its contribu-
tion to the knowledge of the physiologic mechanism of 
behaviors, both in animal and in humans, either in nature, 

in urban conditions, in clinical setups, or in laboratories. 
Indeed, a great deal of contemporary behavioral research 
is based, for example, on the concepts of innate behav-
iors, fixed-action patterns, imprinting, among others—all 
of them derived from these original ethological studies 
and observations. Recent studies call attention to the fact 
that stereotyped action patterns of seizure repertoire can 
be found even in invertebrates such as Drosophila (18),
with great similarity to other animals (19) and obviously 
to humans (20). Furthermore, it is also clear that much 
information from those ethology pioneers was linked to 
the seminal interpretation of Darwin, who, in his mag-
nificent On the Origin of Species (21) and in his further 
The Expression of Emotions in Man and Animals (22),
built the bases for a phylogenetic evaluation of behaviors. 
Describing emotions and facial expressions, Darwin, for 
example, wrote that “the young and the old of widely 
different races, both with man and animals, express the 
same state of mind by the same movements.”

NEUROETHOLOGY: LOOKING FOR 
NEURAL BASIS OF BEHAVIOR

The more recent concept of neuroethology (23, 24) is 
defined as the search for neural substrates of behavior. 
Curiously, and in spite of the current advance in molecu-
lar techniques, we know that the return to the funda-
mental questions in ethology is desirable, particularly 
when we are trying to characterize new phenotypes or 
constructs, such as the protocols of transfer and removal 
of selective genetic information, the so-called transgenics 
and knockouts (25).

In what manner could the more conventional etho-
logical studies contribute (1) to the evaluation of normal 
but complex motor patterns such as postural patterns 
and (2) to the evaluation of alterations in motor con-
trol systems? Old and new developments in behavioral 
neuroscience have shown that, for example, the control 
of posture and movement evolved with a phylogenetic 
progression of competent circuits that can be studied in 
natural, clinical, or laboratory conditions.

One can make, then, the following assumption: If 
neuroethological interpretation of the physiology of the 
normal movement is clear, its impact in the evaluation 
of motor pathologies should be also evident. But how, 
for example, can exuberant alterations, such as epilep-
sies with motor manifestations, be evaluated under a 
neuroethological approach? What would be the advan-
tages or disadvantages of using clinical or experimental 
approaches? Why not compare both of them? Would it 
be possible to use the very same approach for sensory, 
autonomic, or even cognitive alterations?

It is evident that the progressive knowledge we have 
obtained over the last decades on the neural substrates that 
control behaviors has allowed a stepwise construction of a 
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model of fine correlation between ethological expression 
and corresponding neural mechanisms. Some examples 
can be seen in recent discussions on brainstem-dependent 
versus limbic system–dependent seizures (26–29) and on 
participation of basal ganglia and limbic circuits in the 
expression of neurologic and neuropsychiatric disorders 
(30, 31).

This development gave rise to the concept of neu-
roethology, because on the one hand, it facilitated the 
understanding of the adaptive values of behaviors or 
sequences of behaviors associated with the activation of 
specific circuits in the encephalon, and on the other hand, 
it provided multidisciplinary tools for behavioral evalua-
tion. The contrast between the evaluation of behavioral 
components of seizures and epilepsy, for example, by 
means of seizure severity indexes, behavioral scores, or 
scales (generally arbitrary and linear), and the evaluation 
of behavioral sequences (flowcharts) and even behavioral 
clusters (correlations) associated with their neural sub-
strates, is greatly illustrative.

In the case of clinical epileptology, the research usu-
ally has been based on qualitative descriptions of either 
seizures or epileptic syndromes and, in the case of animal 
models of epilepsy, very limited methods, supported by 
seizure severity indexes. Most of them, unfortunately, 
do not utilize quantitative protocols to show behavioral 
sequences that could be associated with the activation of 
their control by fine neural circuits.

In fact, when research on the models of repetitive, 
generally electrical subthreshold stimulation of limbic 
regions—which has since become known worldwide 
as kindling—was still in its beginning stage (32), some 
attempts to quantify seizure behavior were done by means 
of seizure severity indexes such as the Racine (33) limbic 
seizures scale. Racine established a behavioral hierarchy, 
or seizure classes (from 0 to 5), which corresponded to 
the sequence of behaviors and the severity of the limbic 
seizures. Further stimulation showed more severe seizures 
with brainstem components (wild running and tonic-
clonic seizures) and even spontaneous recurrent seizures 
(SRS). This gave support to the Pinel and Rovner (34) 
seizure severity scale (from 0 to 8). Situations such as 
those involved in models of status epilepticus (SE) and 
their consequent SRS have also been mostly described 
by these severity indexes or scores; for a review, see Leite 
et al. (35). The so-called brainstem seizures have also 
been evaluated through severity indexes (28, 29).

To some extent, the importance of the use of 
ethological evaluations in epilepsy was further evidenced 
in several experimental models that considered the neces-
sity to discriminate between, for example, mood disorders 
as a consequence of repeated ictal phenomena and ictal 
anxiety or ictal fear (36). Furthermore, the pioneering 
work by Stevens and Livermore (37) in the development 
of kindling of the mesolimbic system, as a model of psy-
chosis, was supported by the acceptance that, analogously 

to kindling of  epileptic seizures, anxiety, panic disorders, 
obsessive-compulsive disorders, pain disorders and depres-
sion, follow kindling-like progression processes (31).

Historically, attempts to evaluate seizure semiology 
over the decades have been, in general, frustrating. One of 
the main reasons has been that more than a quantitative 
endeavor, this has been a very descriptive task (nonetheless, 
extremely elegant and thoughtful descriptions were present 
in the times of Jackson, Jasper, and Penfield and followers), 
because most of the time there were no clear and operational 
definitions of an ethogram, or glossary of behaviors that 
could be used extensively anywhere, anytime, whenever 
the ictal phenomenology was depicted. As pointed out in 
the beginning of the chapter, the need for this glossary is 
fundamental not only for classification purposes but for 
neuroethological research on seizures and epilepsy. Further-
more, once the glossary has been built and validated, the 
next logical question should be: how to depict the seizure 
sequence reliably. Ultimately, the question is whether the 
behavioral sequence helps to predict the underlying neural 
substrates, which is the primary goal of neuroethology.

TOWARD A QUANTITATIVE 
CLINICAL ICTAL SEMIOLOGY

Some historical approaches that have had great value to 
the study of semiology of seizures are those of Jackson, 
Jasper, and Penfield; see recent comments by Wolf (4).

More recently a pioneering study in which statistical 
tools were used in the characterization of ictal semiology, 
in this case in temporal lobe epilepsy (TLE), was pub-
lished by Wieser (15). This author used cluster analysis to 
correlate groups of signs and symptoms and to verify the 
sequence of behaviors occurring during complex partial 
seizures. Two strategies were used in presurgical monitor-
ing of TLE patients by Wieser (15). One of them was a 
precisely guided deep-brain stimulation that allowed the 
expression of specific sequences of behaviors, coupled 
to video-electroencephalographic (EEG) recordings. The 
other was the capturing of SRS through video-EEG.

Subsequently, Kotagal et al. (16, 38) applied a sim-
plified version of the method developed by Wieser (15) 
and detected the predominant sequences of seizure behav-
iors to characterize temporal and frontal lobe epileptic 
seizures throughout analysis of only SRS. The studies by 
Kotagal’s group are of great importance in seizure semiol-
ogy, and although they did not incorporate any analysis 
of ictal EEG, obviously the latter was used as a criterion 
for a patient’s inclusion in the studied groups. The con-
sequent work on the proposition of a semiological clas-
sification of seizures performed by Lüders et al. (39) was 
certainly supported by those quantitative studies developed 
by Kotagal et al. (16). In substantiation of those efforts, 
Loddemkemper and Kotagal (8) emphasize that the ILAE 
recognizes the importance of seizure semiology and clinical 
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lateralizing information. These authors also emphasize that 
terminology based on semiology (6, 39) has been used to 
characterize semiological patterns with potential localiz-
ing or lateralizing value (3, 5) with clear impact to new 
proposals for epilepsy classification (5, 7, 11).

In an additional effort to contribute to the differ-
ential semiological characterization of patients with TLE 
and frontal lobe seizures, Manford et al. (40) published 
their own study using video-EEG. This study was based 
on the premise that clinical-EEG seizures (semiology-EEG 
coupling) could be important for the discrimination of 
seizure etiology and helpful for diagnosis and treatment. 
The main result of this study was expressed as a combina-
tion of cluster analysis and flowchart representation to 
differentiate TLE from frontal lobe epilepsy and to cor-
relate magnetic resonance imaging (MRI) data with ictal 
behaviors. Representation of ictal behaviors was made in 
the form of flowcharts, with temporal progression of sei-
zures as arrows connecting pairs of behaviors. Manford 
et al. (40) concluded that few seizures could have their 
origin reliably localized by using this methodology, but 
unfortunately their criteria for patient selection were very 
broad, including distinct epileptic syndromes, and they 
applied nonstatistical criteria to exclude patients.

Another study by Fong et al. (41) emphasized the 
clinical importance of identifying body asymmetry in 
patients with seizure disorders, because that could provide 
strong clinical evidence for the diagnosis of localization-
related seizures, particularly because of the known asso-
ciations between body asymmetry, localization-related 
seizures, and brain lesions.

Furthermore, the studies by Meletti et al. (42) and 
Tassinari et al. (20) are based on the neuroethological sup-
position that there are connections between the behaviors 
expressed by patients and the phylogenetic roots to which 
we all, as animals, are attached. Specifically, Meletti et al. 
(42) describe a group of behaviors collectively named face 
wiping, which includes nose wiping. According to these 
authors an ethological and phylogenetic interpretation of 
this motor behavior confirms its presence from rodents to 
primates, and they suggest that the postictal emergence 
with greater frequency than ictally or preictally could be 
an innate action pattern modulated by external emotional 
cognitive stimuli. This concept was already discussed by 
Gloor (43), who evaluated olfactory system neuroethology 
in reference to the association between limbic activity of the 
old “rhinencephalon” and behavioral alterations of TLE.

When referring to emotional expressions, Darwin’s 
seminal contribution was recently celebrated in Volume 
1000 of the Annals of the New York Academy of Sciences
(44). In that issue, the role of the right hippocampal-
amygdalar formation in the recognition of fearful faces 
(45), in a group of patients with TLE, is described. 
Additionally, Tassinari et al. (46) compared the expres-
sion of emotions in human TLE and frontal seizures.

Recently we hypothesized that neuroethological 
analysis, successfully applied and validated for various 
experimental models of epilepsy (see details herein), could 
also be useful in the analysis of human seizure semiology. 
In fact, the main objectives of such studies were to apply 
and validate neuroethological methods and flowchart 
representation for the analysis of preictal, ictal, and post-
ictal signs and symptoms of patients with TLE (47).

Thus, in the following sections we will show how 
we proceeded from the neuroethological evaluation of 
experimentally induced seizures to the characterization 
of seizures in presurgical patients with TLE. Most of the 
work was initiated in our Neurophysiology and Experi-
mental Neuroethology Laboratory (LNNE), beginning 
with animals selected nongenetically for audiogenic 
seizures and continued with studies using selective 
brain lesions and drug treatments. Further studies were 
performed with a special audiogenic strain genetically 
selected in our laboratory (see further discussion herein). 
More recently, we used neuroethological tools to com-
pare spider venoms having convulsant properties with 
the widely known convulsant kainic acid (48). Finally 
we applied this methodology to the study of human 
epilepsies, the latter in collaboration with our Epilepsy 
Surgery Center (CIREP) at the Neurology, Psychiatry 
and Medical Psychology Department.

NEUROETHOLOGY OF EXPERIMENTAL 
GENERALIZED TONIC-CLONIC SEIZURES

The first attempts to correlate semiology with brain sub-
strates, by means of actual neuroethological methods, 
were by Garcia-Cairasco’s group (49, 50), who studied 
audiogenic seizures in rats, a known model of general-
ized tonic-clonic seizures. These pioneering studies were 
followed by neuroethological characterization of TLE 
models such as audiogenic kindling (51), genetic selection 
of the Wistar audiogenic rat (WAR) strain (52), and the 
induction of SE by systemic pilocarpine (53).

In the previously mentioned studies, behaviors 
were recorded according to a behavioral dictionary. 
Sequences observed on video analysis were codified 
and inserted into specially developed statistics software 
called ETHOMATIC (50). All data were then displayed 
in flowcharts depicting frequency, duration, and sequen-
tial interactions between pairs of behaviors (dyads). This 
method has been validated for comparisons of behav-
ioral sequences in distinct experimental situations, such 
as audiogenic susceptible versus audiogenic resistant 
animals, acute versus chronic seizures, and comparison 
of pre- and post-drug effects (for a recent review, see 
Garcia-Cairasco [29]).

In Figure 10-1A we can see the flowchart highlight-
ing the various phases of a typical audiogenic seizure in 
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FIGURE 10-1

Neuroethological studies of audiogenic seizures 
in Wistar rats from the main vivarium of the 
Ribeirão Preto Campus of the University of São 
Paulo, before any genetic selection of an audio-
genic strain. (A) Flowchart that illustrates a typical 
audiogenic seizure. Susceptible animals (10% of 
the whole Wistar population in the outbred con-
ditions of the vivarium) begin their seizures with 
a phase of postural asymmetries (TNBL; TNBR), 
running (C3), followed by jumping (JP) and atonic 
falling (AF), a group of behaviors known as wild
running. A further tonic-clonic phase (TCV, CCVp, 
CCVg, CLS) of generalized seizures finishes with 
postictal immobility. (B) Flowcharts that depict 
behavioral sequences of audiogenic resistant (R; 
controls) and audiogenic susceptible (S) animals. 
The circles represent behaviors, and the arrows, 
with variable widths, represent statistically sig-
nificant associations between pairs of behaviors. 
The ellipses and colored large arrows highlight 
behavioral categories: Exploration (dark blue); 
grooming (clear blue); orofacial automatisms 
(green); wild running (orange); generalized tonic-
clonic seizures (red). Abbreviations: AF, atonic 
falling; AP, apnea; BR, bradypnea; CCVg, clonic 
convulsion (generalized); CCVp,clonic convul-
sion (partial); CLS, clonic spasms; CR, crawling; 
DIS, dyspnea; ER, erect posture; EXC, excretion 
of feces and urine; EXT, extended posture; FR, 
freezing of posture; GL, gyrating-left; GR,  gyrating-
right; GRB, grooming of body; GRF, grooming of 
face; GRH, grooming of head; IM, immobile; JP, 
jumping, LI, licking; LIC, licking of claws; MT, 
masticatory movements; PIM, postictal immo-
bility; PL, piloerection; RA, raising of body; RI, 
tonic rigidity; RU, running; SC, scanning; SCR, 
scratching of body; SH, head shaking; SN, sniff-
ing; STA, startle; TC, teeth chattering; TCP, tachy-
pnea; TCV, tonic convulsions; TNBL, tonic neck 
and body turning-left; TNBR,tonic neck and body 
turning-right; TR, trembling; WA, walking; WI, 
withdrawing. See details in (A) Garcia-Cairasco
and Sabbatini, 1989 (54) and (B) Garcia-Cairasco 
and Sabbatini, 1983 (49). With permission from 
Elsevier (A) and Brazilian Journal of Medical and 
Biological Research (B). See color section follow-
ing page 266.
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FIGURE 10-2

Development of the Wistar audiogenic rat (WAR) strain. (A) Through endogamous mating (brothers � sisters) a strain of ani-
mals with high seizure severity (1) and low latency (2) was produced. Although only 17 generations of the genetic selection 
process are illustrated in this figure, we are currently in the 43rd generation of the WAR selection, with maintenance of the same
behavioral patterns. (B) (1) Calibration scales for flowchart construction. (2) Flowcharts that illustrate audiogenic seizures 
before the genetic selection. (3) After the genetic selection (20 generations), animals present faster audiogenic seizures that 
pass rapidly from acoustic startle to wild running and high-severity generalized tonic-clonic seizures. The flowchart data are 
coincident with those from seizure severity (A1) and seizure latency (A2), parameters that were used as phenotypic markers 
for the genetic selection (A). See Figure 10-1 for abbreviations. See details in (A, B) Doretto et al., 2003 (52). With permission 
from Springer-Plenum Publishing Corporation. See color section following page 266.
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susceptible animals (54) from a nongenetically selected 
population of rats (Wistars). Figure 10-1B(S) shows 
flowcharts of audiogenic-susceptible Wistars showing 
exploratory and grooming behavioral clusters, before the 
acoustic stimulation, the development of wild running 
during the sound stimulation, and the strong expression 
of tonic-clonic seizures after the sound stimulation has 
been removed (once the tonic seizures begins, the sound is 
off). For comparison with the Wistar audiogenic resistant 
rat (control), see Figure 10-1B(R), which shows behav-
ioral clusters of exploration and grooming, before the 
sound is applied, and orofacial automatisms, exploration 
and grooming clusters during the sound phase, followed 
by freezing behavior and exploration after the sound is 
removed. In summary, this group of animals does not 
develop any seizure pattern.

Several studies were done subsequently with suc-
cess, using the very same methodology for comparison 
of audiogenic-resistant animals that became susceptible 
after electrolytical lesions or drug microinjections in their 
brains (55, 56).

A very important step in our research activities was 
the development of the Wistar Audiogenic Rat (WAR) 
strain by quantitative genetic selection (52). In addition 
to the regular program needed for the genetic selection 
of the strain, we characterized the animals in a clear-cut 
manner, before and after the genetic selection, using the 
neuroethological tools. Figure 10-2 presents some details 
of this procedure.

NEUROETHOLOGY OF EXPERIMENTAL 
TEMPORAL LOBE SEIZURES: SE INDUCED 

BY SYSTEMIC PILOCARPINE IN WARS

Although in previous studies we had demonstrated, by 
means of neuroethological approaches, video-EEG, and 
structural evaluations, the usefulness of chronic audio-
genic seizures (audiogenic kindling) as a model of TLE 
(51, 57–59), we were also interested in showing the 
interaction between an epilepsy genetic background (or 
predisposition) and the experience of seizures. Therefore, 
we developed a protocol to apply systemic pilocarpine 
to WARs (53). Then we induced SE after pilocarpine 
injection in WARs; a sample of the behavioral effects is 
shown in Figures 10-3 and 10-4.

To reinforce the need for objective behavioral stud-
ies correlated to EEG studies or to neuroanatomical ones, 
we recently demonstrated that SE severity, even when 
measured with less sophisticated behavioral approaches 
such as seizure severity scales, is associated with lesion 
size in a model of SE induced by 30 minutes of electri-
cal stimulation of the amygdala (60). We emphasized 
that usually in this kind of protocol SE duration and SE 

latency are considered, but SE intensity is erroneously 
neglected.

NEUROETHOLOGY OF HUMAN 
TEMPORAL LOBE SEIZURES

Our neuroethological method was first applied to patient 
semiology in 1998 (V. C. Terra et al., unpublished data), 
and later the adaptation of the method to human TLE 
was completed (47) (Figure 10-5A). Neuroethology was 
developed in individual seizures of a patient, in the sum 
of seizures of a patient, and in the group of seizures of a 
group of patients. The analysis of the flowchart of a group 
of seizures of one patient provides a pattern of behavioral 
sequences that occur during the seizure, and it may sug-
gest a preferential propagation circuit for this patient 
(Figure 10-5B1). Figure 10-5B1 shows an example of the 
analysis of seven seizures of the same patient and shows 
a pattern of pressing the alarm button (focal seizure) 
followed by leg automatisms and later oroalimentary 
automatisms (temporal lobe activation) and dystonias 
that begin in the right hand and are followed by left hand 
dystonia (left and later right basal ganglia activation). The 
sum of seizures of a group of patients (for example, left 
and right temporal lobe patients) provides information 
about differences in behavioral patterns that may have 
a value in determining the side of the brain from which 
the seizure originates (47, 61).

CONCLUSIONS AND FUTURE PERSPECTIVES

Definitions and glossary of behaviors are built to help rec-
ognize ictal semiology. They are very important for the 
clinical neurologist interested in the diagnosis and treatment 
of epilepsy and for the basic scientist interested in under-
standing the brain mechanisms or selective circuits involved 
in the expression of specific seizure patterns. Current con-
troversies on semiology, linked or not to classifications of 
seizures, epilepsies, and epileptic syndromes, are in some 
way polarized between a diagnostic axes scheme (ILAE) 
and a semiological or dimensional scheme ( Cleveland
Clinic). However, both of them, or even future mixed or 
new alternatives, depend on the development of accurate 
and detailed methods for seizure sequence descriptions.

When we decided to study ictal semiology, we 
began characterizing different experimental models such 
as regular Wistar rats (49) and those derived from the 
genetically developed WAR strain (52). Later we studied 
other models in which natural convulsants (48), known 
synthetic convulsant drugs (53), or electrical stimulation 
(61) was given to the animals. Finally we decided to apply 
all these methodological tools to TLE patients from a 
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FIGURE 10-3

Neuroethological and compara-
tive studies of SE of Wistar rats 
and WARs induced by intraperi-
toneal injection of pilocarpine, a 
muscarinic agonist. (A1) Illus-
trative sequence of times and 
behaviors (left) and their rep-
resentation in digitalized video 
images (right). (A2) Calibration 
scales for flowchart construc-
tion. (B) In contrast to other 
experimental protocols in phar-
macology, where the behav-
ioral evaluation follows a fixed 
time sampling scheme, in this 
experiment we determined the 
so-called behavioral triggers. An 
observation window, usually of 
one minute, was initiated once a 
given trigger behavior had been 
detected. In those conditions, the 
recording was initiated only when 
that behavior appeared, regardless 
of the latency to the appearance 
of the behavior. In this manner, it 
did not matter whether there was 
any variation in the kinetics of 
that behavior in a given animal; 
the most important fact was the 
occurrence of the behavior. Some 
examples are first head myoclonus 
(MYOh), first forelimb myoclonus 
(MYO1), or even a fall (Falling) or 
wild running. The flowcharts are 
the results of the sum of several 
behavioral sequences with onset 
on that behavioral trigger. See 
details in (A, B) Garcia-Cairasco 
et al., 2004 (53). With permission 
from Elsevier. See color section 
following page 266.
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FIGURE 10-4

Neuroethological and comparative studies of SE of Wistar resistant rats and WARs induced by intraperitoneal injection of pilo-
carpine: 380 mg/kg (Wistar resistant) and 240 mg/kg (WARs). Using the same concept of behavioral triggers as in Figure 10-3, the 
animals from both groups were evaluated for the presence of progressive convulsive events. They were denominated stages A, B, 
C, and D. (A) Stage C had as a behavioral trigger the first falling. In Wistar resistant rats there was the presence of typical limbic 
seizures with orofacial automatisms (MT, TR), head myoclonus (MYOh), forelimb myoclonus (MYO1), rearing (REAR) and falling
with few statistical interactions between them. By contrast, the cluster of limbic activities present in WARs was much stronger in 
statistical associations (B). Observe in stage D, present only in WARs (C), not only high-severity limbic seizures but also second-
ary generalized tonic-clonic seizures, including forelimb and hindlimb hyperextensions, possibly the expression of the recruitment 
of structures already present as endogenous substrates of epileptogenicity in the brainstem of WARs. Certainly this gives support 
to our proposal that the interaction WARs � SE after pilocarpine is a model to study relationships between genetics and TLE. 
Abbreviations: AF; atonic falling; CCVp, clonic convulsions (partial); ERE, erect posture; FALL, falling (class 5 limbic seizures); 
FLE, forelimb extension; FR, freezing; GAL, galloping; GR, gyri right; GRL, grooming, left; GRR, Grooming, right; HLE, hindlimb
extension; HVF, head ventral flexion; JP, jumping; MT, masticatory movements; MYO1, myoclonic jerks, forelimb; MYOh, myo-
clonic jerks, head; MYOt, myoclonic jerks, trunk; REAR, rearing (class 4 limbic seizure); SCA, scanning; SNF, sniffing; TCV, tonic 
seizures (opisthotonus); TR, trembling; WA, walking. See details in (A, B, C) Garcia-Cairasco et al. 2004 (53). With permission 
from Elsevier.  See color section following page 266.
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very well controlled clinical setup, our Epilepsy Surgery 
Center(CIREP) at the Ribeirão Preto School of Medicine 
of the University of São Paulo (47).

In the neuroethological studies that we conducted 
with TLE patients (47, 62), the detailed analysis of sei-
zure semiology permitted the identification of a greater 

number of behaviors than in previous works (15, 16, 40). 
We confirmed many previously reported behaviors but also 
detected new behaviors and, more than that, sequential 
interactions that were detected only with the neuroetho-
logical tool. This new dictionary of ictal semiology may 
constitute a substrate for a new glossary of descriptive 
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terminology. The analysis of seizures originating in other 
cortical regions such as frontal cortex probably will improve 
this dictionary, adding symptoms not commonly found in 
patients with TLE, suggesting that ictal semiology and sei-
zure classification should be a continuous study process, 
which is in agreement with Engel (3, 62). Also, this suggests 
that seizure classification may have different degrees of 
complexity when considering clinical and research pur-
poses. On the one hand, for clinical neurologists the main 
objectives of seizure classification may be to identify the 
correct antiepileptic drug therapy and to determine which 
patient should be considered for epilepsy surgery. On the 
other hand, clinical neurophysiologists and basic science 
researchers may be interested in a more detailed approach 
into ictal behavior. These two approaches are not conflict-
ing at all—they are totally complementary.

We strongly believe that the use of ethological and 
neuroethological approaches to the study of the epilepsies 
has increased in frequency sufficiently to be discussed 
as an alternative, not only as a source for the detailed 
descriptions needed for scientific purposes, but also to be 
used as an additional diagnostic tool in the future. Thus 
the combination of neuroethological tools with cluster 
analysis is also one of our next goals.

For the confirmation of brain areas activated during 
the seizures, studies coupling the study of behavior and 
other examinations, such as EEG, single-photon emission 
computed tomography (SPECT), and, in special cases, 

functional MRI (fMRI), must be developed. Actually 
an ongoing project, also in a collaboration between our 
laboratory and the CIREP at the Neurology Department, 
evaluates the correlation between neuroethology and ictal 
SPECT findings (Figure 10-5B2), as applied to a very spe-
cific group of epileptic patients with mesial temporal lobe 
sclerosis. In this study we are doing a detailed analysis of 
individual seizures and establishing correlations between 
ictal behavioral expressions and localization information 
provided by functional neuroimaging.
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FIGURE 10-5

Neuroethological studies of seizures from patients with TLE. (A) Patients were evaluated for the presence of preictal, ictal, and 
postictal events. Each behavioral item in the sequence (A1) was detected according with the behavioral dictionary/glossary 
previously established and digitalized. Although some variations in the behavioral sequences could appear (A2), the sum of 
associations between behavioral items (A3) is what determines the predominant sequence. (B1) Example of a flowchart repre-
senting the sum of 7 TLE seizures. Identically to what happens with animals, it is possible with the use of this method to detect
behavioral patterns, confirming some already described in the literature. Additionally, the method allows the detection of new or
never described behavioral patterns and behavioral interaction. These features obviously validate the neuroethological approach 
as a non-invasive and complementary method to quantitatively characterize, in this case, TLE seizures. (B2) Flowchart illustrat-
ing a seizure sequence of a patient with left TLE overlayed onto a transversal section of the corresponding ictal SPECT image. 
The latter shows the distribution of cerebral blood flow. In the lightest part of the image (right), we can see ipsilateral temporal
lobe hyperperfusion. White arrows, without statistical value, illustrate the behavioral sequence and the numbers represent the 
time (seconds) of occurrence of each behavior in the seizure sequence. Green arrows represent the statistical interaction (X2)
between pairs of behaviors. The spatial and temporal association of these behavioral and perfusion events is the objective 
of ongoing projects in our basic and clinical laboratories and that use clinical data from the Epilepsy Surgery Center (CIREP-
Neurology-USP-RP) as it has been described in A and B1. Abbreviations: ABL; lower limbs automatisms; ABUO, automa-
tism, both upper limbs with object; ALAR, Alarm; ALL, automatism, left lower limb; ALU, automatism, left upper limb; ALUO, 
automatisms, left upper limb with object; ARL, right leg automatism; ARU, automatisms, right upper limb; AUR, automatism, 
right upper limb; CDL, cephalic deviation to the left; DBU, dystonia, bilateral upper limbs; DISP, dysphasia; DLU, dystonia, left
hand; DRU, dystonia, right hand; EBLB, bilateral eye blinking; GLMO, global movement; HAWK, hawking (cleaning the throat); 
HIPR, hip raise; ILHD, interlace hands; INAN, Interference that demands answer (oral/action); INCO Interference that does 
not demand answer, conversation; LOSP, looking to a speaker; MENC, mental confusion; OA, oral automatisms; OABK, oral 
automatism/beak; OALI, oral automatism, “lips inside”; OAOC, open/close, mouth automatisms; SEND:, seizure end; SONS, 
seizure onset; SPECT, radiotracer injection; STFC, strange face; STST, standing still; VC-, negative verbal command; VC�A,
positive verbal command, action; VC�S, positive verbal command, speech. See details in (A, B1) Dal-Cól et al., 2006 (61), 
(B2) Poliana Bertti (ongoing master’s degree thesis). With permission from Elsevier. See color section following page 266.
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Neuropsychologic
Effects of Seizures

lthough a significant proportion 
of people report cognitive impair-
ments, in particular memory prob-
lems, as a consequence of their 

epilepsy and its treatment (1, 2), there is a continuous 
debate as to what factors may be important in under-
standing the development and course of these neuro-
psychologic impairments. The main culprits, as shown 
in Figure 11-1, appear to be the effects of continuous 
seizures and subclinical epileptiform activity, neuronal 
dysfunction, the side effects of antiepileptic medication 
and psychosocial problems (3–5).

In this chapter we will discuss specifically the effects 
of seizures on neuropsychologic functioning but will also 
address the other potential factors explaining the devel-
opment and maintenance of neuropsychologic problems 
related to epilepsy and its treatment.

EFFECTS OF UNDERLYING LESION

Recent evidence has highlighted the role of the under-
lying lesion as a significant factor in explaining the 
development of neuropsychologic impairment. Äikiä 
and colleagues investigated verbal memory functioning 
in untreated adult patients with newly diagnosed partial 

Gus A. Baker
Joanne Taylor

epilepsy compared to a sample of volunteer controls. 
Patients with newly diagnosed epilepsy demonstrated 
verbal memory impairments, particularly in delayed 
recall of unrelated words at the time of diagnosis (6, 7). 
Similarly, impairments were in seen in a large sample 
of adults with recent onset epilepsy prior to the admin-
istration of antiepileptic medication compared to a 
sample of neurologically normal controls. The controls 
performed better than the patients with epilepsy across 
a number of neuropsychologic tasks; however, it was 
the measures of verbal memory and motor speed that 
reached statistical significance (8). Deficits in motor 
and cognitive functions have been further evaluated 
in a study of 59 newly diagnosed patients with epi-
lepsy and 26 controls. Prior to the administration of 
antiepileptic drugs (AEDs), participants were assessed 
on measures of motor functioning, attention and 
concentration, mental flexibility, and memory. After 
adjusting for multiple comparisons and covarying for 
intellectual functioning, controls performed better on 
16 of the 20 measures, although these did not always 
reach statistical significance (9). Several authors have 
shown that people with epilepsy already demonstrate 
subtle impairments of motor coordination, attention, 
concentration, mental flexibility, and memory at the 
time of diagnosis.

A
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EFFECTS OF ANTIEPILEPTIC MEDICATION

There has been a wealth of literature over the last 25–
30 years documenting the effects of antiepileptic medica-
tion. Older drugs such as phenytoin and phenobarbital 
are associated with adverse cognitive effects, whereas 
newer drugs such as oxcarbazepine and lamotrigine 
appear to exert a less negative influence on cognition 
(10–17). However, in those patients taking topiramate, 
language dysfunction, problems with executive function, 
and attention have been noted (18–24).

EFFECTS OF SEIZURES

In contrast relatively little is known about the effects of 
recurrent seizures on neuropsychologic functioning. This 
is partly due to the methodological difficulties in conduct-
ing studies that are able to determine and estimate the 
individual role of these variables (25–27).

In his recent review, Vingerhoets described how 
cross-sectional studies appear to overestimate seizure 
effects because they cannot disentangle the effects of 
epilepsy from the underlying lesion (25). Many studies 
fail to document the type and number of seizures that 
have occurred during the study period (26). Although 
prospective longitudinal studies are preferable, they also 
suffer from confounding variables, such as the highly 
interrelated variables of duration of epilepsy, number of 
seizures, exposure to AEDs, age of onset, and number 
of seizure-related head injuries, that make interpretation 
uncertain (25, 26).

The issue is further complicated because seizures 
seem to have different effects in adults and children as a 
result of the structural and functional development of the 
human brain (26, 28, 29). However, in this chapter the 
authors will consider only the neuropsychologic effects 
of seizures in adults.

Two recent reviews that have investigated the neu-
ropsychologic effects of seizures have reported mixed 
findings (25, 26), and the effect of seizures on neuropsy-
chologic functioning remains unclear. Many studies have 
shown that people with epilepsy seem to deteriorate in 
different aspects of their cognitive functioning over time, 
which is often correlated with duration of epilepsy (27, 
30 –33). However, duration is a composite factor, which 
reflects the lifetime number of seizures, number of AEDs, 
and age of onset, and appears to be modified by educa-
tion, as a measure of cerebral reserve (25, 26, 30, 31). In 
contrast, other studies have failed to find deteriorations 
over time (7, 34, 35).

Some deteriorations in functioning have been 
found to be significantly correlated with frequency of 
seizures (32, 33, 36). Frequency of tonic-clonic seizures 
was the most significant predictor of decreases in verbal 
IQ and performance IQ in a sample of 136 adults with 
epilepsy (32), and generalized tonic-clonic seizures are 
thought to have a greater cognitive impact than par-
tial seizures (37). Further support for the detrimental 
impact of recurrent seizures on neuropsychologic func-
tioning comes from several studies that have shown 
that following successful epilepsy surgery, patients 
have postsurgical improvements in cognitive function-
ing, and that seizure-free patients after surgery perform 

FIGURE 11-1

Nonindependent contributory factors for cognitive dysfunction in epilepsy (4).
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better than those who continue to experience seizures 
(30, 33, 34).

However, Kramer and colleagues correlated neu-
ropsychologic test scores of 44 patients with epilepsy 
with clinical and demographic variables such as side of 
epileptic focus, age of onset, duration, and estimated 
number of complex partial and generalized seizures. No 
significant correlations were found, leading the authors 
to conclude that these findings support the notion that a 
multifactorial model is responsible for cognitive dysfunc-
tion (38). Similarly, despite finding that approximately 
25% of 46 patients with temporal lobe epilepsy exhib-
ited adverse cognitive changes on measures of intellectual 
ability, language, visuoperceptual/spatial ability, memory, 
executive functions, speeded psychomotor processing, 
and fine motor dexterity, number of seizures was not 
associated with these adverse changes. Those patients 
who experienced adverse cognitive changes were older, 
had a longer duration of epilepsy, lower baseline full-
scale IQ, and abnormalities of quantitative volumes on 
magnetic resonance imaging (MRI) (39).

EFFECTS OF SUBCLINICAL 
SEIZURE ACTIVITY

Despite the mixed findings regarding the effects of ictal 
events, interictal subclinical activity may also lead to 
transitory cognitive impairment (TCI) that alters neu-
ropsychologic functioning. However, neuropsychologic 
tests and cognitive activity can also elicit electroencepha-
lographic (EEG) discharges that lead to a complex inter-
action (40, 41). TCI can have adverse effects on formal 
neuropsychological tests, such as tests of intellectual 
functioning or educational tasks, which may be material 
and site specific (41–44), as well as effects on daily living 
skills, such as driving (45), avoiding everyday hazards, 
and social interaction skills (40).

RECENT RESEARCH INTO 
THE NEUROPSYCHOLOGIC

CONSEQUENCES OF EPILEPSY

It is clear from the previous reviews (25, 26) that pro-
spective studies with newly diagnosed patients in whom 
information is collected on seizure type, seizure frequency, 
and AED treatment are going to be important in the 
determination of the differential factors associated with 
neuropsychologic impairment. One prospective study 
that clearly has the advantage of achieving this is a 
recent trial comparing Standard and New Antiepileptic 
Drugs (SANAD) (Baker GA, Taylor J, Aldenkamp AP, 
Smith D, et al., submitted). In this trial newly diagnosed 
patients, who have yet to establish a seizure history and 

have not yet started AED treatment, provide a unique 
opportunity to study the natural history of neuropsy-
chologic functioning in epilepsy. Further, they allow us 
to give consideration to the effect of continuous seizures 
on neuropsychologic functioning.

RESULTS FROM THE NEUROPSYCHOLOGY 
ARM OF THE SANAD TRIAL

As part of the SANAD trial, patients were randomized 
to one of two arms: Arm A recruited patients for whom 
the clinician thought carbamazepine was the standard 
treatment and compared carbamazepine, gabapentin, 
lamotrigine, oxcarbazepine, and topiramate, and Arm 
B recruited patients for whom the clinician thought 
valproate was the standard treatment and compared 
valproate, lamotrigine, and topiramate (46, 47). The 
clinician prescribed according to their usual practice, 
using the dose and titration they thought most appro-
priate to the patient. At time of randomization into the 
SANAD trial, newly diagnosed participants from seven 
hospital centers in the United Kingdom were invited to 
take part in the neuropsychology add-on study (Baker 
et al., submitted).

Before the start of antiepileptic medication, 257 
patients completed a comprehensive battery of neuro-
psychologic tests that assessed many aspects of cogni-
tive functioning, as can be seen in Table 11-1. These 257 
patients had an average age of 38.9 years; 52% were 
males; 72% had partial epilepsy, 13% had general-
ized epilepsy, and in 15% their epilepsy syndrome was 
unknown. Those patients recruited to Arm A of the study 
had a median number of 11 seizures at baseline and in 
Arm B had a median number of 9 seizures at baseline. 
They were comparable to the 740 SANAD patients from 
the same hospital centers who did not take part in the 
neuropsychology add-on study.

A total of 180 participants were retested at 3 
months and 149 were followed up at 12 months. Patients 
dropped out for several reasons including withdrawing 
due to family pressures, relocation to another country, 
and being lost to follow-up. However, there was no evi-
dence of any differences among those who responded 
at 1 year and those who did not, in terms of cognitive 
performance at baseline, randomized drug, or whether 
they achieved a 12-month remission immediately or 
not. However, there was a significant association for 
response at 1 year and drug withdrawal before 1 year, 
with a bias toward those who had changed their medi-
cation during the 12-month period not returning for 
neuropsychologic assessment.

Based on analysis of a final group of 223 patients 
who fulfilled the inclusion and exclusion criteria, analy-
ses have been carried out that look at cognitive change 
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from baseline to 12 months, differential drug effects, the 
effects of AED withdrawal, age at onset, and the effects 
of achieving seizure remission.

After 12 months, patients with newly diagnosed 
epilepsy significantly deteriorated on measures of psy-
chomotor speed, reaction time, memory, and mental 
flexibility. Although these differences were statistically 
significant, there was no evidence from reports (as seen 
on the Aldenkamp and Baker Neurotoxicity Assessment 
Scale [ABNAS] scores) that the level of difference was 
having a significant impact on their day-to-day psycho-
logic and neuropsychologic functioning. Interestingly, 
patients significantly improved on a measure of attention 
and reported lowered feelings of tension after 1 year. This 
self-reported improvement in tension may be a result of 
patients adjusting to their diagnosis of epilepsy 1 year 
later. However, the majority of measures seemed to remain 
stable over the 12-month period, which is encouraging 
for patients who may be concerned with the cognitive 
effects of their epilepsy.

Importantly, achieving seizure remission did not 
have clinical significance for patient neuropsychologic 
performance at 12 months. There were minor statistical 
differences between those who achieved an immediate 12-
month remission and those who did not, as can be seen in 
Table 11-2. With regard to Arm A, the fifty-nine patients 
with seizure remission recalled more story units on a 
logical memory task after a 30-minute delay compared 
to those who continued to experience seizures. They also 
reported fewer cognitive side effects of medication. Simi-
lar results were found for Arm B, in which the eighteen 
patients who achieved seizure remission reported fewer 
feelings of tension and confusion and fewer overall cog-
nitive side effects.

DISCUSSION

A large body of research has documented the cognitive 
effects of antiepileptic medication; however, relatively little 
research has considered solely the neuropsychologic impact 
of recurrent seizures. Conclusions following recent reviews 
still remain uncertain, with some concluding limited influ-
ence (25) but others concluding that there are mild connec-
tions between seizures and cognitive decline (26).

The SANAD neuropsychology study has found that 
newly diagnosed patients with epilepsy deteriorate on 
some aspects of cognitive functioning after 12 months. 
However, it was surprising that achieving seizure remis-
sion did not have clinical significance for patient neuropsy-
chologic performance at 12 months. Similarly, Hermann 
and colleagues found that number of seizures was not 
significantly associated with cognitive change, and sei-
zure frequency was only associated with one measure, 
spatial orientation, on their extensive neuropsychologic 
battery (39). One limitation of the SANAD neuropsychol-
ogy study, however, was that because of the pragmatic 
nature of the clinical trial, epileptiform activity during 
the cognitive assessment was not measured. Because TCI 
can contribute to deficits in cognitive functioning, future 
studies should attempt to measure subclinical activity 
during neuropsychologic testing (48).

CONCLUSIONS

Patients with epilepsy face many difficulties that can 
have a huge impact on their quality of life. These include 
problems  with side effects of antiepileptic drugs, the 
development of cognitive impairments, and living with 

TABLE 11-1
Neuropsychologic Test Battery Used in the SANAD Trial

DOMAINS TESTS

Psychomotor speed Binary Choice Reaction Time
Finger Tapping Task
Visual Reaction Time
AMIPB (motor speed)

Learning and memory Word & Pattern Recognition Tests
Story Recall
Rey Auditory Verbal Learning Task
AMIPB (information processing)

Mental flexibility Stroop Colour & Colour-Word Tasks
Language Benton Word Fluency Test
Tracking Tasks Computerised Visual Search Task
Mood Profile of Mood States
Neurotoxicity A-B Neurotoxicity Assessment Scale (patient-based)
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TABLE 11-2
Univariate Analyses of Effect of Seizures on Neuropsychologic Outcomes 

at 12 Months (Estimate, 95% CI*)

VARIABLE ARM A 12 MONTHS ARM B 12 MONTHS

  REMISSION AT 12 MONTHS REMISSION AT 12 MONTHS

  ACHIEVED VS. NOT ACHIEVED VS. NOT

Finger Tapping Task 
Dominant hand 0.8(–3.34,4.96) 1.1(–3.33,5.48)
Nondominant hand –1.0(–4.80,2.85) 2.6(–3.51,8.69)

Visual Reaction Time (ms)  
Dominant hand  15.1(–25.69,55.90) –6.4(–43.08,30.24)
Nondominant hand  16.4(–30.44,63.16) –1.1(–55.40,53.12)

Binary Choice Reaction Times (ms) 12.3(–32.41,57.08) 24.2(–28.55,76.99)
Computerised Visual Search Task  –1.4(–2.86,0.06) 0.8(–0.77,2.31)
Word Recognition Task  

Simultaneous task  0.2(–1.14,1.49) 1.0(–2.14,4.13)
Serial task –0.2(–1.56,1.17) 1.9(–1.13,4.91)

Pattern Recognition Task  
Simultaneous task –0.4(–1.72,1.00) 1.2(–2.30,4.71)
Serial task 0.1(–1.36,1.51) 1.2(–2.31,4.67)

Story Recall  
Immediate recall 0.8(–0.25,1.89) 1.8(–0.86,4.38)
Delayed recall 1.3(0.29,2.35)** 2.0(–0.77,4.78)

Rey Auditory Verbal Learning Test  
No. of words recalled on 5th
list of immediate condition 0.8(–0.06,1.61) 1.5(–0.37,3.42)
Immediate recall 1.8(–1.06,4.65) 3.8(–4.46,11.97)
Delayed recall 0.5(–0.47,1.38) 1.2(–0.83,3.17)

Profile of Mood State (t score)  
Tension  –0.7(–3.85,2.44) –7.4(–13.51,–1.38)**
Depression  –0.5(–3.18,2.20) –5.4(–10.77,0.07)
Anger  –1.4(–4.36,1.49) –4.9(–11.52,1.63)
Vigour  0.2(–2.99,3.39) 5.4(–2.55,13.42)
Fatigue  –0.3(–3.46,2.81) –6.2(–12.56,0.07)
Confusion  –1.9(–4.87,1.05) –9.1(–15.68,–2.52)**

ABNAS total score –4.7(–9.35, –0.01)** –10.7(–20.43,–1.04)**
Fatigue ABNAS –1.1(–2.30,0.10) –2.1(–5.01,0.81)
Slowing ABNAS  –1.1(–2.27,0.09) –2.7(–5.41,0.06)
Memory ABNAS  –1.0(–1.97,0.05) –1.1(–3.35,1.19)
Concentration ABNAS  –1.0(–1.95,0.03) –0.8(–3.20,1.63)
Motor ABNAS –0.3(–0.91,0.40) –0.7(–1.79,0.39)
Language ABNAS  –0.8(–1.39,–0.23)** –1.2(–2.90,0.55)

Stroop test  
Colour task  0.4(–0.96,1.76) –0.4(–0.78,0.05)
Colour-word task  2.7(–2.01,7.33) 3.2(–12.34,18.66)

Benton Word Fluency Task  –1.8(–5.16,1.51) –0.9(–6.51,4.64)
AMIPB

Info processing  2.1(–1.26,5.41) 2.4(–4.09,8.98)
Psychomotor Speed –0.2(–3.28,2.79) 2.5(–2.62,7.55)

*CI, Confidence interval.
**Significant result.
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unexpected recurrent seizures (49, 50). Therefore, research 
that tries to resolve this debate and isolate and assess the 
relative effects of epilepsy and its treatment on neuropsy-
chologic functioning is important to help us have a greater 
understanding of the factors involved in the development 
and course of neuropsychologic impairment.

The authors are now looking at the longer term 
effects of seizures and treatment on cognition; future 
results of the SANAD study may help to shed some 
light on their cognitive effects and tell us more about 
the natural history of cognitive impairment in people 
with epilepsy. However, it is clear that understanding 

the relationship between epilepsy and cognition requires 
a multidisciplinary approach. Input on the structural 
effects of seizures (by considering, for example, both 
human and animal models on the developed and devel-
oping brain) is necessary to understand the mechanisms 
by which functional consequences may arise. Further, 
considering the huge impact epilepsy has on psychosocial 
functioning and quality of life for the patient, we should 
consider both ictal and interictal epileptiform activity 
on not just cognitive performance, using traditional 
standardized neuropsychologic tests, but on day-to-day 
functioning of the patient as well.

epilepsy: a longitudinal controlled study of 36 patients. Epilepsy Behav 2004; 5:677–
686.

28.  Bjørnæs H, Stabell K, Henriksen O, Løyning Y. The effects of refractory epilepsy 
on intellectual functioning in children and adults. A longitudinal study. Seizure 2001;
10:250–259.

29.  Bjørnæs H, Stabell K, Henriksen O, Røste G, et al. Surgical versus medical treatment 
for severe epilepsy: consequences for intellectual functioning in children and adults: A 
follow-up study. Seizure 2002; 11:473–482.

30.  Jokeit H, Ebner A. Long term effects of refractory temporal lobe epilepsy on cognitive 
abilities: a cross-sectional study. J Neurol Neurosurg Psychiatry 1999; 67:44–50.

31.  Oyegbile TO, Dow C, Jones J, Bell B, et al. The nature and course of neuropsychological 
morbidity in chronic temporal lobe epilepsy. Neurology 2004; 62:1736–1742.
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it has been shown that ictal disturbances of sensory pro-
cesses, speech, memory, or attention, resulting in transient 
unresponsiveness, are easily misinterpreted as impaired 
consciousness (3). Furthermore, such a use of the concept 
of consciousness can be misleading, because both general-
ized and complex partial seizures entail unresponsiveness 
during the epileptic discharge, but their effects on the 
patient’s ictal conscious state show significant differences, 
as a consequence of the different involvement of the neu-
rologic substrates (4, 5).

Despite well-recognized difficulties in formulating 
an unequivocal definition of the concept of conscious-
ness, converging evidence from neurophysiologic and 
neuroimaging studies suggests a fundamental distinction 
between the quantitative (level) and qualitative (content) 
features of consciousness (6). The level of consciousness 
is the degree of wakefulness or arousal, ranging from 
alertness through drowsiness to coma. It depends on 
the integrity of the ascending pontomesodiencephalic 
reticular pathways and the widespread thalamocortical 
projections, and it can be quantified by analyzing the 
behavioral responses that are constituent functions of 
consciousness as general awareness (i.e., motor and ver-
bal responses to external stimuli). The level of conscious-
ness is what clinical neurologists usually refer to when 
reporting “impairment” or “loss” of consciousness in the 
phenomenological description of epileptic seizures (3). 

His sensation of being alive and his awareness 
increased tenfold . . . his mind and heart were 
flooded by a dazzling light . . . culminating in a 
great calm, full of serene and harmonious joy and 
hope, full of understanding and the knowledge of 
the final cause.

Prince Myshkin’s seizure in Fyodor 
Dostoyevsky’s The Idiot (1868)

Epilepsy has long been associated with alterations in 
consciousness. Not surprisingly, altered conscious states 
are thought to represent a touchstone for the recogni-
tion of seizure activity (1). This was formalized in 1981, 
when the revised classification of epileptic seizures recom-
mended that impairment of consciousness be used as the 
criterion for differentiating simple from complex partial 
seizures (2). Since then, the evaluation of consciousness 
has been essential to the phenomenological description, 
diagnosis, and classification of epilepsy (3).

In addition to complex partial seizures, two other 
types of seizures are classically known as causing impair-
ment of consciousness: generalized tonic-clonic and 
absence seizures. The difficulties surrounding the criteria 
for determining impairment of consciousness were partly 
resolved by operationally defining consciousness as the 
patient’s responsiveness during the ictal state. However, 
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Video monitoring has long been used to document the full 
extent of ictal unresponsiveness in clinical settings.

The second major dimension of consciousness is the 
content of subjective experience: sensations, emotions, 
memories, intentions, and all the feelings that color our 
inner world. This feature is determined by the interac-
tion between exogenous factors derived from our envi-
ronment and endogenous factors such as attention. The 
“vividness” and the emotional significance associated 
with such experiences seem to be modulated by tem-
porolimbic activity and show a remarkable variability, 
ranging from “peripheral consciousness” phenomena 
to highly intense experiences (7). Although the subjec-
tive dimension of the ictal conscious state characterizes 
most complex partial seizures of temporal lobe origin, 
it is often neglected in clinical practice, partly because 
of definitional problems and related miscommunication 
between patients with epilepsy and their physicians.

It has been pointed out that the assessment of both 
the level and the contents of conscious states is crucial 
for an in-depth understanding of the clinical alterations 
of consciousness occurring during the various kinds 
of epileptic seizures (8). Monaco et al. (9) stressed the 
conceptual usefulness of plotting the level and contents 
of consciousness in a biaxial diagram that indicates the 
possible conscious states of a subject according to these 
features. For instance, in the normal waking state the level 
of consciousness is almost constantly elevated, whereas 
the contents of subjective experience show a greater vari-
ability, depending on the environmental stimuli and the 
internal focus of the individual (Figure 12-1A).

In epileptology, the overall assessment of the ictal 
conscious state has been left so far to the observer’s 
interpretation and personal vocabulary, often with poor 
inter-rater and intra-rater reliability, especially in the 
absence of standardized tools to perform a quantita-
tive analysis of each dimension. The Ictal Consciousness 
Inventory (ICI) is a self-report twenty-item instrument 
specifically developed by the author to quantify the level 
of general awareness/responsiveness (items 1–10) and 
the “vividness” of ictal experiential phenomena (items 
11–20) during epileptic seizures (see Appendix). Such 
an instrument should guide the standard representation 
of the ictal conscious state through the outlined bidi-
mensional model (level vs. contents of consciousness). 
Moreover, the ICI helps to dissect the exact nature of the 
impairment of consciousness, thus leading to a clear-cut 
differentiation between seizures that primarily affect the 
level of awareness (generalized seizures) and seizures 
that specifically alter the contents of the ictal conscious 
state (focal seizures). The following paragraphs provide 
an up-to-date review of the neurologic literature on the 
relationship between epilepsy and consciousness, in light 
of the level-versus- content dichotomy about the descrip-
tion of seizure-induced alterations of conscious states.

ICTAL CONSCIOUSNESS IN 
GENERALIZED SEIZURES

Both primary and secondary generalized seizures are 
associated with a transient disappearance of both level 
and contents of consciousness. Consequently, general-
ized tonic-clonic seizures (“grand mal” epilepsy) and 
typical childhood absences (“petit mal” epilepsy) are 
the most common causes of epileptically induced loss of 
consciousness (5). The bidimensional model of complete 
loss of consciousness during a generalized tonic-clonic or 
absence seizure is shown in Figure 12-1B.

The dramatic alteration of consciousness observed 
during the course of a generalized convulsive seizure 
can persist up to minutes and is invariably accompa-
nied by rigid stiffening of the limbs followed by violent 
bilateral spasms. Profound lethargy and confusion (i.e., 
decreased level of general awareness) typically last for 
a variable period after the main episode ends. Several 

FIGURE 12-1

Bidimensional model of consciousness (level vs. contents). 
Dots indicate possible conscious states in different conditions. 
(A) Healthy subject during wakefulness. Unlike the level of 
arousal, which is almost constantly high, the vividness of 
the contents of consciousness experienced in the wakeful 
state shows a wide degree of variability. (B) Generalized sei-
zure. Both the level of arousal and the contents of conscious 
experience are virtually absent. (C) Focal seizure with expe-
riential symptoms. The level of arousal displays a wide range 
of degrees, and the contents of consciousness are almost 
constantly vivid. (D) Limbic status epilepticus. The level of 
arousal and responsiveness can vary, but no subjective experi-
ences are present (“zombie-like behavior”). Reprinted from 
Monaco F, Mula M, Cavanna AE. Consciousness, epilepsy, 
and emotional qualia. Epilepsy Behav 2005;7:150–160, with 
permission from Elsevier.
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studies based on electrophysiological, blood flow, and 
metabolic mapping suggested that the entire brain could 
be homogeneously involved in primary generalized tonic-
clonic seizures. However, a recent single-photon emission 
computed tomography (SPECT) ictal-interictal imaging 
study reported that the regions most intensely involved by 
cerebral blood flow (CBF) increase were bilateral frontal 
and parietal association cortices, together with thalamus 
and upper brainstem (10). The transient disruption of the 
functional connectivity between bilateral cortical regions, 
and between thalamus and cortex, seems to be the main 
mechanism accounting for the loss of consciousness.

Absence seizures are characterized by rather ste-
reotyped phenomenological features, consisting of a 
brisk interruption of the patient’s behavior, with staring, 
unresponsiveness, and possible eyelid fluttering or mild 
myoclonic spasms. No subjective experience accompanies 
these relatively frequent seizures, as they entail a sudden 
blackout of both level of awareness and conscious con-
tents. Several human and animal studies have suggested 
that absence seizures are generated through abnormal 
network oscillations involving the cortex of the two hemi-
spheres and the thalamic nuclei, which represent the tar-
get of the brainstem reticular activating projections (11). 
These oscillations result in the classical electroencepha-
lographic (EEG) pattern of large amplitude, bilateral, 
3- to 4-Hz spike-wave discharges, usually lasting less than 
10 seconds. Human imaging studies have yielded more 
controversial results, with some studies showing global 
increases in CBF and others showing variable patterns 
of increased or decreased brain metabolism; for a com-
prehensive review, see the study by Blumenfeld (12). By 
combining these data with the results of their studies in 
animal models, Blumenfeld and Taylor (5) formulated the 
hypothesis that loss of consciousness in absence seizures is 
due to a disruption of the normal information processing 
at the level of bilateral frontal and parietal association 
cortices and related subcortical structures.

More recently, studies of patients with generalized 
spike-wave activity have achieved excellent standards of 
spatial and temporal resolution by coupling functional 
magnetic resonance imaging (fMRI) with simultaneous 
EEG recordings (13, 14). Interestingly, preliminary EEG-
fMRI findings confirmed that generalized seizures may 
selectively involve certain networks while sparing oth-
ers. In particular, they demonstrated bilateral thalamic 
activation and cortical signal decrease in a characteristic 
distribution of association areas that are most active dur-
ing conscious rest, that is, prefrontal, lateral parietal, and 
midline precuneus/posterior cingulate cortex. According 
to the “default mode of brain function” hypothesis, these 
areas show transient deactivations whenever healthy sub-
jects are engaged in non-self-referential cognitive tasks 
and in conditions of strongly reduced vigilance, such as 
deep sleep, coma or vegetative states, and drug-induced 

general anesthesia (15). EEG-fMRI studies of impaired 
consciousness in generalized seizures provide further 
evidence that default mode areas likely represent a key 
part of the neural network subserving the level of general 
awareness.

ICTAL CONSCIOUSNESS IN FOCAL SEIZURES

Focal epileptic seizures originate in specific parts of 
the cortex and either remain confined to those areas or 
spread to other parts of the brain. The clinical mani-
festations are related to the area of the cortex in which 
the seizures start, how widely they are propagated, 
and how long they last. Since the early observations by 
Hughlings-Jackson on “psychical states which are much 
more elaborate than crude sensations” (16), it is clear 
that local epileptic activity arising from the temporal 
lobe often creates experiential events in the patient’s 
mind. Such manifestations of temporal lobe epilepsy 
are among the most fascinating and poorly understood 
neurologic phenomena.

Experiential phenomena are usually brief and coin-
cide with the onset of a complex partial seizure or with 
psychic epileptic auras (17). Sometimes they are followed 
by automatisms, stereotyped behavioral patterns (e.g., lip 
smacking, chewing) that occur with altered responsive-
ness, and amnesia for the activity. Both experiential sen-
sory seizures and auras can include affective, mnemonic, 
or composite perceptual phenomena, such as complex 
illusions and hallucinations involving any sensory system, 
but most commonly the visual or auditory modalities. The 
affective components of experiential phenomena include 
unpleasant (fear, guilt, sadness) or pleasant (euphoria, joy, 
excitement) subjective feelings, along with symptoms of 
depersonalization (altered sense of self) and derealization 
(altered experience of the external world) (18). Mystical 
and ecstatic feelings have been occasionally reported—
and beautifully described by one of the most talented and 
prolific authors affected by epilepsy, Fyodor Dostoyevsky 
(Figure 12-2) (19).

In addition to their clinical significance, these psy-
chic phenomena raise interesting questions concerning 
brain mechanisms involved in the production of some 
the most elusive, yet familiar, human experiences, which 
the current philosophical jargon refers to as phenomenal 
qualia (9). Roughly speaking, a quale (singular of qualia) 
is the “what it is like” character of a mental state: the 
way it feels to have a mental state such as feeling pain, 
seeing red, smelling a rose, and so forth. Therefore, qua-
lia are the subjective texture of experience, which is the 
essence of the qualitative dimension of consciousness. 
The detailed investigation of the neural processes taking 
place at the level of the limbic structures of the medial 
temporal lobe during complex partial seizures will likely 
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result in useful insights for the ultimate search for the 
neural correlates of these subjective experiences.

Psychic or experiential phenomena that involve per-
ceptual, mnemonic, and affective processes have been 
elicited by medial temporal lobe seizures, discharges, and 
stimulation. For example, it has been proposed that the 
activation of the amygdala and other limbic structures is 
responsible for the affective component of experiential 
phenomena (20). Consequently, focal seizures are thought 
to modulate the contents of the ictal conscious state in 
medial temporal lobe epilepsy. Figure 12-1C shows the 
bidimensional model of altered conscious states during a 
focal seizure or aura with experiential symptoms, charac-
terized by the dissociation between vivid contents (qualia) 
and unstable level of arousal.

Another set of peculiar alterations of ictal  consciousness 
occur during limbic status epilepticus, formerly called 
“psychomotor status.” Penfield (21) described patients 
with epilepsy who were “totally unconscious,” but none-
theless continued their activities of walking in a crowded 
street or driving home or playing a piano piece even for 
hours, but in a sort of inflexible and uncreative way. 
They seemed capable of sidestepping obstacles in the 
environment, grasping objects, and sometimes respond-
ing to movement and speech—yet, they were not aware 
of their purposeful actions. More recently Koch and Crick 
(22) called these seemingly automatic activities “zombie 
modes.” In philosophy of mind, zombies are conceived as 
beings whose behavior is utterly indistinguishable from 
that of normal humans, but who have no “inner life” at 
all. In other words, philosophical zombies lack phenom-
enal qualia and therefore do not experience subjective 
contents of consciousness. This scenario is represented in 
Figure 12-1D.

The neurobiological changes associated with com-
plex partial seizures have also been recently addressed by 
functional imaging studies. Interictal and ictal SPECT with 
early injection during complex partial seizures in patients 
with hippocampal sclerosis showed ictal hyperperfusion
in the temporal lobe ipsilateral to the seizure focus, along 
with ipsilateral middle frontal and precentral gyrus and 
both occipital lobes. Conversely, the frontal lobes, con-
tralateral posterior cerebellum, and ipsilateral precuneus 
showed hypoperfusion (23). In another SPECT ictal-
interictal study in patients with surgically confirmed mesial 
temporal sclerosis, Blumenfeld et al. (24) analyzed ictal 
CBF changes while performing continuous video-EEG 
monitoring. They found that temporal lobe seizures 
associated with loss of consciousness (complex partial 
seizures) produced CBF increases in the temporal lobe, 
followed by increases in bilateral midline subcortical 
structures, including the mediodorsal thalamus and upper 
brainstem. These changes were accompanied by marked 
bilateral hypometabolism in the frontal and parietal asso-
ciation cortices (lateral prefrontal, anterior cingulate, 
orbital frontal, and lateral parietal cortex). In contrast, 
temporal lobe seizures in which consciousness was spared 
(simple partial seizures) were associated with more lim-
ited changes, mainly confined to the temporal lobe, and 
were not accompanied by such widespread impaired func-
tion of the frontoparietal association cortices. Intracranial 
EEG recordings from temporal lobe seizures accompanied 
by impaired responsiveness confirmed the profound slow-
ing in bilateral frontal and parietal association cortices, 
which is particularly severe in the late ictal phase and 
extends to the early postictal period (25).

These findings are consistent with Norden and 
Blumenfeld’s “network inhibition hypothesis,” according 
to which focal seizures arising in the medial temporal lobe 
spread to subcortical structures (medial diencephalon and 
pontomesencephalic reticular formation) and disrupt their 
activating function, secondarily leading to widespread 
inhibition of nonseizing regions of the frontal and pari-
etal association cortex (26). The frontoparietal network 
inhibition may ultimately be responsible for the impaired 
level of consciousness reported in the late ictal and imme-
diate postictal phase of some complex partial seizures. 
Such an intriguing, yet sophisticated, model of selective 
association cortex inhibition by a focal cortical seizure 
is gradually replacing the long-lasting concept of critical 
mass of cerebral tissue involved in seizure spread to cause 
impairment of consciousness.

CONCLUDING REMARKS

The concept of consciousness is central in epileptology, 
despite the methodological difficulties concerning its 
application to the multifaced ictal phenomenology. The 

FIGURE 12-2

Fyodor Dostoyevsky (1821–1881).
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different epileptic ictal semiologies offer unique avenues 
for the understanding of the relationship between patho-
logical brain function and altered conscious states. Both 
the level of awareness and the contents of conscious states 
are affected by epileptic seizures. Generalized tonic-clonic 
and absence seizures primarily impair the level of con-
sciousness (“blackout”), whereas focal seizures mainly 
alter the patient’s private experiences. Sometimes the 
changes in the conscious state encompass both the level 
and the contents, in a very articulate and entangled way, 
as in complex partial seizures of temporal lobe origin. In 
this respect, a bidimensional model displaying the level 
and the contents of consciousness in two separate axes 
could prove to be highly valuable in assessing both the 
quantitative and qualitative changes that characterize the 
ictal conscious state. Table 12-1 summarizes the pattern 
of alterations of the level and contents of consciousness 
in the ictal semiologies described in this chapter. Neuro-
physiologic and imaging findings provide a sound basis 
for the development of such a model, because different 
neural mechanisms have been shown to underlie the level 
and the content of consciousness. As for determining the 
level of awareness, a crucial role seems to be played by 
either primitive (in generalized seizures) or secondary 
(in focal seizures) involvement of subcortical structures, 
thus leading to disrupted activity in frontoparietal and 
midline (precuneus/posterior cingulate cortex) associative 
networks. On the other hand, the qualitative features 
of experiential phenomena—arguably the most precise 
neurobiological correlate of the philosophical concept of 
qualia—are mainly the expression of the activity of limbic 

components of the temporal lobe. A systematic analysis 
of such experiential phenomena should be included in a 
complete diagnostic protocol for epilepsy, to achieve a 
better understanding of the patient’s subjective ictal expe-
rience. Conversely, further investigations of the neural 
correlates of seizure-induced alterations of consciousness 
may contribute to shed light on some of the unanswered 
questions concerning the brain mechanisms involved in 
the production of human conscious experiences.

TABLE 12-1
Summary of the Possible Alterations in the 
Cardinal Parameters of the Bidimensional 

Model (Level and Contents of the Ictal 
Conscious State) in the Main Seizure 

Types Affecting Consciousness*

 LEVEL OF CONTENTS OF

SEIZURE CONSCIOUSNESS CONSCIOUSNESS

Generalized
tonic-clonic

Absence
Focal,

experiential type
Limbic status 

*Reprinted from Monaco F, Mula M, Cavanna AE. Con-
sciousness, epilepsy, and emotional qualia. Epilepsy Behav
2005;7:150–160, with permission from Elsevier.
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DURING THE SEIZURE WERE YOU . . .

1. aware of what was happening to you? 0 1 2
2. aware of your surroundings? 0 1 2
3. aware of the time passing by? 0 1 2
4. aware of the presence of anyone around you? 0 1 2
5. able to understand other people’s words? 0 1 2
6. able to reply to other people’s words (e.g., What’s wrong with you?)? 0 1 2
7. able to obey other people’s commands (e.g., Sit down!)? 0 1 2
8. able to control the direction of your gaze? 0 1 2
9. able to focus your attention? 0 1 2

10. able to take any initiative? 0 1 2

DURING THE SEIZURE DID YOU . . .

11. feel like you were in a dream? 0 1 2
12. feel like you were in an unusually familiar place? 0 1 2
13. feel that things around you were unknown? 0 1 2
14. feel that everything was in slow motion or sped up? 0 1 2
15. feel the presence of another person who was not there? 0 1 2
16. see or hear things that were not real? 0 1 2
17. see people/objects changing shape? 0 1 2
18. experience flashbacks or memories of past events (as though you were reliving the past)? 0 1 2
19. experience unpleasant emotions (e.g., fear, sadness, anger)? 0 1 2
20. experience pleasant emotions (e.g. joy, happiness, pleasure)? 0 1 2

APPENDIX: MEASURING ICTAL BEHAVIORS

ICI (Ictal Consciousness Inventory)

Please answer the following questions by referring to a single seizure, witnessed by another person. Answers: 0 � no; 
1 � yes, a bit (yes, vaguely); 2 � yes, much (yes, clearly).
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changes can occur at different times. For example, the 
most obvious clinical change is the confusional state dis-
played by patients immediately after a seizure (i.e., within 
the first 20 minutes of a seizure). Immediate postictal 
neurochemical changes yield significant serum elevation 
of prolactin and cortisol levels that peak 10 to 20 minutes 
after the ictus and return to baseline levels within 60 to 
90 minutes (2, 3). On the other hand, postictal symptoms 
can occur following a “symptom-free” period that can 
range from several hours to up to five days, as is the case 
of postictal psychiatric symptoms or episodes. We refer to 
this PS as “delayed” PS. Failure to recognize it leads to the 
frequent misdiagnosis of postictal psychiatric episodes as 
interictal episodes. This topic is discussed in great detail 
in this chapter. Accordingly, PS should be divided into 
the immediate and delayed states.

ENDOGENOUS CHANGES DURING THE PS

The classic electrographic evidence of the PS is represented 
by a focal or generalized slowing of the background activ-
ity, the duration of which may be related to the duration 
of the ictus, its extent of propagation, and the “seizure 
density” preceding the recorded slow-wave activity. Such 
electrographic changes have led to the suggestion that the 
PS reflects a state of “exhaustion” of the brain. Fisher 

n a review article published in 2000 
in the journal Epilepsy & Behavior,
Fisher and Schachter observed that 
“some of the disability deriving from 

epilepsy derives from the postictal state. The postictal state 
may be complicated by impaired cognition, headache, inju-
ries, or secondary medical conditions. Postictal depression 
is common, postictal psychosis relatively rare, but both 
add to the morbidity of seizures.” They concluded that
“the mechanisms of the postictal state are poorly under-
stood” (1). Indeed, the postictal state has multiple clinical 
expressions, which include cognitive deficits, psychiatric 
symptoms or episodes, neurologic disturbances in the form 
of positive symptoms such as headaches, or deficits such as 
paralysis or hypoesthesia. Often, postictal symptoms may 
help localize (i.e., suggest the ictogenic lobe) or lateralize 
the site of the seizure focus, or they may be a window to an 
underlying neurologic deficit that may be subtle or incon-
spicuous in its presentation interictally. Furthermore, as 
shown subsequently, postictal psychiatric symptoms may 
serve as a red flag of potential interictal psychiatric disor-
der. The aim of this chapter is to review the most frequent 
clinical expressions of the postictal state (PS) along with 
their implications for an underlying pathologic state and 
implications for localization of the ictal focus.

The PS comprises clinical, electrical, and neuro-
chemical changes that occur after a seizure. Yet these 

I
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and Prince, however, refuted such hypotheses, as they 
demonstrated in animal models that “neurons can be 
made to fire after a seizure when properly stimulated 
after a seizure” (4).

Neuronal cells hyperpolarize after a seizure. Three 
mechanisms have been identified: (i) fast inhibitory 
postsynaptic potentials (IPSP) that act at the gamma-
aminobutyric acid-A receptor (GABAA); (ii) late hyper-
polarizing potentials mediated at the GABAB receptors;
and (iii) calcium-activated potassium currents result-
ing in after-hyperpolarization (AHP) (1, 5). Fisher and 
Schachter, however, noted that these mechanisms are too 
short in duration to explain the PS. Instead, they sug-
gested the role of hyperpolarizing pumps that yield a 
neuronal inactivation long enough to correlate with clini-
cal phenomena of the PS (1). Such pumps are mediated 
through mechanisms mediated by ATP.

Several neurotransmitters have been involved in the 
PS, including adenosine, opiates, acetylcholine, catechol-
amines, serotonin, and, finally, nitrous oxide, though the 
actual mechanisms by which they are operant in the PS 
are yet to be clearly established. Fisher and Schachter 
suggested that nitrous oxide may mediate its impact on 
PS through an effect on cerebral flow. Disturbance of 
the cerebral circulation in the PS is supported by recent 
studies of Perfenova et al. (6). Indeed, in animal seizure 
models carried out in piglets, these investigators demon-
strated severe postictal cerebral vascular dysfunction after 
sustained seizures that was evident at least two days after 
the seizure. In addition, they showed a marked reduc-
tion of cerebral vascular responses to both endothelium-
dependent and -independent, physiologically relevant 
vasodilators (hypercapnia, bradykinin, isoproterenol, 
and sodium nitroprusside) during the extended postictal 
period. These investigators attributed these vascular dis-
turbances to an inhibition of the antioxidative enzyme 
heme oxygenase (HO), which is necessary for increased 
cerebral blood flow during the ictal episode and for nor-
mal cerebral vascular functioning during the immediate 
postictal period.

For its part, adenosine is a known powerful sup-
pressor of synaptic activity, which increases severalfold 
during a seizure (7). It is a potent inhibitory neuromod-
ulator and has been proposed as an endogenous anti-
convulsant. Adenosine receptor densities increase after 
repeated seizures in young rats, and its inhibitory effect 
in humans has also been demonstrated. For example, 
During and Spencer implanted depth electrodes in the 
hippocampi of four patients with intractable temporal 
lobe epilepsy (TLE) (8). The probes were modified to 
include a microdialysis and were kept for periods of 10 to 
16 days. Extracellular adenosine samples were collected 
bilaterally at 3-minute intervals before, during, and after 
a single, spontaneous-onset seizure in each patient. All 
seizures commenced in one hippocampus and propagated 

to the contralateral hippocampus. Extracellular adenos-
ine levels increased by 6- to 31-fold, with the increase 
significantly greater in the epileptogenic hippocampus. 
Adenosine levels remained elevated above basal values 
for the entire 18-minute postictal period. Furthermore, 
animal models have shown that adenosine agonists pro-
long the PS, while antagonists block it. Also, adenosine 
has been found to play a role in the cerebral regulation 
during and following a seizure. Indeed, DiGeronimo et al. 
demonstrated that postictal administration of adenosine 
restores hypoxia-induced cerebral vasodilation in piglets, 
even when a nondilating concentration is employed (9). 
This suggests that depletion of adenosine with seizure 
activity is a mechanism for the loss of postictal cerebral 
vasodilatation to hypoxia.

Opiates play important but very complex patho-
genic roles in epilepsy. For example, a high density of 
opiate mu receptors has been identified in the vicinity of 
ictal foci in TLE (1). This finding has been interpreted 
to imply a role of these opiate receptors in limiting the 
spread of the epileptic activity. Furthermore, adminis-
tration of the opiate antagonist naloxone was found to 
yield an increase of close to 40% of postictal epileptiform 
discharges in patients undergoing a prolonged video-EEG 
(v-EEG) monitoring study (10). See also the section on 
postictal psychiatric phenomena.

POSTICTAL NEUROLOGIC PHENOMENA

The most frequent include cognitive disturbances, focal 
motor and sensory deficits, postictal headaches and 
migraines, and postictal automatisms. These will be 
briefly reviewed in the following subsections.

Postictal Cognitive Deficits

In a study of 100 consecutive patients with refractory 
epilepsy, Kanner et al. identified postictal cognitive and 
psychiatric symptoms occurring after more than 50% of 
seizures during a three-month period (see Table 13-1) 
(11). Among the 100 patients, they identified a mean 
of 8.8 � 6.5 habitual postictal symptoms (range: 0 to 
25; median � 8) corresponding to 2.8 � 1.8 postictal 
cognitive symptoms (range: 0 to 5; median � 3). Sixty-eight 
patients experienced postictal cognitive and psychiatric 
symptoms, and 14 experienced only postictal cogni-
tive symptoms; 12 patients failed to experience any 
postictal symptom.

These data clearly demonstrate the relatively long 
duration of postictal cognitive symptoms. The wide 
ranges in the duration of these symptoms are the reflec-
tion of the interplay of several variables. These include the 
duration of the ictus, the location of the seizure focus, and 
the existence of underlying specific deficits (e.g., verbal 
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memory disturbances in left TLE). For example, a patient 
with a seizure disorder that resulted from a stroke in the 
territory of the middle cerebral artery of the dominant 
hemisphere, which resulted in a residual mild dysphasia, 
may experience a global aphasia of several hours dura-
tion following a seizure. Likewise, it is not unusual for 
patients with TLE to notice a marked deterioration of 
an underlying memory deficit during the PS. Some of the 
cognitive disturbances deserve closer scrutiny, as they may 
help lateralize the ictal focus. Such is the case of postictal 
language disturbances.

Postictal Aphasia

A review of the literature associates postictal language 
disturbances with a temporal lobe seizure focus in the 
dominant hemisphere (12). For example, Adam et al. 
analyzed the semiology of epileptic seizures on the 
v-EEG of 35 patients (26 temporal, 8 frontal, 1 parietal) 
with a good postsurgical outcome (Engel’s class I and II) 
(13). Language dominance had been established with the 
intracarotid amobarbital test. In 15 cases (29 seizures),
postictal language manifestations were analyzed in 
relation with the propagation of the epileptic activity 
recorded by intracerebral EEG. They found that postictal 
aphasia was observed only when seizures originated in 
the dominant hemisphere and ictal activity spread to Wer-
nicke and/or Broca language areas. They noted that no 
postictal aphasia was observed when the epileptic focus 
was in the nondominant hemisphere, even if there was 
secondary generalization of ictal activity affecting the 
language areas of the dominant hemisphere. The data of 
Williamson et al. support these findings, as they found 
that postictal aphasia and prolonged recovery time were 
characteristic of seizure origin in the language-dominant 
hemisphere (14). Privitera et al. performed a prospec-
tive study of ictal and postictal language function after 
105 temporal lobe complex partial seizures (CPSs) in 
26 patients (15). At the time of the seizure, the patients 
were asked to read a test phrase aloud until it was read 

correctly and clearly. In all 62 seizures originating 
from the left temporal lobe, the patients took more 
than 68 seconds to read the test phrase correctly (mean, 
321.9 seconds); in 42 of 43 seizures from the right tem-
poral lobe, the patients read the test phrase in less than 
54 seconds (mean, 19.7 seconds). Postictal paraphasias 
occurred in 46 of 62 seizures from the left temporal lobe 
in 11 of 14 patients.

Other studies, however, have found that propaga-
tion of ictal activity from the nondominant to the dom-
inant temporal lobe can account as well for postictal 
language disturbances. For example, Ficker et al. found 
that patients whose seizures began in the nondominant 
temporal lobe and propagated to the contralateral tem-
poral lobe had a prolonged postictal language delay with 
paraphasic errors compared with seizures that did not 
spread (16). Shorter propagation time was also associated 
with longer postictal language disturbances. The findings 
of a study by Devinsky et al. tend to support the lack of 
specificity in the localization of ictal foci with postictal 
language disturbances (17). These investigators studied 
postictal behavior following 65 CPSs in 18 patients with 
left-hemisphere language dominance using subdural elec-
trode recordings. The mean interval for a first correct ver-
bal response did not differ significantly between patients 
with right and left ictal foci (left foci, 275 seconds; right 
foci, 167 seconds). Impaired comprehension with fluent 
but unintelligible speech, as well as anomia, occurred 
after seizures arising from either temporal lobe. On the 
other hand, all nine seizures followed by global or nonflu-
ent aphasia originated on the left side, and the research-
ers found that paraphasic errors were significantly more 
common after left temporal CPSs.

Several studies have demonstrated that postictal 
aphasia appears to be significantly more common among 
patients with TLE than among patients with frontal 
lobe seizures. For example, Goldberg-Stern et al. stud-
ied postictal language disturbances in 118 frontal lobe 
CPSs recorded in 24 patients (18). Prolonged postictal 
disturbances occurred in only 7% of CPSs confined to 

TABLE 13-1
Prevalence of Postictal Cognitive Symptoms

   DURATION IN HRS, MEAN � S.D.
 TYPE OF COGNITIVE DEFICIT PREVALENCE, N � 100 {MEDIAN IN HRS] (RANGE)

Cognitive symptoms, total 82
Difficulty in concentration 71 16.2 � 22.6 [6] (10 min–108 hr)
Problems with memory 66 18.2 � 23.6 [6] (10 min.–108 hr)
Confusion 65 10.6 � 14.6 [2] (10 min–72 hr.)
Disorientation 46 2.6 � 5.5 [1] (5 min–24 hr.)
Thought blockage 42 16.7 � 21.2 [6] (10 min–98 hr)
Only cognitive symptoms, total 14
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the dominant frontal lobe, compared with 91% of CPSs 
that started as frontal and spread to the dominant tem-
poral lobe.

Postictal Memory Disturbances

Postictal memory disturbances are relatively frequent and 
can last several days. Postictal memory disturbances are 
more particularly frequent in TLE, given the pivotal role 
of the mesial temporal structures in memory processing. 
In fact, Helmstaedter et al. found no effect on postictal 
memory performances in frontal lobe seizures, whereas 
verbal and visual recognition memory were significantly 
decreased after temporal lobe seizures (19). Decrease in 
either verbal or visual memory and time of recovery were 
related to lateralization of seizure onset.

The severity of postictal memory disturbances are 
a function of the damage to mesial temporal structures. 
This was illustrated in animal models of postictal mem-
ory disturbances carried out by Boukhezra et al., who 
compared the behavioral features of seizures with post-
ictal memory impairment in young seizure-naïve rats 
and rats with a prior history of status epilepticus (SE) 
(20). In addition, they also examined the relationship 
between postictal EEG changes and cognitive recovery. 
Following generalized seizures, rats had impaired per-
formance in the water maze, a measure of visual spatial 
memory processing in these animals. The duration of 
their inability to find a platform exceeded the length 
of the seizure, and there was not a close relationship 
between duration of cognitive impairment and either 
latency to onset of seizure or duration. The animal’s 
neurologic status (i.e., having had SE) was a factor in 
the duration of the inability to find the platform fol-
lowing seizures, as animals with a prior history of SE 
had a longer period of impairment following a seizure 
than animals without such a history. Postictal cogni-
tive impairment was associated with changes in theta 
activity in animals with a prior history of SE but not in 
seizure-naïve animals.

Postictal Motor and Sensory Deficits

Postictal motor deficits, also referred to as Todd’s paraly-
sis, is defined as a prolonged focal loss of function or 
weakness lasting from two minutes up to two days after 
a seizure. Such hemiparesis may represent a new hemi-
paresis or an accentuation of a previous interictal defi-
cit related to structural pathology. In fact, in a study of 
14 patients with transient postictal hemiparesis, Rolak 
et al. found a contralateral structural abnormality in eight 
patients (21).

The presence of a postictal motor deficit is suggestive 
of an extratemporal seizure focus, though it is not specific 
for frontal, parietal, or occipital foci. Of note, postictal 

paresis has been reported as well in eight of 70 children 
with benign rolandic epilepsy of childhood (22).

Postictal sensory deficits include somatosensory 
abnormalities, hemineglect, and visual deficits. Somato-
sensory deficits have not been identified in isolation. 
Rather, they have always been reported in conjunction 
with motor deficits.

In contrast to the lack of specificity of postictal 
motor deficits in the localization of the seizure focus, 
postictal visual deficits, in the form of homonymous 
hemi- or quadrantanopsia, have been identified in sei-
zure foci in occipital-parietal epilepsy, contralateral to 
the seizure focus.

Postictal Headaches

Postictal headaches (PHA) and migraines are among 
the more common postictal occurrences. For example, 
Yankovsky et al. studied 100 consecutive patients 
undergoing presurgical evaluation for pharmacologi-
cally intractable partial epilepsy (23). For each PHA 
type, they characterized the lateralization, localization, 
quality of pain, and results of treatment. They found 
that periictal HAs were reported by 47 patients. Of 
those, 11 had preictal HA (PIHA) and 44 had PHA. 
Eight patients had both PIHA and PHA. Interictal HA 
was reported by 31 patients. Twenty-nine (62%) of 
47 patients had frontotemporal PHA. Twenty-five 
patients had migraine-like HA without aura: 18 (60%) 
of 30 patients with TLE and seven (41%) of 17 with 
extratemporal epilepsy. No correlation between pathol-
ogy and presence of HA was found in 59 pathologically 
verified patients, except in four who had arteriovenous 
malformations (AVMs): three had, and one did not 
have, PHA. Similar findings were reported by Ito et al. 
in a study of 77 patients with TLE, 34 patients with 
occipital lobe epilepsy (OLE), and 50 with frontal lobe 
epilepsy (FLE) (24). They found an incidence of PHA of 
23% for TLE, 62% for OLE, and 42%, for FLE. The 
risk of PHA was significantly higher for OLE than for 
TLE or FLE and for patients with generalized tonic-
clonic (GTC) seizures. Younger age at onset of epilepsy 
was also a risk factor for PHA.

In a study of 110 consecutive patients with epi-
lepsy, Förderreuther et al. found seizure-associated 
HA in 47 patients (43%) (25). Forty-three patients had 
exclusively PHA. One patient had exclusively preictal 
headaches. Three patients had both pre- and PHA. The 
duration of PHA was longer than 4 hours in 62.5% of 
the patients. In the majority of patients, PHA occurred 
in more than 50% of the seizures. Postictal HAs were 
associated with focal seizures in 23 patients and/or with 
generalized seizures in 54 patients. According to the head-
ache classification of the International Headache Society, 
HAs were classified as migraine-type in 34% of patients 
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and as tension-type headache in 34% of patients; they 
could not be classified in 21% of patients.

In a separate study, Ito et al. compared patients with 
different types of epilepsy to investigate the association 
between migraine-like HA and seizure type in 364 patients 
with partial epilepsy (26). TLE was found in 177 patients, 
FLE in 116, and OLE in 71. Forty percent had postictal 
HA, and 26% of these patients had migraine-like HA. 
Migraine-like postictal HA occurred significantly more 
often in cases of TLE and OLE than in cases of FLE. In 
addition, the incidence of interictal migraine headache 
was significantly higher in patients with migraine-like 
postictal HA.

Postictal Automatisms

Persistence of ictal automatisms into the PS or devel-
opment of de-novo postictal automatisms have been 
described in the literature. Some of these postictal 
automatisms have been shown to have a localizing value 
of the ictal focus. For example, Leutmezer et al. car-
ried out a retrospective study with videotapes of 160 
patients with focal epilepsy who underwent presurgical 
evaluation, with the aim of identifying postictal symp-
toms that may have any localizing or lateralizing value 
in defining the seizure onset zone (27). Automatisms 
that started during the ictus and continued in the post-
ictal period occurred in 25.2% of 135 patients with TLE 
but not in patients with FLE. Postictal “nose wiping” 
was evident in 51.3% of 76 TLE patients but only in 
12.0% of 25 extratemporal lobe epilepsy patients, and 
it was performed with the hand ipsilateral to the hemi-
sphere of seizure onset in 86.5% of all temporal lobe 
seizures. Rasonyi et al. reviewed 193 videotaped seizures of 
55 consecutive patients with refractory TLE who became 
seizure-free after surgery (28). Thirty-four (62%) of the 
55 patients showed postictal automatisms at least once 
during their seizures. They were identified in 70 (36%) 
seizures as manual (21%), oral (13%), or speech (9%) 
automatisms. Fifteen seizures contained a combination 
of two different postictal automatisms. The presence of 
postictal oral automatisms did not lateralize the seizure 
onset zone. Speech automatisms (repetitive verbal behav-
ior) occurred more frequently after left-sided seizures 
(p � 0.002). Postictal unilateral manual automatism 
showed no lateralizing value.

A review of the literature suggests that among the 
postictal hand automatisms, nose wiping is more likely to 
occur in TLE, but it is not specific to this type of partial 
epilepsy. For example, Hirsch et al. conducted a retro-
spective study of 319 videotaped CPSs of 87 patients: 47 
with unilateral TLE defined by successful surgical out-
come with medial TLE (MTLE) and 17 with neocortical 
TLE; and 40 with extratemporal epilepsy (29). Postictal 
nose wiping was significantly more common in patients

with unilateral TLE (60%) than in those with extratem-
poral epilepsy (33%). With regard to lateralizing poten-
tial, in the TLE group, unilateral postictal nose wiping 
(performed with a single hand only) within 60 seconds of 
seizure offset was observed in 53% of patients (25 of 47) 
and was performed with the hand ipsilateral to the seizure 
focus in 92% (23 of 25). Thirteen patients (9 with TLE) 
wiped their nose more than once with the same hand in 
a single seizure within 60 seconds of offset in 18 seizures; 
this was done with the hand ipsilateral to the seizure focus 
in all 18 instances (predictive value � 100%).

POSTICTAL PSYCHIATRIC PHENOMENA

Postictal psychiatric symptoms (PPS) have been recognized 
for a long time but, in general, remain poorly understood, 
particularly with respect to their prevalence, clinical char-
acteristics, and pathogenic mechanisms. They may pres-
ent as individual symptoms or as a cluster of symptoms, 
mimicking any type of psychiatric disorder (e.g., anxiety, 
depression, or psychosis). The vast majority of articles 
on postictal psychiatric symptoms have revolved around 
postictal psychotic symptoms and episodes that have been 
encountered in the course of v-EEG.

Experimental Perspective on Postictal 
Psychiatric Phenomena

Engel et al. (30) studied behavioral changes during the 
PS, specifically, postictal aggression that presents as 
reactive biting in amygdaloid-kindled seizures in rats. 
Caldecott-Hazard et al. (31, 32) identified the role of 
opioid involvement in postictal explosive motor behavior, 
noting that pretreatment with naloxone can exacer-
bate it, whereas pretreatment with morphine can sup-
press it. Engel et al. suggested that this hyperreactivity 
could reflect endogenous-opioid withdrawal phenomena. 
Indeed, endogenous opioids usually are released during 
seizures; therefore, the animal is exposed repeatedly to 
transient increments, creating a state of dependency.

Engel et al. (30) suggested that this model may 
reflect the pathogenic mechanisms mediating interictal 
depression, as endogenous opioids also may play the 
role of natural mood elevators and have been thought 
to mediate, at least in part, the therapeutic effects of 
electroconvulsive therapy (ECT) (33, 34). They support 
this hypothesis with data from positron emission tomo-
graphic studies that used the mu opioid receptor ligand 
[11C] carfentanil. These studies revealed that temporal 
lobe hypometabolism is associated with enhanced opioid 
receptor binding (35, 36). In support of a pathogenic role 
of endogenous opioids in postictal affective disturbances, 
Engel et al. cite the transient suppression of the multiple-
squeak response in the rat, the duration of which can 
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be shortened by pretreatment with naloxone. This reac-
tion to pain has been considered to reflect a measure of 
affective function (37). Whether these theories are appli-
cable to the occurrence of postictal depressive episodes 
in humans is yet to be established. Engel et al. (30) also 
reviewed the potential role of dopamine changes in medi-
ating psychotic processes in epilepsy. They point out how 
amygdaloid kindling in cats can induce enhanced sensitiv-
ity of dopamine receptors. Because psychotic symptoms 
are dopamine mediated, postictal and interictal psychotic 
processes conceivably could result from such changes.

Postictal Psychiatric Episodes

Postictal psychiatric symptoms may cluster and mimic 
discrete psychiatric episodes such as major depressive 
episodes of short duration or postictal psychotic epi-
sodes (PIPE). The prevalence of postictal psychiatric 
episodes in the general population of patients with 
epilepsy is yet to be established. The reported postictal 
psychiatric episodes have focused almost exclusively on 
postictal psychotic episodes identified in the course of 
v-EEG. This is not surprising, because the circumstances 
around v-EEG are optimal to facilitate the occurrence of 
PIPE. These include the occurrence of frequent seizures 
over a short time period, following the discontinuation 
or dose reduction of antiepileptic drugs (AEDs). In a 
study published in 1996, Kanner et al. estimated the 
yearly incidence of postictal episodes during v-EEG to 
be 7.9% among patients with partial epilepsy (38). The 
majority, or 6.4%, presented as PIPE. While patients 
may experience postictal psychiatric episodes mimick-
ing any type of psychiatric disorders, here data only 
for postictal depressive and psychotic episodes will be 
reviewed.

Postictal Depressive Episodes

Postictal depressive episodes (PIDE) remain practically 
unexplored. In a study by Kanner et al., 18 of 100 patients 
experienced a cluster of at least five symptoms of depres-
sion that mimicked a major depression disorder with a 
duration exceeding 24 hours but significantly shorter than 
the 2 weeks required by the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV)
criteria (39). A comparison of seizure-related variables 
between the 18 patients with PIDE and 23 patients with-
out any postictal psychiatric symptom failed to reveal any 
differences between the two groups. However, patients 
with PIDE were more likely to have a psychiatric history 
than controls were (Kanner, unpublished data). Isolated 
reports of PIDE have been published. For example, Fincham 
et al. described the case of a woman with stereotypic 
recurrent episodes of severe depression with suicidal ide-
ation that followed clusters of simple partial seizures that 

went unrecognized for a long time (40). The successful 
treatment of these seizures resulted in remission of her 
depressive episodes.

Postictal Psychotic Episodes

Several case series of PIPE have been published (38, 41–
47). The following clinical characteristics of PIPE were 
identified in all the series: (i) delay between the onset of 
psychiatric symptoms and the time of the last seizure; 
(ii) relatively short duration; (iii) affect-laden symptom-
atology; (iv) clustering of symptoms into delusional and 
affective-like psychosis; (v) increase in the frequency of 
secondarily generalized tonic-clonic seizures preceding 
the onset of PIPE; (vi) onset of PIPE after having seizures 
for a mean period of more than 10 years.

In the study cited, Kanner et al. identified psychiat-
ric symptomatology that mimicked a psychotic episode 
in ten of 13 patients (38). It presented as a delusional 
psychosis in four patients; and it mimicked a mixed 
manic-depressive–like psychosis in one patient, a psy-
chotic depression-like disorder in two, a hypomanic-like 
psychosis in one, and a manic-like psychosis in one. The 
tenth patient presented with bizarre behavior associated 
with a thought disorder. In every case, the onset of symp-
toms lagged by a mean period of 24 hours (range 12 to
72 hours) relative to the time of the last seizure. The 
mean duration of the PIPE was 69.6 hours (range 24 to 
144 hours). The psychotic episode remitted with low doses 
of neuroleptic medication (2 to 5 mg per day of haloperi-
dol) in five patients; one patient required high doses (40 mg 
per day of haloperidol); and remission occurred without 
pharmacotherapy in four patients. Six of these ten patients 
had experienced an average of 2.4 PIPE prior to v-EEG; in 
the remaining four patients, the PIPE was the first one ever 
experienced. Other authors have reported similar findings 
with respect to response to pharmacotherapy (41–46).

Kanemoto et al. (47) studied the clinical differences 
between PIPE and acute and chronic interictal psychosis 
of epilepsy. They noted that patients with PIPE are more 
likely to experience grandiose and religious delusions in 
the presence of elevated moods and a feeling of mystic 
fusion of the body with the universe. On the other hand, 
perceptual delusions or voices commenting were less fre-
quent, and feelings of impending death were common 
among patients with PIPE.

Clinical phenomena during PIPE have included 
cases of manic symptoms following complex partial 
seizures (48). Directed aggression has been reported to 
occur significantly more frequently during PIPE than 
during interictal psychosis or during the postictal con-
fusional state following complex partial seizures (49). 
Gerard et al. reported six patients with subacute post-
ictal aggression following a cluster of seizures (50). The 
episodes of postictal aggression were not isolated events 
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but recurred repeatedly; the behaviors were uniquely 
stereotyped in each patient. All patients had medically 
intractable epilepsy and were remorseful in the interictal 
period.

Postictal psychotic episodes have also been reported 
with unusual presentations, including cases of Capgras’ 
syndrome (51, 52) and a case mimicking a Klüver-Bucy 
syndrome reported in a patient with persistent seizures 
following a left temporal lobectomy (53). In children, 
cases of PIPE have been reported only following status 
epilepticus by two groups (54, 55). One was a case of a 
9-year-old boy; the other was a case of a 12-year-old boy. 
In both children, EEG recordings were obtained during 
the psychotic episode, documenting that the seizure activ-
ity had remitted. Thus, although PIPE is unlikely to occur 
in children, the exception is status epilepticus.

Postictal psychotic episodes have also been described 
in the context of a “forced normalization phenomenon.” 
Akanuma et al. reported two patients with TLE who 
developed PIPE that lasted 12 weeks (56). Repeated EEGs 
during the period of psychosis showed that their habit-
ual focal epileptiform abnormalities had disappeared. 
Responses to neuroleptic treatments were not remark-
able. Their psychotic symptoms gradually dispelled after 
their epileptiform abnormalities reappeared.

Various investigators have attempted to identify 
potential pathogenic mechanisms of PIPE. Thus, Kanner 
et al. compared magnetic resonance imaging (MRI), 
interictal and ictal EEG data derived from v-EEG, and 
past psychiatric history from 18 patients with PIPE and 
36 controls (Kanner et al., submitted). A logistic regres-
sion model clearly demonstrated that bilateral indepen-
dent ictal foci and secondarily generalized tonic-clonic 
seizures were strong predictors of PIPE. By the same 
token, the presence of PIPE predicted the existence of 
bilateral ictal foci with a probability of 89%. Umbricht 
et al. (45) reported similar findings in a study comparing 
eight patients with PIPE, seven patients with interictal 
psychosis, and 29 controls. In addition, they found that 
patients with PIPE and interictal psychosis had a lower 
verbal IQ and the absence of mesial temporal sclerosis. 
Devinsky et al. (44) reported a higher frequency of bilat-
eral independent interictal foci in 20 patients with PIPE 
compared to 150 controls.

The pathogenic role of bilateral ictal foci in PIPE 
in patients with TLE was further suggested by Christo-
doulou et al., who reported three patients with postictal 
psychosis after a temporal lobectomy. All patients had 
persistent seizures originating from the side contralateral 
to the resection (57). In addition, Mathern et al. reported 
a patient with TLE who developed a PIPE during a v-EEG 
and died of unknown reasons four weeks after temporal 
lobectomy (58); pathological examination of surgical and 
autopsy hippocampal specimens revealed bilateral asym-
metric neuron losses.

Among other potential risk factors, Alper et al. sug-
gested that mood disorders among first- and second-degree 
relatives could be a predictor of PIPE (59). Briellmann 
et al. found that dysplasias in temporal lobe structures 
were associated with a higher risk of developing PIPE 
in a study that compared findings from high-resolution 
MRI and histopathologic studies between six patients 
who experienced PIPE and 45 controls. Of note, in the 
patients with PIPE the volume of hippocampal forma-
tions was normal (60). Kanemoto et al., on the other 
hand, found that hippocampal atrophy was significantly 
associated with the development of PIPE in a study of 
111 patients with TLE (61).

PIPE and Electroshock Therapy

The development of de-novo PIPE has been reported. 
Zwil and Pomerantz described the case of a patient who 
developed delusional and hallucinatory psychosis fol-
lowing a course of ECT (62). Sackeim et al. reported 
the development of excitement in two patients following 
bilateral and/or right-unilateral ECT but not following 
left-unilateral ECT (63). On the other hand, ECT has 
been also used as a treatment for PIPE. Pascual-Aranda 
et al. reported the case of a 23-year-old woman who 
developed a postictal catatonic-like psychosis after a clus-
ter of partial complex seizures; ECT resulted in complete 
recovery (64).

Postictal Psychiatric Symptoms

The only systematic investigation of the prevalence and 
clinical characteristics of postictal psychiatric symptoms 
(PPS) published to date was carried out by Kanner et al. 
and hence will be reviewed in some detail. This study was 
conducted at the Rush Epilepsy Center with 100 con-
secutive patients who suffered from pharmacoresistant 
partial epilepsy (11). Every patient was asked to complete 
a 42-item questionnaire (The Rush Postictal Psychiatric 
Questionnaire) (11) designed to identify the frequency of 
26 PPS and five cognitive symptoms during a three-month 
period. These included symptoms of depression and of 
various anxiety disorders (i.e., general anxiety, panic 
attacks, agoraphobia, obsessions, and compulsions), 
hypomanic and psychotic symptoms, and neurovegeta-
tive and physical symptoms. These latter two types of 
symptoms are common in seizures as well as in depressive 
and anxiety disorders. Accordingly, they were recorded 
as separate symptom categories, so as not to erroneously 
increase the number of postictal symptoms of depression 
and anxiety. The postictal period was defined as the 
72 hours that followed a seizure. The questionnaire was 
also developed to discriminate between interictal and 
postictal symptoms and to identify interictal symptoms 
that worsened in severity during the postictal period. Each 
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question inquired about the frequency of occurrence of 
the symptom, and only symptoms identified after more 
than 50% of seizures were included in this study, so as 
to reflect a “habitual” phenomenon.

Among the 100 patients, the authors identified a 
lifetime prevalence of psychiatric disorders in 54 patients, 
which consisted of mood disorders in 33, anxiety disorder 
in 16 (12 of whom also had a mood disorder), and attention 
deficit hyperactivity disorder in five. No patient had expe-
rienced a history of a psychotic disorder. Eleven patients 
reported one or more psychiatric hospitalizations.

A median of eight postictal symptoms were identi-
fied (range: 0 to 25) corresponding to a median of three 
cognitive symptoms (range: 0 to 5) and 5 PPS (range 0 to 
22); 74 patients experienced at least one type of PPS, 68 
experienced both PPS and cognitive symptoms, and six 
reported only PPS. The prevalence of the different types 
of PPS and their median duration appear in Table 13-2.

Among the 74 patients with PPS, 60 (81%) 
experienced PPS belonging to more than one 
psychiatric  disorder. The most frequent combination 
included postictal symptoms of anxiety, depression, and 

TABLE 13-2
Prevalence of Postictal Psychiatric Symptoms in 100 Consecutive Patients with Pharmacoresistant Epilepsy

POSTICTAL SYMPTOM PREVALENCE  MEDIAN DURATION IN HOURS (RANGE)

Symptoms of depression, total 43
Irritability 30 24 (0.5–108)
Poor frustration tolerance 36 24 (0.1–108)
Anhedonia 32 24 (0.1–148)
Hopelessness 25 24 (1.0–108)
Helplessness 31 24 (1.0–108)
Crying bouts 26 6 (0.1–108)
Suicide ideation 13 24 (1.0–240)
Active suicidal thoughts 8
Passive suicidal thoughts 13
Feelings of self deprecation 27 24 (1.0–120)
Feelings of guilt 23 24 (0.1–240)

Neurovegetative symptoms, total 62
Early night insomnia 11 –
Middle night awakening 13 –
Early morning awakening 11 –
Excessive somnolence 43 24 (2–72)
Loss of appetite 36 24 (2–148)
Excessive appetite 10 15 (0.5–48)
Loss of sexual interest  26 39 (6–148)
(not related to fatigue)

Symptoms of anxiety, total 45
Constant worrying 33 24 (0.5–108)
Panicky feelings 10 6 (0.1–148)
Agoraphobic symptoms 29 24 (0.5–296)
Due to fear of seizure recurrence 20 -
Compulsions 10 15 (0.1–72)
Self consciousness 26 6 (0.05–108)

Psychotic symptoms, total 7
Referential thinking 5 15 (0.1–108)
Auditory hallucinations 2 6.0 (0.1–108)
Paranoid delusions 4 0.2 (0.1–0.25)
Religious delusions 3 6.0 (0.1–108)
Visual hallucinations 1 36 (6–48)

Hypomanic Symptoms, total 22
Excessive energy 9 2 (0.15–48)
Thought racing  15 2 (0.1–24)
Fatigue 37 24 (0.1–108)
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neurovegetative symptoms. Of note, the existence of PPS 
had been investigated only in seven patients prior to this 
study, and only one was offered treatment specifically 
directed to the remission of habitual postictal symptoms 
of depression.

Clinical Characteristics of PPS and Relation to 
Past Psychiatric History

Postictal Symptoms of Depression. Forty-three patients 
reported a median of five postictal symptoms of depres-
sion (range: 2 to 9). The median duration of each symp-
tom was 24 hours (0.1–240 hours), with the exception of 
postictal crying, which had a median duration of six hours 
(0.1–108 hours). Thirty-two patients experienced post-
ictal symptoms of depression of at least 24 hours dura-
tion (18 experienced a minimum of six symptoms lasting 
24 hours or longer), five reported symptoms of 1 to 
23 hours duration, and only three patients had symp-
toms lasting less than one hour. Thirteen patients reported 
habitual postictal suicidal ideation; eight experienced pas-
sive and active suicidal thoughts, while five reported only 
passive suicidal ideation. No patient ever acted on these 
symptoms. Postictal symptoms of depression always
occurred in combination with other PPS categories, 
though correlations were only identified with postictal 
symptoms of anxiety, psychotic symptoms, and neuro-
vegetative symptoms.

Among these 43 patients, 25 had a history of a mood 
disorder and 11 of an anxiety disorder. There was a signifi-
cant association between a history of depression and the 
postictal symptoms of self-deprecation and guilt, while a 
significant association with a history of anxiety and post-
ictal guilt was identified. Furthermore, the number of post-
ictal symptoms of depression was higher in patients with 
a prior history of depression and anxiety. Of note, 10 of 
the 13 (77%) patients with postictal suicidal ideation had 
a history of either major depression or bipolar disorder. 
Also, postictal suicidal ideation was an indicator of pre-
vious severe psychiatric disorders, as it was significantly 
associated with previous psychiatric hospitalization.

Postictal Symptoms of Anxiety. Forty-five patients 
reported a median of 2 (range: 1 to 5) postictal symp-
toms of anxiety. The median duration of individual symp-
toms ranged from six to 24 hours (0.1 to 296 hours). In 
30 patients at least one symptom lasted 24 hours or 
longer (15 patients [33%] reported a cluster of four 
postictal symptoms of anxiety of at least 24 hours); 
ten patients reported at least one symptom of 1 to 
23 hours duration, and five patients had symptoms 
lasting less than one hour. Twenty-nine patients expe-
rienced symptoms of postictal agoraphobia; 18 (62%) 
attributed these symptoms to the fear of seizure recur-
rence. Nevertheless, the presence of this fear was not

related to the actual occurrence of seizures in clusters. 
A prior history of anxiety disorder was identified in 
15 patients (33%). There was an association between a 
history of anxiety disorder and the occurrence of postictal 
symptoms of constant worrying and panicky feelings.

Postictal Psychotic Symptoms. Seven patients experienced 
a median of two postictal psychotic symptoms (range: 1 to 
5). Five patients reported referential thinking (“people are 
staring and talking about me”); two, auditory hallucina-
tions; four, paranoid delusions; three, religious delusions; 
and one, visual hallucinations. The duration of individual 
symptoms ranged from 0.2 to 36 hours (0.1–108 hours). 
In four of these patients, at least one psychotic symptom 
lasted a minimum of 24 hours, two patients experienced 
symptoms lasting between 1 and 23 hours, and one patient 
reported symptoms of less than one hour duration. These 
seven patients also experienced postictal symptoms of 
anxiety and depression, and five patients reported postic-
tal hypomanic symptoms. No patient had experienced a 
history of interictal psychosis. A psychiatric history was 
not significantly associated with the development of post-
ictal psychotic symptoms, but a history of anxiety disor-
der was associated with a greater number of psychotic 
symptoms.

Postictal Hypomanic Symptoms. Postictal hypomanic symp-
toms included excessive energy and racing thoughts, which 
were identified in 22 patients: 15 patients reported rac-
ing thoughts, nine reported increased energy, but only 
two reported both symptoms. The median duration of 
both symptoms was 2 hours (0.1–48 hours). Six patients 
experienced hypomanic symptoms lasting 24 hours or 
longer. There was no significant association between a 
psychiatric history and the development of hypomanic 
symptoms.

Postictal Neurovegetative Symptoms. Postictal neurovegeta-
tive symptoms were among the most commonly reported 
postictal symptoms—above all, postictal somnolence and 
loss of appetite. Sixty-two patients experienced a median 
of two symptoms (range: 1 to 5), and in 12 they were 
the only PPS category reported. In addition, early night 
insomnia was reported by 11% of patients, middle night 
awakening by 13%, early morning awakening by 11%, 
and excessive appetite by 10%. These are four symp-
toms not typically associated with the postictal state. The 
median durations of individual symptoms ranged from 
15 to 39 hours (0.5 to 148 hours). A psychiatric history 
did not worsen or act as a risk factor of these postictal 
symptoms.

Postictal Fatigue. Thirty-seven patients reported post-
ictal fatigue with a median duration of 24 hours (0.1 to 
108 hours).
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Relation between Postictal Cognitive and Psychiatric Symp-
toms. Eighty-two patients experienced a median of four 
postictal cognitive symptoms (range: 1 to 5). Fourteen
patients reported only postictal cognitive symptoms, while 
the other 68 experienced postictal cognitive and psychiatric 
symptoms. The median duration of individual cognitive 
symptoms ranged from 1 to 9 hours (0.05 to 108 hours). In 
general, the “estimated” duration of PPS was significantly 
longer than that of cognitive symptoms. The presence of 
postictal symptoms of depression was associated with the 
worst postictal cognitive disturbances, as evidenced by a 
greater number of postictal cognitive symptoms.

Interictal Psychiatric Symptoms with Postictal Exacer-
bation. Thirty-eight patients experienced a median 
of three (range: 1–15) psychiatric symptoms during 
the interictal period, 34 of whom had symptoms of 
depression (n � 24), anxiety (n � 3) or mixed anxiety/
depression (n � 6), and four only neurovegetative symp-
toms. Thirty-six of these 38 patients (94%) experienced 
interictal symptoms with postictal exacerbation in sever-
ity as well, and in 19, all interictal recorded symptoms 
were only coded as such. Furthermore, among these 
36 patients, 30 (83%) also experienced de-novo PPS. 
Among 20 patients with interictal fatigue, eighteen 
reported significant worsening during the postictal 
period. Finally, 37 patients reported interictal cogni-
tive symptoms that worsened postictally; all of these 
patients also experienced de-novo postictal cognitive 
symptoms.

Thirteen patients were taking antidepressant medi-
cations at the time of the study: 10 for the treatment 
of an interictal depressive disorder, two for an anxiety 
disorder, and one for the treatment of irritability. Being 
on antidepressants, however, did not prevent the devel-
opment of postictal symptoms (n � 3) or the postictal 
exacerbation of interictal symptoms of depression and/or 
anxiety (n � 10), despite a significant improvement of 
the interictal disorder.

There was no significant association between the 
development of PPS and the location of the seizure focus, 
the type of seizures, or the occurrence of seizures in clus-
ters. On the other hand, taking AEDs with negative psy-
chotropic properties (barbiturates and benzodiazepines) 
yielded a trend toward a greater likelihood of developing 
postictal psychotic symptoms.

Clearly, these data illustrate the relatively high 
prevalence of PPS and the very tight relationship 
between interictal and postictal symptomatology and 
between a prior psychiatric history and the develop-
ment of PPS. Without a doubt, recognition of PPS 
is of the essence in the understanding of psychiatric 
symptomatology in patients with epilepsy, including 
as it pertains to the interpretation of its response to 
treatment.

Relationship between Ictal, Postictal, and 
Interictal Psychiatric Symptomatology

As shown by the foregoing results, postictal and interictal 
psychiatric symptomatology are closely related, imply-
ing common pathogenic mechanisms. Further evidence of 
such a relationship is supported by the following data.

Mintzer and Lopez compared interictal psychiatric 
disorders between 12 patients with TLE and ictal fear and 
12 matched controls without ictal fear (65). Patients with 
ictal fear were significantly more likely to suffer from 
interictal panic disorders and other anxiety disorders than 
the control group.

Kohler et al. compared presurgical and postsurgical 
psychiatric disorders among 22 patients with ictal fear, 
22 patients with auras of a different type (nonfear aura), 
and 15 patients without auras, all of whom underwent an 
anterotemporal lobectomy (ATL) (66). Pre-operatively, 
68% of patients with ictal fear, 55% of those with non-
fear aura, and 57% of those without aura had a history of 
mood and/or anxiety disorders. Although fewer patients 
experienced mood and anxiety disorders after surgery 
(nonfear aura group, 37%; group without aura, 21%), 
patients with ictal fear experienced a significant increase 
in mood and anxiety disorders (86%), independently of 
the persistence of auras. Although mood and anxiety dis-
orders were more prevalent postsurgically among patients 
with persistent seizures, mood and anxiety disorders were 
more frequent in the seizure-free patients with presurgi-
cal fear aura than in the other two groups. As expected, 
patients in the fear aura group were on psychotropic 
medication with a significantly higher frequency than 
patients from the other two groups.

By the same token, the occurrence of PIPE was 
associated with an increased risk of postsurgical mood 
disorders. Thus, in a study of 52 patients who under-
went an ATL, Kanemoto et al. also found that PIPE was 
associated with postsurgical mood disorders, present-
ing as manic and depressive episodes during the first 2 
postsurgical years (67).

The evolution of PIPE unto interictal psychotic epi-
sodes has also been recognized by several investigators. 
Tarulli et al. found that six out of 43 (13.9%) patients 
with a history of PIPE went on to develop interictal psy-
chosis (68). Adachi et al. identified patients with both 
interictal psychotic episodes and PIPE (69); 10 initially 
experienced PIPE and went on to develop interictal psy-
chosis, while four patients experienced an interictal psy-
chotic disorder that remitted and later on developed PIPE. 
The mean age was 10.8 � 4.3 years at the onset of the 
epilepsy, 24.4 � 6.1 years for interictal psychosis, and 
33.8 � 4.5 years for PIPE. Furthermore, these patients 
did not differ with respect to the epilepsy-related char-
acteristics found in patients with only PIPE, as the four 
patients had bilateral EEG abnormalities and borderline 
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(or decreased) intellectual functioning. Kanner et al. com-
pared the development of interictal psychosis between 
18 patients with PIPE and 36 controls. Six of the patients 
with PIPE developed an interictal psychosis, while none 
of the controls did (Kanner et al., submitted). Finally, 
Devinsky et al. reported the case of a 49-year-old man 
who experienced partial seizures with unpleasant olfac-
tory hallucinations. Following the remission of his ictal 
symptoms he developed a disabling delusional syndrome 
consisting of a delusional belief that his body was emit-
ting foul odors (70).

CONCLUDING REMARKS

Postictal phenomena are relatively frequent and account 
to a great degree for the poor quality of life of patients 
with epilepsy. Despite their high prevalence, postictal 
symptoms—particularly, psychiatric symptoms—remain 
unrecognized and, not surprisingly, have been poorly 
studied. Future research will need to focus on the patho-
genic mechanisms mediating postictal symptomatology 
and to identify ways of minimizing its occurrence when 
seizure remission is not possible.
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developed. Older classifications categorize NCSE into 
two groups based on EEG findings: (1) absence status 
epilepticus (ASE) and (2) localization-related NSCE or 
complex partial status epilepticus. However, since mor-
bidity and mortality in NCSE stems from the underly-
ing cause of NCSE rather than clinical or EEG type, an 
emerging unifying approach is to divide NCSE based on 
whether it is due to a primary epileptic encephalopathy 
or due to some other brain pathology. Kaplan developed 
a detailed classification using clinical characteristics and 
EEG findings to categorize patients (1). This classification 
system includes (1) localization-related NCSE, (2) gen-
eralized NCSE (GNSE), and (3) indeterminate or inter-
mediate NCSE. GNSE is further divided as described in 
Table 14-1.

Classification of NCSE based on clinical presenta-
tions using exclusion criteria can be problematic. This 
difficulty is due to significant overlap among clinical 
characteristics of different types of NCSE. EEG patterns 
such as paroxysmal lateralized epileptiform discharges 
(PLEDs) may present in patients with facial twitching, 
subtle limb jerks, and an altered level of consciousness; 
however, these clinical signs can occur with SE. Infectious, 
toxic, or metabolic encephalopathy as well as psycho-
genic states with staring, mutism, or increased body tone 
(such as with benzodiazepine withdrawal encephalopa-
thy, lithium toxicity, serotonin syndrome, and neuroleptic 

INTRODUCTION

Nonconvulsive status epilepticus (NCSE) is a condition of 
continuous or intermittent epileptic activity without con-
vulsions associated with electroencephalographic (EEG) 
evidence of seizure. NCSE encompasses a number of clini-
cally distinct groups: (1) complex partial status epilepti-
cus (CPSE), (2) typical absence (a rare subtype), and (3) 
status epilepticus (SE) in comatose patients. It may occur 
in about 8% of all comatose patients without evidence of 
significant motor signs and may persist in 14% of patients 
following generalized convulsive status epilepticus. NCSE 
is underrecognized and underdiagnosed. However, with 
the increasing awareness of varying clinical presentations 
of NCSE and access to EEG testing, clinicians should be 
better able to identify and manage this challenging group 
of disorders.

DIFFERENTIAL DIAGNOSIS AND 
CLASSIFICATION

The diagnosis of NCSE traditionally entails the clini-
cal picture of abnormal mental status with diminished 
responsiveness, a confirmatory epileptic pattern on 
EEG, and, often, an improvement with antiepileptic 
drugs (AEDs). Several classification systems have been 
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TABLE 14-1
Categories of Nonconvulsive Status Epilepticus

I. Generalized nonconvulsive status epilepticus (GNSE)
A. Absence status epilepticus (ASE)
i. Typical absence status epilepticus (TAS) occurring in idiopathic generalized epilepsies, with 3/sec spike-and-wave
ii. “De novo” reactive (situation-related) absence status in the elderly usually with neuroleptic medications, or 

following drug withdrawal
iii. Absence states with degenerative generalized epilepsies; progressive myoclonic epilepsies
iv. Secondary generalized NCSE of frontal or temporal lobe origin

II. Atypical absence status epilepticus (AASE)
Seen in childhood with secondary generalized epilepsy, usually with mental retardation (cryptogenic and 

symptomatic) e.g., with Lennox-Gastaut Syndrome. EEG shows “slow” spike-and-wave at � 2.5 Hz
IIa. Simple partial status epilepticus (also see IIb)

i. Frontal lobe simple partial NCSE with affective/cognitive features
ii. Parietal lobe simple partial status with somatosensory features
iii. Temporal lobe simple partial status with autonomic features
iv. Occipital lobe simple partial status with visual features, with or without nystagmus

IIb. Complex partial status epilepticus (CPSE)
i. Frontal lobe (FCPSE)

   Frontopolar/frontocentral NCSE, with severe confusion and major behavioral disturbances (supplementary 
motor, cingular, orbitofrontal, dorsolateral frontal lobe epilepsies exist, but localized status is rarely documented)

ii. Temporal lobe (TCPSE)
a) Mesial temporal lobe

1) Hippocampal or medial basal, limbic (experiential hallucinations, interpretative illusions)
   2) Amygdalar or anterior polar amygdalar (nausea, fear, panic, olfactory hallucinations progressing to 

staring with oral/alimentary automatisms)
  b) Lateral (neocortical) posterior temporal lobe with auditory or visual perceptual hallucinations progressing to 

disorientation, dysphasia, and head movement (nystagmus, staring)
  c) Opercular/insular with vestibular/autonomic hallucinations (progressing to staring and oral/alimentary 

automatisms)
III. NCSE presentation by age (some overlap with IA and B)

i. Neonatal NCSE
ii. Myoclonic-astatic epilepsy with AASE
iii. Electrical status epilepticus during slow-wave sleep (ESES)
iv. Landau-Kleffner Syndrome (acquired epileptic aphasia)
v. Minor epileptic status of Brett

vi. Rolandic status
vii. NCSE in the elderly (also see IAii)

IV. NCSE presentation with learning delay and mental retardation (some overlap with IA, B, III i–v)
i. In children
ii. In adolescents
iii. In adults

V. Electrographic status in coma
i. Subtle status usually post convulsive status epilepticus (CSE)
ii. With major CNS damage, often with multi-organ failure (with facial, perioral and/or limb myoclonus), but 

without apparent preceding CSE.
VI. Allied ictal states

i. Confusion with paroxysmal lateralized epileptiform discharges (PLEDs) or (PLEDs-plus)
ii. Confusion with bilateral independent paroxysmal lateralized epileptiform discharges (BiPLEDs)
iii. Confusion with bilateral synchronous epileptiform discharges (BPEDs)
iv.  Epileptic encephalopathies: altered mental status with disorganized diffuse or multifocal epileptiform features 

(e.g. with hypsarrhythmia; “interictal” severe Lennox-Gastaut syndrome; borderline NCSE vs. triphasic wave 
toxic encephalopathies [lithium, baclofen, tiagabine])

Reprinted from Kaplan PW. Behavioral manifestations of nonconvulsive status epilepticus. Epilepsy & Behavior 2002;3:122–139. 
With permission from Elsevier
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malignant syndrome) may bear a clinical resemblance to 
NCSE. In some cases, even with EEG, these states can be 
difficult to distinguish from NCSE. A diagnosis of NCSE 
can be overlooked when it is hidden by a more obvious 
condition such as postictal confusion. A differential diag-
nostic list is given in Table 14-2.

THE CLINICAL AND BEHAVIORAL 
CORRELATES OF NCSE

A few general distinctions can be made between different 
types of NCSE. The following sections will discuss the 
clinical and behavioral aspects of various types of NCSE. 
Table 14-3 summarizes the differentiating characteristics 
of different types of NCSE.

Typical Absence Status Epilepticus (TAS)

TAS is often mistaken for depression, a toxic state, CPSE, 
postictal confusion, post-traumatic amnesia, hysterical 
behavior, or schizophrenia (2). Three quarters of cases 
present before 20 years of age. In one-third of the patients, 
TAS heralds epilepsy.

TAS starts abruptly. There are myoclonic eyelid 
jerking, gestural and ambulatory automatism with an 
unsteady or pseudo-ataxic gait, and myoclonus around 
the mouth—which may be pathognomonic for the syn-
drome. The typical behavioral features of TAS are variable

degrees of obtundation, mutism, delayed reactions, and 
confusion. Patients often fail to recognize people, and 
they appear disoriented and quiet. They have mild cloud-
ing of consciousness, psychomotor retardation, and poor 
communication, including nonsense speech. Usually ver-
bal output remains, but there are slowness and paucity of 
speech, with brief content. Usually, patients are aware of 
the situation with variable amnesia. Patients may notice 
visual hallucinations or a dreamlike state, and they may 
behave inappropriately.

An example of behavioral aberration in TAS is mak-
ing coffee twice over or putting on pants over the paja-
mas. Patients may also exhibit anger, hostility, aggression, 
impulsive behavior, and agitation, with childish behavior 

TABLE 14-2
Differential Diagnosis of NCSE

PHYSIOLOGIC BASIS

• Mitochrondrial encephalopathies
• Post-traumatic amnesia
• Complex migraine
• Transient global amnesia
• Transient ischemic attacks
• Vasculitis
• Toxic or metabolic encephalopathy
• Alcohol or benzodiazepine withdrawal
• Hypercalcemia
• Hypoglycemia
• Neuroleptic malignant syndrome
• Serotonin syndrome
• Drugs: Lithium, tricyclics, tiagabine

PSYCHOLOGIC BASIS

• Acute psychogenic spells
• Somatoform disorders
• Conversion reactions
• Malingering

TABLE 14-3
Behavioral Distinction among 

Types of Seizure

CLINICAL FEATURES TAS/AASE TCPSE FCPSE

Cognition
Impaired ���� ���� ����

consciousness
Fluctuating ���� �� ��

consciousness
Slowness �� � ��
Verbal automatisms � � �
Confabulation � � �
Paranoia � �� �

Mood
Brooding � � �
Mute � � ��
Ironic � � ��
Laughing � � ��
Anxious or frightened � �� �
Angry � � �
Irritable ���
Agitated � � �

Movements
Simple automatisms �
Complex � �� �

automatisms
Wandering � � �
Facial/global ��� � �

myoclonia

Percentage of affected cases: - � �10%; � � 11–25%; 
�� 26–50%; ��� �51–90%; ���� 	90%.

TAS � typical absence status epilepticus; AASE � atypi-
cal absence status epilepticus; TCPSE � temporal lobe complex 
partial status epilepticus; FCPSE � frontal lobe complex partial 
status epilepticus.

Adapted from Rohr-le-Floch J, Gauthier G, Beaumanoir A. 
États confusionelles d’origine épileptique: interêt de l’EEG fait 
en urgence. Revue Neurologique (Paris) 1988;144:425–436. With 
permission from Elsevier
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such as writing on the wall. Therefore, TAS typically 
presents with inappropriate rather than retrogressive or 
deteriorating behaviors.

Even with some amnesia depending on the severity 
of confusion and stupor, patients may remember some 
events and be able to perform some quite complex activi-
ties. One patient was able to write thoughts and feelings 
and the sequence of ictal events as the attack progressed. 
Patients sometimes described seeing the world differ-
ently, “not being there,” having uncontrollable pressured 
thoughts, or concern for losing their mind. In one case, 
a patient reportedly stared at a poem by Walter Scott, 
and the following day—surprisingly—retained the entire 
poem without having read it previously (2).

In contrast to CPSE, TAS has no postictal confusion 
or cycling in levels of responsiveness. Neuroimaging is 
normal. Cognitive compromise is mild compared to the 
severity of psychic symptoms.

Atypical Absence Status Epilepticus (AASE)

Atypical absence status usually occurs in patients with 
mental retardation or Lennox-Gastaut syndrome (LGS). 
The onset of status is often unclear, and interictal states 
may be hard to differentiate from ictal ones. AASE is 
typified by the relative alteration in attention, behav-
ior, and reactivity. Cognitive impairment is most often 
exhibited during AASE. Unlike TAS, tonic-clonic convul-
sions may trigger or terminate SE, though this is rare. 
About 50% of patients with AASE have perioral, facial, 
or limb myoclonus. Additional discussions are described 
in the sections on NCSE in Children and Adolescents 
with Delayed Development and NCSE in Adults with 
Mental Retardation.

Simple Partial Nonconvulsive Status Epilepticus

Nonconvulsive simple partial status epilepticus may 
be difficult to demonstrate because of the usually nor-
mal surface EEG. There may be ictal fear and bizarre 
abdominal symptoms with depression, mild confusion, 
and resistive or even suicidal behavior. Occipital simple 
partial status may show adversive eye movements with 
nystagmus, amaurosis, motor paralysis (somatoinhibitory 
status), and impairment of spatial perception that may be 
demonstrated only on neuropsychologic testing. Simple 
partial status is often assumed even in the absence of any 
EEG correlate.

Complex Partial Status Epilepticus (CPSE)

Originally described by Gastaut et al. in 1956, CPSE 
remained scantly reported, with less than 20 well-
documented cases by the 1980s (3). Several hundred 
cases have now been described. It is now widely 

agreed that CPSE is not a rare condition but is prob-
ably underrecognized.

Video EEG has demonstrated both cyclic and con-
tinuous varieties, with some patients evolving from one 
type to the other. Cyclic and continuous clinical patterns 
have also been noted in ASE, making differentiation 
between these two “types” of SE problematic (4).

CPSE almost always presents with an impairment 
of consciousness. Hippocampal, amygdalar, or amygda-
lohippocampal origin may produce a cycling in clinical 
behavioral correlates. When hippocampus and amygdala 
are involved, lip smacking, chewing, and gesticulatory 
automatism are typical. Patients are also noted to have an 
ongoing twilight state with impaired consciousness and 
some amnesia, motionless staring, and partial or arrested 
speech. Sometimes there are borborygmi, vocalizations, 
and perseveration.

When the seizure arises from extratemporal loci, 
visual illusion and hallucination, dizziness, or unilateral 
arm movements can appear. There may be a percep-
tion of warm feeling, nausea, somesthetic hallucination, 
facial pallor or suffusion, auditory hallucination, and 
jerks and tonic posturing of the arm. With seizures in 
the temporo-parieto-occipital region, alterations of vision 
and eye deviation with nystagmus can occur. Spreading to 
the temporal lobe could produce postural changes with 
peculiar limb automatisms, head turnings, or “wandering 
or fencing” posture. In contrast to generalized absence 
status, patients with temporal lobe CPSE often are mark-
edly unresponsive with strikingly abnormal behavior.

Thomas et al. differentiated two varieties of frontal 
NCSE. Type I had mood disturbances, affective disinhibi-
tion or indifference, and mild involvement of cognitive 
function, but without overt confusion. EEG revealed 
unilateral frontal seizure activity. In contrast, the less 
frequent Type II exhibited marked impairment of con-
sciousness, and the EEG showed bilateral asymmetric 
frontal foci on an abnormal background.

The unilateral frontal focus (Type I) was seen in 
patients who could perform daily tasks including dressing, 
eating, and washing and could follow simple commands. 
Conversely, complex tasks, such as subtracting serial 7s 
or copying simple patterns, could not be performed. Per-
severation and slowing of motor activity also occurred. 
Mood was often hypomanic with affective disinhibition 
or pressured speech. Some patients manifested indiffer-
ence with a blank facial expression, mutism, or blunt 
emotion. Amnesia was typically very mild. A few patients 
had cyclic fluctuations, with forced thinking, head or eye 
deviation, and, rarely, facial myoclonus. Automatisms 
including picking at clothes, rubbing, or scratching were 
seen. Complex bipedal or bimanual automatism and oro-
alimentary automatism were never observed.

Type II frontal lobe NCSE with bilateral ictal 
foci manifested as marked behavioral disturbances, 
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temporospatial confusion, perseveration, distractibil-
ity, and agitation. Behavior was cyclic. Some postictal 
patients had catatonia with simple gestural automatisms. 
Amnesia was present in all patients.

NCSE PRESENTING ACCORDING TO 
AGE OF EXPRESSION

Neonatal Nonconvulsive Status Epilepticus

In general, neonatal status presents differently from that 
seen at other ages. Nonconvulsive seizures may occur in 
premature and term infants with slight jerking, eye devia-
tion, eyelid fluttering, orofacial movement, autonomic 
changes, apnea, and limb movements including boxing, 
pedaling, or swimming movements. Seizures may persist 
for days, often without clear epileptiform morphologies on 
EEG, which may reveal high-voltage slow activity, burst 
suppression, or rhythmic activity. Electrographic seizures 
may occur without clinical correlate in many neonates.

NCSE in Infants

In patients with West syndrome, diagnosis is often prob-
lematic, as variability in attention can be difficult to 
recognize. Developmentally delayed infants may exhibit 
decreased affective and visual interaction when there is 
hypsarrhythmia. They often present with apathy, stupor, 
eye blinking, and salivation.

Primary generalized myoclonic-astatic epilepsy 
manifests as NCSE in 30% to 40% of patients. It is 
characterized by impairment of consciousness, varying 
from apathy to stupor, associated with facial and limb 
myoclonus, which is more apparent by palpation than 
by visual inspection.

In secondary generalized myoclonic-astatic epilepsy 
or LGS, there can be atonia, head nodding, facial myo-
clonia, obtundation, and developmental delay. These 
features will normalize with AEDs.

NCSE in Children with Normal Intelligence

Benign rolandic epilepsy rarely manifests as status epilep-
ticus. There have been only a handful of documented cases 
to date. This condition is characterized by facial weakness, 
speech arrest, drooling, swallowing difficulties, tonic head 
deviation, and confusion, with some EEG resemblance 
to ESES. Benign occipital nonconvulsive status can cause 
nausea, anorexia, and visual hallucination.

Syndromes with NCSE During Childhood

Electrical Status Epilepticus During Slow-wave Sleep 
(ESES). Electrical status epilepticus during slow-wave 
sleep (ESES) usually occurs in mentally retarded chil-

dren with speech disturbance with nighttime seizures or 
as an AASE. More than 60 cases have been published, 
with the typical spike-wave discharges occurring during 
non-REM sleep. Onset is between 1 and 14 years of age. 
Patients’ IQs vary between 45 and 80. Clinical presenta-
tion manifests as hyperkinetic and aggressive behavior, 
psychosis, memory impairment, and spatial disorienta-
tion associated with progressive language deterioration. 
ESES resembles Landau-Kleffner syndrome, although in 
the latter non-REM spike waves are rare, and there is 
a different psychologic clinical evolution. It is not clear 
whether the EEG findings are an encephalopathic epiphe-
nomenon or whether they are the cause.

Landau-Kleffner Syndrome (Acquired Epileptic Aphasia).
Although Landau-Kleffner syndrome is rare, some 200 cases 
have been reported, often in normally developing children 
between 3 and 7 years of age. Patients decline clinically 
over weeks to years with increasing receptive and expres-
sive aphasia, word agnosia (an inability to understand 
the meaning of sound), and decreased speech output or 
mutism. The EEG focus does not necessarily correspond 
to the hemisphere of language dominance. There may 
be hyperkinetic activity, personality changes, and intel-
lectual decline.

Minor Epileptic Status of Brett. A particular syndrome 
of minor motor status epilepticus (myoclonic encephalop-
athy) was delineated by Brett in 1966, with obtundation, 
head atonia, drooling, and mutism. There were asymmet-
ric eye, limb, and trunk myoclonus with a lurching gait 
(pseudoataxia). Many cases resembled Lennox-Gastaut 
syndrome.

NCSE in Children and Adolescents with 
Delayed Development

NCSE may be difficult to delineate in children and ado-
lescents with learning difficulties because it is often dif-
ficult to differentiate between changes caused by seizures 
and baseline cognitive and behavioral function. Patients 
may appear less talkative, cooperative, or attentive. Most 
patients have Lennox-Gastaut syndrome (LGS), but a rare 
case with Landau-Kleffner syndrome has been reported. 
Although clinicians are now more aware of the diagnos-
tic challenges of making the diagnosis of NCSE in LGS 
patients, few specific characteristics are available to warn 
clinicians about the presence of NCSE.

Additionally, NCSE in later childhood may include 
ASE, AASE, and CPSE. Reported findings include “some 
days he switches off”; “stares vacantly ahead, dribbling, 
answers questions very slowly, speech very slow and 
deliberate”; “sluggish, uncooperative and drowsy”; and 
“has periods of appearing deaf and blind”—referred to 
as a pseudodementia (5). Patients have been noted to 
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have “pseudoataxia” with impaired balance, bumping 
into objects, or walking into doors.

NCSE in Adults with Mental Retardation

As in children, it may be very difficult to recognize ictal 
behavioral abnormalities in adult patients with mental 
retardation. Frequently, it is also impossible to differ-
entiate continuous lateralized seizure activity (complex 
partial seizures) from atypical absences. Most patients 
are moderately to profoundly mentally retarded, often 
with lifelong epilepsy. In one series, observers describing 
NCSE behavioral changes noted “apathy for days; star-
ing vacantly into the air, appeared almost comatose”; 
that patient(s) were “extremely stubborn and would not 
eat or find the toilet”; that patient(s) “responded after a 
considerable delay”; “appeared anxious and insecure”; 
“had episodes of faintness with empty staring and peri-
oral movements”; “shut eyes while short lasting jerks or 
shivering affected the shoulders for hours”; “were restless 
and aggressive” during which time the patient(s) “could 
run straight against the wall”; or exhibited “unintelli-
gible verbal outbursts”; “perseverative answering of ‘yes’ 
to all questions”; “absent mindedness and clumsiness”; 
and “eye blinking with generalized shivering.” Patients 
universally had Lennox-Gastaut syndrome (6).

In conclusion, diagnosing NCSE in this patient 
population is more difficult, simply because it is harder 
to recognize deviations from ordinary behaviors in these 
patients than in higher-functioning patients. Often, impres-
sive psychiatric features suggest a psychiatric problem 
rather than NCSE, as there may be only subtle changes 
in attentiveness. There may be a gradual start and stop 
to these periods. A typical feature, however, is “regressive 
behavior” from the patient’s behavioral baseline.

NCSE in the Elderly

Diagnosis of NCSE in patients over 65 years of age is often 
missed or delayed, with the confusional state attributed 
to other disorders. Thomas et al. noted that a diagnosis 
of status could be delayed for eight hours to five days 
(7). The condition presented with clinical features such as 
“interrupted speech, catatonia, or slow and ataxic gait.” 
In this population of de novo late-onset reactive absence 
status, daily activities could still be performed by many 
patients, but decision making was impaired. Sometimes, 
automatisms such as chewing or compulsive handling of 
objects occurred with clinical evidence of frontal release 
signs and a Babinski reflex.

A review of patients seen at Johns Hopkins Bay-
view Medical Center and a literature review showed 
that almost 75% of patients over 40 years of age were 
women, with typical triggers being toxic/metabolic dys-
function, drug withdrawal, or the use of neuroleptic 

and psychotropic medications (8). Although one-fifth of 
those patients showed minimal obtundation, two thirds 
had some impairment of consciousness, with staring, 
unresponsiveness, and catalepsy (waxy rigidity), severe 
language dysfunction, mutism, and verbal perseveration.
There often were bizarre behaviors, agitation, aggressive-
ness, emotional lability, and hallucinations. Minor fea-
tures were eyelid twitching or facial and limb myoclonus. 
There often was marked clinical variability from patient 
to patient.

EEG EVIDENCE OF SEIZURE ACTIVITY

The diagnosis of NCSE requires EEG evidence of seizure. 
Without EEG, the diagnosis remains questionable, and 
the etiology of behavioral or cognitive change can only 
be speculated. Some EEG findings have been discussed 
in the preceding section.

In brief, absence SE demonstrates a continuous or dis-
continuous 3-Hz spike-and-wave pattern on EEG. In addi-
tion, irregular spike and wave, prolonged bursts of spike 
activity, sharp wave, or polyspike wave patterns may occur. 
Complex partial status epilepticus may show focal epilep-
tiform discharges that may be continuous or cyclical, with 
failure to regain consciousness between seizures.

The diagnosis of NCSE is straightforward when 
the EEG demonstrates typical ictal patterns. However, 
in many circumstances, EEG findings are difficult to dif-
ferentiate from other encephalopathic patterns. Differ-
entiation between NCSE and encephalopathies can be 
made by unequivocal electrographic seizure activity with 
typical evolution of EEG changes with a buildup of rhyth-
mic activity, periodic epileptiform discharges or rhythmic 
discharges with clinical seizure activity, and rhythmic dis-
charges with either clinical or electrographic response to 
antiepileptic medication.

PROGNOSIS

Prognosis of NCSE patients usually depends on the 
underlying etiology of NCSE (Tables 14-4, 14-5). CPSE 
in patients with epilepsy often recurs but responds to 
oral benzodiazepines. However, with systemic illness 
such as hypoxia and ischemic injury, head injury, stroke, 
infection, metabolic disorders, or dementia, the prog-
nosis of CPSE largely depends on the underlying ill-
ness. Prognosis is poor with anoxic insult. Patients with 
nonconvulsive status epilepticus in coma may require 
intensive treatment.

Typical absence SE often ends with a tonic-clonic 
seizure and rarely causes neuronal damage. Though oral 
benzodiazepines are usually effective, oral or IV sodium 
valproate are alternatives in cases where respiratory 
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depression is a concern. In de novo absence status, ongo-
ing AED treatment is usually not needed.

CONCLUSION

The management of elderly patients experiencing SE 
presents many challenges to clinicians. Diagnosis and 

treatment are often complicated by comorbidities or 
age-related physiologic changes. The severity of SE and 
increased mortality of elderly patients experiencing SE 
magnify these difficulties. Treatment options may have 
different efficacies in older versus younger patients. 
There are few available data that are directly applicable 
to the elderly. Further studies on diagnosis and treatment 
options are needed.

TABLE 14-5
Recommended Treatment for NCSE

TYPE OF SEIZURE TREATMENT CHOICE ALTERNATIVE

Typical absence SE (TAS) Oral or IV benzodiazepines Acetazolamide or valproic acid
Atypical absence SE (AASE) Oral or IV valproic acid Oral or IV benzodiazepines (with caution), 

lamotrigine, or topiramate
Complex partial SE Oral, rectal, or IV benzodiazepines IV lorazepam and phenytoin (fosphenytoin) or 

phenobarbital
Electrical SE during sleep Oral clobazam Other benzodiazepines, corticosteroids, or subpial 

transection
Nonconvulsive SE in coma IV benzodiazepines and phenytoin  Concomitant anesthesia with thiopental sodium,

(fosphenytoin) or phenobarbital   pentobarbital, propofol, or midazolam

IV � intravenous
Adapted from Wallace MC. Diagnosis and treatment of nonconvulsive status epilepticus. CNS Drugs 2001;15(12):931–939. 

With permission from Adis International.
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Reflex Epilepsies
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Overall, the following types of provocative stimuli 
have repeatedly been reported in the literature: visual 
stimuli, startle, reading, speaking, tactile or somatosen-
sory stimulation, drawing, praxis, listening to music 
(auditory), eating, bathing, arithmetic, thinking, decision 
making, and gaming (see for reviews 7, 8). Especially 
in the more complex type of reflex epilepsies, a general 
underlying provocative factor such as stress and emotion 
might play an important role: One patient with musi-
cogenic epilepsy, for example, mentioned that seizures 
occurred exclusively when a specific part of an organ 
recital was played. That piece had been played in the 
church during the funeral of his father.

Most commonly, stimuli leading to seizures are 
sensory and external; others are internal triggers such 
as arithmetic, thinking, and decision making. This dif-
ference in trigger type must undoubtedly have impact 
on the behaviors and attitudes toward epilepsy of the 
respective patients, although no studies or reports have 
been made on this topic.

No patients have been reported in the literature with 
a history of more than one type of sensory or motor stimu-
lus; whether it does not exist or simply is not detected as 
such is unclear. In this regard, in a recent case a 57-year-old 
man with temporal lobe epilepsy had 40% of his seizures 
provoked by tooth brushing, looking at the toothbrush, 
or even thinking about the brush (9). A somewhat wider 

t is a well-known fact that seizures 
can be provoked in general by both 
physical and mental stress. Physical 
stress includes fever, sleep depriva-

tion, hyperventilation, drug or alcohol withdrawal, men-
struation, and physical exercise. Mental or emotional 
stress is less clearly demonstrable and can be due to either 
happy occasions (birthdays, holiday celebrations, or the 
like), or more negative ones (problems at work, major 
life events such as death or divorce) (1).

In a recent prospective questionnaire survey among 
1677 patients in Denmark, Norway, and the United States 
with a mixed epilepsy background, emotional stress 
(21%), sleep deprivation (12%), and tiredness (10%) 
were the most cited provocative factors (2).

About 6% of epilepsy patients recognize specific fac-
tors as their only or predominant precipitant of seizures. 
Usually the triggers are brief and sudden such as flashing 
lights, sudden noises, and tapping, provoking myoclonic 
jerks especially; they can also be more complex and gradual 
such as reading, thinking, listening to music, also with less 
sudden seizure expressions (temporal lobe type of seizures). 
All these patients have so-called reflex seizures and reflex 
epilepsies. If the trigger is exceptionally specific or exotic, 
the epilepsy is even named after the provocative factor such 
as mah-jong epilepsy, telephone epilepsy, vacuum cleaner 
epilepsy, and tooth brushing epilepsy (3–6).

I
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epileptogenic network seemed to be involved than usually 
is considered in the reflex epilepsies.

Apart from the fact that reflex epilepsies are charac-
terized by seizures consistently related to specific modes 
of precipitation either with or without spontaneous sei-
zures, specific syndromes among the reflex epilepsies also 
have recently been recognized: idiopathic photosensitive 
occipital lobe epilepsy, other visual sensitive epilepsies, 
primary reading epilepsy, language-induced epilepsy, sei-
zures induced by thinking, eating epilepsy, and musico-
genic epilepsy (10).

The most common provocative factor (5%), well 
described (11) and by far the best-studied (12–14), is 
visual stimulation in its various forms (flickering sunlight, 
television, video games, and striped patterns). There are 
several reasons for this:

1. Flickering lights are rhythmic and are therefore 
more likely to lead to synchronization and thus to 
epileptic seizures than are, for example, music and 
bathing.

2. Flickering light is a relative simple and strong sen-
sory stimulus, which can be detected easily in daily 
life (flickering sunlight).

3. Epileptic sensitivity to visual stimuli starts usually 
around 8 years of age and is at a maximum in ado-
lescence. Lifestyle (disco, TV viewing at close dis-
tances) often leads to the first seizure, with a large 
impact as a result.

4. There is a simple equivalent, in the form of Intermit-
tent Photic Stimulation (IPS), that can be applied 
during an electroencephalographic (EEG) recording 
and easily repeated.

5. Modern daily life is increasingly full of strong, 
repetitive visual stimuli, both at work and school 
(computer, TV) and during recreation (disco, video 
games).

This reflex phenomenon has fascinated clinicians for ages, 
and many case reports have been written.

The counterpart of provocation of seizures—reflex 
inhibition of seizures by specific actions, such as rubbing 
the skin or singing, as described by Vizioli in 1962 (15)—
is rarely mentioned but must exist in a less conspicuous 
form in many patients (see also Matsuoka, Chapter 16, 
this volume). Vizioli described a boy who could suppress 
the generalization of his temporal onset seizures by sing-
ing any melody during his aura.

Reflex epilepsies have mainly been studied to learn 
more about the neuro- and pathophysiology of epilepsy. 
Behavior is a subject that has not been much touched 
upon. Only the self-inducing patients are known to have 
behavioral problems, which is not surprising, since it is 
rather strange that anyone would want to evoke seizures 
instead of suppressing them. Because of the difficulty in 

treating these patients, some behavioral intervention tech-
niques have been described. Nevertheless, in this chapter 
an attempt will be made to highlight the issue of behavior 
in patients with reflex epilepsy, since it might help under-
stand and treat epilepsy patients more effectively.

REFLEX SEIZURES AND BEHAVIOR

Psychosocial problems are more common among chil-
dren with epilepsy than among controls (odds ratio 
five to nine) and are significantly related to epilepsy 
syndrome, main seizure type, age at onset, and seizure 
frequency (16).

No studies have been performed in patients with 
reflex epilepsies regarding these aspects. It has been 
hypothesized that the unpredictability of the occurrence 
of seizures especially causes feelings of anxiety and low-
self esteem (17). Patients with reflex seizures do not have 
these problems, since there is a clear “explanation” for the 
seizures and seizures can be prevented by avoidance of 
the stimulus. Many of them are very creative in this respect; 
for example, a mother with a baby with hot-water epilepsy 
stopped bathing her child and wiped the baby clean with 
moist towelettes. A computer specialist figured out which 
screens were “safe” to use. A photosensitive patient found 
out that, for him, green glasses were the most effective 
measure to prevent visually triggered seizures, and this 
was later confirmed during an EEG with IPS.

The provocation of seizures by visual stimuli such 
as TV and flickering sunlight is rather well recognized 
nowadays, thanks to many publications in this field and 
dissemination of this knowledge to a broad public. Espe-
cially, outbreaks of photically induced seizures, such as 
by the video game Nintendo Super Mario World in 1992 
or by the cartoon Pokémon shown in Japan on December 
16,1997 (18, 19), have made the general public aware of 
the possibility that visual stimuli can provoke seizures in 
susceptible persons. Furthermore, inserts in manuals for 
video games, for liability purposes, remind the individual 
buyers of the possibility that playing video games can 
provoke epileptic seizures.

Other, more exotic stimuli are definitely less recog-
nized by patients, family members, and physicians. There-
fore, reflex epilepsy patients are seen by psychiatrists and 
psychologists—having a story about a specific trigger lead-
ing to seizures is considered abnormal behavior, and psy-
chiatric consultation is the result. This was the case with a 
30-year-old Dutch male patient complaining about simple 
and complex partial seizures and secondarily generalized 
tonic-clonic seizures (GTCS), all after answering a tele-
phone, including his mobile phone, during both working 
hours and a holiday. The seizures started as follows: He 
could hear and recognize the voice through the phone but 
could not understand the meaning of the spoken words 
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(described as “hearing out of phase”; “as if a strange lan-
guage is spoken”). When he tried to answer, his words did 
not make sense, and further loss of contact with the sur-
roundings followed (4). His general neurologist sent him 
immediately to the psychiatrist, but all neuropsychologic 
and psychiatric tests were normal. Later EEGs confirmed 
the reflex epilepsy nature of the complaints, and carbam-
azepine treatment was successful.

SELF-INDUCTION OR AUTO-INDUCTION

In General

Very few patients provoke seizures themselves by apply-
ing their reflex mechanism. They are called self-inducing 
patients. There is surprisingly little data about the rea-
son why patients self-induce, apart from about 250 case 
reports that have been published so far. The vast majority 
are children using a visual stimulus. Most parents rec-
ognize the behavior as abnormal. Therapy resistance to 
antiepileptic drugs (AEDs) and to attempts to persuade 
and re-educate the child is characteristic. Although men-
tally retarded patients are mentioned often, by no means 
are they the majority; mentally retarded patients show the 
self-inducing behavior more bluntly, and it is also more 
accepted as such.

Fabisch and Darbyshire investigated a two-year-old 
boy who overbreathed regularly and increasingly in his 
bed, evoking a dazed state with eyes upwards and loss 
of consciousness. When the hyperventilation-induced 
attacks started to become longer, the absences ended in 
vomiting and incontinence. Treatment with ethosuximide 
(ESM) and primidone (PRM) did not help, but aversion 
techniques with drug-induced vomiting did for at least 
six months (20).

Voluntary bilateral compression of the carotid 
arteries, with jerks and loss of consciousness, has also 
been reported in a mentally retarded patient (21). Bebek 
et al. described self-induction in 9 out of 34 adolescents 
with hot water epilepsy. They poured water over their 
heads repeatedly while increasing the temperature of 
the water (22).

Other types of reflex mechanisms to self-induce 
seizures seem not to have been reported, but most likely 
they are not (yet?) recognized as such, since self- induced 
seizures are rare and often misdiagnosed as some sort of 
tic or strange behavior.

Self-Induction with Visual Stimuli

Radovici described in 1932 the first recognized self-
inducing patient, who used bright sunlight (23). Patients 
generally wave hands in front of their eyes or blink with 
their heads turned toward the sun (sunflower syndrome). 

Rhythmic rubbing of the forehead is another way of 
producing intermittent flicker, and maybe a somato-
sensory component adds to the effect. A strong artificial 
light can also be used. With the introduction of the TV in 
the 1960s, use of the screen as a means to self-induction 
became relatively popular: Several cases have been 
described with children being “drawn like a magnet” to 
the screen and being in trance, sometimes in combina-
tion with hand waving and blinking (4). Diagnosis can 
be very difficult, since many children are fascinated and 
attracted by the TV and therefore go closer and closer, 
absorbed in the program. Furthermore, in photo- and TV-
sensitive patients the screen by itself evokes staring and 
loss of consciousness. Compulsive behavior and inability 
to change the behavior of the child to stay at a greater 
distance and use the remote control are strong indicators 
of self-induction.

Self-induction with striped and checkerboard pat-
terns with high contrast are even rarer. Circular black-
and-white patterns have also been described recently 
(24). The behavior of the child, seeking for patterns and 
being absorbed while looking at them, is in these cases 
very bizarre and thus easily recognized as self-induction. 
The combination of sunlight and curtains and fences can 
produce strong stimuli. One patient, an adolescent farmer 
boy, discovered that he could obtain certain sensations 
from standing in front of a snow fence when the sun was 
low and rocking back and forth so as to produce a flicker. 
He could also run back and forth under trees, using the 
interruption of the sunlight by the branches (25). Most 
patients, however, use more convenient methods such 
as eye blinking (14), and a change from hand waving to 
blinking is often noticed when the child gets older.

Until now the debate continues about whether 
the blinking and hand waving should be considered as 
part of the seizure itself (26, 27; eyelid movement with 
absences) or as the preceding act to evoke epileptiform 
discharges. The discrimination between the two is easy 
when the child or adult admits that he evokes the dis-
charges and seizures deliberately. However, many persons 
feel ashamed of doing this, have developed a reflex type 
of more or less unconscious behavior, and thus will not 
or cannot tell the doctor.

Sparse EEG studies showed self-induction varying 
from 0.01 % (28) to 35% (14) of the 5% of all epilepsy 
patients who are photosensitive. Long term video-EEG 
monitoring increases the likelihood of finding self-inducers. 
In addition to observation of the patient, typical slow eye 
closures can be recorded (29).

Psychiatric Evaluation

In the literature there is mention of several reasons to 
self-induce: pleasure comparable to masturbation, com-
pulsive behavior, reduction of irritability and anxiety, as 
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well as a method to escape difficult situations (4, 25, 
30, 31). Some authors have described in more detail the 
psychologic backgrounds, searching for reasons for the 
self-inducing behavior. Although it is difficult to general-
ize about motivational factors, all describe psychosocial 
problems, especially in relationship with the parents. Har-
ley et al. considered them all as sensitive children who 
felt “different,” inadequate, and unloved in families with 
little warmth (25).

A detailed report of psychoanalysis was given 
by Gottschalk of a 10-year-old only child, a boy with 
“screen spells” who underwent psychoanalysis for 
a period of 28 months with follow-up for another 
five years (32). This boy looked out the window into 
bright lights, looked occasionally at checkered or striped 
patterns on clothes, tablecloths, or drapery, with expres-
sion ranging from staring spells and jerks in the upper 
arms up to “grand mal” seizures. The onset of his stereo-
typed behavior occurred at the time his father left home to 
enter active duty in the army and his mother treated him 
as a man. He was adjudged by the psychiatrist as a very 
immature boy with whom it was difficult to establish 
close rapport. The boy explained his screen spells as 
“hypnotic powers, a habit, very silly.” He considered 
these also as “uncontrollable attacks of rage,” precipi-
tated by seemingly trivial frustrating events. It gave him 
control and protection. AED treatment with bromides 
and phenytoin helped only partially. He felt also a ter-
rible fear of punishment and abandonment for his for-
bidden impulses and primitive tensions. Becoming more 
aware of the mechanisms of his behavior, he started to 
feel ashamed and guilty and also recognized that he tried 
not to do it, but could not help it. After he left home 
at age 13 and learned how to handle his tensions, the 
spells gradually disappeared. Gottschalk considered the 
episodes as a kind of hysterical conversion, without a 
clear explanation of it.

No mention has ever been made of psychotic or 
manic episodes in patients with self-induced reflex epi-
lepsies. Whether depression is an important reason to self 
induce is uncertain.

In the experience of the author, patients (children 
and adults) seem to have found a way to cope with daily 
life problems by using their escape mechanism. Nearly 
always there are problems between parents and children. 
Close collaboration with a psychiatrist knowledgeable in 
epilepsy is important to help the family (33).

Treatment

Preventive measures such as dark brown- or blue-colored 
glasses in photosensitive patients do not seem to work 
in self inducing patients; they manage to look around 
them or simply lose them. Prospective studies of phar-
macological therapy are lacking. However, the scarce 

available clinical data suggest that patients respond best 
to immediate high dosages of the drugs that prevent 
the sensitivity to visual stimuli, such as valproate, in 
combination with psychologic treatment and, if neces-
sary, such drugs as fenfluramine (34) and the dopamine-
blocking agent pimozide (35). A prospective trial with 
pimozide at low doses of 2 mg was performed in 8 
of the 37 invited self-inducing patients. Most patients 
were not interested in a trial, since the self-induction 
did not bother them; only teenagers wanted to get rid 
of their habit because they were nagged by their peers 
(35). The last-mentioned trial was performed based 
on the assumption that self-induction can be consid-
ered equivalent to self-stimulation in animals. In four 
patients a considerable decrease in self-induction rate 
was registered in the long-term video EEG recording; in 
two an increase was found. It appeared that although a 
slight increase in photosensitivity was found in the EEG, 
psychiatrists should not worry too much about anti-
psychotic treatment worsening the seizures. Increased 
fatigability and dystonia, however, were indeed found. 
Most remarkable was the complete lack of interest of 
the participating patients in the outcome of the trial. 
It was clear that they liked the attention they received 
during the trial very much but did not bother about its 

TABLE 15-1
Issues to Consider in the Evaluation of 

Self-Inducing Patients

History
• Short-lasting seizures are repeatedly evoked by 

waving or blinking in bright sunlight or by looking at a 
close distance at the TV or at patterns.

• Episodes have a very high frequency; although GTCS 
might occur, usually the seizures are of very short 
duration, such as absences and jerks in the arms.

• During these episodes the self-inducer is lost in him-
self, and attention can be gained only by shouting or 
by touching.

• Compulsive stimulus-seeking behavior is exhibited.
• Psychosocial and learning problems are common.
• Intelligence can be normal or (slightly) abnormal.
Investigations
• EEG: Long-term video EEG recording with periods of 

inactivity and lack of attention, preferably in a sunny 
environment

• Psychiatric evaluation
• Ophthalmologic evaluation
Treatment
• High-dosage AEDs from the start, and dark glasses in 

addition
• Psychosocial support
• Neuropsychiatry drugs such as pimozide and 

fenfluramine if nothing seems to help
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outcome. They all lost the diary. Noncompliance is a 
well-known problem in self-inducers.

SUMMARY AND CONCLUSIONS

Behavioral and psychiatric disorders are very little 
studied or described in patients with reflex epilepsy. 
No epidemiological, controlled, or prospective studies 
exist, possibly not only because a minority (6%) of 
epilepsy patients have a diversity of reflex seizures, but 
also because behavioral problems seem uncommon. On 
the other hand, the behavioral component in the self-
inducing patients is recognized at large, albeit hardly 
studied, let alone treated as such. In many cases, the 
relationship between parents and child is disturbed 

and intervention is necessary. The age and intelligence 
of the patient should especially be taken into account 
when considering psychosocial intervention therapy. 
The younger the patient, the greater the effect; most 
likely this is due to environmental factors such as peer 
pressure and to a lesser degree of imprinting and con-
ditioning of the reflex behavior.

The diagnosis of reflex seizures depends highly on 
accurate and experienced history taking, capacity for 
observation of the patient inside and outside the hospital, 
and, above all, an open mind on the part of the neurolo-
gist. The self-inducing patients need neuropsychologic 
evaluation and involvement of a child psychiatrist knowl-
edgeable in the field of epilepsy. Table 15-1 summarizes 
the issues to consider in the evaluation of self-inducing 
patients.
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Behavioral Precipitants 
of Seizures

Hiroo Matsuoka
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activation protocol, which we call neuropsychologic EEG 
activation (NPA), that tests for various mental activities 
(3–5). “Routine NPA” comprises reading silently and 
aloud, speaking, mental calculation, written calculation, 
writing, and spatial construction. Detailed descriptions 
of these activities were as follows.

1. Reading silently: Subjects silently read three Japanese 
sentences that were printed on a sheet of paper and were 
quoted from the Japanese version of the Binet test.

2. Reading aloud: Subjects read the same sentences out 
loud that they had read silently.

3. Speaking: Subjects described from memory what 
they had read silently and aloud.

4. Mental calculation: Subjects responded aloud with 
answers to four arithmetic problems. When a calcu-
lation was difficult for the subject, an easier problem 
was presented.

5. Written calculation: Subjects responded in writing 
to one arithmetic problem.

6. Writing: Subjects were asked to write out two 
Japanese sentences in phonograms (kana) and three 
Japanese phrases in ideograms (kanji).

7. Spatial construction: Subjects were instructed to 
draw a fish, a human face, and a clock, and they 
performed the block design test using 9 blocks of the 
Wechsler Adult Intelligence Scale-Revised (WAIS-R) 
(see Table 16-1 for more details).

ehavior is the manifest aspect of 
mental activity. It remains unclear 
how much mental activities have an 
impact on each epilepsy or seizure, 

since standard electroencephalographic (EEG) examination 
usually includes only sleep, hyperventilation, photic stimula-
tion, and opening and closing of the eyes, but not systematic 
mental tasks. Reflex epilepsies induced by daily behaviors 
such as movement, tapping, toothbrushing, eating, bathing, 
reading, singing, calculating, speaking, writing, drawing, 
game playing, and thinking have been described in the lit-
erature, but such triggers are considered to be uncommon. 
For example, standard EEG recordings at the Mayo Clinic 
in the United States included a mental arithmetic calcula-
tion task, but only 1 patient showed an EEG effect out of 
patients screened in over 100,000 recordings (1).

On the other hand, it has been pointed out that various 
daily mental activities can facilitate or inhibit seizure occur-
rence beyond expectation in patients with epilepsy (2).

REFLEX EPILEPSY INDUCED BY BEHAVIORS

Special EEG Activation Method 
(“Routine NPA”)

To examine how much behavioral activities influence 
epileptic EEG discharges, we devised a particular EEG 

B
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It took 10–20 minutes for each patient to accom-
plish the routine NPA. A surface electromyogram was 
often monitored to detect myoclonic seizures. Simultane-
ous video-EEG monitoring during the routine and detail 
NPA was utilized for later analysis.

Influence of Behavior on Epileptic Discharge

We studied 480 patients with epilepsy (247 males and 
233 females), after obtaining each participant’s informed 
consent (5, 6). All but 18 patients were treated with anti-
epileptic drugs (AEDs), and 25 patients were also given 
neuroleptics for psychiatric disturbances. At the time of 
EEG examination, mean age and standard deviation of 
the sample was 26.3 � 10.8 years (range 10–66 years). 
The mean duration of illness was 10.8 � 9.5 years (range 
1–59 years). Criteria for sample selection and classifi-
cation of epilepsies and epileptic syndromes have been 
shown in detail elsewhere (5).

To exclude the contamination of incidental dis-
charges unrelated to activation, we defined the NPA effect 
operationally, based on the EEG in a state of relaxed 
wakefulness (including opening and closing of the eyes), 
known as the awake EEG.

When no discharge was found on the awake EEG, 
“an NPA provocation effect” meant that one or more 
tasks induced paroxysmal discharges and that its repro-
ducibility was confirmed by retrial. No discharge in 
the awake or NPA condition was judged as “no NPA 
provocation  effect.”

When epileptic discharges were found on the 
awake EEG, the activation rate was calculated for each 
task as follows. The number of discharges per record-
ing time (number per minute) in each task condition 
that induced paroxysms was divided by the frequency 
(number per minute) in the awake condition. We ten-
tatively defined the “provocative NPA effect” as above 
2.0, “inhibitory NPA effect” as below 0.5, and “zero 
NPA effect” as between 0.5 and 2.0, according to the 
activation rate.

NPA showed an inhibitory effect in 133 (63.9%) out 
of 208 patients with paroxysms in the awake EEG. On 
the other hand, the provocative effect of NPA tasking was 
observed in a total of 38 (7.9%) out of 480 patients, com-
prising 18 patients without paroxysms and 20 patients 
with paroxysms in the awake EEG.

Triggers identified by NPA were writing in 
26 patients, spatial construction in 24, written calcula-
tion in 21, mental calculation in 3, and reading aloud 
or silently in 2. One patient with temporal lobe epilepsy 
among 38 patients sensitive to NPA showed nonspe-
cific psychic tension, unrelated to the NPA tasks, to be 
a trigger. These triggers were almost the same as those 
identified by the previous history in these patients.

Epilepsy and Seizure Type 
Related to Behavioral Precipitants

The patients who were examined in our study showed a 
wide distribution of epilepsies and epileptic syndromes 
(5), with 36 out of the 38 patients showing provocative 
NPA effects being classified as having idiopathic gen-
eralized epilepsy (IGE). The remaining 2 patients were 
classified as having temporal lobe epilepsy (cryptogenic 
localization-related epilepsy). The percentage of patients 
with provocative NPA effect was 24.7% in IGE, and 
1.0% in cryptogenic localization-related epilepsy.

Among IGE patients, NPA provocative effects were 
found in 22 (46.7%) with juvenile myoclonic epilepsy 
(JME); 6 (15.8%) with grand mal seizures on awakening 
(GMA); 3 (16.7%) with juvenile absence epilepsy (JAE); 
1 (7.1%) patient with childhood absence epilepsy (CAE); 
and 4 (12.9%) with other generalized idiopathic epilep-
sies not defined above. Since four epileptic syndromes 
(JME, GMA, JAE, and CAE) overlap in their manifes-
tations and the boundaries between them are obscure, 
there may be a nosologic relationship between these IGE 
subtypes (7, 8). Seizure susceptibility to mental activities 

TABLE 16-1
Routine Neuropsychologic EEG Activation

(1) Reading silently
Last night a fire broke out about 10 o’clock at 
Asakusa in Tokyo. The fire was put under control for 
an hour, in which 17 houses were destroyed. When 
a fireman rescued a girl who was sleeping soundly 
on the second floor, his face was burned.

(2) Reading aloud
(use the same sentences as (1))

(3) Speaking
(use the same sentences as (1))

(4) Mental arithmetic calculation
18 � 7, 23 � 48, 11 � 11, 125 
 5

(5) Written arithmetic calculation
15 � 67 � 23 � 48

(6) Writing
There is a large tree on the top of a mountain.
The sun rises in the east.
The 4 cardinal points
The 4 seasons
The Prime Minister

(7) Spatial construction
Drawing figures
Block design test
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in IGE suggests a pathophysiological similarity between 
syndromes.

According to the combinations of myoclonic seizure, 
absence seizure, and generalized tonic-clonic seizure, the 
IGE patients were divided into 7 groups as shown in 
Table 16-2. The groups comprising patients with myo-
clonic seizure showed higher provocative NPA effect rates 
(minimum; 36.8%, maximum 50.0%) than the others 
(minimum; 0.0%, maximum 7.7%).

MECHANISM OF BEHAVIORAL 
PRECIPITANTS

We conclude that certain behaviors such as reading, 
speaking, calculating, writing, drawing, and thinking 
inhibit and provoke seizure activity of the patients with 
epilepsy in 63.9% and 7.9%, respectively, and that the 
provocative effects were closely related to the epilepsy 
subtype (JME among IGE) and seizure type (myoclonic 
seizures). Such relevance may be linked to the patho-
physiology of seizure-induction mechanism by behavioral 
activity (5, 6, 9).

Special EEG Activation Method (“Detail NPA”)

When the routine NPA induced epileptic discharges in 
our study, a “detail NPA” was conducted to identify 
the precipitating factor precisely [3–5]. Table 16-3 out-
lines the detail NPA tasks and their respective cognitive 
categories,  which are number-coded.

Neuropsychologic Evaluation

From the detailed NPA findings, we identified three activ-
ity types related to seizure induction (Figure 16-1): (1) 

TABLE 16-2
Seizure Types in 146 Patients with Idiopathic Generalized Epilepsy

   NUMBER (%) OF PATIENTS WITH

COMBINATION SEIZURES TOTAL NUMBER OF PATIENTS PROVOCATIVE EFFECT OF NPA

MS only 12 6 (50.0%)
MS with GTCS 21 9 (42.9%)
MS with AS and GTCS 25 10 (40.0%)
MS with AS 19 7 (36.8%)
GTCS only 26 2 ( 7.7%)
AS with GTCS 34 2 ( 5.9%)
AS only 9 0 ( 0.0%)
(total) 146 36 (24.6%)

NPA: neuropsychologic EEG activation; MS: myoclonic seizure; GTCS: generalized tonic-clonic seizure; AS: absence seizure

hand movement independent of higher mental activity 
(motor activity), (2) higher mental activity not requiring 
hand movement (thinking activity), and (3) higher mental 
activity requiring hand movement (action-programming 
activity).

To isolate motor activity as the seizure-inducing 
factor, we employed detailed NPA tasks requiring no 
higher mental activity (i.e., finger tapping, fine finger 
movement, and drawing meaningless lines). If a patient 
showed provocation of epileptic discharges during 
these tasks comparable to the provocation observed 
with writing, written calculation, or spatial construc-
tion, we judged the precipitating factor to be motor 
activity.

When motor activity was negligible, we further 
explored whether epileptic discharges would be triggered 
by thinking activity or action-programming activity. We 
carefully analyzed the video-EEG data and employed 
detail NPA tasks that did not require hand movement 
(i.e., visualizing letters and constructing sentences in the 
mind relative to writing, mental calculation relative to 
written calculation, and mental construction of a block 
design illustrated in the block design test of WAIS-R rela-
tive to spatial construction).

We judged the associated trigger to be thinking activ-
ity when epileptic discharges were induced by the tasks 
without hand movement, and we judged the trigger to 
be action-programming activity when epileptic discharges 
were induced only by tasks requiring hand movement. We 
excluded from this analysis any epileptic discharges that 
were induced during the testing if a subject was perplexed 
or embarrassed, since this made it difficult to identify the 
precipitating factor precisely. Based on the task demands 
of NPA, we carefully analyzed two activity types related 
to seizure induction: linguistic (or verbal) activity and 
praxic activity.
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TABLE 16-3
Detail Neuropsychologic EEG Activation

(1) Writing
1. Spontaneous writing
2. Dictation
3. Copying
4. Spontaneous writing blindfolded
5. Dictation blindfolded

  6. Dictation by foot
Each was examined for Japanese letters (Hiragana, 
Katakana, Kanji), Roman letters, and English letters.

(2) Speaking
1. Spontaneous speaking
2. Reading aloud
3. Repeating

Each was examined in Japanese and English.

(3) Other verbal activities
1. Reading silently
2. Visualizing letters
3. Constructing sentences in the mind

(4) Calculation
1. Written arithmetic calculation
2. Mental arithmetic calculation
3. Calculation using an abacus
4. Calculation using an electronic calculator

Each was examined for subtraction, addition, 
multiplication, and division.

5. Uchida-Kraepelin’s psychodiagnostic test

(5) Spatial construction
1. Spontaneous drawing
2. Sketching maps
3. Copying figures
4. Matchstick pattern reproduction
5. Block design test of WAIS-R*
6. Making plastic models
7. Mental construction of  block design 

(using illustrations of block design test of 
WAIS-R*) 

(6) Other tests
1. Finger tapping
2. Fine finger movement (tremolo)
3. Drawing meaningless lines
4. Using a screwdriver
5. Bourdon cancellation test
6. Undoing puzzle rings
7. Hand, eye, and ear tests
8. Finger agnosia tests
9. Color classification

10. Humming
11. Singing

WAIS-R: * Wechsler Adult Intelligence Scale—Revised.

CLASSIFICATION OF BEHAVIORAL 
PRECIPITANTS

Two Dimension Hypothesis of Reflex Epilepsy

We propose a hypothesis for the seizure-induction 
mechanism in IGE patients sensitive to mental activity 
(5, 6, 9). Reading epilepsy is excluded in this hypoth-
esis because we had no patients with reading epilepsy. 
Precipitating factors were divided into two dimen-
sions: action-programming vs. thinking activity, and 
linguistic vs. praxic activity (Figure 16-2). Planned 
multiple tasking, such as NPA, is necessary to analyze 
precipitating factors as mentioned above. The neces-
sity of hand movements in the seizure-inducing tasks 
differentiates the action-programming activity from 
the thinking activity. The necessity of language in the 
seizure-inducing tasks differentiates the linguistic activ-
ity from the praxic activity.

There was no patient in whom the precipitating factor 
was judged to be motor activity rather than mental activ-
ity. Action-programming was critical for the induction of 
epileptic discharges in 32 out of the 36 IGE patients with 
provocative NPA effects. Among 32 patients, 5 patients 
showed the precipitating factor to be restricted to linguistic 
activity, that is, writing. The remaining 27 patients were 
affected by varying action-programming factors including 
both linguistic and praxic activities. In the remaining 4 out 
of 36 IGE patients, the precipitating factor was thinking, 
predominantly the linguistic task in 1 patient and the spa-
tial task in 3 patients.

Reflex Epilepsies Induced by Thinking and 
Action-Programming

From the point of view of the two-dimension hypothesis, 
reflex epilepsies reported previously may overlap or inter-
relate with each other.

Epilepsy induced by thinking and spatial tasks (10, 11) 
has been described as a rather homogeneous IGE syn-
drome. Generalized seizures in this syndrome are acti-
vated by thinking or decision making, which is common 
to calculation, card and board games, and spatial tasks, 
and neuropsychologic analysis of the stimuli points to 
parietal cortical participation in seizure induction. The 
clinical profile of the condition is suggestive of JME 
or JAE. Writing has not been identified as a trigger 
in the form of reflex epilepsy, and action-programming 
activity associated with use of the hands is little empha-
sized (11). In our study, 4 IGE patients (3 JME and 
1 GMA) showed susceptibility to thinking activity 
without action-programming activity and may have a 
pathophysiology similar to the reflex epilepsy induced 
by thinking and spatial tasks. Therefore, it is likely that 
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of thinking (decision-making) along with voluntary 
motor activities (including ideation of voluntary acts) 
involving the fingers and arms” as the seizure induc-
tion mechanism. In contrast with the reflex epilepsy 
induced by thinking and spatial tasks (10, 11), Inoue 
et al. (12, 13) listed writing as one of the major pre-
cipitating factors and emphasized requisite hand move-
ment in seizure induction, factors that were quite simi-
lar to our action-programming activity provocations. 
Based on the NPA tasking results and detail analysis of 
habitual seizures, we confirmed precipitating factors 
to be action-programming activity in 32 out of the 36 
patients with IGE; linguistic activity alone in 5, both 
linguistic and nonlinguistic activity in 20, and nonlin-
guistic activity alone in 7. Therefore, the mechanism of 
action-programming seizure induction would have two 
forms related to linguistic and nonlinguistic activities as 
the endpoints on a pathophysiological continuum. This 
is supported by the induced spike activity in a patient 
reported by Hasegawa et al. (14), which predominated 
over the dominant central EEG site with letter writing 
and over the nondominant parietocentral EEG site with 
spatial construction.

Figure 16-3 summarizes the position of reflex 
epilepsy induced by various mental activities. Decision-
making epilepsy (4, 15) is characterized as the thinking 
activity at the interface between linguistic and praxic 
activities. Epilepsy induced by thinking and spatial tasks 
(10, 11) is classified as a praxic thinking activity. Epilepsy 

FIGURE 16-1

Decision process to identify the three precipitants. Motor activity, thinking activity, and action-programming activity are identi-
fied by the detail neuropsychologic EEG activation.

FIGURE 16-2

Two-dimension hypothesis. Reflex epilepsy in idiopathic gen-
eralized epilepsy would be sorted by the two dimensions: 
thinking vs. action-programming activity, and linguistic vs. 
praxic activity.

IGE seizures induced by mental activity consist of at 
least two forms: seizures induced by thinking and spatial 
tasks, and seizures induced by writing, written calcula-
tion, or drawing requiring action-programming activity. 
These two forms would either show distinct mechanisms 
of seizure induction or represent two ends of a patho-
physiological continuum.

Inoue et al. (12, 13) reported patients with reflex 
epilepsy in whom myoclonic seizures mainly involv-
ing the arms were precipitated by a nonlinguistic 
praxic activity accompanied by calculation, game 
playing, writing, drawing, construction, or copying. 
They stressed “a combination of complicated process 
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induced by nonlinguistic praxic activity (12, 13) would 
be classified  as the praxic activity interfaced between 
thinking and action-programming activities. Graphogenic 
epilepsy (16) is classified as linguistic action-programming 
activity. Epilepsy induced by action-programming (4–6), 
observed in 27 out of 36 IGE patients with provocative 
NPA effects in our study, is classified as the action-
programming activity interfaced between linguistic and 
praxic activities.

Language-Induced
Epilepsy and Reading Epilepsy

Geschwind and Sherwin (17) described a case of language-
induced epilepsy, in which seizures were precipitated by 
three language functions: speaking, writing, and reading. 
These observations made us expect reading to trigger sei-
zure activity in our patients with epilepsy. However, read-
ing aloud and silently were less provocative, and none of 
our patients were diagnosed with reading epilepsy (18) 
or language-induced epilepsy. Therefore, these types of 
reflex epilepsies may not be sorted in terms of the two-
dimension hypothesis.

Since prolonged reading is usually necessary to induce 
seizures in reading epilepsy (19), the rarity of “reading” 
as a precipitating factor in the present study might stem 
simply from the activation method. However, we failed 
to find any suggestion of reading epilepsy in our series, 
despite our great interest in reflex epilepsy. This rarity 
might be characteristic of Japanese patients. We must 
consider ethnic variation, as noted in the genetic study of 
JME, or linguistic features specific to the Japanese  written 

languages. To clarify this question, NPA tasking should 
be applied in other languages to different  sample groups 
of different racial backgrounds.

CONCLUSION

In the management of epilepsy, not only antiepileptic 
drug therapy but also identification and regulation of 
seizure-precipitating or -inhibiting factors are important 
for achieving successful treatment. Seizure-precipitating 
or -inhibiting factors have varying influences upon the 
diverse epilepsies and epileptic syndromes because of 
close relationships between these factors and the under-
lying pathophysiologic characteristics that differentiate 
the various forms of epilepsies. For elucidating the patho-
physiology of epilepsy in any patient, it is important to 
know the relationship between seizure-precipitating or 
-inhibiting factors and the epilepsy subtype or seizure 
type. Neuropsychologic EEG activation confirmed the 
notion that various daily mental activities can facili-
tate or inhibit seizure occurrence beyond expectation 
in patients with epilepsy. We believe the two-dimension 
hypothesis in reflex epilepsy has heuristic value for future 
research into the mechanisms behind seizures induced by 
behavioral  activities.
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FIGURE 16-3

Two-dimension hypothesis and various reflex epilepsies. Various reflex epilepsies induced by mental activities are positioned 
based on the two dimensions. Reading epilepsy and language-induced epilepsy are excluded.
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various repetitive behaviors and the decreased ability to 
communicate further contribute to the difficulty. This 
chapter, therefore, reviews the characteristics of epileptic 
and nonepileptic behaviors in patients with DD.

EPILEPTIC EVENTS

The diagnostic challenges in reference to the diagnosis of 
epileptic seizures in the DD population fall basically in one 
of two groups: (i) new onset of events in patients without 
a previous history of epilepsy, (ii) new type of events in 
a patient with previously diagnosed epileptic seizures. 
In contrast to the general population, the prevalence of 
patients with multiple seizure types is relatively high in 
institutions (4). The physician caring for the DD patient 
with mixed seizure types, who feels constantly perplexed 
by the protean clinical manifestations of these seizures, 
should not feel alone. Multiple panels of epilepsy experts 
have spent years trying to describe the clinical manifes-
tations and classify these seizures, not always with the 
greatest success (5). The International Classification of 
Epilepsies and Epileptic Syndromes resorted to terms 
such as “cryptogenic (presumed to be symptomatic but 
with unknown etiology),” “other symptomatic gener-
alized epilepsies not defined above,” and “epilepsies 
and syndromes undetermined as to whether focal or 

pilepsy and behaviors that mimic 
epilepsy are both common in the 
institutionalized patient with devel-
opmental disabilities (DD). Any 

physician caring for these patients in the institutions 
knows how much diligence and time it takes to separate 
one from the other. This diagnostic challenge increases 
substantially when these patients are seen in the commu-
nity, where the consultant rarely has access to the entire 
medical history, and what is available is often incomplete 
and inaccurate.

The classic teaching on the semiology of epileptic 
seizures is that seizures are “stereotypic” events and that 
there is a correlation between some of these manifesta-
tions and the area of the brain where they are likely to 
originate (1). These diagnostic principles were generally 
based on, and are applicable to, older children and adults 
with otherwise reasonably intact CNS function. The semi-
ology of seizures in other age groups including neonates, 
various idiopathic and cryptogenic early childhood epi-
lepsy syndromes (2), and seizures in the elderly has proven 
more difficult to diagnose and classify (3). The same is 
true for epilepsy in individuals with multiple handicaps. 
The presence of diffuse CNS pathology occurring early 
in development and the coexistence of complex muscu-
loskeletal deformities can result in atypical presentations 
of otherwise typical epileptic seizures. The presence of 

E
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generalized” to classify some of the seizure types seen in 
the DD population (2).

Seizures in these cases tend to be more refractory to 
medical treatment and more frequently result in status 
epilepticus and injuries. The possibility that an unusual 
behavior represents seizures is often cause for great con-
cern and anxiety to caregivers, families, and institutional 
physicians, and an immediate diagnosis and treatment 
are often expected. These pressures can lead to the pre-
mature labeling of nonepileptic events as “epileptic” in 
the DD patient.

In those individuals with an established diagnosis of 
epilepsy, an occasional cause for confusion arises when 
someone, usually a teacher or caregiver, identifies a “new 
seizure type” in that person. Fortunately, the development 
of a new seizure type in institutionalized patients with a 

well-established seizure pattern is not common, and the 
majority of the newly identified episodes turn out to be 
nonepileptic in nature (Table 17-1) (6). Another cause of 
confusion in regard to the DD patient with an established 
diagnosis of epilepsy is the fact that, over time, there is 
some degree of variability in the severity and duration of 
a given seizure type in a given patient. Shorter episodes 
of the same seizure may contain only fragments of the 
whole episode, and staff may identify the fragments as a 
“new seizure type.” Medication changes or concurrent 
systemic illnesses are common causes of changes in sei-
zures in the DD patient.

Generalized convulsions may present very asym-
metrically, resembling partial seizures, in patients with 
fixed neurologic deficits such as infantile hemiplegia, and 
the diagnosis of a partial seizure can be erroneously made. 

TABLE 17-1
Behaviors Mimicking Epilepsy in Institutionalized Patients with Multiple Disabilities

STAFF DIAGNOSIS TYPE OF BEHAVIOR NUMBER OF PATIENTS REMARKS

Absence seizures, petit mal  Periods of decreased  8 Chronic sleep deprivation, patients
seizures  responsiveness   appeared to be taking “naps”

Buccolingual automatisms  Chewing, lip smacking 6 (a) Tardive dyskinesia; (b) mouth
due to complex    breathers seemingly attempting to 
partial seizures    wet their tongues

Rule out seizures Self-stimulation 5 Very difficult patients with self-
Self-abuse 2  stimulation and abuse; staff 

“grasping at straws” trying to find a 
treatable cause

Temporal lobe seizures Disruptive, aggressive  5 Difficult behavior patients; staff 
behaviors   “grasping at straws” trying to find a 

treatable cause
“Petit mal” seizures Behavioral “pauses” 5 Fatigue, boredom, medication effect
Absence seizures Repeated eye blinking 4
Petit mal seizures, laughing  Spontaneous smiling 4 Profoundly retarded

seizures
“Petit mal” seizures Spontaneous grimacing 3 Profoundly retarded
Tonic seizures Dystonic posturing 3 Patients with spasticity and severe 

contractures of the extremities; 
posturing triggered by being 
startled (e.g., bath)

Seizures Simulation of seizures 3 Higher-functioning patients, often to 
be excused from chores (i.e., work)

Drop attacks Unexplained falls 3 Medication-induced ataxia
“Withdrawal seizures” Increased alertness  2

(more impatient)
Eye deviation due to seizures Roving eye movements 2 Roving eye movements in blind 

patients
Clonic seizures Clonus of extremities 2 Patients with spasticity and severe 

contractures of the extremities
Rule out seizures Tics 2

Source: Adapted with permission from DeToledo JC, Lowe MR, Haddad H. Behaviors mimicking seizures in institutionalized individuals 
with multiple disabilities and epilepsy: a video-EEG study. Epilepsy Behav 2002;3(3):242–244.
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Staff is sometimes confused by the fact that patients with 
a previous history of generalized convulsions seem to 
have developed a new seizure type after having an ortho-
pedic or respiratory problem that requires forced lateral 
decubiti. Generalized seizures in these cases are almost 
always asymmetric, because only two of the extremities 
exhibit the tonic-clonic movements, the other two being 
now under the body.

NONEPILEPTIC EVENTS

Reaching the correct diagnosis of nonepileptic events in 
the outpatient setting is seldom a straightforward propo-
sition. Parental anxiety, poor training of staff, and poor 
communication with and between caregivers are common 
problems.

Medication Changes

Episodes occurring during reduction of antiepileptic 
drugs (AEDs) can be misdiagnosed by the staff as repre-
senting seizures. A patient’s complacent behavior may be 
due to sedation. As barbiturates or benzodiazepines are 
tapered and sedation subsides, the underlying personality 
emerges. It might be a pleasant one, but it often is not. 
Caregivers may mistake the less agreeable personality as 
representing seizures or “drug withdrawal.” The new, 
more demanding personality often entails more work and 
is not necessarily welcome news to overworked staff.

Eye Movements

There are a number of eye movement abnormalities that 
can be confused with the manifestations of seizures. 
This occurs most often in patients with impaired visual 
fixation, as may be seen with amblyopia, congenital 
cataract, and congenital retinal degenerations. Perina-
tal anoxia, postmeningitic encephalopathies, and con-
genital rubella are common etiologies. The nature of the 
movements usually varies according to the position of 
the eyes. When the gaze is directed forward, the move-
ment is largely pendular; with lateral gaze there may be 
a period of conjugate deviation of gaze accompanied by 
jerky nystagmus. These episodes can be differentiated 
from epileptic tonic deviation of gaze by the fact that 
the latter can be broken by rotation of the head in the 
horizontal plane. Other elements that help the diagnosis 
is the fact that these patients are blind or nearly so and 
that the nystagmus has been present for years.

Buccolingual Movements

These types of movements become a concern when staff 
is partially educated about seizures and fear the movements 

may represent epileptic automatisms. Causes for these 
movements are many, but most often cases are due to 
medication side effects or anatomic restrictions for nasal 
breathing. Buccolingual dyskinesias consisting of chew-
ing, swallowing, smacking of lips, and protrusions of 
the tongue are a common complication of the long-term 
use of various antipsychotics. These movements occur 
intermittently during the day and vary in intensity with 
levels of anxiety. Facial tics, usually affecting the eyes 
and both side of the face, are frequently seen in the same 
individual. The correct diagnosis is established by the 
previous history of exposure to these drugs, the fact that 
awareness is preserved during the episodes, and the bilat-
eral occurrence of tics in the same patient.

In a smaller group of patients, mouth breathing 
seems to be the reason for the buccolingual movements. 
Individuals with shallow nasal cavities and high palates 
seem to be at greater risk. This combination is often 
present in individuals with Down syndrome, and the 
lingual movements may be related to the dryness of 
the mouth.

Rumination can have a similar presentation. Rumi-
nation usually occurs shortly after feedings and presents 
as a hyperextension of the neck, with repetitive tongue 
thrusting and swallowing. As with the previously described 
episodes, the patient is alert as the movements occur.

Nonepileptic Head Drops

Isolated head drops are seldom the only manifestation of 
epileptic seizures in DD patients but are a common source 
of diagnostic confusion. They are more often reported by 
staff who interact with the patient during activities that 
require sustained levels of attention, such as the work-
shop or school. Epileptic head drops (or head nods, as 
they are more commonly referred to) are usually one of 
several seizure types seen in a given patient. They can be 
seen in patients with infantile spasms, atypical absences, 
atonic seizures, and complex partial seizures. The coexis-
tence of head drops with other seizure types should raise 
the level of suspicion for an epileptic etiology.

A common cause of head drops in the institutional-
ized DD patient is drowsiness. Chronic sleep deprivation, 
boredom, and high doses of AEDs are the usual causes. 
Allowing patients to sleep longer hours and reducing 
AEDs rather than increasing AEDs is the treatment in 
these cases.

Daydreaming and “Absences”

Episodes of decreased alertness during the day are occa-
sionally reported by workshop and school, with the con-
cern that they may represent “absences or subclinical 
seizures.” In a series of 8 cases in whom medication side 
effects were ruled out, video electroencephalographic 
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(EEG) evaluation showed no evidence of subclinical 
seizures (7). Erratic nocturnal sleep was again the likely 
explanation. These individuals were found to have 
repeated awakenings during the night for medications, 
repositioning to avoid skin breakdown, and diaper chang-
ing. The fact that a given patient did not sleep during 
the night might have been known to the night staff but 
not communicated to daytime staff or the physician. 
These patients improved as every-6-h medication sched-
ules changed to “while awake” schedules and sleep was 
no longer interrupted. Excessive somnolence in some 
cases appeared to be secondary to prolonged periods of 
“forced” wakefulness. These patients were expected to 
stay awake for long periods during school or work and 
were probably chronically sleep deprived (4). Somnolence 
and behavior problems improved after daytime naps were 
“prescribed.”

Migraine and Head Pains

Earaches, dysfunction of the temporomandibular joints, 
and toothaches are common in the DD population. These 
usually do not pose great diagnostic difficulties if the treat-
ing physician is mindful of them. Migraine, on the other 
hand, can be extremely difficult to diagnose in the more 
severely impaired DD patient. Symptoms of migraine can 
be very subjective and impossible to elicit in some cases. 
The presence of migraine equivalent symptoms helps with 
the correct diagnosis. Episodic confusion accompanied by 
vomiting, cyclic vomiting interspaced with normal health 
intervals and in the absence of other GI explanations 
for the symptoms, and episodes of transient lateralized 
weakness (hemiplegic migraine) accompanied by vomit-
ing may be caused by migraine and usually respond to 
the appropriate treatment.

Apnea and Breath-Holding Spells

Of the two classic presentations of pediatric breath-
holding spells, the pallid breath-holding attacks, although 
infrequent, can be seen in the adult institutionalized set-
ting. These attacks follow minor trauma or startle and 
are accompanied by profound pallor. The individual may 
become hypotonic and may go into a convulsion as a 
result of the cerebral hypoperfusion. The diagnosis in 
these cases is made by the consistent association of the 
attacks with specific triggers.

With the increased survival of more fragile patients 
and aging of patients living in institutions, physicians car-
ing for these patients are managing a growing number of 
DD patients with breathing disorders. Sleep apnea is com-
mon in patients with Down syndrome and those with skel-
etal deformities resulting in limited excursion of the chest. 
The usual symptoms of mental confusion and excessive 
daytime somnolence are seen in this population as well. 

Of some concern is the association of sleep apnea with 
increased irritability and episodes of confused aggression. 
Aggressiveness and confused behavior can be episodic 
and unprovoked and may be mistaken for seizures. These 
are the DD patients that staff remember being more pleas-
ant and lively, who became grouchier and irritable as they 
aged. Chronic sleep deprivation that accompanies sleep 
apnea may result in increased risk for seizures in some 
patients. Treatment for the sleep apnea should amelio-
rate all symptoms if the apnea is the primary cause of 
the problems.

Syncope

Syncope can mimic epileptic events in any age group. 
Presyncopal episodes can present as periods of agita-
tion and confusion accompanied by autonomic symp-
toms that resemble complex partial seizures. Loss of 
consciousness can be gradual or abrupt, depending on 
posture and underlying etiology of the syncope. Syn-
copal episodes lasting longer than 10–12 seconds can 
be accompanied by salivation, tonic posturing, upward 
deviation of gaze, and, in some cases, multifocal clonic 
jerks (convulsive syncope). Syncope typically occurs in 
the upright or seating position, but this is not always 
the case. Cardiac arrhythmias and hypoglycemia of sud-
den onset can result in convulsive syncope in a recum-
bent patient. Convulsions that occur while eating are 
suggestive of glossopharyngeal neuralgia and typically 
occur in the absence of gagging symptoms. Carotid 
sinus hypersensitivity has also been reported in the DD 
population.

Spasticity and Clonus

The increased muscle tone and the jerking that accom-
pany clonus can be confused with seizures. This is more 
often reported by staff involving in bathing, feeding, or 
suctioning the patient. The mechanism in these three situ-
ations is essentially the same: the distress produced by the 
unexpected contact of the body with water, the coughing 
and choking during feeding in dysphagic patients, and 
the coughing and discomfort produced by orotracheal 
suctioning.

The presence of clonus in DD patients with chronic, 
severe spasticity often results in contractures, and musculo-
skeletal deformities can be mistaken for seizures. A simple 
maneuver can clarify the diagnosis. If during the episode 
of clonus, the affected extremity is repositioned so that the 
agonists of the movement are unloaded (i.e., move the limb 
toward the direction of the movement), the clonus will 
improve or totally subside.

Reduction of sedatives such as barbiturates and 
benzodiazepines in patients with contractures can result 
in more noticeable hypertonia and clonus that may be 
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confused with seizures by inexperienced staff. Hyper-
excitability, tremors, irritability, and insomnia are usually 
but not always present and may persist for a few weeks 
after cessation of the drug.

Psychogenic Seizures

Simulation of seizures is more likely to occur in higher-
functioning DD patients. It may occur “de novo” in 
patients with a previous diagnosis of epilepsy and also in 
patients without epilepsy who may “learn” the behavior, 
presumably attempting to change external circumstances. 
The episodes often have clinical features suggestive of 
malingering, with a voluntary production of symptoms 
and signs aiming at a secondary gain. Motivations are 
many, ranging from being excused from workshop and 
other chores all the way to trying to circumvent restrictions 
(i.e., smoking). Factors that help to differentiate epileptic 
and nonepileptic events when both coexist in the same 
patient include the following: (i) The epileptic seizures 
are the “older” seizures, usually going back several years, 
whereas the psychogenic events tend to be the more recent 
type of events; (ii) the clinical manifestations of the simu-
lated episode are usually different from what is reported 
with the epileptic seizures; and finally, (iii) the presence of 
situational triggers also suggest a psychogenic etiology.

Anxiety and Affective Disorders

Anxiety and affective disorders are common in the DD 
patients. Diagnostic confusion with complex partial 

seizures may occur when anxiety presents as increased 
psychomotor agitation and tremulousness, which can be 
accompanied by autonomic symptoms. Recollection for 
these events may be sparse. Depression is another com-
mon confounder in the DD patient and may be iatrogenic, 
endogenous, or both. Endogenous depression is easy to 
miss and difficult to confirm, especially in the profoundly 
DD patient. Severe anhedonia and social withdrawal can 
be mistaken for subclinical seizures.

CONCLUSIONS

Some nonepileptic disorders that mimic seizures are 
more likely to occur in patients who have epilepsy, to 
be associated with epileptiform abnormalities in the 
EEG, or to be relieved by AEDs. This makes their dif-
ferentiation from epilepsy even more difficult. How-
ever, many of these disorders are benign and do not 
carry the prognosis or stigmata attached to many of 
the epilepsies. They require no specific treatment and 
disappear spontaneously (8). The patient is ultimately 
the only person who knows what she or he experienced 
during the episodes in question and, whenever possible 
(i.e., higher-functioning patients), information should be 
obtained directly from him or her. In cases where history 
is not available, video-EEG recording of the events in 
question is the preferred method. It is important that 
someone who is familiar with the episodes be present 
during the recordings so that the specific behaviors and 
triggers can be identified.
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Contemporary research has provided a taxonomy of 
human memory function (see Figure 18-1) and the per-
tinent underlying neural circutry (11). A fundamental 
distinction in human memory is the ability to consciously 
recollect facts and events, which has been termed declara-
tive memory, in contrast to nonconscious learning ability
(nondeclarative memory), which is expressed primar-
ily through various types of performances. Declarative 
memory is especially pertinent to the discussion here, as 
some forms of epilepsy directly affect the neural regions 
involved in declarative memory processing.

Declarative memory for events (so called episodic 
memory) involves the recollection of events that occur 
in a temporal and spatial context, or what we would 
otherwise refer to as short-term memory. This form of 
memory is tested clinically by administration of either 
verbal (word lists, prose passages, word-pairs) or visual 
(geometric designs, faces, complex scenes) types of mate-
rial, which assess the rate and degree of new learning 
and the ability to retain newly acquired information over 
delay intervals of varying lengths.

Another type of memory that will be presented 
for purposes of contrast is one form of nondeclarative 
memory: classical conditioning. Classical conditioning, a 
fundamental form of associative learning in humans and 
animals, is one type of nondeclarative memory, and con-
ditioning of the eyeblink response is the most commonly

mong the cognitive problems that 
may be associated with epilepsy, its 
cause, and its treatment, memory is 
among the most serious. Surveys of 

persons with epilepsy consistently reveal elevated rates of 
complaints and concerns regarding cognitive function in 
general, and memory in particular (1–9). The degree to 
which those concerns reflect objective memory impair-
ment has been the subject of investigation and will be 
discussed in this chapter, but complaints and concerns 
regarding mental status are prevalent. To better under-
stand the problem of memory impairment in epilepsy, 
this chapter will briefly review the taxonomy of memory 
and the place of memory impairment in the context of 
cognitive impairment in epilepsy in general, followed by 
an empirical examination of declarative and procedural 
memory in persons with epilepsy in an attempt to under-
stand and characterize patterns of cognitive morbidity in 
chronic epilepsy.

MODELS OF HUMAN MEMORY

Strictly defined, memory is the “the faculty by which the 
mind stores and remembers information” (10). It is now 
recognized that there are many types of memory and that 
they are dependent on varying neurobiological substrates.

A
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investigated conditioning paradigm. The neural circuitry 
underlying this associative learning has been well char-
acterized and shown to be dependent on the cerebellum 
(12). In that chronic epilepsy is known to increase the risk 
of cerebellar atrophy (13), it is possible that nondeclara-
tive memory may be affected in epilepsy, and data to that 
effect will be presented.

In summary, there are actually many different types 
of memory, each with its own neural circuitry, procedures 
for assessment, and likelihood of impact by epilepsy and 
its treatment. We will turn first to the issue of declarative 
memory.

DECLARATIVE MEMORY AND 
TEMPORAL LOBE EPILEPSY

The issue of memory dysfunction in temporal lobe epi-
lepsy has been of special interest. Temporal lobe epi-
lepsy is a common syndrome, frequently with onset in 
childhood or adolescence, and often with a prolonged 
and intractable course (14, 15). Cognitive pathology is 
typically characterized by significant memory impairment 
(16); however, it is now appreciated that other neuropsy-
chologic impairments may be observed as well (17, 18). 
In fact, comprehensive evaluation of patients with chronic 
temporal lobe epilepsy has revealed an average or mean 
pattern of relatively generalized cognitive dysfunction, 
with poorer performance compared to controls across 
all tested cognitive domains, including memory (19). 

While informative, characterization of the average neu-
ropsychologic profile of patients with chronic temporal 
lobe epilepsy does not provide insight into the possible 
distinct groupings or cognitive typologies that may exist 
within this common form of epilepsy. Further, the degree 
to which memory is impaired, in comparison to other 
cognitive abilities, remains to be characterized.

A yet untapped approach to understanding cogni-
tive morbidity in epilepsy is taxonomic in nature. This 
involves addressing the question of whether empirically 
derived groupings of persons with similar profiles of 
cognitive function can be identified either within or 
across epilepsy syndromes. Taxonomies facilitate reli-
able clustering of individuals into meaningful groups, 
provide a common language and organizing influence 
in the field, and set the stage for further investigation of 
clinical and neurobiological correlates. To date, taxo-
nomic approaches have rarely been used to advance 
understanding of the neurobehavioral complications of 
the epilepsies (20). That is, rather than grouping patients 
on the basis of clinical seizure characteristics (e.g., sei-
zure frequency or seizure type) and examining the rela-
tionships of individual clinical seizure characteristics 
to cognition, one derives a grouping of patients based 
solely on their pattern of performance across several 
cognitive domains.

As an example of the potential utility of this 
approach, we recently applied cluster analysis to a large 
sample of patients with temporal lobe epilepsy and identi-
fied distinct cognitive subgroups or phenotypes. Patients 

FIGURE 18-1

A contemporary taxonomy of memory.
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were administered a comprehensive battery of neuro-
psychologic tests, assessing the domains of intelligence, 
language, perception, memory, executive function, and 
cognitive and psychomotor processing speed. Adjusted 
(age, gender, education) z-scores were computed based on 
the performance of the controls, and domain scores were 
constructed for the epilepsy patients. The data for the 
epilepsy patients then were analyzed by cluster analysis, 
and several aspects of those findings are briefly presented 
here (21).

COGNITIVE PROFILES

First, from a neuropsychologic perspective, three distinct 
cognitive profiles were uncovered (Figure 18-2), suggest-
ing that there are distinct groupings of patients with rela-
tively characteristic cognitive profile types: (1) minimally 
impaired, (2) memory-impaired, and (3) memory-, execu-
tive-, and speed-impaired.

Cluster 1 (minimally impaired) consisted of approxi-
mately half (47%) the temporal lobe epilepsy subjects, 
who exhibited the most intact cognition of the three 
cluster groups. That said, their performance was sig-
nificantly worse than controls across several cognitive 
domains including language, immediate and delayed 
memory, executive function, and psychomotor speed 
domains. While statistically significant, the pattern was 
one of mild but discernable cognitive dysfunction. Cluster 
2 subjects (predominantly memory-impaired) consisted 
of 24% of the patient sample. They exhibited marked 
impairments in immediate and delayed memory, in the 
context of significantly poorer performance than controls 
across all other cognitive domains. Thus, memory was 
the most striking cognitive abnormality, but it occurred 

in the context of a mild generalized depression of overall
cognition compared to controls. Finally, Cluster 3 (gen-
erally impaired) consisted of 29% of the temporal lobe 
epilepsy subjects. They exhibited the poorest cognition 
across all domains compared to controls and also dem-
onstrated significantly poorer performance across all 
cognitive domains compared to both Clusters 1 and 2. 
The most striking impairments in this group fell in the 
areas of executive function and cognitive/psychomotor 
speed. Thus, an underlying taxonomy characterized by 
the nature, pattern, and severity of evident cognitive com-
plications can be identified. Memory impairment figures 
prominently in these groupings, but it occurs in the con-
text of other cognitive pathology.

CLINICAL AND MORPHOMETRIC 
VALIDATION OF COGNITIVE PROFILES

Validation of these cognitive phenotypes was addressed 
by examination of the profiles of demographic features 
(age), clinical seizure features (duration of epilepsy, anti-
epileptic drug [AED] polytherapy), and brain volumet-
rics (segmented whole-brain and lobar tissue volumes, 
cerebrospinal fluid [CSF], and hippocampus). In brief 
summary of the findings, the volumetric findings par-
alleled the cognitive findings (Figure 18-3). The most 
intact group (Cluster 1) showed significant abnormality 
in hippocampal volume with minimal change in other 
morphometric measurements. As the degree of cogni-
tive impairment increased there was a pattern of cor-
responding volumetric abnormality, including greater 
hippocampal atrophy, and culminating in Cluster 3, 
where there was evidence of widespread volumetric 
abnormality.

FIGURE 18-2

Cognitive profiles in temporal lobe epilepsy.
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A closer examination of volumetric abnormality was 
undertaken. Looking specifically at the distribution of 
white-matter volume abnormality (Figure 18-4), Clus-
ters 1 and 2 showed primary abnormality in the tempo-
ral lobe, with secondary and milder abnormality in the 
frontal and parietal lobes. Cluster 3, on the other hand, 
clearly exhibited diffuse white-matter abnormality that 
was evident across all lobar regions.

In addition, the most cognitively impaired group (Clus-
ter 3) was older, had the longest duration of epilepsy, and 
took more medications than the other groups, especially 
Cluster 1. There were also meaningful but statistically 

nonsignificant trends in regard to other clinical seizure fea-
tures. Cluster 3 had the highest proportions of patients with 
histories of �50 lifetime generalized tonic-clonic seizures, 
status epilepticus, and severe initial precipitating injuries. 
Thus, this appears to be a group that is most likely to have 
incurred both an earlier neurodevelopmental insult and a 
more protracted and severe course of epilepsy.

Thus, while mean profiles of cognition and volumet-
ric abnormality are helpful and point to a relatively diffuse 
pattern of abnormality, discrete subgroups can be identi-
fied in terms of both cognition and volumetric abnormali-
ties, with an interesting concordance between them.

FIGURE 18-3

MRI volumetric findings in cognitive profile groups.

FIGURE 18-4

MRI white-matter volumetric abnormalities in cognitive profile groups.
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PROSPECTIVE MEMORY CHANGE

Cross-sectional studies, as valuable as they may be, can-
not provide insight into the prospective course of the 
disorder. Of considerable interest, but still controversial, 
is the degree to which abnormalities in mental status 
may progress over the duration of the disorder. The 
issue of cognitive progression in temporal lobe epilepsy 
is important, because curative surgical treatments exist 
but are frequently delayed (14, 22, 23). Patients with 
medication-resistant temporal lobe epilepsy often pres-
ent with considerable cognitive and behavioral handicap 
when finally referred for surgical consideration, unfortu-
nately sometimes after decades of unsuccessful medical 
management (24, 25).

Prospective cognitive studies of patients with epi-
lepsy date back to the early part of the twentieth century 
(26), but these are often characterized by rather limited 
assessment of cognition (often IQ only), the inclusion 
of mixed seizure types, varying test-retest intervals, lack 
of control groups, and other methodological shortcom-
ings. More common are cross-sectional studies (18, 27, 
28), which, while informative, suffer from the obvious 
limitation of providing an indirect evaluation of neu-
ropsychologic change over time, cohort effects, and 
other methodologic problems that prevent a clear and 
unequivocal characterization of the cognitive course of 
epilepsy (29). A recent review (26) concluded that pro-
gressive cognitive decline does occur in a proportion of 
patients and appears to be associated with markers of a 
difficult epilepsy course (e.g., number of lifetime general-
ized tonic-clonic seizures).

In this sample of patients, a subset of controls and epi-
lepsy patients underwent cognitive reassessment four years 
later, and examination of their prospective memory and 
cognitive performance was undertaken. The statistical pro-
cedures used (regression-based norms for change) correct 
for sources of error in test-retest settings, such as regression 
to the mean, while comparing expected versus obtained 
performance based on the retest patterns of controls. Fur-
ther, all test scores and cognitive domains are placed on 
the same metric, which allows comparison of relative per-
formance across tests and cognitive domains.

We examined the implications of cluster member-
ship for prospective cognitive course, including memory 
fucntion. Of the original sample, 45 epilepsy patients and 
64 controls completed prospective cognitive reassessment 
4 years following baseline assessment. Regression based z-
scores (30–32) were calculated, and the three cluster groups 
were compared by MANOVA. Negative z-scores reflect 
lower-than-expected retest scores. All three cluster groups 
showed a poorer cognitive course compared to controls 
across the cognitive domains (Figure 18-5). However, Clus-
ter 3 exhibited a significantly poorer course than Clusters 1 
and 2 across all cognitive domains except intelligence, while 
Clusters 1 and 2 did not differ from each other on any of the 
cognitive domains. Thus, the cluster groupings have some 
predictive utility for cognitive prognosis.

We have examined only patients with temporal 
lobe epilepsy, and it is necessary to determine whether 
a similar phenotype classification can be detected in 
other epilepsy syndromes or whether there are different 
characteristic cognitive profiles. While a predominantly 
memory impaired group was observed in this sample of 

FIGURE 18-5

Prospective cognitive change in chronic temporal lobe epilepsy (regression-based norms for change).
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subjects with temporal lobe epilepsy, it is conceivable that 
syndrome-specific typologies may be identified in other 
localization-related epilepsy syndromes (e.g., profiles of 
impaired executive function in frontal lobe epilepsy) and 
primary generalized epilepsies (29, 33, 34).

More generally, these results suggest that it is pos-
sible to derive meaningful neurobehavioral phenotypes 
of patients with temporal lobe epilepsy. Classification 
systems (i.e., seizure syndromes) have served the epilep-
sies well, and cognitive and neurobehavioral taxonomies 
might prove to be a useful addition for both clinical and 
research purposes.

Although cluster analysis is a powerful technique 
for simplifying a complex data set (35), the relatively 
small sample size examined here may limit the repre-
sentativeness of patients with temporal lobe epilepsy. 
Additional phenotypes of patients with temporal lobe 
epilepsy may be obtained with larger and more repre-
sentative samples. Further, the reproducibility of cognitive
phenotypes across samples varying in patient character-
istics, administered test batteries, data reduction proce-
dures, and other methodological details will speak to 
the robustness of specific cognitive phenotypes across 
cohorts of epilepsy patients.

PROCEDURAL MEMORY AND 
CEREBELLAR ATROPHY

Cerebellar atrophy is a recognized complication of 
chronic epilepsy, including temporal lobe epilepsy (13). 
The traditional view of cerebellar function is that it con-
tributes primarily to movement and motor control; how-
ever, converging animal and human studies indicate that 
the cerebellum contributes to a variety of higher cognitive 
abilities, including specific types of memory (36, 37), 
especially nondeclarative memory—a rarely studied form 
of memory in epilepsy.

To examine procedural memory in epilepsy patients, 
we used a task involving classical conditioning of the 
human eyeblink response—an often-used task in the proce-
dural memory literature. Following established procedures 
(38), classical eyeblink conditioning consisted of pairing a 
conditioned stimulus (CS, a headphone-delivered 75-dB 
1-kHz tone), with an unconditioned stimulus (US, a 5-psi 
air puff to the left eye) that elicited the unconditioned 
response (UR, an eyeblink). Special glasses contained 
an air puff delivery system and an infrared photobeam 
that recorded eyeblinks. Seventy acquisition trials were 
presented, and every tenth trial was a CS-alone trial to 
evaluate the conditioned eyeblink response (CR). The 
remaining trials were CS–US paired presentations. The 
tone CS was presented for 500 ms and co-terminated with 
the 100-msec US, producing a 400 msec interstimulus inter-
val (ISI) (technically termed “delay conditioning”). The 
intertrial interval ranged from 8 to 16 sec (M � 12 sec)

with a background 65 dB white noise between trials. 
Following established procedures, a CR was defined as 
an eyeblink amplitude exceeding 10% of the subject’s 
baseline UR amplitude (based on the mean UR ampli-
tude for 10 US-alone trials presented prior to acquisi-
tion trials) occurring between 200 and 400 msec after 
CS onset. Eyeblinks occurring prior to 200 msec after 
CS onset (i.e., short-latency, tone-evoked nonassociative 
responses) were not counted as a CR. An experienced 
investigator made all decisions regarding CRs while 
blinded to group membership and MRI findings. Percent-
age of CRs exhibited during the acquisition phase was 
the primary dependent variable. Also assessed were CR 
latency and amplitude for CS-alone trials. Distributions 
of these variables were examined, and transformations 
performed when necessary.

Raw cerebellar volumes (cm3) were 137.3 (12.6) for 
controls and 129.05 (13.95) for epilepsy subjects (6% 
reduction) (p � 0.01). Adjusted (for total ICV) cerebellar 
volumes were 135.7 for controls and 130.5 for epilepsy 
subjects (3.8% reduction, p � 0.028). Examination of 
relationships between classical eyeblink conditioning and 
brain volumetrics demonstrated a specific association 
between this form of learning and the cerebellum. Among 
healthy controls, conditioning performance was signifi-
cantly associated only with cerebellar volume (r � 0.49,
p � 0.005), with no significant association with other 
brain regions including total lobar tissue volumes (fron-
tal, temporal, parietal, occipital) or total cerebral tissue 
or CSF volumes (Figure 18-6). In contrast, there was no 
association between classical conditioning performance 
and cerebellar volume in patients with chronic temporal 
lobe epilepsy. There was no relationship between any 
aspect of medication treatment (e.g., number, type) with 
conditioning performance or cerebellar volume.

Thus, other forms of memory may be affected by 
the neuropathology that may be associated with chronic 
epilepsy.

FIGURE 18-6

Correlation of classical conditioning with lobar volumetrics 
in chronic epilepsy and controls.
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SUMMARY

Memory problems are a common neuropsychologic 
morbidity in epilepsy, but they appear in the context 
of other cognitive pathology. Reliable groupings of 
patients (clusters) with memory and other cognitive 

problems can be identified that have associations with 
underlying neuropathology and future cognitive course. 
Just as there are multiple memory systems in humans, 
it is also apparent that various forms of memory may 
be affected by the cause, course, or treatment of the 
disorder.
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postsurgical changes on cognitive test performance  aim 
to elucidate the impact of treatment variables. Cross-
sectional and longitudinal neuropsychologic studies 
of strategically selected patient subgroups aim to dif-
ferentiate the effects of lesion localization, epilepsy syn-
drome, and seizures. In general, these studies reveal that 
the AEDs’ cognitive side effects predominantly affect 
attention and that the adverse effects are increased with 
rapid initiation, higher dosages, and polytherapy (3–5). 
Successful epilepsy surgery can arrest cognitive decline, 
but left temporal resections carry the risk of additional 
memory deficits (6). In addition, evidence has accumu-
lated that idiopathic epilepsies show little if any clinically 
relevant cognitive impairments, whereas cryptogenic and 
symptomatic epilepsy disorders are accompanied by focal 
cognitive deficits that mirror the specific functions of the 
damaged brain areas. Early onset, long duration of the 
disease, and poor seizure control are associated with poor 
cognitive outcome (6).

This chapter focuses on the contribution of clinical 
neuropsychology to the assessment and description of 
cognitive deficits in the individual patient suffering from 
chronic epilepsy. Taking the different cognitive domains 
as a starting point, the major neuropsychologic obser-
vations for different types of epilepsy in children and 
adults are reviewed. The cognitive effects of therapeutic 
interventions, such as pharmacotherapy and epilepsy 

umerous studies have documented 
cognitive dysfunctions in children 
and adults with epilepsy. The neu-
ropsychologic deficits cover a wide 

range of brain-behavior domains, including attention, 
memory, mood, language, visuospatial and executive func-
tions, intelligence, and social skills. Memory impairment, 
mental slowing, naming difficulties, and attentional 
deficits are the most frequently reported subjective com-
plaints of cognitive dysfunction, but research has indi-
cated that epilepsy patients tend to underestimate their 
cognitive impairments (1, 2). The exact cause of cogni-
tive impairment in patients with epilepsy is difficult to 
establish given the vast number of factors that contribute 
to the resulting cognitive profile of an individual patient. 
The neuropathology underlying the epilepsy; the type, 
frequency, and duration of paroxysmal epileptic activ-
ity; and the adverse side effects of therapeutic interven-
tions are considered the most relevant factors that give 
rise to the cognitive impairment. Because of the strong 
interrelations between these factors, it has proven very 
difficult to assess the relative contribution of each fac-
tor to the final neuropsychologic outcome. In humans, a 
number of methodological strategies have been used to 
disentangle the cognitive consequences of the different 
factors involved. Studies comparing the effects of differ-
ent antiepileptic drug (AED) treatments or the pre- to 

N
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surgery,  will not be discussed in detail here but can be 
found elsewhere in this volume.

INTELLIGENCE

Intelligence tests were initially designed to predict 
educational  achievement in school-aged children. The 
success of this prediction popularized the concept of intel-
ligence and broadened its use to adults, for whom it is 
widely regarded as a measure of general cognitive abil-
ity or problem-solving skills. An intelligence test is usually 
composed of different subtests that confront the individual 
with increasingly difficult problems within a specific skill, 
such as verbal reasoning, arithmetic, object assembly, and 
figure matching. Together, the performances on the entire 
test battery give rise to a single legendary measure: the full-
scale intelligence quotient (IQ). Depending on the selected 
IQ test, several other subscales can be calculated, such as 
the verbal-scale IQ or the performance-scale IQ of the 
widely used Wechsler batteries measuring the performance 
for the verbal or performance subtests, respectively. Since 
IQ tests were not designed to investigate brain-behavior 
relationships, these measures may underestimate changes 
in a broader range of cognitive functions. It is also impor-
tant to distinguish the intelligence batteries we described 
above from tests that offer an estimate of the IQ, such 
as the frequently used National Adult Reading Test. Tests 
of the latter category are typically short, unimodal, and 
psychometrically  less grounded.

Adults

There exists very little information of whether cognition 
is already affected at the onset of epilepsy. A cross-
sectional study compared 32 patients with temporal lobe 
epilepsy and their unaffected siblings, thereby minimizing 
genetic and environmental confounders (7). Significantly 
lower full-scale IQs of up to 1–2 standard deviations were 
found in the epileptic group, with greater differences in 
IQ with earlier onset of epilepsy, whereas no relation with 
disease duration was found. These results were taken 
as evidence that, at least in temporal lobe epilepsy, the 
functional impairment is not restricted to temporal func-
tions but may reflect a more general disturbance in brain 
maturation that is already present at the time of epilepsy 
onset. These results are in line with age-at-onset studies 
and animal research (6).

Most prospective studies in adults with epilepsy 
reveal no, or only limited, intellectual decline over time 
(8–15). A significant association with seizure-related vari-
ables is rarely substantiated, and even status epilepticus 
appears to produce no subsequent intellectual decline 
(16). Other cognitive abilities seem to suffer more, again 
indicating the relative insensitivity of IQ for more specific 

cognitive decline (17, 18). Cross-sectional studies showed 
that patients with longstanding refractory temporal lobe 
epilepsy and disease durations of more than 30 years have 
significantly lower full-scale IQs than do patients with a 
shorter disease course. The full-scale IQ of patients with 
higher educational attainment remained stable for a longer 
duration compared to less educated patients (19, 20). A 
recent study investigated the effect of seizure frequency on 
IQ in patients with secondary generalized seizures with-
out any known etiology. Patients with a lifetime history 
of fewer than 10 seizures showed normal IQs, whereas a 
group with a history of more than 50 seizures performed 
below age-matched population  norms (21).

Children

In comparison to normal controls, newly diagnosed 
children with idiopathic and cryptogenic epilepsies 
show no differences in intelligence, despite significantly 
worse scores across components of behavior and cogni-
tion (22, 23).

Most prospective studies in children revealed no 
significant  adverse effects of (cumulative) seizures on 
full-scale IQ, although there appears to be a subgroup of 
about 10–25% of children that shows a clinically signifi-
cant intellectual decline (14, 15, 23–29). Children with 
generalized symptomatic epilepsies, frequent seizures, 
high AED use, and early onset of epilepsy appear at risk 
for intellectual decline, although psychosocial factors 
may also play an important role (23, 30). Children with 
refractory epileptic seizures showed a significant decline 
of about 6 IQ points in full-scale and performance-scale 
IQ over a 3.5-year-period that was not observed in a 
similar adult patient group (28).

Cross-sectional studies reveal more robust findings 
of intellectual impairment (31–36). Children with gen-
eralized symptomatic epilepsies appear to be a high-risk 
group for intellectual and educational underachieve-
ment. Compared to normal children, even patients with 
benign forms of idiopathic epilepsy with centrotemporal 
or occipital localization and epileptic EEG discharges 
or short nonconvulsive seizures have been reported to 
have lower IQs (37–39). In children with centrotempo-
ral spikes, deficits in IQ were associated with frequency 
of electroencephalographic (EEG) spikes, and a nega-
tive correlation was observed between the absolute delta 
and theta powers of quantitative EEG and performance 
IQ (37, 40). In line with the IQ test’s ability to predict 
school achievement, children with idiopathic and crypto-
genic epilepsies more often repeated a year at school and 
required significantly more special educational assistance 
than a healthy control group (22).

In severe childhood-onset epilepsies (West and 
Lennox-Gastaut syndromes), mental retardation is often 
an inherent part of the syndrome, and only few patients 
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will achieve normal intelligence in adulthood. In rare 
childhood epilepsy syndromes with ongoing subclinical 
epileptiform discharges, the effect on IQ may be highly 
variable. In acquired epileptic aphasia (Landau-Kleffner 
syndrome), intellectual capacities often remain preserved, 
whereas in epilepsy with continuous spike-waves during 
sleep, global mental deficiency is common (41, 42).

ATTENTION

Clinically, several manifestations of attention can be evalu-
ated. Focused attention is the ability to concentrate on a 
particular subset of the surrounding stimuli (focusing) and 
at the same time actively ignoring other stimuli (select-
ing). Increased distractibility or reduced concentration are 
typical complaints. The Stroop task, in which a person 
is asked to name the (incongruent) print color of color 
words, is a classical example of a focused attention task, 
because the reader must concentrate on the print color 
and suppress the overlearned tendency to read the color 
words. The ability to divide the attention between two (or 
more) simultaneously performed tasks is another mani-
festation of attention, and patients may report reduced 
proficiency when performing simultaneous tasks. Part B 
of the Trail Making Test, in which the individual has to 
alternate quickly between the numerical and alphabetical 
series to perform the task, is often used to evaluate divided 
attention. Finally, sustained attention is the ability to keep 
up the attentional effort over a period of time. This aspect 
of attention is frequently evaluated by investigating shifts 
in speed and accuracy during simple but lengthy cancel-
lation tasks (43). Patients may complain about increased 
tiredness following a sustained mental effort or about the 
inability to read a book or watch a movie.

Adequate attention is a prerequisite for most cog-
nitive tasks, and even subtle impairments may have an 
adverse effect on cognitive functions that are sensitive 
to this requirement, such as encoding and recall, nam-
ing, and the planning of behavior. Unlike other cognitive 
functions, attention has proven very difficult to localize in 
the brain, because many cortical and subcortical regions 
appear to contribute to this function, as can be derived 
from the impact of many different brain lesions on the 
attentional state.

Impaired attention is a frequent complaint in patients 
with epilepsy. It is often considered as an adverse side effect 
of AEDs. The complaints include impaired vigilance, dif-
ficulty focusing attention and maintaining this effort over 
time, and reduced mental and psychomotor  speed.

Adults

On simple cancellation tasks (sustained attention) or on 
the Trail Making Test (divided attention), patients with 

frontal lobe epilepsy perform significantly worse than 
normal controls, but not always different from patients 
with temporal lobe epilepsy, although the frontal patients 
tend to be slower. Interestingly, patients with frontal lobe 
epilepsy reveal deficits in response inhibition on visual 
and verbal tasks of selective attention that are signifi-
cantly worse than in patients with temporal lobe epilepsy 
(44–46). Attention deficits may be more prominent in 
patients whose epilepsy was caused by traumatic brain 
injury, and difficulties with divided attention and reduced 
information processing speed have been reported (47).

Children

Compared to normal controls, children with idiopathic 
occipital lobe epilepsy performed significantly worse on a 
battery of attention tests, including verbal span and visual 
search tasks (48). Heterogeneous samples of children with 
idiopathic generalized epilepsies display reduced process-
ing time of semantic information in complex phonetic 
or semantic stimuli (but not in tonal or simple phonetic 
stimuli) and show impaired visual and auditory sustained 
attention (49, 50).

Among focal epilepsies, attentional dysfunctions are 
particularly prominent in children with frontal lobe epi-
lepsies. Slowed visual search, poor response inhibition, 
and impaired sustained attention and performance speed 
differentiate children with frontal lobe epilepsy from chil-
dren with other types of epilepsy. Successful surgery is 
reported to improve sustained attention in children with 
frontal and temporal lobe epilepsies (51–54).

Investigations on the cognitive effect of paroxysmal 
epileptic activity in children revealed that epileptiform 
EEG discharges have an independent but mild effect that 
is limited to transient mechanistic cognitive processes 
such as alertness and mental speed (55). Children with 
frequent epileptic EEG discharges displayed significant 
slowing of information processing speed, as demonstrated 
in simple and complex reaction-time tests, and visual 
searching speed. This effect can be distinguished from the 
effect of disease-related characteristics of epilepsy (such as 
type of epilepsy) on stable cognitive functions. However, 
it is argued that in certain cases, high seizure frequency or 
frequent epileptic EEG discharges have an accumulative 
effect that disrupts attention, leading to impaired acqui-
sition and retention of new information and gradually 
worsening impairment of traitlike aspects of cognition, 
such as intelligence and educational achievement (55).

MEMORY

Memory encompasses the encoding, storage, and retrieval 
of information and has been particularly associated with 
frontal and temporal networks. Clinical assessment 



IV • NEUROPSYCHOLOGIC FUNCTION158

usually  focuses on the evaluation of episodic (time- and 
context-dependent) memory by requiring the patient to 
learn lists of words or pictures, stories and complex 
figures, and by testing the consequent retention of these 
stimuli after a short or longer delay either through free 
recall or recognition or both. In testing patients with 
epilepsy, the evaluation of both verbal and nonverbal 
memory performance is essential, since material-specific 
memory impairment may indicate lateralization of the 
dysfunction with respect to the language-dominant hemi-
sphere. Frequently used verbal episodic memory tests 
include the Auditory Verbal Learning Test and subtests 
of the Wechsler Memory Scale. The Complex Figure 
Test is often used to assess visual episodic memory. 
In addition, working memory can be evaluated using 
memory span tasks requiring the immediate repetition 
of increasingly longer lists of verbal or spatial stimuli 
or by using specific working memory paradigms such 
as the Sternberg task (43).

Adults

Memory impairments have been commonly associated 
with (medial) temporal lobe epilepsy due to structural 
lesions of the hippocampal formation (47). Lesion and 
functional neuroimaging studies have revealed stronger 
involvement of the medial temporal lobe structures of 
the language-dominant (usually the left) hemisphere in 
the encoding of verbal material and of the nondominant 
(usually the right) hemisphere during the retention of 
visuospatial material. Numerous investigators using a 
variety of approaches have documented a close asso-
ciation of both left-hemispheric temporal lobe epilepsy 
and left temporal lobectomy with verbal memory defi-
cits, and a similar association of the right hemisphere 
with visuospatial memory deficits, although the latter 
association has been much more elusive (17, 56–58). In 
patients with right temporal lobe epilepsy, impairments 
on memory tasks using face stimuli have been most fre-
quently reported (6). Left-sided temporal lobe epilepsy 
is commonly associated with impaired learning of sto-
ries or word lists, and also with reduced verbal working 
memory. Memory deficits have been reported in newly 
diagnosed and previously untreated adult patients with 
temporal lobe epilepsy suggesting that these dysfunctions 
cannot be attributed to the effects of AEDs or the chronic 
effects of recurrent seizures (59, 60). Poor performance 
on memory tests, including face recognition, word rec-
ognition, verbal recall, and complex figure recall, has 
also been reported in patients with idiopathic generalized 
epilepsy, suggesting that memory deficits in epilepsy may 
be due to neuronal dysfunction secondary to epileptic 
activity itself in the absence of any macroscopic brain 
abnormalities in the temporal lobes (61). The memory 
deficit is characterized by a reduced capacity to learn new 

information (although the slope of the learning curve 
is similar to that of normal controls; initial retention is 
significantly reduced and never catches up on repeated 
trials) and impaired delayed recall (59, 60). Deficits in 
retrograde memory have also been reported in patients 
with temporal lobe epilepsy (62). Prospective studies 
on cognition in adults with temporal lobe epilepsy have 
documented a selective and gradual decline in visual and 
verbal memory performance over time (63). Associations 
with seizure-related variables are rarely substantiated, 
but in several cases persistent amnesia following status 
epilepticus has been described (8, 14). Follow-up stud-
ies after surgical treatment for temporal lobe epilepsy 
also reported progressive postsurgical memory decline, 
especially in patients with ongoing seizures or following 
anterior temporal lobectomy (64, 65).

Patients with frontal lobe epilepsy are also reported 
to show similar episodic memory deficits (impaired learn-
ing and delayed recall) as temporal lobe epilepsy patients. 
Compared to patients with temporal lobe epilepsy, 
patients with frontal lobe epilepsy also reveal significant 
problems with working memory, including significantly 
reduced verbal and visuospatial memory span. These 
deficits are in agreement with the involvement of frontal 
regions in human working memory (44–46). Significantly 
reduced activation in the dorsolateral prefrontal cortex 
and posterior parietal cortex during a Sternberg working 
memory paradigm has been described in patients with a 
high lifetime frequency (�50) of secondary generalized 
seizures. A similar group of patients with low frequency 
of seizures (�10) showed a brain activation pattern simi-
lar to that observed in healthy controls (21).

Impaired learning of new material and retrieval 
problems are more prominent in epilepsy patients with 
an etiology of traumatic brain injury and herpes sim-
plex encephalitis. In the latter, and because of frequent 
medial temporal involvement, dense memory deficits 
have been reported, including anterograde and retro-
grade amnesia (47).

Children

Material-specific memory deficits have been described in 
both children and adults with unilateral temporal lobe 
epilepsy. An early age of disease onset (�5 years-of-age) 
appears associated with more severe verbal and nonverbal 
memory deficits, and successful surgery before puberty 
can limit the postsurgical memory deficits that are found 
in adults (66, 67).

Memory problems have been reported in children 
with benign idiopathic partial epilepsies. Children with 
epilepsy with centrotemporal spikes display problems 
with verbal learning and recall, and children with occipi-
tal lobe epilepsy show impaired memory for verbal and 
visual material (38, 48).
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LANGUAGE

Tests of the execution of verbal commands (e.g., the Token 
Test); of the ability to retrieve the names of animals, 
objects, and actions (e.g., the Boston Naming Test); and 
of the ability to generate words fluently according to a set 
of prespecified rules (e.g., the Controlled Oral Word Asso-
ciation Test) constitute some of the tasks used to evaluate 
problems with speech comprehension, naming, and verbal 
fluency (43). Speech and language are lateralized cognitive 
functions, implying that one hemisphere (in right-handed 
individuals, usually the left hemisphere) is dominant for 
the processing of linguistic operations. Speech and lan-
guage deficits have been frequently reported following 
frontal and temporal damage of the left hemisphere.

Adults

Despite the localization of important language areas in 
the epilepsy-prone frontal and temporal lobes, obvious 
language dysfunctions are rarely reported in adults with 
late-onset epilepsy. Patients with temporal lobe epilepsy 
in the language-dominant hemisphere frequently show 
naming deficits, supposedly as a result of spreading 
of the epileptic activity to lateral temporal areas (17). 
Functional neuroimaging has corroborated the findings 
of the intracarotid amobarbital procedure (Wada test) 
that atypical language dominance is more common in 
patients with early-onset epilepsies, in particular in those 
with left temporal lobe epilepsy. These findings suggest 
that the brain appears to be able to reorganize itself by 
relocating functions normally assigned to areas that were 
rendered dysfunctional by seizure activity to other, most 
often contralateral homologous, regions. Although there 
is evidence that the younger the brain, the more readily 
this relocation takes place, it remains to be determined 
whether relocation guarantees normal function and what 
criteria predict better outcome (68).

Left-sided hemispherectomies to achieve seizure 
control carry the risk of language dysfunction, particularly 
regarding expressive language and reading, even if surgery 
is performed before the age of 10 (69). The cognitive side-
effects of AEDs are another treatment-related factor with a 
potential adverse effect on language. Higher doses of topi-
ramate have been associated with deterioration of verbal 
IQ, word fluency, and verbal learning (3). Biochemical data 
and functional brain imaging suggest that treatment with 
topiramate disrupts frontal processing, leading to mental 
slowing and impairments of language production (21).

Children

The most dramatic language difficulties associated 
with epilepsy can be observed in children with the 
Landau-Kleffner syndrome (acquired epileptic aphasia). In 

this rare syndrome, 3- to 7-year-old children present with 
a gradual or sudden loss of the ability to understand and 
use spoken language, despite intact hearing and apparently 
normal previous development. All children with Landau-
Kleffner syndrome show coincident abnormal electrical 
brain activity over both hemispheres, and the majority 
show seizures that usually occur at night. It remains unclear 
whether the paroxysmal EEG changes are causally related 
to the observed language dysfunction. Usually the seizures 
disappear and the EEG returns to normal by the age of 15. 
Language may improve, but receptive language problems 
usually continue into adulthood, and prognosis on language 
recovery is worse with an earlier disease onset (41, 42).

Minor language difficulties have been reported in 
children with idiopathic benign epilepsy with centrotem-
poral spikes (reduced verbal fluency) and idiopathic gen-
eralized epilepsy (increased processing time of semantic 
information) (38, 49, 70–72).

VISUOPERCEPTUAL AND SPATIAL SKILLS

Tasks that require the free drawing or copying of objects 
or figures, the comparison of figures or faces (e.g., the 
Facial Recognition Test), the construction of two- or 
three-dimensional assemblies (e.g., the Complex Figure 
Test or the Wechsler-subtest Block Design), and the 
orientation in space (e.g., the Money Road-Map Test, 
the Judgment of Line Orientation) often combine the 
use of visuoperceptual, motor, and spatial abilities. It is 
important to distinguish between the different functions 
underlying the impaired performance by comparing the 
performances of several visual-spatial tasks (43). The 
expression of visuospatial dysfunction is generally asso-
ciated with damage to the right hemisphere, in particular 
with a more posterior localization.

Adults

Although visuoperceptual and spatial deficits can be expected 
in patients with occipital and parietal lobe epilepsies, there is 
little if any systematic information on the cognitive profile of 
these rare epilepsy types. Patients with frontal and temporal 
epilepsies may present with impairments on visual-spatial 
tests, but qualitative assessment should consider the possible 
contribution of mental and psychomotor slowing in the 
interpretation of these findings. On the other hand, struc-
tural brain imaging reveals widespread anatomic changes 
in patients with uncontrolled temporal lobe epilepsy includ-
ing the parietal areas. In agreement with these findings, 
temporal lobe epilepsy patients perform significantly worse 
on visuoperceptual and spatial tasks compared to normal 
controls. Visuospatial  performance correlates significantly 
with quantitative magnetic resonance imaging (MRI) 
volumetrics (17, 73, 74).
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Children

Occipitoparietal lobe epilepsy is also rare in children, and 
the cognitive effects await specification. Visuoconstruc-
tive difficulties have been reported, especially in children 
with posterior epilepsy (67).

PSYCHOMOTOR SKILLS

Psychomotor skills consist of speed, strength, manipulative 
agility, and adequacy of learned movements on intentional 
motor tasks. The Finger Tapping Test, the Purdue and 
Grooved Pegboard Tests, and visual and auditory reaction 
time tests are some typical examples of timed speed tests. 
Gesture copying and sequencing and imitation or panto-
miming of learned movements evaluate higher-order motor 
behavior (43). Motor dysfunctions, such as pronounced 
performance deviations between the two hands despite 
intact capacity for normal movement, can be used as indi-
cators for lateralized brain damage. In epilepsy research, 
manual dexterity tests measuring speed are most often used. 
These timed speed tests may help to differentiate between 
deficits underlying an abnormal performance, since many 
neuropsychologic tests also have a motor component. 
Adequate intentional motor behavior is generally associ-
ated with an intact parietofrontal  network.

Adults

Compared to healthy controls, unmedicated patients with 
newly diagnosed idiopathic and cryptogenic epilepsies 
perform significantly worse on visual and auditory reac-
tion time tasks and complex timed manual dexterity 
tests with the dominant and the nondominant hand. The 
bimanual involvement is suggestive of a general slowing 
of the motor performance rather than an effect of later-
alization. These findings also suggest that psychomotor 
slowing is an initial symptom of the disease that is unre-
lated to long-term disease effects or AED treatment (75). 
AEDs may show an additional effect on psychomotor 
speed. In particular, low doses of topiramate have been 
associated with psychomotor slowing (3).

Patients with frontal lobe epilepsy are frequently 
reported with psychomotor deficits, including impaired 
uni- and bimanual hand movements, impaired gesture 
sequencing, and reduced psychomotor speed (44–46).

Children

Impairment of fine motor skills has been reported in children 
with benign epilepsy with centrotemporal spikes. These dys-
functions may be subtle, since they become manifest only in 
the more difficult psychomotor tasks (37, 40, 76).

In agreement with the findings in adults, psycho-
motor dysfunctions are also reported in children with 

frontal lobe epilepsy. Compared to children with tem-
poral lobe epilepsy and generalized epilepsy, they show 
more problems with complex motor coordination and 
motor sequences (77).

EXECUTIVE FUNCTION

Executive function consists of the adaptive organization 
of actions and mental flexibility. Although it is difficult 
to assess this behavior outside the complexity of everyday 
life, there are test procedures that require flexible adapta-
tion to the task (e.g., Wisconsin Card Sorting Test), reveal 
inadequate cognitive planning (e.g., Tower of London), 
and provoke perseverative behavior (43). Executive dys-
functions are frequently observed in patients with damage 
in the prefrontal regions.

Adults

Reduced mental flexibility also qualifies as an initial 
symptom of the disease, because newly diagnosed and 
unmedicated idiopathic, cryptogenic, and symptomatic 
epilepsy patients perform significantly worse than normal 
controls on tasks that require flexible strategy shifting 
and resistance to cognitive interference (75, 78).

Patients treated for idiopathic or symptomatic gen-
eralized epilepsies demonstrate limited mental flexibility 
and poor working memory (79, 80). Both functions require 
prefrontal mediation, and their impairment is in line with 
evidence (from electrophysiological studies and functional 
and structural brain imaging) of a frontal role in generating 
epileptic activity in generalized epilepsies (47, 81, 82).

Compared to IQ-matched patients with temporal lobe 
epilepsy, adult patients with a history of idiopathic juvenile 
myoclonic epilepsy perform significantly worse on executive 
tests measuring concept formation, planning, and organiza-
tion (80). Again, this finding is in line with the predominant 
frontal pathology reported in this syndrome (83).

Not surprisingly, patients with localization-related 
frontal epilepsies show an impaired performance on many 
executive tests compared to patients with temporal lobe 
epilepsy and normal volunteers. Reduced response inhi-
bition, decreased resistance to cognitive interference, 
impaired planning and abstract reasoning, slowed con-
cept formation and concept shifting, increased impulsivity 
and perseverative behavior, and reduced mental flexibility 
are often reported (44–46). The differential pattern of 
more severely impaired executive and psychomotor skills 
in frontal lobe epilepsy patients compared to patients 
with temporal lobe epilepsies has been questioned by 
other studies, because many patients with temporal lobe 
epilepsy display robust executive and psychomotor defi-
cits (81). Careful interpretation of individual test profiles 
thus remains warranted.
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Children

Similarities of the alleged adult neurocognitive profile of 
frontal lobe epilepsy have been reported in children (84). 
Compared to age- and IQ-matched children with tem-
poral lobe epilepsy and generalized epilepsy, the frontal 
lobe group reveals significantly more impaired planning 
and impulse control as well as psychomotor disturbances. 
Conceptual shifting does not differentiate between the 
epilepsy groups (52, 77, 85).

CONCLUSIONS

Cognitive dysfunctions are frequently reported in patients 
with epilepsy, although it is important to point out that 

there is no single cognitive deficit or profile that char-
acterizes epilepsy. In addition, it has proven difficult to 
distinguish between different types of epilepsy on the basis 
of their neuropsychologic profiles, especially in the indi-
vidual patient. Several factors will influence a patient’s 
cognitive performance, resulting in a very heterogeneous
clinical presentation of cognitive profiles in epilepsy. 
Detailed information on the location of brain pathology, 
nature and frequency of seizures, and AED treatment is 
essential for the interpretation of the resulting neuropsy-
chologic profile. On the other hand, studies comparing 
more or less homogeneous groups of epilepsy syndromes 
or epilepsy-related variables have shown that some cogni-
tive functions may be more frequently or more severely 
disturbed in some forms of epilepsy than in others. These 
trends are summarized in Table 19-1.

TABLE 19-1
Impact of Epilepsy Type and Epilepsy-Related Variables on Major Cognitive Domains

Intelligence • Moderate to severe mental retardation in severe childhood epilepsies (West and 
Lennox-Gastaut syndromes)

• Increased possibility of reduced intellectual abilities in symptomatic epilepsies, in particular 
when bilateral, of early onset (�5 yrs), of very long duration (�30 yrs), or refractory; and 
following status epilepticus

• Normal to near-normal intelligence in idiopathic epilepsy syndromes

Attention • Manifest impairment of attention in symptomatic epilepsies (frontal � temporal localization), 
and more prominent in children than in adults

• Poor attention in (benign) idiopathic epilepsies in children
• Reduced mental speed in children with frequent epileptic EEG discharges

Memory • Marked and often material-specific deficits of episodic memory performance in adults and 
children with medial temporal lobe epilepsy

• Problems with working memory and episodic memory frequently found in patients with 
frontal lobe epilepsy

• Increased possibility of impaired memory in symptomatic epilepsies, in particular when 
bilateral, of early onset (�5 yrs), of very long duration (�30 yrs), or refractory; and following 
convulsive status epilepticus

• Memory dysfunction in (benign) idiopathic epilepsies in children

Language • Dramatic language difficulties in acquired epileptic aphasia (Landau-Kleffner syndrome)
• Language dysfunctions associated with epilepsy surgery on the language dominant 

hemisphere and with AED treatment
• Relatively mild naming difficulties in patients with temporal lobe epilepsy of the language 

dominant hemisphere
• Minor language difficulties in (benign) idiopathic childhood epilepsies

Visuoperceptual • Visuospatial impairments in patients with temporal and frontal lobe epilepsies (no systematic
and spatial skills data are available for patients with occipital or parietal lobe epilepsies)

Psychomotor skills • Psychomotor deficits frequently reported in adults and children with symptomatic epilepsies 
(frontal � temporal localization)

• Psychomotor slowing observed in newly diagnosed patients with idiopathic epilepsies
• Psychomotor slowing associated with AED treatment

Executive function • Marked executive dysfunctions reported in adults and children with symptomatic epilepsies 
(frontal � temporal localization)

• Reduced executive skills observed in patients with (newly diagnosed) idiopathic epilepsies
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The ecological validity of neuropsychologic impair-
ment is an important issue in the clinical management of 
the patient. In fact, many patients who have been diag-
nosed with epilepsy and respond favorably to drug treat-
ment will not spontaneously report cognitive problems. 
Sensitive neuropsychologic measures may reveal subtle, 
yet significant discrepancies with normal performance 
that may be irrelevant for normal daily functioning. On 
the other hand, subtle deficits may manifest themselves 
in intellectually demanding professional or educational 
circumstances. Even in patients with well-controlled idio-
pathic epilepsy who maintain regular jobs, objective and 
subjective cognitive complaints can be demonstrated that 
have an impact on quality of life. Patients that are referred 
for neuropsychologic investigation often show a history 
of refractory or intractable symptomatic epilepsy. On this 
end of the spectrum, a much clearer relation between for-
mal neuropsychologic assessment and ecologically valid 

mental limitations can be found. Frequently, these patients 
display obvious cognitive deficits that are reflected in daily 
life or educational achievement. Many factors, including 
intelligence, personality, and mood, will determine the 
final effect of cognitive impairment on daily behavior and 
perceived quality of life.

While the clinical relevance of cognitive impair-
ment in epilepsy is increasingly recognized, there are no 
effective treatments available for epilepsy-related cog-
nitive dysfunctions other than to avoid cognitive side 
effects in the treatment of seizures. Some experiments 
with behavioral or pharmacological interventions have 
addressed this question with moderate results (5). More 
exact delineation of the underlying cognitive deficits in 
the individual patient, coupled with new pharmacological 
agents or rehabilitative techniques that target specific cog-
nitive functions, may pave the way towards more effective 
comprehensive treatment programs.
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HEMISPHERIC EPILEPSY OF CHILDHOOD

Hemispheric epilepsy of childhood is characterized by a 
structural abnormality in one hemisphere, resulting in sei-
zures arising from that hemisphere. Congenital etiologies 
include perinatal stroke, hemimegalencephaly, Sturge-
Weber disease, and migrational disorders. Acquired 
causes include infection, Rasmussen encephalitis, head 
trauma, and vascular insults. Patients may have a com-
bination of seizure types including tonic-clonic, atonic, 
focal motor, and complex partial seizures. Children with 
hemispheric epilepsy may be treated with hemispherec-
tomy, in which one of the cerebral hemispheres is surgi-
cally removed or disconnected. Substantial improvement 
in seizure control is seen in 78–95% of patients after 
hemispherectomy (2).

It is striking that despite removal of the dominant 
hemisphere, language function is not devastated in most 
patients. Although children with a variety of unihemi-
spheric abnormalities have baseline language impairment, 
function is often no worse after dominant-side hemispher-
ectomy (2). Linguistic function may in fact improve post-
operatively, in some cases from near-mutism to almost 
normal speech (2–5).

Indeed, if there is little to no linguistic consequence 
of hemispherectomy, it is assumed that the operated 

his chapter will explore the rep-
resentation of language function 
in the brains of patients with epi-
lepsy. In epilepsy, while abnormal 

electrical activity may disrupt brain function, there 
may be reorganization of functional units over time so 
that cognitive ability is preserved. Epilepsy therefore 
provides an interesting model in which to explore 
functional organization and neurologic response to 
injury. We investigate language function in particular 
because there is extensive knowledge of structural-
functional relationships in this cognitive domain. 
Language function is made up of multiple linguistic 
subfunctions associated with particular brain regions, 
which, through interconnections, are thought to work 
together to generate language (1). Thus the study of 
language lends itself to a “neural networks” approach 
to brain reorganization.

There are various forms of epilepsy, with different 
seizure semiology, age of onset, severity, and underly-
ing pathology. This chapter will focus on two types of 
epilepsy, both of which have been associated with lan-
guage disturbance and functional reorganization: (1) 
hemispheric epilepsy of childhood requiring hemispher-
ectomy, and (2) focal epilepsy, including mesial temporal 
lobe epilepsy (MTLE).

T
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hemisphere is not necessary for language and that lan-
guage is represented in the intact contralateral hemi-
sphere. This notion has been supported by brain mapping 
techniques showing atypical language representation in 
patients with hemispheric epilepsy, including direct elec-
trocortical stimulation (DCS) (6), intracarotid amobarbi-
tal testing (IAT, Wada test) (3), and functional magnetic 
resonance imaging (fMRI) (6).

Although many studies report impressive speech 
outcomes after hemispherectomy, some investigators have 
demonstrated impairment in particular linguistic domains. 
For instance, deficits have been observed during syntactic 
and morphological tasks in patients who have undergone 
left hemispherectomy (5, 7). In a study by Boatman et al. 
(7), language was assessed preoperatively and then fol-
lowed after left hemispherectomy in six children with 
Rasmussen encephalitis. The authors noted that phoneme 
discrimination was intact in the immediate postoperative 
period, after which time the children showed single-word 
speech and improved comprehension. Naming continued 
to be impaired, and patients’ speech remained largely 
telegraphic. These observations suggest that certain lin-
guistic subfunctions may be inherent to or “hard wired” 
in a hemisphere and may be more or less readily reorga-
nized to the contralateral hemisphere. Overall, there is 
likely some functional cost to transferring language to a 
formerly nondominant hemisphere.

There is significant discussion in the literature about 
the time course of language reorganization in patients 
with hemispheric epilepsy. When intact language func-
tion is observed immediately after hemispherectomy, the 
assumption is that language was already represented in 
the contralateral hemisphere or that language was trans-
ferred before surgery. In the latter case, language trans-
fer could be induced either by seizure activity or by the 
presence of a structural lesion. On the other hand, when 
patients are significantly impaired postoperatively, and 
language function develops over time, the assumption 
is that language is gradually acquired by the nonoper-
ated hemisphere after surgery. It is possible, however, 
that language was at least partially transferred preop-
eratively but was not immediately manifest after surgery 
because of “stunning” of the remaining hemisphere or 
time needed for reinforcement of connections that were 
not used while the dominant hemisphere was in place 
(7). Interestingly, in many patients there are significant 
preoperative linguistic deficits despite functional mapping 
techniques demonstrating preoperative language reorga-
nization. Possible explanations include interference from 
seizure activity, transcallosal inhibition by the dominant 
hemisphere, expected functional level given overall cog-
nitive development, medication effect, and insufficient 
preoperative language testing (4, 7).

Transfer of language may be influenced by patient age, 
both at seizure onset and at hemispherectomy. In general, 

the older the patient, the less likely language transfer is 
to occur (8). The literature reports older children and ado-
lescents with good postsurgical linguistic outcomes, sug-
gesting that in some cases sufficient plasticity is sustained 
into adolescence to enable effective language reorganiza-
tion (3, 6, 7). In contrast, Loddenkemper et al. (8) report a 
55-year-old man who underwent left hemispherectomy for 
intractable seizures due to trauma sustained at age five. This 
patient suffered significant postoperative aphasia despite a 
preoperative left IAT demonstrating intact language func-
tion. One explanation for this discrepancy is reduced neu-
ronal plasticity in middle age, causing language to be less 
completely transferred to or less readily executed by the right 
hemisphere. However, other considerations are the subcorti-
cal location of the lesion (thought to induce less extensive 
functional reorganization and to be less completely inacti-
vated by amobarbital relative to a cortical lesion ) and intra-
hemispheric transfer of language to more posterior regions 
less reliably inactivated by IAT (8). Functional MRI may 
have provided more information than IAT in this case.

Curtiss et al. (9) emphasize etiology as predictive of 
language outcome after hemispherectomy. The authors 
show that postoperative language is superior in children 
with acquired lesions relative to those with developmental 
pathologies. Moreover, the various demographic factors 
thought to predict outcome (e.g., age at seizure onset or 
surgery, duration of epilepsy, side of seizure focus, pre-
operative cognitive function, and postoperative seizure 
control) have differential influence depending on etiology. 
They present etiology as an “all-inclusive variable” that 
can account for the effects of the other factors.

FOCAL EPILEPSY

Typically, focal epilepsy is secondary to a structural lesion 
in the brain such as tumor, stroke, vascular malformation, 
mesial temporal sclerosis, or focal dysplasia. However, 
focal epilepsy can be cryptogenic (i.e., no underlying 
lesion is identified) or associated with a specific epilepsy 
syndrome. Seizures may be focal or secondarily general-
ized, with clinical characteristics largely related to the 
location of the seizure focus and the propagation of ictal 
discharges. Mesial temporal lobe epilepsy (MTLE) is the 
most common type of focal epilepsy. MTLE can be dif-
ficult to control with anticonvulsant medications, but in 
selected patients it can respond well to surgical therapy.

In patients with focal epilepsy, various brain map-
ping techniques have been used to establish typical ver-
sus atypical language lateralization. Atypical language 
dominance (defined as right-sided or bilateral language 
representation) is more common in patients with epi-
lepsy than in the general population, supporting the 
hypothesis that insult to the brain in epilepsy induces 
language reorganization.
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IAT has long been the gold standard for language 
lateralization in patients with focal epilepsy being consid-
ered for surgical intervention (10). Indeed, IAT has shown 
higher rates of atypical language representation in patients 
with focal epilepsy than in the general population (11, 12). 
The major advantage of IAT is that by deactivating a large 
part of a hemisphere, the procedure simulates brain resec-
tion and provides an indication of potential postoperative 
deficits. Nevertheless, IAT cannot localize within a hemi-
sphere and therefore has limitations in terms of detailed 
language mapping. Moreover, hemispheric inactivation is 
biased toward anterior territories, as amobarbital is typi-
cally injected into the anterior circulation via the carotid 
artery. Hence, there is the potential to inactivate only par-
tially the more posterior areas involved in receptive lan-
guage function, resulting in preserved linguistic capability 
and the false impression that the injected hemisphere is not 
critical for all language functions (10).

More recently, functional imaging techniques includ-
ing fMRI, positron emission tomography (PET), and mag-
netoencephalography (MEG) have been used for mapping 
cognitive processes in the brain. Functional MRI studies 
have shown that atypical language lateralization is more 
prevalent in patients with focal epilepsy than in control 
populations (1, 13, 14). Moreover, Waites et al. (1) used 
fMRI to perform a resting-state functional connectivity 
analysis in 17 patients with left temporal lobe epilepsy and 
30 healthy controls. Not only did fMRI show higher rates 
of atypical language lateralization in patients with epilepsy, 
but the authors demonstrated reduced connectivity among 
language areas in patients relative to control subjects. PET 
and MEG have also shown atypical language representa-
tion in patients with focal epilepsy (15, 16). Pataraia et al. 
(16) used MEG to map language function in 12 patients 
with temporal lobe epilepsy before and after anterior tem-
poral lobectomy. Although the sample size was small, it 
was those patients with atypical (i.e., bilateral) language 
representation preoperatively who showed increased right-
sided language function after surgery. This finding supports 
the notion of “readiness,” either inherent or acquired, of 
the non-dominant hemisphere for language.

Newer imaging techniques such as fMRI, PET, and 
MEG differ from IAT in how language localization is 
inferred. IAT is a deactivation technique in that it cre-
ates a temporary brain lesion and tests for cognitive and 
behavioral changes. The other functional imaging meth-
ods, in contrast, demonstrate activation of brain regions 
associated with performance of particular tasks (10). The 
main strength of the newer techniques is their ability to 
localize function within a hemisphere, yielding detailed 
language maps. Furthermore, these methods are less 
invasive than IAT and can be repeated for serial assess-
ment of language representation in the brain, which is 
essential for capturing the dynamic nature of brain reor-
ganization in patients with epilepsy (10).

Nevertheless, there are several important limita-
tions of the newer functional imaging techniques. Func-
tional MRI and PET measure blood flow, from which 
(correctly or incorrectly) neural activity—and further, 
a cognitive process—is inferred. As MEG measures 
magnetic fields induced by electrical neuronal activity, 
it assesses brain activity more directly than fMRI or 
PET does. Moreover, these techniques highlight those 
areas that appear to participate in a given task, but not 
necessarily those critical for the execution of that task. 
They may therefore be sensitive, but less specific, as 
preoperative predictive tools (10). While there is good 
concordance with more established techniques such as 
IAT, where discrepancy exists, the newer techniques tend 
to show bilateral activation when IAT shows robust lan-
guage lateralization (14, 17, 18).

In patients with focal epilepsy, language reorganiza-
tion does not necessarily involve en masse language transfer 
to the contralateral hemisphere. This observation is based 
on cases of crossed dominance, in which an individual 
is right-dominant for some functions and left-dominant 
for others. The cases of crossed dominance observed with 
IAT primarily show dissociation between expressive and 
receptive function in patients with focal lesions involving 
anterior or posterior language areas (19). Functional imag-
ing studies have also demonstrated crossed dominance in 
patients with focal epilepsy, showing dissociation between 
frontal and temporal activation (20). In general, patients 
with frontal seizure foci show reorganization of expressive 
functions, whereas those with temporal foci show transfer 
of receptive functions.

Observations of crossed dominance suggest that lan-
guage function may selectively reorganize away from a 
diseased part of the brain but remain localized in a healthy 
region. The different reorganization patterns suggest that 
one could, in theory, find a wide variety of language net-
works (intra- and interhemispheric) in the brains of indi-
viduals or patient populations. Further studies using diffu-
sion tractography and functional connectivity analysis may 
help to demonstrate how language areas work together 
within and across hemispheres to generate language.

Language reorganization in patients with focal epi-
lepsy could be induced by seizure activity, the underlying 
structural or functional lesion, previous resection attempts, 
or some combination of these factors. Nevertheless, shift 
of language dominance is not seen in all patients with focal 
epilepsy, and patterns of reorganization seem to vary. These 
differences are likely due to a number of factors, including 
patient age at brain injury or seizure onset, duration of 
seizure activity, severity or frequency of seizures, patient 
or familial handedness, lesion size and location, and yet 
unknown (and likely idiosyncratic) characteristics of neural 
connectivity in individual patients’ brains. The literature 
contains several discussions of the (often controversial) 
effects of these factors (12, 13, 21). Saltzman-Benaiah et al. 
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(21) identified predictors of atypical language representa-
tion in patients with focal epilepsy (e.g., left-sided seizure 
focus, seizure onset before age five, extratemporal seizure 
focus, and left-handedness) and showed that the likelihood 
of atypical language representation is related to the number 
of these factors present in a given case.

To the extent that language tasks engage particular 
brain regions, the choice of task can influence language 
localization by any mapping technique. It is therefore 
important to use multiple linguistic tasks that assess both 
receptive and expressive skills, which can be dissociated, in 
order to generate complete language maps (20). Failure to 
do so may cause brain areas involved in language function 
to be overlooked, with both neuroscientific and neuro-
surgical consequences. Rutten et al. (20) noted that many 
studies use only frontal activation to determine laterality 
because these areas are more uniformly activated by fMRI 
language tasks than temporal regions are. The cases of 
crossed dominance emphasize that this may be inadequate 
for language localization. This is particularly important 
for presurgical planning, as epilepsy surgery most often 
involves the temporal lobes. In addition, differences in the 
criteria used to establish language dominance may affect 
rates of atypical language representation reported by the 
various studies as well as the likelihood of identifying 
atypical representation in a particular patient (14).

CONCLUSION

Multiple lines of evidence demonstrate atypical language 
representation in patients with epilepsy, suggesting that 

seizure activity can induce reorganization of language 
function. In patients with hemispheric epilepsy who 
undergo hemispherectomy, reorganization is inferred 
from the impressive preservation of language seen in 
many cases after removal of the dominant hemisphere. 
In patients with focal epilepsy, brain mapping techniques 
such as IAT, fMRI, PET, and MEG show that atypical 
language representation is more prevalent than in control 
populations. The literature also provides interesting cases 
of crossed dominance, in which certain linguistic func-
tions are lateralized to one hemisphere while others are 
lateralized to the opposite hemisphere.

The study of language reorganization in epilepsy 
has implications for fundamental neuroscientific ques-
tions, including localization of function, hemispheric 
potential for particular cognitive tasks, and the ability of 
neural tissue to compensate for injury. A further goal for 
research in this area is more detailed language mapping, 
with assessment of injury-induced alterations in linguistic 
networks. To this end, it will be essential to develop and 
validate correlative imaging and fiber-tracking techniques 
that demonstrate anatomic and functional connectivity. 
Moreover, the nature, time course, and outcome of lan-
guage reorganization in patients with epilepsy could be 
further elucidated by longitudinal studies that monitor 
for changes in language representation in the brain over 
time and with medical or surgical intervention. This kind 
of study is challenging, but possible, given the availability 
of noninvasive imaging methods such as fMRI. Greater 
understanding of these issues could assist in preoperative 
planning as well as guide the development of innovative 
therapeutic and rehabilitative interventions.
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but propagating epileptiform discharges may play a 
role. This chapter reviews the impact of epilepsy on 
each sensory modality. Concluding remarks highlight 
the potential for thoughtfully selected psychophysical 
perceptual tasks to provide additional insight into the 
cognitive impact of different epilepsy syndromes and 
of ablative epilepsy surgery.

OLFACTORY PERCEPTION

Most studies of olfaction in epilepsy have been in patients 
with TLE because of the close anatomical association of 
the olfactory system with limbic system structures often 
implicated in mesial temporal lobe epilepsy. In particular, 
the entorhinal cortex, prepiriform cortex, and amygdala 
are involved in olfactory perception (2, 3). West and Doty 
reviewed the literature on epilepsy and olfactory function 
in the mid-1990s and highlighted the remarkably incon-
sistent findings from one study to the next (2). They noted 
that studies differed with respect to odors used, testing 
methods, and subject selection.

A clearer picture has emerged from subsequent 
work, combined with a critical assessment of earlier 
studies. Epilepsy is not associated with increased olfac-
tory thresholds (decreased sensitivity) to commonly 
used test odorants such as 1-butanol and phenyl ethyl 

Disturbances of brain function induced by or 
associated with the epilepsies may be involved 
with an almost infinite variety of disorders of 
perception.

G.H. Glaser, 1970 (1)

INTRODUCTION

Only in the last decade has there been broad recognition 
that seizures are not the only, and for some patients not 
even the most distressing, epilepsy symptom. Interictal 
function of the epileptic brain may also be disrupted, 
resulting in corresponding cognitive disturbances. This 
chapter addresses the impact of epilepsy on human per-
ception, outside of the peri-ictal interval. Although it 
may seem logical that olfactory dysfunction is asso-
ciated with temporal lobe epilepsy (TLE) and visual 
disturbances with occipital lobe epilepsy (OLE), the 
underlying functional anatomy is not always straight-
forward. For instance, patients with medically uncon-
trolled TLE also have impaired tactile spatial acuity. 
The presence of specific perceptual disturbances in 
focal epilepsy syndromes is consistent with the view 
that epilepsy is a network disease, with the potential to 
affect neural circuits distant from the seizure focus. The 
cause of interictal perceptual dysfunction is unknown, 
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alcohol (PEA) (2–5). In retrospect, this observation is 
hardly surprising in light of the findings in patient H. 
M. In this well-known and intensively studied patient, 
who underwent extensive bilateral temporal lobectomies 
for treatment of uncontrolled seizures, postoperative 
odor detection thresholds were normal (6). This case 
illustrates that the mesial temporal structures, indeed 
the majority of the temporal lobes bilaterally, are not 
necessary for normal odor detection in humans.

Epileptic subjects had lower olfactory thresholds 
(higher sensitivity) for pyridine, nitrobenzene, and thio-
phene than did controls in one relatively large study of 
taste and smell acuity in epilepsy (7). This effect was 
most pronounced in the patients with complex partial 
seizures (presumably of predominantly temporal lobe 
origin) without secondary generalization. There was no 
difference in odor detection thresholds between epileptic 
subjects who were taking antiepileptic drugs (AEDs) and 
those who were medication-free. Although all patients in 
this study had abnormal electroencephalograms (EEGs), 
specific EEG findings and other diagnostic criteria were 
not described.

In contrast to their normal or supranormal odor 
detection, epileptic subjects are usually impaired on 
tests of odor naming, discrimination, and recall. These 
deficits are often (3, 8), but not always (4, 9), found to 
be more pronounced in patients with right TLE than 
in those with left TLE or other epilepsy syndromes. 
Kohler and colleagues examined the monorhinic odor 
detection threshold to PEA and odor identification in 
40 patients with schizophrenia, 14 patients with right 
TLE, 18 patients with left TLE, and 25 healthy controls 
matched for age, education, and smoking status (3). All 
TLE patients had uncontrolled seizures and were can-
didates for epilepsy surgery. As expected, there was no 
difference in PEA detection threshold between groups or 
nostrils. The right TLE and schizophrenic subject groups 
had impaired odor identification compared to controls. 
There were no within-group nostril differences.

Carroll et al. tested birhinic identification and recall 
of common odors in 30 patients with epilepsy (10 left 
TLE, 10 right TLE, 10 non-TLE) and 10 controls (8). All 
three epilepsy subject groups were substantially impaired 
in odor identification, but only the right TLE group had 
abnormally low retention of nameable odors in com-
parison to non-nameable odors. The authors hypoth-
esized that right temporal lobe structures are crucially 
involved in short-term odor retention and that function 
of these olfactory memory-encoding circuits is disrupted 
in right TLE (8). The specificity of the retention deficit to 
nameable odors was speculated to result from lateralized 
involvement of the right temporal lobe in autobiographi-
cal memory, as nameable and distinct odors are “encoded 
primarily in terms of significant autobiographical epi-
sodes or events” (8).

One study found odor recognition and discrimina-
tion more impaired in left than in right TLE patients, 
with both groups performing worse than controls (9). All 
TLE patients had uncontrolled seizures and underwent 
the psychophysical olfactory testing while implanted with 
indwelling depth electrodes for definitive localization of 
the epileptogenic focus. In addition to the behavioral 
data, amygdalar chemosensory evoked potentials were 
recorded. Odors were presented monorhinally ipsilat-
eral to the side of seizure origin. As with previous studies, 
impaired performance of the TLE group was attributed to 
abnormal olfactory encoding and short-term memory (9). 
Interestingly, the performance disparity between left and 
right TLE patients was tentatively attributed to group 
differences in psychosocial traits, as opposed to any dif-
ference in perceptual or memory processes. Specifically, 
the concept that right TLE patients “tended to exaggerate 
their desired qualities” while left TLE patients “tended 
to exaggerate their weaknesses” was proposed to explain 
corresponding differences in response bias and decision 
criteria employed in the psychophysical tests (9).

In summary, most research studies indicate that 
people with epilepsy have normal or supranormal olfac-
tory thresholds and have impaired odor discrimination, 
identification, and recall. These olfactory deficits are 
probably more pronounced in right than in left TLE, con-
sistent with the relatively frequent association of olfac-
tory symptoms and disturbances to right TLE patients. 
Whether these psychophysically determined deficits result 
primarily from a disturbance of perception or of memory 
(or both) is not clear, as this distinction is particularly 
difficult to make in olfaction because of the central role 
of the limbic system in both processes.

TASTE PERCEPTION

Campanella et al. investigated taste acuity as well as odor 
detection thresholds (7). Epileptic subjects had substan-
tially increased sensitivity (lower thresholds) to sucrose 
and urea compared to controls, while there were no group 
differences in sensitivity to sodium chloride or hydro-
chloric acid. The authors suggested that abnormal zinc 
metabolism may play a role in both epileptogenesis and 
alterations in taste and smell sensitivity.

Taste sensitivity to phenylthiocarbamide (PTC) was 
compared in 400 patients with epilepsy (200 idiopathic and 
200 symptomatic) and 100 normal controls in northwest-
ern India (10). PTC taste sensitivity is a genetic trait with 
autosomal dominant inheritance, and the “goitrogenic” 
thiocarbamides are found in edible plants of the Brassica
genus, such as Brussels sprouts, cauliflower, and kale. Both 
epilepsy groups had a significantly higher fraction of non-
tasters (idiopathic 35.5%, symptomatic 32.5%) than did 
the control group (20.0%). Epilepsy diagnosis was based 
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on clinical history, interictal EEG, and brain computed 
tomography. The authors hypothesized an elevated risk for 
epilepsy among PTC nontasters due to a complicated series 
of steps, beginning with increased intake of bitter-tasting 
goitrogenic substances and ending with disturbed brain 
development in utero or in early childhood (10). Although 
the hypothesis is clearly speculative, the data suggest that 
specific forms of dysgeusia may have an increased preva-
lence in people with epilepsy.

Recent functional neuroimaging studies may pro-
vide a functional anatomic basis for future studies of taste 
perception in TLE, especially mesial TLE. In a review 
of functional neuroimaging data from normal subjects, 
Small et al. conclude that major gustatory processing 
areas include the insula, parietal and frontal opercula, 
and orbitofrontal cortex (11). In addition, taste-processing 
regions were highly lateralized to the right hemisphere. 
A case report from the same group also illustrates the 
significance of mesial temporal structures to taste percep-
tion (12). A patient with intractable TLE and bilateral 
(right � left) mesial temporal atrophy had normal taste 
detection thresholds and intensity estimation but elevated 
taste recognition thresholds (12). Functional PET imaging 
revealed activation of the left amygdala associated with 
an aversive taste stimulus. After a left selective amygda-
lohippocampectomy the patient had a marked selective 
loss of taste recognition, while all other aspects of taste 
perception were unchanged. Taken together, these two 
studies demonstrate the significance of mesial temporal 
structures in taste recognition and identification and the 
potential for impaired taste function in patients with 
mesial TLE. No study has prospectively evaluated taste 
in a carefully selected TLE population, and this remains 
a potentially fruitful area of research.

SOMATIC PERCEPTION

Three studies have specifically investigated somatic sensa-
tion in epilepsy. Knecht et al. administered a tactile vibra-
tory frequency discrimination task to nine patients with 
complex partial seizures (six of whom were not taking 
AEDs at the time of testing) and 11 normal controls (13). 
Subjects performed worse than controls on both hands, 
but performance on the side contralateral to the side of 
seizure onset was worse than on the ipsilateral side. The 
authors hypothesized that the impaired performance 
may be due to dysfunctional cortical plasticity induced 
by propagation of prior seizure activity. Since two-thirds 
of the epileptic subjects were AED-free, subnormal per-
formance could not be attributed to nonspecific drug-
induced cognitive slowing.

The author and colleagues used a tactile grating ori-
entation (GOT) discrimination task associated with acti-
vation of parietooccipital cortex (14) to investigate tactile 

perception in temporal lobe epilepsy (15). The task was 
administered at the index fingertip to 15 subjects with 
medically intractable TLE and 19 neurologically normal 
controls. TLE subjects were severely impaired bilaterally, 
with GOT discrimination nearly twice that of controls. 
In contrast to the previous study (13), we did not find a 
significant performance difference between hands in the 
TLE subjects. Mean within-group GOT discrimination 
thresholds did not differ in nine subjects tested on and off 
AEDs. These findings largely confirm and expand those of 
Knecht et al. (13) indicating impaired interictal somatosen-
sory processing in TLE unrelated to AED effects.

Tactile extinction was measured with the Quality 
Extinction Test (QET) in 73 patients with epilepsy and 
30 controls (16). In the QET the palms of both hands 
are brushed simultaneously with two different materi-
als, and the blindfolded subject states which hands were 
touched. Subjects included 41 patients with focal epilepsy 
and 32 patients with primary generalized epilepsy. There 
was no difference between the latter group and controls. 
Patients with focal epilepsy had significantly more tactile 
extinctions on the palm contralateral to the side of sei-
zure onset. The authors concluded that focal epilepsies 
are intrinsically more likely than generalized epilepsies 
to disrupt tactile perceptual networks and that this cere-
bral disturbance is more pronounced in the hemisphere 
ipsilateral to the seizure focus.

VISUAL PERCEPTION

Historically, visual evoked potentials (VEPs), and to a 
lesser extent event-related potentials (ERPs), have been 
the primary techniques used to study the effects of epi-
lepsy on the visual system. Although quantitative, the 
VEP is behaviorally passive, and group differences in VEP 
waveform amplitude or latency do not correlate with 
performance on psychophysical visual tasks. Nonetheless, 
these studies represent the majority of available data on 
visual information processing in epilepsy.

Most VEP experiments included only subjects with 
photosensitive epilepsy (PSE) or childhood epilepsy with 
occipital paroxysms (CEOP), and focused on changes 
in cerebral physiology immediately prior to an induced 
photoparoxysmal response or seizure (17). An excep-
tion is an early study by Lucking and colleagues, who 
examined flash-evoked VEPs in 40 patients with epilepsy 
and 30 controls (18). The patients constituted a hetero-
geneous group with respect to epilepsy syndrome, seizure 
types, and EEG findings, but none had PSE. The VEP 
was recorded from occipital, central, and temporal head 
regions. Compared to controls, patient VEPs had much 
higher interindividual variability in all three head regions. 
Patients without interictal epileptiform discharges in 
their EEG had more uniform VEPs than those with such 
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discharges, whether focal or generalized. There were no 
obvious morphological or latency distinctions between 
the VEPs of nine medication-free patients and 31 patients 
receiving AED treatment.

Faught and Lee used pattern reversal stimuli in 
18 patients with PSE and 61 normal controls (19). All 
18 patients had one or more types of generalized onset 
seizures and a photoparoxysmal response (PPR) to inter-
mittent photic stimulation. Mean latency of the P2 wave 
was significantly shorter in patients (92.5 msec) than in 
controls (97.5 msec). Patients whose seizures were con-
trolled had normal P2 latencies, while those with uncon-
trolled seizures had significantly shorter latencies. When 
retested after introduction of valproic acid, six patients 
with improved seizure control had a mean increase in P2 
latency, while two patients without improvement did not. 
It is tempting to draw an analogy between the decreased 
P2 latency in PSE patients and the lowered olfactory 
thresholds observed in one study of TLE patients (7) and 
to suggest that the cortical hyperexcitability associated 
with epileptogenesis may heighten perceptual sensitivity 
in some circumstances.

More recent studies have capitalized on newly 
available methods to record brain responses to specific 
stimuli. Masuoka et al. used fMRI to measure occipital 
lobe blood flow changes in response to a pattern reversal 
visual stimulus in 10 patients with uncontrolled OLE 
and nine normal controls (20). Six of the OLE patients, 
but only one control subject, had asymmetric activation 
patterns, and all six correlated with the side of seizure 
onset. The other four patients failed to activate in both 
occipital lobes, while the remaining eight controls had 
symmetric bilateral activation. These results demon-
strated the potential utility of this technique for seizure 
lateralization in OLE.

Magnetoencephalography (MEG) has also been used 
to measure photic-induced changes in neuronal activity 
(21). MEG was obtained during intermittent photic stimu-
lation (IPS) in 10 patients with idiopathic PSE, three non-
photosensitive epilepsy patients, and five normal controls. 
The authors defined a phase clustering index (PCI) and 
compared phase synchrony in the gamma band (30–120Hz) 
in trials that did or did not evolve into a PPR. The PCI was 
much higher and spatially broader when IPS provoked a 
PPR than when it did not. The authors conclude that con-
trol of beta- and gamma-band oscillations is labile in PSE 
patients and that in the setting of IPS, “local resonances, 
excessive synchrony, and spatial spread of synchrony” can 
occur, leading to a PPR or a seizure (21).

Limbic ERPs during a visual object decision and nam-
ing task were recorded from bilateral hippocampal depth 
electrodes in patients with uncontrolled TLE being evalu-
ated for epilepsy surgery (22). Visual stimuli consisted of 
either real or nonsense objects. Mean ERP amplitudes were 
significantly different between nonsense and real objects 

in the nonepileptogenic hippocampus but were not signifi-
cantly different in the epileptogenic hippocampus, even 
in the five patients with normal hippocampal pathology. 
These findings indicated that TLE can impair semantic 
processing of visual stimuli by the hippocampus.

AUDITORY PERCEPTION

Both ERPs and psychophysical perceptual tasks have 
been used to study auditory function in epilepsy. Despite 
fairly uniform auditory ERP methodology across research 
groups, results have been inconsistent (for instance, see 
23, 24). Within-subject changes in auditory ERPs may 
be of greater clinical utility than between subject differ-
ences, as shown by Abubakr and Wambacq (24). Preictal, 
interictal, and postictal ( 6 hours after seizure) ERPs 
were obtained in 10 patients with uncontrolled TLE dur-
ing inpatient video-EEG monitoring. Because the authors 
were interested in ERP variability in space and time, they 
performed a temporal principal-component analysis of 
the evoked waveform on 26 scalp electrodes. In 9 out of 
10 patients, ERP amplitude was significantly reduced in 
postictal compared to preictal recordings in all electrodes 
ipsilateral to the epileptogenic focus (24).

Ehrlé et al. examined processing of rapid auditory 
information in 18 patients with intractable TLE and 
hippocampal atrophy, and six normal controls (25). Sub-
jects performed a two-alternative, forced-choice, auditory 
anisochrony discrimination task. In each trial the sub-
ject had to decide whether the first or second series of 
five identical tones had one tone out of sequence—that 
is, a different interonset interval (IOI), with base IOIs 
of 80, 300, 500, 800, and 1,000 msec. There was no 
difference between controls, left TLE, and right TLE 
groups at 300 msec and longer IOIs, but subjects with 
left TLE were impaired with the shortest IOI of 80 msec. 
It was concluded that discrimination of rapid auditory 
sequences is impaired in patients with left hippocampal 
atrophy. The author and colleagues had similar results 
with a three-alternative, forced-choice, brief tone pitch 
discrimination task administered to 16 TLE patients (11 
with uncontrolled seizures) and 15 controls (26). Patients 
had higher mean discrimination thresholds than controls 
with tone durations of both 10 and 100 msec, but a sig-
nificant “group X tone duration” interaction indicated 
that patients were substantially more impaired with the 
shorter 10 msec tone. These two studies suggest that inter-
ictal auditory processing in TLE is comparable to that of 
healthy controls with stimuli of sufficient redundancy, but 
is relatively impaired with low-redundancy stimuli.

Dichotic listening paradigms provide an opportunity 
to explore relative hemispheric function in focal epilepsy, 
particularly TLE. In a large and well-designed study, 
80 patients with medically uncontrolled TLE performed 
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worse than 113 controls on a dichotic listening task with 
word stimuli (27). Both left and right TLE groups were 
impaired with both left and right ear stimuli. When the 
subject group was restricted to 51 right-handed, left 
language-dominant patients, there was no group difference 
in laterality index (a measure of relative ear preference), 
with both groups showing a strong right ear preference. 
Furthermore, the majority of both right and left TLE 
patients had a normal right ear advantage (REA), and dif-
ferences at the group level were due largely to the influence 
of a small number of patients with large ear asymmetries.

Using consonant-vowel stimuli in a series of dichotic 
listening tasks, Hugdahl and colleagues concluded that 
left hemisphere cognitive dysfunction is an independent 
and stronger predictor of altered auditory perception 
than is side of seizure focus in TLE (28). Interestingly, 
the patient subgroup with left hemisphere dysfunction 
consistently performed significantly better than the sub-
group with normal left hemisphere function in reporting 
stimuli to the left ear. This finding indicated that the left 
hemisphere dysfunction group lost the expected REA in 
a non-forced-attention condition—that is, when attention 
was not directed toward one ear or the other.

Though provocative, these results must be viewed in 
the context of the whole experiment. The authors assessed 
general, right hemisphere, and left hemisphere cognitive 
function using a composite score derived from several 
neuropsychologic measures, but primarily the Halstead-
Reitan Battery (HRB). This battery was validated in 
patients with known structural brain damage, and its 
use in epilepsy populations has been limited. In fact, the 
authors found no significant difference between the left 
and right TLE subgroups on the composite left hemi-
sphere neuropsychologic deficit scale (28). This result 
is clearly at odds with the well-described and clinically 
useful correlation between a temporal lobe seizure focus 
and ipsilateral hemisphere dysfunction, particularly (but 
not exclusively) in the areas of language and memory.

Mazzucchi et al. used both verbal and tonal stimuli 
in their study of 84 patients heterogeneous with respect 
to type and location of both lesions and seizure focus 
(29). In the 33 nonlesional patients, those with a left-
sided seizure focus had a right ear preference for both 
verbal and tonal stimuli, while patients with a right-
sided focus had a left ear preference for tonal stimuli 
and no significant laterality for verbal stimuli. Differ-
ences between these results and those of other groups 
are likely due to corresponding differences in inclusion 
criteria and methodology.

PATHOPHYSIOLOGY

The pathophysiology of interictal perceptual dysfunction 
in epilepsy is unknown. It is tempting to speculate that 

similar mechanisms underlie the well-known regional and 
sometimes bilateral lobar hypometabolism seen in uni-
lateral mesial TLE (30). This hypothesis could be tested 
by correlating performance on psychophysical perceptual 
tasks with extent and severity of interictal hypometabolism 
in a group of patients with localization-related epilepsy. It 
would also be interesting to know whether performance 
on carefully selected perceptual tests correlated with 
postoperative metabolic normalization (31, 32). Interic-
tal epileptiform discharges (IEDs) can disrupt cognition, 
and they may well play a causative role in disturbances 
of perception. If IEDs do disrupt sensory processing cir-
cuits, one might expect that the performance gap between 
patients and controls would widen as stimulus redundancy 
decreased, as was observed in two studies of low-level 
auditory perception (25, 26).

Nonspecific cognitive slowing induced by AEDs 
cannot account for altered perceptual function in epi-
lepsy. First, most AEDs have little or no effect on cogni-
tion when used at recommended doses (33, 34). Second, 
no effect of AEDs on perceptual function was found in 
most studies that specifically addressed this issue (7, 13, 
15, 18). Third, the correlation of specific perceptual 
disturbances with specific epilepsy syndromes cannot 
be explained as a consequence of nonspecific cognitive 
slowing induced by numerous AEDs.

FUTURE DIRECTIONS

We have learned a great deal about the relationship 
between perception and epilepsy since the prescient com-
ment of Dr. Glaser quoted at the beginning of this chapter. 
We know that epilepsy can affect all five senses, resulting 
in both impaired and occasionally supranormal sensibil-
ity. The specificity of perceptual disturbances correlates, 
albeit somewhat loosely, with the underlying epilepsy 
syndrome. Both visual (20) and auditory (24) stimuli, 
combined with “recording” techniques of sufficient spa-
tial resolution (e.g., fMRI, MEG, intracranial electrodes), 
may be valuable tools for lateralizing and localizing epi-
leptogenic foci in appropriately selected patients. Fur-
thermore, these techniques can provide new insight into 
the relationship between sensory stimuli and neuronal 
activity at a seizure focus and thus possibly shed light 
on the mechanisms of both reflex seizures and seizure 
disruption with sensory input. Perhaps most importantly, 
the body of evidence reviewed here largely supports the 
idea that focal epilepsies (and TLE in particular) are a 
network disease, involving brain regions distant from 
the seizure focus.
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definitions of the concept, and there is controversy about 
whether there is one central agency or several independent 
abilities, whether these functions are processed exclusively 
in the frontal lobes, and how to measure normal and 
impaired executive functions, among others. It is beyond 
the scope of the present chapter to discuss these topics. 
We adopt a pragmatic point of view in order to shed some 
light on the effects of frontal lobe epilepsy on cognition, 
mentioning research findings only sporadically, where they 
have relevance for the controversies within this field.

A loose description of the kinds of abilities that 
may be included in the concept is given by Shulman (1), 
who suggests: “Executive processes include (i) focus-
ing attention on relevant information and inhibiting 
irrelevant information, (ii) switching focused attention 
between tasks, (iii) planning a sequence of subtasks to 
accomplish a goal, (iv) monitoring and updating the con-
tents of working memory to determine the next step in a 
sequential task, and (v) coding representations in working 
memory for time and place of appearance.” This descrip-
tion places weight mainly on the cognitive parts of the 
concept, in accordance with the scope of this chapter. 
The social and emotional aspects will be discussed in 
Chapter 23. We will focus mainly on cognition during 
the interictal period here.

It is believed that the prefrontal regions perform 
these important processes by means of their extensive 

he frontal lobes occupy more than 
one-third of the total cerebral vol-
ume. The prefrontal parts are bidi-
rectionally connected with all areas 

of association cortex in the brain, as well as with limbic 
structures and subcortical regions, including several of the 
thalamic nuclei and hypothalamus. Homotopic regions 
in the left and right parts are closely interconnected. This 
extensive system of connections makes it possible for 
the prefrontal cortex to receive information from prac-
tically all parts of the brain as well as to influence the 
information processing in those parts. The simultaneous 
processing of both somatosensory and limbic-sensory 
information seems to be a unique function of the pre-
frontal cortex.

Studies of children and adults with known affec-
tions of the frontal lobes, animal research, and recent 
imaging studies in healthy people and patient groups 
have accumulated much knowledge of the role played 
by these structures in human behavior. This knowledge 
has facilitated the selection of methods in assessing neu-
ropsychologic effects of frontal lobe epilepsy, and it has 
pointed out the kinds of deficits to look for, assuming 
that epilepsy mimics other kinds of damage.

By and large, the assumed impairments have been 
sought within a class of abilities that may summarily 
be termed “executive functions.” There are no strict 

T
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network of connections to and from other parts of the 
brain. When parts of the frontal regions become epi-
leptogenic, these interconnections seem to constitute 
part of the problem, as epileptic activity may easily 
propagate to contralateral parts of the frontal lobes 
and to remote regions throughout the brain, with the 
potential to disturb ongoing activity in these regions. 
In the same way, epileptiform activity in posterior parts 
of the brain may spread to the frontal lobes and disturb 
frontal activity.

IMPACT OF FRONTAL LOBE EPILEPSY ON 
COGNITION: STUDIES IN ADULTS

From a clinical point of view it is important to under-
stand how frontal lobe epilepsy (FLE) affects the life of 
the patients, no matter whether the effects are “pure” 
frontal symptoms or not. To delineate these effects, one 
needs to compare patients with FLE to healthy controls 
on a wide range of relevant measures. This also applies 
to the study of neuropsychologic effects.

Unfortunately there is a scarcity of studies describ-
ing effects of frontal lobe epilepsy in general terms on 
standard neuropsychologic tests. The findings from these 
studies, however, reveal deficits in several neuropsycho-
logic tests, including many of the subtests on the Wechsler 
Memory Scale, and tests demanding mental flexibility and 
rapid visuo-motor coordination. On the Wisconsin card 
sorting test—a test supposed to be particularly sensitive 
to frontal lobe dysfunction—the majority of FLE patients 
show impaired performance.

Findings indicating that FLE may affect cognition 
on a range of abilities are also supported when a series 
of tasks supposed to be particularly sensitive to frontal 
lobe lesions is administered. Patients with FLE, at least 
patients with a relatively severe and lasting seizure con-
dition, reveal impaired performance on tests measuring 
different aspects of executive function, including tests 
of interference and response inhibition, of anticipation 
and planning, of verbal and nonverbal fluency, of con-
cept formation, and of motor sequencing and motor 
coordination.

In contrast to deficits in executive functioning, the 
effect of FLE on intelligence is not clear. Most studies 
indicate that FLE is not strongly associated with reduced 
intellectual functioning, although mean IQ values sub-
stantially below average have been reported.

The Question of Localization-Related 
Cognitive Deficits

The frontal lobes may be divided in several different 
parts, according to their cytoarchitecture, with differ-
ent cortical and subcortical connections. Studies of the 

effects of focal lesions in different parts have shown 
that the dorsolateral regions contribute to a range of 
cognitive functions, including working memory and 
regulatory abilities such as mental and motor flexibility, 
whereas the orbitofrontal parts seem to be involved in 
emotional and social cognition, appreciation of conse-
quences of action, and inhibitive control of behavior. 
It is assumed that epileptic lesions will provoke the 
same kinds of deficits depending on location as focal 
structural lesions do, but this has not been easily proven 
in FLE.

Not even the specialization of the left and right 
hemispheres in predominantly verbal and nonverbal 
processing, respectively, has been easily demonstrated. 
In patients with lateralized frontal lobe damage, a “dou-
ble dissociation” between verbal and figurative fluency 
tasks has been demonstrated; patients with left frontal 
lobe lesions were impaired on the verbal task, and vice 
versa (2). In patients with epilepsy there has been no clear 
support for the “double dissociation” in this respect. To 
the contrary, patients with left FLE seem to be impaired 
on both the verbal and the figurative fluency tasks, par-
ticularly if the tasks also require additional elements of 
set shifting. These findings suggest that the left frontal 
lobe (FL) may be particularly involved in set shifting.

The importance of the left FL in complex executive 
tasks has been shown in connection with the so called 
“20 Questions” task, in which patients with left frontal or 
bifrontal epileptic lesions were impaired in the selection 
of effective strategies, compared with patients with uni-
lateral right frontal lobe epilepsy and patients with right 
or left temporal lobe lesions (3). In this task, patients with 
orbitofrontal epileptic lesions, irrespective of side, may 
generate more impulsive responses than patients with 
dorsolateral lesions.

The Question of Additional Effect of 
Seizure Related Factors

In studies of temporal lobe epilepsy (TLE), age at onset 
has emerged as an important factor for cognitive deficits. 
This has not been equally clear in FLE. Different studies 
have shown either no relation between test performance 
and seizure-related variables such as age at onset, dura-
tion of seizures, or seizure severity, or findings indicate 
an interaction between lateralization of lesion, age at 
onset, and type of task. For example, early right onset 
seems to be more related to perseverative errors than 
early left onset (4).

The Question of Pathognomonic Signs for FLE

Most studies have taken for granted that FLE may be 
associated with similar functional disturbances regardless 
of etiology. That this assumption probably is correct was 



22 • NEUROPSYCHOLOGIC ASPECTS OF FRONTAL LOBE EPILEPSY 177

shown in a study comparing FLE patients with patients 
who had frontal lobe tumors (FLT) (5): It was observed 
that FLE patients had impaired digit span forward 
compared with FLT patients, but no further differences 
occurred on any other measure of intelligence, memory, 
and attention. The findings agree with the results of a 
study of differential effects on neuropsychologic func-
tioning of different kinds of etiology in FLE, including 
head injury, tumor, dysplasia, and vascular accidents (6). 
Lesions to the frontal lobes seem to disturb cognitive 
functions irrespective of etiology.

In summary, FLE may impair a wide range of cogni-
tive functioning, including memory.

Differential Impact of FLE Compared to TLE

Even though findings of cognitive impairments in FLE do 
not constitute a firm pattern, evidence suggests that FLE 
may affect an array of abilities. Part of these deficits may 
stem from the impact of seizure activity on consciousness 
and attention, an impact that may be common to seizures 
originating in other parts of the brain as well. To scruti-
nize more closely the unique effects of FLE, comparisons 
have been performed between groups of patients with 
epileptogenic tissue in different cerebral locations. Most 
of these studies have focused on patients with frontal 
and temporal lobe epilepsy, many with a control group 
of healthy people in addition. These studies are of par-
ticular interest for differential diagnosis and for basal 
neuropsychologic knowledge.

The neuropsychologic effects of FLE do not seem 
to be very different from those of TLE when general 
neuropsychologic tests are used. On the great majority of 
test measures there are no significant differences between 
these two groups. However, both groups of patients seem 
to be impaired on most tests relative to the controls. The 
results demonstrate that both FLE and TLE can have 
devastating effects on cognition.

In order to differentiate neuropsychologically 
between patients with TLE and FLE, tests used for 
routine assessment may not be optimal, whereas highly 
specialized tests may be better suited for this purpose. 
For example, tests of emotional facial expressions 
have revealed TLE patients to be selectively impaired 
in remembering the emotional expressions, whereas 
patients with FLE may be impaired in the ability to 
remember faces in general.

Further qualitative differences between the two 
groups of patients may be obtained if a series of tasks sup-
posed to measure different aspects of executive function 
is used. FLE patients tend to perform inferiorly to TLE 
patients on most such tasks, but statistical analyses may 
reveal different patterns of deficits among the patients. 
For example, TLE may be associated with impairment in 
speed and attention, whereas FLE may be associated with 

two distinct patterns: either with marked difficulties in 
learning, coordination, and alternating motor sequences 
or with problems in concept formation, planning, and 
response inhibition. Most patients with FLE could be 
classified according to one of these two patterns, but 
whether the patterns are characteristic for lesions in 
special locations within the frontal lobes is yet not estab-
lished (7). In any case, the results speak against the pres-
ence of a unitary executive function.

Still other differences between TLE and FLE 
patients have been reported. The different findings obvi-
ously depend on what tests are chosen. Thus, patients 
with FLE may be impaired relative to patients with TLE 
on tests for motor sequencing, cost estimation, ability 
to resist interference, and mental flexibility. Moreover, 
greater impairment on these tasks was seen in patients 
with left frontal lobe epilepsy than in those with right 
frontal epilepsy.

Behavioral Disturbances

We will briefly mention the effects of FLE on behavior 
beyond cognition. As the frontal lobes are also involved 
in the initiation, planning, programming, and execution 
of motor activity, these parts of behavior may also be 
disturbed. Most salient are the ictal motor manifestations, 
which may range from subtle movements of one finger 
or a hand to the most violent, exaggerated movements, 
sometimes with vocalization. The violent movements, 
usually starting from sleep, may be mistaken as night-
mares. Seizures may also manifest themselves as sudden 
changes in mood, agitated behavior, or sudden loss of 
spontaneity.

Interictally, patients with FLE, particularly  children,
may be hyperactive and impulsive. Conscientiousness, 
obsession, and addictive behavior have also been 
described in FLE.

Social Cognition

Patients with FLE may also have problems in certain 
aspects of what broadly might be called social cognition. 
Compared with healthy controls, they may be impaired 
in the perception of emotional expressions and in humor 
appreciation, but they may perform normally on tests of 
so called “theory of mind,” in contrast to patients with 
autism (5, 8).

In summary, traditional neuropsychologic tests 
show impaired performance both in patients with FLE 
and TLE, with few clear differences between the groups. 
Experimental tasks may differentiate better between the 
two groups. Even though it is demonstrated that most 
patients with FLE may be characterized by certain cogni-
tive patterns, these patterns to a large degree depend on 
the selected patients and the tests used.
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FLE IN CHILDREN

The maturing processes of the frontal lobes are pro-
tracted. Myelination of the prefrontal lobes, for exam-
ple, is not completed until young adulthood (9). The 
consequences of this long-lasting process for neuropsy-
chologic functioning have been discussed. One question 
is whether focal lesions in the immature frontal lobes 
of children will give neuropsychologic deficits at all or 
whether these deficits, if present, will be different from 
those found in adults. As these discussions are beyond 
the scope of the present paper, we will mention only 
briefly findings with relevance for this topic in the fol-
lowing paragraphs.

Brain-imaging techniques combined with experi-
mental neuropsychology have provided new options 
for studying the relationships between physiologic and 
psychologic maturing processes. There is converging evi-
dence that the development of complex cognitive abilities 
partly reflects the development in executive functioning 
and the maturation of connections between association 
cortices in the posterior parts of the brain and the prefron-
tal lobes (10). Natural questions to be asked then from 
a clinical neuropsychologic point of view are about the 
consequences for children at different ages of epileptic 
lesions in the frontal lobes.

There are very few studies of the general impact of 
FLE on cognition in children. In children with no visible 
lesions on magnetic resonance imaging (MRI), only a few 
circumscribed deficits in verbal and figurative fluency 
tasks were revealed (e.g., the ability to rapidly generate 
words starting with specified letters [phonemic fluency] 
and abstract drawings [design fluency]), whereas mea-
sures of intelligence and verbal memory were normal (11). 
As seizure frequency did not seem to play a role for the 
deficits, the findings indicate that frontal epileptiform 
activity on its own may be sufficient to cause selective 
cognitive deficits.

Compared to patients with TLE, children with FLE 
seem to be more impaired on measures of performance 
speed. They are also more easily affected by distracting 
stimuli during learning and recall, as shown, for example, 
by making more intrusion errors (i.e., mixing up items 
from the learned task and the distracting task during 
recall) or by recalling fewer of the recently learned items 
after having been introduced to the distracter items. The 
increased distractibility may even affect attention, par-
ticularly when preparing for a quick response (12). They 
also have deficits in planning and impulse control relative 
to children with TLE and thus may be at greater risk for 
developing school problems (13, 14).

With respect to memory deficits, there are some-
what contradictory findings, but memory problems are 
probably not as pronounced in children with FLE as in 
those with TLE.

In summary, children with FLE may show  cognitive 
impairment on a range of neuropsychologic tasks, similar 
to what is found in adults. Moreover, experimental tests 
may differentiate also between children with FLE and those 
with TLE. The most common deficits in FLE seem to be 
in executive functions including planning, impulse con-
trol, and resistance to distracters. As the age range of the 
children in the different studies here reviewed is between 
5 and 16 years, executive deficits seem to be present despite 
incomplete maturation of the prefrontal lobes.

INHERITED FRONTAL LOBE 
EPILEPSY AND BEHAVIOR

Autosomal dominant nocturnal frontal lobe epilepsy 
(ADNFLE) is associated with behavior disturbances dur-
ing sleep. The reported disturbances include a broad range 
of symptoms, from enuresis to violence, and are reported 
also in patients with well-controlled seizures on antiepileptic 
medication. The nocturnal symptoms present a diagnostic 
challenge, and these patients are often misdiagnosed as 
having benign parasomnias or psychiatric disorders.

METHODOLOGICAL CONSIDERATIONS

Studies with traditional neuropsychologic tests have 
shown impairment in a range of cognitive abilities in FLE 
as well as in TLE, with few clear differences between the 
two groups. This could mean that the functional contri-
butions of the temporal and the frontal areas of the brain 
are not quite unique but to a certain degree overlap. This 
may apply even with respect to executive function. For 
example, not only children with FLE, but also children 
with TLE and generalized epilepsy, may perform below 
norms on measures of executive functions. Furthermore, 
when compared to healthy controls, even unselected 
groups of children with epilepsy or children with dif-
ferent kinds of epilepsy syndromes have been found to 
be impaired on a series of tasks supposed to measure 
executive functioning (15). Notably, a population-based 
study of a large group of children with epilepsy could find 
no significant differences in executive deficits in children 
with maximum involvement of electroencephalographic 
(EEG) pathology over the frontal lobes compared to those 
with more posterior pathology (16).

Even more specific findings suggesting that the hip-
pocampus may contribute to card sorting, a test thought 
to be sensitive to frontal lobe dysfunction, have been 
reported. Thus, children with FLE as well as children 
with TLE and presence of hippocampal atrophy may be 
impaired on measures from this test relative to children 
with TLE without hippocampal atrophy and normal con-
trols. Similar findings have been reported in adults.
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One alternative explanation to the functional 
overlap hypothesis introduces the concept of “nocifer-
ous cortex”: propagation of epileptic activity from a 
temporal lobe focus may disturb regions outside the 
temporal lobe, for example those involved in executive 
functions (17).

A third explanation focuses on the “purity” of the 
tests used to measure frontal and temporal processing: 
The tests may contain elements that tap both kinds of 
functions. To expand this view one can consider most, 
perhaps all, cognitive tasks to be complex and to require 
collaboration of several brain structures. This is in 
agreement with recent evidence that cognitive abilities 
are organized in functional networks, connecting dif-
ferent brain structures that contribute uniquely to the 
processes. For example, the ability to generate a series of 
words belonging to a certain semantic category (seman-
tic word fluency) is thought to depend on the interac-
tion of comprehensive neural networks, encompassing 
aspects of language functioning, executive processes, 
attention, and semantic memory. Damage to parts of 
such a network may result in deficits in the subserved 
cognitive abilities, but for different reasons: Temporal 
lobe damage may affect semantic memory (storage 
processes), whereas frontal lobe damage may impair 
executive processes (retrieval strategies).

Attempts to provide the patients with tools to com-
pensate for their supposedly specific network deficits 
seem to be an interesting approach both to diagnostics 
and to treatment. Thus patients with seizures of frontal 
origin improved their performance significantly more 
than did those with seizures of temporal origin on seman-
tic fluency tasks when provided with structured cuing 
aimed at compensating for deficits in retrieval strate-
gies (18). The diagnostic value of providing patients 
with frontal lobe dysfunction with cues to compensate 
for executive deficits was noted already by Luria and 
Tsvetkova in 1964 (19).

Another approach to refining the differential neu-
ropsychologic diagnostics between TLE and FLE is to 
increase the load on the assumed unique functions by 
making the tasks more demanding or by composing 

tasks in such a way that several subcategories of the 
functions in question are challenged at the same time 
(e.g., to present tasks requiring both fluency and the 
ability for set shifting in attempts to measure deficits in 
executive functioning).

Future studies in this field should ameliorate the 
limitations seen in most studies so far. The number of 
patients with FLE has been small in most studies—too 
small to allow further subdivision for statistical analyses. 
Moreover, when comparing patients with FLE and those 
with TLE, seizure-related variables should be reported, as 
such variables may make great differences in the function-
ing of TLE patients. Finally, the most important method-
ological improvements would be to control for remote 
functional disturbances, not only as measured with the 
EEG, but also by using positron emission tomography 
(PET) or functional MRI (fMRI) to evaluate changes 
beyond the focus.

Because of the scarcity of studies, conclusions 
about cognitive consequences in FLE must be drawn 
cautiously.

SUMMARY

FLE may disturb a wide range of neuropsychologic func-
tions including memory and executive function. Apart 
from involvement of executive function there is no dis-
tinct pattern of deficits characterizing FLE, probably 
because of rapid propagation of epileptic activity. FLE 
usually does not strongly affect intelligence. There are 
similar deficits in adults and in studied children in the 
age range of 5–16 years. FLE may mimic effects of focal 
structural lesions but tends to give less circumscribed defi-
cits. There are no clear effects of laterality on cognitive 
functioning in FLE. There are less clear effects of seizure 
history variables than in TLE.
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europsychological function in 
epilepsy is a well researched field 
and has developed our general 
understanding of cognitive function 

in numerous ways. It is also well established that psycho-
pathology and psychosocial problems are frequent among 
patients with epilepsy. It is also widely acknowledged 
that there are a number of different factors influenc-
ing social and emotional responses in epilepsy, includ-
ing neurobiological factors such as age of onset, seizure 
control, and seizure type; psychosocial factors including 
perceived stigma, fear of seizures, and adjustment to epi-
lepsy; and medication factors such as monotherapy versus 
polytherapy and the presence or absence of barbiturate 
medications. Adults with epilepsy have been found to 
have higher rates of social problems and social isolation 
difficulties than people in the general population.

Understanding the multi-etiological contributions to 
the social and emotional difficulties associated with epi-
lepsy requires a move toward developing biopsychosocial 
frameworks for empirical investigation of the psychologic 
distress experienced by people with epilepsy. In this respect, 
neuropsychologic research acts as a bridging discipline 
between neurobiological explanations of emotional dis-
turbance in epilepsy and the social and emotional distur-
bances often associated with the experience of epilepsy.

Social and Emotion 
Information Processing23

Hazel J. Reynders

This chapter sets out to explore the evidence for 
social and emotional information processing deficits in 
epilepsy. The relationship between perception and experi-
ence of emotional responses in epilepsy is also examined, 
together with the consequences for future research and 
understanding of the multi-etiological contributions to 
social and emotional difficulties in epilepsy.

DEFINITIONS OF SOCIAL COGNITION

Over recent years, an evolving discipline of social cognition 
has emerged, which has increased understanding of the 
cognitive and neurobiological processes involved in social 
and emotion information processing within psychosocial 
environments.

Social cognition has been defined as encompassing 
those skills that are involved in the ability to recognize, 
understand, and respond appropriately to socially rel-
evant information. The evidence in the literature sug-
gests that social cognition is mediated by a number of 
component cognitive processes that are served centrally, 
at a neurologic level, via systems that link the amygdala 
with cortical regions including the ventromedial prefrontal 
cortex, the cingulate cortex, and the right somatosensory 
cortex (1, 2).

N
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THE PREFRONTAL–AMYGDALAR 
SOCIAL COGNITION CIRCUITRY

The amygdala links cortical regions that process sensory 
information with the hypothalamus and brainstem effec-
tor systems. Via prefrontal and temporal connections, it 
integrates the emotional significance of sensory stimuli 
and guides complex behavior. Several findings are linked 
to the hypothesis that the human amygdala forms a cru-
cial part of the neural circuitry involved in the appraisal 
of danger and the emotion of fear (3). Evidence from 
functional neuroimaging studies of healthy volunteers (4) 
and participants with socio-affective disorders (5) has 
converged with evidence from studies with patients with 
lesions in medial temporal lobe structures to identify 
temporo-limbic regions, especially the amygdala, as key 
components of the circuitry underlying emotion informa-
tion processing in the human brain (6). Areas of research 
include perception of emotion expression, emotion and 
social experience and behavior, and emotional learning 
and memory.

The prefrontal–amygdalar pathways have also been 
linked to deficits in theory of mind (7, 8) and decision 
making (9), both of which are important aspects of social 
cognition. Damage to the ventromedial frontal cortex 
may result in profound disruption of social behavior and 
inability to observe social conventions, within the context 
of often well-preserved intellectual abilities. This region 
connects to the anterior cingulate and the amygdala and 
influences emotion perception, motivation, and the abil-
ity to make inferences about the mental state of others 
(“theory of mind”).

EMOTIONAL PERCEPTION 
AND RECOGNITION

A number of investigations have shown the importance of 
the amygdala in the perception and processing of social 
information associated with negative affect (10). The 
consequences of human amygdala damage have been 
found to include problems in recognizing facial and 
vocal expressions of emotion, and a number of studies 
have shown specific impairments in the recognition of 
expressions of fear after amygdala damage (11–13) with 
sparing of other emotional expressions. Positron emission 
tomography (PET) and functional magnetic resonance 
imaging (fMRI) techniques have been used to demon-
strate a selective response to facial expressions of fear 
in the normal amygdala (14), even when the faces are 
masked with neutral expressions to eliminate conscious 
perception of the fear stimuli (15).

The majority of the amygdala studies have focused 
on patients with bilateral amygdala damage. The evidence 
for impairments following unilateral damage is less clear. 

Adolphs et al. (11) failed to find any significant deficits in 
six patients with unilateral amygdala damage included in 
their study. Nevertheless, a number of lesion studies have 
found some evidence for fear perception deficits to occur 
following unilateral amygdala damage. Again, there are 
some contradictory findings in the literature. Whilst most 
studies find a right side dominance for emotion percep-
tion, there is the case of D.R. (13), who showed fear 
perception deficits with relatively greater damage to the 
left side amygdala. Functional studies have also suggested 
a left side dominance for fear recognition (15). In con-
trast, Adolphs et al. (16) found significant impairments in 
emotion recognition among a subgroup of patients who 
had undergone right temporal lobotomies.

There is a growing body of recent research that 
shows emotion perception problems among patients with 
epilepsy. So far, however, the findings have been mixed. 
Meletti et al. (17) found impairments selectively among 
patients with right temporal lobe epilepsy. In contrast, 
other studies have found no evidence of laterality of 
impairments in temporal lobe epilepsy (18, 19). Never-
theless, there is growing evidence that some patients with 
epilepsy may be vulnerable to the emotion perception 
deficits usually associated with bilateral amygdala dam-
age, even when the structural evidence suggests unilateral 
epilepsy-related lesions.

Although subgroups of temporal lobe epilepsy 
patients with a unilateral epilepsy focus show emotion 
recognition impairments, this may not be enough to sug-
gest that unilateral damage is sufficient to produce fear 
recognition deficits. Seizures arising from mesial tem-
poral lesions with clearly defined unilateral foci often 
spread to affect contralateral brain regions, and among 
patients with epilepsy there is often some compromise 
of both cerebral hemispheres. An alternative approach 
is to directly investigate the impact of the degree of 
amygdala damage in epilepsy on emotion perception 
abilities. Preliminary findings by Houghton et al. (20) 
indicated that emotion perception deficits, similar 
to those in amygdala damage, are related to reduced 
amygdala volume in temporal lobe epilepsy. However, 
a recent study by Fowler et al. (19) found inconsistent 
results. They assessed patients with mesial temporal 
lobe epilepsy and asymmetrical amygdala damage. 
Although no consistent impairments were found, seven 
of the 28 patients had significant difficulties recognizing 
emotional expressions.

Although the majority of the epilepsy studies have 
focused on assessing perception of facial expressions of 
emotion, Fowler et al. (19) extended their investigation 
of patients with temporal lobe epilepsy and amygdala 
damage to include other tasks known to be associated 
with amygdala function: sentences describing emotion-
laden situations, nonverbal sounds, and prosody. In the 
subgroup they identified as having emotion recognition 
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deficits, they found both auditory and visual emotion 
recognition impairments.

Types of Seizures

Few studies have examined the relationship between 
types of seizures and emotional recognition deficits. The 
amygdala is the mesial temporal structure most frequently 
associated with seizure related experiential phenomena, 
especially the sensation of fear-related experiences. Ictal 
fear is an involuntary emotional response experienced 
during seizure onset, and it is characterized by a pro-
found sense of fear or foreboding (21). Further work 
links atrophy of the amygdala to symptoms of ictal fear 
in temporal lobe epilepsy (22). Two recent studies (18, 23) 
have sought to understand whether emotion perceptions 
are related to the clinical manifestation of fear occurring 
as part of a seizure.

Yamada et al. (23) carried out a single case study 
of a patient with left temporal lobe epilepsy and ictal 
fear before and after epilepsy surgery. They found that, 
although the patient correctly identified emotions before 
surgery, the patient attached enhanced emotions of fear, 
anger, and sadness to various expressions. After sur-
gery, the patient no longer showed the abnormally high 
intensity ratings. The authors interpret their results as 
indicative of presurgery interictal hypersensitivity of the 
left mesial temporal circuit, including the amygdala, sup-
ported by the evidence of interictal epileptiform activity 
in the frontotemporal regions.

Reynders et al. (18) investigated social cognition 
based on clinical evidence of individuals with temporal 
lobe epilepsy and ictal fear compared with individuals with 
temporal lobe epilepsy but no ictal fear and individuals 
with idiopathic generalized epilepsy. They found that all 
three epilepsy groups had difficulty recognizing fear, with 
greater impairments among the patients with ictal fear. 
Consistent with a hypothesis of amygdala involvement, 
a significant number of patients with temporal lobe epi-
lepsy and ictal fear made errors in fear recognition, often 
choosing surprise in place of fear as a response. Although 
the evidence suggests that mesial temporal regions are 
implicated in epilepsy as being more vulnerable to emo-
tion perception deficits, the findings indicate that they may 
not be exclusively so. Reynders et al. (18) found evidence 
of emotion recognition difficulties among both temporal 
lobe epilepsy patents and those with idiopathic generalized 
epilepsy. A further study by Farrant et al. (24) found face 
emotion recognition deficits among patients with fron-
tal seizures. In contrast, Meletti et al. (17) found normal 
emotion perception among patients with extratemporal 
seizure foci, including those in the frontal regions.

The variability found in the evidence of emotion rec-
ognition deficits among patients with epilepsy highlights 
the complex potential factors that might contribute to 

social cognition difficulties in a chronic condition such as 
epilepsy. In addition, the function of the amygdala may be 
compromised by epilepsy conditions, even when there is 
no established amygdalar atrophy. Seizures may originate 
simultaneously within both the amygdala and the hip-
pocampus even when there is no structural evidence of 
an amygdalar lesion (25). Seizures characterized by fear 
auras are not produced exclusively by lesions or seizure 
foci within the amygdala, although the evidence suggests 
that these are usually associated with anterior hippocam-
pal abnormalities or when sclerosis is found of both the 
hippocampus and the amygdala (26). Accordingly, it may 
be that even when there is no direct neuroanatomical 
evidence of amygdalar pathology, it would seem reason-
able to suppose that there could be some compromise of 
the social cognition circuitry within which the amygdala 
plays a significant role.

Other Seizure Variables

Other seizure-related variables have also been examined.
Meletti et al. (17) found that among all their subjects with 
right temporal lobe lesions, the degree of emotion recog-
nition difficulties was related to earlier age of first seizure, 
either febrile or afebrile, and age of epilepsy onset. A 
significant relationship was also found by Reynders et al. 
(18) between anger recognition deficits and age of onset. 
The results suggest that there may be a vulnerability asso-
ciated with early onset of seizures or epilepsy.

Duration of illness has also been found to increase 
vulnerability for fear recognition deficits among both 
temporal lobe epilepsy and patients with idiopathic gen-
eralized epilepsy. Such findings are consistent with those 
that show amygdalar atrophy in temporal lobe epilepsy to 
be associated with duration of the epilepsy disorder (27) 
and total number of seizures experienced (28) rather than 
with age of onset or etiology.

Even among patients with generalized seizures, the 
impact of seizures or duration of epilepsy may affect the 
amygdala’s function via its interconnectedness with other 
brain regions such as the thalamus, the hypothalamus, 
and the brainstem. Generalized seizures are produced 
by an abnormal thalamocortical interaction (29) that 
involves pathways that link extensively with the amyg-
dala. When seizures are frequent, longer duration of ill-
ness is likely to produce increasingly adverse effects as 
the total number of seizures accumulates. Evidence from 
research with other clinical conditions such as schizophre-
nia shows that emotion recognition deficits, particularly 
the recognition of fear in others, can occur without clear 
evidence of structural damage and that severity of ill-
ness is related to emotion recognition deficits (30). It is 
possible, therefore, to view a combination of duration 
and seizure frequency as a marker for the overall sever-
ity of epilepsy and as an important factor in producing 
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a general vulnerability for emotion recognition deficits 
among patients with epilepsy. It would also account for 
the fact that not all patients with epilepsy, even those 
with clear evidence of amygdala involvement, have fear 
recognition deficits.

EMOTIONAL EXPERIENCE

It is well-established that damage to the amygdala and 
surrounding cortex in monkeys has been shown to have 
significant impact on social behavior and interaction with 
the environment. These changes are more likely to occur 
when the damage is early in life. In contrast to the animal 
studies, the research suggests that humans with acquired 
amygdala damage do not show impaired social behav-
ior. They show a normal subjective sense of emotion in 
that they report their emotional states to be similar to 
those of control subjects and they are able to demonstrate 
appropriate facial expressions of emotion. There seems, 
therefore, to be a dissociation between their impaired 
abilities to correctly interpret negative emotions in oth-
ers and their intact abilities to experience and express 
emotional and social information. One explanation is 
that the amygdalar damage in humans is sustained later in 
life, because early amygdalar damage is necessary for the 
development of adverse alterations in social behavior in 
adulthood. When amygdalar damage is acquired later, 
individuals may be able to cognitively compensate from 
learned experience, and the evidence suggests that there is 
a critical period for the development of amygdala-related 
social responses (31).

Although impairments in emotional recognition do 
not necessarily imply deficits in subjective experience or 
in the expression of emotions, a number of researchers 
have demonstrated an association between socioaffective 
disorders, such as autism (32) and schizophrenia (30), 
and abnormalities in the judgment of facial expressions 
of emotion. Evidence of the interconnectedness between 
emotional perception and affective responses comes from 
a different direction in a study by Birbaumer et al. (5), 
who found abnormal amygdala activation in subjects suf-
fering from social phobia when they were shown a series 
of faces with neutral expressions.

In epilepsy, some individuals may acquire lesions 
or compromise to the amygdala early in life, and there 
is often reference to a specific personality presentation 
in temporal lobe epilepsy, often described anecdotally, as 
someone with a tendency to misinterpret social cues in 
others and to fail to respond appropriately in social situ-
ations. Although such a description is controversial, there
has been some evidence of personality and social dif-
ficulties associated with temporal lobe epilepsy, particu-
larly when seizures originate within the limbic regions. 
As part of their investigation of emotion perception 

deficits in epilepsy, Reynders et al. (18) investigated the 
potential relationship between emotion perception and 
the experience of emotion, either directly in terms of 
the underlying neurobiology of temporal lobe epilepsy 
or more indirectly in relation to the impact of emo-
tion and social cognitive impairments on psychosocial 
factors such as quality of life or psychologic distress. 
Three groups of patients (13 with temporal lobe epi-
lepsy and ictal fear, 14 with temporal lobe epilepsy and 
nonfear auras, and 10 with idiopathic generalized epi-
lepsy) completed tests of visual and face processing, face 
emotion recognition, and social judgment. In addition, 
the epilepsy groups also completed measures of mood 
(Hospital Anxiety and Depression Scale [HADS] and 
the SCL-90-R) and quality of life (QOLIE-31). Both 
the HADS and the SCL-90-R indicated high rates of 
affective disorder but did not indicate that patients with 
temporal lobe epilepsy are more vulnerable to psycho-
logic disturbance than patients with other forms of epi-
lepsy. The deficits in emotional perception, found in all 
groups of patients with epilepsy, did not correlate with 
measures of psychologic distress. Neither was interpre-
tation of one’s own emotional experience significantly 
related to emotion recognition.

These results provide evidence for dissociation 
between the experience and evaluation of one’s own emo-
tional experience and the ability to judge emotions in oth-
ers. The results also suggest that, in relation to emotion 
recognition, a dissociation exists between a neurobiologi-
cally driven fear experience without psychologic context 
(i.e., a fear aura) and affective responses that, perhaps, 
reflect the multi-etiological nature of psychologic disorder 
in epilepsy (33). In a chronic neurologic condition such 
as epilepsy, psychologic effects and psychosocial impact 
interact with the direct effects of medication, lesion site, 
and seizure activity on emotional processing systems 
within the brain.

SOCIAL INTEGRATION SKILLS

Nevertheless, subtle deficits in social judgment have been 
identified among patients with amygdala damage and 
also in patients with epilepsy who show fear recognition 
deficits. Adolphs et al.’s (34) patients with bilateral dam-
age to the amygdala judged unfamiliar individuals to be 
more approachable and more trustworthy than did con-
trol subjects from their perception of facial expressions. 
Reynders et al. (18) used the same assessment to measure 
social judgment among patients with epilepsy and found 
a significant negative correlation between the ability to 
recognize facial expressions of fear and the ability to 
make social judgments of trustworthiness of strangers 
from photographs of faces, regardless of type of epilepsy. 
An association was also found between perception of 
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facial emotional expressions and subjective assessment 
of overall quality of life.

Most of the research in epilepsy has been carried 
out with patients with temporal lobe epilepsy. The social 
cognition neural circuitry is known to be influenced by 
the prefrontal pathways. The orbitofrontal region is par-
ticularly implicated in emotion perception and emotion-
laden interpersonal behavior. The medial frontal area is 
associated with deficits in the regulation of emotional and 
motivation responses and in the ability to see another’s 
perspective (theory of mind). Aspects of social cognition 
usually associated with the prefrontal pathways have not 
been extensively researched among patients with frontal 
lobe epilepsy. Deficits in emotion perception have been 
found, particularly in terms of the ability to rate relative 
emotional intensity. A recent study by Farrant et al. (24) 
used a range of social cognition tasks in addition to neu-
ropsychologic tests to assess patients with frontal lobe 
epilepsy. The tasks included a theory of mind task, a faux 
pas task, an appreciation of humor in verbal descrip-
tions task, an emotion perception task, and a task that 
demanded the inferring of mental states and emotion 
from gaze expression. They found no significant impair-
ments on tests of theory of mind or faux pas. However, 
they did find that patients with frontal lobe epilepsy had 
significant impairments on tests of humor appreciation, 
recognition of facial emotions, and perception of eye-
gaze expression.

COGNITIVE ABILITY VERSUS 
“EMOTIONAL INTELLIGENCE”

In the Farrant et al. (24) study, specific impairments 
of social cognition and executive function were found 
against a background of intact general intellectual abil-
ity and overall cognitive functions. A dissociation with 
general intellectual abilities has also been apparent in 
other studies of emotion and social information process-
ing, with patients usually well-matched with controls on 
IQ tasks. Recent research has explicitly investigated the 
relationship between cognitive and emotional “intelli-
gence.” The concept of emotional intelligence has been 
developed to measure the multifactorial array of inter-
related emotional, personal, and social competencies that 
influence the ability to actively and effectively cope with 
daily demands. One of the most widely used measures of 
emotional intelligence is the Emotional Quotient Inven-
tory (35). Bar On et al. (36) used this measure of emotional 
intelligence on patients with lesions to the ventromedial 
cortex (six patients), amygdala (three patients), and right 
somatosensory cortex (three patients), structures hypoth-
esised as being involved in social cognition and emotional 
aspects of decision making. All three experimental groups 
had significant impairments in the overall measure of 

emotional intelligence in the context of intact cognitive 
intelligence. The authors interpret these results as being 
supportive of the hypothesis that emotional intelligence is 
separate and different from cognitive intelligence, and is 
also subserved by neural systems that overlap with other 
social cognition abilities.

A recent study by Walpole and colleagues (submit-
ted for publication) aimed to establish the relationship 
between cognitive and emotional intelligence in people 
with temporal lobe epilepsy. Sixteen patients with tem-
poral lobe epilepsy were matched with fourteen control 
subjects in terms of their overall intellectual ability. The 
results showed participants with temporal lobe epilepsy 
to have lower scores in total emotional intelligence, and 
on a number of domains of emotional intelligence, than 
control participants.

EMOTIONAL MEMORY

Studies of patients with amygdalar lesions have shown 
differential roles in the mesial temporal regions dur-
ing learning and recall of emotionally laden memories, 
with a role for the amygdala in the consolidation and 
activation of emotional memories. Boucsein et al. (37) 
tested 22 patients after temporal lobe epilepsy surgery 
and found worse performance by patients with greater 
amygdala damage on tests of learning visual facial expres-
sions. There was no effect of lateralization of surgery. 
Glogau et al. (38) found that patients with right tem-
poral lobe epilepsy had significantly lower scores than 
healthy controls in face memory, whereas patients with 
left temporal lobe epilepsy demonstrated impairments 
both in face memory and in facial expression memory. 
The left temporal lobe epilepsy patients were also selec-
tively impaired in their facial expression perception, and 
this significantly influenced their ability to learn facial 
emotional expressions. The investigators hypothesized 
that functional reorganization of verbal memory in left 
temporal lobe epilepsy may compromise visual memory. 
They also suggested that patients with right temporal lobe 
epilepsy may be able to verbalize visual material more 
successfully than those with left temporal lobe epilepsy.

CLINICAL IMPLICATIONS AND 
FUTURE RESEARCH

Future research questions might address the complex 
relationship between seizure variables and emotion rec-
ognition deficits. Are they related to duration of epilepsy, 
regardless of type or age of onset? Do newly diagnosed 
patients initially have intact emotion recognition skills 
that deteriorate relative to the duration of their disorder? 
Is the effect simply one of illness chronicity, or is the total 
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number of seizures the major contributory factor? What 
role might medication play? What is the impact of using 
different tools and procedures for the assessment of emo-
tion recognition deficits?

Patients are largely unaware of their emotion recog-
nition impairments, and there is still little known about 
the impact of such impairments on quality of life and psy-
chosocial well-being. The research indicates that assess-
ing social cognition factors should become an integral 
part of the neuropsychologic examination of patients. As 
such, social cognition deficits need to be identified and 
addressed as part of routine neuropsychological examina-
tion and intervention.

It is widely accepted in the literature that, in a clini-
cally complex condition such as epilepsy, there are a num-
ber of neurobiological, psychosocial, and psychologic 
factors that could produce psychosocial disturbance. 
This acknowledgment has often failed to influence the 
research models adopted, and the field remains, to a large 

extent, polarized between neurobiological and psychoso-
cial explanations. Recent studies of emotion perception, 
together with other aspects of social cognition, including 
social judgment, emotional intelligence, and those tasks 
usually associated with compromise of the prefrontal 
pathways, are beginning to form the basis for a theoreti-
cal framework for the understanding of social cognition 
deficits in epilepsy and how these relate to emotional and 
social well-being.

Such work might have important implications for 
the theoretical understanding of affective abnormalities in 
epilepsy and might also add to our understanding of the 
mechanisms underlying the interrelationships between 
socio-neurocognitive variables and socio-affective 
disturbance.

Understanding the effects of emotion perception 
deficits and emotional learning difficulties may greatly 
enhance neuropsychologically informed approaches to 
developing meaningful coping strategies.
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he classification of psychiatric dis-
orders in epilepsy has always been 
controversial. A well-established 
system of classification would ensure 

effective scientific communication among specialists 
around the world. This is especially true in a specialty, 
such as neuropsychiatry, with few well-defined para-
meters and diagnostic tests—a specialty that therefore 
relies on clear and concise clinical descriptions. Further, 
because epilepsy-specific neuropsychiatric disorders are 
well described empirically and have clear differences 
compared with generic psychiatric disorders, there is a 
felt need for a distinct classification (1).

The European psychiatrists of the nineteenth and 
early twentieth century were the first to suggest paradigms 
of classification for neuropsychiatric disorders in epi-
lepsy. There was considerable disagreement among these 
“experts,” which is documented in an elegant review by 
Schmitz and Trimble (2). The advent of electroencepha-
lography (EEG) and its widespread use in epilepsy centers 
from the 1950s also had a major influence on classification 
at this interface. Clinician scientists such as Landolt (3, 4) 
at this time described classificatory systems that had EEG 
firmly at their helm. Subsequent to this, however, there 
have been few serious attempts to develop a classificatory 
system and, to our best knowledge, no organized consen-
sus efforts backed by international academic bodies.

The scenario until recently was complicated by other 
factors as well. It is noteworthy that both the International 
League Against Epilepsy (ILAE) (5) and the World Health 
Organization (WHO) classifications of seizures and epi-
lepsy (6) do not take psychopathology of epilepsy into 
account. Nor does the psychopathology of epilepsy find 
a place in the evolving ILAE classification proposal (7). 
Further, any modern attempt at classification of epilepsy-
specific psychopathology may have the onerous task of 
having to consider the spectrum of psychiatric diagnoses as 
described in the current psychiatric classifications—ICD-
10 (8) and DSM-IV (9)—and relate this to diagnoses at the 
seizures and epilepsy interface. The most recent attempt 
at developing such a classification came from the ILAE 
Commission on Psychobiology of Epilepsy, which had a 
dedicated subcommission on classification. The consensus 
paper of this commission, which was widely circulated 
among experts with an interest in epilepsy neuropsychiatry, 
is now in press (10). The approach of this commission is 
reviewed here and analyzed for the benefit of the reader.

THE ILAE CLASSIFICATION

The classificatory system of the ILAE has taken a clearly 
clinical approach based on semiology. In this the commis-
sion has differed from other, etiology-driven approaches, 
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the basic premise being that clinical descriptions, at least 
at present, have greater cross-cultural validity than do 
etiological associations, whose scientific bases remain 
somewhat uncertain. The ILAE classification begins by 
differentiating comorbid disorders from epilepsy- specific
neuropsychiatric disorders. The acknowledgment here 
is that people with epilepsy can, like their peers in the 
community, suffer from both minor and major psychiatric 
disorders that are putatively unrelated to the epilepsy 
process and mirror well-acknowledged descriptions in 
ICD-10 and DSM-IV. While somewhat unusual, this 
approach puts the focus of this classification firmly 
on neuropsychiatric disorders specific to epilepsy and 
ensures that it is in no way competing with established 
classificatory systems in psychiatry—a wheel that needs 
no reinvention. A parallel can be drawn between this 
approach and that taken by surgical epileptologists, who 
differentiate “epilepsy surgery” from surgical approaches 
that aim to tackle symptomatic seizures, the former being 
far more specific than the latter. The comorbid psychiatric 
disorders described in this classification include anxiety 
and phobic disorders, minor and major depression, obses-
sive compulsive disorder, bipolar affective disorders, and 
forms of schizophrenia not recognized as being typical of 
epilepsy (for example, disintegrative forms of the condi-
tion). It is recommended that conventional criteria as 
described in the psychiatric classificatory systems should 
be used to classify these comorbid mental disorders.

Another area about which the commission has chosen 
to include a mention in this classification is “ cognitive 
dysfunction.” Avoiding detailed review of various neu-
ropsychologic constructs in epilepsy, the ILAE classifi-
cation merely seeks to mention cognitive impairments, 
including difficulties with memory, language, execu-
tive functions, visuospatial ability, and sensorimotor/
perceptual functions, which may be general or spe-
cific (11). Some specific neurocognitive deficits such as 
the Landau–Kleffner syndrome, which can be associated 
with specific EEG changes such as electrical status epilep-
ticus of slow wave sleep (ESES) or continuous spike and 
wave in slow wave sleep (CSWS) to be included here (12),
find mention here.

The logic in such limited coverage was the admit-
tedly controversial differentiation between neuropsychi-
atric and neuropsychologic disorders in epilepsy, with 
the latter being considered outside the purview of the 
subcommission on classification. Further, apart from the 
observed links between cognitive disorders, behavioral 
dysfunction, and intractable epilepsy, with their neu-
robiological underpinnings, the firmest links to emerge 
between neuropsychology and neuropsychiatry in epi-
lepsy have been in the learning disability/mental retarda-
tion literature (13), in the observation of both types of 
dysfunction with antiepileptic drug treatment (14), and 
more recently in the context of “memory complaints that 

are associated with depression rather than actual cogni-
tive impairment” (15).

Although there are different ways of classifying men-
tal states, the clinical approach of observing patients over 
a prolonged period of time is by far the most important, 
and that approach is the basis of this proposal. Further, as 
mentioned earlier, while there is good empirical evidence to 
suggest that the psychiatric disorders of epilepsy are clini-
cally distinct, they do not find a place in the current classifi-
catory systems in psychiatry such as ICD-10 and DSM-IV. 
Besides, operational rules that exist ensure that they are 
subsumed within categories (organic mental disorder, for 
example), in a way that may be neither appropriate nor 
accurate. Because these disorders are phenomenologically 
distinct and may respond to specific therapeutic measures, 
as discussed, for example, by Blumer (16), that approach is 
clearly unsatisfactory. Modern efforts must be directed at 
developing a more comprehensive and acceptable system 
of classification for psychiatric disorders in epilepsy.

Thus, with regard to the well-defined ictal and inter-
ictal psychiatric disorders specific to epilepsy, the commis-
sion has chosen to be rather more prescriptive, as a wealth 
of empirical observation has accumulated over decades. 
Among psychiatric disorders, depression and psychoses 
predominate the epilepsy literature, followed by anxiety 
disorders and personality trait accentuation/disorder. The 
ILAE commission has also chosen to classify largely based 
on relationship to ictus: interictal (between seizures with 
no presumed specific relationship); preictal (preceding sei-
zures, sometimes serving as an aura or warning); postictal 
(following seizures, sometimes after a lucid interval); and 
alternate (a paradoxical relationship where either sei-
zures or behavioral dysfunction predominate at different 
times). The core elements of the new ILAE classification 
with regard to epilepsy-specific disorders are reproduced 
in this chapter for the benefit of the reader.

PSYCHOPATHOLOGY AS A PRESENTING 
FEATURE OF EPILEPTIC SEIZURES

Psychiatric symptoms are often a feature of the seizure 
itself. Auras of simple partial seizures include psychiatric 
symptoms such as anxiety and panic, hallucinations in 
various modalities, and even transient abnormal beliefs. 
Abnormal (sometimes bizarre) behavior can also charac-
terize partial seizures arising from the frontal and tempo-
ral lobes that often do not generalize. Subclinical seizure 
activity (often nonconvulsive status) can also present with 
catatonic features and other neuropsychiatric manifesta-
tions such as apathy and aggression (17).

Well-defined ictal states are included as follows:

• Complex partial seizure status: presents with 
impaired awareness.
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• Simple partial seizure status (aura continua): pres-
ents with intact awareness.

• Absence status (spike-wave stupor): presents with a 
stuporous state and at times with minor myoclonic 
manifestations.

PSYCHIATRIC DISORDERS WITH 
ICTAL ASSOCIATIONS THAT ARE 

SPECIFIC TO EPILEPSY

There are disorders that are seen specifically in patients 
with epilepsy and have specific ictal associations as well 
as distinct clinical descriptions that may respond to spe-
cific forms of treatment. These can be broadly divided 
into the following categories:

Psychoses of Epilepsy

Interictal Psychosis of Epilepsy. This is a paranoid psy-
chosis with strong affective components but usually not 
affective flattening. Features may include command hal-
lucinations, third-person auditory hallucinations, and 
other first-rank symptoms. There is a preoccupation with 
religious themes. Personality and affect tend to be well-
preserved unlike in other forms of schizophrenic psycho-
sis. Psychotic features are usually independent of seizures, 
although they may become manifest as seizure freedom 
lessens (17).

Include: Schizophrenia-like psychosis of epilepsy
Exclude: Cases fulfilling criteria for undifferentiated 

or hebephrenic schizophrenia

Alternative Psychosis. The patient alternates between peri-
ods of clinically manifest seizures and normal behavior, 
and other periods of seizure freedom accompanied by 
a behavioral disturbance. The behavioral disturbance is 
often accompanied by paradoxical normalization of the 
EEG (forced normalization) (3, 4). The behavioral dis-
turbance is polymorphic, with paranoid and affective fea-
tures. The diagnosis of Alternative Psychosis (18) should 
be made in the absence of the EEG. If EEG confirmation 
is available, the diagnosis should be qualified further as 
“with forced normalization of the EEG.”

Include: Forced Normalization/Paradoxical Normal-
ization (19). Include also cases with relative normalization 
as defined by Krishnamoorthy and Trimble (20).

Exclude: Continuing interictal psychosis or postictal 
psychosis (recent cluster of seizures); nonconvulsive status 
with psychiatric manifestations.

Postictal Psychosis. This follows clusters of seizures (rarely 
single seizures) usually after a 24–48 hour period of rel-
ative calm (the lucid interval). These episodes can last 

from a few days to several weeks but usually subside in 
1–2 weeks. Confusion and amnesia may be present. The 
content of thought is paranoid, and visual and auditory 
hallucinations may be present. Manifestations are often 
polymorphic, with affective features and a strong reli-
gious theme (17).

Include: Cases with a clear history of a cluster of 
seizures or an isolated single seizure (in a patient who has 
been seizure-free). The first manifestation of abnormal 
behavior should occur within a 7-day period of the last 
seizure (21).

Exclude: Postictal confusion; nonconvulsive status 
with psychiatric manifestations.

Affective-Somatoform (Dysphoric) 
Disorders of Epilepsy

Intermittent affective-somatoform symptoms are fre-
quently present in chronic epilepsy. They present in a 
pleomorphic pattern and include eight symptoms: irri-
tability, depressive moods, anergia, insomnia, atypical 
pains, anxiety, and euphoric moods. They occur at vari-
ous intervals and tend to last from hours to 2–3 days, 
although they might on occasion last longer. Some of the 
symptoms may be present continually at a baseline from 
which intermittent fluctuations occur. The presence of 
three symptoms or more generally coincides with sig-
nificant disability (16). The same affective-somatoform 
symptoms occur during the prodromal and postictal 
phases and need to be coded as such if they are of clini-
cal significance.

Interictal Dysphoric Disorder. Intermittent dysphoric symp-
toms (at least three of those just mentioned) are present, each 
to a troublesome degree. In women the disorder is manifest 
(or accentuated) in the premenstrual phase.

Prodromal Dysphoric Disorder. Irritability or other dys-
phoric symptoms may precede a seizure by hours or days 
and cause significant impairment.

Postictal Dysphoric Disorder. Symptoms of anergia or 
headaches as well as depressed mood, irritability, or 
anxiety may develop after a seizure and be prolonged 
or exceptionally severe.

Alternative Affective-Somatoform Syndromes. Depression, 
anxiety, depersonalization, derealization, and even non-
epileptic seizures have been reported as presenting mani-
festations of forced normalization (19). These may be 
diagnosed in the absence of an EEG as described previ-
ously, and, in the face of EEG evidence, coded as “with 
forced normalization of EEG.”

Include: Brief-lasting but disabling changes in 
affect.
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Exclude:Patients fulfilling ICD-10 and DSM-IVcriteria 
for major depression, dysthymia, and cyclothymia.

Personality Disorders

Patients with chronic epilepsy may show distinct per-
sonality changes that tend to be subtle. Three types are 
recognized:

1. A deepening of emotionality with serious, highly 
ethical, and spiritual demeanor (22)

2. A tendency to be particularly detailed, orderly, and 
persistent in speech and action, viz. viscosity (23)

3. A labile affect with suggestibility and immaturity 
(referred to as eternal adolescence) (24)

They may be coded as personality disorders only if pres-
ent to a degree that interferes significantly with social 
adjustment.

• Hyperethical or hyperreligious groups
• Viscous group
• Labile group
• Mixed (two or more of the above)

Diagnosis should be coded in the category as follows:

• No personality trait accentuation or disorder
• Personality trait accentuation, but not disorder
• Personality disorder specific to epilepsy

Exclude: Patients fulfilling criteria for well-defined 
DSM-IV or ICD-10 personality disorders.

Specific Phobic Fears

Specific phobic fears such as fear of seizures (25), ago-
raphobia, and social phobia may occur as a result of 
recurrent seizures. They may occur either as part of the 
interictal dysphoric disorder, in which case that diagnosis 
is preferred, or alone, in which case they should be coded 
here. Unlike comorbid psychiatric disorder, the phobic 
fears revolve around epilepsy, and the fear of the situa-
tion and subsequent avoidance are linked to the fear of 
having a seizure in that situation and the possible con-
sequences.

Other Relevant Information (to be Recorded 
in All Patients if Possible)

Relationship to EEG Change. Characteristic changes 
in EEG could accompany disorders with psychiatric 
presentations such as generalized absence status, simple 
and complex partial seizures, or encephalopathy (organic 

brain syndrome), or there may be an absence or reduc-
tion of EEG abnormalities compared to previous and 
subsequent EEGs, as in forced normalization. The EEG 
is thus an important investigative tool, and the findings 
at the time of psychiatric disturbance need to be coded 
separately as follows:

• EEG not available/not done
• EEG remains unchanged
• Nonspecific EEG change
• Specific EEG change (please specify)

Anticonvulsant-Induced Psychiatric Disorders. As 
drugs used in the treatment of epilepsy may contribute to 
the development of psychiatric disorders, it is important 
that this be specified as an additional category. As both 
anticonvulsant induction (14) and withdrawal (26) are 
known to precipitate behavioral change, this factor needs 
to be specified, as does the specific anticonvulsant prob-
ably responsible, if at all possible. This also has prognos-
tic and therapeutic implications, because often the only 
course of action available to the treating professional is 
withdrawal of the offending agent.

• Details of AED therapy not known/not documented
• No change in AED treatment
• AED institution (in a 30-day period prior to psychiatric 

disorder)
• AED withdrawal (in a 7-day period prior to psychiatric 

disorder)
• Both AED institution and withdrawal during 30-day 

period
• Note: Specify AEDs

CONCLUSIONS

While this classificatory system is by no means the ideal 
to which researchers have aspired, its clinical basis, focus 
on epilepsy-specific psychopathology, and inherent sim-
plicity are likely to make it applicable in many settings, 
both in the developing and in the developed world. This 
operational system needs to be piloted, suitably modi-
fied, and validated in several settings before it is widely 
acceptable. Nevertheless, it has provided a template that 
hitherto did not exist.

The emphasis on clinical semiology is a reminder and 
acknowledgment of the importance of clinical descrip-
tions in classificatory systems across medical disciplines. 
It also reflects the prevailing view in epilepsy neuropsy-
chiatry that the exponential growth in technological 
advances has yet to result in tangible breakthroughs in 
our understanding of this interface. Indeed, the paucity of 
knowledge about specific etiological factors that influence 
the development of neuropsychiatric disorders in epilepsy 
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is in itself proof of the neglect that this interface suffers. In 
the absence of such specific knowledge and understand-
ing, the ILAE commission has chosen to take the view that 
attempting an etiological classification may be fallacious. 
Yet the emphasis on EEG change as the predominant fac-
tor retains the biomedical emphasis in this classification. 

Perhaps advances in our knowledge and understanding 
through imaging and molecular genetic studies will revo-
lutionize our approach to this interface.

Until then, we must be content with adopting, and 
modifying through systematic operational research, this 
clinically based ILAE classification.
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ultiple studies have documented the 
high comorbidity between mood 
disorders (MD) and epilepsy. Such 
comorbidity is not limited to stud-

ies carried out in tertiary centers but can be identified 
in population-based studies. For example, Ettinger et al. 
investigated the presence of symptoms of depression 
among 775 people with epilepsy (PWE), 395 people 
with asthma, and 362 healthy controls identified from 
a cohort of 85,358 adults aged 18 years and older 
using the Centers of Epidemiologic Studies-Depression 
(CES-D) Instrument (1). One-third of PWE (36.5%) 
had a CES-D score high enough to suggest the presence 
of severe or moderately severe depressive episode. The 
prevalence rate of such depressive episode was higher 
than that identified in people with asthma (27.8%) and 
healthy controls (11.8%). The same group of investiga-
tors compared the lifetime prevalence rates of bipolar 
symptoms and past diagnoses of bipolar I and II disorder 
with the Mood Disorder Questionnaire (MDQ) among 
subjects who identified themselves as having epilepsy 
and those with migraine, asthma, diabetes mellitus, or 
a healthy comparison group (2). Bipolar symptoms, evi-
dent in 12.2% of epilepsy patients, were 1.6 to 2.2 times 
more common in subjects with epilepsy than with 
migraine, asthma, or diabetes mellitus, and 6.6 times 
more likely to occur than in the healthy comparison 
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group. A total of 49.7% of patients with epilepsy who 
screened positive for bipolar symptoms were diagnosed 
with bipolar disorder by a physician, nearly twice the 
rate seen in other disorders. However, 26.3% of MDQ-
positive epilepsy subjects carried a diagnosis of unipolar 
depression, and 25.8% had neither a uni- or bipolar 
depression diagnosis.

Investigators have attributed the high prevalence of 
MD to a variety of factors including reactive processes, 
iatrogenic causes, genetic predisposition, and seizure-
related endogenous changes impacting neurochemi-
cal and neurophysiologic processes. These have been 
reviewed extensively in other review articles by this and 
other authors and will not be repeated here (3–5).

For a long time, investigators, clinicians, and patients 
have assumed a unidirectional relationship between epi-
lepsy and MD, whereby the presence of the former is a 
risk factor for the latter. In fact, several population-based 
studies have demonstrated the existence of a bidirectional 
relationship between epilepsy and MD. In a population-
based, case-control study carried out in Sweden, Forsgren 
and Nystrom found that newly diagnosed adult-onset epi-
lepsy was seven times more frequent among patients with 
a history of depression preceding the onset of epilepsy
than among age- and sex-matched controls (6). Similarly, 
in a population-based, case-control study of the incidence 
of new-onset epilepsy among adults aged 55 and older, 
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Hesdorffer et al. found that patients were 3.7 more likely 
to have a history of depression preceding their initial sei-
zure than controls were (7). In this study, the authors also 
controlled for medical therapies for depression. These 
investigators provided further compelling evidence of a 
bidirectional relationship between MD and epilepsy in a 
population-based study carried out in Iceland (8). In this 
study, the investigators identified any psychiatric symp-
tom and disorder that preceded the occurrence of the 
seizure disorder in all children and adults with epilepsy 
and in a group of age-matched controls free of any epi-
lepsy. They found that a history of major depression (OR: 
1.7, 95% CI: 1.1–2.7) and a history of attempted suicide 
(OR: 5.1, 95% CI: 2.2–11.5) independently increase the 
risk of experiencing unprovoked seizures and epilepsy. It 
should be noted, however, that the credit for the initial 
recognition of a bidirectional relationship between MD 
and epilepsy should go to Hippocrates, when he wrote 
26 centuries ago that “melancholics ordinarily become 
epileptics, and epileptics melancholics: what determines 
the preference is the direction the malady takes; if it 
bears upon the body, epilepsy, if upon the intelligence, 
melancholy” (9).

The bidirectional relationship between MD and epi-
lepsy should not be interpreted to suggest the existence of 
a causal relationship between the two. Rather, it suggests 
that both disorders share pathogenic mechanisms that, in 
turn, may explain their high comorbidity. This chapter 
reviews these common pathogenic mechanisms and their 
therapeutic implications for treatment of seizure disorders 
and of MD in PWE.

NEUROBIOLOGIC BASES OF 
MOOD DISORDERS

Neuroanatomy of Primary Mood Disorders

In a review of the literature, Sheline described morphologic 
and volumetric changes in neuroanatomical structures that 
form a “limbic-cortical-striatal-pallidal-thalamic circuit 
in patients with major depressive disorders (MDD)” (10). 
She proposed a limbic-thalamic-cortical branch as one 
of its arms, which includes the amygdala, hippocampus, 
medial-dorsal nucleus of the thalamus, and medial and 
ventrolateral prefrontal cortex. She also suggested the 
existence of a second arm running in parallel and linking 
the caudate, putamen, and globus pallidus with limbic and 
cortical regions. Depression in PWE has been associated
more frequently with seizure disorders of temporal and 
frontal lobe origin, with prevalence rates ranging from 
19% to 65% in various patient series (11–15). It is not 
surprising to find structural and functional changes of 
frontal and temporal lobe structures in patients with 
primary MD.

Structural changes identified on MRI

Temporal lobe structures. The temporal struc-
tures affected in patients with primary MDD and bipo-
lar disorders (BPD) include the hippocampal formation, 
amygdala, entorhinal cortex, and parahippocampal 
gyrus (10). In 1996, Sheline et al. reported on the pres-
ence of smaller hippocampal volumes, bilaterally, of 
ten patients with a history of MDD in remission when 
compared to hippocampal volumes of 10 age-, sex-, and 
height-matched normal controls (16). They also iden-
tified large hippocampal low-signal foci (	4.5mm in 
diameter), and their number correlated with the total 
number of days depressed. A significant inverse corre-
lation between the duration of depression and left hip-
pocampal volume was also demonstrated, suggesting 
that patients with more chronic and active disease were 
more likely to have hippocampal atrophy. These authors 
replicated these findings in a larger study of 24 patients 
and 24 matched controls for age, sex, and height, in 
which they also found that core amygdala nuclei volumes 
correlated with hippocampal volumes. Hecimovic et al. 
carried out a review of all the published studies to date 
on the volumetric changes of various neuroanatomical 
structures (17). These are summarized in Table 25-1. As 
shown in the table, Sheline’s findings were replicated 
by various investigators but not all. A reduction of the 
hippocampal formation was associated with an early 
age of onset of the MDD, a greater number of previ-
ous episodes, or longer duration of untreated depression 
(17). As shown in Table 25-1, findings of hippocampal 
volume change in bipolar disorder have not been uni-
form, as some studies found an increase, but others a 
decrease or no change in the hippocampal volume. The 
discrepancy in the data may stem from differences in the 
technique to measure the neuroanatomical structures, the 
number of MDD, the use of antidepressant medication, 
and duration of untreated illness (see subsequent discus-
sions). None of the studies showed any significant differ-
ences in the total intracranial volume between patients 
with depression and healthy subjects. Nevertheless, most 
authors use relative measurements for comparison of 
regions of interest or with a total intracranial volume 
as a covariate in the statistical analysis.

Some authors have associated the severity of depres-
sion with the development of hippocampal atrophy. For 
example, Shah and colleagues compared hippocampal 
volumes of 20 patients with treatment-resistant MDD 
to 20 patients who responded to therapy and 20 healthy 
controls (23). Patients with treatment-resistant MDD 
were more likely to have hippocampal atrophy.

Lower verbal memory scores are a functional con-
sequence of hippocampal damage, as demonstrated in a 
study by MacQueen and colleagues, who compared hip-
pocampal volumes and hippocampal-dependent memory 
tests between 20 patients with first episode that was never 
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treated and normal age-matched controls (32). The same 
comparisons were carried out between a second patient 
group that included 17 patients with recurrent depressive 
episodes and matched controls and the patients with a 
single depressive episode. While patients with a single 
and multiple episodes had verbal memory deficits, only 
patients with multiple episodes had hippocampal atrophy. 
As in Sheline’s studies, there was a significant correlation 
between the duration of the depressive illness and the 
degree of hippocampal atrophy.

Atrophy has also been identified in other mesial tem-
poral structures. Bell-McGinty and colleagues found an 
inverse relationship between the volumes of hippocampus 
and entorhinal cortex and the time since the first lifetime 
depressive episode in a study of 30 patients with MDD 
and 47 matched controls (29).

In a recent study, Posener and colleagues suggested 
the need to study the shape of the hippocampus in addi-
tion to the measurement of its volume, because the former 
can identify structural changes even in the absence of 

TABLE 25-1
Volumetric Changes in Primary Mood Disorders

NEUROANATOMIC

STRUCTURE

N
TYPE OF MD

FINDINGS OF VOLUME

CHANGES AUTHOR

Hippocampus-
amygdala complex

48 MDD No significant between-group difference Coffey et al., 1993 (18)

Hippocampus-
amygdala complex

40 MDD No significant between-group difference Ashtari et al., 1999 (19)

Hippocampus 20 MDD Reduction in the volume Krishnan et al. 1991 (20)
Hippocampus 19 MDD No significant between-group difference Axelson et al., 1993 (21)
Hippocampus 19 MDD No significant between-group difference Pantel et al., 1997 (22)
Hippocampus 20 MDD Reduction in the left hippocampal volume Shah et al., 1998 (23)
Hippocampus 24 MDD 

(women)
Reduction in the volume Sheline et al., 1999 (4)

Hippocampus 34 MDD Reduction in the left hippocampal volume Mervaala et al., 2000 (24)
Hippocampus 38 MDD No significant between-group difference Vakili et al., 2000 (25)
Hippocampus 14 MDD No significant between-group difference Von Gunten et al., 2000 (26)
Hippocampus 66 MDD Reduction in the right hippocampal volume Steffens et al., 2000 (27)
Hippocampus 25 MDD No significant between-group difference Rusch et al., 2001 (28)
Hippocampus 30 MDD Reduction in the right hippocampal volume Bell-McGinty et al., 2002 (29)
Hippocampus 30 MDD Reduction in the volume with a first episode Frodl et al., 2002 (30)
Hippocampus 38 MDD Reduction in the volume Sheline et al., 2003 (31)
Hippocampus 20 MDD Reduction in the volume MacQueen et al., 2003 (32)
Hippocampus 31 MDD Reduction in the volume Caetano et al., 2004 (33)
Hippocampus 38 MDD No significant between-group difference Vythilingam et al., 2004 (34)
Hippocampus 30 MDD No significant between-group difference after 

1 year follow-up
Frodl et al., 2004 (35)

Hippocampus 40 MDD Reduction in the volume if allele L/L of the 
5-HTTLPR

Frodl et al., 2004 (36)

Hippocampus 31 MDD Reduction in the total and posterior hippocampal 
volume

Neumeister et al., 2005 (37)

Amygdala 19 MDD No significant between-group difference Pantel et al., 1997 (22)
Amygdala 27 MDD Reduction in the left amygdala volume Pearlson et al., 1997 (38)
Amygdala 20 MDD Bilaterally reduced core nuclei volumes Sheline et al., 1998 (39)
Amygdala 34 MDD Asymmetry (left smaller than right) Mervaala et al., 2000 (24)
Amygdala 14 MDD Reduction in the left amygdala volume Von Gunten et al., 2000 (26)
Amygdala 30 MDD Increase in the volume with a first episode Frodl et al., 2002 (40)
Amygdala 30 MDD No significant between-group difference after 

1 year follow-up
Frodl et al., 2004 (35)

Temporal lobe 17 MDD Reduction in the volume on the left and right Hauser et al., 1989 (41)
Temporal lobe 48 MDD No significant between-group difference Coffey et al., 1993 (18)
Temporal lobe 30 MDD Reduction in the left medial temporal volume Greenwald et al., 1997 (46)

*All studies listed are in comparison with healthy controls. MDD: major depressive disorder; BD: bipolar disorder.
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volumetric decrements (43). Using the method of high-
dimensional brain mapping, these authors generated 10 
variables, or components of the hippocampal shape, in 
a study that compared high-dimensional mapping of 27 
patients with MDD and 42 healthy controls. In depressed 
patients, these authors identified hippocampal deforma-
tion suggestive of specific involvement of the subiculum, 
while finding no differences in hippocampal volumes 
between the two groups.

As previously mentioned, exposure to treatment 
with antidepressant drugs may have an impact on the 
development of hippocampal atrophy. Indeed, Sheline 
and colleagues demonstrated that pharmacotherapy 
with antidepressants may protect patients with MDD 
from developing hippocampal atrophy (31). In a study 
of 38 female patients, they found a significant correla-
tion between reduction in hippocampal volume and the 
duration of depression that went untreated. On the other 
hand, there was no correlation between hippocampal vol-
ume loss and time depressed while taking antidepressant 
medication or with lifetime exposure to antidepressants. 
Vakili and colleagues supported the same findings (25). In 
a study of 38 patients with MDD they found no difference 
in hippocampal volumes between patients and controls, 
yet they identified a possible relationship between hip-
pocampal volumes and disease severity (left hippocam-
pal volumes correlated with Hamilton Depression Rating 
Scale at baseline), as well as with treatment response 
(female responders to fluoxetine therapy had significantly 
larger right hippocampal volumes).

Changes in amygdala. As shown in Table 25-1, volu-
metric changes of the amygdalae of patients with MDD 
are less consistent than those in the hippocampal forma-
tion. This is not surprising, because measurement of the 
volume of the amygdala and its nuclei is technically much 
more difficult than that of hippocampal structures. She-
line and colleagues found the core volume of amygdala 
nuclei, but not its total volume, to be decreased bilaterally 
among 20 patients with a history of MDD, free of any 
neurologic disorder, compared to those of 20 matched 
controls (39). Conversely, Frodl and colleagues found 
increased amygdala volumes in 30 inpatients with a 
first episode of MDD, compared to matched controls. 
The authors attributed these changes to enhanced blood 
flow (40).

Structural changes of temporal lobe structures in 
PWE are well known and include atrophy of hippocam-
pus, amygdala, entorhinal cortex, and parahippocampal 
gyrus in patients with mesial temporal sclerosis (MTS), 
the most frequent type of temporal lobe epilepsy (TLE). In 
one study of patients with TLE, higher scores of depres-
sion were associated with the presence of MTS (43). In 
a recent study, Gilliam et al. investigated the association 
of an indicator of hippocampal function measured with 

magnetic resonance spectroscopy (MRSI) with severity 
of depression symptoms in 31 patients with pharmaco-
resistant TLE (44). They found that the extent of hippo-
campal 1H-MRSI abnormalities correlated with severity 
of depression but other clinical factors did not.

MRI structural changes in frontal lobes. Structural 
changes have been investigated in various structures of 
the frontal lobes of patients with primary MD, includ-
ing the prefrontal cortex and cingulate gyrus as well as 
in their white matter, revealing a decrease in volume of 
these structures. These data were also reviewed by Heci-
movic et al. (17), and a summary appears in Table 25-2. 
For example, Bremner and colleagues found that orbi-
tofrontal cortical volumes of 15 patients with MDD in 
remission were significantly smaller than the volume of 
orbitofrontal cortex and other frontal cortical regions 
of 20 controls (45). Coffey and colleagues also found 
smaller frontal lobe volumes in 48 inpatients with severe 
depression who had been referred for electroshock ther-
apy, compared to 76 controls (46]. Lai and colleagues 
found smaller bilateral orbital frontal cortex volumes in 
20 elderly patients with MDD compared to 20 matched 
controls (47). Taylor and colleagues also found smaller 
orbitofrontal cortex volumes in 41 elderly patients with 
MDD than in 40 controls (48). Furthermore, these 
authors found that smaller volumes were independently 
associated with cognitive impairment. Kumar and col-
leagues found that the magnitude of prefrontal volume 
changes was related to the severity of the depression, as 
elderly patients with minor depression had lesser changes 
than those with MDD (49).

The presence of white matter hyperintensities in 
frontal lobes has also been associated with depression in 
the elderly. Kumar and colleagues found that decreased 
frontal lobe volumes and the number of white matter 
hyperintensities on MRI represent relatively independent 
pathways to late-life MDD (50). Tupler and colleagues 
on their part compared the number and volumes of white 
matter hyperintensities on MRI between 69 patients with 
late-onset depression, 49 with early onset depression, and 
37 controls (51). Patients with late-onset depression had 
more severe hyperintensity ratings in deep white matter 
than controls or patients with early onset, while both 
groups of depressed patients had worse ratings than 
controls. Of note, left-sided white matter lesions were 
significantly associated with an older age at the onset of 
depression.

Functional Changes

Temporal lobes. The use of positron emission tomog-
raphy (PET) and single-photon emission tomography 
(SPECT) studies have yielded significant data suggestive 
of abnormal serotonergic activity in primary MD and in 
epilepsy, and in particular as it pertains to the serotonin 
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TABLE 25-2
Structural Changes in Frontal Lobe Structures in Patients with Primary MDs

BRAIN STRUCTURE SAMPLE FINDINGS AUTHORS

Prefrontal cortex 23 MDD Reduction in the subgenual prefrontal cortex 
volume

Drevets et al., 1997 (52)

Prefrontal cortex 30 MDD (young 
women)

Reduction in the left anterior cingulate volume Botteron et al., 2002 (53)

Prefrontal cortex 15 MDD Reduction in the gyrus rectus volume Bremner et al., 2002 (45)
Prefrontal cortex 18 MDD No significant change in the pregenual area Brambilla et al., 2002 (54)
Prefrontal cortex 30 MDD Reduction in the volume Steffens et al., 2003 (55)
Prefrontal cortex 24 MDD (elderly) Reduction in the anterior cingulate, the gyrus 

rectus and the orbitofrontal cortex volume
Ballmaier et al., 2004 (56)

Prefrontal cortex 10 MDD (with 
psychotic features)

Reduction in the left subgenual prefrontal cor-
tex volume

Coryell et al., 2005 (57)

Prefrontal cortex 31 MDD Reduction in the anterior cingulate volume Caetano et al., 2006 (58)
Posterior cingulate 31 MDD Reduction in the volume Caetano et al., 2006 (58)
Frontal lobe 48 MDD Reduction in the volume Coffey et al., 1993 (18)
Prefrontal cortex 30 BD Reduction in the midsagittal areas Coffman et al., 1990 (59)
Prefrontal cortex 17 BD Reduction in the volume Sax et al., 1999 (60)
Prefrontal cortex 27 BD No significant between-group difference in the 

pregenual cortex
Brambilla et al., 2002 (54)

Prefrontal cortex 17 BD Reduction in the left and right prefrontal cortex 
volumes

Lopez-Larson et al., 
2002 (61)

Prefrontal cortex 27 BD Reduction in the left anterior cingulate volume Sassi et al., 2004 (62)
Prefrontal cortex 32 BD Increase in the anterior cingulate volume Adler et al., 2005 (63)
Prefrontal cortex 32 BD Increase in the volume Adler et al., 2005 (63)
Prefrontal cortex 36 BD Reduction in the volume Nugent et al., 2005 (64)
Prefrontal cortex 16 BD (children) Reduction in the left anterior cingulate volume Kaur et al., 2005 (65)
Prefrontal cortex 15 BD No significant between-group difference in the 

subgenual cortex
Sanches et al., 2005 (66)

Fusiform gyrus 32 BD Increase in the volume Adler et al., 2005 (63)
Posterior cingulate 16 BD (children) Reduction in the volume Kaur et al., 2005 (65)
Posterior cingulate 36 BD Reduction in the volume Nugent et al., 2005 (64)
White matter 36 BD Increase in the white matter hyperintensities Dupont et al, 1995 (67)
White matter 70 BD Increase in the hyperintense lesions volume in 

the subependymal region, subcortical gray 
nuclei, and the deep white matter

McDonald et al., 1999 (68)

White matter 48 MDD Increase in the periventricular white matter 
hyperintensities

Coffey et al., 1993 (18)

White matter 48 MDD Increase in the periventricular white matter 
hyperintensities

Coffey et al., 1993 (18)

White matter 30 MDD No significant between-group difference Dupont et al., 1995 (67)
White matter 35 MDD Increase in the left frontal and left putaminal 

deep white matter hyperintesities
Greenwald et al., 1998 (68)

White matter 24 MDD (women) No significant between-group difference Lenze et al, 1999 (70)
White matter 41 MDD (elderly) Increase in the deep white matter 

hyperintensities
Kramer-Ginsberg et al., 

1999 (71)
White matter 115 MDD Increase in the white matter hyperintensities Tupler et al., 2002 (51)
White matter 133 MDD (elderly) Increase in the white matter hyperintensities Taylor et al., 2003 (48)
White matter 253 MDD (elderly) Increase in the white matter hyperintensities Taylor et al., 2003 (48)

*All studies listed are in comparison with healthy controls. MDD: major depressive disorder; BD: bipolar disorder.



V • NEUROPSYCHIATRIC AND BEHAVIORAL DISORDERS200

(5-hydroxytryptamine, 5HT) receptor most frequently 
involved in MD and epilepsy: the 5HT1A receptor. Deficits 
in 5HT transmission in human MD are thought to be 
partially related to a paucity of serotonergic innervation 
of terminal areas, suggested by a scarcity of 5HT levels in 
brain tissue, plasma, and platelets (72–76) and with a def-
icit in serotonin transporter binding sites in postmortem 
human brain (77–79). Serotonin stores and transporter 
protein are important components of serotonin terminals, 
so a combined deficit is a plausible indicator of reduced 
axonal branching and synapse formation.

With respect to abnormal serotonergic activity in 
functional neuroimaging studies of patients with primary 
MDD, Sargent et al. demonstrated reduced 5HT1A recep-
tor binding potential values in frontal, temporal, and 
limbic cortex with PET studies using [11C]WAY-100635 
in both unmedicated and medicated depressed patients 
compared with healthy volunteers (80). Of note, binding 
potential values in medicated patients were similar to 
those in unmedicated patients. Drevets et al., using the 
same radioligand, reported a decreased binding poten-
tial of 5HT1A receptors in mesial-temporal cortex and 
in the raphe in 12 patients with familial recurrent major 
depressive episodes, compared to controls (81). A deficit 
in the density or affinity of postsynaptic 5HT1A recep-
tors was identified in the hippocampus and amygdala 
of untreated depressed patients who committed suicide 
(82). In addition, impaired serotonergic transmission has 
been associated with defects in the dorsal raphe nuclei of 
suicide victims with MDD, consisting of an excessive den-
sity of serotonergic somatodendritic impulse–suppressing 
5HT1A autoreceptors (83).

Similar abnormalities have been reported in PWE. 
In a PET study of patients with TLE using the 5HT1A
receptor antagonist [18F] trans-4-fluoro-N-2-[4-(2-
methoxyphenyl)piperazin-1-yl]ethyl-N-(2-pyridyl) cyclo-
hexanecarboxamide, reduced 5HT1A binding was found 
in mesial temporal structures ipsilateral to the seizure 
focus in patients with and without hippocampal atrophy. 
Reduced serotonergic activity was independent of the 
presence or absence of hippocampal atrophy on MRI, 
and reduced volume of distribution and binding remained 
significant after partial volume correction (84). In addi-
tion, a 20% binding reduction was found in the raphe 
and a 34% lower binding in the thalamic region ipsilat-
eral to the seizure focus. In a separate PET study aimed 
at quantifying 5HT1A receptor binding in 14 patients 
with TLE, a decreased binding was identified in the epi-
leptogenic hippocampus, amygdala, anterior cingulate, 
and lateral temporal neocortex ipsilateral to the seizure 
focus, as well as in the contralateral hippocampi, but to 
a lesser degree, and in the raphe nuclei (85). Other inves-
tigators using the 5HT1A tracer 4,2-(methoxyphenyl)-1-
[2-(N-2-pyridinyl)-p-fluorobenzamido]ethylpiperazine 
([18F]MPPF) found that the decrease in binding of 5HT1A

was significantly greater in the areas of seizure onset and 
propagation identified with intracranial electrode record-
ings. As in the other studies, reduction in 5HT1A binding
was present even when quantitative and qualitative MRI 
were normal (86).

In a recent study of 46 patients with TLE, Theo-
dore et al. demonstrated an inverse correlation between 
increased severity of symptoms of depression identified 
on the Beck Depression Inventory and 5HT1A receptor
binding at the hippocampus ipsilateral to the seizure focus 
and, to a lesser degree, at the contralateral hippocampus 
and midbrain raphe (87).

Reduction in 5HT1A receptor binding is not 
restricted to patients with TLE. PET studies with the 
5HT1A receptor antagonist carbonyl carbon-11 WAY-
100635 ([11C]WAY-100635) found a decreased binding 
potential in the dorsolateral prefrontal cortex, raphe 
nuclei, and hippocampus of 11 patients with juvenile 
myoclonic epilepsy, compared to 11 controls (88).

Frontal lobes. Involvement of frontal lobes in 
primary MD has also been demonstrated with func-
tional neuroimaging using PET, SPECT, and neuro-
psychologic studies (89–91). PET studies of major 
depression have revealed resting-state abnormalities 
in the prefrontal and cingulate cortices. In one of the 
leading studies, Liotti et al. investigated common and 
differential changes in regional blood flow among three 
groups: euthymic unipolar patients in remission, acutely 
depressed patients, and never-depressed volunteers (92). 
Subjects were studied before and after transient sad 
mood challenge with [15O]H2O PET after provoca-
tion of sadness with autobiographical memory scripts. 
Mood provocation in both depressed groups resulted 
in regional cerebral blood flow (rCBF) decreases in 
medial orbitofrontal cortex Brodmann’s area 10/11, 
which were absent in the healthy group. In the remit-
ted group, mood provocation produced a unique rCBF 
decrease in pregenual anterior cingulate 24a. The main 
effects in healthy subjects, an rCBF increase in sub-
genual cingulate Brodmann’s area 25 and a decrease 
in right prefrontal cortex Brodmann’s area 9, were not 
present in the depressed groups.

Executive abnormalities are consistently found 
among studies of patients with MDD and are more appar-
ent in more severe depressive disorders. These neuro-
psychologic disturbances correlated with reduced blood 
flow in mesial prefrontal cortex (93). Furthermore, in 
tests demanding executive function, cingulate cortex and 
striatum could not be activated in patients with major 
depressive disorders (94, 95).

Functional disturbance of frontal lobe structures 
has been recognized in TLE as well (96) and particu-
larly among patients with TLE and comorbid depression, 
as they have been found to have bilateral reduction in 
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inferofrontal metabolism (14, 96). Likewise, neuropsy-
chologic testing with the Wisconsin Card Sorting Test, 
which is highly sensitive to executive dysfunction, has 
revealed poor performance in patients with TLE and 
comorbid depression (97–102). Of note, inferior frontal 
cortex is the main target of the meso-limbic dopaminergic 
neurons and provides input to the serotonergic neurons 
of the dorsal raphe nucleus.

Neumeister et al., using the selective 5HT1A radioli-
gand [18F]-FCWAY, found reduced 5HT1A receptor bind-
ing in the anterior and posterior cingulate in patients 
with panic disorder with and without comorbid depres-
sion (103). These findings probably account for the high 
comorbidity of symptoms of anxiety and panic in primary 
MD (discussed subsequently) both in patients with and 
in patients without epilepsy.

Finally, a relationship between abnormal 5HT 
activity and suicidal behavior associated with several 
psychiatric diagnoses has been suggested in multiple 
studies, including quantitative autoradiography studies 
of brain tissues obtained from suicide victims, in studies 
of serotonin transporter sites, and in studies of 5HT1A
receptor binding, to name a few (89). These studies sug-
gest abnormal serotonergic function, primarily at the 
ventral prefrontal cortex. As discussed below, these 
abnormalities may account for the higher suicidality 
encountered in PWE.

Mechanisms of Hippocampal Atrophy

Hippocampal atrophy in primary major depressive dis-
orders has been attributed to two potential pathogenic 
mechanisms: (1) a high glucocorticoid exposure, and (2) 
an alteration in neurotrophic factors resulting from the 
mood disorder (104).

High Glucocorticoid Exposure

This mechanism mediating hippocampal atrophy is based 
on the excessive activation of the hypothalamic-pituitary-
adrenal (HPA) axis, identified in almost half of individuals 
with depression, resulting in impaired dexamethasone sup-
pression of adrenocorticotropin (ACTH) and cortisol. This 
effect is partially reversed by antidepressant treatment (105).

The high glucocorticoid exposure can be traced 
back to the increased activity of neurons in the para-
ventricular nucleus of the hypothalamus that secrete 
corticotropin-releasing factor (CRF); this neuropeptide 
stimulates the synthesis and release of ACTH from the 
anterior part of the pituitary gland. CRF is a major medi-
ator of stress responses in the central nervous system 
(CNS) and its levels have been found to be increased 
in the cerebrospinal fluid in suicide victims and in per-
sons with depression. Hypersecretion of CRF in some 
depressed patients was also reversed with antidepressant 
treatment (106, 107). CRF receptors CRF1 and CRF2

are abundant in the brain, and they are thought to be 
involved in response to stress (108, 109). Central admin-
istration of the CRF1 antisense oligodeoxynucleotides 
has resulted in anxiolytic effects against both high CRF 
secretion and psychologic stressors. There were also 
observations (110) that there is a down-regulation in the 
CRF receptor number in the frontal cortex of depressed 
patients compared to controls. Further, chronic admin-
istration of CRF to normal volunteers resulted in HPA 
axis alterations indistinguishable from those of patients 
with major depression (106).

Several brain structures control the activity of the 
HPA axis, including the hippocampus (with an inhibitory 
effect on hypothalamic neurons), and the amygdala (with 
a direct excitatory influence) (104). Glucocorticoids from 
the circulation exert powerful feedback on the HPA axis 
and, under physiologic conditions, appear to enhance 
hippocampal inhibition of the HPA activity and prob-
ably hippocampal function in general (111). In experimental
studies with rats and monkeys, prolonged increased con-
centrations of glucocorticoids have been found to dam-
age hippocampal neurons, particularly CA3 pyramidal 
neurons, possibly by reduction of dendritic branching 
and loss of dendritic spines that are included in gluta-
matergic synaptic inputs (112). Hypercortisolemia has 
also been found to interfere with the development of new 
granule cell neurons in the adult hippocampal dentate 
gyrus (113). Deleterious effects of chronic glucocorticoid 
exposure may lead initially to a transient and reversible 
atrophy of the CA3 dendritic tree, then to an increased 
vulnerability to a variety of insults, and finally to cell 
death under extreme and prolonged conditions (114).

Of note, a proconvulsant effect of CRF has been sug-
gested by several authors in animal models of epilepsy and 
in human studies. For example, Wang et al. demonstrated 
that the expression of CRH, CRH-binding protein, and 
CRH-R1 (a CRH membrane receptor) were significantly 
elevated in cortical tissue obtained from six children with 
generalized epilepsy (mean age 8.2 � 1.5 years) relative 
to age-matched controls (mean age 7.8 � 1.4 years) 
(114). Baram et al. demonstrated that CRF induces lim-
bic seizures in the immature rat that are abolished by 
selective blocking of the CRF1 receptor. CRF1 messenger 
RNA levels were maximal in sites of seizure origin and 
propagation during the age when CRF is most potent as 
a convulsant (115).

BDNF Theory

Acute and chronic stress decreases levels of brain-derived 
neurotrophic factor (BDNF) in the dentate gyrus and 
the pyramidal cell layer of hippocampus, amygdala, and 
neocortex, which may contribute to structural hippo-
campal changes (116). These changes are mediated by 
glucocorticoids and can be overturned with antidepres-
sant therapy, as chronic administration of antidepressant 
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drugs increases BDNF expression and also prevents a 
stress-induced decrease in BDNF levels (117). There is also 
evidence that antidepressant drugs can increase hippocam-
pal BDNF levels in humans (118). These data indicate 
that antidepressant-induced up- regulation of BDNF can 
hypothetically repair damage to hippocampal neurons and 
protect vulnerable neurons from additional damage.

Neuropathologic Data

There have been very few neuropathologic studies of the 
human hippocampal formation in patients with primary 
major depressive disorder. Lucassen et al. carried out 
a neuropathologic study of 15 hippocampi of patients 
with a history of major depressive disorder and compared 
them to those of 16 matched controls and nine steroid-
treated patients (119). In 11 of 15 depressed patients, 
rare but convincing apoptosis was identified in entorhinal 
cortex, subiculum, dentate gyrus, CA1, and CA4. Apop-
tosis was also found in three steroid-treated patients and 
one control. However, no apoptosis of pyramidal cells 
in CA3 was identified. In a neuropathologic study of 
amygdala and entorhinal cortex, Bowley and colleagues 
carried out a neuronal and glial cell count in brains from 
seven patients with MDD, 10 with BPD, and 12 control 
cases (120). The specimens of MDD patients and those of 
patients with BPD not treated with lithium and valproic 
acid had a significant reduction of glial cells and of the 
glial/neuron ratio in left amygdala and to a lesser degree 
in left entorhinal cortex.

In patients with TLE, the magnitude of hippocam-
pal atrophy is significantly greater than that in major 
depressive disorder, while the neuropathologic findings 
are different. In MTS, neuropathologic findings consist 
of neuronal cell loss and astrocytosis in the hippocampal 
formation (including areas CA1, CA2, CA3, and CA4, 
dentate gyrus, and subiculum), amygdala, entorhinal cor-
tex, and parahippocampal gyrus (121).

Neuropathological studies have also documented 
structural cortical changes in frontal lobes of depressed 
patients. Rajkowska and colleagues found decreases in 
cortical thickness, neuronal sizes, and neuronal densities 
in layers II, III, and IV of the rostral orbitofrontal region 
in the brains of depressed patients (122). In the caudal 
orbitofrontal cortex there were significant reductions in 
glial densities in cortical layers V and VI that were also 
associated with decreases in neuronal sizes. Finally, in 
the dorsolateral prefrontal cortex there was a decrease in 
neuronal and glial density and size in all cortical layers.

Neurotransmitter Abnormalities in 
Epilepsy and Depression

Neurotransmitter abnormalities are the other major 
group of pathogenic mechanisms that are shared by 
epilepsy and MD. The changes in 5HT1A receptor binding 

in patients with TLE and major depressive disorders are 
a clear example. In fact, there is ample evidence that 
serotonin, norepinephrine (NE), dopamine (DA), gamma-
aminobutyric acid (GABA), and glutamate are operant 
in the pathogenesis of both disorders.

Animal models of epilepsy with two strains of genetic 
epilepsy-prone rats (GEPR), GEPR-3 and GEPR-9, pro-
vide experimental data on the pathogenic role played by 
5HT and NE in seizure predisposition. Indeed, these rats 
are characterized by predisposition to sound-induced gen-
eralized tonic-clonic seizures (123–125) and, particularly 
in GEPR-9s, a marked acceleration of kindling (126). 
Both strains of rats have innate serotonergic and norad-
renergic pre- and postsynaptic transmission deficits. Nor-
adrenergic deficiencies in GEPRs appear to result from 
deficient arborization of neurons arising from the locus 
coeruleus (127, 128), coupled with excessive presynaptic 
suppression of NE release in the terminal fields and lack 
of postsynaptic compensatory up-regulation (126, 129). 
GEPR-9 rats have a more pronounced NE transmission 
deficit and, in turn, exhibit more severe seizures than 
GEPR-3 rats do (130). There also is evidence of deficits 
in serotonergic arborization in the GEPR’s brain as well 
as deficient postsynaptic serotonin1A-receptor density in 
the hippocampus (131). Of note, patients with MDD 
display endocrine abnormalities similar to those identi-
fied in GEPRs, including increased corticosterone serum 
levels, deficient secretion of growth hormone, and hypo-
thyroidism (132).

Increments of either NE or 5-HT transmission can 
prevent seizure occurrence, while reduction will have the 
opposite effect (126, 133). For example, drugs that inter-
fere with the release or synthesis of NE or 5-HT exacerbate 
seizures in the GEPRs, including the NE storage vesicle 
inactivators reserpine or tetrabenazine; the NE false trans-
mitter alpha-methyl-m-tyrosine; the NE synthesis inhibitor 
alpha-methyl-p-tyrosine; and the 5-HT synthesis inhibi-
tor p-chlorophenylalanine. Conversely, drugs that enhance 
serotonergic transmission, such as the selective serotonin 
reuptake inhibitor (SSRI) sertraline, resulted in a dose-
dependent seizure frequency reduction in the GEPR that 
correlates with the extracellular thalamic serotonergic 
concentration (134). The 5-HT precursor 5-hydroxy-L-
tryptophan (5-HTP) has anticonvulsant effects in GEPRs 
when combined with the SSRI, fluoxetine (135). SSRIs and 
monoamine oxidase inhibitors (MAOIs) can exert anticon-
vulsant effects in experimental animals, such as mice and 
baboons, that are genetically prone to epilepsy (133, 136) 
as well as non-genetically-prone cats (137), rabbits (138), 
and rhesus monkeys (139). In addition, an antiepileptic
effect of 5-HT1A receptors has been correlated to a 
membrane-hyperpolarizing response, which is associated 
with increased potassium conductance in hippocampally 
kindled seizures in cats and in intrahippocampal kainic-
acid–induced seizures in freely moving rats (140, 141).
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Antiepileptic drugs (AEDs) with established psy-
chotropic effects (carbamazepine, valproic acid, and 
lamotrigine) can cause an increase in 5HT (142–147). 
In GEPRs, the anticonvulsant protection of carbamaze-
pine can be blocked with 5HT-depleting drugs (142). 
In addition, the anticonvulsant effect of the vagal nerve 
stimulator (VNS) in the rat may be mediated by activation 
of the locus coeruleus (148). Deletion of noradrenergic 
and serotonergic neurons in the rat prevents or signifi-
cantly reduces the anticonvulsant effect of VNS against 
electroshock or pentylenetetrazol-induced seizures (149). 
Furthermore, the effect of VNS on the locus coeruleus 
may be responsible for its antidepressant effects identi-
fied in humans.

The role of DA, GABA, and glutamate in primary 
mood disorders has been recognized in recent studies 
but is yet poorly understood. Changes in glutamate neu-
rotransmission seem to be involved in the etiology of 
the major psychiatric disorders including schizophrenia, 
major depression, and bipolar disorders. Studies employ-
ing in vivo magnetic resonance spectroscopy have revealed 
altered cortical glutamate levels in depressed subjects. 
Consistent with a model of excessive glutamate-induced 
excitation in mood disorders, several antiglutamatergic 
agents, such as riluzole and lamotrigine, have demon-
strated potential antidepressant efficacy. Glial cell abnor-
malities commonly associated with mood disorders may 
at least partly account for the impairment in glutamate 
action, because glial cells play a primary role in synaptic 
glutamate removal (150). Given the significant pathogenic 
role played by glutamate in epilepsy, it is worth review-
ing the available data on primary MD. Indeed, a study 
by Sanacora et al. recently suggested that antagonists 
of glutamate neurotransmission may show antidepres-
sant activity (151). Ten patients with treatment-resistant 
depression had the glutamate antagonist riluzole added to 
their ongoing medication regimen for 6 weeks, followed 
by an optional 6-week continuation phase. Depression 
and anxiety severity were assessed using the Hamilton 
Depression Rating Scale (HDRS) and the Hamilton Anxi-
ety Rating Scale (HARS). Subjects’ HDRS and HARS 
scores declined significantly following the initiation of 
riluzole augmentation therapy. This effect was significant 
at the end of the first week of treatment and persisted for 
the 12-week duration of the study.

Human Studies

In contrast to animal studies, the impact of pharmacologic 
augmentation or reduction in 5HT and NE transmission 
on seizures in humans has been rather sparse and mostly 
based on uncontrolled data. For example, depletion of 
monoamines with reserpine has been associated with an 
increase in frequency and severity of seizures in PWE 
(152, 153), while the use of reserpine at doses of 2 to 
10 mg/day was found to lower the electroshock seizure

threshold and the severity of the resulting seizures in 
patients with schizophrenia (154–156). The tricyclic anti-
depressant imipramine, with reuptake inhibitory effects 
of NE and 5HT, was reported to suppress absence and 
myoclonic seizures in double-blind placebo-controlled 
studies (157–159). Open trials with the SSRIs fluoxetine 
and citalopram yielded an improvement in seizure fre-
quency, but no controlled studies with this class of anti-
depressants have been performed as of yet (160–162).

Yet the data of the previously cited animal studies 
appear to be applicable as well to humans. Indeed, Alper 
et al. reviewed data from Food and Drug Administra-
tion Phase II and III clinical trials as Summary Basis of 
Approval (SBA) reports that noted seizure incidence in 
trials of several SSRIs and the SNRI venlafaxine and the 
alpha-2 antagonist mirtazapine (163). They compared 
seizure incidence among active drug and placebo groups 
in psychopharmacological clinical trials and the pub-
lished rates of unprovoked seizures in the general popu-
lation. The incidence of seizures was significantly lower 
among patients assigned to antidepressants than in those 
assigned to placebo (standardized incidence ratio � 0.48;
95% CI, 0.36–0.61). In patients assigned to placebo, sei-
zure incidence was greater than the published incidence of 
unprovoked seizures in community nonpatient samples.

CLINICAL IMPLICATIONS

The data presented in the foregoing sections can have 
clinical implications with respect to the clinical manifes-
tations of MD in epilepsy, the safety of antidepressant 
medications in PWE, and the response of PWE to anti-
epileptic therapies.

Implications with Respect to the Clinical 
Manifestations of MD in PWE

The data just reviewed clearly suggest an abnormal secre-
tion pattern of 5HT in PWE, particularly those with 
TLE, that is more accentuated in the presence of MDD. 
A consequence of a deficient 5HT secretion can result in 
(i) the high prevalence of dysphoric disorders in PWE, 
particularly those with TLE; (ii) the high comorbidity of 
mood disorders with anxiety symptoms or disorders; (iii) 
a high suicidal risk of PWE.

Dysphoric Disorders in Epilepsy

The presence of dysphoric disorders in epilepsy has been 
recognized since the beginning of the twentieth century. 
Kraepelin (164) and then Bleuler (165) were the first 
authors to describe a pleomorphic pattern of symp-
toms that included affective symptoms consisting of 
prominent irritability intermixed with euphoric mood, 
fear, and symptoms of anxiety, as well as anergia, pain, 
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and insomnia. Gastaut (166) confirmed Kraepelin and 
Bleuler’s observations, leading Blumer to coin the term 
“interictal dysphoric disorder” to refer to this type of 
depression in epilepsy (4). Blumer described the chronic 
course of the disorder as having recurrent symptom-free 
periods and as responding well to low doses of antide-
pressant medication (4). Other investigators have been 
impressed as well by the pleomorphic presentation of 
depressive disorders in epilepsy, which were rich in dys-
phoric symptoms. For example, among 97 consecutive 
patients with refractory epilepsy and depressive episodes 
severe enough to merit pharmacotherapy, Kanner et al. 
found that 28 (29%) met DSM-IV criteria for MDD (167). 
The remaining 69 patients (71%) failed to meet criteria 
for any of the DSM-IV categories and presented with a 
clinical picture consisting of anhedonia (with or without 
hopelessness), fatigue, anxiety, marked irritability, poor 
frustration tolerance, and mood lability with bouts of cry-
ing. Some patients also reported changes in appetite and 
sleep patterns and problems with concentration. Most 
symptoms presented with a waxing and waning course, 
with repeated, interspersed symptom-free periods of one 
to several days’ duration. The semiology most resembled 
a dysthymic disorder, but the intermittent recurrence of 
symptom-free periods precluded DSM criteria for this 
condition. Kanner and colleagues referred to this form 
of depression as “dysthymic-like disorder of epilepsy.”

In a separate study of 199 consecutive patients with 
epilepsy, 132 (64%) failed to meet any DSM-IV-TR axis 
I diagnosis with two structured psychiatric interviews 
(i.e., the Structural Clinical Interview for DSM-IV Axis 
I [SCID] and the MINI-International Neuropsychiatric 
Interview [MINI]); yet, using the self-rating instruments 
Beck Depression Inventory and the Center of Epidemio-
logic Studies—Depression, 36 patients (18%) were identi-
fied with symptoms of depression of mild to moderate 
severity (168). Furthermore, of the 36 patients, symptoms 
of anxiety were identified in 35, irritability in 36, physical 
symptoms in 24, and increased energy in 18 patients. The 
patients’ ratings of quality of life revealed a significant 
negative impact on their quality of life compared with 
asymptomatic patients. The depressive episode identified 
in these 36 patients reflect a “subsyndromic” type of 
dysphoric mood disorders, which psychiatrists are also 
recognizing in nonepilepsy patients as a cause of poor 
quality of life.

Comorbid Anxiety Symptoms in Depression

As just stated, a frequent comorbidity of mood and anxi-
ety disorders has been identified in patients with and 
without epilepsy, with rates ranging between 50% and 
80% in patients with primary mood disorders. Similar 
observations have been made in patients with epilepsy 
and depression. In a study of 174 patients with epilepsy 
from five epilepsy centers, 73% of patients with a history 

of depression also met DSM-IV criteria for an anxiety 
disorder (169). Recognition of comorbid symptoms of 
anxiety is of the essence, as they may worsen the quality 
of life of depressed patients and significantly increase 
their risk of suicide (170). Thus, evaluation of mood dis-
orders must include investigation of comorbid symptoms 
of anxiety and vice versa.

Increased Suicidality Risk

Depression in patients with epilepsy is associated with a 
significantly higher suicide rate than in the general popu-
lation. In a review of 11 studies, Harris and Barraclough 
(171) found the overall suicide rate in people with epi-
lepsy to be five times higher than in the general popu-
lation and 25 times greater for patients with complex 
partial seizures of temporal lobe origin. In a review of the 
literature, Jones et al. (172) identified a lifetime average 
suicide rate of 12% in people with epilepsy, compared to 
1.1% to 1.2% in the general population. Similarly, Kan-
ner et al. identified a 13% prevalence of habitual postic-
tal suicidal ideation among 100 patients with refractory 
epilepsy (173).

Implications for the Treatment of Mood 
Disorders in Patients with Epilepsy

As previously shown, the use of SSRIs and SNRIs in 
the general population is safe. The higher incidence of 
seizures among patients with depression randomized 
to placebo identified in the study by Alper et al. (163) 
supports the bidirectional relationship between MD and 
epilepsy. Indeed, it is likely that the higher incidence of 
seizures among patients randomized to placebo reflects 
the increased risk that patients with MD have of suffer-
ing from epilepsy. These data also support the protective 
effect of serotonergic and noradrenergic agents demon-
strated in the animal models of epilepsy reviewed in this 
chapter. Furthermore, in a recent critical review of the 
literature, Jobe concluded not only that the use of SSRIs 
is safe but that the proconvulsant effects of antidepres-
sants cannot be accounted for by their serotonergic or 
noradrenergic effects (126). In a study from our center, 
sertraline was found to definitely worsen seizures in only 
one out of 100 patients (167). In another five patients, 
a transient increase in seizure frequency was attributed 
to this antidepressant with a probable, but not definite, 
causality. Four of these five patients were maintained 
on sertraline therapy. Following adjustment of the dose 
of their AED, none of these patients experienced further 
seizure exacerbation. Blumer has also reported using tricy-
clic antidepressants alone and in combination with SSRIs 
in epileptic patients without seizure exacerbation (4). No 
data have been published on the safety of SNRIs in PWE. 
We have used the SNRI venlafaxine in more than 100 
patients with epilepsy, a significant proportion of whom 
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suffered from intractable epilepsy, without observing 
any worsening in seizure frequency or severity (Kanner, 
unpublished data). Finally, monoamine oxidase-A inhibi-
tors (MAOI) are not known to cause seizures in nonepi-
leptic patients (173, 174). Bupropion, maprotiline, and 
amoxapine are the antidepressant drugs with the stron-
gest proconvulsant properties and should be avoided in 
epileptic patients (173, 174). Furthermore, the occurrence 
of seizures in nonepileptic patients has been identified 
following an overdose or in slow metabolizers who are 
found to have high serum concentrations of the antide-
pressant drug (175).

Implications for Seizure Control in Patients 
with Comorbid Mood Disorder

Can any of the pathogenic mechanisms operant in MD 
worsen the course of a comorbid seizure disorder? There 
are data that support this hypothesis. In a study of 890 
patients with new onset epilepsy, Mohanraj and Brodie 
found that individuals with a history of psychiatric disor-
ders were more than three times less likely to be seizure-
free with antiepileptic drugs (median follow-up period 
was 79 months) than patients without a history of psychi-
atric disorders (176). Similarly, among 121 patients who 
underwent a temporal lobectomy, Anhoury et al. reported 
a worse postsurgical seizure outcome for patients with a 
psychiatric history compared with those without a psy-
chiatric history (177).

Given that depression (along with anxiety) is one of 
the most frequent psychiatric comorbidities in epilepsy, 
can depression predict a worse postsurgical outcome for 

patients who undergo a temporal lobectomy? In a study 
of 100 patients who had a temporal lobectomy and were 
followed for a mean period of 8.1 ± 3.3 years, Kanner 
et al. investigated the role of a lifetime history of depres-
sion as a predictor of postsurgical seizure outcome (178). 
Using a multivariate logistic regression model, the inves-
tigators evaluated the covariates of a lifetime history of 
depression, cause of temporal lobe epilepsy (i.e., mesial 
temporal sclerosis, lesional, or idiopathic), duration of 
seizure disorder, occurrence of generalized tonic-clonic 
seizures, and extent of resection of mesial temporal struc-
tures. They found that a lifetime history of depression 
and, to a smaller extent, resection of mesial structures 
predicted persistent auras in the absence of disabling sei-
zures, whereas the cause of the temporal lobe epilepsy, 
extent of resection of mesial structures, having GTC sei-
zures, and a lifetime history of depression and other psy-
chiatric disorders predicted a failure to achieve freedom 
from disabling seizures. The data in these three studies 
raise the question of whether a history of depression may 
be a marker of a more severe form of epilepsy.

CONCLUSION

The data reviewed in this chapter provide a different per-
spective on the relation between depression and epilepsy. 
They explain the high comorbidity of these disorders and 
offer an alternative hypothesis on the association between 
mood disorders and refractory epilepsy. These data clearly 
demonstrate the safety of using antidepressant drugs in the 
general population and in PWE.
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nique for an illness classified as a 
neurologic disease, epilepsy is a dis-
order with an abundance of mental 
and behavioral changes. In fact, until 

about half a century ago, epilepsy was widely considered 
one of the major psychiatric disorders, with etiology and 
symptomatology distinct from manic-depressive, schizo-
phrenic, or sexual disorders. Following World War II, 
psychiatry entered a phase of disinterest both in genetics 
and disorders that could be ascribed to brain dysfunction, 
and consequently the field of epilepsy, together with the 
electroencephalography (EEG) laboratories, was turned 
over to the discipline of neurology. This change resulted 
in the remarkable modern progress of understanding the 
neurologic aspects of epilepsy and of achieving seizure 
control, while the psychiatric aspects were neglected if 
not ignored. As was fashionable at the time, neurologists 
considered the psychiatric aspects of epilepsy a mere psy-
chosocial problem and deemed vigorous efforts to free 
their patients from the stigma of having a psychiatric 
disorder to be most helpful for them.

Fortunately, such a one-sided view of epilepsy is now 
being remedied. In the ongoing debate about the presence 
of mood changes, anxiety, irritability (“aggression”), sui-
cidality, and psychosis among patients with epilepsy, it is 
of importance to consider the early findings of Kraepelin,
the pioneer of modern psychiatric classification, who first 
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pointed out the presence of the interictal dysphoric disor-
der (Verstimmungszustand) as a core finding among the 
patients with epilepsy.

PREMODERN VIEW OF THE AFFECTIVE 
DISORDERS OF EPILEPSY

Kraepelin’s observations are recognized as the basis 
for our modern psychiatric diagnostic classification. 
They were based on the daily, long-term observations 
of his patients with psychiatric disorders at a university 
hospital. In his psychiatric textbook of 1923, Kraepelin 
precisely described the affective changes of patients 
with epilepsy as they presented before the modern era 
of anticonvulsant therapy as the interictal dysphoric 
disorder (1). Periodic dysphorias, he stated, represent 
the most common of the psychiatric disorders of epi-
lepsy. The dysphoric episodes are characterized particu-
larly by irritability, with or without outbursts of fury. 
Depressive moods and anxiety, as well as headaches 
and insomnia, are also present, while euphoric moods 
are seen less often. These pleomorphic dysphoric epi-
sodes occur intermittently without external triggers and 
without clouding of consciousness. They begin and end 
rapidly and recur fairly regularly in a uniform man-
ner, occurring every few days to every few months and 
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lasting from a few hours up to 2 days. The dysphoric 
symptoms can be observed in both the prodromal and 
postictal phases of an attack, but they most commonly 
appear as phenomena independent of the overt seizures. 
A patient just awakens with the dysphoria, or it devel-
ops insidiously through the course of a day. While the 
intermittent dysphoric state with its disturbing irritable 
moods was marked in many patients, it must be empha-
sized that Kraepelin noted very positive personality 
traits in the majority of patients with epilepsy, describ-
ing them as “quiet, modest, devoted, amicable, helpful, 
industrious, thrifty, honest, and deeply religious.” One 
must add here that the general prevalence of these traits 
explains the remorse that characteristically follows an 
episode of irritability.

Kraepelin described interictal hallucinatory or delu-
sional episodes of epilepsy that occurred without clouding 
of consciousness, usually lasting a few days but at times 
persisting for weeks or even months; he viewed these 
psychotic episodes as mere expansions of the dysphoric 
moods. Chronic interictal psychoses were rarely observed, 
and suicide among patients with epilepsy was reported 
as a rare event in the era preceding modern antiepileptic 
treatment with its “forced normalization.”

In the German-language literature, the dysphoric 
disorder was recognized as the principal psychiatric 
disorder of epilepsy as long as epilepsy was considered 
an important part of psychiatry. Thus, Bleuler, in his 
1949 textbook of psychiatry (2), described the pleo-
morphic and intermittent dysphoric moods of epilepsy 
according to Kraepelin’s concept. Bleuler did not label 
the psychoses of epilepsy as “schizophrenia-like” but 
clearly differentiated them from those of schizophrenia 
by the fact that the former present with only the acces-
sory (nowadays labeled “positive”) symptoms in the 
absence of the fundamental (“negative”) symptoms of 
schizophrenia.

Upon the acceptance of epilepsy as a neurologic 
disorder, the large number of patients with chronic epi-
lepsy and psychiatric complications, while representing 
a majority of those presenting with refractory seizures 
at epilepsy centers, received only limited attention. 
Though the occurrence of psychoses in epilepsy could 
not be overlooked and the frequency of suicide among 
patients with chronic epilepsy was repeatedly noted, 
these serious complications have tended to be viewed 
by neurologists as belonging to the psychiatric field and 
were not properly dealt with. Even today, there exists 
no general agreement about the most common affective 
disorder identified among patients with epilepsy long ago: 
the interictal dysphoric disorder, which precedes both 
interictal psychoses and suicides. The modern classifica-
tion of psychiatric disorders includes no reference at all 
to epilepsy-related psychopathology, and there has been 
a trend to view the affective changes among patients with 

epilepsy as symptoms of a depressive or other psychiatric
disorder defined by the merely descriptive criteria of the 
conventional DSM classification, instead of a unique dis-
order based on specific etiology and requiring specific 
treatment.

Concomitant with ignorance of the importance of 
epilepsy, modern psychiatry does not include an under-
standing of the general importance of what is termed 
“irritability,” the unique trait of the interictal dysphoric 
disorder. The affective change of irritability refers to the 
paroxysmal trend of penting up the affective symptoms 
of anger, hate, rage, and fury to an explosive degree (as 
opposed to being good-natured). Aggression, in contrast, 
may not be associated with these affective symptoms and 
merely consists of the tendency to attack (as opposed to 
being passive).

MODERN CONFIRMATION OF THE 
INTERICTAL DYSPHORIC DISORDER

The histories systematically obtained from patients with 
epilepsy at the Epi-Care Center (Memphis, Tennessee) 
have confirmed the premodern observations by show-
ing that irritability, depressive moods, anergia, insomnia, 
atypical pains, anxiety, fears, and euphoric moods are all 
frequently present; they are viewed as the eight key symp-
toms of interictal dysphoric disorder (3). Longitudinal 
assessment of these eight symptoms with an appropriate 
instrument (the Seizure Questionnaire) (4) documented 
that they indeed occur in the same intermittent and 
pleomorphic pattern noted by premodern psychiatrists. 
Patients with interictal psychiatric features had a mean 
of five of these symptoms; the presence of at least three 
symptoms generally coincided with significant impair-
ment requiring treatment, and this number became to be 
considered the minimum for establishing the diagnosis of 
the interictal dysphoric disorder.

Presumably as an undesirable result of the modern 
antiepileptic drugs, the dysphoric symptoms now appear 
to be somewhat more protracted compared with the pre-
modern psychiatric description of the dysphoric disor-
der, and the depressive symptoms may at times be more 
pronounced than the irritability. For the same reason, 
chronic interictal psychoses are now more frequent, and 
suicidality has become a significant problem (5).

The important items from the questionnaire 
for identifying the dysphoric disorder are listed in 
Figure 26-1. The questions are completed by the patient 
and next of kin as part of the Seizure Questionnaire. 
The examiner then reviews the questionnaire for com-
pleteness and accuracy with both the patient and next 
of kin. The answers concerning the eight symptoms of 
the dysphoric disorder are clarified by asking for char-
acteristic examples of their manifestations, and their 
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severity is assessed. If an individual symptom represents 
a problem in the life of the patient, it is rated as posi-
tive. During the treatment of the dysphoric disorder (the 
goal being complete remission), progress is assessed by 
checking every symptom for clearly troublesome pres-
ence, mild presence, or absence.

The dysphoric disorder, commonly present among 
patients with known epilepsy, can also be identified in 
other populations. Noteworthy are the observations of 
Himmelhoch, who identified a significant number of the 
patients from his center for affective disorders as suf-
fering from epilepsy-related affective disorders (6). He 
referred to Kraepelin and the German psychiatric litera-
ture on epilepsy of the first half of the twentieth century 
when he noted the considerable number of affectively ill 
patients who had epilepsy-related mood disorders, often 
in the absence of manifest seizures. In an epidemiologic 
survey of patients from his clinic for affective disorders, 
he found that 10% of 748 patients had a final diagnosis 
of interictal or subictal affective illness. He arrived at 
the diagnosis of “dysthymic” interictal or subictal mood 
disorder for this subgroup of affectively ill patients. Him-
melhoch used the term dysthymic in quotation marks for 
the disorder he described in the early 1980s as identical 
to Kraepelin’s dysphoric disorder (Verstimmungszustand)
among patients with epilepsy. Indeed, dysthymia refers to 
a chronic state of moderate (“neurotic”) depression; to be 
verstimmt means being “out of tune or in a bad mood” 
and is more accurately translated as being dysphoric, a 
term that serves to imply episodicity rather than chronic-
ity of the mental state.

Himmelhoch based his description of the syndrome 
on his experience with over 3,000 affectively ill patients. 
He recognized that the disorder did not belong to the 
spectrum of manic-depressive disorders but rather to 
epilepsy. He made the important point that there are in 
fact patients with the characteristic psychiatric changes 
associated with epilepsy who do not present with overt 
seizures but experience a subictal disorder and do belong 
to the spectrum of epilepsy-related disorders. Further-
more, he recognized early the marked premenstrual 
exacerbation of the disorder in women. The authors 
of the current psychiatric classification appropriately 
chose the term dysphoric disorder for the labile and 
pleomorphic mood state of the premenstrual phase with 
its notable irritability, a state that is identical by symp-
tomatology and etiology to the interictal or subictal 
mood disorder (7).

For a global appreciation of the psychiatric aspects 
of temporal lobe epilepsy in modern times, the contribu-
tions of two outstanding neurologists with interest in the 
psychiatric aspects of epilepsy need to be cited. Norman 
Geschwind recognized a characteristic interictal syndrome 
of behavioral change in temporal lobe epilepsy, includ-
ing an increased concern with ethical or religious issues, 

Depressive Mood
1 Do you have frequent depressive moods?

    Since about when?
    Are they present all the time or off and on?
    How long do they last (hours, days, or weeks)?
    How often do they occur?

Anergia
2 Do you often lack energy?

    Since about when?
    Do you lack energy all the time or episodically?
    If episodically, indicate how often and how 

long they last (hours, days, weeks)

Pain
3 Do you have many aches and pains (please 

describe pain and location)?
Since about when?
How often and for how long?

Insomnia (hypersomnia)
4 Do you have trouble with your sleep?

Since about when?
How often and what kind of trouble?

Irritable explosive affect
5 Are you often very irritable?

Do you have outbursts of temper?
Since about when?
How often do you become irritable?

    How do you react when you become very 
irritable?

Euphoric Mood
6 Do you have sudden moods of great happiness?

Since about when?
How often and for how long?

Fear
7 Do you have fears of certain situations?

Since about when?
    What fears do you have (being in crowds, being 

alone, or other)?

Anxiety
8 Do you have frequent worries (anxieties)?

Since about when?
How often do you feel very worried?

FIGURE 26-1

Inquiry for the symptoms of the interictal dysphoric  disorder. 
The listed set of questions from the Seizure Questionnaire (4) 
aims to establish presence or absence of the eight key symp-
toms of the interictal dysphoric disorder. They are answered 
jointly by patient and next of kin. The answers are then 
reviewed by the examiner for completeness and accuracy. 
A symptom is rated as positive if it can be judged trouble-
some in the life of the patient, and the particular number 
is circled. Each troublesome symptom becomes a target for 
treatment.
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a contrasting irritability of varying degree, hyposexual-
ity, and a trend toward hypergraphia. He considered the 
presence of a spike focus in temporal limbic structures 
as the primary pathogenetic mechanism of the interictal 
change with its characteristic deepening of the emotional 
life of these patients (8). Henri Gastaut noted the striking 
relationship of behavior after bilateral temporal lobec-
tomy (Klüver-Bucy syndrome) and behavior upon the 
presence of a mesial temporal epileptogenic focus (9). The 
three major behavioral changes of Klüver-Bucy syndrome 
are placidity, inability to stay focused (hypermetamor-
phosis of attention), and hypersexuality. Supported by 
a series of his own studies, Gastaut noted that patients 
with chronic mesial temporal lobe epilepsy tend to show 
changes opposite to those seen in Klüver-Bucy syndrome: 
intensified emotionality, heightened attention to details, 
and hyposexuality. He pointed out that this finding was 
not surprising, considering that, due to the effect of the 
irritative lesion, patients with temporal lobe epilepsy 
present with an interictal state of increased (excitatory 
and inhibitory) activity of the temporal-limbic system as 
opposed to the state of globally decreased activity fol-
lowing the ablation experiment.

The most important symptoms of the heightened 
emotional intensity among patients with chronic mesial 
temporal lobe epilepsy are irritability, intensified moods, 
and anxiety—all key symptoms of interictal dysphoric 
disorder. These intermittent changes tend to be associ-
ated with more subtle, yet specific, personality changes. 
As noted by observers since premodern times, and again 
emphasized by Norman Geschwind, these changes consist 
of a general deepening or intensification of emotional-
ity and a serious, highly ethical, and spiritual demeanor 
that contrasts with the episodic irritability. A second 
distinct personality change has frequently been debated. 
As opposed to the fleeting attention span seen in Klüver-
Bucy syndrome, patients with epilepsy tend to be par-
ticularly detailed, persistent, and orderly in speech and 
behavior. These traits have been referred to by several 
different names, including “viscosity” or “stickiness,” 
and in premodern times were often considered to be a 
leading aspect of the personality changes associated with 
epilepsy. A third change among patients with chronic 
temporal lobe epilepsy, opposite to what is observed 
in Klüver-Bucy syndrome, is a global hyposexuality, 
including decreased libidinous and genital arousal, as 
first described by Gastaut and Collomb (10). The com-
mon hyposexuality tends to be a specific handicap, but 
the sexual changes tend to reach obvious clinical signifi-
cance only in the uncommon event of a reversal of the 
hyposexuality to a marked hypersexuality after complete 
surgical elimination of the epileptogenic zone (11). The 
distinct personality changes of chronic temporal lobe 
epilepsy include very positive traits, as noted by early 
psychiatric observers, that obviously do not require any 

treatment. The interictal dysphoric changes, on the other 
hand, commonly require therapeutic intervention.

Epilepsy is an intermittent paroxysmal disorder. Its 
psychiatric features tend to be manifest in an intermittent 
pattern and present in a far more rapid pattern than those 
of bipolar disorder. The dysphoric disorder of epilepsy 
was first clearly identified by Kraepelin, based on the 
daily observations of long-term inpatients with epilepsy 
at university hospitals. The modern psychologic assess-
ments routinely carried out by cross-sectional inquiry are 
clearly inadequate for recognizing the characteristically 
intermittent dysphoric disorder.

Refractory epilepsy tends to be of mesial temporal 
origin. As expected in a disorder that disrupts the regular 
activity of limbic centers, mesial temporal epilepsy is asso-
ciated with psychiatric symptoms, not only intermittent 
but also pleomorphic in nature. Among patients with 
refractory epilepsy with psychiatric features, the interictal 
dysphoric disorder tends to be ubiquitous.

Recognizing the affective changes associated with 
epilepsy as the pleomorphic interictal dysphoric disorder 
with its intermittent symptomatology is of major impor-
tance, since the disorder with all its diverse symptoms 
is well treatable by adding the appropriate psychotropic 
medication to the antiepileptic medication. Furthermore, 
effective treatment of the dysphoric disorder can prevent 
its serious complications of interictal psychoses and sui-
cide. The prevalence of psychosis of any type in epilepsy 
has been reported to be between 4% in a neurologic out-
patient seizure clinic and 60% among epileptic inpatients 
of a psychiatric hospital. Suicide in populations from 
epilepsy centers has been reported as high as 20% of 
the causes of death—a prevalence similar to that among 
patients with bipolar disorder. The effective prevention 
of suicide in epilepsy—by properly treating the interic-
tal dysphoric disorder—has been well documented by 
our experience with a large number of patients at the 
Epi-Care Center (5). Treatment must proceed with an 
understanding of the pathogenesis of the interictal psy-
chiatric changes.

PATHOGENESIS

In 1951, Gibbs observed that the epileptic and psychiat-
ric components of psychomotor epilepsy appeared to be 
physiologically antithetical (12). A few years later, Land-
olt (13) observed a patient whose epileptiform EEG had 
normalized each time he was dysphoric, ascribed the find-
ings to a “supernormal braking action,” and developed 
the concept of “forced normalization.” Related studies 
focused particularly on the alternating pattern of inter-
ictal psychoses and seizures, and the term “forced nor-
malization” came into current use. Trimble, in particular, 
has emphasized the importance of forced normalization 
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in many studies and a recent monograph (14). Engel (15) 
postulated that the psychiatric disorder of epilepsy may 
result from the inhibitory activity that develops in reac-
tion to the excessive excitatory activity of the chronic 
seizure disorder. The following findings are in accordance 
with this postulate (3):

1. The development of the interictal dysphoric and psy-
chotic disorders is delayed (by about 2 years and 
12 years, respectively) following onset of the epi-
lepsy as inhibitory mechanisms become increasingly 
established. This finding accords with the particular 
linkage of the psychiatric disorders of epilepsy with 
its common refractory form, mesial temporal lobe 
epilepsy.

2. Upon decrease of seizures, and particularly upon 
full control, dysphoric or psychotic symptoms tend 
to be exacerbated or to emerge de novo (“forced 
normalization” or “alternating psychosis”).

3. Psychiatric changes emerge at times when severe 
exacerbation of the seizure activity engages an 
enhanced inhibitory response. Thus, the prodromal 
phase of seizures may be associated with dysphoric 
symptoms (such as elated mood or heightened irri-
tability), and the postictal phase is commonly asso-
ciated with dysphoric symptoms (such as anergia, 
pain, depression, and, in rare cases, even suicidality) 
and at times (usually after a flurry of seizures) with 
psychosis. Dysphoric symptoms frequently intensify 
with the increased seizure activity of the premen-
strual phase (7).

4. There is a delayed phasing-out of the psychiatric 
changes over 6 to 18 months after complete surgical 
elimination of the epileptogenic zone, presumably 
upon the gradual fading of inhibitory mechanisms 
that have then become unnecessary.

As noted by Himmelhoch, paroxysmal excessive 
neuronal activity with its major psychiatric manifestation 
of a dysphoric disorder, characteristic for the interictal 
phase of chronic mesial temporal epilepsy, may occur 
likewise in the absence of overt seizures among indi-
viduals with various cerebral disorders involving lim-
bic areas and may be identified as subictal dysphoric 
disorder (3, 6). Of particular interest is the finding that 
the common premenstrual dysphoric disorder presents 
with a pleomorphic and labile symptomatology identi-
cal to that of interictal dysphoric disorder (7). More 
than two-thirds of women with epilepsy experience 
their seizures predominantly or exclusively in a catame-
nial pattern, and many experience severe premenstrual 
dysphoria (16). This finding has been related to a shift 
in the estradiol/progesterone ratio in favor of the pro-
convulsant estradiol over the anticonvulsant progester-
one. It has been suggested that premenstrual dysphoric 

disorder—as a subictal disorder—may be best treated, 
like interictal dysphoric disorder, with the  combination
of an antidepressant and an anticonvulsant.

TREATMENT

Our experience in treating the psychiatric disorders of 
epilepsy dates back some 25 years, with an initial publica-
tion in 1988 (17). Subsequent reports of series of patients 
with epilepsy treated for their dysphoric disorder (18) 
and for interictal psychosis (19) documented key findings 
from our experience at the Epi-Care Center in Memphis 
from 1987 to 1999. Of the 10,739 patients with epilepsy 
seen at the Center during that period, a majority under-
went psychiatric evaluation.

According to the foregoing hypothesis of the patho-
genesis of the psychiatric disorders of epilepsy, their 
pharmacological treatment has to be directed primarily 
against the inhibitory mechanisms. The proconvulsant 
tricyclic antidepressant drugs, at modest doses, appear 
to serve as effective antagonists to excessive inhibition 
and may be indispensable for successfully treating the 
interictal dysphoric and psychotic disorders. Gastaut 
and colleagues (20) pointed out that, as measured by 
their response to metrazol, patients with temporal lobe 
epilepsy (in contrast to those with primary generalized 
epilepsy) show, surprisingly, a higher interictal seizure 
threshold than do persons without epilepsy. The bias 
against the use of antidepressants for the psychiatric dis-
orders of epilepsy, on the grounds that they may lower 
the seizure threshold, is erroneous on both empirical 
and theoretical grounds. Modest amounts of tricyclic 
antidepressant medication do not increase seizure fre-
quency in patients with chronic epilepsy whose dysphoric 
disorder indicates the presence of marked inhibition, and 
the selective serotonin reuptake inhibitors (SSRIs), which 
we commonly use as adjuncts to the tricyclic antidepres-
sants, are not known to lower the seizure threshold. 
The combination appears more effective than the use 
of a tricyclic or of an SSRI alone. Tricyclic antidepres-
sants tend to lower the seizure threshold more than other 
psychotropic drugs do, and their proconvulsant effect 
may serve to mitigate and eliminate the psychotoxic 
effects of excessive inhibition; effectiveness of the SSRI 
suggests different mechanisms of action. Patients with 
primary generalized epilepsy (who occasionally experi-
ence dysphoric symptoms, presumably due to secondary 
involvement of mesial temporal structures), as noted by 
Gastaut, have a lower interictal seizure threshold than 
those with mesial temporal lobe epilepsy (and of course 
a lower seizure threshold than do individuals without 
epilepsy); they need a more cautious dose of antidepres-
sant medication. Such patients appear to respond well 
to particularly low doses of these medications.
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Based on the experience with seizure patients suf-
fering from a dysphoric disorder, at least three of the 
eight key symptoms of the dysphoric disorder are usually 
present when treatment with antidepressant medication is 
indicated (18). We add 100 to 150 mg of imipramine or 
75 to 125 mg of nortriptyline at bedtime to the antiepi-
leptic medication, making sure that the insomnia (i.e., dif-
ficulty initiating and maintaining sleep) common among 
these patients is corrected; the more sedative nortripty-
line is preferred over imipramine for that purpose, and 
amitriptyline, doxepin, or trimipramine may have to be 
substituted at 100 to 150 mg at bedtime. If anergia is 
troublesome, we tend to choose a more activating tricyclic 
drug, such as desipramine (at 50 mg twice daily to 50 mg 
three times daily) or protriptyline (at 5 to 20 mg daily). 
In a commonly necessary second step, if the patient does 
not respond sufficiently, we promptly proceed to double 
antidepressant treatment by adding an SSRI to the tricy-
clic, which is then usually kept at 100 mg. As opposed 
to the choice of the tricyclic drug, the choice of the SSRI 
is not guided by any clinical findings, and another SSRI 
is substituted readily if response to the initial drug is 
not satisfactory. Paroxetine had been our preferred SSRI 
at 20 mg once or twice daily; however, a different SSRI 
often may be more effective, such as sertraline (at 50 to 
100 mg in the morning) or fluoxetine or citalopram (at 
20 to 40 mg daily). If sleep is not disturbed, one may also 
proceed in the reverse order by starting with the SSRI 
and then adding a tricyclic drug if necessary. The modest 
dose of tricyclic medication required avoids the many 
side effects of this type of antidepressant and allows for 
a safe combination with an SSRI. We have rarely used 
the selective serotonin-norepinephrine reuptake inhibi-
tor venlafaxine with its relatively broad-spectrum effect, 
which may be helpful in treating the dysphoric disorder, 
in order to address the sleep disorder and anergia of the 
disorder more flexibly with the combination of a tricy-
clic drug and an SSRI. In a third step, the action of the 
antidepressants may have to be enhanced by adding a 
small dose of neuroleptic, such as 1 to 2 mg of risperidone 
at bedtime. Importantly, if lethargy remains troublesome, 
a stimulant medication (e.g., methylphenidate) may need 
to be added.

At each therapeutic intervention, the status of 
each of the eight symptoms of the dysphoric disorder is 
assessed (Figure 26-2). Response to the treatment usually 
can be achieved for all the symptoms of the dysphoric 
disorder—irritability, depressive and elated moods, 
insomnia, anergia, anxiety, fears, and pains—and can 
be expected as soon as the therapeutic dose is reached,
allowing a rapid modification of the dose as needed. The 
mechanism of action of the antidepressant drugs in the 
interictal dysphoric disorder clearly is different than in 
traditional depressive disorders: the drugs are effective 
rapidly, at lower doses, and have a broad-spectrum effect 

for the entire range of symptoms, not just for depressive 
moods, anergia, and insomnia.

It must be noted that the described treatment of the 
interictal (and subictal) dysphoric disorder also needs to 
be used for treating interictal psychoses. As noted early by 
Kraepelin, the interictal psychotic symptoms of epilepsy 
(hallucinations, delusions, paranoid ideas) may develop 
among patients with dysphoric disorders and could be 
termed “dysphoric disorders with psychotic symptom-
atology.” These patients require double antidepressant 
treatment enhanced by the addition of antipsychotic 
medication (risperidone or olanzapine) and, in general, 
are well treatable (19).

Case studies of particularly severe or atypical dys-
phoric disorders requiring prolonged or unusual thera-
peutic interventions have been reported elsewhere (3). 

INTAKE � �

Depressive mood (�)
Anergia �
Atypical pain  �
Insomnia/hypersomnia �
Irritable/explosive affect �
Euphoric mood �
Fear �
Anxiety �

AFTER 1 MONTH � �

Depressive mood  �
Anergia �
Atypical pain  �
Insomnia/hypersomnia  �
Irritable/explosive affect (�)
Euphoric mood  �
Fear   �
Anxiety (�)

AFTER 2 MONTHS � �

Depressive mood  �
Anergia �
Atypical pain  �
Insomnia/hypersomnia  �
Irritable/explosive affect  �
Euphoric mood  �
Fear   �
Anxiety �

FIGURE 26-2

Scoring of symptoms during treatment of an illustrative case.
Case 1 required a brief treatment period of 2 months. At each 
of the three visits, presence or absence of the eight key symp-
toms was checked. A symptom checked positive but within 
parentheses indicates that it is now significantly less trouble-
some but requires further treatment.
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We include here an illustrative case of typical prompt 
recovery.

ILLUSTRATIVE CASE

This 17-year-old female had experienced generalized sei-
zures from age 3 to 4 and had taken anticonvulsants until 
age 10. At age 16, she had four generalized seizures over a 
3-day period, was treated with topiramate 200 mg twice 
a day, and had no further seizures.

Since about age 13, following menarche, she experi-
enced frequent hour-long elated moods with rapid speech, 
as well as daily spells of anxiety and outbursts of temper. 
She also began to have fears of suffering a seizure and 
death. During the premenstrual phase, her irritability 
would increase and she had crying spells. After the brief 
episode of recurrent seizures and the successful treat-
ment with topiramate, she began to suffer more severe 
and more frequent anxiety attacks (3–10 daily) and an 
increased lability of moods with daily verbal outbursts 
of anger. She began missing school, made poor grades, 
and had to start home schooling. Two months prior to 
being seen by us, she started citalopram 60 mg daily, but 
6 weeks later she had a serious argument with her father 
and put a gun to her chest. She was admitted for a few 
days to a psychiatric hospital, where valproic acid 500 mg 
was added to her medication. After discharge, she had less 
anxiety but slept 12 to 16 hours daily, and her neurolo-
gist referred her to us. We stopped both the valproic acid 
and the citalopram and added the combination of sertra-
line 50 mg in the morning and imipramine 50 mg twice 
per day to her topiramate. At follow-up 1 month later, 
her only symptoms were minor irritability (three times per 
week) and two very brief anxiety attacks. Her sertraline 
was increased to 100 mg in the morning, and over the 
follow-up period of 3 years her dysphoric symptoms have 
remained in complete remission (Figure 26-2).

Comment: A longstanding but mild seizure disor-
der had become associated after menarche with irritabil-
ity, anxiety, fears, and elated moods; depressive moods 
occurred only during the premenstrual phase. We replaced 
an ineffective SSRI with sertraline and chose imipramine 
as a tricyclic with little sedative and good antianxiety 
effect, achieving remission of all dysphoric symptoms.

DIAGNOSTIC VALIDITY OF INTERICTAL 
DYSPHORIC DISORDER AND THE 
GENERAL SIGNIFICANCE OF THE 

PAROXYSMAL AFFECTS

The effectiveness of antidepressant medication to treat 
interictal moods has contributed to an assumption that 
the disorder could be described as depressive in nature 

(“dysthymic-like”). But it must be noted that the very 
prompt effect of antidepressant drugs at a low dose in 
epilepsy on the irritable, anxious, depressive, and elated 
moods, as well as on sleep and anergia, is quite different 
from their delayed effect at higher doses in depressive 
states. The pleomorphic and intermittent phenomenology 
of the dysphoric disorder, with its key symptom of irri-
tability, is obviously dissimilar to what could be termed 
a “dysthymic-like” state. The term “schizophrenia-like” 
used in the past for the psychoses associated with epilepsy, 
is likewise inappropriate. Geschwind has pointed out that 
the use of terms borrowed from the standard psychiatric 
nomenclature may serve only to obscure the character-
istic features of the psychiatric changes in temporal lobe 
epilepsy (8).

Interictal dysphoric disorder may become associated 
with suicidal episodes, is present prior to and concomitant 
with interictal psychoses, and can be recognized as the 
major psychiatric disorder that is specifically related to 
epilepsy. The disorder can be identified by the practical 
method described in this chapter and requires specific 
treatment. An optimal treatment of the dysphoric disor-
der is eminently feasible but requires a careful observation 
of the persistence or remission of every key symptom of 
the disorder.

Robins and Guze (21) outlined four criteria for a 
valid diagnosis of psychiatric disorders: clinical phenom-
enology, genetics (i.e., etiology), course, and treatment 
response. Our current psychiatric classification is based 
merely on clinical phenomenology and course of the 
disorders and is recognized as tentative; in particular, 
it does not include genetic considerations. The interictal 
dysphoric disorder meets all four criteria and represents 
the most important among the subictal and premenstrual 
dysphoric disorders in the spectrum of epilepsy-related 
dysphoric disorders. Every major psychiatric disorder 
with independent inheritance has not only a distinct eti-
ology, phenomenology, course, and treatment response, 
but also distinct personality and psychodynamic features. 
Patients with epilepsy and psychiatric symptomatology 
likewise tend to reveal distinct personality and psycho-
dynamic features (3, 8, 20).

The current practice of psychiatrists viewing epi-
lepsy as an ordinary neurologic disorder must be rem-
edied, not only to provide appropriate diagnosis and 
treatment for the many patients with epilepsy-related 
psychiatric disorders but also for a more complete 
understanding of human nature. The key symptom of 
the dysphoric disorder, referred to simply as “irritabil-
ity,” represents not aggression but an accentuation of 
the general human tendency to build up and explosively 
discharge the paroxysmal affects of anger, hate, rage, 
envy, and jealousy (3, 22). These paroxysmal affects 
are associated in the same patients with epilepsy, char-
acteristically, with enhanced opposite tendencies to 
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be exceptionally good-natured, helpful to others, and 
devoutly religious. With its link to passionate religiosity, 
epilepsy had earned the historical label of the “Sacred 
Disease” (23), and the significance of the conflict asso-
ciated with the disorder is well understood—since the 
early history of Cain and Abel—by religious thinkers 
who are concerned with the profound conflict of good 
and evil in human nature. The unfortunate fact that 
religious fervor may become associated with intolerance 
and hatred of the “infidels” has been evident all too 
often through the history of humankind.

Among psychiatrists, Szondi assigned epilepsy a 
central role for the understanding of human nature (22). 
His work was ignored earlier, when psychiatry disre-
garded its biologic basis, because it was based on genetic 
considerations, but also because epilepsy had come to 
be considered an ordinary neurologic disorder. He 
assumed the existence of specific drive genes, present in 
every individual and, in a minority, to a pathogenetic 
degree; the dynamic nature of every drive factor is based 
on the polarity of two opposite drive tendencies. In the 
drive factor associated with epilepsy, the tendency to 
accumulate and discharge angry affects is paired with 
the tendency to make good; this drive factor determines 
ethical behavior—to be good or evil (conscientious or 
unscrupulous, tolerant or intolerant, good-natured or 
malicious, healing or wounding, pious or blasphemous). 
This drive factor is of a paroxysmal nature, manifesting 
itself in three principal phases: “First, the energies of the 
crude affects are accumulated; anger or rage, hate or 
vengeance, envy or jealousy are incited . . . then follows 
the explosive discharge in some form of paroxysm . . . 
then the phase of trying to make good, the hyperethical 
and often hyperreligous phase.”

In our patients with epilepsy, the dysphoric affects 
are intertwined with the highly positive personality 
traits noted early by Kraepelin, as outbursts of anger are 
commonly followed by remorse, the need to atone, and 
depressive mood to the extreme of feeling suicidal.

Beyond specific personality changes, the psychiatric 
manifestations of epilepsy consist of the common dys-
phoric disorder and the less common psychoses. Their 
pathogenesis appears related to the inhibitory response to 
chronic paroxysmal neuronal hyperactivity of the mesial 
temporal limbic system. Treatment aimed at mitigating 
this process tends to be highly successful for the inter-
ictal dysphoric disorder and similarly for interictal psy-
choses. Renewed recognition, after a half century, of the 
importance of epilepsy for psychiatry is overdue. More 
than in any established psychiatric disorder, the relation-
ship of psychopathology to cerebral changes is evident 
in epilepsy. Neurologists who choose to deal with the 
intricate complexities of the neural substrate of epilepsy 
exclusively must have psychiatrists available who can 

assist them in dealing with the psychiatric aspects of the 
disorder.

SUMMARY

The unawareness of psychiatrists of the nature of the dis-
orders related to epilepsy dates back half a century, when 
epilepsy came to be considered an ordinary neurologic 
disorder. Epileptic seizures, however, can be provoked in 
every human being. Epilepsy is an extraordinary disor-
der that, beyond its well-known neurologic complexities, 
tends to become complicated with a wide range of specific 
psychiatric changes; they occur upon the establishment of 
a temporal-limbic focus of intermittent excessive neuro-
nal excitatory activity that produces increasingly inhibi-
tory responses. These changes are distinct from those 
related to the two major psychiatric spheres for which a 
genetic basis is established (i.e., the manic-depressive and 
schizophrenic disorders) and represent a genetic sphere 
of their own.

Apart from more subtle personality changes and 
the serious late complications of interictal psychoses 
and suicidal episodes, the key affective syndrome asso-
ciated with epilepsy consists of the interictal dysphoric 
disorder with its characteristic intermittent and pleomor-
phic symptomatology. This disorder was clearly identified 
about a century ago by Kraepelin, when he established a 
comprehensive basis for the modern classification of the 
psychiatric disorders, at a time when epilepsy represented 
an area of major interest to psychiatrists. A practical 
method of recognizing the dysphoric disorder is reported. 
The disorder tends to be very treatable by combining psy-
chotropic (chiefly antidepressant) with the antiepileptic 
medication.

Psychiatrists must become familiar with the psychi-
atric aspects of epilepsy to be able to assist the neurolo-
gists who focus on the neural complexities of the illness. 
They also must become able to recognize, among their 
own patients, the presence of a subictal dysphoric disor-
der that requires the same treatment as the interictal dys-
phoric disorder; combined treatment with antidepressant 
and antiepileptic medication is likewise indicated for the 
premenstrual dysphoric disorder, a condition that appears 
to belong to the spectrum of epilepsy-related psychiatric 
disorders. Furthermore, they must learn how an ignored 
population in their care—the epilepsy patients confined 
to state hospitals—can be properly treated. Of particular 
importance is the need for psychiatrists to become famil-
iar with the role of the paroxysmal affects in the general 
human condition, with their basic conflict to be intermit-
tently angry and irascible yet otherwise good-natured, help-
ful, and religious—a conflict that tends to be particularly 
accentuated among patients with the “Sacred Disease.”
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nxiety disorders are twice as com-
mon in people with epilepsy as in 
the general population, and several 
large studies have shown that mood 

disorders are more common in epilepsy than in other 
chronic medical conditions such as diabetes or asthma. 
Although most attention has focused on depression or 
dysphoric states, anxiety may actually be more common 
(1). For instance, one recent study looking for psychopa-
thology using a standardized diagnostic interview in inpa-
tients with epilepsy found that the one-year prevalence of 
anxiety disorders was 25% and of mood disorders 19% 
(2). However, in some secondary care and specialist set-
tings the prevalence of disabling anxiety symptoms may 
exceed 50% (1).

In fact, if “fear” is defined as the perception of a 
specific danger and “anxiety” as the experience of a non-
specific threat, it would be hard to think of a medical 
disorder that should predispose more to fear or anxiety 
than epilepsy. Having epilepsy is associated with a large 
number of threats, including the unpredictability of sei-
zures, the feeling of loss of control, the risk of ictal injury 
(or even death), and negative social effects. This array of 
factors with anxiogenic potential actually makes it more 
difficult to answer the question why anxiety symptoms 
do not feature more prominently in our patients than to 
answer the question why epilepsy is often associated with 
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disabling anxiety. Unfortunately, the former question has 
received little attention to date.

The Diagnostic and Statistical Manual of Mental 
Disorders IV (DSM-IV) and the International Classifica-
tion of Mental and Behavioral Disorders—10th edition 
(ICD-10) distinguish over 11 (DSM-IV) or 16 (ICD-10) 
different categories of anxiety disorders. However, most 
are excluded when a significant explanatory medical 
condition (such as epilepsy) is present. The International 
League Against Epilepsy (ILAE) has proposed its own 
classification of neuropsychiatric disorders associated 
with epilepsy. This classification (see Chapter 24) aims 
to be more specific and describes a number of additional 
mental disorders thought to be etiologically linked to 
epilepsy. It emphasizes the importance of a multifactorial 
organic approach (including the relationship of neuro-
psychiatric symptoms to EEG abnormalities or anticon-
vulsant drug treatment), but it contains very little detail 
about anxiety symptoms associated with epilepsy.

What is more, neither the DSM-IV, the ICD-10, nor 
the ILAE approach to classification take full account of 
personality or interactional features that may not be 
extreme or disabling enough to amount to a “person-
ality disorder” but are nevertheless highly relevant for 
resilience toward disabling anxiety symptoms and for the 
way they clinically present. In fact, almost all anxiety dis-
orders, including those associated with epilepsy, develop 

A
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in patients with particular vulnerabilities, and treatment 
of more refractory anxiety disorders is unlikely to be 
successful without an understanding of the patient’s per-
sonality or ego-structural background. Although epilep-
tologists often deal with patients with character traits that 
psychoanalysts would call “ego-structural deficits,” their 
neurologic training has often not equipped them to rec-
ognize or respond to such traits. It may seem an irritating 
overextension of their clinical focus to expect neurologists 
to observe such details as patients’ introspective abilities, 
their ability to understand internal processes in others, 
maladaptive patterns in interpersonal relationships, pat-
terns of attachment, and their preferred defense mecha-
nisms (e.g., projection, isolation, splitting, denial) (3). 
However, neurologists may recognize that these features 
guide their clinical intuition already, and it may be a rela-
tively small step for them to register these psychodynamic 
and interactional features more explicitly.

In this chapter we will approach the complex rela-
tionship between anxiety and epilepsy by focusing on 
a number of important clinical scenarios. Some will be 
illustrated with excerpts of (translated) transcripts of 
initial outpatient visits to the Bethel Epilepsy Centre, 
Germany, and (original) transcripts of clinical encoun-
ters at the Sheffield Teaching Hospitals in the UK. 
We will then discuss aspects of the pathophysiology, 
personality-related, psychologic, and psychodynamic 
features of each typical presentation of anxiety. The 
final part of this chapter will present a multidimen-
sional therapeutic approach to anxiety in patients with 
epilepsy.

COMMON CLINICAL SCENARIOS

Epilepsy-Related Fear in Everyday Life

Fear and anxiety are phylogenetically ancient, naturally 
occurring affective states that are essential to learning and 
survival. The mental and somatic manifestations of these 
states are generated by a cascade of physical and chemi-
cal changes in a dispersed network of neuronal systems 
involving attention, stimulus perception and recognition, 
and memory retrieval and association as well as motor 
and autonomic control. One important conceptualiza-
tion has described the psychophysiology of anxiety as a 
carefully counterbalanced system involving a “behavioral 
activation system” (BAS) and a “behavioral inhibition 
system” (BIS), the latter mediating passive avoidance and 
approach-avoidance conflict (4). Both systems are con-
tinuously involved in the monitoring of perceptions and 
cognition and cannot be “switched off” at will. On this 
basis, challenging thoughts or adverse experiences related 
to epilepsy may cause fear or trigger anxiety symptoms that 

would not be considered as evidence of psychopathology 
or mental illness because they were adequately explained 
by the patient’s medical disorder. For instance, a small 
study in which we examined patients with panic disorder 
(n � 7) and patients with epileptic anxiety-auras (n � 5)
using the Structured Clinical Interview for the DSM-IV 
(SCID) and a range of anxiety scales showed that patients 
with epilepsy experienced more anxiety symptoms and 
exhibited more avoidance behavior than panic patients, 
although several patients with epilepsy did not fulfill 
the DSM-IV criteria for a mental disorder (5). The term 
“seizure phobia,” which has been applied to 20–30% of 
patients with epilepsy (6), reframes some of these epilepsy-
related anxiety symptoms in terms of a mental disorder 
but is not included in the current diagnostic manuals.

Example 1. In the following transcripts, capital letters 
signify emphasis (This is more emphatic than this, and 
THIS is even more emphatic); all other prosodic details 
have been omitted to enhance readability. The incomplete 
and broken sentences are not a consequence of a language 
deficit or poor translation but reflect the nature of verbal 
communication.

A patient with focal motor seizures affecting the 
right arm associated with speech arrest reports that the 
frequency of her seizures has increased.

Patient: an’uh I worry that I might Have them at work. . . . Tuesday 
NIGHT . . . Late at night you see . . .

Physician: why do you worry aBOUT . . . work, . . . or HAving them 
at work, what what’s the, . . .

Patient: because uh’ . . . you know there’s LOTS of CUStomers, . . . 
around n’ they’re strangers and I don’t want to . . .

Physician: you’d be embarrassed . . .

Patient: well a LIttle bit yeah . . . I mean the PEOple that I work 
wi’ . . . I wouldn’t be embarrassed in front of THEM, but . . . eh in 
front of strangers yeah I would . . . I mean.. usually I get a . . . COUple 
of seconds WARning an’ . . . I’ll eh go in t’back or . . . I KNOW . . . I 
mean I have HAD . . . one or two at work and I’ve gone in Ladies.

Physician: I see . . .

Patient: Been on t’ shop floor an’ I thought . . . uhm QUICK run in 
the ladies n’ I’ve . . . managed to get OUTa way or I’ve run in CASH 
office . . . Managed to get OUT of way . . . I’d SOOner Nobody 
KNOW . . . at work.

Anxiety arising from the seizures themselves or from the 
actual or anticipated response of others can be difficult 
to process and communicate. The resulting affect is often 
isolated. As in this example, it is implied in a particular 
narrative, but not described explicitly. Alternatively, it can 
be projected completely onto other people. An attentive
physician can identify this distressing affect and help 
patients to work through it. The first step in this process 
would be to support the patient in being more explicit 
about the things she is afraid of.
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Preictal Anxiety

Whereas the phenomenologic and pathophysiologic 
delineation of ictal anxiety, including anxiety auras, is 
relatively straightforward, preictal anxiety is harder to 
distinguish and describe. Recent neurophysiologic stud-
ies looking at electroencephalographic (EEG) changes 
for the purpose of seizure prediction suggest that states 
with a high seizure risk exist and last for several hours. 
However, these studies provide very little information 
about the subjective experience of patients in such pre-
ictal states. This means that there is no clear relationship 
between particular segments of EEG-recordings catego-
rized as “preictal” by nonlinear mathematical coherence 
measures and symptoms that patients or their relatives 
interpret as indicating that a seizure is imminent (7).

Example 2. A patient with idiopathic generalized epi-
lepsy (IGE) gives this description of mornings when the 
patient is going to have a seizure. On such a morning:

Patient: it is eh— my PERsonal feeling, a completely different, then I 
feel eh . . . much more insecure, then I almost feel ANxious, you could 
compare it to, and eh . . . you notice, you come out in a SWEAT, eh . . . 
sweat on your hands and feet, so probably very CLASSical FEATures, 
eh . . . put PLAINly in one sentence, these are the kind of things, which 
try to get you DOWN, as if following the motto (fall in tone) stay calm, 
you KNOW, you are somehow not completely aWAKE, and it will 
take a while now, a little while, sit yourself down, eh . . . this doesn’t 
have to and then you tell yourself, this DOESn’t have to turn things 
topsy turvy, what is happening around you and eh . . . you don’t have 
to get upset about your parents eh . . . staring at you or somehow 
CRIticising you.

As this example demonstrates, patients’ spontaneous descrip-
tions of preictal states often hint at physical, perceptive, and 
affective (predominantly anxiety-related) symptoms that are 
tightly interlaced with psychosocial or biographical facts. It 
may be difficult to pick up prodromal anxiety symptoms in 
such a highly condensed account, which combines appar-
ently conflicting descriptions of prodromal symptoms, the 
specific fear of a seizure, the reactive denial of this fear, its 
projection onto caregivers or seizure witnesses, the report 
of behavior precipitating seizures, and maneuvers intended 
to control the developing seizure. From a psychodynamic 
point of view these difficulties can be explained by an 
ego-structural conflict between autonomy-oriented versus 
dependent traits that are reactivated and played out by the 
patient during the description of the preictal state.

Ictal Anxiety

By comparison, ictal anxiety is a relatively well understood 
clinical phenomenon. Ictal anxiety is typically related to epi-
leptic activity affecting the amygdala, especially on the right 
side. However, ictal fear not only is a feature of temporal 

lobe seizures but also is associated with seizures arising in 
the anterior cingulate, orbitofrontal cortex, or other limbic 
structures (1). To date, differences in the anxiety-related 
symptomatology associated with epileptic activity in these 
different temporal or frontal lobe structures have not been 
formally examined. However, it seems that no affect can be 
elicited more readily by electrical stimulation of brain struc-
tures than anxiety. This does not mean that the diagnosis of 
ictal anxiety is always easy. Anxiety symptoms may not be 
readily volunteered. If they are described, it may be difficult 
to distinguish between ictal anxiety and panic attacks.

Example 3. The following patient, a student with left 
hippocampal sclerosis, does not mention anxiety symp-
toms spontaneously, although the physician has indicated 
that he is giving the patient time to talk about his own 
concerns. Eventually the physician asks specifically about 
seizure warnings. The patient replies:

Patient: well, I have to say, I rarely have any eh . . . warnings, which 
tell me that a seizure may be coming ON, well other patients who I’ve 
MET often say, they really NOtice, I’ll have a seizure in a minute and 
can DO something, I practically NEver have that, I mean that I can 
guarantee to preDICT that, well that

Physician: But instead?

Patient: sometimes I have a kinda sickness beFOREhand, so that I 
MIGHT have a kinda suspicion, well, may have, something might hap-
pen, what I notice, when I am PANicking, when I’m Anxious, insecurity, 
whether before a SEIzure or just WELL, can I MASter my life, well for 
real, whether for instance the oral examination in my high school finals, 
whether it is about an exercise or something, well then I DO feel at 
risk of a seizure, for instance I had an ABsence there, the other worry 
is just, I want to be elsewhere, so really almost the wish, perhaps also 
SUicide, eh, exaggerated, so really the wish DEAD, perhaps this is also 
a reason, why you sometimes go into such an absence.

Following his initial denial of any seizure warning, this 
patient eventually responds to the physician’s prompt 
by describing a complex, multimodal symptomatology 
involving panic and anxiety. His account begins with an 
apparently physical sensation. The existential challenge 
posed by the (pre) ictal symptomatology becomes clear 
only after both interlocutors have invested considerable 
communication effort in the reconstruction of the sub-
sequent seizure experience.

The hesitant disclosure of affective (pre) ictal symp-
toms evident in this example was the most important 
distinguishing feature in a comparative Conversation 
Analytic study of the communication behavior of eight 
patients with panic attacks and seven patients with epi-
leptic anxiety auras (5) (for other distinguishing clinical, 
interactional features and investigations, see Table 27-1). 
Patients with epilepsy typically failed to provide a more 
detailed description of the terrifying nature of their symp-
toms unless they were prompted and the description was 
facilitated by the physician. Their interictal processing 
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of anxiety symptoms was characterized by omission, 
suggesting that they had a tendency to displace or forget 
ictal affective symptoms, regardless of the distress they 
cause during a seizure. This was in marked contrast to 
the interactive behavior of patients with panic attacks, 
who readily volunteered their anxiety symptoms. If physi-
cians treating patients with epilepsy are not aware of the 
fluctuating recall or recognition of affective symptoms 
that their patients exhibit, ictal anxiety can easily remain 
undiagnosed. Conversely, careful prompting may allow 
patients to share aspects of their ictal experience that they 
had previously suppressed or avoided.

Postictal Anxiety

Postictal anxiety is not thought to be caused directly by epi-
leptic discharges. Postictal dysphoric states can last from 
minutes to days. In one study, anxiety was the commonest 
postictal symptom (affecting 45 of 100 patients), although 
it rarely occurred in isolation and was often associated 
with depressive and neurovegetative symptoms (8). The 

subgroup of patients with depression and anxiety was 
characterized by postictal feelings of guilt. This is reminis-
cent of the established psychoanalytical theory, discussed by 
Janz, that some seizures are related to conflict-generating 
and guilt provoking aggressive impulses (9).

Panic Disorder in Patients with Epilepsy

We have already mentioned the sometimes difficult dif-
ferentiation of ictal anxiety and panic disorder. Unfortu-
nately, the situation is complicated by the fact that there 
is also an increased incidence of panic disorder in patients 
with epilepsy (i.e., of patients having both ictal anxiety 
and panic disorder). Example 4 (later in this chapter) 
illustrates how complex the relationship between panic 
and anxiety can be.

From a psychodynamic point of view, panic patients 
often exhibit a striking self-conflict, oscillating between 
complete helplessness and a marked urge to dominate. 
The cognitive-behavioral understanding of panic attack 
has changed significantly over the last decade. Whereas 

TABLE 27-1
Differential Diagnosis of Panic Attack versus Ictal Anxiety Caused by a Focal Epileptic Seizure

PRIMARY PANIC ATTACK FOCAL EPILEPTIC SEIZURE

Clinical features
Consciousness Alert May progress to impairment
Duration 5–10 minutes 0.5–2 minutes
Automatisms Very rare Common with progression to CPS
Nocturnal attacks Occur from state of wakefulness May wake patient up

Subjective symptoms
Déjà vu, hallucinations Very rare �5%
Depressive symptoms Common, severity associated Not uncommon, severity not associated
Anticipatory anxiety Very common Can occur but not common
Relation to “normal” anxiety No clear subjective difference between 

“normal” fear and panic states
Clear difference between “normal” and ictal 

fear

Investigations
Interictal EEG Usually normal Often abnormal
Ictal EEG Usually normal Usually abnormal (may be normal in SPS)
MRI of temporal structures Usually normal Often abnormal*

Linguistic and interactional 
features in the history

Anxiety symptoms as a topic Usually volunteered Not volunteered without prompting
Anxiety symptoms Discussed extensively Discussed sparingly

Volunteered quickly Hesitant disclosure
Self-initiated as a topic Often not discussed without prompting
Frequent use of formulaic expressions Apparently difficult to describe, descriptions 

characterized by high formulation effort.
Are described as focused on particular 

objects
Ictal fear is described as nonspecific, untar-

geted anxiety

CPS � complex-partial seizure, SPS � simple partial seizure, * � explicit search for hippocampal sclerosis or other discrete amygdala 
lesion with appropriate magnetic resonance imaging
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the “false-suffocation alarm” model, particularly supported 
by Klein (10), predominated during the late 1990s, the cur-
rently favored model hypothesizes that there is an extensive 
anxiety network that can develop selective hypersensitivity 
toward specific physical sensations related to threshold 
changes mediated by the amygdalar-hippocampal com-
plex. As a consequence, relatively minor internal or exter-
nal stimuli can trigger a cascade that gives rise to anxiety 
symptoms. The effects of the amygdala on the prefrontal 
cortex appear to play a crucial role in the development of 
anticipatory anxiety, catastrophizing cognition, and phobic 
avoidance. Conversely, prefrontal effects on the amygdala 
can extinguish anxiety or panic reactions (11). Secondary 
avoidance behavior means that a distressing panic experi-
ence is never counterbalanced by the experience of tolera-
tion of a particular trigger and thus the perception of danger 
associated with the trigger is perpetuated. This means that 
the observation of situational triggers for many panic 
attacks is now usually attributed to context learning.

Generalized Anxiety Disorder in 
Patients with Epilepsy

One might expect a large number of patients with epi-
lepsy to fulfill the DSM-IV criteria for generalized anxiety 
disorder (GAD). Contemplating the risks associated with 
their seizure disorder, many could experience “excessive 
anxiety and worry (apprehensive expectation), occur-
ring more days than not for at least six months, about 
a number of events or activities.” For this reason it was 
surprising that only 12% of 77 patients with medically 
refractory epilepsy we examined using the Structured 
Diagnostic Interview for the DSM-IV (SCID) were for-
mally diagnosed with GAD (Trentowska M, Brandt 
C, Schöndienst M, in preparation). This suggests that 
there are factors that protect people who are persistently 
exposed to particular dangers from developing chronic 
anxiety.

Unfortunately, little research has focused on the cau-
sation, phenomenology, or processing of interictal anxiety 
in patients with epilepsy, and the neurobiologic or psy-
chodynamic evidence base is slim. Hence, the following 
comments are based on the psychologic understanding 
of patients with GAD but no epilepsy.

One of the most striking neuropsychologic findings 
in GAD is that patients have a positive attentional bias 
to threatening stimuli or information (12). Patients also 
have a tendency to interpret neutral (but unclear or low-
threshold) stimuli as threatening. This means that GAD 
patients face a constant barrage of anxiety-provoking per-
ceptions and cognitions. These are processed in a specific, 
abstract, and incomplete way. Borkovec et al. showed 
that in their mental processing of fear, GAD patients 
mentally stop short of or shy away from imagining the 

thing or issue that they are particularly fearful of (13). 
Instead, they have a tendency to launch into constantly 
renewed sequences of more abstract worry. From a psy-
chodynamic point of view this characteristic combina-
tion of expectation-fear and tension represents cognitive 
avoidance. The resulting constant worry paradoxically 
perpetuates the patient’s distressing anxiety. Supposing 
that GAD phenomenology in patients with epilepsy has 
an equivalent etiology, the provision of nonspecific reas-
surance or emotional support (or even constraints placed 
on activities) would be ineffective. Conversely, a detailed 
exploration and open verbalization of particular fears 
(such as fear of unpredictable falls, of loss of control in 
public, or of sudden death) could aid the cognitive pro-
cessing of the specific issue and thereby reduce the issue’s 
anxiogenic potential.

It should be noted that psychodynamic models and 
a cognitive-behavioral understanding of GAD are not 
mutually exclusive. The two approaches are complemen-
tary. Crits-Christoph et al. pointed out that patients with 
GAD often have a history of unstable personal relation-
ships or traumatic experiences (14). On this background, 
patients develop central conflicts relating to reliability 
and avoidance. When these conflicts become acute, 
patients displace threatening cognitions to less anxiogenic 
domains of cognition and leave a residue of the damaging, 
fear-evoking thought content behind.

Obsessive-Compulsive Disorder in 
Patients with Epilepsy

Obsessive-compulsive disorder (OCD) is characterized 
by recurrent intrusive and unpleasant thoughts that may 
be combined with compulsive actions. It has been related 
to dysfunction in a number of brain areas including the 
limbic system, basal ganglia, and orbitofrontal region. 
OCD usually manifests as an inter- or postictal symptom; 
however, obsessive thoughts can occasionally be part of a 
temporal lobe aura as “forced thinking.” The most com-
prehensive study of OCD in patients with epilepsy found 
no increased prevalence in IGE but identified clinical lev-
els of obsessionality and compulsivity in 9 of 62 (14.5%) 
patients with temporal lobe epilepsy (versus 1.2% of 82 
healthy controls) (15). The OCD risk was not related to 
epilepsy variables such as focus lateralization, choice of 
antiepileptic drug (AED), duration of epilepsy, or seizure 
frequency, but OCD was more common in patients with 
a previous history of depression.

The psychodynamic properties of obsessionality 
and compulsivity in patients with epilepsy have not been 
studied in detail. Interestingly, the study mentioned in 
the previous paragraph, and a number of other stud-
ies, have also indicated that patients with epilepsy have 
elevated scores on trait-measures of obsessionality. Janz 
formulated the marked difference he perceived in this 
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respect between his patients with IGE and seizures on 
awakening and patients with focal epilepsy with sleep-
related seizures in psychoanalytical terms: Patients with 
IGE were characterized by “denial of irrepressible aggres-
sive tendencies”; that is, they “used the infantile defence 
mechanism of denial for the purpose of daily conflict 
management.” In contrast, patients with focal seizures 
from sleep predominantly used “defence mechanisms of 
the so-called anankastic [obsessive compulsive] group,” 
so that their “enechetic [orderly, particular, viscous] char-
acter should be understood as a control strategy for hate 
and aggressive tendencies” (9).

MULTIDIMENSIONAL 
THERAPEUTIC APPROACH

The preceding presentations of anxiety in patients with 
epilepsy show that the successful therapy of anxiety symp-
toms usually requires a multidimensional, and sometimes 
a multidisciplinary, approach.

Example 4. A 51-year-old woman had an episode of 
meningitis when she was 14. She had three generalized 
tonic-clonic seizures on awakening while aged 15 to 17, 
but she then achieved complete seizure control on pheny-
toin. When she was 40, she developed anxiety symptoms 
in supermarkets, which were diagnosed as panic attacks. 
Aged 50, she had two generalized tonic-clonic seizures 
in supermarkets that were preceded by “panic attacks.” 
These seizures triggered an episode of major depression 
with anxiety symptoms:

Patient: since then I feel as if someone had extinguished my LIFE, this 
PHYsical exhaustion was immense. I had forgotten an awful lot and 
what do you call it eh . . . these word-finding difficulties and such like. 
and that is the problem, which I have now, yeah, to go out and feel safe, 
I’m afraid, of simply not managing the distance, but also afraid, of having 
a seizure, which causes problems, with going into shops, these lights.

Unexpectedly, an EEG did not support the clinical  working 
diagnosis of postmeningitic symptomatic epilepsy but 
showed generalized 3-Hz spike-waves with photosensitivity. 
An ambulatory EEG recording demonstrated that neon 
lighting in supermarkets could trigger spike-wave par-
oxysms that were accompanied by panic symptoms. The 
spontaneous spike-wave activity and photosensitivity sub-
sided after the AED treatment had been changed. During 
a repeat visit to the supermarket no ictal discharges were 
seen in an ambulatory EEG recording, but the patient con-
tinued to experience agoraphobic symptoms. These symp-
toms improved more gradually with repeat exposure (“in 
vivo exposition”) on the one hand and psychodynamic 
psychotherapy on the other. The psychotherapy focused on 
this patient’s low self-esteem, which had been reinforced 
since puberty by her family’s persistent devaluation.

Understanding this patient’s symptomatology required 
epileptological and psychodynamic expertise. It is unclear 
whether the development of “panic attacks” at the age of 
40 was initially triggered by epileptic discharges (perhaps 
the problem had not manifested earlier in her life because 
of changes in lighting technology or shopping habits), or 
whether the epileptic discharges were triggered by panic 
symptoms (perhaps mediated by hyperventilation). It is 
evident that at the time of presentation the triggers, panic 
symptoms, and epileptic discharges were closely linked. 
The appropriate adjustment of antiepileptic therapy was 
not sufficient to control the panic attacks. Anxiety symp-
toms also failed to settle fully with exposure treatment. 
A satisfactory outcome was achieved only by additional 
treatment that aimed to increase the patient’s resilience to 
anxiogenic stimuli or cognitions. In other words, the clini-
cal approach to this patient’s anxiety symptoms involved a 
number of distinct but interlinked components.

Optimizing Treatment for Epilepsy

Although the control of epileptic seizures may conversely 
increase fear and avoidance in some patients with sei-
zure phobia, optimal seizure control represents a better 
basis for more specific treatments addressing pathologi-
cal anxiety than ongoing seizures. This is most clearly 
evident after successful epilepsy surgery, which has been 
shown to be associated with a gradual decline in anxiety 
scores (16). Epilepsy surgery has also been reported to be 
helpful for obsessive-compulsive phenomena (1).

In fact, the benefits of optimized seizure control 
by the most appropriate treatment may well be more 
significant than any direct anxiolytic effects that have 
been reported in anxiety patients without epilepsy with 
a range of AEDs including gabapentin, pregabalin, 
tiagabine, vigabatrin, valproate, benzodiazepines, or 
barbiturates (1). What is more, any potential anxio-
lytic benefits related to AEDs may be outweighed by 
anxiety symptoms caused by toxicity. Side effects are 
particularly likely to cause anxiety if patients were not 
warned about them in advance. For instance, patients 
may become anxious when they develop paraesthesias 
with topiramate, zonisamide, acetazolamide, or sul-
tiam. Lamotrigine, ethosuximide, or zonisamide can 
cause anxiety, sometimes in the context of insomnia and 
psychosis-like symptoms. Cognitive and memory deficits 
associated with most AEDs may give rise to concerns 
about a dementing process, although some patients with 
marked cognitive problems (such as those that may be 
seen with phenobarbitone or topiramate) can appear sur-
prisingly unconcerned about their mnestic deficits.

Despite these provisos (and the absence of con-
trolled studies proving the anxiolytic effects of AEDs 
in people with epilepsy), there may be circumstances in 
which one could choose an AED with anxiolytic potential 
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in a patient with epilepsy who also has symptoms of an 
anxiety disorder. Although, as Example 4 demonstrates, it 
is rarely possible to alleviate anxiety symptoms satisfacto-
rily with an adjustment of medication alone, GABAergic 
drugs in particular can reduce anxiety in animal experi-
ments and clinical practice, and it seems reasonable to 
try and harness this “side effect” if the AED in question 
is also suitable for the patient’s seizure disorder.

Psychologic Treatment

The psychologic treatment of anxiety in patients with 
epilepsy is not only the task of psychotherapists; it begins 
in the neurologic outpatient setting. Appropriate com-
munication can help patients to process epilepsy-related 
fears and may alleviate anxiety. Anxiety can significantly 
reduce the effectiveness of verbal communication in the 
clinic setting. It may be helpful to back up information 
given at clinic visits with a letter, leaflets, or advice on 
sources of additional information. The support of epi-
lepsy nurses can be invaluable. The psychologic models 
of panic disorder and generalized anxiety discussed in 
preceding sections both suggest that specific information, 
or the explicit discussion of the patient’s particular fears, 
is more effective than general reassurance.

For patients who need more than basic informa-
tion, support, and reassurance, more advanced psycho-
logic interventions are useful (17). In fact, psychologic 
treatment may not only reduce psychologic symptoms 
and improve quality of life but also reduce the num-
ber of epileptic seizures. Psychotherapeutic strategies 
can be combined with pharmacological treatments, but 
successful treatment may require a close collaboration 
between epileptologist and psychotherapist.

Neurologists may find it difficult to engage some 
of their patients in a psychotherapeutic process. In our 
experience, patients with epilepsy find it more difficult to 
disclose avoidance or phobic cognitions than do patients 
with simple agora- or social phobias. A behavioral entry 
into a therapeutic relationship (for instance, the devel-
opment of an anxiety hierarchy and exposition plan) 
is often a useful first step. But the exposition itself can 
reveal the complex background of ego-structural deficits 
or conflicts, which would be most appropriately targeted 
with focal psychodynamically oriented or even psycho-
analytic therapy. These approaches would aim to reduce 
anxiety symptoms by increasing self-understanding, 
self-control, and reflexivity (i.e., the ability to reflect on 
one’s own ways of thinking and be prepared to change 
them) (18).

Treatment with Medication

Although there are no studies of anxiolytic drug treat-
ments in patients with epilepsy, there is a large body of 

evidence that has examined the effectiveness of phar-
macological treatments in panic, obsessive–compulsive, 
and phobic anxiety disorders. The most important sub-
stances for the medical therapy of anxiety disorders are 
antidepressants, including selective serotonin reuptake 
inhibitors (SSRIs), serotonin and noradrenaline reuptake 
inhibitors, tricyclic antidepressants, reversible mono-
amine oxidase (MAO) inhibitors, benzodiazepines, and 
buspirone. The evidence for the use of these substances is 
not easy to summarize, but on the whole, treatment effect 
sizes of pharmacological treatment are similar to those 
of psychologic interventions, although pharmacological 
treatment is associated with a risk of drug dependence or 
symptom relapse on discontinuation of treatment (17). 
In addition, in patients with epilepsy, psychotropic 
medication is associated with a small risk of seizure 
exacerbation. This risk can be specified to some extent 
(see Table 27-2).

In practical terms, SSRIs are often chosen because 
of their advantageous side-effect profile, their relatively 
small effect on neuronal excitability, and their favor-
able pharmacokinetic properties with low potential for 
drug-drug interactions. The beneficial effects of SSRIs 
or tricyclic antidepressants is thought to be mediated 
by the effects of these medications on raphe nuclei and 
the locus coeruleus, which are involved in some of the 
downstream effects of the anxiety cascade. Benzodi-
azepines (e.g., clonazepam, alprazolam) are also very 
effective in anxiety disorders and clearly anticonvulsant, 

TABLE 27-2
Risk of Seizures Associated with Drugs 
Prescribed for Anxiety Disorders (1).

 APPROXIMATE

DRUG RISK (%)

High risk 
(5% or higher risk of seizure)

Chlorpromazine (high dose) 9

Medium risk 
(0.5– 5% risk of seizure)

Olanzapine 1
Quetiapine 1
Clomipramine (high dose) 1
Bupropion 0.5
Imipramine 0.5

Low risk 
(less than 0.5% risk of seizure)

Risperidone 0.3
Venlafaxine 0.3
SSRIs 0.1
Mirtazepine 0.05
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approach to the patient’s symptoms. What is more, 
patients and physicians find it difficult to distinguish 
between epilepsy- or treatment-related symptoms and 
psychopathology. Nevertheless, neuropsychiatrically 
oriented epileptologists should be able to appreciate 
the intensity of their patients’ experience of threat, fear, 
or anxiety; to assess the potential contribution of ictal, 
organic, and pharmacological factors; and to recognize 
the intrapsychic filtering and defense processes that 
patients employ. The recognition and correct under-
standing of anxiety symptoms and the formulation of 
a therapeutic approach are likely to be facilitated if 
physicians look beyond the symptom level (avoidance 
behavior, phobic traits, somatic anxiety symptoms, cat-
astrophizing cognitions, etc.) and take account of the 
influence of their patients’ personality on symptoms and 
coping strategies.

Several studies have shown that anxiety is one 
of the most significant predictors of reduced health-
related quality of life (HRQoL) in patients with epilepsy, 
explaining more of the variance in self-report measures 
than depression, seizure-related, clinical, or demographic 
variables. This means that addressing and alleviating 
anxiety symptoms could produce marked improvements 
in patients’ quality of life. While our examples show 
why neurologists may have to be very attentive to iden-
tify patients’ anxiety symptoms, they also demonstrate 
that patients’ signals can be picked up by those who are 
willing to listen.

but they carry a risk of dependence. Buspirone, a par-
tial agonist at the serotonin-1A-receptor, lowers the 
seizure threshold in animal experiments but (like the 
beta blocker propranolol) is considered as relatively 
safe in patients with epilepsy (1). Although almost 
all antidepressant drugs interact with different cyto-
chrome P450 enzymes and therefore have the potential 
to interact with enzyme-inducing and enzyme-inhibiting 
AEDs, such interactions are rarely relevant in clinical 
practice.

CONCLUSIONS

In this chapter we have used our current physiologic, psy-
chologic, and psychodynamic understanding to explore the 
topic of anxiety in people with epilepsy. This approach has 
not only challenged our ability to integrate some usually 
unconnected scientific views but has also demonstrated 
very clearly how deficient our understanding of anxiety 
remains in this context. However, these deficits should not 
serve as an excuse for clinicians and researchers to ignore 
this important area of epileptology.

We have demonstrated that anxiety symptoms are 
particularly hard to recognize in patients with epilepsy. 
The detection of anxiety symptoms is complicated by 
the coping strategies they elicit. Some of these strategies 
involve the collaboration of physicians—for instance, 
when the unpleasant affect is isolated by an over- rational
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he relation between aggressive 
behaviors and epilepsy has been 
widely debated since the very first 
observations (1–3). The prevalence 

and incidence of this phenomenon in patients with epilepsy 
is still unknown (4), but it is more often related to frontal 
or temporal lobe brain pathology: 23% of patients show 
aggressiveness during a postictal psychosis after a tempo-
ral lobe seizure, while 5% display aggressive behaviors 
in interictal periods (5, 6). Patients with temporal lobe 
epilepsy (TLE) and episodes of interictal affective aggres-
sion (“intermittent explosive disorder”) have been studied, 
revealing a reduction of frontal neocortical grey matter (7) 
or severe amygdala atrophy (5). These data suggest the 
presence of a distributed brain dysfunction in subjects dis-
playing interictal episodes of aggressive behavior (5).

Three different types of aggressive behaviors have 
been distinguished on the basis of their relation to the 
seizure event: interictal, ictal, and postictal aggression 
(5, 8, 9). All three types are considered to be defensive, 
in that they are episodes of “reactive” aggression: they 
occur in the context of high emotional arousal, anger, or 
fear. For the ictal or postictal types of aggression, very 
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few articles have provided clear and detailed descriptions 
of the nature and types of aggressive display shown by 
patients (1, 8, 10–14). In particular, ictal and postictal 
episodes of aggression have been rarely documented by 
means of direct video-electroencephalographic (EEG) 
recording (8). Ictal and postictal aggression has usually 
been reported when the patient is exhibiting undirected 
automatisms in a confused postictal state (9). In this set-
ting, it has been observed that aggressive behaviors often 
occur in response to a minimally unpleasant stimulation 
and particularly in response to attempts to restrain the 
patient (13, 15). In fact, according to novel laboratory 
models, this type of aggression is presumed to be linked 
to a dramatic disruption of brain function associated with 
a strong emotional and autonomic hyperarousal (16).

Experimentally, the act of threatening or biting a 
prey, or a conspecific, has been extensively studied in ani-
mal behavioral research. W. R. Hess (17) first established 
that species-specific patterns of attack and defense, such 
as biting, could be brought out by direct stimulation of 
specific brain areas, specifically the diencephalic struc-
tures. Indeed, biting constitutes the prototypical display 
of cat and rat aggressive behavior and can be observed 
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after direct stimulation of the hypothalamus (18, 19). 
Moreover, the act of biting is strongly affected by activity 
of temporolimbic structures acting on the hypothalamus. 
The hippocampus, the amygdala, and the frontal cortex 
can act in a complex manner on biting behavior (BB), 
facilitating or inhibiting it, depending on the stimulation 
site (20–23). In animals, biting has been observed in rela-
tion to spontaneous seizures, especially when the epileptic 
discharges involved the limbic system (24–28).

This chapter complements the previously quoted 
papers on violence and aggressive behaviors overall, 
confirming the results of Delgado-Escueta et al. (8). 
We will focus on seizure-related biting as a model for 
aggressive behavior, interpreting this behavior as particu-
larly relevant in the context of our ethologic approach, 
which considers biting in relation to epileptic seizures in 
man as the emergence of innate behavior, not previously 
described.

The data are based on our paper (29) dealing with 
BB observed in eleven patients and on personal observa-
tions (four additional cases). The analysis of biting acts 
was performed on video-polygraphic recordings of sei-
zures (over 60 hours) in patients with drug-resistant focal 
epilepsy undergoing presurgical evaluation. The data can 
be summarized as in the following paragraphs.

Incidence and Frequency

Spontaneous report of BB by the patient or the patient’s 
relatives is rare. The spontaneous observation of biting by 
patients or relatives occurred in only three of our cases; 
actual effective biting with objective evidence (usually 
light skin snaps or painful ecchymosis) in their relatives 
occurred in two instances: in a wife and in a 7-year-old 
daughter (Tassinari, unpublished personal data).

Patients and relatives, when confronted with video 
evidence of the biting, recognized such behavior with 
some reluctance. One family admitted being aware of 
the biting but withdrew, at the last moment, permis-
sion to publish photos or part of the video showing 
BB. In one instance, BB was also directed to bedsheets, 
confirming the anamnestic data. In a second instance, 
the biting of a member of the family, previously unre-
ported, was reluctantly admitted by the parents after 
video documentation.

Taking this into account, spontaneous report of BB 
underestimates the frequency of this behavior.

Ictal and Postictal Occurrence

BB occurred similarly during and after the seizure, with 
variable delay from seizure onset. Recall of BB was not 
investigated properly, nor was the subjective feeling of 
explanation for such behavior. In the majority of our 
cases we can say that the patients were amnesic for the 

episode when investigated. This should deserve further 
investigation, trying eventually to correlate the objective 
and subjective semiology and recall in seizures with and 
without BB in the same subject.

Triggering of the BB

Considering only the BB as observed by video documenta-
tion, we admit that the material is s-canty. It can allow, 
however, useful information for future research in the 
field.

1. BB occurred mostly as a reflex act when the exam-
iner touched the patient’s mouth-face region or by 
the intrusion of the examiner (usually the hands) in 
the space around the face/peripersonal space of the 
patient, without touching the skin (Figure 28-1).

2. Much less frequently, biting was directed toward 
the patient’s hand or fingers or to the bedsheet, the 
handkerchief, or most inappropriately, to a ther-
mometer (Figure 28-2).

3. While grasping to reach a moving target in the 
peripersonal space for biting it, the patient shows 
correct overall coordination between mouth open-
ing, lip retraction, and hand grasping, with well-
directed gaze and concomitant head and shoulder 
coordination.

FIGURE 28-1

Postictal BB evoked by the intrusion of the examiner’s hand 
in the patient’s face and peripersonal space without touching 
the skin; patient 3 (29): 49-year-old male; MRI: right hippo-
campal sclerosis plus temporobasal focal cortical dysplasia. 
The intrusion was performed while the patient was presenting 
left-hand automatisms (genital grooming). Note the simul-
taneous reaching-grasping of the right arm/hand during the 
mouth opening.
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AGGRESSIVE GESTURES AND FACIAL 
EXPRESSION CONCOMITANT TO BB

Clear violent behavior was documented during a seizure 
in a patient with diurnal and nocturnal hypermotor sei-
zures (30, 31), likely related to a right frontomesial cor-
tical dysplasia (Figure 28-3). Patient E. C. (44 years old 
at our observation) had a history of childhood seizures, 
misdiagnosed as psychiatric aggressive behavior either 
during school or later in life. For this reason he could 
not complete his education, and later he was repeat-
edly fired from places of employment for aggressive 
behaviors. On two occasions during a hospitalization, 
seizures were witnessed, and violent behavior involved 
two doctors. In one instance the female neurologist 
was grabbed in the corridor, falling with the patient; 

in a second instance, during polygraphic recording, the 
patient started to grab the male doctor, holding him 
with repetitive grasping of the right arm, while with 
the left arm the patient repeatedly hit his head and 
shoulder. In both instances no serious harm was done; 
the patient did not remember the hitting behavior, and 
when confronted with the evidence he felt extremely 
embarrassed and displeased.

It is noteworthy that BB, in more than half of the 
instances, could be evoked or occurred when the patient 
had masticatory, lip smacking and chewing automatisms. 
This is suggestive of some contextual facilitation of the 
oromasticatory system (32), “prepared” or “ready” to 
respond actively (see discussion). Other than this single 
event described in the preceding paragraph, we did not 
observe any organized violent behavior in any recorded 
seizures, either with or without the presence of BBs.

Gestures and facial expressions with emotional 
valence were frequently observed ictally and postictally in 

FIGURE 28-2

Ictal BB: (upper) The patient spontaneously bites the ther-
mometer she was holding in the right hand before the begin-
ning of a focal seizure arising from right temporal lobe 
structures; (lower) the same patient moves the right hand 
close to her mouth and bites her own fingers at the onset of 
another seizure. Patient 4 (29): 42-year-old female; MRI: right 
hippocampal sclerosis plus hypoplastic temporal lobe.

FIGURE 28-3

Ictal hitting and grabbing (sequence): The patient, while 
screaming, strikes and snatches the examiner who is trying 
to restrain his motor behavior. Patient 1 (29): 44-year-old 
male; MRI: right frontomesial focal cortical dysplasia.
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all patients. We found that (a) facial expression of anger, 
and especially aggressive arms/hands behaviors (i.e., to 
hit or threaten someone), were present in most patients 
and were displayed frequently; however, these gestures 
were never organized to result in a physical assault, but 
were rather fragmentary (Figure 28-4); (b) aggressive dis-
plays were frequently intermixed in the same patient and 
even in the same seizure event with other facial expres-
sions such as fear or even happiness (33); (c) the relation 
between the expression of such facial and bodily gestures 
and the actions of the examiner could not be precisely 
quantified as done for biting acts. However, many of the 
facial expressions and hand behaviors displayed by the 
patient were clearly “evoked” by the action performed 
by the examiner on the patient.

In the majority of cases, we observed a particular 
attitude of the patient toward the persons in the environ-
ment. The patients did not appear to be angry; rather, 
they showed disappointment and frustration.

APPEARANCE, DURATION, AND 
DISAPPEARANCE OF THE BB

BB was not systematically looked for, and consequently 
in the majority of reflex BB we cannot precisely deter-
mine whether it already was present before our testing. 
In some instances of reflex BB we documented that it 
disappeared up to 10 to 20 seconds after the first evoked 
biting act.

In spontaneous BB the duration could be very 
short—so short as to be, in some instances, barely vis-
ible on real-time video inspection, becoming evident only 
with frame-by-frame video analysis, allowing recognition 
of the BB a posteriori. Similar features can be observed 
in spontaneous biting behavior as the expression of focal 
seizures in dogs (34; Figure 28-5).

ENDING OF THE SEIZURES WITH 
AGGRESSIVE BEHAVIORS OR BB

Schematically, based on video inspection and on the 
behavior of the patient interacting with the surround-
ings (examiner, surrounding people), we could describe 
two kinds of behaviors:

Sudden End. The patient quickly readapts to his sur-
roundings, adjusting to his primitive normal position and 
looking as if almost nothing happened. Asked what he did 
or why he did it (eventually the BB), the patient answers 
without any apparent concern, almost as if what had 
just happened did not interest or concern him, or as if he 
“didn’t do it.” This behavior greatly puzzles the patient, 
even if the patient could recall and was conscious during 
the BB; the patient is surprisingly “cool”; he just performed 
it because “he had to do it” (see also discussion).

Only minutes later, or on being told about this 
behavior, the patient will say he is sorry, and displeased, 
apologizing for the “involuntary and yet conscious behav-
ior!” (see discussion; 35).

Prolonged End. The second type can be quite different. 
The recovery is lengthy, with a waxing and waning of 
contact, with alternating degrees of memory impairment 
and embarrassment, interrupted at times by brief reap-
pearances of oral and hand automatisms. The emotional 
expression switches from anxiety and avoidance toward 
a search of inappropriate, excessive positive emotional 
contact, with caresses or kisses; followed by an inap-
propriate jocular attitude intermixed with expression of 
embarrassment before recovery of full contact with the 
environment occurs. Memory for the episode is lost.

These two different modes of recovery usually distin-
guish two groups of seizure types: the first typically occurs 
with hypermotor seizures (31); the second occurs with 

FIGURE 28-4

Postictal aggressive behaviors. (Left) The patient threatens the examiner with the fist while displaying an angry facial expression. 
Patient 8 (29): 34-year-old male; MRI: left temporopolar dysplasia. (Right) The patient abruptly kicks the examiner with his right
leg, apparently lacking corresponding aggressive facial expression. 35-year-old male; MRI: left hippocampal sclerosis.



28 • BITING BEHAVIOR AS A MODEL OF AGGRESSION 231

seizures originating in temporomesial structures, with 
diffuse-bilateral involvement of limbic structures (36).

GENDER DIFFERENCES IN THE EXPRESSION 
OF AGGRESSIVE GESTURES

We observed aggressive behaviors in eight male and three 
female subjects, and these data are consistent with those of 
the literature. Indeed, considering the patients described by 
Delgado-Escueta (8), eleven of 13 subjects were male, and 
a male predominance is also present in other publications 
on ictal/postictal aggression (2, 11, 13, 14). In patients 
with interictal affective aggression (TLE patients), intermit-
tent explosive disorder, and other psychiatric conditions, 
a similar male sex preponderance for such behaviors has 
been reported (5, 7, 37, 38). Besides the different etiolo-
gies and contexts, aggressive behaviors observed during or 
after seizures and in the other mentioned conditions are 
considered reactive or affective: no planning occurs, behav-
iors occur during high emotional arousal, and afterward 
patients are remorseful and embarrassed.

AGGRESSIVE GESTURES AND 
FACIAL EXPRESSIONS

We frequently observed gestures and facial expressions 
with emotional valence during or after the seizures in all 
patients. We found that (1) facial expression of anger 

and especially aggressive arms/hands behaviors (i.e., to 
hit or threaten someone) were present in most patients 
and were displayed frequently but without an organized 
assault; (2) expressions of fear or even happiness were 
frequently intermixed with aggressive displays in the same 
seizure event. Many of these facial expressions and hand 
behaviors displayed by the patient were clearly evoked by 
the action performed by the examiner on the patient.

ANATOMOELECTROCLINICAL 
CONSIDERATIONS

Our patients had heterogeneous etiologies and lesion 
locations. Only one of the patients had mesial TLE with 
evidence of isolated hippocampal sclerosis. Six of 11 sub-
jects had evidence of lesions involving both the frontal 
and the temporal lobes, and three had MRI evidence of 
double pathology involving the temporal lobe (e.g., hip-
pocampal sclerosis plus focal cortical dysplasia). More-
over, BB and related aggressive gestures were constantly 
observed when the ictal discharges involved the frontal 
and temporal regions.

Based on our observations, BB has no precise localiz-
ing or lateralizing value with respect to the site and side of 
seizure origin, but the appearance of this motor behavior 
is related to widespread and mainly bilateral dysfunction 
involving both the temporal and frontal regions. This is 
evident in the Stereo-EEG findings in one patient, who bit 
and grasped the examiner only during seizures in which 

FIGURE 28-5

Epileptic ictal “fly-biting” behavior: the term is used by veterinary neurologists since the dog appears to be snapping at imaginary 
flies. Fly-biting is a recognized epileptic phenomenon (34). The upper filmstrip shows the sequence of a fly-snapping act in an
epileptic dog treated with carbamazepine at the Department of Clinical Veterinary Medicine, University of Bologna (courtesy of 
Prof. G. Gandini and S. Cinotti). Note that the biting act is completed within 4 consecutive frames at 25 fps, so its duration is
about 160 milliseconds. The lower filmstrip includes five consecutive frames from a video downloaded from http://www.canine-
epilepsy.net within the “Fly-Biting” section by Dennis O’Brien, University of Missouri, College of Veterinary Medicine.
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the ictal discharge propagated to the ventromedial pre-
frontal cortex and the amygdala/hippocampal region of 
the right hemisphere. The same temporolimbic and pre-
frontal regions of the right hemisphere were reported to be 
involved in a patient described by Bartolomei et al. (39). 
These two patients showed a compulsive urge to bite 
something in association with high emotional arousal, 
fear, and agitation when ictal discharges involved the 
ventral prefrontal region. It is conceivable that dysfunc-
tion involving at least the mesial temporal and the pre-
frontal cortex is necessary for the expression of aggressive 
behaviors during or after seizures. These data support 
the hypothesis that the amygdalar-hippocampal region 
and the ventromedial prefrontal cortex are the critical 
regions whose involvement could be necessary and suf-
ficient to lead to the overt expression of biting and of the 
other reported behaviors. This is consistent with current 
hypotheses about functional neuroanatomy of anger and 
aggression (40). In fact, these behaviors are hypothesized 
to be associated with dysfunction/ hypofunction of the 
ventral prefrontal cortex, both in normal subjects and in 
different pathologic conditions (7, 38, 41, 42). Amygdalar 
pathology is thought to result in dysfunctional states of 
hyperarousal triggered by minor life events (5, 43). In 
cases of simultaneous frontal lobe pathology, impulsive 
aggressive behavior may result.

GENERAL CONCLUSION

The Nature of Biting and Role of the 
Patient’s Peripersonal Space

Two conditions are necessary to observe BB in our subjects 
during a seizure: (1) An ictal discharge has to develop, 
disrupting frontotemporal limbic networks; (2) someone 
has to enter into the space near the patient and especially 
has to touch or simply carry out some activity in the space 
around the patient’s face. This explains why these behav-
iors can be observed during as well as after the seizure, 
depending on when someone enters into close contact 
with the patient.

To evoke a reflex behavior, the patient’s brain has 
(a) to detect that something, in many instances the hand of 
the examiner, is approaching him and especially his face; 
(b) to detect the exact space coordinates of the examiner’s 
hand; and (c) to transform this sensory information into 
output, in this case, a brief (�600 ms) motor sequence 
constituting BB.

Occasionally, we observed a clear association of mouth 
and hand movements, suggesting the co-occurrence of a 
sort of grasping with the hand and mouth (Figure 28-1).

The neural correlates of these behaviors can be rep-
resented by structures that, both in other animals and in 
humans, have been demonstrated to encode the face and 

hand peripersonal space (44) and to select the appropriate 
motor response in accordance with the stimulus valence. 
Animal and human data demonstrate that the processing 
of space is not unitary but distributed among several brain 
areas. In monkeys, data showed that the premotor cortex 
(area 6), the putamen, and the ventral intraparietal area 
(VIP) are especially involved in the processing of the space 
near the body. In the monkey’s premotor cortex many cells 
are bimodal; that is, they respond also to visual stimuli 
located in the space near their tactile receptive fields (45). 
Therefore in animals, multisensory neurons can control 
movements on the basis of both tactile and visual informa-
tion coding the position of a stimulus relative to the hand, 
head, or both. This information can be used to perform 
simple actions such as avoiding a stimulus or reaching to 
grasp an object or bringing food to the mouth. Interest-
ingly, and more relevant to the seizure-related behaviors 
observed in this study, several lines of evidence support 
the following: first, monkeys’ premotor cortex can encode 
head movements, mouth grasping, and coordinated 
mouth/hand actions (46); and second, the neural struc-
tures involved in the evaluation of the peripersonal space 
and in the successive sensorimotor integration are outside 
the control of top-down influences, but rather are bot-
tom-up processes (47). Indeed, it has been proposed that 
relatively automatic, fast, and encapsulated multisensory 
processing of nearby space might serve important primi-
tive preservative functions and could represent an evolu-
tionary advantage (47). Recent evidence supports the idea 
that multisensory-motor interfaces might encode defensive 
movements (48–50).

Seizures and Violence

Only one of our patients whom we analyzed (Figure 28-3) 
displayed violent behavior against another person, and 
the rarity of this phenomenon is in accordance with pre-
vious papers about aggression during or after seizures 
(3, 8, 11, 51). In the multicentric study performed by 
Delgado-Escueta to ascertain the relation and incidence 
of seizure-related aggression, only 13 subjects were identi-
fied out of 5,400 patients with epilepsy (8). Conversely, 
our behavioral analysis clearly showed that patients’ 
behaviors are closely related to the actions of other sub-
jects acting in the environment; therefore, the occurrence 
of some behavioral phenomena, such as the act of bit-
ing, could be underestimated. Attempts to restrain the 
patient’s behavior are the most critical factor that pro-
motes the progression of undirected aggressive displays 
to more organized violent behaviors (11).

Our results support the following inferences:

1. Aggressive behaviors resulting in physical violence 
toward persons (striking, stabbing people) are 
exceptional events.
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2. Violence occurs exceptionally during epileptic sei-
zures; second, postictal confusion “per se” cannot 
be generically related to violence.

3. Before one assumes that violent behavior is the 
manifestation of an epileptic seizure, direct record-
ing of the presumed seizure-related violent act is 
required.

4. A clear distinction should be made between aggres-
sion during postictal psychosis and seizure-related 
behaviors.

NEUROETHOLOGICAL CONSIDERATIONS

Biting in man is viewed as an act of “aggression” result-
ing from a loss of self-control; in an epileptic seizure this 
same behavior is due to a transient dysfunction mainly 
of frontolimbic networks.

The BB, however, is expressed as a physiologic 
sequence of visual-hand-mouth coordination, as an 
“innate instinctive” behavior in defense of the periper-
sonal space, in most cases. BB can also be viewed as the 
expression of an “urge,” a “need” directed not only to an 
intruder but also to inappropriate or dangerous objects (a 
glass thermometer, a bedsheet) or eventually to himself.

The patient sees what he is doing and cannot restrain 
from doing it. He is able to “pursue” the intruder’s hand 
and grab it. The patient can see the objects without rec-
ognizing them. This can evoke the “psychic blindness” 
as described by Klüver and Bucy in animals with bilateral 
temporal lobectomy (52), which were apparently unable 
to recognize the meaning of objects by visual inspection. 

A significant urge to bite and emotional hyperactivity 
characterize our patients as well as patients affected by 
Klüver-Bucy syndrome in the context of hyperorality 
(32, 53). The patient is in a condition, described by 
Caldecott-Hazard and Engel, in which “mental cloud-
ing could be viewed as a loss of cognitive and emotional 
responses that are normally attached to the perception 
of sensory stimuli,” considering his postictal “ability to 
respond to stimuli without experiencing consciousness” 
(35). Biting, as we previously suggested for other motor 
sequences occurring in a variety of instances (29, 33, 36, 
54–57), can result from “a loss of control” of higher cen-
ters on lower centers (namely the Central Pattern Genera-
tors networks) in a Jacksonian meaning and in agreement 
with the Jasper and Penfield view on epileptic automa-
tisms as “paretic” phenomenon; that is, the expression 
of “loss of control” (58). This is also in accord with the 
theories of Tinbergen (59) and Lorentz (60), in which 
instinctive behavioral actions are triggered by sequences 
leading up to the final “consummatory act” (see also 61, 
62). Biting, like other so-called “aggressive behaviors” 
related to an epileptic event, is not part of a plan origi-
nating from an intention to “go against another” to take 
advantage nor to first attack in order to prevent.

BB is above all a restricted, limited, involuntary 
and yet “necessary” self-defense behavior, sometimes 
self-directed. Stricto sensu, in this context, biting is not 
“aggression,” which stems from Latin aggredi, compound 
of ad (toward) and gradi (to walk). We perfectly agree 
with the concept of Lorentz (63) and Eibl-Eibesfeldt (64), 
who propose that “aggressivity” in animals, as in man, 
is not synonymous with violence.
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ompared to affective disorders, 
psychoses are rare complications 
in epilepsy, affecting about 4–6% 
of patients in clinical case series. 

Among the various types of psychoses, those occurring in 
a direct relationship to seizures are most common. The 
most common type of psychosis in epilepsy is postictal psy-
chosis. Psychoses without a clear relationship to seizures—
so-called interictal psychoses—may develop after sever-
al years of active epilepsy, most often of the temporal lobe 
type. Despite some psychopathological peculiarities, these 
psychoses resemble a chronic schizophrenia-like illness, and 
recent findings suggest subtle underlying limbic pathol-
ogy, analogous to similar observations in “endogenous” 
schizophrenia. Psychoses can also be triggered by antiepi-
leptic drugs (AEDs). Drugs that have strong anticonvulsive 
properties, especially, may trigger psychotic reactions. Some 
of these psychoses may be considered toxic, because they 
are often dose related. Psychoses that are associated with 
seizure freedom and electroencephalographic (EEG) nor-
malization are covered by the terms “forced normalization” 
and “alternative psychosis.” Although seizure control is 
often associated with milder behavioral problems, emo-
tional instability, or insomnia, psychotic reactions are rela-
tively rare. A precise etiological classification of psychoses, 
considering the biographical or genetic predisposition for 
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psychiatric problems, recent treatment changes, seizure fre-
quency, and EEG activity as well as psychosocial stressors, 
is clinically very important, because therapeutic strategies 
are very different depending on the individual situation.

EPIDEMIOLOGY

Stefansson (1), in a case control study, compared the 
prevalence of nonorganic psychiatric disorders in patients 
with epilepsy to the prevalence among those with other 
somatic diseases, the groups being taken from a disability 
register in Iceland. Although the difference in psychiatric 
diagnoses overall was not significant, there was a higher 
rate of psychoses, particularly schizophrenia and para-
noid states, among males with epilepsy.

Qin et al. (2), in a study from Denmark, confirmed 
the increased risk of schizophrenia and schizophrenia-like 
psychoses in epilepsy, and in this study a family history 
of psychoses and a family history of epilepsy were sig-
nificant risk factors for psychosis. Bredkjaer et al. (3), in 
a record linkage study, looked for associations between 
epilepsy from the national patient register of Denmark 
and the equivalent psychiatric register. The incidence 
of nonorganic, nonaffective psychoses, which included 
schizophrenia and schizophrenia-spectrum disorders, was 

C
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significantly increased in epilepsy even when patients with 
learning disability or substance abuse were excluded.

Higher prevalence rates for psychoses were found 
in studies of much more selected populations, such as 
hospital case series. Thus, Gureje (4), in patients attend-
ing a neurologic clinic, quoted that 37% of patients 
were psychiatric cases and that 29% of these were psy-
chotic. Mendez et al. (5), in a retrospective investigation, 
reported that interictal psychotic disorders were found 
in over 9% of a large cohort of patients with epilepsy, 
in contrast to just over 1% in patients with migraine. 
Studies from Japan examining new referrals for epilepsy 
quote a 6% prevalence of psychoses in those with normal 
intelligence (in contrast to 24% in those with learning 
disability) (6).

CLASSIFICATION

There is no internationally accepted syndromic classifi-
cation of psychoses in epilepsy. For pragmatic reasons, 
it remains convenient to group psychoses in epilepsy 
according to their temporal relationship to seizures.

Syndromes of Psychoses in 
Relation to Seizure Activity

The various syndromes are described in Table 29-1. The 
ictal psychoses are more likely to be linked to simple or 
complex partial seizure status than to absence status, 
but have never been examined in any detail. In clinical 
practice they are most frequently seen with seizures of 
temporal lobe origin, but some are secondary to frontal 

lobe seizures. Simple focal status or aura continua may 
cause complex hallucinations, thought disorders, and 
affective symptoms. The continuous epileptic activity is 
restricted and may escape scalp EEG recordings. Insight 
usually is maintained, and true psychoses emerging from 
such a state have not been described. Nonconvulsive sta-
tus epilepticus requires immediate treatment with intra-
venous AEDs.

Postictal Psychoses

Most postictal psychoses are precipitated by a series or 
status of secondary generalized tonic-clonic seizures. More 
rarely, psychoses occur after single “grand mal” seizures 
or following a cluster of complex partial seizures (7). In 
the elderly a postictal psychosis may be the first presenta-
tion of a new-onset epilepsy disorder.

Postictal psychoses account for approximately 
25% of psychoses in epilepsy. The relationship to the 
type of epilepsy is not clear. Dongier (8, 9) described 
a preponderance of generalized epilepsies, and Logsdail 
and Toone (10) noted a higher frequency of postictal psy-
chosis in patients with focal epilepsies and complex focal 
seizures. One of the more comprehensive studies has been 
that of Kanemoto (11), and his distinctions between post-
ictal and interictal psychoses are shown in Table 29- 2. 
Essentially, the postictal psychoses occur with later age 
of onset of epilepsy and at a later age than the interic-
tal psychoses do. They are significantly associated with 
temporal lobe epilepsy, complex partial seizures, and tem-
poral plus extratemporal structural lesions on magnetic 
resonance imaging (MRI). Patients are less likely to have 
learning disability and are less likely to have generalized 

TABLE 29-1
Clinical Characteristics of Psychoses in Relation to Seizure Activity

INTERICTAL ICTAL POSTICTAL PARICTAL ALTERNATIVE

Relative
frequency

�20% �10% �50% �10% �10%

Consciousness Normal Impaired Impaired or 
normal

Impaired Normal

Typical
features

Schizophrenia-like
psychopathology

Mild motor 
symptoms

Lucid interval Occurs often  during
presurgical
evaluation

Initial symptom 
insomnia

Duration Months Hours to 
days

Days to weeks Days to weeks Weeks

EEG Unchanged Status 
epilepticus

Increased slowing,
increased
epileptic

Increased slowing, 
increased epileptic

Normalized

Primary
treatment

Antipsychotics AEDs 
intravenous

Benzodiazepines,
seizure control

Benzodiazepines,
seizure control

Sleep regulation, 
reduction of 
AEDs
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spike wave abnormalities on the EEG. Kanemoto also 
noted an association with déjà vu auras (11). Others have 
suggested an association between ictal fear and postictal 
psychosis (12).

A characteristic lucid interval is described in most 
patients, during which time the mental state appears to be 
normal. This interval can last from 1 to 6 days between 
the epileptic seizures and onset of psychosis (13). Failure 
to appreciate the presence of this lucid interval can lead to 
a misdiagnosis of this condition.

The psychopathology of postictal psychosis is poly-
morphic, but most patients present with abnormal mood 
and paranoid delusions (10). Some patients are confused 
throughout the episode; others present with fluctuating 
impairment of consciousness and orientation; and some-
times there is no confusion at all. Dominant are delusions 
of grandiosity and religiosity, often associated with an 
elevated mood when compared with interictal psychoses. 
Patients may also be anxious, and a typical symptom is fear 
of impending death. Because patients often have a clear 
sensorium and may receive command hallucinations if the 
latter relate to violence or suicide, it is during such states 
that violent attacks on the self or others may occur (14).

The EEG during postictal psychosis is usually dete-
riorated, with increased epileptiform as well as slow-wave 
activity; but there are few reliable studies, since people 
with acute psychoses are difficult to examine.

The psychotic symptoms spontaneously remit within 
days or weeks, often without need for psychotropic drug 
treatment. However, in some cases, chronic psychoses 
develop from recurrent and even a single postictal psy-
chosis (10, 15). This is estimated to occur in about 25% 
of cases.

The pathophysiology is not known. Savard et al. (12) 
noted the clinical analogy of psychoses following com-
plex partial seizures to other postictal phenomena such 
as Todd’s paresis or postictal memory loss.  Logsdail and 

Toone (10) hypothesized that postictal psychosis results 
from increased postsynaptic dopamine sensitivity. Ring 
et al. (16) tested this hypothesis using single-photon 
emission computed tomography (SPECT) and the D2 
ligand [123I]iodobenzamide ([123I]IBZM). They noted 
that patients with epilepsy and psychoses had decreased 
binding to the ligand, suggesting that there was increased 
release of endogenous dopamine in the psychotic state. 
Kanemoto (11) suggested that a restricted limbic status 
epilepticus was involved, but limited functional imaging 
studies produced contradictory results (17).

Parictal Psychosis

Most authors do not distinguish parictal and postictal 
psychoses. In parictal psychosis, psychotic symptoms 
develop gradually and parallel to increases in seizure fre-
quency. The relationship to seizures is easily overlooked 
if seizure frequency is not carefully documented over 
prolonged periods. More rapid development of parictal 
psychoses can be seen, especially during the presurgical 
assessment of patients with intractable epilepsy, when 
a series of epileptic seizures may be provoked by with-
drawal of AEDs. Impairment of consciousness is more 
frequent than in classical postictal psychosis.

Interictal Psychoses

Interictal psychoses occur between seizures (or, better, 
independently of seizures) and cannot directly be linked 
to the ictus. They are less frequent than peri-ictal psy-
choses (including preictal, ictal, parictal, and postictal 
psychoses) and account for 10–30% of diagnoses in 
unselected case series (9). Interictal psychoses are, how-
ever, clinically more significant in terms of severity and 
duration than are peri-ictal psychoses, which usually are 
brief and self-limiting.

TABLE 29-2
Significant Differences between Postictal (PIP) and Interictal Psychoses (IIP)

PIP (n � 45) IIP (n � 126)

Reduced intelligence (�70 IQ)  4 39
Complex partial seizures 37 84
Déjà vu aura* 10/43 10/103
Temporal MRI lesion 16 25
Temporal lobe epilepsy 39 74
Generalized spike waves  1 21
Age at epilepsy onset (years) 16 11
Age at psychosis onset (years) 35 25
Interval between onset of epilepsy and psychosis (years) 18 13

* Calculated for the subgroup of patients with focal epilepsies.
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In the early studies by Slater et al. it was stated that, 
in the absence of epilepsy, the psychoses in their study 
group would have been diagnosed as schizophrenia. The 
frequent presence of Schneiderian first-rank symptoms was 
noted (18). However, there have been persistent arguments 
as to the exact relationship between the two disorders and 
the phenomenology of the interictal epileptic psychoses. 
Slater maintained there was a distinct difference between 
schizophrenia and the schizophrenia-like psychoses asso-
ciated with epilepsy, and he highlighted the preservation of 
affect, a high frequency of delusions and religious mystical 
experiences, and few motor symptoms.

Other authors have stressed the rarity of negative 
symptoms and the absence of formal thought disorders 
and catatonic states (19). McKenna et al. (20) pointed out 
that visual hallucinations were more prominent than audi-
tory hallucinations. Tellenbach (21) stated that delusions 
were less well organized, and Sherwin (22) remarked that 
neuroleptic treatment was less frequently necessary. There 
have been other authors, however, who denied any clear 
psychopathologic differences between epileptic psychosis 
and schizophrenia.

Using the Present State Examination and the CAT-
EGO computer program, which is a semi-standardized and 
validated method for quantifying psychopathology, it has 
been possible to compare the presentation of psychosis in 
epilepsy with process schizophrenia. Very few significant 
differences emerged from such studies (23), which sug-
gests that, assuming that the patients are representative, 
a significant number will have a schizophrenia-like pre-
sentation, virtually indistinguishable from schizophrenia
in the absence of epilepsy.

Phenomenology apart, Slater argued that long-term 
prognosis of psychosis in epilepsy was better than that 
in process schizophrenia. In a follow-up study on his 
patients, he found that chronic psychotic symptoms tended 
to remit, and personality deterioration was rare (24). 
Other authors have also described the outcome to be 
more favorable and long-term institutionalization to be 
less frequent than in schizophrenia (22). Unfortunately, 
there have been no longitudinal studies comparing the 
long-term outcome of psychosis in epilepsy and process 
schizophrenia.

Risk Factors

The pathogenesis of psychotic episodes in epilepsy is 
likely to be heterogeneous. In most patients, a multitude 
of chronic and acute factors can be identified that are 
potentially responsible for the development of a psychi-
atric disorder. These factors are difficult to investigate in 
retrospect, and the interpretation of them as either caus-
ally related or simply intercorrelated is arguable.

The literature on risk factors is highly controver-
sial; studies are difficult to compare because of varying 

definitions of the epilepsy, the psychiatric disorder, and 
the investigated risk factors. Most studies are restricted 
to interictal psychoses.

Genetic Predisposition. With few exceptions (2), most 
authors did not find any evidence for an increased rate 
of psychiatric disorders in relatives of epilepsy patients 
with psychoses (25). This was one reason why Slater 
suggested that these psychoses were truly symptomatic, 
a representative phenotype of the genotype.

Sex Distribution. There has been a bias toward female 
sex in several case series, but this has not been confirmed 
in controlled studies (26, 27).

Duration of Epilepsy. The interval between age at onset 
of epilepsy and age at first manifestation of psychosis 
has been remarkably homogeneous, in the region of 11 
to 15 years, in many series (28). This interval has been 
used to postulate the etiologic significance of the seizure 
disorder and a kindling-like mechanism. However, some 
authors (29) have argued that the supposedly specific 
interval represents an artifact. They have drawn attention 
to the wide range, with a significantly shorter interval 
in patients with later onset of epilepsy. They also have 
pointed out that patients whose psychoses did not suc-
ceed their epilepsy were excluded in most series, and that 
there is a tendency in the general population for the age 
of onset of epilepsy to have an earlier peak than that of 
schizophrenia.

Type of Epilepsy. There is a clear excess of temporal 
lobe epilepsy (TLE) in almost all case series of patients 
with epilepsy and psychosis. Among the pooled data of 
ten studies, 217 (76%) of 287 patients suffered from 
TLE (28).

The nature of a possible link of psychoses to TLE is, 
however, not entirely clear, partly because of ambiguities 
in the definition of TLE in the literature, based on either 
seizure symptomatology (e.g., psychomotor epilepsy), 
involvement of specific functional systems (e.g., limbic 
epilepsy), or anatomic localization as detected by depth 
EEG or neuroimaging (e.g., amygdalohippocampal epi-
lepsy). Unfortunately, most authors have not sufficiently 
differentiated frontal and temporal lobe epilepsy.

The temporal lobe hypothesis has further been criti-
cized for being based on uncontrolled case series, such as 
in the studies by Gibbs (30) and Slater and Beard (31). It 
was argued that TLE is the most frequent type of epilepsy 
in the general population and that there is an overrep-
resentation of this type of epilepsy in patients attending 
specialized centers.

Comparing psychosis rates in TLE and in idiopathic 
generalized epilepsy, some studies (32) note significant 
differences in the frequency of psychoses in temporal lobe 
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epilepsy, but several do not (29). However, many patients 
with generalized epilepsy show pathology of temporal 
structures, making classification difficult, and, again, 
many reports lack the sophisticated brain imaging that 
is now required for such hypotheses to be tested.

There are several studies showing that psychoses in 
generalized epilepsies differ from psychoses in TLE (28). 
The former are more likely to be of short duration and 
confusional. Alternative psychoses, which are rela-
tively common in generalized epilepsy, are usually mild 
and often remit before any development of paranoid-
hallucinatory symptoms. Schneiderian first-rank symp-
toms and chronicity are more frequent in patients with 
TLE. This has considerable significance for psychiatrists 
attempting to unravel the underlying “neurology” of 
schizophrenia, and the findings from epilepsy were instru-
mental in altering the view of schizophrenia away from 
a psychosocial to a biological model.

There is a general consensus that psychoses are 
less common in patients with neocortical extratemporal 
epilepsies (33). Adachi (26) suggested that psychoses in 
patients with frontal lobe epilepsy may be overlooked 
because of a differing psychopathology, hebephrenic 
symptoms in particular dominating the presentation.

Type of Seizures. There is evidence from several stud-
ies that focal seizure symptoms that indicate ictal mesial 
temporal or limbic involvement are overrepresented in 
patients with psychosis. Hermann and Chabria (34) 
noted a relationship between ictal fear and high scores 
on paranoia and schizophrenia scales of the Minnesota 
Multiphasic Personality Inventory (MMPI). Kristensen 
and Sindrup (27) found an excess of dysmnesic and epi-
gastric auras in their psychotic group. They also reported 
a higher rate of ictal amnesia. In another controlled study, 
ictal impairment of consciousness was related to psy-
chosis, but simple seizure symptoms indicating limbic 
involvement were not (35).

No seizure type is specifically related to psychosis 
in generalized epilepsies. Most patients with psychosis 
and generalized epilepsies have absence seizures (9).

Severity of Epilepsy. The strongest risk factors for psy-
chosis in epilepsy are those that indicate severity of  epilepsy 
(28). These are long duration of active epilepsy, multi-
ple seizure types, history of status epilepticus, and poor 
response to drug treatment. Seizure frequency,  however, is 
reported by most authors to be lower in psychotic epilepsy 
patients than in nonpsychotic patients (36). It has not been 
clarified whether seizure frequency was low before or dur-
ing the psychotic episode. This may represent a variant of 
forced normalization (see subsequent discussion).

Laterality. Left lateralization of temporal lobe dys-
function or temporal lobe pathology as a risk factor for 

schizophreniform psychosis was originally suggested by 
Flor-Henry (25). Studies supporting the laterality hypoth-
esis have been made using surface EEG, depth electrode 
recordings, computed tomography, neuropathology, 
neuropsychology, and positron emission tomography 
(PET), and more recently with MRI. The earlier litera-
ture has been summarized by Trimble (28). In a synop-
sis of 14 studies with 341 patients, 43% had left, 23% 
right, and 34% bilateral abnormalities. This is a striking 
bias toward left lateralization. However, lateralization 
of epileptogenic foci was not confirmed in all controlled 
studies (32). Again, it may be that certain symptoms 
rather than any syndrome are associated with a specific 
side of focus. Trimble pointed out that a specific group 
of hallucinations and delusions, defined by Schneider and 
referred to as first-rank symptoms, which usually (but by 
no means exclusively) signifies schizophrenia (28), may 
be relevant. He suggested that these may be signifiers of 
temporal lobe dysfunction, representing as they do distur-
bances of language and symbolic representation. In this 
sense he equated then to a Babinski sign for a neurologist; 
that is, as pointing to a location and lateralization of an 
abnormality in the central nervous system.

These laterality findings have received support 
from brain imaging studies, especially SPECT and 
MRI. Mellers et al. (37), using a verbal fluency activa-
tion paradigm and [99mTc]hexamethylpropylene amine 
oxime ([99mTc]HMPAO) SPECT, compared patients with 
schizophrenia-like psychoses of epilepsy (n � 12), with 
schizophrenia (n � 11), and with epilepsy and no psycho-
ses (n � 16). The psychotic epilepsy patients showed lower 
blood flow in the superior temporal gyrus during activa-
tion than the other two groups. Using MR spectroscopy, 
Maier et al. (38) were able to compare hippocampal-
amygdalar volumes and hippocampal N-acetyl aspartate 
(NAA) levels in patients with TLE and schizophrenia-like 
psychoses of epilepsy (n � 12), TLE and no psychoses 
(n � 12), schizophrenia and no epilepsy (n � 26), and 
matched normal controls (n � 38). The psychotic patients 
showed significant left-sided reduction of NAA, and this 
was more pronounced in the psychotic epilepsy group. 
Regional volume reductions were noted bilaterally in 
this group, and in the left hippocampus-amygdala in the 
schizophrenic group.

Flugel et al. (39) have recently examined 20 psy-
chotic and 20 nonpsychotic cases with temporal lobe 
epilepsy using magnetization transfer imaging. They 
reported significant reductions of the magnetization 
transfer ratio (an index of signal loss) in the left superior 
and middle temporal gyri in the psychotic patients; this 
was unrelated to volume changes and best revealed in a 
subgroup with no focal MRI lesions.

Structural Lesions. The literature on brain damage and 
epileptic psychosis is very controversial. Some authors 
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have suggested a higher rate of pathologic neurologic 
examinations, diffuse slowing on the EEG, and mental 
retardation (27, 40), but others could not find an asso-
ciation with psychosis (41). Neuropathologic studies of 
resected temporal lobes from patients with TLE have 
suggested a link between psychosis and the presence of 
cerebral malformations, such as hamartomas and gan-
gliogliomas, as compared with mesial temporal sclero-
sis (42). These findings have been seen as consistent with 
findings of structural abnormalities, arising during fetal 
development, in the brains of schizophrenic patients with-
out epilepsy.

Bruton (43) noted enlarged ventricles, periventricular 
gliosis, and an excess of acquired focal damage in brains 
of institutionalized psychotic epileptic patients compared 
with nonpsychotic controls. That study also reported that 
schizophrenia-like psychoses were distinguished by an 
excess of perivascular white matter softenings.

In a study specifically looking at hippocampal and 
amygdala volumes, Tebartz van Elst and colleagues (44) 
examined 26 patients with epileptic psychoses, 24 
with temporal lobe epilepsy and no psychosis, and 20 
healthy controls. The psychotic patients had signifi-
cantly increased amygdala sizes in comparison with the 
other two groups, which was bilateral, not related to 
the laterality of the focus, or length of epilepsy history. 
No hippocampal differences were noted in this study. 
In a complementary study on the same groups, Rüsch 
et al. (45) were unable to find any neocortical volumetric 
differences.

Although the underlying pathology may be dif-
ferent, the absence of gliosis in the hippocampus and 
related structures characterizing schizophrenia, the 
site of the pathology, the timing of the lesions, and 
the consequent functional changes in the brain may 
all be crucial to the later development of any behavior 
changes in both epilepsy and schizophrenia. Thus, the 
behavior changes should be viewed as an integral part 
of the process of epilepsy that are manifest in some 
patients. However, the recent evidence, especially from 
brain imaging studies, suggests that Slater’s original 
hypothesis was part right but part wrong. Thus, the 
interictal psychoses seem different from schizophrenia, 
especially with regards to the admixture with affective 
symptoms and the long-term prognosis. While hip-
pocampal changes may relate to both disorders, the 
increased amygdala size (bilateral and around 17–20%) 
and the lesser volumetric changes in the hippocampus 
suggest that the two psychopathological states are bio-
logically quite different. While the laterality findings 
with regards to the functioning of the left hemisphere 
seem to hold up, the data point away from fundamen-
tally cortical abnormalities in these psychoses and bring 
the amygdala and related structures to the center of 
interest in pathogenesis.

FORCED NORMALIZATION

At the beginning of the twentieth century, reports 
appeared that suggested there was some kind of antago-
nism between epilepsy and psychosis. This was one of 
the reasons that led von Meduna to introduce convulsive 
therapy for the treatment of schizophrenia. In the 1950s, 
Landolt (46) published a series of papers on patients 
with epilepsy who became psychotic when their seizures 
were under control. He defined forced normalization
thus: “Forced normalisation is the phenomenon charac-
terised by the fact that, with the recurrence of psychotic 
states, the EEG becomes more normal, or entirely nor-
mal, as compared with previous and subsequent EEG 
findings.” Forced normalization was thus essentially an 
EEG phenomenon. The clinical counterpart of patients 
becoming psychotic when their seizures came under 
control, and their psychosis resolving with return of 
seizures, was referred to as alternative psychosis by Tel-
lenbach (21). 

These phenomena have now been well documented 
clinically. The following are important to note, however. 
First, the EEG does not need to become “normal,” but the 
interictal epileptiform disturbances decrease and in some 
cases disappear. Second, the clinical presentation need not 
necessarily be a psychosis. In childhood or in the mentally 
handicapped, aggression and agitation are common. Other 
manifestations include psychogenic nonepileptic seizures 
or other conversion symptoms, depression, mania, and 
anxiety states. Some patients experience some irritability 
and insomnia, which may either spontaneously resolve or 
develop into a psychotic state. Third, the disturbed behavior 
may last days or weeks. It is often terminated by a seizure, 
and the EEG abnormalities then return. Fourth, Landolt 
originally associated this phenomenon with focal epilep-
sies, but with the introduction of the succinimide drugs, 
he noted an association with the generalized epilepsies. 
Certainly, forced normalization may be provoked by the 
administration of anticonvulsants and has been reported 
with almost all AEDs. Drugs that have a higher propensity 
to control seizures even in pharmacoresistant patients, such 
as vigabatrin, topiramate, and levetiracetam of the newer 
AED generation, are associated with an increased risk to 
induce forced normalization (47, 48, 49).

Fifth, it is unlikely that forced normalization occurs at 
the beginning of an epileptic disorder. Most patients develop 
psychotic reactions only when seizures are switched off 
following many years of active epilepsy. It was therefore 
hypothesized that molecular effects of long-term epilepsy, 
such as dopaminergic hypersensitization, play a role (50).

The literature on antagonism between epilepsy and 
psychosis has been held to be incompatible with the 
suggestion, outlined in preceding sections, that there is 
an increased association between epilepsy and psychosis. 
This has been resolved by more careful understanding of 
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the original literature. Thus, within the association or link 
between psychosis and epilepsy, there may be an antago-
nism of symptoms between seizures and the symptoms
of psychosis. It is the longitudinal course of the disor-
ders that has to be followed, and forced normalization, 
as opposed to alternative psychosis, requires serial EEG 
recordings before the diagnosis can be made.

It is often denied that forced normalization occurs, 
probably with good reason. Thus, it is certainly rarer 
than made out by Landolt, and studies are few and far 
between. It is difficult to document cases precisely, EEG 
recordings being difficult to obtain at the right times. 
However, studies that systematically analyze the etiology 
in consecutive case series identify forced normalization 
or alternative psychoses accounting for about 10% of 
cases (9), suggesting that this condition may often be 
overlooked in clinical settings.

Other reasons to ignore forced normalization relate 
to the fact that the concept brings psychiatry uncomfort-
ably close to neurology, revealing a close biological link 
between seizures and psychosis. It also affects treatment. 
Thus, if, in some patients, suppression of seizures provokes 
psychopathology, it reinforces the fact, often ignored or 
misunderstood, that seizures and epilepsy are not synony-
mous and that an understanding of the epileptic process 
and its treatment goes far beyond the control of seizures. In 
clinical practice, to ignore the fact that some patients mani-
fest these problems as their seizures come under control can 
lead to the continuation of severe behavior disturbances, 
with all of the social disruption that then emerges, and a 
failure to manage the epilepsy appropriately.

PSYCHOSIS FOLLOWING SURGERY

Temporal lobectomy is an established treatment for patients 
with intractable epilepsy. Ever since the early series, the 
possibility that surgery itself may be associated with the 
development of psychiatric disturbance, in particular psy-
chosis, has been discussed. Some of the best evidence comes 
from the Maudsley series, initially described by Taylor 
(51) and more recently by Bruton (43). Most centers have 
stopped operating on floridly psychotic patients, based on 
the observation that psychoses generally do not improve 
with the operation. A few centers, however, regularly 
include psychiatric screening as part of their preopera-
tive assessment, but postoperative psychiatric follow-up is 
often nonexistent. Assessment of psychosocial adjustment 
is rarely performed, in contrast to the often scrupulous 
recording of neuropsychologic deficits.

The Maudsley series shows that some patients develop 
new psychosis postoperatively, and there is an increased 
reporting of depression. Bruton (43) has suggested that the 
development of postoperative psychoses may be more com-
mon with certain pathologies (gangliogliomas). Patients 

with right-sided temporal lobectomies may be more prone 
to these psychiatric disturbances (28). In some cases, the 
sudden relief of seizures that occurs following surgery 
may suggest a mechanism similar to forced normalization, 
although no persistent clear relationship emerges between 
success of the operation and the development of psychotic 
postoperative states. In recent times, there have been sev-
eral small series reported of patients with psychoses who 
have been successfully operated on, without worsening of 
their psychosis but with marked improvement in seizure 
control (52).

DIAGNOSIS

The principles of diagnosis of psychiatric problems in 
epilepsy are essentially the same as when a patient does 
not have epilepsy. However, it is not possible to apply the 
strict DSM-IV classifications (53), and in many patients 
there are subtle aspects to the clinical picture that may 
suggest the underlying neurologic flavor of the phenome-
nology. In the schizophrenia-like psychoses, these include 
the retention of affective responses, lack of personality 
deterioration, and the development of some of the person-
ality features noted in the interictal personality syndrome. 
An inclination to mysticism with developing religiosity 
is one of the most common.

Close attention to the relationship of the develop-
ment of the psychoses to the seizure pattern is essential 
if the parictal disorders are to be distinguished from the 
interictal, although in many patients this is not always 
clear, and the pattern may change with time. In particular, 
there are reports of ictally driven psychoses evolving to a 
chronic interictal syndrome, subtle at first but then more 
enduring. In other cases, the acute psychoses may erupt in 
the absence of an obvious cluster of seizures, even though 
on previous occasions the relationship has been obvious. 
The EEG in some cases is very important in clarifying the 
diagnoses, especially for nonconvulsive status and states 
of forced normalization.

Because many patients with psychoses of epilepsy dis-
play prominent affective symptoms, it is important to iden-
tify those patients with an affective disorder, as opposed to 
a schizophrenia-like state or a paranoid illness, that may 
respond initially to effective antidepressant therapy.

TREATMENT

Most patients with psychoses should be treated with anti-
psychotic medications, although these, like most antide-
pressants, can lower the seizure threshold.

Ictal psychoses may only occasionally need neuro-
leptic drugs; they usually settle rapidly with intravenous 
AED treatment.
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Postictal psychoses often do not require psychotro-
pic medication, resolving over a few hours. However, it 
is important to stress how dangerous these cases can be, 
and it is essential to take note of any command hallucina-
tions or delusions of harm to the self or others and protect 
accordingly. In the first instance, treatment with a benzo-
diazepine is helpful, since there is a risk, especially with 
some of the antipsychotics, of precipitating further seizures 
and exacerbating the psychosis. Regular benzodiazepines 
for perhaps 48 hours is often sufficient. In longer-term 
management, it is important to realize that postictal psy-
choses have a tendency to recur. It is therefore important 
to warn about this and to try, with effective AED therapy, 
to prevent clusters of seizures. It is sometimes possible to 
prevent such a cluster and hence the later psychosis by 
telling patients to take a benzodiazepine following a first 
seizure and continue then for about 48 hours. Sometimes 
all these measures fail, and so intermittent or even continu-
ous antipsychotic treatment becomes important.

Interictally, the paranoid or schizophrenia-like states 
need to be evaluated in terms of their relationship to 
seizure frequency. Thus, in patients who stop having sei-
zures in association with the onset of psychosis, a first 
therapeutic procedure might be lowering AEDs in order 
to allow seizures to reoccur. When neuroleptic drugs are 
used, a drug should be chosen that decreases the seizure 
threshold; even clozapine may be a logical prescription 
in this situation.

Where patients with epilepsy have no alteration of 
the seizure frequency, or the psychosis is occurring in the 
setting of increased seizure frequency, a neuroleptic less 
likely to precipitate seizures, such as a modern atypical 
antipsychotic, is recommended. Olanzapine and risperi-
done have been used most frequently in epilepsy; both 
drugs have relatively low risks of inducing seizures, ris-
peridone possibly even lesser than olanzapine (54).

It should be recalled that patients taking anticonvul-
sants that increase hepatic metabolism will show lower 
serum levels of neuroleptics and may therefore require 
somewhat higher doses than patients not on these medi-
cations to achieve a similar clinical effect. For long-term 
treatment, side effects should be considered, particularly 
in patients taking AEDs with similar side effect profiles. 
Olanzapine is more sedating than risperidone; there is 
also a risk for a reduced glucose tolerance, relevant for 
elderly patients, but extrapyramidal side effects are less 
common compared to risperidone. Weight gain should 
also be considered when prescribing olanzapine, par-
ticularly in combination with an AED that also induces 
weight gain, such as valproate or pregabalin. Potential 
cardiotoxic effects of antipsychotics (QT prolongation 
with, for example, pimozide and ziprosidone) should be 
considered in elderly patients, particularly when they take 
carbamazepine or phenytoin. Clozapine is only excep-
tionally prescribed in epilepsy because of the well-known 

epileptogenic risks. Clozapine causes weight gain and 
salivation. Because of its hematotoxicity, a combination 
with carbamazepine should be avoided.

As with all psychiatric problems, psychopharmaco-
logic management alone is not sufficient. Although the 
role of psychotherapy in the management of psychotic 
conditions has not proved to be of any substantial value, 
it is important to acknowledge that epileptic patients 
with psychosis bear the burden of epilepsy in addition 
to their psychosis. Patients with intermittent psychotic 
states are often perplexed and embarrassed about what 
has happened to them while psychotic and fear further 
continuing bouts with a descent into insanity. Patients 
with continuous psychosis require the skills of para-
medical intervention, and the full resources of commu-
nity care may be needed to help them rehabilitate and 
to assist their families in coping with their difficulties. 
In many patients with chronic psychoses of epilepsy, the 
preservation of affect and lack of personality disintegra-
tion over years sustains them well in their communities 
and may enable them to live with their families or even 
marry. Maintaining them and bringing such support to 
them is important, so that they may be sustained in the 
community and less likely to need recurrent admission 
to the hospital. Further, in a good family environment 
with adequate medical facilities and follow-up care, 
patient compliance will tend to be good. Deterioration 
of an otherwise delicate situation, induced by poor com-
pliance, leading to more seizures and exacerbation of 
psychopathology, with loss of control by the family and 
the physician, may thereby be avoided.

SUMMARY AND CONCLUSIONS

There is evidence that psychoses are overrepresented in 
patients with epilepsy, and few physicians who manage epi-
lepsy have not seen patients with either an ictal, postictal, 
or interictal psychosis. The link to temporal lobe epilepsy 
is strong, both clinically and theoretically, because there is 
an acknowledged link between the limbic system and the 
modulation of emotional and social behaviors (55). It has 
to be of profound interest that epilepsy, which is so often 
associated with lesions in medial temporal structures that 
tend to be present from an early phase in life, is linked 
to psychoses, which often resemble paranoid and schizo-
phreniform states found in the absence of epilepsy. Thus, 
the latter can also be shown to have pathology in the same 
areas of the brain (55), and schizophrenia is now viewed as 
a developmental disorder associated with anomalous CNS 
development in the fetal or perinatal era of life.

Finally it has to be repeated that epilepsy is not syn-
onymous with seizures, and the latter are but one mani-
festation of the disordered cerebral function of patients 
with epilepsy.
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long with the earliest documenta-
tion of epileptic seizures, behav-
ioral conditioning mechanisms were 
noted as a viable means to control 

seizures. Galen described seizures as a predictable chain 
of behaviors that could be interrupted by stimulating 
different parts of the body (1). In 1881, Gowers pub-
lished a series of case studies showing that behavioral 
techniques could interrupt seizure development (2). He 
described specific forms of stimulation, such as putting 
pressure on and massaging the hand where the patient 
felt a seizure begin, as well as more general techniques, 
such as the application of a strong aroma at the begin-
ning of a seizure. In 1857, Brown-Sequard presented case 
studies in which seizures were successfully aborted using 
a variety of stimulations, also contingent upon seizure 
onset (3). In 1931, Jackson wrote that the motor seizure 
now called “Jacksonian march” (4) could be stopped by 
vigorous rubbing of the affected limb (5).

These early reports showed an understanding of the 
value of behavioral techniques in controlling seizures and 
were conceptualized under the principle of competitive 
recruitment. This principle holds that seizures arising 
from hyperexcitable groups of neurons in the brain, when 
localizable by a specific and identifiable behavioral cor-
relate, can be blocked from progressing by behaviors that 
competitively recruit relatively normal brain cells, thereby 
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increasing their normal activity and reducing hypersyn-
chronization of the seizure focus.

During the first half of the twentieth century, experi-
mental behaviorists demonstrated that seizures in animals 
could be elicited and interrupted using conditioning tech-
niques (6–10), consistent with the principle of competitive 
recruitment. Different forms of behavioral stimulation 
were found to interrupt seizure progression when applied 
at the start of the seizure.

Conditioning techniques were subsequently applied 
to patients. In 1956, Efron reported the case of a jazz 
singer who consistently experienced seizures as she was 
about to perform on stage (11). Her seizures could be 
arrested using second-order conditioning of an olfactory 
stimulus to a bracelet. Efron first introduced the smell 
of jasmine, which the patient associated with a calming 
effect, presumably associated with a decrease in cortical 
activity. The patient inhaled the jasmine under situations 
that placed her at high risk of having seizures (specifically, 
performing on stage) as well as when seizures actually 
began. When the singer had learned to successfully inter-
rupt seizures using the jasmine, Efron then conditioned the 
smell of jasmine to a bracelet, and finally to the thought 
of the bracelet. This study demonstrated that the singer 
was able to counteract the increase in cortical activity 
associated with her seizure onset through conditioning, 
consistent with the principle of competitive recruitment, 

A
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and it marked the beginning of conditioning as seizure 
therapy for patients with epilepsy.

Electroencephalographic (EEG) technology further 
contributed to understanding the effects of conditioning 
mechanisms on seizures. Forster, for example, used video-
EEG over a 30-year period to study conditioning mecha-
nisms involved in reflex epilepsy in children (12). In 1964, 
he and his coworkers showed that seizure thresholds 
could be altered by habituation (13). They determined the 
threshold frequency and intensity by which specific stim-
uli could trigger seizures in patients with reflex epilepsy. 
Then, by exposing patients to stimuli at these thresholds 
over prolonged periods, seizures were habituated, and the 
patients were no longer sensitive to the seizure-triggering 
stimuli, resulting in fewer seizures.

Forster further used video-EEG to show that seizures 
could be extinguished by combining desensitization with 
competing responses (14). Seizure behaviors were analyzed 
for patients with reflex epilepsy, who were then exposed to 
their identified seizure-triggering stimuli and, at the same 
time, instructed to perform a distracting ritual. These pro-
cedures resulted in nearly complete seizure control, along 
with significant reductions of epileptiform abnormalities 
on continuous EEG recordings. By 1977, Forster presented 
similar data from over 30 patients with various forms of 
reflex epilepsy, demonstrating nearly complete seizure con-
trol and reduced epileptiform abnormalities (12).

This chapter reviews several specific forms of behav-
ioral therapy for patients with epilepsy, including their 
underlying principles, methods, and outcomes.

EEG BIOFEEDBACK

Using EEG biofeedback techniques, operant conditioning 
mechanisms were shown by two research groups to pro-
duce brain rhythms that protected against seizures. These 
investigators used EEG biofeedback to train patients to 
normalize their brain wave activity and thereby elevate 
seizure threshold. Sterman and colleagues published stud-
ies from 1970 to 1981 showing the sensory motor rhythm 
(SMR) was anticonvulsant in cats and patients with epi-
lepsy. After training patients to produce the SMR, they 
found seizure frequency reductions from 35 to 50% at 
one-year follow-up (15). Behavioral correlates to the SMR 
are active inhibition of peripheral motor activity and the 
mental state described as concentrated alertness.

Birbaumer and colleagues (16, 17) showed that 
instrumental conditioning of slow cortical potentials 
(SCP) reduced epileptiform activity. By observing that all 
organisms have a tendency to seize as the brain fluctuates 
in cortical activity, they redefined epilepsy as the inability 
to control cortical excitability. Whereas normal feedback 
mechanisms within the brain control these transitions 

of excitability, these authors reasoned that patients with 
epilepsy have hyperexcitability of cortical tissue because 
of a failure of these down-regulating mechanisms, lead-
ing to an explosive chain reaction of excitation among 
neuronal networks, manifesting as a seizure. The specific 
seizure symptoms depend on where and how much of the 
network is involved. Treatment with SCP biofeedback is 
thus designed to train the person with epilepsy to down-
shift his or her cortical excitability and thereby reduce 
the risk of a seizure.

SCP treatment is therefore based on a functional anal-
ysis of behavior as compared to other biofeedback tech-
niques. Whereas SMR therapy trains the patient to produce 
a specific antiepileptic brain rhythm to protect the patient in 
much the same way as drug therapy, SCP training is built on 
an awareness of the chain of seizure behavior, requiring the 
patient to generate up- or down-going responses of cortical 
activity contingent on its baseline level.

THEORY OF CONDITIONING

On the basis of animal research (18), Fenwick theorized 
a conditioning mechanism underlying seizures and sug-
gested using this mechanism as a basis for the behav-
ioral treatment of epilepsy (19). He suggested that focal 
seizures occur when restricted populations of neurons 
surrounding the focus are sufficiently excited, whereas 
generalized seizures occur when the level of cortical excit-
ability reaches the point at which thalamic recruiting vol-
leys generalize and spread. He further proposed that these 
epileptogenic activities are not random and do not occur 
in a vacuum, but rather act in a predictable manner and 
are influenced by behavior.

Fenwick referred to the animal research of Lock-
ard and Ward (18), which conceptualized the condition-
ing mechanism underlying the seizure process in terms 
of what they called group one and group two neurons. 
Group one neurons were defined as the dysfunctional 
pacemaker group that consistently fire epileptogenic 
activity, whereas group two neurons were the partially 
affected neurons surrounding the group one neurons. 
Group two neurons mostly behave in a normal fashion 
but occasionally get recruited by the group one dysfunc-
tional neurons, resulting in epileptogenic activity spread-
ing out and away from the focus (group one neurons). 
The patient would typically sense the seizure onset when 
dysfunctional signals passed from group one to group two 
neurons. Consistent with this model, Lockard and Ward 
observed that not all monkeys developed seizures after 
injury to the exact same brain site, though all showed 
abnormal EEG activity from group one neurons. They 
speculated that monkeys who reacted with increased activ-
ity of group two neurons at the first signs of spreading of 
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the dysfunctional signals counteracted and stopped the 
spread of the “would be” seizure.

Such observations in the context of this model sug-
gested that damaged neurons predisposed to epilepsy but 
that the behavioral response to the dysfunction was criti-
cal to whether epilepsy actually develops.

BEHAVIOR MEDICINE MODEL OF EPILEPSY

In the behavior medicine model, epilepsy consists of 
an organic predisposition to seizures, and intrinsic and 
extrinsic factors that influence the probability of seizure 
occurrence. Wolf summarized this new paradigm (20):

Epileptic seizures can be triggered by both nonspecific 
facilitating factors such as sleep withdrawal, fever, or 
excessive alcohol intake, and specific reflex epileptic 
mechanisms. These consist of sensory or cognitive 
inputs activating circumscribed cortical areas or func-
tional anatomic systems that, due to some functional 
instability, respond with an epileptic discharge. Inter-
ruption of seizure activity at the stage of the aura (i.e., 
locally restricted discharge) also can be achieved by 
nonspecific (e.g., relaxation or concentration tech-
niques or vagal nerve stimulation) or by specific focus-
targeted sensory or cognitive inputs. The latter, again, 
activate circumscribed cortical areas. Intriguingly, in 
some patients, the same stimulus can either precipitate 
or abort a seizure. The response depends on the state 
of cortical activation: seizure precipitation occurs in 
the resting condition, and seizure interruption occurs 
when the epileptic discharge has begun close to the 
activated area. These relations can be understood on 
the background of experimental data showing that 
an intermediate state of neuronal activation is a pre-
condition for the generation of paroxysmal depolar-
ization shifts, whereas a hyperpolarized neuron will 
remain subthreshold, and a depolarized neuron that 
already produces action potentials is not recruitable 
for other activity. Sensory input meeting an interme-
diately activated pool of potentially epileptic neurons 
is adequate to produce a seizure. In another condition, 
the same stimulus can depolarize a neuron pool in the 
same area sufficiently to block the further propagation 
of nearby epileptic activity. Understanding these inter-
actions facilitates the development of successful non-
pharmaceutical therapeutic interventions for epilepsy.

APPLIED BEHAVIOR ANALYSIS IN 
THE TREATMENT OF EPILEPSY

The behavior medicine model of epilepsy is based both 
on the underlying pathophysiology and principles of con-
ditioning. Epilepsy is defined as a predisposition that can 
be both triggered and inhibited by certain interactions, 

behaviors, and cognitions. Depending on the baseline 
“state of cortical excitation,” a stimulus can either trig-
ger or inhibit a seizure. Treatment strategies are based 
on functional analysis and are individualized to help the 
patient with epilepsy do the following:

• Predict the seizure response by discrimination of intrin-
sic and extrinsic factors associated with seizure onset

• Prevent seizure occurrence by applying exposure 
procedures to “high”-risk situations or activities 
associated with seizure occurrence

• Interrupt or counteract an ongoing seizure response 
by initiating an appropriate “correcting” or compet-
ing response

• Reinforce himself or herself for doing so

Methods for functional analyses and individualized treat-
ment procedures are presented in a handbook (21).

Prediction of Epileptic Seizures

Discriminating “high risk” factors and early symptoms 
of seizures allows patients to predict the occurrence of 
seizures. Tools to enhance identification of these factors 
include seizure diaries, seizure behavior observations, 
and, if possible, video-EEG recordings. The most reli-
able way to confirm the identities of the seizure-inducing 
factors is to confirm how the patient actually responds to 
what he or she believes are the seizure triggers.

Spector and co-workers found that 88% of patients 
were reliably able to identify factors that precipitated 
their seizures (22). Antecedents included specific triggers 
that enhanced cortical excitation and synchronization in 
discrete areas of the brain that were uniquely receptive 
to these particular influences, such as certain light and 
sound frequencies or visual patterns. On the other hand, 
triggers could be nonspecific factors that also generally 
enhanced shifts in neuronal excitation; examples included 
anticipation, stress, conflict, fear, and physical exertion. 
Another type of trigger is the physical sensation at the 
start of the seizure.

Not all seizures begin with signs that are identifi-
able to the patient. Patients are usually able to recognize 
the initial symptoms of simple partial and complex par-
tial seizures. The seizure response itself may have been 
observed by others a number of times and may be on 
video. In the case of generalized seizures, antecedents may 
include emotional, physical, or environmental factors.

Several studies show that fear and stress increase 
the risk for seizures and, consequently, preventive treat-
ment studies have targeted these antecedents (22). Several 
studies have evaluated the effects of relaxation techniques 
(23, 24) and yoga (25), performed interictally, to reduce 
stress levels.
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Interrupting Ongoing Epileptic Seizures

Interrupting an ongoing seizure has been attempted by 
most patients with epilepsy, either consciously or by 
accident (21), resulting in aborting or postponing sei-
zure onset, moving to a safe place, and shortening sei-
zure length. Figures vary, but between 23% and 53% of 
patients have aborted a seizure (22). Most commonly, 
patients either increase or decrease cortical activity 
depending on the upward or downward shift in cortical 
activity induced by the seizure trigger (21).

The functional analysis helps the patient determine, 
in each situation, which direction the countermeasure 
should aim for. If the trigger is characterized by a high 
cortical excitation, the countermeasure would be a slow 
transition downward, whereas if the trigger is a drowsy 
state, the countermeasure would warrant an increase in 
cortical excitement. A variety of techniques for changing 
cortical activity are available so that patients can choose 
an appropriate countermeasure depending on their spe-
cific situation (21, 26, 27). Examples of up-going (that 
is, cortically exciting) countermeasures are whistles, 
strong smells (for example, a raw onion), strong tastes 
like fresh ginger, singing, shouting, tactile stimulation 
with massage or pinching, and jumping up and down. 
Examples of down-going countermeasures are breathing 
exercises, muscle relaxation, or focused concentration on 
a song, a mathematical problem, or a calming picture. 
Betts and co-workers (28, 29) used aromas to stimulate 
a general arousal when applied at the time of seizure 
onset, resulting in an immediate halt to seizure activity. 
In the case of developmentally challenged individuals, 
countermeasures can be employed by caretakers to help 
interrupt seizures.

Seizure triggers and seizure responses constantly 
change along with the infinite variations of contingencies. 
Under the seizure behavioral analysis approach, patients 
are taught the underlying principles and to swiftly apply 
the appropriate countermeasure at the start of each sei-
zure. They learn that this approach is different conceptu-
ally from standard drug therapy. For the latter, epilepsy 
is seen as an uncontrollable illness with unpredictable 
seizures, where medication is the only alternative, in con-
trast to the seizure behavioral analysis approach, which 
conceptualizes epilepsy as a tendency to seize in which 
seizures are predictable and controllable.

Treating the Function of Seizures

One of the most difficult parts of the behavioral analysis 
approach is to understand the function of the actual sei-
zure in the life of the patient. At first glance, an epileptic 
seizure would probably not be viewed as having a func-
tion. In fact, when medical professionals use the word 
“functional” to refer to seizures, they mean psychogenic 

nonepileptic seizures. In the operant conceptualization, 
all epileptic seizures would be called functional since they 
all “function” or operate on the environment in some 
way. For example, seizure behavior looks scary or painful 
to observers, or elicits a range of behaviors towards the 
person with epilepsy.

Is it possible that seizures could be reinforced by 
the effects they have on the environment? In a long-term 
study, a majority of children with refractory seizures did 
not want to become seizure-free, counter to the wishes 
of parents, caretakers, teachers, and physicians (30). 
Children and young people report positive reinforce-
ment from others based on their seizures, such as special 
privileges or attention, physical contact, being someone 
special; further, seizures themselves may be stimulating 
or may induce euphoria. Dostoyevsky describes his sei-
zure experience as follows “the air was filled with a big 
noise and I tried to move. I felt the heaven was going 
down upon the earth and that it had engulfed me. I have 
really touched God. He came into me myself. Yes, God 
exists. I cried, and I don’t remember anything else. You 
all, healthy people . . . can’t imagine the happiness we 
epileptics feel during the second before our fit . . . I don’t 
know if this felicity lasts for seconds, hours, or months 
but believe me, for all the joys that life may bring, I 
would not exchange this one” (31). This positive descrip-
tion shows the complexity of the function of the seizure 
experience.

Young people and adults also report that seizures 
may be a means to avoid undesirable situations or to 
reduce anxiety and tension. Not surprisingly, therefore, 
the function of seizures correlates with social skills. In a 
long-term study of children with drug-refractory seizures, 
social skill competency was inversely related to the fre-
quency of seizures occurring in social situations (30). The 
more developed the social skills, the fewer seizures that 
occurred in social situations; whereas the less developed 
the social skills, the more often that children’s seizures 
occurred in specific social settings. Children with poorly 
developed social skills reported that seizures prompted 
desirable social consequences such as being held, being 
seen, and being the center of attention. Seizures that were 
reported as stimulating were often maintained while non-
stimulating seizures were controlled, and seizures that 
were anxiety-reducing were less likely to respond to con-
ventional anticonvulsant drugs.

This overview of the possible functions of a seizure 
shows how complicated and sophisticated the functional 
analysis must be. If the patient’s seizures function in 
a desirable direction or effectively reduces something 
undesirable, conventional treatment is not likely to work. 
Still, the issue of function is a difficult one for all treat-
ing professionals. Do people choose to have seizures? In 
our experience, people can influence the probability of 
a seizure occurring, and once it starts, they can choose 
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to some degree the course it will take. The treating pro-
fessional should look carefully at what functions the 
seizures may serve and help the client to find more attrac-
tive alternatives.

EVALUATION OF BEHAVIOR TREATMENT 
OF EPILEPSY

Studies evaluating behavior therapy as a treatment for 
epilepsy have been reviewed a number of times over 
the past 30 years. Mostofsky and Balaschak reviewed 
60 studies in 1977 (32), Kraft and Poling (1982) added 
11 studies to their review of studies from 1960 to 1980 
(33), Goldstein reviewed studies published from 1980 to 
1990 (34), and, most recently, Cochrane reviewed stud-
ies of the psychologic treatment of epilepsy (35). Meth-
odological inadequacies discussed in the early reviews 
were low numbers of subjects, inadequate randomiza-
tion, absence of serum anticonvulsant concentrations to 
confirm medication compliance during treatment phases, 
lack of objective physiologic measures, and sole reliance 
on self-rating.

Goldstein reviewed seven studies that used EEG test-
ing, anticonvulsant serum concentration measurements, 
sufficient numbers of subjects, one-year follow-ups, and 
appropriate statistical methods (23, 36–40). These studies 
included measures relevant to cognitive behavior therapy, 
including seizure diaries to document seizure frequency, 
duration, situation, response, and consequence. Social 
skills and coping skills were rated as well. Most dependent 
measures were tracked over a 10-week baseline, thereby 
providing the information needed for the seizure behav-
ioral analysis. Treatments were individualized based on 
the behavioral analysis but also included preventive exer-
cises, discrimination of seizure triggers, training in seizure 
countermeasures, and contingency management.

The Cochrane review assessed randomized or quasi-
randomized studies of one or more types of psychologic 
or behavior modification techniques (35). Using strict 
criteria comparable to medical studies, the meta-analysis 
determined that all the trials were too small and their 
methodologies inadequate, leading to the conclusion 
that there was no reliable evidence to support the use of 
behavior treatments for patients with epilepsy and that 
further trials were needed.

ACCEPTANCE AND COMMITMENT THERAPY

Acceptance and Commitment Therapy (ACT) is a behav-
ior therapy based on a new theory of language and cog-
nition (41). ACT has been previously evaluated for a 
number of disorders such as depression, pain (42), and 
diabetes (43), generally with good outcomes.

ACT and other behavioral approaches for seizure 
management were studied in patients with refractory 
seizures in South Africa and India (44). In developing 
countries such as South Africa and India, the majority of 
people with epilepsy do not have access to modern anti-
convulsant drugs; therefore, inexpensive and assessable 
alternative treatments are essential. Both studies were 
randomized, controlled trials and compared ACT and 
a control condition in South Africa, and ACT and yoga 
in India. Essentially the same ACT treatment protocol 
was used in both studies. Participants included adults 
with frequent, EEG-verified refractory seizures. Treat-
ment consisted of 11 hours of therapy divided between 
two individual and two group sessions, and additional 
booster sessions at 6 months and one year. The South 
African study, conducted at an institution for persons 
with severe epilepsy, showed a significant reduction in 
seizure frequency and an increase in quality of life at the 
one-year follow-up (44).

ACT consists of acceptance, defusion, values, con-
tact with the present moment, committed action, and 
self as context (45). Behavior management of seizures is 
typically taught toward the end of the ACT protocol (21). 
The aim of ACT treatment is to help the client create psy-
chologic flexibility around “stuck places” and establish 
contact with direct and natural contingencies of one’s 
valued directions.

Acceptance refers to accepting aspects of epilepsy 
that the patient cannot change. Clients learn to accept 
their predisposition to seize and the associated fears and 
negative thoughts and emotions, thereby avoiding “going 
to war” with their seizures, since this is a war the patient 
cannot win by fighting. Accepting the risk of having sei-
zures and nonetheless living a full life is a skill that must 
be learned and practiced. Acceptance can improve seizure 
frequency, as exemplified by some patients who undergo 
video-EEG monitoring. In this situation, patients “try” to 
have seizures, and it is exactly this “trying” or acceptance 
that usually leads to no seizures, even among patients 
with very frequent seizures.

Defusion involves creating a distance between the 
client and his or her thoughts, associations, and rules 
related to epilepsy. Epilepsy-related thoughts, rules, and 
feelings of stigmatization are looked at objectively rather 
than from within. The client learns to use the thinking 
process more effectively.

Contact with the present moment means helping 
clients to be present with positive reinforcement or the 
vitality of the “here and now” rather than being engaged 
in problems of the past or fears about the future. Patients 
struggling with epilepsy commonly believe that they need 
to get somewhere else other than where they actually are 
to begin to live, and that they must be seizure-free before 
they would be acceptable as a partner or in the work 
force. Learning to make contact with the here and now 
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gives patients a way to let go of the struggle with their 
private events and to start creating the life they want.

Self as context is one of the fundamental principles 
of ACT. Through this process, the client creates a place 
from which fears, thoughts, and feelings can be looked 
at. The client has epilepsy, but he or she is not epilepsy. 
The client has fears but is not those fears. Self as context 
entails a perspective that the contents of life are products 
of human history. Self as context promotes a skill whereby 
the client learns that “I” is the constant context that has 
always been there, observing all experiences in life. From 
this perspective, the daily life experiences that constantly 
change appear less threatening. If there is no difference 
between the client and his or her epilepsy, there will be 
a struggle and suffering. By contrast, distinguishing self 
from life experiences allows the patient to put the epilepsy 
in perspective; epilepsy and seizures will simply be one 
of the many experiences in the content of a person’s life, 
but not the basis for defining the person.

Values are an important process in ACT, since val-
ues provide the motivation necessary to commit to the 
work of getting back into life. “Values illness” is a term 
describing the process of giving up important, valued life 
directions in order to control symptoms. When symptom 
control becomes a person’s main preoccupation, impor-
tant sources of positive reinforcement are neglected and 
vitality is lost. The more the patient struggles and orga-
nizes his or her life around prevention, avoidance, and 
control of the seizures, the less time that he or she has to 
become involved in valued life activities. As the avoid-
ance agenda grows, quality of life diminishes. Contact-
ing constant, valued directions provides a way toward 
a meaningful and vital life and shows patients how far 
off course they have veered because of their emphasis on 
avoiding seizures.

Committed Action is the final process in ACT and 
entails a public commitment regarding actual steps the cli-
ent is willing to take here and now to overcome obstacles 
and reclaim or create the chosen valued life. A commit-
ted action in ACT is a step taken toward a valued life, 
fully present and mindful, regardless of the resistance of 
private events and fears.

The Treatment Protocol

The six processes in ACT create psychologic flexibility 
and a space for valued living. The following is an out-
line of the objectives for the four-session ACT treatment 
protocol.

Session one focuses on establishing the “life com-
pass.” The therapist helps the client experience the dis-
crepancy between how the participant wants to live 
(valued directions) and how he or she is actually living. 
Barriers to this desired life and how the patient has previ-
ously handled those barriers are examined. Associations 

and “rules” about the seizures held by the client are 
mapped out. Typical such rules are “I would like to study, 
but I have epilepsy,” or “I would like to have a partner 
and a family, but no one wants someone with seizures.” 
These rules are then targeted using the process described 
above.

Sessions two and three each last three hours and 
typically consist of six to eight people. The goals are to 
help participants understand, experience, and practice 
the concepts of taking steps in valued directions despite 
the obstacles, seeing thoughts as thoughts and not truths, 
learning and practicing seizure interruption methods, and 
making public commitments toward creating the vital 
life of their choosing. Role-playing allows participants 
to understand with their intellect but also to experience 
through practice. The group conducts functional analyses 
of each participant’s seizures and brainstorms possible 
seizure interruption methods.

The aim of the fourth and final session is to sum-
marize and evaluate how the participant is applying the 
treatment components, taking steps in the valued direc-
tion, defusing less useful behaviors, and using seizure 
control techniques. New commitments to taking steps 
in the valued life directions are made.

Outcome Measurements

Dependent variables that can be used to measure the 
effects of this treatment model are seizure frequency and 
duration, quality of life, vitality, and experiential avoid-
ance with regard to epilepsy. Seizure frequency and dura-
tion are combined in the seizure index, used previously 
in several behavioral studies (27, 36). Two standardized 
quality-of-life measures that are used are the World Health 
Organization Quality Of Life (WHOQOL-bref) (46) and 
the Satisfaction With Life Scale (SWLS) (47). New instru-
ments developed for this purpose include a variation of 
the Acceptance and Action Questionnaire (AAQ), called 
here the AAQEP, and the Bulls-Eye, a measure of vitality. 
The AAQ has shown good reliability and validity, with 
test-retest reliability values of 0.89 and 0.92 (Cronbach’s 
alpha) (48). The Bulls-Eye shows a test-retest reliability 
of 0.86 (Pearson’s correlation) (49).

The Bulls-Eye measures participants’ functioning 
level, along with persistence and vitality in actions, and 
consists of four dartboards. For the first three dartboards, 
the client is asked to choose a valued direction that he 
or she would like to improve or move toward (or is not 
satisfied with). The bull’s eye of the dartboard represents 
100% vitality of a defined valued direction. Using the first 
three dartboards, subjects are asked to mark how close 
they are living in the direction of vitality in that chosen 
value. The last dartboard asks the clients to rate how 
often they generally try to follow valued life directions 
despite difficulties and barriers. The distance between the 
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bull’s-eye and the edge of the dartboard is 4.5 centimeters. 
On the first three dartboards, the measurement is figured 
by taking the distance between the X placed by the subject 
and the center of the bull’s-eye, and an average distance is 
calculated. The last dartboard is measured the same way 
as the first three but is presented as a single measure.

Results

Overall the ACT intervention produced �90% reduction 
in total amount of time spent seizing from baseline to 
the one-year follow-up (44). Quality of life also signifi-
cantly improved for the ACT participants as measured by 
the WHO measure, which includes psychologic health, 
physical health, environmental health, and quality of 
social relationships. Interestingly, improvement was not 
immediately apparent but was significant at the one-year 
follow-up, with a very large effect size (Cohen’s d � 1.57). 
Not only was the outcome positive, but the model itself 
was supported. For example, the post-treatment score on 
the AAQEP and the Bull’s-Eye both showed a very large 
effect in favor of the ACT condition, with effect sizes 

between 1.95 and 3.23. These processes fully mediated 
the effect seen one year later both in seizure reduction 
and—more impressively, because these changes emerged 
only over time—quality of life. For example, the three 
process scores at post-treatment accounted for 43 to 53% 
of the variance in quality-of-life outcomes seen a year 
later, depending on the specific process examined (50).

SUMMARY

In summary, behavior treatments of epilepsy include both 
specific techniques that manipulate the seizure process 
and contextual methods of helping the client relate to 
his or her epilepsy and seizures in ways that allow for 
living in desired vital life directions. At the very least, 
behavioral interventions should be used to complement 
conventional medical therapies. For patients who prefer a 
nondrug approach or for others who do not have access 
to anticonvulsant drugs, behavior treatment, which has 
the most evidence based support of any of the available 
alternatives, should be considered.
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Personality Disorders 
and Epilepsy

here are few topics in the field of 
epilepsy research that have attracted 
more controversy than the associa-
tion between changes of personality 

and epilepsy. There are several reasons for this, although 
most can be traced back to the legacy of Cartesian dual-
ism, which was such a powerful, dishonest, yet seductive 
backdrop to neuroscience. Although it still remains—like 
the painful sting of a bee embedded under the skin while 
the bee itself is dead—ingrained into the thought pro-
cesses of the lay public and the media, dualism also 
continues to invade the clinical sciences, and nowhere 
more in the still-present gap between neurology and 
psychiatry in many countries.

In the first part of the twentieth century, it was a 
generally believed that epilepsy was not linked in any 
direct way with psychiatric problems, although secondary 
disturbances may have been expected from prolonged use 
of sedative medications, head injuries, and social stigmati-
zation. In fact, to suggest that epilepsy was anything more 
than seizures was thought to add to that stigmatization 
and was thus de facto harmful.

However, amid such theorizing several advances 
in the neurosciences were being made that bypassed 
theorists for several years. First, there was a growing 
understanding of the role of the frontal lobes in regu-
lating behavior, and frontal lobe syndromes, essentially 

Michael Trimble

personality disorders, were being described in animals 
and humans. Second, a temporal lobe syndrome was 
revealed after bilateral damage to the temporal lobes, 
which presented as an alteration of personality traits, 
with calming of emotions, visual agnosis, and alterations 
of sexual behavior.

This Klüver-Bucy syndrome was later shown to be 
linked in particular to amygdala damage, whereas an 
amnestic syndrome followed bilateral destruction of the 
hippocampi and related structures such as the fornices. 
Third, and most significantly, a cerebral representation 
for the emotions was outlined and then elaborated on 
by Papez, Yakovlev, and MacClean. This rediscovery 
of Broca’s limbic lobe, now viewed as a system for the 
regulation and expression of the emotions, involved such 
key structures as the amygdala and the hippocampus. 
Temporal lobe epilepsy (TLE) was discovered in the clin-
ical setting with the use of the electroencephalograph 
(EEG), and authors such as Gibbs noted that patients 
with what was referred to as psychomotor epilepsy were 
more susceptible to develop psychiatric disorders than 
those with other epilepsy syndromes; for a more extensive 
overview and references see Trimble (1).

In the 1960s, Slater and colleagues redefined the 
interictal psychoses, but it was Geschwind in the 1970s 
who coined the term “interictal behavior syndrome of 
TLE” and sparked a controversy that is still ongoing. 

T
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Interestingly, by this time, Gastaut in France had also 
described a similar syndrome, and Janz had defined 
another personality style linked to his syndrome, juvenile 
myoclonic epilepsy (2–5).

THE GASTAUT-GESCHWIND SYNDROME

It needs to be emphasised that only a minority of patients 
develop these syndromes, and the full syndrome is not 
necessarily found in all patients. Some have only some 
of the features, the full syndrome being seen in less than 
10% of those with chronic TLE (6). Some patients  display 
hypergraphia or -religiosity in association with their 
seizures as a postictal phenomenon, whereas in others it 
waxes and wanes but is chronic. It may be extinguished by 
antipsychotic medications if it is seen, as it often is, in asso-
ciation with an interictal psychosis of the schizophrenia-
like type. It is probably an all-or-nothing phenomenon, 
rather than some graded trait, and, as such, is therefore 
easily missed in small groups of patients.

Bear and Fedio (7) documented 18 traits that were 
associated with TLE using their inventory (the Bear-Fedio 
Inventory, or BFI) specifically designed to detect such 
traits. The authors also noted that patients with right 
TLE exhibited more emotional traits and tended to deny 
their negative behaviors, whereas those with a left-sided 
focus displayed more ideational traits and tended to be 
more self-critical. The study was criticized, however, 
for assessing small numbers of patients, and none with 
other forms of epilepsy, and they did not control for the 
presence or absence of psychiatric disorder, nor did they 
specify anticonvulsant medication. Since then, there has 
been controversy regarding the replication of these find-
ings. Mungas (8) found that the BFI did not differenti-
ate patients with TLE from other neurologic groups but 
merely reflected the presence or absence of concomitant 
psychiatric illness. Dodrill and Batzel (9) in a literature 
review reported that people with epilepsy show more 
behavioral problems than normal controls and differ 
from patients with nonneurologic medical problems in 
that they show more psychotic-like symptoms. Rodin and 
Schmaltz (10) concluded that the BFI is a general measure 
of emotional maladjustment but provided, in their view, 
no support for a specific TLE syndrome. The BFI has 
also revealed increased traits including humorlessness to 
occur in patients with frontal lobe epilepsy diagnosed 
using depth electrodes (11).

Apart from the BFI, most studies that have looked at 
the issue of personality disorders in patients with epilepsy 
have used such instruments as the Minnesota Multiphasic 
Personality Inventory (MMPI) or the Structured Clinical 
Interview for DSM-IV-TR (SCID)—standardized instru-
ments in psychiatry, but ones that are not attuned to 
the specific behavioral profile outlined in the interictal 

syndrome. Further, such diagnostic manuals as the 
Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (DSM-IV), are of no help in this regard, as 
this and other well-defined syndromes of epilepsy (e.g., 
postictal psychosis) will not be found therein.

The characteristics of the Gastaut-Geschwind syn-
drome include such symptoms as alterations in sexual 
behaviors, irritability, and viscosity, the latter being a ten-
dency to slow, labored thinking, as if thoughts are emerging 
from molasses. This sometimes is revealed as circumstanti-
ality, to quote the psychopathologist Frank Fish (12):

Here thinking proceeds slowly with many unnecessary 
trivial details but the point is finally reached. The goal 
of thought is never completely lost and thinking pro-
ceeds towards it by an intricate and devious path. This 
disorder has been explained as the result of a weakness 
of judgement and egocentricity. It is an outstanding 
feature of the epileptic personality.

Viscosity appears to be more common in patients 
with TLE, especially with left or bilateral seizure foci, 
and is also correlated with duration of epilepsy and left 
handedness (13). It has been suggested that viscosity may 
result from impaired linguistic skills.

However, the two most fascinating features of the 
Gastaut-Geschwind syndrome are hypergraphia and 
hyperreligiosity.

Hypergraphia

This was first clearly described by Waxman and Geschwind, 
and refers to the tendency to write excessively and often 
compulsively (4). They initially discussed seven patients 
with TLE, all of whom were hypergraphic. The writing of 
these patients was extensive, and characteristically meticu-
lous, and in four patients the written themes had moral 
and religious overtones. In a further study, the researchers 
published three additional cases; one of the patients was 
reported to have undergone multiple religious conversions. 
The writing revealed a preoccupation with detail, and a 
“compulsive quality to much of the written output.”

Repetition of words, and often sentences, is seen. 
Patients are described who wrote long, often detailed 
descriptions of their lives, and several were producing 
religious texts, such as the Bible or the Koran. Poetry 
writing was often a feature. There was often a scrupu-
lous attention to detail, and an associated mood disorder, 
mainly of euphoria, the latter was often linked to the 
hypergraphia.

Since these early studies, hypergraphia has been 
observed in 8% of patients with epilepsy (14) and has 
been associated with previous psychiatric episodes, emo-
tional maladjustment, computed tomographic (CT) scan 
abnormalities, and focal epilepsy (especially TLE) (15), 
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along with affective disturbance (especially hypomania) 
and nondominant foci (16).

The question of the relationship of cerebral laterality 
to hypergraphia is at present unclear, although at least 
one report noted an overrepresentation of right-sided foci 
and an association with episodes of déjà vu. No patient 
had a left-sided focus for the epilepsy, and a statistically 
significant excess of right temporal abnormalities was 
noted. Déjà vu auras are usually driven by a right tem-
poral lobe focus.

Although the relationship of the hypergraphia noted 
in epilepsy to the ability to produce creative written text 
for the moment must remain speculative, the phenom-
enon is obviously the opposite to the effects noted with 
left-hemisphere lesions, with the subsequent development 
of aphasia and agraphia.

It has been noted that the content of the writing 
from patients with epilepsy with hypergraphia often 
reflects religious or mystical themes. Of fifteen pub-
lished cases, nine had hyperreligiosity or comparable 
extensive metaphysical beliefs, and those who see these 
patients regularly in the clinic, and who ask about such 
phenomena, recognize the frequent association with the 
metaphysical.

Religiosity

The “heightened religiosity” of epilepsy has been rec-
ognized since the nineteenth century by the French and 
German alienists (1, 6, 17). Despite this, little attention 
has been paid to this relationship, although with the 
growing interest in religious behaviors as a social phe-
nomenon and potential threat to civilization, the study 
of patients with neurologic and psychiatric disorders and 
excessive religious feelings seems warranted.

Earlier studies by Bear and colleagues found that 
“religiosity trait” scores could distinguish between 
patients with TLE and normal controls and patients 
with other psychiatric or neurologic conditions includ-
ing extratemporal focal epilepsy and generalized epi-
lepsy (18). Ecstatic ictal experiences, in some cases 
accompanied by visions of a religious nature, have been 
reported in patients with EEG evidence of temporal lobe 
discharges (17), and sudden religious conversions have 
been reported in the postictal period, closely related to 
the first seizure or an increase (or more rarely a decrease) 
in seizure frequency (19).

Studies Carried Out at the Institute of Neurology. In 
recent years, further studies specifically examining aspects 
of religiosity and the often associated hypergraphia in 
patients with epilepsy have been carried out (20–22). The 
phenomenology of these states, especially the religiosity, 
has been evaluated in more detail, as have attempts to 
further understand the underlying brain associations.

One problem is that measurement of such phe-
nomena as religiosity and hypergraphia is difficult, with 
few available validated rating scales and mainly a tradi-
tion of clinical observation to guide hypotheses. One of 
the subscales of the BFI relates to religiosity, another to 
hypergraphia. The scale comes in two versions: one for 
the patient to fill out, and the other for a caregiver or 
relative or person who knows the patient well. In the 
original study of Bear and Fedio, the scoring on the reli-
giosity subscale was greater in patients with temporal 
lobe epilepsy, even when compared to patients with mixed 
psychiatric disorders (and no epilepsy). In the study to 
be described, the Bear-Fedio scale was used, in addition 
to other scales that assess aspects of individual religious 
experiences and behavior. We used one scale referred to 
here as INSPIRIT and another called the Hood Mysticism 
Scale. The INSPIRIT is a questionnaire that asks about 
spiritual or religious beliefs and experiences, including 
time spent on various religious practices, and how close 
people have felt to powerful forces of one kind or another. 
There are also direct questions about belief in God and 
experiences that may have reinforced such beliefs. In our 
studies this scale was modified to allow for a wider range 
of religious experiences to be documented than in the 
original and better descriptions of the nature of them. 
The Hood scale, which was based on Hood’s readings 
of James’s varieties of religious experiences, taps into the 
quality of them. There are two major factors evaluated 
by this scale, namely general mystical experience and 
religious interpretation.

Three experimental groups were defined. The 
first consisted of twenty-eight people with TLE and a 
prominent devotion to religion as identified clinically. 
The second consisted of twenty-two people with TLE 
who had no religious affiliations, and in the third group 
were thirty regular churchgoers without known epilepsy. 
The purpose of the study was to examine in more detail 
the psychologic profile of those patients with epilepsy 
and religiosity, and, by comparing them with the other 
epilepsy sample, to examine the underlying epilepsy vari-
ables that may be related to the religious experiences. By 
examining a group of nonepileptic worshipers, we hoped 
to capture phenomenological differences between them 
and our epilepsy sample.

The results of this study were very revealing. First 
of all, we were able to reconfirm the original findings of 
Geschwind and his school, and show that the temporal 
lobe religious group not only, as expected, endorsed the 
religiosity subscale of the Bear-Fedio scale, but they also 
revealed other elements of the Gastaut-Geschwind syn-
drome. This is shown graphically in the accompanying 
figure (Figure 31-1). Notably, the religious group also 
scored highly on the subscales of emotionality, philo-
sophical interests, anger and sadness, dependence, and 
hypergraphia. They were also rated by a significant other 
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to have more paranoia and mental viscosity than the 
nonreligious sample. Thus, the profile that emerged in the 
religious patients with epilepsy was true to the original 
clinical descriptions of the Gastaut-Geschwind syndrome, 
and emphasized hypergraphia, philosophical interests,
and emotionality linked with the hyperreligiosity.

When the two groups of patients with TLE were 
compared, those with the greater religiosity had a his-
tory of more episodes of postictal psychosis (although 
they were not psychotic at the time of interview) and 
more EEG changes that were bilateral compared to those 
without the religiosity.

The ordinary churchgoers were different in their 
backgrounds from the epilepsy patients (more females, 
of an older age who were more likely to be married, and 
with a better educational level and occupational status), 
but they also differed in their religious behaviors. The 
patients with epilepsy and religiosity were more likely 
to belong to a religion not regarded as mainstream (e.g., 
Church of England, or Catholic); Seventh Day Advent-
ism was popular. The question “How often have you felt 
as though you were very close to a powerful spiritual force 
that seemed to lift you outside?” was endorsed more by 
those with epilepsy and religiosity than by the nonepilepsy 
churchgoers, but interestingly, there was no significant dif-
ference in response to the question that asked whether 
they had any religious experience. Neither was there any 

difference in questions that asked about the frequency or 
duration of the religious experiences that they had.

The following statement from the INSPIRIT was 
endorsed more by the religious than by the nonreligious 
epilepsy group: “How often have you felt as though you 
were very close to a powerful spiritual force that seemed 
to lift you outside?”

Items also endorsed more by the religious epilepsy 
sample were “an awareness of an evil presence”; “an 
experience of a miraculous event”; “a sensory or quasi-
sensory experience of a great spiritual figure” or “an 
experience of a great spiritual figure” (such as Jesus, 
Mary, Elijah, Buddha, or Allah); “an experience with 
near-death or life after death”; “an experience of being 
punished in some way by God”; and “an overwhelming 
experience of fear.”

On the Hood Mysticism Scale, the main features 
that identified the religious epilepsy sample were the 
“noetic,” “temporal/spatial,” and “ineffable” qualities 
of their experiences. Noetic here refers to the experience 
itself as a valid source of knowledge, with an empha-
sis on nonrational, intuitive, insightful experiences that 
nonetheless are recognized as not being purely subjective. 
Ineffability means the inability to express the experience 
in ordinary language, and the temporal/spatial dimension 
reflects on the experience as one in which time and space 
are modified.

FIGURE 31-1

Showing the profiles on the Bear-Fedio self-reported rating scale comparing patients with epilepsy with and without religiosity. This 
confirms the original Bear-Fedio syndrome with high ratings on religiosity, hypergraphia, emotionality, and philosophical ideas.
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The patients with bilateral temporal lobe EEG 
changes in particular scored higher on: “the sense of pres-
ence of evil”; “an experience of a great spiritual figure”;
“an experience of angels”; “a sensory or quasi-sensory 
experience of angels”; “a near death experience”; “an 
overwhelming fear”; “complete joy and ecstasy”; “being
punished by God”; and “loss of self control.”

These results lead to some relevant conclusions. First, 
TLE can be associated with an identifiable constellation of 
behavioral dispositions that have been identified for years 
but are now better documented with rating scale assess-
ments. This, in its full form, is referred to as the Gastaut-
Geschwind syndrome. Second, patients with epilepsy and 
hyperreligiosity often have experienced postictal psychotic 
states, underscoring the potential links between their psy-
chologic profile and that of an epilepsy-related psychosis. 
It is of interest in this context that states of hyperreligiosity 
are often seen in the context of such a psychosis (23).

With regard to the actual religious experiences, the 
epilepsy religious sample reported more experiences of 
the feeling of the presence of some external being, either 
of evil or of great spirituality, associated with feelings 
of death or dying and intense fear. The experiences are 
ineffable and noetic, not simply an awareness. There is 
identification, of and with that essence, and ecstasy and 
miracles are features of the descriptions.

Some caution must be given to the interpretation 
of the results of the previous study, especially comparing 
churchgoers without epilepsy with the religious patients 
with TLE, in part because of the demographic differ-
ences. However, from the neurologic point of view, it 
was the patients with TLE and bilateral disturbances of 
function (as revealed through the EEG) in their temporal 
lobes who reported the most intense religious experiences, 
especially endorsing items related to the inner subjec-
tive nature of their experiences, their ineffability, and the 
spatial/temporal component.

Laterality

The herein reviewed literature seems to suggest a bias 
toward a predominant role of the nondominant hemisphere 
for some features of the Gastaut-Geschwind syndrome,
and studies from the field of biological psychiatry have 
implicated this hemisphere as the one more associated 
with some secondary affective disorders, namely bipolar 
disorders and hypomania. The electrophysiological data 
previously reported linked bilateral disturbances with the 
most religious patients. It was with this background that 
we measured the volumes of the hippocampus and the 
amygdala, using magnetic resonance imaging (MRI), in 
patients with epilepsy whose interictal behavior was rated 
using the BFI (21).

Thirty-three patients with refractory epilepsy were 
examined, and the volumes of the limbic structures were 

compared between those who scored high and those who 
scored low on three subscales of the inventory, namely 
“religiosity,” “writing,” and “sexuality.” Patients who 
met the criteria for hyperreligiosity had significantly 
lower mean right hippocampal volumes than those not 
reported as religious. Although in itself this finding was 
interesting, confirmation of the association emerged when 
the actual scores on religiosity were correlated with hip-
pocampal size. Thus, there was a significant negative 
association between religiosity scores and hippocampal 
size, on the right side only. Further, this correlation was 
found for both patient self-ratings and on the indepen-
dently obtained caregiver ratings—the smaller the right 
hippocampus, the greater the expressed religiosity. These 
data suggested that pathological involvement of the right 
limbic structures may be of central importance to the 
development of these personality attributes, in keeping 
with the aforementioned developed hypothesis.

Sexual Disorders

Despite sexual dysfunction being described in epilepsy 
since the nineteenth century, there is still debate as to the 
etiology of the dysfunction and even the extent to which 
epilepsy increases the risk of sexual disorder. Changes of 
sexual behavior were part of the original descriptions of 
temporal lobe personality changes.

Self-mutilation, transvestism, sadomasochism, exhi-
bitionism, and fetishism have been reported anecdotally, 
especially with TLE, which may resolve with cessation 
of attacks with medical or surgical treatment (24, 25). 
The most common sexual dysfunction experienced is the 
interictal disorder of hyposexuality, which Toone et al. 
defined as “a global reduction in sexual interest, aware-
ness and activity.” The prevalence varies from study to 
study with little agreement, reflecting the difficulties of 
reliability and validity of assessment methods. Toone 
et al. (26) compared the sexual functioning of adult males 
with epilepsy attending their general practitioners with 
controls. They found that 56% of patients with epilepsy 
had experienced previous sexual intercourse, compared 
with 98% of controls, with only 43% of patients with 
epilepsy having sexual activity in the last month, com-
pared with 91% of controls.

Fewer studies have focused on sexual dysfunction 
in women. Ndgegwa et al. (27) found that women with 
epilepsy (all of whom had a regular heterosexual partner) 
had less frequent sexual activity, more vaginismus, and 
generally less interest in sex than controls. Bergen et al. 
(28) found that 34% of 50 female outpatients attending 
a tertiary referral center were hyposexual.

The sexual dysfunction in both sexes would appear 
to have a neurophysiologic component. Men with epilepsy 
have an increased rate of erectile dysfunction (ED), with 
rates of 57% in one study (26) compared with 9% in the 
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general population. Nocturnal penile tumescence (NPT) 
testing has shown that the ED appears to be physiologic 
in origin (29). However, endocrine changes (raised sex 
hormone–binding globulin and reduced free testosterone) 
have also been reported in epilepsy, especially when 
patients are treated with hepatic enzyme–inducing anti-
epileptic drugs (AEDs) (30), and the relationship between 
these hormonal changes and any reported hyposexuality 
is not known. Therefore, the hyposexuality is likely to be 
multifactorial in origin, involving neurologic, endocrine, 
psychiatric, cognitive, and psychosocial factors (31).

PERSONALITY CHANGES IN JUVENILE 
MYOCLONIC EPILEPSY

Although most of the discussion of the personality changes 
in epilepsy have revolved around the interictal syndrome of 
TLE, the personality associations with juvenile myoclonic 
epilepsy (JME), one of the generalized epilepsies, was 
described by Janz and Christian (5). The data have been 
reviewed elsewhere (32), including Janz’s own descriptions 
of poor sleep habits, going to bed late and waking late, and 
a personality profile characterized by “unsteadiness, lack 
of discipline, hedonism and indifference towards their ill-
ness.” Affected patients were prone to mood swings, were 
suggestible, and could react with undue sensitivity. These 
characteristics often led to poor compliance with treatment 
regimens and made management difficult.

Several studies have used rating scales to assess 
groups of patients with JME, although little has come 
from them, being few in number and using standard-
ized ratings of psychopathology—which, as with the TLE 
studies, may be inappropriate. It is of interest, however, 
that studies of cognition in patients with JME suggest 
that they do less well on frontal lobe tasks than matched 
patients with TLE (33, 34). In spite of the clear descrip-
tions of personality associations with JME, this has not 
been well researched and clearly needs further study, par-
ticularly in comparison to those with TLE.

CONCLUSION

The article by Waxman and Geschwind (4) may be 
described as a classic in neuropsychiatry, but it was also 
emblematic for a sea change in the history of neurology 
and psychiatry. They were describing a chronic personal-
ity change, seen in people with epilepsy, that was attrib-
uted to neurologic dysfunction in the temporal lobes. To 
repeat, when this was published, the prevailing view was 
that any psychopathology associated with epilepsy was 
secondary to the consequences of the disorder, rather 
than integral to the epilepsy itself. The idea that altera-
tion of function of the temporal lobes could lead to an 

organically induced personality change was quite alien to 
that generation. Neurology and psychiatry were divided 
by the chasm of metaphysics, with its ever-flowing Carte-
sian stream, and there seemed no easy way to harmonize 
the two at that time.

There are several other central nervous system disor-
ders that have been linked with hypergraphia and hyperre-
ligiosity, including schizophrenia and mania. Hypergraphia 
is also seen rarely following certain strokes, affecting corti-
cal and subcortical (thalamic) structures, lateralized to the 
right hemisphere (35), and may be noted as a reflection of 
“utilization” behavior in people with frontal lobe lesions. 
However, the writings are entirely different in quality from 
the hypergraphia of patients with the Gastaut-Geschwind 
syndrome. Patients with frontal lesions perseverate on tasks, 
and simply continue using (hence the term utilization) the 
pen or whatever they are writing with. It is also possible to 
distinguish between the more conscious attentive writing 
associated with epilepsy and the automatic compulsive 
writing seen in stroke patients.

An associated feature of the hypergraphia and reli-
giosity in epilepsy is elevation of mood, the latter often 
showing a close temporal relationship to the pathological 
activity. Hypergraphic patients also often seem to report 
déjà vu experiences. The latter, in which patients feel they 
have seen or lived through (déjà vecu ) the period of time 
they are now experiencing, represents an interesting dis-
turbance of biographical memory and is typically evoked 
by abnormal stimulations of the right side of the brain. 
The aforementioned studies support a link to the limbic
structures of the nondominant hemisphere, although 
they seem to suggest that the more extreme religious 
experiences require bilateral disturbances. These data 
support a role of more extensive brain structures underly-
ing the religious experiences of the most fanatical—those 
whom William James, more than 100 years ago, referred 
to as the geniuses of religion (1, 36). Almost certainly iso-
cortical involvement, especially right frontal and parietal 
cortex, is a part of any underlying circuitry of the ecstatic 
religious experience, but it is through studies of epilepsy 
in particular that such hypotheses can be explored.

Geschwind and his collaborators and followers 
gave to us the term behavioral neurology, essentially 
an offshoot of nineteenth-century neuropsychiatry. The 
study that introduced the interictal personality syndrome 
pushed the field in new directions, because it touched on 
behaviors not usually discussed in neurologic circles, for 
example, creativity and religiosity. Although the charac-
teristics of the Gastaut-Geschwind syndrome are now 
very well known, there are still many neurologists, even 
epileptologists, who find it hard to see the specimen when 
it flutters before them to be pinned down. In part this still 
reflects confusion between seizures and epilepsy, which 
require different classifications and yet remain conceptu-
ally muddled in the minds of many.
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Epilepsy has much to inform neuropsychiatry, 
especially at the fringes of psychopathology. The 
Gastaut-Geschwind syndrome will not be found in 
DSM-IV, and yet it is such a characteristic and well-
defined syndrome. It will take the interested to the 

borderlands of brain-behavior relationships, however, 
and touches on fundamental neuroscience issues that 
are coming to the forefront of research, namely neuro-
aesthetics, neurotheology, and the neurology of human 
consciousness.
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Frontal Lobe 
Behavioral Disorders

he frontal lobes are the largest corti-
cal mass of the human brain; their 
size distinguishes the human brain 
from the brains of related mammals. 

Despite significant advances in cognitive neuroscience, 
however, many functions and functional networks of the 
frontal lobes are still not very well understood.

More than a century ago it was already recognized 
that frontal lobe lesions do not necessarily cause impair-
ment of motor function, memory, or speech but may lead 
to personality changes. In 1868, Phineas Gage, a rail-
road foreman in Vermont, suffered from severe frontal 
lobe damage caused by an iron rod passing through his 
head in an explosion. He survived without functional 
impairment of his activities of daily living, but it was 
noted that he changed from a well-adjusted man to an 
irresponsible and convention-neglecting person (1). In 
the 1920s, such observations linking the frontal lobes 
with behavioral changes led to the development of 
frontal lobotomies to modify behavior in psychiatri-
cally ill patients. The procedure was abandoned because 
of severe behavioral changes, surgical complications, 
and ethical concerns. It became more and more evident, 
however, that the frontal lobes are critical to aspects of 
human behavior, without necessarily affecting motor 
function, overall level of intellect, language, memory, 
or other cognitive domains.

Barbara C. Jobst
Brenna C. McDonald

Patients with seizures originating in the frontal lobes 
have presumably pathologic changes affecting the frontal 
lobes, and therefore it seems intuitive that frontal lobe 
seizures could lead to behavioral changes similar to those 
due to frontal lobe lesions.

This chapter first reviews the functional anatomy 
of the frontal lobes and then discusses methods for 
assessing frontal lobe dysfunction, neuropsychologic 
and neuropsychiatric aspects of frontal lobe epilepsy, 
ictal and interictal features, and associated behavioral 
disorders.

FUNCTIONAL ANATOMY OF THE 
FRONTAL LOBES

Anatomically the frontal lobes are frequently subdivided 
into the prefrontal cortex and the frontal motor areas 
(Figures 32-1 and 32-2) (2). The primary motor area is 
located in the precentral gyrus and contains the corti-
cal control of motor function. The supplementary motor 
area, on the medial surface of the brain anterior to the 
primary motor cortex, is responsible for modulation and 
initiation of motor movements. In the language dominant 
hemisphere, Broca’s area, located laterally anterior to the 
primary motor cortex, is critical for expressive language 
function.

T

32
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All other frontal regions can be summarized as “pre-
frontal cortex” and include the dorsolateral frontal cortex, 
the frontopolar regions, the medial and lateral orbitofron-
tal regions, the medial prefrontal cortex, and the anterior 
cingulate gyrus (Figures 32-1 and 32-2) (2). The prefrontal 
cortex is commonly conceptualized as being responsible 
for “executive functions,” including higher-order control 
of aspects of cognition as well as behavioral regulation. 
Such “executive” aspects of frontal lobe functioning make 
a human being a well-adjusted and behaved individual in 
society and provide man with judgment, incentive, reason, 
personality, and appropriate behaviors.

Frontal lobe neuronal networks are responsible 
for response selection/initiation or inhibition to exte-
rior stimuli (3). The prefrontal cortex and its connected 
neural networks are furthermore responsible for aspects 

of attention and working memory. Working memory is 
the ability to temporarily store information required to 
carry out complex cognitive tasks online while the infor-
mation is needed (2).

The dorsolateral frontal cortex is mainly involved 
in abstract thinking, reasoning, and problem solving. 
Theory of mind, which is the ability to anticipate and 
interpret other people’s thinking or see things from their 
point of view in a given situation, has also been associ-
ated with the dorsolateral frontal cortex (Figure 32-1) (4). 
The orbitofrontal cortex is responsible for interpersonal 
behavior and perception of emotions, and the medial 
prefrontal cortex and cingulate gyrus have been associ-
ated with motivation, affective behavior and regulation, 
and humor appreciation (Figure 32-2) (4).

ASSESSING FRONTAL LOBE DYSFUNCTION

Neuropsychologic assessment of patients with epilepsy 
has in the past focused on IQ, memory, and language 
function, in part because of the emphasis on presurgical 
evaluation for temporal lobe epilepsy. These patients have 
traditionally been the largest population receiving com-
prehensive epilepsy evaluations, including neuropsycho-
logic testing. However, comprehensive neuropsychologic 
assessment has also always included measures of execu-
tive or frontal lobe functioning, which may be more likely 
to demonstrate deficits in patients with a frontal lobe 
seizure focus, even when functioning is largely intact in 
other cognitive domains. This is nicely described by Mil-
ner in her report of the case of K. M., who underwent 
frontal lobe resection at the Montreal Neurological Insti-
tute without any change in his IQ (5). Later assessment 
using the Wisconsin Card Sorting Test, a now commonly 
used measure of reasoning, problem solving, and con-
cept formation, demonstrated significant abnormalities 
in executive functions (5).

A wide variety of standardized tests are now used 
in clinical neuropsychologic practice to assess frontal 
systems functioning, including measures of attention-
related and executive functions (e.g., reasoning, prob-
lem solving, response inhibition, concept formation, 
working memory, vigilance, distractibility, and divided 
attention; see Table 32-1). In addition, assessment of 
other core cognitive functions subserved by the frontal 
lobes, including expressive language and motor skills, is 
also conducted in any comprehensive neuropsychologic 
evaluation. Other aspects of neurocognitive functioning 
thought to rely on the frontal lobes, such as personality 
and social judgment, still remain difficult parameters to 
quantify in terms of change over time. Measures of fron-
tal or executive functions targeting particular cognitive 
subdomains (e.g., reward systems) have been developed 
for research purposes.

FIGURE 32-1

Functional anatomy of the frontal lobes, lateral view.

FIGURE 32-2

Functional anatomy of the frontal lobes, medial view.
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COGNITION IN FRONTAL LOBE EPILEPSY

The neuropsychologic aspects of frontal lobe epilepsy are 
not as well studied as other focal epilepsies, particularly 
temporal lobe epilepsy, although some authors have begun 
to characterize cognitive outcomes in frontal lobe seizure 
patients (3, 6). It has long been noted that intellectual 
functioning seems to be relatively unaffected in fron-
tal lobe epilepsy whereas executive functioning is often 
impaired (4, 5). In two studies in which neuropsychologic 
findings of patients with unoperated frontal lobe epilepsy 
were compared to temporal lobe epilepsy patients (3, 6), 
more significant impairment was noted on certain tests of 
executive (e.g., tests of conceptualization and estimation 
ability, cognitive flexibility, working memory span, and 
response inhibition) and motor (e.g., motor sequencing and 
coordination) function in the frontal lobe group. Factor 
analysis showed that motor programming, coordination
and response maintenance, and inhibition were more 
significantly impaired in frontal than in temporal lobe 
epilepsy (3). Nevertheless such deficits were not present 
in about 40% of the patients with frontal lobe epilepsy.

Upton and Thompson (6) suggested there was more 
significant impairment in left frontal lobe epilepsy than in 
right frontal lobe epilepsy; but in other studies a reverse 
trend was found, which has led to the conclusion that 
there may be no consistent lateralizing cognitive find-
ings in frontal lobe epilepsy (1, 3, 6). However, motor 

testing lateralizes seizure onset more reliably than other 
measures. Rapid bilateral spread of epileptiform activity 
may contribute to difficulties lateralizing cognitive find-
ings in frontal lobe epilepsy compared to temporal lobe 
epilepsy (1). In addition, the importance of rapid propa-
gation of epileptic activity between frontal and temporal 
regions must be taken into consideration when examin-
ing these two epilepsy subtypes, given the high degree of 
interconnectedness of the frontal and temporal lobes.

Analysis of subgroups of different locations within 
the frontal lobes is difficult because of insufficient sample 
size in most studies (1). The degree to which cognitive 
performance in patients with frontal lobe epilepsy may 
differ from that in other neurologic populations with 
frontal lobe pathology but without seizures has not been 
systematically studied.

Resective epilepsy surgery may influence cognition 
in frontal lobe epilepsy, but it also provides an opportu-
nity to study the effects of epilepsy on cognition. Consis-
tent with presurgical findings, patients who underwent 
frontal lobe resective epilepsy surgery score lower on 
tests measuring speed or attention, short-term memory, 
response maintenance or inhibition, and motor coordina-
tion, whereas patients with temporal lobe resections may 
postsurgically improve on such measures (3). This would 
suggest that underlying pathology and not epileptiform 
activity or spread thereof is responsible for the neuropsy-
chologic deficits in patients with frontal lobe epilepsy.

TABLE 32-1
Neuropsychologic Tests of Attention-Related and Executive Functions

TEST NAME* DESCRIPTION OF FUNCTIONS ASSESSED

Wisconsin Card Sorting Test Reasoning, concept formation, cognitive flexibility, learning from errors
Booklet Category Test Reasoning, concept formation, cognitive flexibility, learning from errors
Tower Tests (London, Hanoi, Toronto) Planning, problem solving
Trail Making Tests  Cognitive flexibility, visual scanning and sequencing, psychomotor

  speed
Paced Auditory Serial Addition Test Auditory divided attention, working memory
Stroop Color-Word Interference Test Cognitive flexibility, selective attention, response inhibition
Digit Span (Forward/Backward) Basic auditory attention, working memory
Continuous Performance Tests  Sustained attention, vigilance, susceptibility to distraction, response 

  inhibition
Twenty Questions Test  Problem solving, concept formation, abstract reasoning, learning from 

  feedback
Cognitive Estimation Tests Practical judgment, reasoning
Porteus Maze Test  Planning, generation of problem-solving alternatives, learning from 

  errors
Verbal Fluency Tests (Phonemic/Semantic) Cognitive flexibility, response generation, ability to sustain task effort
Figural Fluency Test Cognitive flexibility, response generation, ability to sustain task effort

*Integrated test batteries including many of these measures have also been collected and conormed to assess frontal lobe functioning
(e.g., Delis-Kaplan Executive Function System, Frontal Assessment Battery).
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Supplementary motor resections may result in revers-
ible impairment of initiation of behavior. Postsurgically, 
patients can experience decreased initiation of movement 
contralateral to the supplementary motor area resection 
for variable lengths of time. This may include speech 
inhibition and aphasia (1, 11). It has been suggested that 
patients with supplementary motor area resections are 
most susceptible to postsurgical behavioral and cogni-
tive deficits. However, this should not preclude surgery, 
as these deficits are usually transient (1, 11). Partially 
targeted frontal lobe resections are less likely to cause 
postoperative deficits compared to complete lobecto-
mies, in which increased psychomotor slowing has been 
observed (1).

SOCIAL COGNITION IN FRONTAL 
LOBE EPILEPSY

Social cognition includes the ability of individuals to 
interpret the behavior of others and function effectively 
in their social environment. This includes the ability to 
be sensitive to the internal states of others and to respond 
appropriately to that perception, as well as the ability to 
take another’s perspective in a situation. Research sug-
gests that the nondominant frontal and temporal lobes 
are critical for effective social cognition functioning and 
regulation of social behavior (8). Farrant et al. tested 
patients with frontal lobe epilepsy compared to normal 
controls on a battery of tests of social cognition (4). 
Humor appreciation and perception of emotional expres-
sion were impaired in patients with frontal lobe epilepsy, 
particularly in terms of perception of anger, fear, and 
sadness. Such findings have direct clinical implications in 
terms of social interactions and relationships in frontal 
lobe epilepsy patients (4). For example, misinterpretation 
of emotional cues could potentially lead to aggressive 
behaviors observed in patients with frontal lobe epilepsy. 
Limitations in humor appreciation can negatively influ-
ence social interactions and relationships. No significant 
group differences were apparent in performance on other 
tests of social cognition (e.g., theory of mind and faux pas 
tasks) in the Farrant et al. study, suggesting that social 
cognition deficits in frontal lobe epilepsy are not reflective 
of global impairment. Rather, as for cognitive executive 
functions, it is more likely that specific aspects of social 
cognition will evidence deficits.

BEHAVIORAL DISORDERS IN 
FRONTAL LOBE EPILEPSY

Behavioral changes in patients with frontal lobe seizures 
can be related to multiple causes and occur ictally, post-
ictally, and interictally. Ictal behaviors in frontal lobe 

epilepsy can be bizarre or subtle and may be mistaken 
for psychogenic nonepileptic seizures or other psychiatric 
disease (9). Frontal lobe seizures are often exclusively noc-
turnal and tend to occur in clusters, causing significant 
sleep disturbances that can contribute to cognitive and 
behavioral changes, especially in children. Unusual ictal 
behaviors such as nonconvulsive status epilepticus and 
absence status, which is associated with frontopolar and 
orbitofrontal seizure onset, are reflective of frontal sys-
tems dysfunction (e.g., apathy and inattention). Postictal 
psychosis and impairment of attention and concentration 
have also been associated with frontal lobe seizures.

Behavioral evaluation of frontal lobe epilepsy 
patients following epilepsy surgery poses another prob-
lem, as behavioral changes could be a result of surgical 
alteration of brain functioning or a result of improved sei-
zure control. As the frontal lobes are integral to attention-
related processes such as working memory, the potential 
negative impact of antiepileptic medications on these 
processes cannot be neglected. In addition, epilepsy is 
associated with social stigma, which can impact social 
functioning beyond what may be explainable by frontal 
lobe dysfunction.

Ictal Behaviors in Frontal Lobe Epilepsy

Clonic motor activity is the primary clinical manifestation 
of seizures originating in the precentral sulcus (9). Typical 
supplementary motor area seizures consist of head devia-
tion and unilateral tonic arm posturing in a flexed or 
extended position, without loss of consciousness (9). 
Very bizarre hyperactive behaviors are characteristic of 
dorsolateral and orbitofrontal seizures, whereas rocking, 
jumping, pounding, or bicycling movements are typical 
for seizures originating in the premotor cortex. Vocaliza-
tion is frequent, and is often dramatic, including yelling, 
shouting, or uttering obscenities. Sexual automatisms or 
pelvic thrusting have also been observed. Frontal lobe 
hyperactive seizures are brief and there is no loss of con-
sciousness (9). Because of the paucity of electroencepha-
lographic (EEG) abnormalities and because of the often 
bizarre behavioral manifestations, frontal lobe seizures 
were often in the past mistaken for symptoms of psychi-
atric disease, such as psychosis or pseudoseizures.

There is a high incidence of nonconvulsive or 
absence status (also termed spike-wave stupor) associated 
with frontal lobe epilepsy (1, 9). In this state patients are 
partially responsive and do not exhibit any abnormal 
motor activity. They are able to talk and interact but 
appear somewhat apathetic and cognitively slow, quite 
the opposite of the behaviors described previously as 
typical for brief hyperactive seizures. Absence status can 
persist for hours or days; it typically presents as a quite 
sudden behavioral change and may not be recognized as 
a seizure manifestation.
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Postictal Behaviors in Frontal Lobe Epilepsy

Postictal behavior in patients with epilepsy can be quite 
different from interictal or ictal behaviors. Emotional 
sequelae, including symptoms of depression and anxi-
ety, have been noted postictally in 45% of patients with 
refractory partial epilepsy (10), with a median duration 
of 24 hours. Postictal psychiatric symptoms can also 
include psychotic features, aggression, neurovegetative 
symptoms, and hypomania (10). Postictal cognitive 
changes often include concentration and memory dif-
ficulties, as well as potential residual aphasic symptoms 
in patients with a dominant hemisphere seizure focus. 
Most of these psychiatric and cognitive abnormalities 
have been described in unselected patients with partial 
and generalized epilepsy, or in selected patients with tem-
poral lobe epilepsy. Whether their incidence and occur-
rence in frontal lobe epilepsy are comparable to those in 
temporal lobe epilepsy has not been studied systemati-
cally. Bilateral independent seizure onset and a cluster 
of generalized tonic-clonic convulsions are more often 
associated with postictal psychosis. Preexisting interictal 
psychiatric disease and a history of psychiatric hospi-
talization are also risk factors for developing postictal 
behavioral abnormalities (10).

Interictal Behaviors in Frontal Lobe Epilepsy

Interictal frontal lobe behavioral disorders have com-
plex etiologies. Patients with frontal lobe seizures due to 
identifiable frontal lobe lesions (e.g., tumor or encepha-
lomalacia) may exhibit behavioral disorders consistent 
with the lesion location. Patients without clear lesions 
can exhibit similar disorders, but it is unclear whether 
these behavioral changes are due to an unidentified lesion, 
intermittent epileptiform electrical discharges and spread 
thereof, or frequent seizures.

Patients with epilepsy due to large structural lesions 
such as tumor, stroke, or posttraumatic encephalomalacia 
may evidence behavioral disturbances similar to those 
seen in patients with such brain abnormalities who do not 
have seizures. Lesions in primary motor cortex can result 
in weakness and loss of motor coordination, whereas 
lesions in the supplementary motor area more typically 
result in a syndrome of loss of motor initiation and plan-
ning (11). Orbitofrontal and medial frontal lesions can 
lead to poor judgment, impulsive behaviors, emotional 
incontinence, and inability to anticipate the consequences 
of one’s own behavior. Hyperactivity and irritability can 
be additional features, and patients with orbitofrontal 
lesions may be unable to learn effectively from experience 
(i.e., modify their behavior based on negative feedback 
from the environment). Dorsolateral lesions can result 
in a contrary syndrome, with apathy, loss of initiative, 
lethargy, and poor planning.

NEUROPSYCHIATRIC FINDINGS IN 
FRONTAL LOBE EPILEPSY

Anxiety and mood disorders are the most common psy-
chiatric comorbidities in epilepsy patients across epilepsy 
subtypes (10), with depressive disorders more common 
in patients with partial seizures emanating from the tem-
poral or frontal lobes, or in individuals with poorly con-
trolled seizures. Dysfunction of frontal lobe regions has 
been implicated in behavioral dysfunction and a variety of 
social impairments, which can vary depending upon the 
affected frontal subregion. Such behavioral disturbance 
may therefore be seen in frontal lobe epilepsy and may 
correlate to some degree with the specific location of 
epileptogenesis, although the rapid spread of frontal lobe 
seizures may lead to more generalized frontal lobe–related 
behavioral disruption. Impulsivity, irritability, disinhibi-
tion, hyperactivity, impaired judgment and foresight, and 
emotional incontinence can be seen following orbital or 
medial frontal lobe damage, and damage to prefrontal 
regions may lead to social withdrawal, apathy, leth-
argy, emotional blunting, insensitivity to social cues and 
impaired emotion recognition, egocentrism, exhibition of 
inappropriate affect, and indifference to the opinions of 
others (4, 8, 13). In addition, the orbital and medial pre-
frontal cortex and connected circuitry are thought to play 
a role in addictive behavior, attention-deficit/hyperactivity 
disorder, and the ability to regulate violent behavior (1). 
Emotional and behavioral changes associated with fron-
tal lobe epilepsy are receiving increased attention in 
recent years and are certainly related to alterations in 
interpersonal interactions. As yet, however, no specific 
personality types or disorders have been reported to be 
related to frontal lobe epilepsy, case studies such as that 
of Phineas Gage notwithstanding. Again, this stands in 
contrast to temporal lobe epilepsy, in which a particu-
lar personality profile has been characterized, although 
its pervasiveness remains somewhat controversial in the 
literature. It is also critical to recognize that behavioral 
or personality changes related to frontal lobe epilepsy, 
particularly in nonlesional patients, are likely to be less 
marked than those observed in patients with gross fron-
tal lobe lesions (e.g., tumor), and that seizure frequency 
is an important covariate to consider when examining 
neuropsychiatric outcomes in epilepsy.

FRONTAL LOBE BEHAVIORAL DISORDERS 
IN EPILEPTIC SYNDROMES OTHER THAN 

LOCALIZATION-RELATED FRONTAL 
LOBE EPILEPSY

Behavioral abnormalities have also been noted in spe-
cific epilepsy syndromes involving the frontal lobe. In 
benign epilepsy with centrotemporal spikes (Rolandic 
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epilepsy), which involves the primary motor cortex, a 
negative correlation has been observed between amount 
of EEG spiking and performance on measures of intel-
lectual ability, short-term memory, and visual perception 
(i.e., increased epileptiform activity is related to decreased 
cognitive ability) (12). Patients with juvenile myoclonic 
epilepsy have been described as “impressionable, unreli-
able and unable,” and have a higher incidence of psychi-
atric disease compared to the general population (12). It 
has been suggested that this behavioral profile is related 
to frontal lobe dysfunction, but this hypothesis warrants 
further investigation.

There is also evidence for frontal lobe dysfunction 
in temporal lobe epilepsy (13). The temporal and fron-
tal lobes have strong functional interconnections, and 
spread of epileptiform activity to the frontal lobes has 
been hypothesized to be responsible for those deficits. 
Improvement of frontal lobe function is possible after 
successful epilepsy surgery in patients with temporal lobe 
epilepsy, in contrast to patients with frontal lobe epilepsy, 

in whom deficits appear more likely to persist postsurgi-
cally. Postsurgical seizure control, however, remains the 
major predictor of improved neuropsychologic function 
after surgery (7).

CONCLUSION

Studies of cognitive and behavioral changes in frontal 
lobe epilepsy have been scarce and inconsistent. Although 
a large battery of tests is available to measure frontal lobe 
dysfunction, some aspects of frontal lobe function such 
as personality, incentive, and social interactions remain 
difficult to quantify. Most studies examining frontal lobe 
behavioral changes lack a sufficient number of patients 
to allow consistent and precise localization within the 
frontal lobes. Further studies, preferably in a multicenter 
fashion, are necessary to explore frontal lobe behavioral 
dysfunction in patients with frontal lobe epilepsy as well 
as in patients with other types of epilepsy.
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Neurophysiologic
Correlates of Psychiatric 
Disorders and Potential 
Applications in Epilepsy

great deal of important research 
has been done in the field of psy-
chiatry in recent years with various 
neuroimaging modalities such as 

functional magnetic resonance imaging (fMRI), positron 
emission tomography (PET), and single-photon emission 
computed tomography (SPECT). These new techniques 
have eclipsed neurophysiologic methods such as electroen-
cephalography (EEG), magnetoencephalography (MEG), 
and transcranial magnetic stimulation (TMS) because they 
have improved spatial resolution and the ability to detect 
changes occurring deep in the brain. (EEG and MEG are 
more sensitive to signals produced near the brain’s surface; 
TMS affects mainly neurons near the cortical surface.) But 
neurophysiologic methods may make a comeback for sev-
eral reasons. First, with the exception of MEG, the other 
imaging modalities are expensive, while EEG and TMS 
are relatively economical. No high-field-strength magnets 
or radioactive materials are needed. Second, EEG, MEG, 
and TMS have a much higher temporal resolution than 
any of the other imaging modalities. Third, EEG, and to 
lesser extent MEG and TMS, are relatively noninvasive, 
nonthreatening, and easy to administer.

This chapter will briefly explain the most commonly 
used research methods of neurophysiologic assessment 
using EEG, MEG, and TMS in subjects with psychiatric 
disorders, review recent research findings, and suggest 

Jonathan J. Halford

avenues for possible application of these methods to the 
study of psychiatric issues in epilepsy.

QUANTITATIVE EEG: CONVENTIONAL 
METHODS

Despite skepticism from the conventional EEG commu-
nity, quantitative EEG (QEEG) continues to be studied 
as a diagnostic tool for routine psychiatric assessment. In 
QEEG, several minutes of EEG acquired with multiple 
channels (usually of nineteen or more electrodes placed on 
the head in standardized positions) are visually edited for 
artifacts and analyzed using the fast Fourier transform. This 
produces an estimate of the quantity of signal at various 
frequencies (the power spectral density) across the entire 
frequency spectra (the power spectrum). The frequency 
range for analysis has traditionally been separated into four 
wide frequency bands, including delta (1.5–3.5 Hz), theta 
(3.5–7.5 Hz), alpha (7.5–12.5 Hz), and beta (12.5–20 Hz). 
Results from each electrode can be represented as absolute 
power in each band, relative power in each band (percent-
age of power in each  channel), coherence (a measure of 
synchronization between activity in two channels), and 
symmetry (the ratio of power in each band between a sym-
metrical pair of electrodes) (1). Coherence is a frequency-
dependent measure of the degree of relatedness between 

A
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EEGs recorded over two different brain areas. High EEG 
coherence between two brain areas indicates that EEG 
amplitudes at a given frequency and their associated phase 
angles are correlated across time epochs, suggesting shared 
activation during a particular task.

Studies have shown QEEG to be useful in differentiat-
ing delirium from dementia, in differentiating Alzheimer’s 
disease from controls based on increases in slow activity, 
and in differentiating various types of dementia. But QEEG 
is not currently recommended for the evaluation of other 
psychiatric disorders in clinical practice. Despite optimism 
by some researchers in the 1990s (1) that QEEG would 
be useful for psychiatric evaluation if certain standard-
ized QEEG techniques were used, such as the Neurometric 
Analysis System (2), a lack of consensus as to what abnor-
malities were characteristic of which psychiatric conditions 
has cast QEEG’s  usefulness in doubt.

A good example of this lack of consensus is QEEG 
studies in patients with depression, which have shown 
varied results including increased delta and theta absolute 
spectral power in the right hemisphere, increased right 
anterior beta activity and reduced theta asymmetry, and 
no differences between depressed patients and controls. 
The most common finding in studies of patients with 
depression is an interhemispheric asymmetry of alpha 
activity, with increased alpha activity in the right frontal 
region primarily (3), although one study does not show 
this (4) and one study shows this asymmetry is present 
but is different between sexes (5). This alpha asymmetry 
is thought to represent a trait, because it is also found 
in adolescent children of depressed mothers and infants 
of mothers with depressive symptoms (6). This asymme-
try in alpha activity in the frontal regions in depressed 
patients appears to be modestly stable over time, and 
changes are not associated with changes in depression 
severity. Studies have also shown decreased alpha activity 
or decreased delta activity in the right posterior region as 
well. But no finding in QEEG appears to be sensitive and 
specific enough to be clinically useful for the diagnosis
of depression. This includes QEEG measures during 
sleep such as short rapid-eye movement (REM) latency, 
which is present in 30–50% of depressed outpatients and 
50–80% of depressed inpatients, but is also present in 
20% of normal controls (7). There are also several stud-
ies that find QEEG to predict antidepressant treatment 
response using such measures as increased right frontal 
alpha activity (8) and reduced REM latency, increased 
REM density, and decreased sleep efficiency (9).

QEEG is being studied for the evaluation for learn-
ing disorders and ADHD, because studies have shown 
that children and adolescents with these disorders have 
increased delta and theta activity and decreased alpha and 
beta activity (1, 10, 11). Studies to confirm that QEEG 
is definitely useful for diagnosing ADHD are still lack-
ing, however (10). There have been a few QEEG studies 

in patients with obsessive-compulsive disorder. These 
studies have shown different and contradictory findings, 
including an increased frequency of temporal lobe spikes 
and sharp waves, alpha and delta frequency differences 
in the temporal regions, increased theta band power and 
decreased beta band power in the frontotemporal regions, 
and a decrease of the slow alpha band power.

The QEEG findings in patients with schizophrenia 
have also been varied and inconsistent. They include the 
finding of more delta and theta activity and less alpha 
activity than normal comparison subjects, greater over-
all absolute theta power, slower mean alpha frequency, 
and elevated absolute delta and total power in anterior 
regions than controls, greater slow wave power and slow 
alpha and fast beta bands, and less alpha power. Two 
studies have shown that changes in alpha power and theta 
power in the EEG of schizophrenic patients predict good 
response to antipsychotic medication (12, 13).

More recent studies in schizophrenic patients using 
alternative paradigms have produced some interesting 
findings. One MEG study comparing schizophrenic 
patients in two states, with and without ongoing audi-
tory hallucinations, showed theta rhythm bursts in the left 
superior temporal lobe during the auditory hallucinations 
(14). Studies of EEG coherence during talking and listen-
ing have shown decreased frontal-temporal coherence 
during talking, especially in schizophrenic patients prone 
to hallucinate (15). This is consistent with other research 
that suggests that one possible mechanism for auditory 
hallucinations in schizophrenic patients is that they might 
mistake their own thoughts or speech for voices. They 
may mistake their own voice or thoughts for voices 
because of an abnormality in corollary discharge, the 
internal sensory feedback that the central nervous system 
gives itself when it produces a movement or sound.

Overall, QEEG has not been shown to be useful in 
psychiatry clinical practice. This was confirmed recently 
by an excellent study of QEEG parameters in a large num-
ber of patients with different psychiatric diagnoses, which 
showed that psychiatric patients, as a whole, showed 
diffuse decreased delta and theta activity in comparison 
to controls, but that there were no QEEG findings that 
could differentiate between various psychiatric diagnoses 
(16). This is probably due to several technical problems 
with QEEG including frequent artifact contamination, 
age and medication effects, subjective choices of analysis 
epochs, and questionable findings because of the large 
number of statistical tests that are run (17).

QUANTITATIVE EEG: CORDANCE

A new QEEG measure that is more promising to be useful 
in psychiatry is EEG cordance. Developed by Dr. Andrew 
Leuchter and coworkers at the University of California 
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at Los Angeles (UCLA), cordance is a complex measure 
of EEG spectral power derived from resting EEG at each 
EEG electrode that relates the absolute spectral power to 
the relative spectral power. Cordance calculations take 
into account both absolute and relative power because, 
according to Leuchter and coworkers, brain areas with 
abnormal function may have low absolute spectral power 
but elevated relative spectral power in certain frequency 
bands. Cordance has been shown to have a moderately 
strong association with cerebral perfusion in normal sub-
jects as measured by PET (18) and SPECT (19).

A small study by Leuchter et al. showed that cor-
dance was decreased in areas of hypometabolism in 
patients with Alzheimer’s disease and above subcorti-
cal white matter lesions (19). Another study by Cook 
et al. has shown decreased theta band cordance in 
depressed elderly subjects in comparison to normal con-
trols (20). Several studies have shown that responders 
to antidepressant medication can be distinguished by 
higher pretreatment frontal theta band cordance (21) 
and a decrease in prefrontal theta band cordance after 
antidepressant treatment (22). One recent study also 
shows that higher pretreatment central cordance pre-
dicts response to electroconvulsive therapy (ECT) as 
well (23). Of particular interest are the studies by this 
group that show that depressed patients who respond to 
placebo show markedly different changes in theta band 
cordance compared to depressed patients who respond 
to antidepressant medication. The placebo responders 
show increased prefrontal theta band cordance, but the 
medication responders show decreased prefrontal theta 
band cordance (22, 24). Subjects taking antidepressants 
who have medication side effects have been demonstrated 
to show different cordance patterns from subjects who 
experience few side effects (25). All of these studies have 
been done at UCLA, and these findings have yet to be 
replicated outside of UCLA. Software to calculate EEG 
cordance is available by request for free from the UCLA 
Neuropsychiatric Institute. To our knowledge, EEG cor-
dance has not been measured in epilepsy patients. Besides 
the obvious application of this QEEG measurement to 
the assessment of depression in patients with epilepsy, it 
would be interesting to see whether cordance correlates 
with temporal lobe hypometabolism as measured by rou-
tine fluorodeoxyglucose-positron emission tomography 
(FDG-PET) scans in partial epilepsy patients.

QUANTITATIVE EEG: SOURCE LOCALIZATION

Finding a solution to the inverse problem—the three-
dimensional localization of the sources of voltage fields 
detected on the scalp—has been a focus for many research-
ers over the last decade. Some progress in estimating a solu-
tion to the inverse problem has been made (1).  Multiple

methods have been developed, including brain electrical 
source analysis (BESA), weighted minimum norm esti-
mation, and low-resolution electromagnetic tomography 
(LORETA). Of the many techniques used when attempt-
ing to solve the inverse problem, LORETA is perhaps 
the most promising (1). LORETA finds a solution to the 
inverse problem by assuming that neighboring neuronal 
sources are similarly active (producing a solution with 
maximal “smoothness”). LORETA is being widely applied 
in research studies because it has been shown to be optimal 
compared to other solutions to the inverse problem and 
because several in vivo studies have provided validation. 
LORETA may be useful in localizing partial epilepsy (26). 
LORETA is being applied productively in the analysis 
of resting EEG (27) and evoked potential studies (28) of 
psychiatry patients. Studies using LORETA analysis of 
resting EEG in depressed patients have shown increased 
beta activity in the right frontal region and increased 
delta activity in the right temporal region. A recent study 
showed that the treatment response of depressed subjects 
to nortriptyline at 4–6 months could be predicted by 
higher theta activity in the rostral anterior cingulate cor-
tex as measured by LORETA (29). LORETA is available 
as freeware over the Internet from The KEY Institute for 
Brain-Mind Research, University Hospital of Psychiatry, 
Zurich, Switzerland (at http://www.unizh.ch/keyinst/
NewLORETA/LORETA01.htm).

QUANTITATIVE EEG: 
FRONTAL MIDLINE THETA

Theta frequency waves are frequently found throughout 
the cortex on analysis with quantitative EEG. Theta fre-
quencies are prominent diffusely in the immature brain, 
during REM sleep, and in various types of cerebral dys-
function. One distinct pattern of focal theta frequency 
waves is frontal midline theta (FMT) rhythm. In 1972, 
Ishihara and Yoshi first described FMT rhythm as a train 
of rhythmic waves, observed at a frequency of 6–7 Hz 
and 30–60 µV, having a focal distribution with maxi-
mum around the frontal midline in the EEG of normal 
subjects (30). It is associated with cognitive processing, 
working memory, concentration, and attention, and it 
may be related to affective functioning.

Frontal midline theta rhythm amplitude is increased 
during mental tasks, in contrast to the alpha rhythm, 
which is attenuated during mental tasks. A sustained state 
of selective attention seems to be a necessary, although 
not sufficient, condition for the occurrence of FMT. Men-
tal tasks that increase FMT include tasks of orienting, 
attention, memory, visual searching, and mathematical 
calculation. Increased attention and arousal cause an 
increase in FMT, as does increased time pressure during 
task performance. The amount of FMT varies among 
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human subjects. In some subjects FMT is very prominent, 
and in others it appears to be absent, based on simple 
visual observation. FMT varies in amplitude during men-
tal task performance, causing its appearance on EEG to 
wax and wane. Some researchers have observed that the 
amplitude of the FMT rhythm shows a periodicity of 
approximately 40–50 seconds (31). FMT has been local-
ized to the midline prefrontal cortex and anterior cingu-
late cortex using EEG dipole modeling (32), dual EEG/
MEG acquisition with multidipole modeling (33), and 
MEG with analysis by synthetic aperture magnetometry 
(SAM) (34). SAM analysis is a method of MEG analysis 
based on MEG biophysics, neural networks theory, and 
the general linear model that is capable of producing 
a three-dimensional estimate of the location of evoked 
brain activation during most functional imaging stimulus 
paradigms. SAM analysis, like many newer methods of 
data analysis being applied in clinical neurophysiology 
research (such as independent component analysis), does 
not rely heavily on signal averaging and is therefore able 
to use the data produced by a large array of sensors (such 
as many modern MEG sensor arrays) more precisely and 
efficiently.

Several early studies have reported an association 
between FMT and epilepsy (35). A more recent study 
reports that FMT, although possibly being more common 
in patients with epilepsy, is a nonspecific finding and can-
not be used to help make the diagnosis of epilepsy (36). 
The increase in FMT during cognitive activity was shown 
in one study not to differ between juvenile subjects with 
epilepsy and normal controls (37). Overall, the occur-
rence of frontal midline theta rhythm has not been well 
studied in the epilepsy population.

There are some studies that report that FMT is 
decreased in various psychiatric disorders. Increased 
FMT has been found in subjects with certain personal-
ity types such as high extroversion and neuroticism (31). 
Decreased platelet monoamine oxidase (MAO) activity 
has been associated with psychiatric disorders including 
alcoholism, psychopathy, suicidality, and dysthymia (38), 
and a negative correlation has been found between plate-
let MAO activity and FMT activity (39). FMT activity 
was inversely correlated with anxiety based on self-report 
in one study (31). Patients with anxiety disorders have 
been found to have low FMT activity, which increases 
after pharmacological treatment of anxiety with benzo-
diazepines and tricyclic antidepressants. Increased FMT 
activity has also been associated with the report of a 
positive emotional state during meditation. There are 
many aspects of the FMT rhythm that have not been 
studied thoroughly, such as its scalp distribution and 
periodicity. Frontal midline theta may be studied more 
in the future in psychiatric populations for several rea-
sons. First, evidence from several QEEG data analysis 
techniques, such as conventional QEEG spectral analysis 

and LORETA, shows theta activity abnormalities in the 
frontal lobes in patients with depression. Second, FMT 
has a close association with arousal and attention, which 
are cognitive processes that are commonly affected by 
psychiatric disorders. Third, FMT is produced mainly 
in the cingulate cortex, which has been associated with 
affective processing.

Evoked Potentials: P50

The P50 (or P1) is the first of the mid-latency audi-
tory evoked potentials. (See Figure 33-1 for a diagram 
of the early and mid-latency auditory evoked poten-
tials.) Although some investigators have reported that 
the absolute latency and amplitude of the P50 to one 
single auditory stimulus is abnormal in patients with 
schizophrenia, most research on the P50 potential has 
focused on its recovery cycle. In normal subjects a second 
auditory stimulus following an initial auditory stimulus 
in less than 1 second (typically in 500 msec) causes a 
suppression of the P50 evoked potential to the second 
stimulus by around 50%. This suppression of the sec-
ond P50 evoked response to paired-pulse stimulation has 
been reported as abnormal in schizophrenia by many 
investigators, although some recent investigators have 
not found this (40). Several studies have shown that this 
P50 nonsuppression correlates with poor performance 
on neuropsychologic tests of attention and also correlates 
with negative symptoms (41, 42).

P50 nonsuppression appears to be a heritable trait 
present in family members of patients with schizophre-
nia (43) and is present in individuals who are at high 
risk for developing schizophrenia because of genetics and 

amplitude (uV)
5.0

5.0

1.0

1.0

0.2

0.2

0.1

vertex
positive

1 2 5 10 20 50 100 200 1000

Latency (ms)

I II
III

IV V

VI

No

Po

Pa P1
P2

Na Nb

N1

N2

FIGURE 33-1

Short-, middle-, and long-latency auditory evoked potentials. 
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prodromal symptoms (44). Linkage studies of families 
with P50 nonsuppression have identified chromosome 15 
as a probable location for a genetic abnormality (45). 
Several studies have found abnormalities in the alpha7 
neuronal nicotinic acetylcholine receptor subunit gene 
(CHRNA7), a gene on chromosome 15, in subjects with 
P50 nonsuppression (46), and a preliminary study recently 
demonstrated that a novel nicotinic agonist improved the 
P50 suppression abnormality (47).

Although the P50 potential, as detected by EEG, is 
produced by the auditory cortex in the superior temporal 
gyrus bilaterally, it is maximally detected at the central 
vertex, which makes unilateral measurement impossible. 
But unilateral measurement of this potential is possible 
using MEG, and this is called the M50 potential. Several 
MEG studies in patients with schizophrenia have shown 
M50 suppression on the left side only (48). This is one 
possible explanation for why some studies of the P50 
suppression have not detected abnormalities in schizo-
phrenic patients (since there could be a dilution of the 
effect of an abnormal potential on the left side on the P50 
potential at the vertex by a normal potential from the 
right side). There is also evidence from a dual EEG/MEG 
study that the generators of the P50 may be different in 
schizophrenic patients than in normal controls (49). The 
M50 suppression abnormality has been correlated with 
cortical thickness in the primary auditory cortex in one 
study (50). The nonsuppression of the P50 has been shown 
to normalize when schizophrenic patients are treated with 
certain atypical antipsychotics such as clozapine (51). P50 
nonsuppression has also been found in bipolar disorder 
subjects with a history of psychosis (52).

Evoked Potentials: N100

Patients with schizophrenia have been shown to have 
abnormalities in the auditory N100 potential (also 
termed N1 potential). The auditory N100 potential is 
another of the mid-latency auditory evoked potentials 
(see Figure 33-1) and is generated by the primary and 
secondary auditory cortices. The amplitude of the N100 
has been reported to be decreased in patients with schizo-
phrenia using EEG (53) and MEG (54). The latency of 
the N100 has also been shown to be prolonged in schizo-
phrenic patients in one study (55). In a study comparing 
patients with epilepsy to patients with schizophrenia by 
Ford et al., the N100 amplitude was decreased in patients 
with schizophrenia but not in patients with epilepsy or in 
controls (56). This is consistent with a previous study of 
N100 amplitude in patients with epilepsy (57).

Several recent studies of the N100 in patients with 
schizophrenia have produced interesting findings using 
novel paradigms. One study finds that there is an absence 
of amplitude suppression with paired-pulse stimuli 
with the M100, similar to M50 and P50 suppression 

abnormalities, in patients with schizophrenia (48). One 
study of the location of the N100 response to different 
tone frequencies shows that the typical tonotopic pattern 
of the N100 response is absent in schizophrenic patients 
(58), suggesting disruption of the primary auditory cortex. 
Studying the N100 evoked potential while the subject is 
talking may be another way to study corollary discharge 
(the dampening effect on the sensory system during self-
produced sounds or other stimuli). Normally, the N100 
auditory evoked potential produced by a subject who is 
speaking (evoked by his or her own voice) is decreased 
in comparison to an N100 auditory evoked potential 
produced by listening to a playback of his or her own 
recorded speech. Studies by Ford and colleagues find that 
this decrease in the N100 amplitude during self-produced 
sounds is not present in patients with schizophrenia (15), 
suggesting an abnormality in corollary discharge. To our 
knowledge, measures of corollary discharge using EEG 
coherence or the N100 have not been studied in epilepsy 
patients with interictal psychosis.

Evoked Potentials: Loudness Dependency of the 
Auditory Evoked Potential (LDAEP)

The loudness dependency of the N1 and P2 mid-latency 
auditory evoked potentials is being studied as a measure 
of brain serotonergic neurotransmission and a possible 
predictor of antidepressant response. The amount that a 
cortical auditory evoked potential increases as the stimu-
lus loudness increases is its “intensity dependence” or 
“loudness dependency.” Serotonergic neurotransmission 
is thought to modulate sensory processing in the primary 
auditory and visual cortices. The highest concentrations 
and the highest synthesis rates of cortical serotonin have 
consistently been found in the primary sensory cortices, 
especially in the primary auditory cortex in the superior 
temporal gyrus.

It is unclear how to best measure the LDAEP. Many 
studies simply measure the amplitude difference between 
the N1 and P2 potentials. This may not be an optimal 
method, because the auditory evoked potentials are com-
posed of overlapping N1/P2 potentials produced in both 
the primary and the secondary auditory cortices. Because 
serotonergic neurotransmission modulates the sensory 
processing in the primary auditory cortex only (but not 
the secondary auditory cortex), it is these components 
produced by the primary auditory cortex that are theo-
retically best to use in calculating the loudness depen-
dency. But separating out the components produced by 
primary auditory cortex is not easy. The first attempt to 
separate out the components produced by primary and 
secondary cortices was with dipole source analysis (59). 
A recent study has used LORETA to do this (28). Some 
researchers believe that measurement of the LDAEP at 
the central vertex, where the field potentials of both of 
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the primary auditory cortices project, without elaborate 
analysis techniques such as dipole analysis or LORETA, 
is sufficient (Gallinat J, email communication to the 
author, February 1, 2006). Only one study has compared 
several methods for separating out the signal from the 
primary auditory cortex for calculating the LDAEP and 
has concluded that the best means is by using LORETA. 
The LORETA software can estimate the current density 
(which is the source for the N1/P2 potential) in the brain 
regions containing the primary auditory cortex, as speci-
fied by Talairach coordinates (28). But further studies are 
needed to clarify this.

Arguments for the use of loudness dependency of 
the auditory evoked potential (LDAEP) to study seroto-
nergic function can be drawn from the following stud-
ies. The concentration of 5-hydroxyindoleacetic acid 
(the main metabolite of serotonin) in cerebrospinal fluid 
(CSF) has been found to correlate negatively with the 
intensity dependence of sensory evoked potentials (60). 
Epidural EEG recordings in the primary and second-
ary auditory cortex of cats show decreased LDAEP in 
primary auditory cortex with serotonin agonists and 
increased LDAEP with serotonin antagonists (61). 
Serotonin agonists (e.g., zimelidine) have been found 
to reduce that intensity dependence of sensory evoked 
potentials (62). The neurotrophin brain-derived neuro-
trophic factor (BDNF) influences the phenotype, struc-
tural plasticity, and survival of serotonergic neurons (63). 
One study has shown a negative correlation between 
the BDNF serum concentrations and the LDAEP (64). 
Patients with serotonin syndrome (who are symptomatic 
because of very high serotonin levels) have extremely 
low LDAEP (65). Migraine patients may have low 
serotonin levels between attacks, and the LDAEP has 
been shown to be elevated in migraine patients between 
attacks in three studies (64). Abstinent methylenedioxy-
methamphetamine (MDMA, “ecstasy”) users, who have 
low serotonergic activity, have been shown to have high 
LDAEP (67). Depressed patients with a history of suicide 
attempts were shown to have a higher LDAEP in one 
study (68). Treatment with selective serotonin reuptake 
inhibitors decreases the LDAEP in normal control sub-
jects (69). Clinical response to treatment with an SSRI 
has been predicted by higher pretreatment LDAEP in 
four studies (28, 70–72). LDAEP has been shown to 
be lower than controls (implying increased serotonogic 
activity) in patients with schizophrenia (73). This may 
be a reason why antipsychotic medications with 5-HT2 
antagonism, such as atypical antipsychotics, are effective 
for the treatment of negative symptoms.

But there are also doubts as to whether LDAEP is 
truly an accurate measure of brain serotonergic activity 
and whether it is specific for serotonin. Some studies 
have found that LDAEP correlates with activity in the 
dopaminergic system as well as the serotonergic system. 

Dopamine metabolites in CSF and urine have been found 
to correlate with LDAEP and in intensity dependence of 
visual stimuli (74). It has been found that the D1/D2 ago-
nist apomorphine decreased the LDAEP in animals (61), 
and the LDAEP and the striatal dopamine transporter 
binding were shown to correlate in one study of patients 
with obsessive compulsive disorder (75). Also, some stud-
ies have produced results that question how accurate a 
measure of central serotonergic activity the LDAEP is. 
Studies examining the functional polymorphism in the 
serotonin transporter gene (5-HTTLPR) have shown 
both a weaker (76) and a stronger (77) LDAEP in indi-
viduals homozygous for the I allele (the allele associated 
with higher serotonin uptake and central serotonin activ-
ity). Also, acute depletion of serotonin availability using 
tryptophan depletion has been shown in several studies 
to have no effects (78) or a paradoxical decrease in the 
LDAEP (79). Those who believe that the LDAEP is a 
useful measure of serotonergic function have pointed out 
that the dopaminergic system modulates the serotonergic 
system in the brainstem, so it is not surprising that they 
are shown to both effect LDAEP. They also point out the 
varying methodologies and possible insufficient trypto-
phan depletion in the tryptophan depletion studies. So 
the question of whether the LDAEP is a useful measure 
of brain serotonergic neurotransmission has yet to be 
answered definitively.

Evoked Potentials: P300

The P300 component of the auditory event-related poten-
tial is a positive potential that occurs with an approxi-
mate latency of 300 msec after the presentation of novel 
stimuli embedded among many irrelevant stimuli, to 
which the subject is required to respond. (This is called 
an “oddball” paradigm.) Although the cognitive sig-
nificance of the P300 is still debated, it is thought to 
be involved in cognitive processing involving attention 
and working memory, and it is attention dependent. The 
P300 is related to memory updating and may represent 
the transfer of relevant information to consciousness. A 
reduced amplitude of the P300 component of the audi-
tory event–related potential in schizophrenia was first 
reported 30 years ago (80).

A P300 amplitude reduction, and to a lesser extent 
latency delay, to the oddball target are fairly consis-
tent findings in neurophysiologic studies of schizo-
phrenia (81), although they have not been found by all 
researchers (82). The P300 abnormalities are observed 
mainly in auditory rather than visual paradigms (83), 
which is consistent with a predominance of auditory 
rather than visual symptoms in schizophrenia (e.g., 
hallucinations are primarily auditory). The reduced 
amplitude of the P300 may be an electrophysiological 
trait marker of schizophrenia, because it is observed in 
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schizophrenic patients’ siblings and other relatives (84) 
and in high-risk children (85). But studies have also 
shown the P300 amplitude to be associated with the 
clinical state of schizophrenic patients, being lower dur-
ing times of symptom exacerbation (86). Both the P300 
amplitude and latency abnormalities increase with illness 
duration (87), providing evidence that schizophrenia is a 
neurodegenerative disease. Several studies have shown 
that the P300 potential field is decreased on the left 
side in schizophrenic patients (81, 88). The P300 ampli-
tude correlates negatively with disability of daily life in 
patients with schizophrenia, possibly because it may be 
associated with thought disorder symptoms (89).

The potential utility of the P300 for diagnosing 
schizophrenia has been questioned because of a lack of 
specificity (56). Decreased P300 amplitudes have been 
found in studies of depression by some (90) but not other 
investigators (91). A few studies in depressed patients 
have found prolonged P300 latency (92), but many have 
not. It is difficult to draw conclusions about P300 abnor-
malities in depression because of the heterogeneity of 
patient groups studied, including melancholic depression, 
geriatric depression, depression with silent cerebral infarc-
tion, and medically and nonmedically treated depression. 
Decreased P300 amplitude has also been found in alco-
holics (based mostly on studying the visual P300) and 
in patients with dissociative disorders, and a prolonged 
P300 latency has been found in dementia.

Interestingly, a study by Ford et al. (56), examining 
the P300 in patients with epilepsy and comparing with 
the P300 in patients with schizophrenia, found that epi-
lepsy patients had a prolonged P300 latency and schizo-
phrenic patients did not. Also, the schizophrenic patients 
and epilepsy patients with chronic psychotic symptoms 
had a decreased P300 amplitude, which discriminated 
them from epilepsy patients without psychotic symp-
toms (56). This is consistent with previous studies that 
have shown prolonged P300 latency but normal P300 
amplitude in patients with epilepsy (without psychotic 
symptoms) (57). This is also consistent with studies that 
show that depressed patients with psychotic features can 
be discriminated from depressed patients without psy-
chotic features by a lower P300 amplitude (92).

Evoked Potentials: Mismatch Negativity

Mismatch negativity (MMN) is an auditory evoked 
potential, produced when deviant auditory stimuli 
occurs infrequently mixed in many standard stimuli 
(the oddball paradigm), which occurs 150–200 msec 
after the deviant stimulus. It is thought to be an index of 
preattentive detection of acoustic changes, which is not 
attention dependent and is likely generated by multiple 
regions of the brain including the frontal, temporal, 
and parietal lobes. A lower-than-normal amplitude of 

MMN to pure-tone stimuli has been demonstrated in 
schizophrenia patients in many studies using EEG (93). 
A lower MMN amplitude been detected using MEG 
in most studies (94) but not in a few studies (95) and 
associated with decreased gray matter volume on MRI 
measurements of the left planum temporale in one study 
(96). Abnormal MMN in schizophrenia patients has 
been shown to be stable over time and correlated with 
poor functioning (97). A few studies have found that 
MMN is not abnormal in first-episode schizophrenics 
but becomes abnormal over time, suggesting that it may 
be caused by ongoing neuropathological changes (81). 
Abnormalities in MMN have not been found in rela-
tives of schizophrenic patients (98). MMN abnormali-
ties may be specific for schizophrenia, because they were 
not found in patients with depression or bipolar disorder 
in one study (99). To our knowledge, this has not been 
studied in epilepsy populations.

Evoked Potentials: Contingent 
Negative Variation

Slow event-related potentials (ERPs) have been studied 
to a lesser extent than many of those evoked potentials 
discussed previously. These slow potentials are evoked 
by auditory or visual stimuli, rise and fall slowly, occur 
in the range of 100 msec to 550 msec post stimulus, and 
are thought to modulate the production of mid and late 
auditory evoked potentials. Of these slow potentials, 
the contingent negative variation (CNV), also referred 
to as the “readiness potential,” has been studied the 
most. CNV is a slow cortical ERP, which can be recorded 
from the scalp between two stimuli in a “go/no-go” task 
in which a warning stimulus alerts the subject that a 
second stimulus demanding a response is forthcoming. 
The CNV appears on the EEG at the midline while the 
subject is anticipating the second event and preparing 
for task performance (for example, pressing of a button). 
Patients with a history of closed head injury and frontal 
lobe damage show a decreased CNV in comparison to 
controls (100). Reduced CNV amplitude has been found 
in patients with schizophrenia and is correlated with 
negative symptoms in schizophrenic subjects (101). Alco-
holic subjects have alterations in the CNV that correlate 
with neuropsychologic dysfunction (102). In studies of 
depressed subjects, decreased CNV amplitude and dura-
tion have been found by some (103) but not others (104). 
It is likely that CNV is a measure of selective attention 
and arousal level and may not be specific to a particular 
psychiatric disorder. Recent studies of depressed sub-
jects have shown the CNV amplitude to be correlated 
inversely with severity of depression (105), nonsuppres-
sion in the dexamethasone suppression test (106), and 
suicidal behavior (107). To our knowledge, CNV has not 
been studied in epilepsy. Whether CNV and other slow 
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potentials will find a role in psychiatric evaluation and 
management is yet unclear.

Transcranial Magnetic Stimulation

Transcranial magnetic stimulation (TMS) involves the 
use of handheld coils through which a large amount of 
electrical current is discharged, producing a brief, strong 
magnetic field. This magnetic field penetrates the skull, 
reaches the cerebral cortex, and activates cortical elements 
without causing significant pain to the subject. TMS is 
a research tool that is finding increased application in 
neurology, mostly in studies of cortical motor areas and 
corticospinal tract conduction. Within the field of psychi-
atry, TMS is being studied both as a diagnostic tool and 
as a possible treatment modality for major depression. 
The use of TMS for treatment of depression involves the 
administration of repetitive TMS pulses. Many studies 
have indicated that TMS applied to the prefrontal cortex 
is beneficial for refractory major depression, although the 
effect is not large and its efficacy has been questioned by 
some (108). It does have a better side-effect profile than 
electroconvulsive therapy. Recent studies in depression 
using higher-frequency TMS settings have demonstrated 
better results (109) and suggest that further study is war-
ranted. An improved response time to antidepressant 
treatment with concurrent TMS treatment in depressed 
patients has been found by some (110) but not other 
authors (111). TMS over the left frontotemporal cortex 
has also been studied for the treatment of medication-
refractory auditory hallucinations in schizophrenia, with 
some studies showing improvement (112) and some stud-
ies showing no effect (113). Studies have also shown 
improvement in negative and depression symptoms in 
schizophrenics (114). A few studies have found benefit 
in using TMS to treat other psychiatric disorders such 
as posttraumatic stress disorder, bipolar disorder, and 
obsessive compulsive disorder.

For diagnostic purposes in psychiatry, TMS is being 
used to study neural plasticity, to study cortical connec-
tivity, and most commonly as a noninvasive measure of 
cortical inhibition (115). To measure cortical inhibition 
with TMS, one of four paradigms is generally used (116). 
The first is paired-pulse TMS (ppTMS), in which a sub-
threshold conditioning pulse precedes a test pulse by 1 
to 5 msec, inhibitory interneurons are recruited, and the 
motor evoked potential (MEP) response is inhibited. (In 
contrast, if a subthreshold pulse precedes the test pulse 
by 7 to 20 msec, the MEP response is facilitated.) The 
second is cortical silent period TMS (CSP), in which 
motor cortical stimulation superimposed on background 
electromyographic (EMG) activity results in cessation of 
EMG activity, producing a silent period. The duration 
of this silent period represents another measure of corti-
cal inhibition. The third is transcallosal inhibition (TCI), 

in which stimulation of the contralateral motor cortex 
a few milliseconds before stimulation of the ipsilateral 
motor cortex inhibits the size of the MEP produced by 
ipsilateral stimulation. The fourth is descending I-wave 
facilitation. TMS of the human motor cortex results 
in multiple discharges in the corticospinal tract. The 
first descending volley is produced by direct neuronal 
stimulation (D-wave), and this is followed by waves of 
activation produced through the stimulation of cortical 
interneurons (I-waves). The facilitation of I-wave activ-
ity is assessed using a paired-pulse protocol that involves 
pairing a suprathreshold first and subthreshold second 
stimulus (117). Studies have shown that three of these 
techniques—ppTMS, CSP, and TCI—represent cortical 
inhibitory phenomena and not other mechanisms such 
as neuronal refractoriness (118).

Many studies using these TMS paradigms have dem-
onstrated alterations in cortical inhibition in schizophre-
nia (119). A recent study by Daskalakis et al. showed 
abnormalities in all three of these TMS measures of 
cortical inhibition in unmedicated patients with schizo-
phrenia (116). Also, measures of cortical inhibition using 
TMS have also been noted to be different in patients with 
schizophrenia after several minutes of TMS stimulation, 
suggesting altered cortical plasticity (120). But this abnor-
mality in cortical inhibition as measured by TMS does not 
appear to be specific to schizophrenia because it has also 
been found in obsessive compulsive disorder, Tourette’s 
disorder, anxiety personality traits, and major depression. 
Studies using ppTMS and the CSP have shown decreased 
inhibition in patients with Tourette’s disorder (121) and 
obsessive-compulsive disorder (122). In a study by Was-
serman et al., anxiety-related personality traits correlated 
with decreased cortical inhibition, mainly in men (123). 
One study in patients with major depression has shown 
increased cortical inhibition in the left hemisphere and 
decreased inhibition in the right hemisphere compared 
to controls (124). Cortical inhibition has been shown 
to be decreased in studies of poststroke epilepsy (125), 
posttumor epilepsy (126), and progressive myoclonic 
epilepsy (127) and increased in studies of generalized 
epilepsy (128). Two studies in partial epilepsy show 
mixed results with abnormalities in cortical inhibition 
based on ppTMS that are sometimes present and that 
vary between hemispheres (129, 130). No studies have 
been done to correlate alterations in TMS measures of 
cortical inhibition with psychiatric symptoms in epilepsy 
patients.

CONCLUSION

It appears that many of these neurophysiologic analy-
sis techniques and stimulus paradigms hold promise to 
improve psychiatric patient care by improving diagnostic 
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precision, by predicting treatment response, and by pro-
viding new phenotypes for genetic studies. Epilepsy 
health care providers are in a good position to benefit 
from and contribute to this growing field because of their 
access to electrodiagnostic equipment and their familiar-
ity with neurophysiology. But application of these para-
digms in clinical practice will not be immediate. Much 
work must be done to optimize and validate these differ-
ent diagnostic approaches. Because of the complexity of 
the central nervous system and the steady improvement 
in computer technology, there appears to an increasing 
overabundance of different evoked potentials and neu-
rophysiologic quantitative measures that can be acquired 

and calculated. It is exciting that so many neurophysi-
ologic tests have been developed, but the amount of study 
needed to bring any of these tests into clinical practice 
is great. It might be better if the researchers in this field 
would focus on just a few of these neurophysiologic 
measures and either confirm their clinical usefulness or 
set them aside. A four-step approach for doing this has 
recently been outlined in a paper by Boutros et al., using 
the example of QEEG and ADHD (8). Epilepsy research-
ers interested in behavioral issues and neurophysiology 
should consider working with their psychiatry colleagues 
to form the cooperative efforts needed to bring some of 
these good ideas into clinical practice.
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lthough the majority of patients 
with epilepsy have normal intelli-
gence, they are more prone to have 
impaired cognitive performance 

than age- and education-matched healthy controls. Sei-
zures per se may induce or exacerbate underlying neuro-
cognitive and behavioral dysfunction. However, cognitive 
disturbances can be present regardless of the state of 
seizure control. Patients with epilepsy have reduced 
education, employment level, psychosocial status, and 
perceived quality of life (QoL) despite optimal seizure 
control. Independent factors such as seizure type and age 
of onset, existing neuropathology, psychosocial issues, 
and untoward effects of treatment may also contribute 
to patients’ cognitive deficits. Although therapeutic inter-
ventions may offset the cognitive and behavioral impair-
ment by controlling the seizures, they may cause their 
own cognitive side effects. Antiepileptic drugs (AEDs) 
relatively commonly cause such morbidities. Surgical 
resection of the seizure focus may also induce certain 
cognitive deficits (1-4).

Because there are no proven effective treatments 
for cognitive and behavioral impairments in epilepsy, 
attempts should be made to reduce side effects by using 
the most appropriate AED and minimizing the dose and 
number of AEDs. Cognitive side-effect profiles of AEDs 
must be considered, particularly in extreme age groups. 

Cognition
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Any surgical approach should also be tailored when pos-
sible to avoid or minimize cognitive deficits (5).

This chapter will focus on the untoward cognitive 
effects of therapeutic interventions including different 
medical and surgical treatments in adult patients with 
epilepsy.

TREATMENT-INDUCED 
COGNITIVE DYSFUNCTION

Antiepileptic Drug Therapy

Reducing seizure frequency and intensity may offset 
the negative cognitive effects of AEDs. However, this 
positive effect might be counteracted by adverse altera-
tion of the underlying physiologic systems involved in 
neurocognitive function. Therefore, a balance of seizure 
control and treatment side effects must be sought for 
each patient. Appropriate management of AED therapy 
as discussed herein can minimize side effects.

Antiepileptic drugs by virtue of their mechanism 
of action suppress neuronal excitability and therefore 
suppress seizures. However, because they exert their 
effects indiscriminately, neuronal networks involved in 
maintaining normal cognition may be suppressed as well. 
Nevertheless, AEDs may have selective effects on different 

A
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aspects of cognitive function. Reducing the number and 
dosage of AEDs has been associated with improved cog-
nition, the latter being primarily true when the anticon-
vulsant level is above the standard therapeutic range. 
Strategies such as avoiding unnecessary polytherapy, slow 
initial escalation titration to achieve the lowest effective 
dose of a single AED, and keeping the drug levels within 
the therapeutic range lower the chances of cognitive side 
effects. However, these guidelines may not be applicable 
to all individuals with refractory epilepsy, in whom sei-
zure control is not achieved without using polytherapy or 
resection surgery with their untoward side effects. Over-
all, adverse cognitive and behavioral effects are more 
common with the older AEDs (especially barbiturates 
and benzodiazepines) than the newer AEDs, although 
there are exceptions (e.g., topiramate).

Older-generation AEDs. Cognitive side effects of the 
older AEDs have been extensively studied. Cognitive 
effects of carbamazepine, phenobarbital, phenytoin, 
and primidone in patients with new-onset epilepsy were 
compared in a parallel study by the Veterans Administra-
tion Cooperative Study. There was no consistent pattern 
across AEDs, and little change in cognition from pre- to 
post-AED treatment conditions was found (6). Another 
study by the VA Cooperative Study group found no cog-
nitive differences between carbamazepine and valproate. 
However, design limitations in these studies may have 
obscured differences. Further studies have found modest 
negative cognitive effects for carbamazepine and phe-
nytoin despite few differential effects.

Meador et al. found no differences in the cognitive 
effects of carbamazepine, phenytoin, and valproate, but 
worse cognitive performance with phenobarbital. They 
examined the effects of these older AEDs in healthy vol-
unteers in a double-blind randomized crossover mono-
therapy study and noted no overall differences between 
carbamazepine and phenytoin. However, 52% of the vari-
ables were significantly worse with AEDs compared to the
nondrug conditions. Comparison of phenobarbital, pheny-
toin, and valproate showed that 32% of the variables 
were significantly worse for phenobarbital than the other 
two drugs. Compared to the nondrug conditions, 55% 
of the variables appeared worse with AEDs. Therefore, 
phenobarbital had greater untoward cognitive effects, but 
there were no clinically significant differences between 
carbamazepine, phenytoin, and valproate (7,8).

Dodrill and Troupin found similar results, that is, 
no cognitive differences between carbamazepine and 
phenytoin, after analyzing their data when controlling 
for AED blood levels (9). Dodrill also addressed the role 
of duration of treatment on cognitive side effects in a 
study that examined neuropsychologic performance of 
patients with epilepsy over a 5-year period. Patients were 
on stable phenytoin monotherapy, phenytoin with other 

AEDs, or AED regimens except for phenytoin. There were 
no differences found in cognitive performance over time 
in these patients.

In summary, among the older AEDs, barbiturates 
and benzodiazepines seem to have the worst cognitive 
profile, including decreased arousal and deterioration in 
most areas of cognitive performance. In monotherapy, 
carbamazepine, phenytoin, and valproate show similar 
effects to each other on cognitive function including 
motor speed, attention, response accuracy, and memory. 
These effects are modest but can be clinically significant. 
Under certain circumstances such as neurodevelopment 
or high-demanding cognitive tasks, their side effects 
might have greater consequences. For patients involved in 
educational activities or professions that require focused 
attention or learning, even modest effects could have a 
serious impact. Clinicians should focus on improving a 
patient’s cognition by achieving better seizure control but 
at the same time consider the untoward cognitive effects 
of these AEDs (10).

Some of the old AEDs are known for their positive 
psychotropic effects. Carbamazepine and valproate are 
used as mood stabilizers for bipolar disorder and may 
be helpful for managing impulse control as well. Valproate 
has been used to treat obsessive compulsive disorder and 
to prevent panic attacks. Barbiturates and benzodiazepines 
may help anxiety and insomnia, but can result in adverse 
psychotropic effects such as hyperactivity,  irritability, and 
depression (11).

Newer-generation AEDs. Side-effect profiles of the 
newer AEDs have not been fully established yet. Avail-
able since the early 1990s, these medications seem to be 
as effective as the older AEDs in controlling seizures while 
having overall better side-effect profiles. Multiple stud-
ies have suggested more favorable cognitive side-effect 
profiles for several of the new generation AEDs. Some 
have been shown to have positive psychotropic effects. 
For example, lamotrigine can be an effective maintenance 
treatment for bipolar disorder, particularly to prevent 
depression. Gabapentin may promote a general sense of 
well-being regardless of seizure control and therefore 
might be used in treating mood disturbance (12). These 
AEDs are reviewed here in the order they were introduced 
to the market.

Felbamate. Although felbamate is still in limited 
use because of its potentially fatal hepatic and hema-
tological side effects, there are no formal data on its 
cognitive effects. Anecdotal reports of felbamate possess-
ing alerting effects and inducing insomnia need further 
investigation.

Gabapentin. A large double-blind, parallel-group 
study with dose conversion to monotherapy with 
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gabapentin in patients with epilepsy revealed no cognitive 
changes compared to the control group, but there were 
positive changes in adjustment and mood (13). How-
ever, a randomized, double-blind, parallel-group study 
of gabapentin and carbamazepine in healthy volunteers 
showed greater electroencephalographic (EEG) slow-
ing and cognitive complaints with carbamazepine (14). 
Other studies have reported contradicting results compar-
ing gabapentin to placebo, including significantly more 
drowsiness (15). In healthy volunteers gabapentin had 
minimal effects on cognitive test performance as well 
as daily and occupational function (16). In nonepileptic 
rats, gabapentin has less effect on attention compared to 
benzodiazepines (17).

In a double-blind, randomized crossover design, 
Meador et al. compared directly the cognitive effects 
of carbamazepine and gabapentin in healthy subjects. 
Treatment with gabapentin showed significantly better 
performance on 26% of the variables compared to car-
bamazepine. Although both drugs produced some untow-
ard effects compared to the nondrug control, gabapentin 
produced fewer cognitive effects compared to carbamaze-
pine (18). Using attention/vigilance, psychomotor speed, 
motor speed, verbal and visual memory, Martin et al. 
compared gabapentin and carbamazepine in a group of 
senior adults. Both AEDs induced comparable and mild 
cognitive effects compared with the nondrug condition, 
but a better overall tolerability and side-effect profile 
was seen for gabapentin (19). Mortimore et al. studied 
the effect of gabapentin on cognition and QoL in epi-
lepsy using a controlled pre- and posttreatment design 
and found no short-term adverse effects (20).

Lamotrigine. In a study of patients with epilepsy, 
the cognitive effects of lamotrigine were not different 
from placebo based on a limited neuropsychologic bat-
tery, but the patients’ perception of QoL was improved 
by lamotrigine (21). In healthy adults, lamotrigine has 
fewer cognitive side effects compared to carbamazepine, 
phenytoin, and diazepam (22). Meador et al. compared 
the cognitive and behavioral effects of carbamazepine and 
lamotrigine in 25 healthy adults using a double-blind, 
randomized crossover design with two 10-week treatment 
periods. Forty variables were included in the neuropsycho-
logic test battery. The results showed significantly better 
performance on more than half of the variables (cogni-
tive speed, memory, mood factors, sedation, perception 
of cognitive performance, and other QoL perceptions) 
for lamotrigine (23). In a more recent study, the same 
researchers compared the cognitive and behavioral effects 
of lamotrigine and topiramate in healthy adults. Based on 
an extensive neuropsychologic test battery, adults taking 
lamotrigine were found to do significantly better using 
300-mg daily doses for both drugs (24). In another mul-
ticenter, double-blind, randomized,  prospective study in 

adults with partial seizures, lamotrigine and topiramate 
were added as adjunctive therapy to carbamazepine or 
phenytoin. Using standardized measures of cognition, 
lamotrigine was found to have less cognitive effect than 
topiramate (25).

Aldenkamp and Baker have reviewed lamotrigine 
monotherapy and add-on clinical studies to evaluate the 
impact of lamotrigine therapy on cognitive functioning. 
The data suggested an equivalent or superior cognitive 
effect for lamotrigine with a possible secondary positive 
effect on QoL. Comparing the cognitive and mood effects 
of low-dose lamotrigine versus valproate and placebo 
in healthy volunteers via a double-blind, single-dummy, 
parallel-group design study, the investigators aimed at 
teasing the effects of lamotrigine from those of better sei-
zure control. Lamotrigine showed a “mood activating” 
property and improved cognitive activation on simple 
reaction time measurements compared to placebo and 
valproate, as well as a more positive subjective report 
about the impact of the drug (26). In patients with epi-
lepsy, the beneficial effects of lamotrigine on QoL have 
also been shown by patient perception of psychologic 
well-being compared to both placebo and carbamaze-
pine (27). Lamotrigine is approved as maintenance 
treatment for bipolar disorder, in particular to prevent 
depression.

Investigations of lamotrigine in the developmentally 
disabled population have indicated seizure reduction 
rates of up to 50% in some trials (28). It is usually well 
tolerated in this population; however, its pharmacokinetic 
profile may be influenced by other AEDs. Brown et al. 
studied the effects of 12-week, open-label lamotrigine 
treatment on negative mood and cognition changes in 
patients receiving corticosteroids and found a significant 
improvement (29).

Levetiracetam. This new AED, with a novel mech-
anism of action, has an overall good side-effect profile. 
Compared to oxcarbazepine and carbamazepine, leve-
tiracetam at therapeutic doses had the least cognitive 
effects in healthy adults with no effect on motor speed 
and EEG. A small preliminary study by Neyens et al. 
showed no significant changes in cognitive performances 
in patients with chronic epilepsy who were treated with 
levetiracetam; however, the study was single-blind 
with only 10 patients and no control group  (30). In 
normal and amygdala-kindled rats, valproate, clonaz-
epam, and carbamazepine, but not levetiracetam, at 
proper therapeutic doses reduce cognitive (learning) 
performance (31).

Behavioral problems with levetiracetam have been 
reported in children and may be seen in adults as well. 
Cramer et al. reviewed behavioral side effects in adult 
patients taking levetiracetam in a series of short-term, 
placebo-controlled studies in epilepsy, cognitive or  anxiety 
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disorders, and epilepsy patients observed in long-term 
trials. Compared to patients taking other AEDs, epilepsy 
patients taking levetiracetam had a lower incidence of 
behavioral events. However, these patients had a higher 
incidence of such side effects compared to patients with 
cognitive or anxiety disorders treated with levetirace-
tam (32). It is possible that behavioral findings in these 
patients are related in part to the seizure disorder itself 
rather than the AED alone.

Treatment with levetiracetam in a group of patients 
with temporal lobe epilepsy with and without hippocam-
pal sclerosis did not show any differences in prevalence 
of cognitive adverse events and depression between the 
two groups (33). In a recent study in healthy volunteers, 
levetiracetam in monotherapy produced fewer untoward 
neuropsychologic and neurophysiologic effects compared 
to carbamazepine (34).

Oxcarbazepine. Oxcarbazepine is a homologue of 
carbamazepine and is tolerated slightly better than carba-
mazepine, phenytoin, and valproate. A double-blind, low-
dose, crossover study with healthy volunteers comparing 
oxcarbazepine to placebo indicated that oxcarbazepine 
improved performance on a focused attention task and 
manual writing speed. Oxcarbazepine had a slight stimu-
lant effect on some aspects of psychomotor functioning 
and improved feelings of alertness, with no effect on long-
term memory. However, the low dose used in this study 
limits any generalization to epilepsy patients (35).

In contrast, a small, randomized, monotherapy, 
double-blind, parallel-group study of patients with new-
onset epilepsy showed no cognitive differences between 
oxcarbazepine and phenytoin (36). In a small group of 
healthy volunteers, oxcarbazepine and phenytoin both 
affected motor speed and reaction time at therapeutic 
doses; there were no differences between the drugs (37). 
In newly diagnosed epilepsy patients, oxcarbazepine 
and carbamazepine, but not valproate and lamotrig-
ine, induced a decrease in the mean alpha frequency 
(38). In healthy adults, oxcarbazepine was better tol-
erated and had fewer cognitive and EEG effects than 
carbamazepine (39).

Tiagabine. A GABA reuptake inhibitor, tiagabine 
increases the availability of this major inhibitory neu-
rotransmitter. Despite reports of nervousness, difficulty 
with concentration, depressive mood, and language prob-
lems, there are no indications of major cognitive effects 
during large, randomized, double-blind, add-on, placebo-
controlled, parallel-group studies (40). It is advised to 
titrate the dose up slowly and take it with food to avoid 
rapid increases in drug level and reduce the risk of 
side effects. A recent 52-week follow-up study showed 
no significant differences in cognitive profiles in newly 
diagnosed patients with epilepsy treated with tiagabine, 

newly diagnosed patients with epilepsy treated with 
carbamazepine, and untreated patients with a single 
seizure (41).

Topiramate. Topiramate has been associated with 
language problems, somnolence, psychomotor slowing,
and difficulty with memory, particularly at higher doses, 
in combination with other AEDs, or when rapidly 
titrated (42). A postmarketing antiepileptic drug survey 
(PADS) prospectively collected standardized data forms 
before and during treatment with topiramate for epi-
lepsy. The results showed that psychomotor slowing was 
the most common complaint, but the majority of patients 
chose to continue the drug and experienced both a global 
improvement and better seizure control (43). In healthy 
volunteers, topiramate has impaired cognitive test perfor-
mance enough to affect daily and occupational function.

Martin et al. compared gabapentin, lamotrigine, 
and topiramate in 17 healthy volunteers by using a single-
blind, randomized, parallel-group study design (44). The 
topiramate group developed selective, statistically signifi-
cant declines on measures of attention and word fluency 
after acute doses and after 1 month of treatment. Gabapen-
tin and lamotrigine produced no performance changes. This 
finding may have been due to the faster-than-recommended 
initial dosage escalation rate for topiramate. Topiramate 
seems to be better tolerated in the developmentally dis-
abled patients and appears to be particularly effective in 
patients with refractory Lennox-Gastaut syndrome and 
those with cognitive disabilities (45). Topiramate has 
shown some effects on mood stabilization, weight loss, 
eating disorders, and addiction, but these indications are 
still under investigation (46).

Comparing the cognitive effects of (slowly intro-
duced) topiramate and valproate as add-on therapy with 
carbamazepine, Aldenkamp et al. found only one signifi-
cant difference after a long-term maintenance phase: short-
term verbal memory was worse with topiramate (47). 
Using a moderate-dose escalation rate and higher target 
doses of the same medications in a similarly designed 
study, Meador et al. found significant differences on two 
of twenty-four variables (i.e., Symbol Digit Modalities 
Test and Controlled Word Association) compared to 
valproate at the end of the maintenance phase (48). In 
both of the above studies, the cognitive side effects for 
topiramate were greater at the end of titration than at the 
end of maintenance. As noted previously, topiramate has 
shown greater adverse cognitive effects than lamotrigine 
in healthy volunteers and epilepsy patients.

Vigabatrin. Vigabatrin is a GABA transaminase 
inhibitor used outside the United States but not yet 
approved by the FDA. Its cognitive effects have been 
extensively studied. Vigabatrin has been reported to pro-
duce few adverse effects on cognition or quality of life 
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compared to placebo (49). In one study, vigabatrin added 
at a dose of 2 g/day to patients’ existing AEDs appeared 
to have no negative impact on attention, mental speed, 
motor speed, central cognitive processing, and perceptuo-
motor performance (50). Controlled clinical trials with 
vigabatrin have shown serious behavioral side effects in 
some patients, such as depression and psychosis in 3.4% 
of adult patients, particularly those with severe epilepsy 
or a history of psychosis (51); however, other studies 
have not shown a greater risk for the drug than for other 
AEDs (52).

Zonisamide. There is little formal neuropsycho-
logic data on zonisamide. It may affect cognitive func-
tions such as acquisition and consolidation of new data. 
It may have a predilection to affect verbal learning rather 
than visual-perceptual learning or psychomotor function. 
Different studies have suggested that zonisamide, in a 
dose-dependent manner, may affect attention, acquisi-
tion, and consolidation of new information. Patients 
may develop tolerance to the adverse cognitive effects 
of zonisamide (53).

Pregabalin. Pregabalin has been recently approved 
for use in the management of partial onset seizures. It 
has been reported to improve the emotional symptoms 
of generalized anxiety disorder, but there are limited data 
available on its neurocognitive effects (54). In healthy 
volunteers randomized to a double-blind, three-period 
crossover study, pregabalin at 750 mg/day did not have 
a significant effect on objective psychometrics (reaction, 
vigilance, and short-term memory), but it induced subjec-
tive sedation (impaired attention and arousal) (55).

Rufinamide. Rufinamide is a potential new AED 
that is under review by the FDA as an “orphan” drug for 
Lennox-Gastaut syndrome. In an add-on, multicenter, mul-
tinational, double-blind, randomized, placebo-controlled, 
parallel-study using four different doses of rufinamide, 
Aldenkamp and Alpherts reported no changes in cogni-
tive testing compared to placebo (56). Although this is 
promising, rufinamide must be tested further to evaluate 
its efficiency and side-effect profile.

Epilepsy Surgery

Potential neurocognitive deficits of epilepsy surgery can 
be minimized by tailoring the resection to the individual 
patient’s condition. The side and site of the resection can 
influence the risk of deficits following surgery. Tempo-
ral lobectomy is the most common type of epilepsy sur-
gery. Left-sided temporal lobectomy may induce verbal 
memory and learning deficits, and right-sided resections 
are associated with visual-spatial memory and cognitive 
declines, although the changes are more consistent for 

left-sided resections. These potential deficits are affected 
by the degree of seizure control, level of functioning, and 
duration of seizure prior to surgery. A large study has 
shown that the risk of postsurgical verbal memory deficits 
is greater for standard anterior temporal lobectomy (ATL) 
and increased in patients with higher preoperative scores, 
older age, and left-sided resection (57). Patients without 
hippocampal atrophy and sclerosis are at greater cogni-
tive risk following ATL. Resection of a nonatrophic hip-
pocampus is associated with poorer verbal/visual memory 
post left ATL, and to a lesser degree, visual-spatial learn-
ing deficits post right ATL. Other factors that may predict 
cognitive deficits after ATL include memory asymmetries 
on the Wada test and preoperative asymmetry in tempo-
ral lobe metabolism as evidenced by positron emission 
tomography (PET). It has been suggested that right ATL 
may result in a decline in recalling details of famous past 
events (retrograde memory). In these patients, defective 
retrograde memory has been associated with young age 
at epilepsy onset and polytherapy (58).

In a longitudinal study, Rausch et al. showed both 
early and late postoperative memory decline in patients 
with en bloc left temporal lobe resection. Although non-
memory scores remained stable over an average follow-up 
period of 12.8 years, further decreases in verbal as well 
as visual memory were evident. An initial high memory 
score and left-sided resection were predictors of verbal 
memory deficit early after surgery. Higher 1-year post-
operative scores were predictors of late memory declines. 
Despite the possibility of memory loss caused by chronic 
seizures or aging, patients with left temporal lobectomy 
may be at risk for a more rapid decline in selective ver-
bal memory skills. Better long-term QoL was associated 
with both improved seizure control and a better verbal 
memory skill (59).

Helmstaedter et al. explored the effect of surgery 
on verbal learning and memory in two groups of elderly 
epilepsy patients who underwent either selective left-sided 
amygdalohippocampectomy or anterior two-thirds tem-
poral lobectomy. The results confirmed worsening of ver-
bal learning and memory in both groups, particularly in 
temporal lobectomy patients. The investigators empha-
sized the importance of considering memory prognosis, 
particularly in older patients, given that a negative out-
come might accelerate lifetime memory decline in these 
patients (60). More recently, comparison of medium- and 
long-term follow-up IQ and memory, and analysis at the 
individual level, has led to questioning the value of short-
term increments in memory scores following temporal 
lobectomy (61).

Vagus Nerve Stimulation

Vagus nerve stimulation (VNS) is considered for patients 
with refractory epilepsy who are not considered candidates
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for resection surgery and for patients with refractory 
depression. Its mechanism or mechanisms of action 
remain unclear. It has been suggested that VNS might 
induce mild cognitive improvement through either 
better seizure control or other mechanisms. However, 
this issue remains controversial. A single-arm follow-up 
study showed no changes in attention, motor, short-
term memory, learning, and executive functions at 
6 months (62). Findings of another study suggested 
significant improvement in mood and possibly depres-
sion, but not in level of health-related quality of life 
(HRQoL) at 6 months’ follow-up. A longer term 
follow-up at 24 months of treatment with VNS did not 
show any negative effects on mood, behavior, cogni-
tion, or QoL (63). A literature review did not show 
any evidence of adverse cognitive effects, but no defi-
nite positive effects on cognition either (64). A recent 
study of ten patients treated with VNS showed impaired 
cognitive flexibility and creativity, although the results 
could not be attributed to a general encephalopathy 
because patients had improved retention and no learn-
ing impairment (65).

COGNITIVE DYSFUNCTION IN ELDERLY 
PATIENTS WITH EPILEPSY

The incidence of new-onset epilepsy is higher among the 
elderly than younger adults. Elderly patients are more 
susceptible to the cognitive effects of centrally active 
drugs for both pharmacokinetic and pharmacodynamic 
reasons. This susceptibility has been shown for benzo-
diazepines and barbiturates (66). One study comparing 
phenytoin and valproate to nondrug baselines reported 
minimal differences in cognitive effects of these AEDs in 
elderly patients with epilepsy (67). Nevertheless, given 
the higher chance of drug interaction and their side 
effects, the old AEDs, especially the sedating agents, 
are particularly disadvantageous for elderly patients. 
However, there are few studies formally assessing 
the cognitive effects of AEDs in the elderly. A multi-
center European study and the recent VA Cooperative 
Study Trial 428 both examined the effectiveness (i.e., 
combined efficacy and tolerability) of AED therapy 
in elderly patients with new-onset epilepsy (68, 69). 
Both studies found that lamotrigine was better toler-
ated than carbamazepine. The VA study also found 
that gabapentin was better tolerated than carbamaze-
pine. The Veterans Affairs Cooperative Trial 428 con-
cluded that lamotrigine or gabapentin were reasonable 
choices as initial therapy for older patients with newly 
diagnosed seizures, because the main limiting factor in 
patient retention was adverse drug reactions and those 
taking these two AEDs did better than those taking 
carbamazepine (69).

RECOGNITION AND TREATMENT OF 
COGNITIVE DYSFUNCTION IN EPILEPSY

The fundamental approach to managing cognitive dysfunc-
tion in epilepsy is to control the seizures and, if possible, to 
use monotherapy at the lowest effective dose. The cogni-
tive profile of the AED should be considered, considering 
that several of the newer AEDs possess a better cognitive 
side-effect profile. Clinicians should monitor the patient for 
cognitive and behavioral side effects. It should be remem-
bered that the patient’s subjective perception of cognitive 
side effects may not correlate well with objective deficits. 
Thus, other resources to assess for cognitive effects should 
be considered, such as the opinion of family or friends or 
objective cognitive testing. Note that a patient’s complaint 
of cognitive side effects may well reflect mood problems 
because subjective reports of cognitive side effects and 
mood are highly correlated. Given the high incidence of 
comorbid depression or other mood disorders in epilepsy, 
patients should be routinely screened for mood disorders.

The beneficial effect of reducing seizures may offset 
the adverse cognitive effects of AEDs, at least in part. 
However, significant improvements in QoL from seizure 
reduction usually require complete seizure freedom. QoL 
in patients with epilepsy can be significantly reduced by 
subtle AED toxicity. Clinicians should bear in mind that 
increasing AEDs to produce relatively minor reductions 
in seizure frequency may actually adversely impact the 
patient’s overall QoL. One useful tool to monitor for AED 
toxicity is the Adverse Events Profile (70).

The presence of overlapping variables complicates 
the targeted management of cognitive deficits. There-
fore, direct treatment of cognitive side effects of epilepsy 
has been rarely attempted. Recently, pharmacological 
interventions have been attempted. Donepezil, an anti-
cholinesterase inhibitor at 5–10 mg, improved memory 
but not attention, visual sequencing, mental flexibility, 
psychomotor speed, or QoL in eighteen patients with 
epilepsy. Improvement in memory was not related to 
changes in attention. The drug was well tolerated except 
for dizziness and mild gastrointestinal complaints (71). 
Jia et al. showed that learning and mnemonic impair-
ments induced in pentylenetetrazole-kindled rats were 
significantly improved by donepezil (72).

Chan et al. showed that low doses of a high-affinity 
GABAB receptor antagonist, which fails to treat atypical 
absence seizure activity, completely reverses the spatial 
working memory deficit in a rat model of chronic atypical 
absence seizure (73). This finding suggests that GABAB
receptor antagonists may have a potential for treatment 
of cognitive impairment in some epilepsy syndromes. 
These data also suggest that cognitive impairment may 
be independent of the seizure activity.

An open-label, nonrandomized 3-month study using 
the stimulant drug methylphenidate in adult patients 
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taking multiple AEDs for partial epilepsy resulted in 
improved cognition, QoL, and relief from sedation with 
no increase in seizure frequency (74). There are mixed 
reports on the effects of VNS on cognition in epileptic 
patients. Antidepressants, herbal supplements, and non-
pharmacological approaches to treat cognitive deficits in 
epilepsy have been tried.

Another option to treat behavioral problems in 
patients with seizures is psychopharmacology; however, 
this should not substitute for attempts to control the sei-
zures or to treat any underlying conditions. Despite the 
controversial possibility of decreasing the seizure thresh-
old, tricyclic antidepressants and selective serotonin 
reuptake inhibitors (SSRIs) are used successfully to treat 
depression and anxiety in patients with epilepsy. Some 
SSRIs (fluoxetine, paroxetine, fluvoxamine, and, to a lesser 
degree, sertraline) are inhibitors of the cytochrome P450 
enzyme system, which in turn may increase phenytoin, 
carbamazepine, and valproate levels. Haloperidol has little 
effect on seizure threshold, but antipsychotic agents such 
as chlorpromazine and clozapine are not recommended 
for use in children with psychosis because of the possibil-
ity of increased seizures. Despite this risk, clozapine has 
been reported not to clinically affect seizure threshold; in 
fact, Langosch and Trimble treated six children with epi-
lepsy and severe psychosis with clozapine with no increase 
in seizures in three of them and substantial reduction of 
seizures in the other three (75).

CONCLUSIONS

Patients with epilepsy are more likely to suffer from cog-
nitive and behavioral deficits compared to the general 
population. These deficits are multifactorial in etiology 
ranging from biological factors such as seizure type, 
underlying neuropathology, age of onset, a variety of 
psychosocial problems, and untoward effects of treat-
ment. The risk of neurocognitive burden from epilepsy 
may even start before birth in children of women with 
epilepsy due to in utero exposure to AEDs.

Although epilepsy per se may cause or exacerbate an 
underlying cognitive impairment, the underlying etiology 
is commonly a major contributing factor. While treating 
seizures is necessary and by itself may resolve or alleviate 
the cognitive deficits of the disease, it may also add to 
the adverse cognitive and behavioral problems experi-
enced by patients with epilepsy. The major therapeutic 
modalities (i.e., AEDs and resection surgery) carry some 
potential cognitive risks. Although AED-induced deficits 
are reversible, other deficits may not be remediable or 
even avoidable. Currently there are no effective treat-
ments available for cognitive deficits of epilepsy. There-
fore, surgical and medical treatment of epilepsy must be 
tailored to the individual patient with the potential risks 
in mind. Clinicians should be aware of these risks, par-
ticularly potential cognitive effects of AEDs, to avoid or 
minimize any negative consequences of the treatment.

References

1. Meador KJ. Cognitive effects of epilepsy and of antiepileptic medications. In: Wyllie E, 
ed. The Treatment of Epilepsy. Principles and Practice. 4th ed. Philadelphia: Lippincott 
Williams & Wilkins, 2005:1215–1226.

2. Sillanpaa M, Jalava M, Kaleva O, Shinnar S. Long-term prognosis of seizures with onset 
in childhood. N Engl J Med 1998; 338(24):1715–1722

3. Jokeit H, Ebner A. Effects of chronic epilepsy on intellectual functions. Prog Brain Res
2002; 135:455–463.

4. Motamedi GK, Meador KJ. Antiepileptic drugs and memory. Epilepsy Behav 2004; 5:
435–439.

5. Motamedi G, Meador K. Epilepsy and cognition. Epilepsy Behav 2003; 4(Suppl 2):
25–38.

6. Smith DB, Mattson RH, Cramer JA, Collins JF, Novelly RA, Craft B. Results of a nation-
wide Veterans Administration Cooperative Study comparing the efficacy and toxicity of 
carbamazepine, phenobarbital, phenytoin, and primidone. Epilepsia 1987; 28 Suppl 3:
S50–58.

7. Meador KJ, Loring DW, Moore EE, Thompson WO, et al. Comparative cognitive effects 
of phenobarbital, phenytoin and valproate in healthy subjects. Neurology 1995; 45:
1494–1499.

8. Meador KJ, Loring DW, Abney OL, Allen ME, et al. Effects of carbamazepine and 
phenytoin on EEG and memory in healthy adults. Epilepsia 1993; 34:153–157.

9. Dodrill CB, Troupin AS. Neuropsychological effects of carbamazepine and phenytoin: a 
reanalysis. Neurology 1991; 41:141–143.

10. Gilliam FG, Fessler AJ, Baker G, Vahle V, et al. Systematic screening allows reduction of 
adverse antiepileptic drug effects: a randomized trial. Neurology 2004; 62:23–27.

11. Ettinger AB, Kanner AM, eds. Psychiatric Issues in Epilepsy. A Practical Guide to 
Diagnosis and Treatment. Philadelphia: Lippincott Williams & Wilkins, 2001.

12. Meador KJ. Cognitive and memory effects of the new antiepileptic drugs. Epilepsy Res
2006; 68:63–67.

13. Please supply reference for the first study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Gabapentin, 1st 
paragraph.

14. Please supply reference for the second study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Gabapentin, 1st 
paragraph.

15. Please supply reference for the third study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Gabapentin, 1st 
paragraph.

16. Please supply reference for the fourth study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Gabapentin, 1st 
paragraph.

17. Please supply reference for the fifth study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Gabapentin, 1st 
paragraph.

18. Please supply reference for the Meador et al. study described in Treatment-Induced Cogni-
tive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Gabapentin, 2nd 
paragraph.

19. Martin R, Meador K, Turrentine L, Faught E, et al. Comparative cognitive effects of 
carbamazepine and gabapentin in healthy senior adults. Epilepsia 2001; 42:764–771.

20. Please supply reference for the Mortimore et al. study described in Treatment-Induced 
Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Gabapen-
tin, 2nd paragraph.

21. Please supply reference for the first study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Lamotrigine, 1st 
paragraph.

22. Please supply reference for the second study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Lamotrigine, 1st 
paragraph.

23. Meador KJ, Loring DW, Ray PG, Murro AM, et al. Differential cognitive and behavioral 
effects of carbamazepine and lamotrigine. Neurology 2001; 56:1177–1182.

24. Meador KJ, Loring DW, Vahle VJ, Ray PG, et al. Cognitive and behavioral effects 
of lamotrigine and topiramate in healthy volunteers. Neurology 2005; 64(12):
2108–2114.

25. Please supply reference for the last study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Lamotrigine, 1st 
paragraph.

26. Please supply reference for the Aldenkamp and Baker study described in Treatment-
Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, 
Lamotrigine, 2nd paragraph.



VI • EFFECTS OF TREATMENT288

27. Please supply reference for the other study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Lamotrigine, 2nd 
paragraph.

28. Please supply reference for the first study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Lamotrigine, 3rd 
paragraph.

29. Please supply reference for the Brown et al. study described in Treatment-Induced Cogni-
tive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Lamotrigine, 3rd 
paragraph.

30. Neyens LG, Alpherts WC, Aldenkamp AP. Cognitive effects of a new pyrrolidine derivative 
(levetiracetam) in patients with epilepsy. Prog Neuropsychopharmacol Biol Psychiatry
1995; 19:411–419.

31. Please supply reference for the rat study described in Treatment-Induced Cognitive Dys-
function, Antiepileptic Drug Therapy, Newer-generation AEDs, Leviracetam, 1st para-
graph.

32. Please supply reference for the Cramer et al. study described in Treatment-Induced 
Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Levirace-
tam, 2nd paragraph.

33. Please supply reference for the first study described in Treatment-Induced Cognitive Dysfunc-
tion, Antiepileptic Drug Therapy, Newer-generation AEDs, Leviracetam, 3rd paragraph.

34. Please supply reference for the second study described in Treatment-Induced Cognitive 
Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Leviracetam, 3rd 
paragraph.

35. Please supply reference for the study described in Treatment-Induced Cognitive Dysfunction, 
Antiepileptic Drug Therapy, Newer-generation AEDs, Oxcarbazepine, 1st paragraph.

36. Aikia M, Kalviainen R, Sivenius J, Halonen T, et al. Cognitive effects of oxcarbazepine 
and phenytoin monotherapy in newly diagnosed epilepsy: one year follow-up. Epilepsy
Res 1992; 11:199–203.

37. Please supply reference for the study of oxcarbazepine and phenytoin in healthy volun-
teers described in Treatment-Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, 
Newer-generation AEDs, Oxcarbazepine, 2nd paragraph.

38. Please supply reference for the study of the effect of oxcarbazepine and 3 other meds on 
alpha rhythm in newly diagnosed epilepsy patients described in Treatment-Induced Cogni-
tive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Oxcarbazepine, 
2nd paragraph.

39. Please supply reference for the study of oxcarbazepine vs. carbamazepine in healthy 
volunteers described in Treatment-Induced Cognitive Dysfunction, Antiepileptic Drug 
Therapy, Newer-generation AEDs, Oxcarbazepine, 2nd paragraph.

40. Please supply reference for at least one of the large studies described in Treatment-
Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, 
Tiagabine.

41. Please supply reference for the 52-week follow-up study described in Treatment-
Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, 
Tiagabine.

42. Please supply reference for at least one of the studies described in Treatment-Induced 
Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Topiramate, 
1st paragraph.

43. Please supply references for the PADS described in Treatment-Induced Cognitive Dysfunc-
tion, Antiepileptic Drug Therapy, Newer-generation AEDs, Topiramate, 1st paragraph.

44. Martin R, Kuzniecky R, Ho S, Hetherington H, et al. Cognitive effects of topira-
mate, gabapentin, and lamotrigine in healthy young adults. Neurology 1999; 52: 
321–327.

45. Please provide reference for the results about topiramate in disabled patients described in 
Treatment-Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation 
AEDs, Topiramate, 2nd paragraph.

46. Please provide reference for the last claim in Treatment-Induced Cognitive Dysfunction, 
Antiepileptic Drug Therapy, Newer-generation AEDs, Topiramate, 2nd paragraph.

47. Please provide reference for the Aldenkamp et al. study described in Treatment-Induced 
Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, Topiramate, 
3rd paragraph.

48. Meador KJ, Loring DW, Hulihan JF, Kamin M., et al. Differential cognitive and behavioral 
effects of topiramate and valproate. Neurology 2003; 60(9):1483–1488.

49. Please provide reference for the study comparing vigabatrin to placebo described in 
Treatment-Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation 
AEDs, Vigabatrin.

50. Please provide reference for the study of 2 g/day vigabatrin added to existing AEDs 
described in Treatment-Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, 
Newer-generation AEDs, Vigabatrin.

51. Please provide reference for the trial showing behavioral side effects described in Treatment-
Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation AEDs, 
Vigabatrin.

52. Please provide reference for study showing no greater risk for vigabatrin than other AEDs, 
described in Treatment-Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, 
Newer-generation AEDs, Vigabatrin.

53. Please provide reference(s) for the statements in Treatment-Induced Cognitive Dysfunc-
tion, Antiepileptic Drug Therapy, Newer-generation AEDs, Zonisamide.

54. Please provide references for the study of pregabalin in generalized anxiety disorder 
described in Treatment-Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, 
Newer-generation AEDs, Pregabalin.

55. Please provide references for the study of pregabalin in healthy volunteers described in 
Treatment-Induced Cognitive Dysfunction, Antiepileptic Drug Therapy, Newer-generation 
AEDs, Pregabalin.

56. Please provide reference for the Alderkamp (that should be Aldenkamp, right?) and 
Alpherts study described in Treatment-Induced Cognitive Dysfunction, Antiepileptic Drug 
Therapy, Newer-generation AEDs, Rufinamide.

57. Please provide reference for the study described in Treatment-Induced Cognitive Dysfunc-
tion, Epilepsy Surgery, 1st paragraph (unless it’s covered by Lah et al. 2006).

58. Lah S, Lee T, Grayson S, Miller L. Effects of temporal lobe epilepsy on retrograde memory. 
Epilepsia 2006; 47:615–625.

59. Please provide reference for the study by Rausch et al. described in Treatment-Induced 
Cognitive Dysfunction, Epilepsy Surgery, 2nd paragraph.

60. Helmstaedter C. Neuropsychological aspects of epilepsy surgery. Epilepsy Behav 2004;
5(Suppl 1):S45–S55.

61. Engman E, Andersson-Roswall L, Samuelsson H, Malmgren K. Serial cognitive change 
patterns across time after temporal lobe resection for epilepsy. Epilepsy Behav 2006; 
8:765–772.

62. Please provide reference for the single-arm follow-up study described in Treatment-
Induced Cognitive Dysfunction, Vagus Nerve Stimulation.

63. Please provide reference for the longer-term follow-up described in Treatment-Induced 
Cognitive Dysfunction, Vagus Nerve Stimulation.

64. Please provide reference for the literature review described in Treatment-Induced Cognitive 
Dysfunction, Vagus Nerve Stimulation.

65. Please provide reference for the study showing impaired cognitive flexibility in 3 patients 
described in Treatment-Induced Cognitive Dysfunction, Vagus Nerve Stimulation.

66. Please provide reference for the study of benzodiazepines and barbiturates described in 
Cognitive Dysfunction in Elderly Patients with Epilepsy.

67. Please provide reference for the study of phenytoin and valproate described in Cognitive 
Dysfunction in Elderly Patients with Epilepsy.

68. Please provide reference for the multicenter European study described in Cognitive Dys-
function in Elderly Patients with Epilepsy.

69. Please provide reference for the VA Cooperative Study Trial 428 described in Cognitive 
Dysfunction in Elderly Patients with Epilepsy.

70. Please provide reference for the Adverse Events Profile mentioned in Recognition and 
Treatment of Cognitive Dysfunction in Epilepsy, 2nd paragraph.

71. Please provide reference for the first study described in Recognition and Treatment of 
Cognitive Dysfunction in Epilepsy, 3rd paragraph.

72. Please provide reference for the Jia et al. study described in Recognition and Treatment 
of Cognitive Dysfunction in Epilepsy, 3rd paragraph.

73. Please provide reference for the Chan et al. study described in Recognition and Treatment 
of Cognitive Dysfunction in Epilepsy, 4th paragraph.

74. Please provide reference for the methylphenidate study described in Recognition and 
Treatment of Cognitive Dysfunction in Epilepsy, 5th paragraph.

75. Langosch JM, Trimble MR. Epilepsy, psychosis and clozapine. Hum Psychopharmacol
2002; 17:115–119.



289

Mood

ntiepileptic drugs (AEDs) have sev-
eral mechanisms of action likely to 
be responsible for their antiseizure 
activity but also for their effect 

on mood and behavior (Table 35-1). In general terms, 
the psychotropic effects of AEDs can be broken down 
into those that are positive and those that are negative. 
Our knowledge about negative psychotropic proper-
ties of AEDs is still limited, without standardized or 
defined diagnostic criteria. With respect to the older 
generation of AEDs—that is, drugs available before the 
1990s, such as barbiturates, phenytoin, carbamazepine, 
and valproate—there are no systematic data; whereas 
for the newer AEDs, there are data from drug trials in 
which behavioral manifestations are not systematically 
reported. Thus, the psychopathological nature of psy-
chiatric side effects of AEDs, as well as their severity, 
time course, and relationship to seizure activity, remain 
incompletely understood.

MECHANISMS FOR PSYCHIATRIC SIDE 
EFFECTS OF ANTIEPILEPTIC DRUGS

In a review of the positive and negative psychotropic 
effects of antiepileptic drugs, it was suggested that two 
categories of compounds could be identified on the 

Marco Mula
Josemir W. Sander

basis of their predominant psychotropic profile (1). On 
the one hand, sedating drugs are characterized by side 
effects such as fatigue, cognitive slowing, and weight 
gain and usually augment gamma-aminobutyric acid 
(GABA) inhibitory neurotransmission. On the other 
hand, there are activating drugs with anxiogenic and 
antidepressant properties that attenuate glutamate 
excitatory neurotransmission. In the first group are 
drugs such as barbiturates, valproate, gabapentin, 
tiagabine, and vigabatrin, and in the second group are 
felbamate and lamotrigine. Topiramate is likely to have 
a mixed profile (Figure 35-1). Although this proposed 
paradigm is straightforward, in patients with epilepsy 
the scenario is more complicated. The psychotropic 
effects of the AEDs may be related to direct and indirect 
mechanisms. The first mechanisms represent the main 
properties of the drug and can be easily predicted using 
the theoretical framework previously described. At the 
same time, AED-related psychopathology may also 
derive from the interaction between the drug and the
underlying epileptic process (Table 35-2). Some phe-
nomena, such as forced normalization (see Chapter 29 
on psychosis and forced normalization) or postictal 
psychosis, may be pharmacologically driven, but 
they are not related to the AEDs per se; they occur 
exclusively in patients with epilepsy and are related 
to other variables such as the severity of the disease 
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or the presence of abnormalities in the limbic system. 
Furthermore, the concept that the mechanisms underly-
ing the control of seizures are strictly interlinked with 
the control of mood and its polarity is suggested by 
the occurrence of psychopathological states with vagus 
nerve stimulation or after epilepsy surgery.

NEGATIVE EFFECTS OF ANTIEPILEPTIC 
DRUGS ON MOOD

Mood disorders are the most common psychiatric comor-
bidity in patients with epilepsy, but they often remain 
unrecognized and untreated (2). It is well known that the 
presence of depression in patients with refractory epilepsy 
is one of the most important variables to have an impact 
on the quality of life, even more than seizure frequency 
and severity (3). Among the potential neurobiological 
and psychosocial determinants, epilepsy variables such 
as the epilepsy syndrome or the seizure type (temporal 
lobe epilepsy and partial seizures), severity (depression 
increases with increased seizure severity), frequency 
(either increased or decreased), and AED treatment 
have been associated with depression. However, prob-
ably only a few variables are relevant concerning depres-
sive symptoms exacerbated by AED therapy, including 

GABA neurotransmission, folate deficiency, polytherapy, 
the presence of hippocampal sclerosis, forced normaliza-
tion, and a past history of affective disorders.

Several studies have suggested a link between 
depression and treatment with barbiturates (primi-
done or phenobarbital). Old open studies comparing 
primidone with carbamazepine showed that, over time, 
patients were clinically more depressed on a regimen 
of primidone and less so on carbamazepine (4). Subse-
quently, other authors using a double-blind crossover 
design and evaluating patients with standardized clinical 
instruments have replicated these findings. In children 
with epilepsy taking barbiturates, a conduct disorder 
resembling an attention deficit hyperactivity disorder 
has been described. Moreover, irritability and aggres-
sive behavior are side effects often seen in patients with 
mental retardation (4).

Some of the newer AEDs, including vigabatrin, 
tiagabine, and topiramate, have been linked with depres-
sion as a treatment-emergent adverse effect (Table 35-3).

Vigabatrin has been the most extensively studied, 
largely as a result of being the first of the newer compounds 
to be introduced to clinical practice. In some patients the 
onset of depression was linked with a dramatic control of 
seizure frequency (probably a form of forced normaliza-
tion), whereas in others it was unrelated to this; on the 

TABLE 35-1
Mechanisms of Action of Antiepileptic Drugs

VOC NA GABA  SELECTIVE GABAA  DIRECT CL VOC CA  OTHER

 BLOCKADE INCREASE POTENTIATION FACILITATION BLOCKADE ACTIONS

BDZ � � �� � � �
CBZ �� ? � � � (L) �
ETX � � � � ��(T) �
PHB � � � �� ? �
PHT �� � � � ? �
VPA ? � � � (T) ��
FLB �� � � � �(L) �
GBP  ? � � �� (N, P/Q) ?
LTG �� � � � �� (N, P/Q, R, T) �
LEV � ? � � � (N) ��
OXCBZ �� ? � � � (N, P) �
PGB � � � � �� (N, P/Q) �
TGB � �� � � � �
TPM �� � � � � (L) �
GVG � �� � � � �
ZNM �� ? � � �� (N, P, T) �

� � Secondary action; �� � primary action; � � not described; ? � controversial;
VOC � voltage opened channel; in brackets the calcium channel subtype.
BDZ � benzodiazepines; CBZ � carbamazepine; ETX � ethosuximide; PHB � barbiturates; PHT � phenytoin; VPA � valproate; FLB �

felbamate; GBP � gabapentin; LTG � lamotrigine; LEV � levetiracetam; OXCBZ � oxcarbazepine; PGB � pregabalin; TGB � tiagabine;
TPM � topiramate; GVG � vigabatrin; ZNM � zonisamide.
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whole, however, it appeared to be more common in patients 
with a past history of depression. Thus, in the series reported 
in the literature, at least 50% of cases usually reported previ-
ous episodes of an affective disorder (5).

It is of interest that those AEDs that seem associated 
more with depression share a potentiation of the inhibi-
tory neurotransmission mediated by the benzodiazepine-
GABA receptor. In psychiatric practice, it is known that 
benzodiazepines can provoke depressive symptoms, and 
withdrawal can provoke a depressive illness. This obser-
vation is not easy to explain but has been used as further 
evidence for a GABAergic hypothesis of depression. A 
number of clinical observations and experimental studies 

have shown that GABAergic mechanisms are involved in 
the pathogenesis of depression.

Topiramate is usually considered an AED with a 
mixed profile, but its GABAergic properties are prob-
ably prominent, and data from studies of functional neu-
roimaging showed that treatment with topiramate was 
associated with the onset of depression and a significant 
augmentation in GABAergic inhibitory neurotransmis-
sion. Previous clinical studies also showed that depression 
is one of the main treatment-emergent adverse events 
during topiramate therapy (6). It was observed that rel-
evant risk factors were a rapid titration schedule of the 
drug, a past psychiatric history, and probably a more 
severe form of epilepsy as suggested by the association 
with seizure frequency and the presence of tonic-atonic 
seizures. Interestingly we also noted that cotherapy with 
lamotrigine was a significant protective factor, suggesting 
some antidepressant properties of this AED (6).

In the pathogenesis of AED-induced depressive 
symptoms, a relevant role is played by the limbic struc-
tures. There is growing evidence in the literature that 
depression might be linked to small hippocampal vol-
umes, and this association has been described in patients 
with epilepsy but also in patients without epilepsy with a 
major depressive disorder. Our group demonstrated that 
patients with temporal lobe epilepsy and hippocampal 
sclerosis were more prone to developing depression dur-
ing therapy with topiramate than patients with temporal 
lobe epilepsy and normal magnetic resonance imaging 
(MRI), matched for starting dose and titration schedule of 
topiramate. Although patients with hippocampal sclerosis 

GABAergic drugs
Sedating, axiolytic,

antimanic

Anti-glutamatergic drugs
Activating, axiogenic,

antidepressant

Barbiturates,
Benzodiazepines, Valproate,

Vigabatrin, Tiagabine,
Gabapentin

Topiramate

Felbamate
Lamotrigine

Levetiracetam ?
Pregabalin ?

FIGURE 35-1

Classification of anticonvulsant drugs according to their psychotropic properties.

TABLE 35-2
Mechanisms for Psychiatric Side Effects of 

Antiepileptic Drugs in Patients with Epilepsy

DIRECT (DRUG-RELATED)

• Mechanism of action of the drug
• Drug toxicity
• Drug withdrawal

INDIRECT (EPILEPSY-RELATED)

• Forced normalization phenomenon
• Postictal syndromes
• Affective symptoms in patients with hippocampal

sclerosis
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are more likely to be affected by a more severe form of 
epilepsy, in which treatment resistance and polytherapy 
can be present, the regression analysis showed that only 
hippocampal sclerosis and not the AED regimen was a 
predictive factor for depression (7).

Another issue of interest is folate deficiency. Patients 
receiving several AEDs are reported to have low serum, 
red cell, or cerebrospinal fluid (CSF) folate levels. This 
deficit appears greater in patients with epilepsy who 
also show psychopathology, and it is known that folic 
acid plays a crucial role in several important central ner-
vous system transmethylation reactions and is linked to 
monoamine metabolism. It is interesting that anticonvul-
sants with a positive impact on mood and behavior, such 
as carbamazepine or lamotrigine, have minimal effects 
on folate levels.

POSITIVE EFFECTS OF ANTIEPILEPTIC 
DRUGS ON MOOD

AEDs are used extensively in psychiatric practice for 
a broad spectrum of psychiatric disorders, especially 
bipolar disorders, and some are well known to stabilize 
mood. Since its introduction into the clinical management 

of epilepsy, carbamazepine has been reported to have 
psychotropic properties. Over time, several controlled 
studies have been carried out comparing the effects of 
carbamazepine in acute mania with placebo, lithium, or 
neuroleptics. These studies have shown that carbamaze-
pine is equivalent to lithium in many cases, and that the 
time course of the antimanic effect is a little slower than 
with neuroleptics but equivalent to lithium (8). This is 
relevant for those patients who are refractory to lithium 
and require an alternative. Carbamazepine has also been 
shown to be an effective treatment for the prophylaxis 
of bipolar disorder, controlled studies suggesting that 
patients with an unstable bipolar disorder with rapid 
fluctuations (rapid cyclers) do better on carbamazepine 
or a combination of carbamazepine and lithium.

Valproate has been used in manic episodes, depres-
sive episodes, and for maintenance therapy of bipolar 
disorder; the strongest supporting evidence is for acute 
mania (8). There is possibly an effect in behavioral prob-
lems associated with affective lability, aggression, and 
impulsivity across a range of different clinical contexts, 
but currently, controlled studies are available mainly for 
bipolar depression.

Some of the new AEDs (e.g., tiagabine) have failed 
to show any efficacy in primary psychiatric disorders, 

TABLE 35-3
Psychotropic Effects of Anticonvulsants

 NEGATIVE POSITIVE

BARBITURATES Depression, hyperactivity Anxiolytic, hypnotic

Phenytoin Encephalopathy

Ethosuximide Behavioral abnormalities, psychosis 

Carbamazepine � Mood stabilizing, antimanic
Oxcarbazepine

Valproate Encephalopathy Mood stabilizing, antimanic, 
(anxiolytic)

Felbamate Depression, anxiety, irritability (Increased attention and concentration)

Lamotrigine Insomnia, agitation Mood stabilizing, antidepressant

Vigabatrin Depression, aggression, psychosis 

Topiramate Depression, psychomotor  Antibulimic in binge eating disorders 
slowing, psychosis   (mood stabilizing)

Gabapentin Behavioral problems in children (Anxiolytic)

Zonisamide Agitation, depression, psychoses 

Tiagabine Depression (non–convulsive status epilepticus) 

Levetiracetam Irritability, emotional liability 

Pregabalin Anxiolytic
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whereas others (e.g., topiramate) may have adjunctive 
uses, such as weight loss in the management of weight 
gain as a side effect of atypical antipsychotics or in 
comorbid eating disorders (9). The data on the effects of 
oxcarbazepine on psychiatric disorders are limited and 
definitely less conclusive than those regarding carbamaze-
pine. Oxcarbazepine, however, seems to be less effective 
than lithium, but as effective as carbamazepine, in acute 
mania; but oxcarbazepine is probably better tolerated 
than carbamazepine. The lack of efficacy of gabapentin 
in bipolar disorders has emerged from controlled studies 
that failed to detect such an effect (8).

During clinical trials in the development of lamotri-
gine as an AED, it was observed that it had antidepressant 
properties. The cumulative results of the studies so far 
provide evidence that lamotrigine is effective in the man-
agement of the depressed phase of bipolar disorder type II 
and in the long-term stabilization of mood in patients 
with rapid cycling bipolar disorder (Table 35-4).

Pregabalin is probably the most interesting molecule 
of the newest compounds. Controlled studies have dem-
onstrated that it is better than placebo in anxiety disor-
ders such as generalized anxiety disorder (8).

Data currently published suggest an important role 
for AEDs in psychiatric disorders, but it is difficult to 
extrapolate from these studies in psychiatric patients 
directly to patients with epilepsy. It would clearly be very 
useful to know whether drugs have a positive influence 
on the psychic status of patients with epilepsy beyond 
their influence on seizure activity. However, there is 
little scientific evidence for this; most of the studies are 
uncontrolled and based on quality-of-life parameters 
rather than on a formal psychiatric evaluation. The use 
of a drug as both an antiepileptic and an antidepressant 
or mood stabilizer should be an important option for 

rational pharmacotherapy in patients with uncontrolled 
epilepsy and comorbid psychiatric disorders. Further 
studies are required.

Lamotrigine is the only compound recently investi-
gated as a psychotropic agent in patients with epilepsy. 
Several blind studies have shown significant improve-
ment in quality-of-life outcomes when lamotrigine is 
compared to carbamazepine or valproate, but studies 
addressing the specific issue of depression are lacking 
(4). An open study reported a significant antidepressant 
effect of lamotrigine in thirteen patients with uncon-
trolled epilepsy and depression. In two different studies 
from our group, we observed that lamotrigine signifi-
cantly reduced the occurrence of psychopathology dur-
ing therapy with topiramate (6) or levetiracetam (10). 
All of these studies taken together suggest a possible role 
of lamotrigine as an antidepressant or mood stabilizer 
in those patients with uncontrolled epilepsy and depres-
sive symptoms.

VAGUS NERVE STIMULATION AND MOOD

Several studies with different methodological approaches 
have demonstrated that vagus nerve stimulation (VNS) 
may bilaterally activate a wide range of brain regions: 
the nucleus of the solitary tract and brainstem regions 
in its vicinity, the thalamus, hypothalamus, amygdala, 
hippocampus, and isocortex. The regions are particularly 
relevant in the context of both epileptogenesis and neu-
ropsychiatric disorders. The details of activation remain 
somewhat obscure because different studies report slightly 
different effects regarding possible lateralization of the 
activations obtained; but a dose-dependent enhancement 
effect of VNS on retention and recognition performance in 

TABLE 35-4
Clinical Guideline Recommendations for Antiepileptic Drugs in Bipolar Disorder

CBZ GBP LTG OXC VPA

APA  Acute mania/mixed mania � � � � �
Acute bipolar depression � � � � �
Acute rapid cycling � � � � �
Maintenance � � � � �

BAP Acute mania/mixed mania � � � � �
Acute bipolar depression � � � � �
Rapid cycling � � � � �
Maintenance � � � � �

APA � American Psychiatric Association; Hirschfeld et al. Practice Guideline for the Treatment of Patients with Bipolar Disorder (Revi-
sion). Am J Psychiatry 2002;159(Suppl 4):1–50.

BAP � British Association of Psychopharmacology; Goodwin GM. Evidence-based guidelines for treating bipolar disorder: recom-
mendations from the British Association for Psychopharmacology. J Psychopharmacol 2003;17:149–173.

CBZ � carbamazepine; GBP � gabapentin; LTG � lamotrigine; OXC � oxcarbazepine; VPA � valproate.
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animals and patients with epilepsy has been demonstrated, 
showing the functional impact of these activations.

The Food and Drug Administration approved VNS 
for the treatment of drug-resistant epilepsy in 1997, and the 
European Community did so in 1994. Reports from the 
early randomized controlled trials on VNS for epilepsy 
treatment (E03, E05) suggested improved quality of life 
in a majority of patients, with 50–60% of patients report-
ing that their quality of life had improved in the 14-week 
period since implantation. Subsequently, several small stud-
ies and an international, randomized, multisite outcome 
study evaluated the effect of VNS on mood in patients 
with epilepsy using specific mood outcome measures from 
standardized psychiatric rating scales; but the majority of 
studies were too small to definitely prove the specificity 
of the effect and to exclude a placebo effect (11).

In patients with depression but without epilepsy, the 
role of VNS in the regulation of mood seems to be much 
clearer than in patients with depression and epilepsy. The 
first studies conducted involved patients with very severe 
forms of depression resistant to at least two antidepressant 
medications. Because the disorders were very severe and 
chronic, a substantial placebo effect was very unlikely to 
occur. Some of these studies showed a response rate of up 
to 40% in the acute phase, with an apparent continued 
improvement for 2 years. However, controlled studies in 
a similar patient population showed no significant benefit 
for low current stimulation. VNS is now available as a 
treatment for chronic or recurrent depression in several 
countries. The Food and Drug Administration recently 
approved VNS in patients who have not responded to four 
or more adequate antidepressant treatments. Strong anti-
anxiety effects have also been demonstrated in depressed 
patients. Further studies in anxiety disorders are ongoing.

This treatment modality may be a possibility 
for combination therapy for epilepsy and psychiatric 

disorders without concerns of adverse effects due to drug-
drug interactions. However, VNS, like other antiepileptic 
modalities, is also associated with the onset of psychiatric 
side effects, especially those that are based on indirect 
mechanisms such as the forced normalization phenom-
enon or postictal states.

CONCLUSIONS

Among the psychiatric adverse effects of AEDs, a variety of 
behavioral problems are the most commonly reported, fol-
lowed by depression, with psychosis being a relatively rare 
though severe complication. Several factors are implicated 
in their occurrence, and the risk is likely to be linked to 
severity of epilepsy, polytherapy, rapid titration, and high 
dosages of the drugs. It is important to identify a clinical 
phenotype more at risk of developing psychopathology, to 
inform patients and their families and to make sure that 
the patients at risk are seen frequently. In general terms, 
a previous psychiatric history or a familial predisposition 
and a diagnosis of mesial temporal lobe epilepsy are asso-
ciated with a high risk of psychopathology. Hippocampal 
sclerosis makes the risk higher for affective symptoms such 
as depressed mood and mental slowing.

In clinical practice, patients presenting with depres-
sion and epilepsy should always have their anticonvulsant 
therapy reviewed, and polytherapy should be avoided 
when possible. In individuals with uncontrolled epilepsy 
and a previous history of episodic psychopathology, espe-
cially a psychosis, the aim of complete seizure control 
should be carefully approached.

Antiepileptic drugs may be used in epilepsy or as 
psychotropic drugs or mood stabilizers at the same time, 
tailoring the appropriate therapy in relation to the psychic 
status of the patient.
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majority of persons with epilepsy do 
well on antiepileptic drugs (AEDs). 
However, there are about 30–40% 
of persons with epilepsy who con-

tinue to have seizures despite the best intention of treat-
ment even with the latest AEDs (1). It is this subset that 
must be identified and considered for an expedited and 
exhaustive evaluation for the possibility of a surgical cure 
of their seizures.

Medical intractability can be defined as a situation 
in a given person who has received an accurate diag-
nosis of epilepsy (nonepileptic seizures being ruled out) 
and, despite an adequate trial of appropriately selected 
and dosed AEDs, continues to have seizures, which thus 
results in serious impairment of the person’s health or 
quality of life.

The prevalence of medically intractable epilepsy is 
not precisely known, but it has been estimated at about 
5% to 10% of the epilepsy population (2). As many 
as 100,000 to 180,000 persons in the United States 
are estimated to have medically intractable epilepsy. 
Estimates from the incidence of epilepsy also suggest 
that at least 5,000 persons with epilepsy would go on 
to have medical intractability each year. Predictors of 
intractability are mental retardation, high initial sei-
zure frequency, remote symptomatic etiology, and poor 
short-term treatment outcome (3). A history of infantile 
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spasms, earlier age of seizure onset, and status epi-
lepticus have also been implicated as risk factors (4). 
Thirty percent of those whose seizures fail to improve 
with treatment during the first year, versus 4% of those 
whose seizures respond, eventually have uncontrolled 
seizures in the years to follow, hence the control of 
seizures in the first year of therapy may give a clue to 
who should be investigated further (5).

Persistent seizures undermine psychosocial, educa-
tional, and occupational opportunities and development 
of an individual (6). Numerous studies have demon-
strated quality-of-life impairment in these persons (7). 
In addition, there is always the issue of unpredictability, 
injuries, and sudden death. Persons with epilepsy have 
a 23 times higher risk of sudden death than the general 
population. The risk is high, at around 1:200 person-
years, or between 0.5% and 1.5% per year, in persons 
with medically intractable epilepsy (8, 9).

WHOM TO EVALUATE?

Patients considered for presurgical evaluation should 
typically meet the following two criteria: (1) disabling 
seizures that have not been controlled by adequate trials 
of appropriate AEDs without adverse side effects, and 
(2) clinical, neuroimaging, or electroencephalographic 

A
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(EEG) evidence of an epileptogenic brain region that 
may be safely resected (10, 11), or, if no focal region is 
responsible, the seizures are disabling enough to warrant 
a palliative surgical procedure.

WHEN TO EVALUATE?

Seizure recurrence in a person within the first few years 
of therapy would be the appropriate time at which to 
decide to investigate. Ideally anyone not responding to 
an appropriate AED (two having been tried) in adequate 
doses should be evaluated.

HOW TO EVALUATE?

It is mandatory to proceed in a systematic manner in 
the presurgical delineation of the epileptogenic zone. 
Noninvasive methods must be used to their fullest 
available potential before an invasive procedure. The 
various techniques utilized for the same are listed 
in Table 36-1. The list is not exhaustive, and new 
noninvasive techniques are being developed and com-
ing into use. These are discussed individually in the 
following subsections.

Neurologic History, 
Seizure Semiology, and Examination

The process starts with identification of the seizure 
semiology by history. A careful history taking is the first 
and most important step in the evaluation of an intrac-
table seizure disorder. The profile of a patient’s ictus 
can be defined by the following ten-point system: (1) a 

sequential description of the seizure episodes,  usually 
given by eyewitnesses. An aura or warning should 
always be asked for. (2) Age of onset. (3) Etiology or 
risk factors, including history of febrile seizures, head 
injury, encephalitis, perinatal factors, and so on. (4) Sei-
zure frequency. (5) Seizure-aggravating and -alleviating 
factors. (6) Compliance with medication. (7) Psycho-
logic factors. (8) Impact of seizures. (9) Family history. 
(10) Effect of prior and current AED treatments (seizure 
outcome, the best AEDs so far, doses used, and side 
effects experienced).

Knowledge and recognition of semiological lateral-
izing signs during seizures is an important component of 
the presurgical evaluation and adds further information 
to the electrophysiological monitoring by a video-EEG 
(VEEG) (12). The lateralizing and localizing value of the 
semiology correlates well with the cortical representation 
of various functions; hence these should be examined 
in microscopic and meticulous details (13). Table 36-2 
illustrates the various localizing features of different phe-
nomena in order of their localizing accuracy. The list of 
lateralizing features increases over time as more and more 
observations are validated.

Interictal EEG

Interictal EEG recording is a noninvasive tool that is 
invaluable in evaluating patients with intractable epi-
lepsy. Cascino et al. (14) performed a very elegant study 
and came to the conclusion that unilateral interictal 
EEG discharges correlated well with the findings of 
ipsilateral temporal lobe atrophy and a good surgical 
outcome. The routine EEG almost invariably records 
only interictal epileptiform activity in patients with 
intractable epilepsy, and this identifies the irritative 
zone in patients with partial seizures. The irritative 
zone may correspond to the site of seizure onset, but 
it does not always approximate the size of the critical 
epileptogenic brain region. The relatively short duration 
of the routine EEG provides only a limited sample of 
interictal activity. Serial EEGs or prolonged interictal 
studies may increase the likelihood of recording epilep-
tiform abnormalities. The consensus of previous studies 
suggests that interictal epileptiform abnormalities may 
be a good index of the epileptogenic temporal lobe. 
Interictal discharges, however, may incorrectly lateral-
ize the epileptic temporal lobe in 10–20% of patients. 
The presence of unilateral anterior temporal lobe spikes 
is also a predictor of favorable operative outcome. The 
lateralizing value of the scalp-recorded ictal EEG is also 
better in patients with temporal lobe epilepsy (TLE) and 
unilateral temporal lobe spikes (15). In extratemporal 
lesions and epileptogenic zones the interictal EEG may 
have a lower yield; however, some studies have dem-
onstrated that when comparing the EEG foci with the 

TABLE 36-1
Techniques Used to Localize the Primary 

Epileptogenic Zone

a. Neurologic history, seizure semiology, and examination
b. Interictal EEG
c. Video-EEG monitoring
d. High-resolution MRI and additional protocols
e. Ictal and interictal SPECT
f. PET
g. Simultaneous EEG and fMRI
h. MEG
i. Coregistered multimodality imaging and 

electrophysiology
j. Intracranial EEG and cortical stimulation
k. Neuropsychologic testing
l. Sodium amobarbital test (Wada test)
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lesions shown by magnetic resonance imaging (MRI), 
the same location of the interictal foci was found in 
68.4% (16). What is interesting is that this modality 
of investigation, when combined with functional MRI 
(fMRI), is now an increasingly utilized research tool in 
the presurgical evaluation of intractable epilepsy.

Video-EEG (VEEG) Monitoring

With VEEG monitoring, video images of the patient’s 
seizure are recorded and analyzed with simultaneous EEG 
signals. When contemplating epilepsy surgery as a poten-
tial treatment of intractable epilepsy, VEEG monitoring 
should be performed to record seizure episodes and to 
confirm their concordance with the historical, routine 
EEG and MRI data. Recording of seizures also allows the 
clinician to confirm that the patient’s habitual seizures 
are fully evaluated and documented. It is not rare for 
VEEG monitoring to uncover psychogenic nonepilepsy 
seizures or to detect seizures that arise from areas other 
than the presumed site.

The number of recorded seizures required for local-
ization of the surgical focus varies from patient to patient. 
At least five seizures from the same brain location need to 
be recorded to achieve a 95% chance of not encountering 
a seizure that comes from another location. Theoretically

about twenty seizures may have to be recorded to exclude 
independent bilateral seizure onsets, but this may not be 
practically feasible (17). The average duration of moni-
toring required to record about five seizures has been 
shown to be 6 to 7 days (18). Fortunately, two to five 
recorded seizures may be sufficient in many patients with 
surgically remediable epilepsy.

Magnetic Resonance Imaging

An epilepsy-protocol MRI has become a necessity in 
the presurgical evaluation of patients with intractable 
epilepsy. The MRI readily reveals the common sub-
strates of mesial temporal sclerosis (MTS), cortical 
dysplasias, and cavernous hemangioma, and so forth. 
The optimal technique in adult patients with partial 
epilepsy must include coronal or oblique-coronal 
images using T1-weighted and T2-weighted sequences. 
The most common imaging alteration in an adult with 
intractable partial epilepsy is medial temporal lobe 
atrophy with a signal intensity change (19). Fluid-
attenuated inversion recovery (FLAIR) sequences 
increase the sensitivity and must be performed. The 
lesion often appears as a signal change in these patients. 
High-resolution diffusion tensor imaging (DTI) iden-
tifies lateralizing abnormalities of the hippocampus 

TABLE 36-2
The Localizing and Lateralizing Value of Seizure Semiology

SEMIOLOGY LATERALIZING VALUE SYMPTOMATOGENIC ZONE

Ictal dysphasia and aphasia 100% dominant Impairment of language areas
Unilateral dystonic posturing 100% contralateral Activation of basal ganglia, temporal lobe 

epilepsy (TLE)
Hemifield visual aura 100% contralateral Brodmann areas 17–19 and adjacent areas, 

occipital lobe epilepsy
Version 100% contralateral Brodmann areas 6 and 8, frontal lobe 

epilepsy (FLE)
Automatisms with preserved  100% nondominant Unknown, TLE

consciousness
Postictal palsy  93% contralateral Possible exhaustion or inhibition of Brodmann 

areas 4 and 6
Postictal nose wiping 92% ipsilateral Unknown, TLE
Tonic activity  89% contralateral  SMA, possibly also Brodmann area 6, the anterior 

cingulate gyrus, FLE
Figure of 4 sign 89% contralateral SMA or prefrontal areas
Unilateral sensory aura 89% contralateral  Brodmann areas 1, 2, and 3
Clonic activity 83% contralateral Brodmann areas 4 and 6, FLE
Unilateral ictal eye blinking 83% ipsilateral  Unknown
Ictal speech  83% nondominant Impairment of areas other than those involved in 

language production
Ictal vomiting 81% nondominant Nondominant lobe and Papez circuit
Ictal spitting 75% nondominant Central autonomic network involvement
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in patients with a normal MRI; another exciting area 
of research is the postictal DTI in which diffusion 
measurements could help lateralize the seizure focus 
(20, 21). Magnetization-prepared rapid gradient echo 
(MP-RAGE) and DTI are also helpful in locating cortical
dysplasias and identifying lesions when conventional 
imaging studies are negative.

Hippocampal volumetric measurement helps to 
identify the side of lesion in patients with MTS (22). In 
one study, volumetry revealed unilateral damage in 77% 
of the patients, T2-relaxometry in 64%, and spectroscopy 
in 53%. Volumetry and T2-relaxometry (not spectros-
copy) were associated with a 1-year postoperative out-
come with volumetry predicting outcome correctly in 
100% of the cases, whereas T2-relaxometry classified 
96.4% of patients with hippocampal sclerosis (23). Proton 
magnetic resonance spectroscopy (1H-MRS) has been 
shown to be a reliable indicator of the side of seizure 
origin in patients with medial temporal lobe epilepsy. 
This can be done by revealing a reduction in N-acetylated 
compound (NA) concentrations or abnormalities in the 
creatine (Cr)/NA or NA/choline ratios. There is also an 
observed elevation of glutamine (Glx) levels together with 
reductions in N-acetyl aspartate (NAA) (Figure 36-1) 
levels probably consistent with the hypothesis of epilepsy-
related excitotoxicity as a possible underlying mecha-
nism. The underlying pathogeneses for the metabolic 
changes are likely to be complex and may relate to 
focal neuronal loss, gliosis, or a functional alteration 
intimately associated with the frequency of seizure 
activity. A meta-analysis of various studies analyzing 
the lateralizing value in the preoperative evaluation of 
patients demonstrated a positive predictive value in all 
patients with ipsilateral MRS creatine/NA compounds 
ratio abnormality for good outcome, which was 82% 

in patients with an ipsilateral MRS abnormality when 
compared to patients with bilateral MRS abnormalities. 
Data for MRI-negative patients were conflicting. MRS, 
to date, still remains a research tool with clinical poten-
tial. Further studies limited to nonlocalized ictal scalp 
EEG or MRI-negative patients are required for valida-
tion of its usefulness in patients (24).

Individuals with a normal MRI have substrate-
negative epilepsies. The anatomical localization of 
the epileptogenic zone in these individuals commonly 
involves the neocortex and may be extrahippocampal. 
Studies with 3-tesla MRI scans may improve the diag-
nostic yield of structural neuroimaging in patients with 
focal cortical dysplasias and substrate-negative epilep-
sies especially by tractography studies. Phased-array 
surface coil studies would improve clinical decision 
making in about 38% of patients (25).

To obviate the need or to minimize the extent of 
intracranial implantation, several advances have been 
made to help delineate the surgical focus. The major 
advances are in the areas of functional imaging and 
coregistration of multimodal images. Functional neu-
roimaging refers to the imaging of electrophysiologi-
cal, metabolic, biochemical, or perfusion disturbances 
around the epileptogenic region. These are discussed 
herein.

Single-Photon Emission 
Computed Tomography (SPECT)

SPECT is an important noninvasive technique for peri-
ictal imaging in patients with intractable partial epilepsy
syndromes being considered for epilepsy surgery. Ictal 
SPECT studies are superior to interictal images in 
localization-related epilepsy. SPECT studies involve cere-
bral blood flow imaging using radiopharmaceuticals such 
as technetium-99m-hexamethylpropylene amine oxime 
(99mTc-HMPAO). These studies produce a  “photograph” 
of the peri-ictal cerebral perfusion pattern that was pres-
ent soon after the injection. The SPECT images can be 
acquired up to 4 to 6 hours after the termination of 
the seizure, so the individual patient can recover from 
the ictus before being transported to the nuclear medi-
cine facility. Focal hypoperfusion in the region of the 
epileptogenic zone is often found in interictal SPECT. 
However, this has a low sensitivity and a relatively high 
false-positive rate in patients with TLE and a low yield in 
patients with extratemporal seizures. Ictal SPECT studies 
show hyperperfusion (26, 27). However, both interic-
tal and ictal SPECT must be done in a given patient so 
that both can be compared to each other for subtraction 
ictal SPECT coregistered to interictal SPECT (SISCOS) 
(Figure 36-2). The spatial resolution of SPECT, however, 
remains low. There are now methods to enhance this, 
which will be discussed.

FIGURE 36-1

Elevation of glutamine (Glx) levels together with reductions 
in N-acetyl aspartate (NAA) result in a higher Glx/NAA ratio 
on the right side by magnetic resonance spectroscopy (MRS). 
(Courtesy of Dr. S. B. Gaikwad, Department of Neuroradiology, 
AIIMS, Delhi.)
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Positron Emission Tomography (PET)

PET is another functional neuroimaging study that may be 
useful in identifying a localization-related abnormality in 
the presurgical planning of patients with intractable partial 
epilepsy. However, this investigation may not be available in 
all centers, and it is costly. It is also logistically difficult to 
perform ictal PET, unlike ictal SPECT. The most common 
study used in the evaluation of intractable partial epilepsy is 
the 18F-deoxyglucose (FDG)-PET. Temporal lobe epilepsies 
are probably best evaluated by this modality (Figure 36-3) 
because the yield is highest (sensitivity 90%, with a false 
lateralization in 1–2%). Unfortunately, PET is less useful in 
patients with neocortical or extratemporal epilepsy, espe-
cially if there is no substrate seen by MRI. Other novel 
tracer studies may also be useful in localization. Central 
benzodiazepine receptors (BZDR) and central opiate recep-
tors can be identified with 11C-flumazenil PET and 11C-
carfentanil PET, respectively. Focal BZDR decreases and 
increases, or decreased selected opiate receptor activity, may 

be present in patients with substrate-directed pathology. 
The hippocampal pathological abnormalities may be inti-
mately associated with both epileptogenesis and the devel-
opment of comorbidity. Abnormalities in excitatory and 
inhibitory neurotransmitter systems have been implicated in 
medial temporal lobe epilepsy. Another PET tracer, alpha-
11C-methyl-L-tryptophan (AMT), has also been shown 
to be potentially useful in the assessment of patients with 
intractable epilepsy (28, 29).

Magnetoencephalography (MEG)

The difference between signals recorded by MEG versus 
those recorded by EEG is that the skull and the tissue sur-
rounding the brain affect the magnetic fields measured by 
MEG much less than they affect the electrical impulses 
measured by EEG. The advantage of MEG over EEG is 
therefore greater accuracy owing to the minimal distor-
tion of the signal. This allows for more usable and reliable 
localization of brain function. To generate a signal that 
is detectable, approximately 50,000 active neurons are 
needed. Because current dipoles must have similar orien-
tations to generate magnetic fields that reinforce each other, 
it is often the layer of pyramidal cells in the cortex, which 
are generally perpendicular to its surface, that give rise to 
measurable magnetic fields. Furthermore, it is often bundles 
of these neurons located in the sulci of the cortex, with 
orientations parallel to the surface of the head, that project 
measurable portions of their magnetic fields outside of the 
head. MEG picks up this electrical epileptiform activity in 
the brain and is a useful diagnostic tool for neocortical and 
frontal seizure foci. Various studies show that MEG source 
imaging (MSI), coregistered with anatomical imaging, can 
help to delineate epileptic activity (Figure 36-4) and yields 

FIGURE 36-2

SISCOS showing left anterior temporal uptake in a patient with 
cortical dysplasia. Also note the contralateral cerebellar dias-
chisis. (Courtesy of Dr. C. S. Bal, Department of Nuclear Medi-
cine, AIIMS, Delhi.) See color section following page 266.

FIGURE 36-3

FDG-PET in the same patient (Fig. 36-2) shows left temporal 
hypoperfusion. (Courtesy of Dr. C. S. Bal, Department of Nuclear 
medicine, AIIMS, Delhi.) See color section following page 266.

FIGURE 36-4

MSI of a patient with refractory frontal lobe seizures (sequela 
to an abscess at birth) with MEG showing a cluster in the rem-
nant of the secondary motor area (SMA); patient is seizure free 
for 5 years following EcoG-guided resection. (Courtesy of Dr. 
G. Mathern, Pediatric Epilepsy Surgery Program at University 
of California at Los Angeles, California, United States.)
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localizing information with a high positive predictive value 
in epilepsy surgery candidates, who typically may require 
invasive monitoring (30–32).

Multimodality Imaging

Subtraction Ictal Single-photon Emission Tomography 
Coregistered to MRI (SISCOM). SISCOM represents 
a recent innovation in neuroimaging. It essentially gives 
a better anatomical representation to the SPECT focus, 
hence overcoming its limitations. The interictal image is 
subtracted from the ictal image to derive the difference 
(subtraction) in cerebral blood flow related to the epilep-
togenic zone. Images with intensities of more than two 
standard deviations are coregistered onto the structural 
MRI. SISCOM findings have been shown to correlate 
with the operative outcome. SISCOM may also be used 
in the determination of where to place intracranial EEG 
electrodes (33). The sensitivity of SISCOM in detecting 
an abnormal focus in a group of patients with complex 
epilepsy was twice that of the conventional method 
(88% vs. 39%). In this group of mostly nonlesional epi-
lepsy patients, presence of a concordant SISCOM focus 
independently predicted excellent postsurgical outcome, 
whereas MRI did not. Data also show that the SISCOM 
can localize extratemporal seizure foci and identify 
patients who are more likely to benefit from surgery, 
even when the MRI is negative for a structural lesion. 
A SISCOM abnormality can be demonstrated in nearly 
80% of patients with intractable nonlesional extratem-
poral epilepsy. When this extratemporal SISCOM focus 
is resected, about 55% to 60% will experience excel-
lent seizure control, whereas extratemporal nonlesional 
epilepsy without the use of SISCOM typically results 
in only 25% to 40% with an excellent postsurgical 
outcome (34).

FDG-PET Coregistered to MRI. Recent studies have 
demonstrated the usefulness of coregistering the FDG-PET 
to MRI especially in the recognition of temporal and 
extratemporal epileptogenic zones (35, 36).

fMRI/EEG. fMRI and EEG performed simultaneously 
(SEM) is another emerging research tool for monitoring 
interictal as well as ictal discharges and their associated 
blood oxygen level dependent (BOLD) changes during 
MRI studies (Figure 36-5). This new modality is a marriage 
of the benefits of both investigations—that is, the high tem-
poral resolution and sensitivity to epileptic abnormalities 
of EEG and the high spatial resolution and noninvasive 
localization of cerebral metabolic change of fMRI (37–39). 
Concordance of the findings on this technique does exist 
with intracranial EEG recordings (40). In the coming years 
this modality will offer another easy noninvasive method 
for presurgical evaluation.

Intracranial EEG Recording

With the advent of multimodality noninvasive monitor-
ing in patients with intractable epilepsy the utilization 
of intracranial EEG monitoring is declining; however, 
this must be performed until most of the recently-
developed modalities are validated (41). It is usually 
performed when extracranial scalp VEEG recording 
shows indeterminate seizure onset or multifocal or dis-
cordant onsets; the MRI is normal, has multiple lesions, 
or has a dual pathology; and the standard noninvasive 
procedures disclose results that are inconclusive or in 
conflict with each other. The percentage of patients 
who require intracranial electrode implantation varies 
between centers, but about 5% to 20% of temporal 
surgery candidates and 40% to 70% of extratemporal 
surgery candidates require the procedure (42). Persons 
having the epileptogenic zone in and around eloquent 
cortex also require either extraoperative or intraop-
erative stimulation to map areas so as not to cause 
a postoperative deficit. The only drawback of these 
procedures is that they are invasive and have potential 
complications associated with them (43). The choice 
of placing grids or depths depends on the hypothesis 
formulated regarding the possible site of origin of these 
seizures during the phase I evaluation with noninvasive 
methods. Invasive evaluation comprises the phase II of 
the presurgical evaluation.

Other semi-invasive methods such as sphenoidal 
and foramen ovale placements can be performed, but 
these have a limited sampling area and can be applied 
only in select patients in whom the epileptogenic area is 
postulated to be temporal; hence, only in a few patients 
do they avert the need for invasive recordings. These 
electrodes also increase the specificity of the interictal 
EEG (44, 45).

FIGURE 36-5

fMRI/EEG of a patient with refractory musicogenic epilepsy 
showing right temporal BOLD signal changes occurring at 
the onset of the ictus. (Courtesy Dr. J. Stern, University of 
California at Los Angeles Seizure Disorder Center, UCLA, Los 
Angeles, California, United States.) See color section follow-
ing page 266.
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Intraoperative Electrocorticography (ECoG)

Intraoperative electrocorticography (ECoG) is used in 
many surgeries to guide the extent of resection. The pro-
cedure is particularly needed in resection of nonlesional 
extratemporal brain regions (46).

Neuropsychologic Assessment

Comprehensive neuropsychologic testing is indicated for 
most patients with intractable epilepsy. It is necessary to 
assess the cognitive, functional, and motor abilities before 
surgery. Further, it is essential to counsel patients regard-
ing the deficits that could develop following surgery based 
on the impact this would have on their quality of life (47). 
Neuropsychologic evaluation differs from other meth-
ods used to localize cerebral lesions in that it involves 
application of a specified battery and performance on the 
same. These tests sample a wide variety of cognitive abili-
ties, analyzing mainly language proficiency, visuospatial 
skills, and memory. Testing of memory is crucial in the 
investigation because of the common involvement of the 
temporal lobes in epileptogenesis. Different aspects of 
learning and memory are tested, and measures sensitive 
to the same should be included. Appraisal of frontal lobe 
function is another important prelude to surgery in this 
area. The battery used would depend on the ease, validity, 
and standardization for that specific population. Cogni-
tive functions sampled typically include “intelligence” 
(IQ tests), attention, language skills, visuospatial abili-
ties, “executive skills,” and other abilities associated with 
frontal lobe function, and learning and memory. Thus, the 
assessment samples vary widely among a variety of func-
tions, providing a comprehensive picture of an individual 
patient’s performance. Thus, neuropsychologic tests can 
be used in lateralizing and localizing the seizure focus for 
epilepsy surgery through assessment of function of each 
area of the brain.

Some patients who have been selected for epilepsy sur-
gery also undergo pre- and postsurgical visual field and lan-
guage examinations. The indication for these tests depends 
on the location and the extent of the surgery planned. All 
neocortical resections involving the temporal, parietal, and 
occipital regions would require a formal visual field test. 
Presurgical language function assessment is also performed 
when the presumed site of surgery is in the vicinity of the 
language area. Peroperative awake craniotomy and map-
ping of the eloquent cortex is done in cooperative patients 
to prevent postoperative deficits (48).

Intracarotid Amobarbital Test (The Wada Test)

While in Montreal, Juhn Wada developed a test designed 
to definitively confirm hemispheric lateralization and 
dominance of speech in candidates for surgical treatment 

of epilepsy. The Wada test predicts the ability of the brain 
to sustain speech function and verbal learning after epi-
lepsy surgery and is performed by injecting amobarbital 
into the internal carotid artery on the side to be resected. 
The anesthetic drug temporarily paralyzes the hemisphere 
injected. It helps in the assessment of whether the con-
tralateral hemisphere can sustain critical cognitive and 
language functions, and if the hemisphere undergoing the 
operation could lose some cerebral function after surgery. 
It has also been used to predict postsurgical amnesia in 
that those who had failed performed significantly worse 
following surgery and hence are at higher risk of memory 
deficits. The Wada test is also useful in predicting laterality 
of seizure focus in candidates for temporal lobectomy.

This procedure is now in its sixth decade and, despite 
its invasive character, is still a routine in most centers for 
determining the lateralization of language and memory 
before epilepsy surgery. Although the technique is a gold 
standard, it does have certain drawbacks. The dosage of 
amobarbital varies, and latencies between injection and 
stimulus presentation and latencies between injection of 
one side and the other also vary from center to center. 
Language is tested by using several language tasks (e.g., 
word generation or counting, comprehension, naming, 
repetition, and reading). The exact procedure and how 
to interpret the findings vary between centers and also 
depends on the experience of the psychologist and the 
team. Stimuli for memory testing are either presented 
first and then followed by a distracting stimulus to be 
recalled during amobarbital injection, or alternatively, 
a given number of stimuli are presented during anesthe-
sia and must be recollected after the effect of amobar-
bital has worn off. The first method may be misleading 
because transient language impairment may limit the 
performance. This is also true for the second method, in 
which high verbal contents of stimuli may result in falsely 
high failure rates. About 60% of centers present stimuli 
within the first 3 minutes; whereas other centers wait with 
the testing for 3 minutes, to overcome an initial period 
of confusion, particularly when the language-dominant 
hemisphere is injected. Bilateral testing is done in 80% 
of centers but not always.

Among the new techniques available, fMRI is one 
of the most promising alternatives to the Wada test. This 
noninvasive method has several advantages, including the 
possibility of mapping relevant areas within the hemi-
spheres and being able to prolong examination time in case 
of discordant results. Many fMRI studies have focused on 
correlations with the intracarotid amobarbital procedure 
as the gold standard and found an agreement of about 
90%. More important, recent studies have demonstrated 
a significant correlation between presurgical fMRI testing 
and postsurgical outcome for fMRI activations in frontal 
language areas. In a few studies, prediction for outcome 
is higher for fMRI than for the intracarotid amobarbital 
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procedure. However, further refinements regarding the 
paradigms and analysis procedures in fMRI are needed to 
improve the contribution of fMRI for presurgical assess-
ment (49, 50).

Other noninvasive techniques such as optical imag-
ing are also under evaluation.

CONCLUSION

The decision of whether to try another AED or to initiate
epilepsy surgery evaluation should be individualized by 
weighing various factors. Whether two or more than 
two AEDs should be tried before evaluation for surgical 
consideration depends on the probability of excellent 
outcome after epilepsy surgery relative to that with fur-
ther AED trials and the impact of uncontrolled seizures 
on the patient’s quality of life and the associated psy-
chosocial and occupational factors (51, 52). Ultimately, 

all patients whose seizures are incapacitating and intrac-
table should undergo noninvasive presurgical evaluation 
to determine whether epilepsy surgery is an appropri-
ate treatment option. It is very important that this 
evaluation be conducted as soon as epilepsy becomes, 
or has the potential to become, medically refractory. 
The most compelling reason to consider presurgical 
evaluation from the patient’s perspective, however, is 
to enable the patient to lead a normal independent life, 
have the capability to drive, and have a normal social 
and vocational life. Other potential benefits for many 
individuals include the reduction of mood dysfunction, 
arresting cognitive decline, and reducing medication 
burden and toxicity.

With careful patient selection after performing a 
gamut of exhaustive investigations, all of which help in 
identifying the epileptogenic zone enabling epilepsy sur-
gery, it is possible to achieve a life free of seizures for 
many patients.
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onsideration and referral for 
epilepsy surgery is now relatively 
routine in the management of chil-
dren with drug-resistant epilepsy. 

Key to any presurgical evaluation as to whether this may 
be an option is not only whether seizures arise from one 
area of the brain, but also the risk of functional conse-
quence should that area be removed. The rate of cogni-
tive and behavior problems in this group of children is 
high, and expectations of parents often include major 
improvements in these domains. Previously, any indica-
tion of likely benefit was derived from data translated 
from adult studies. and often inappropriately because 
the populations and underlying pathologies/ procedures
concerned were represented in different proportions. 
This aside, increasing data are now available for review 
from pediatric populations. Such data, however, require 
interpretation alongside consideration of what may be 
the natural history of the condition should surgery not 
be performed.

THE NATURAL HISTORY OF COGNITIVE 
DEVELOPMENT IN CHILDREN WITH EPILEPSY

The ultimate cognitive outcome of children with epilepsy 
will depend on a range of variables, including age of onset 
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of epilepsy, extent and side of lesion, pathology, medica-
tion, and environmental factors. Seizures, however, are 
thought to have a major impact on early developmental 
progress; the term “epileptic encephalopathy” has been 
adopted for the condition whereby neurodevelopmental 
impairment is related to ongoing epileptic activity and 
therefore could be seen to be potentially reversible. The 
neurodevelopmental outcome of some of the more severe 
epileptic encephalopathies appears to be improved in 
those cases where seizure control has been achieved, and 
parents regularly report an improved state of awareness 
and learning during periods of relative seizure control. 
With an aim, therefore, of cessation of seizures from 
early surgery, it could be presumed that this may lead 
to improved developmental outcome. Such outcome has 
been more difficult to demonstrate, not least because of 
the difficulty in carrying out longitudinal studies, follow-
ing children from presentation to long term postoperative 
review, either practicably or with consistent standardized 
neuropsychologic assessment spanning all age groups, not 
to mention the lack of data to suggest the natural history 
of these children with or without surgery by which to com-
pare (1). Traditionally adult data have been transferred 
to presume what may or may not happen in children, but 
with differing ranges of procedures and pathologies, and 
the certain degree of plasticity that is presumed to exist 
in childhood, this is not entirely appropriate.

C
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Early-onset epilepsy has a major impact on cogni-
tion. Cogntive outcome in children with congenital hemi-
plegia (and consequently damage of the contralateral 
hemisphere) at 6 years is not significantly different from 
that of normal controls. However, this is not the case 
should they present with epilepsy prior to five years of age; 
IQ is significantly lower at six years of age compared to 
normal controls or hemiplegic children without epilepsy 
(2). In addition, the rate of cognitive dysfunction in those 
coming to surgery is high. Vasconcellos et al. reviewed 
100 consecutive children coming to resective surgery for 
epilepsy and showed that children were more likely to 
have an IQ �70 if seizure onset was less than two years 
of age (3). This was unrelated to the underlying pathol-
ogy. A further series of children with temporal lobe epi-
lepsy presenting for temporal resection showed 57% with 
intellectual dysfunction and also showed a high degree 
of correlation with age of onset of epilepsy, seen in 82% 
of children with seizure onset under the age of one year 
(4). A key question remains as to whether early cessation 
of seizures can have positive impact on neurocognitive 
development. Longitudinal studies of children with long-
standing epilepsy suggest a decline with time in intelli-
gence or developmental quotient (IQ), a measure of ability 
relative to normal peers. A drop, therefore, indicates that a 
gap is widening between those being assessed and normal 
peers—it does not imply a loss of skills. A stable IQ score 
therefore suggests maintenance of the learning trajectory, 
which may not otherwise have been achieved in children 
where seizure control is not seen.

NEURODEVELOPMENTAL ASSESSMENT

To be accurate in statements about neurodevelopmental 
progress, it is important to ensure appropriate standard-
ized assessments. The problem we have is that there is 
no such standardized test that covers all age groups. The 
developmental age, as opposed to the chronological age, 
of the child will be important at the time of assessment. 
Neurodevelopmental assessment and the monitoring of 
gains with time in the very young are especially impor-
tant. Many studies have relied on parental report of 
educational progress. Although this can give a general 
judgment of how a child may be progressing, it is very 
subjective and highly related to the degree of awareness 
and behavior. Parental expectation may also heavily influ-
ence such a judgment. The Vineland adaptive behavior 
scales are often reported, because they are easily applied 
(not necessarily by a neuropsychologist), can be used 
thoughout all ages, and provide scores in several domains. 
They are also administered by interview and therefore 
can be administered over a telephone. Subtle changes in 
certain areas, however, will not be determined, in par-
ticular in the area of speech and language. The Wechsler 

scales are the most detailed but are lengthy to administer 
and score. By necessity, funding is often available only 
to administer such at specific time points, if at all, and 
in some may be available longitudinally only within the 
context of research programs. Such scales are also not 
adapted to children under 3 years; the Bayley scales are 
often used to this age but are not directly comparable. 
More specifically, when considering longitudinal review 
of children, the key questions to be addressed first need to 
be considered before deciding which tests are most likely 
and when (over a certain period of time) to answer such 
questions. Concerns aside as to how any benefit from 
surgical intervention may be determined, the study of 
children pre- and postoperatively can lead to insights with 
regard to models of outcome of intellectual function and 
brain plasticity, and hence such study is important.

DOES EPILEPSY SURGERY HAVE 
AN IMPACT?

Infantile Spasms

Infantile spasms as part of West syndrome, associated 
with hypsarrhythmia on electroencephalogram (EEG) 
and developmental plateau, remain one of the more 
severe epileptic encephalopathies, with a high rate of 
long-term morbidity. The rate of subsequent mental 
retardation is high, with medically treated studies quot-
ing normal developmental outcome in only 9–28% of 
infants, highly dependent on etiology. However, there is 
also some evidence that an early response to treatment 
leads to better developmental outcome. Surgical interven-
tion with resection of unilateral abnormal tissue, whether 
detected on flurodeoxyglucose (FDG) positron emission 
tomography (PET) or magnetic resonance imaging (MRI), 
led to an apparent improved developmental outcome, as 
measured by Vineland adaptive behavior scales, up to 
2 years postsurgery, with 50% achieving a developmental 
quotient �50 at this stage (5). Subsequent analysis of a 
further cohort undergoing surgery has revealed develop-
mental outcome to be higher the shorter the duration of 
spasms prior to surgery (6). Although there is no compa-
rable longitudinal group with which to compare directly, 
the results suggest a better neurodevelopmental outcome 
for those in whom surgery was undertaken compared 
to those medically treated, and all children with unilat-
eral lesions as an underlying etiology to spasms should 
undergo early evaluation for surgery.

Hemisyndromes

Children requiring hemisphere disconnection procedures 
for management of their epilepsy have, on the whole, a 
pre-existent hemiplegia in association with underlying 
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congenital pathology, whether a malformation of corti-
cal development or ischemic insult. Such children make 
up around one-third of pediatric epilepsy surgery series. 
A small number have what may be classed as a pro-
gressive pathology—namely, Sturge Weber syndrome (in 
which the underlying pial angioma may be congenital but 
hemiplegia and epilepsy are progressive in nature) and 
Rasmussen syndrome. When children are assessed for 
hemispherectomy, the determination of cerebral lateral-
ization is paramount for an indication of the likely impact 
of the procedure on intellectual functions as well as on 
speech and language. In those with congenital hemiplegia, 
and consequently presumed abnormality of the contra-
lateral hemisphere, the early onset of epilepsy is likely to 
have resulted in dominance of the normal hemisphere, left 
or right, in cognitive and language development. Later-
onset pathologies, such as acquired stroke or Rasmussen 
encephalitis, may show a variable degree of relocalization 
of function dependent on the age, duration of illness, and 
hemispheric dominance.

The largest study published to date assessing postop-
erative neuropsychologic outcome following hemispherec-
tomy reports results on 71 children, split into three groups 
dependent on etiology: cortical dysplasia, Rasmussen 
encephalitis, and vascular abnormalities, including stroke 
(7). Little change was seen as a group between pre- and 
postoperative scores in any of the three groups, although 
the cortical dysplasia group had considerably lower IQ 
preoperatively than the other two groups and consequently 
a significantly lower IQ postoperatively. However, it was 
also evident that the group of children undergoing sur-
gery for developmental malformations had a significantly 
lower age of onset of epilepsy (�12 months) than the other 
groups, which is likely, as suggested from other studies, 
to have had a significant impact on outcome. Our own 
study of 33 patients undergoing hemidisconnection (in 
the majority, functional hemispherectomy) showed similar 
findings (8). Most studies report little longitudinal change 
in IQ following hemidisconnection procedures, although 
a “significant” change is regarded as at least 15 IQ points 
(2SD), and this would be a measure of increased rate of 
progress relative to peers. Some report gains, and a very 
few report loss. This result implies that any decline or 
arrest of intellectual function took place prior to surgery, 
although cessation of seizures may have led to maintained 
trajectory as opposed to a decline.

It is likely that comparative studies of children who 
did or did not undergo surgery are required over a much 
longer duration of follow-up to determine the relative 
merits of surgery on developmental outcome, although 
even limited studies available suggest that seizure out-
come and age at surgery are likely to influence this.

Lateralization of dominance with regard to speech 
and language is of primary importance to be aware of 
the likely effect of hemidisconnection on these faculties. 

The assumption is taken that early (congenital) pathology 
associated with onset of epilepsy under five years results 
in language development in the contralateral hemisphere. 
Psychologists have used this premise along with handed-
ness and dichotic fused-word tests to predict likely lan-
guage outcome. Recent data have suggested, however, 
that left-to-right shifts in language dominance are more 
likely to occur in patients who have lesions encroaching 
on the left hippocampus (9), while the efficacy and speed 
with which reorganization is achieved may also be depen-
dent on frequency, severity, and spread of seizures. This 
may be particularly relevant in children with later-onset 
Rasmussen encephalitis, where timing of the hemidis-
connection syndrome may intimately be dependent on 
the degree to which relocalization of function has taken 
place. Often in Rasmussen encephalitis of the dominant 
hemisphere a discussion may be undertaken as to whether 
waiting will lead to more likely relocalization, or whether 
relocalization may be enforced by performing the surgery 
earlier in the natural history. Small studies have shown that 
recovery of language to a limited, communicative degree 
may, however, take place with relatively late  surgery (10).

Focal Epilepsy

Much data have been acquired in adults with regard to 
outcome following temporal lobectomy, the most com-
mon procedure performed in this population for hippo-
campal sclerosis. Despite temporal resection making up 
about one-quarter of procedures in children, the range 
of pathologies and preoperative cognitive ability remains 
much wider. It is only relatively recently that data on 
outcome in children have become available, especially 
more representative data. When children were originally 
considered for this procedure, it was on the basis of adult 
criteria, which included normal cognitive ability. It is now 
apparent that cognitive ability will not influence likeli-
hood of seizure freedom and therefore should not pre-
clude consideration for surgery.

Early data from children undergoing temporal lobec-
tomy suggested little overall risk to cognitive function. A 
multicenter study in the United States accumulated data 
from 43 children who underwent left temporal resection 
and 39 right and showed no significant reduction in cog-
nitive status for either group (11). Analysis of individual 
scores showed a small percentage to have either a decline 
or improvement in verbal or nonverbal functioning. As 
indicated previously, however, children were selected on 
the basis of adult criteria, and all children included in the 
study had a full scale IQ (FSIQ)�69. Gleissner et al. more 
recently asked the question whether children recovered 
better than adults from memory deficits as a consequence 
of temporal lobe surgery, matching children for com-
parison with adults for pathology, onset of epilepsy, side 
of surgery, and type of surgery (12). This study showed 
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that only children, rather than adults, undergoing left 
resections, recovered verbal learning capacity, reaching 
preoperative levels at 12 months following surgery. Chil-
dren undergoing right resection showed improvement 
in visual memory, in contrast to adults, who showed 
deterioration.

There is relatively little information with regard to 
neurodevelopmental outcome following resective proce-
dures of other areas of the brain. In general, reports are of 
heterogeneous groups with small numbers of individual 
procedures. Studies that have reported temporal versus 
extratemporal epilepsy have shown gains in attention, 
processing speed, memory, and bimanual coordination. 
In general, further impairments are not demonstrated 
following surgery; moreover, no change in intellectual 
functioning overall is demonstrated (13). A recent study 
of preschool children coming to focal resection between 
the ages of 3 and 7 years (16 temporal, 9 frontal, 18 mul-
tilobar, and 7 hemispherectomy) showed, at 12 months 
following surgery, 82% to be functioning at a similar 
level to preoperatively (14). Notably, development was 
delayed in 84% coming to surgery. Two to three years 
postsurgery, 29 out of 40 (72%) performed at their preop-
erative levels, whereas a further eight showed significant 
gains �15 IQ points from preoperatively. This suggests 
that developmental gains may accumulate over a longer 
period and do not necessarily become evident in early 

postoperative months. This has implications for when 
postoperative outcome is assessed. Duration of epilepsy 
was the only predictor of long term cognitive change; 
children with shorter intervals between onset of epilepsy 
and surgery had greater gains in developmental quo-
tient. However, in this study, seizure outcome did not 
significantly contribute to the prediction of postoperative 
cognitive change.

CONCLUSION

The rate of intellectual disability is high in children with 
symptomatic focal epilepsy coming to surgery. Despite the 
difficulties in obtaining longitudinal studies in pediatric 
epilepsy, there is increasing evidence that neurodevelop-
mental trajectory is at least maintained postoperatively 
and, in a significant minority, improved. Outcome is most 
likely to be related to underlying pathology and seizure 
load—data to date do not support seizure outcome as 
being influential on ultimate outcome. Careful preopera-
tive evaluation is required, however, whatever the age or 
etiology, in order that appropriate risks can be determined 
and realistic expectations outlined. No promise can be 
made of improvement in cognitive ability, even in the event 
of seizure freedom, and this requires careful exploration 
with parents prior to any surgical decision being made.
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Neuropsychologic
Outcomes after Epilepsy 
Surgery in Adults

urgical treatment for epilepsy is a via-
ble treatment option for up to 10% 
of adults with medically intractable 
seizures. Initially developed in the 

1930s, the surgical option is not new, but the development 
of the concept of surgically remediable epilepsy syndromes 
in the early 1990s means that surgery is no longer viewed 
as a last resort. Today patients do not necessarily have 
to exhaust the entire canon of antiepileptic drugs before 
they consider the surgical option. Indeed, some epilepsy 
experts have suggested that best clinical practice requires 
the identification of suitable patients as early as possible 
in the course of their seizure disorder to circumvent the 
development of many of the social and cognitive problems 
associated with chronic epilepsy.

Two-thirds of the adults who go through epilepsy sur-
gery undergo an anterior temporal lobectomy or an amyg-
dalohippocampectomy. This bias is reflected throughout the 
remainder of this chapter. Extratemporal neocortical resec-
tions and lesionectomies make up the majority of the other 
surgical procedures in adults with epilepsy. Limbic resec-
tions are typically associated with high success rates: up to 
75% of patients being rendered seizure-free postoperatively; 
with some improvement in seizure frequency typically seen 
in 90% of cases. The chances of becoming seizure-free fol-
lowing an extratemporal resection are somewhat lower at 
around 40–50%, dependent upon the underlying pathology, 
but worthwhile improvements in seizure frequency are still 
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seen in 80% of patients, making the surgical option a very 
attractive proposition for a large number of people with 
otherwise limited treatment alternatives.

However, although epilepsy surgery may offer a viable 
treatment opportunity for many patients, the procedures 
are not without risk to neuropsychologic function. This 
chapter examines the neuropsychologic outcomes associ-
ated with epilepsy surgery in adulthood. The remainder 
of the chapter is divided into three parts. The first part 
examines the historical background of neuropsychologic 
assessment in epilepsy surgery and outlines the ways in 
which neuropsychologic outcomes are measured today. 
The second part examines the pre-, peri-, and postop-
erative factors that influence neuropsychologic outcome 
following resection of the mesial temporal lobe structures. 
The third part of the chapter examines neuropsychologic 
outcome following other surgical procedures and offers 
a summary of the discussion, drawing some conclusions 
for current clinical practice.

ASSESSING NEUROPSYCHOLOGIC OUTCOME

Historical Background

The assessment of neuropsychologic function following 
epilepsy surgery has a long history and dramatic origins (1). 
In October 1953, William Scoville presented the case of 

S
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H.M. to a meeting of surgeons. H.M. had undergone the 
bilateral removal of his mesial temporal structures in a 
last-ditch, experimental attempt to control his disabling 
seizures six weeks previously. Scoville reported that the 
extensive bilateral hippocampal resection had resulted in 
no marked physiologic or behavior changes

with the exception of a very grave, recent memory loss, 
so severe as to prevent [H.M.] from remembering the 
location of the rooms in which he lives, the names of 
his close associates or even the way to the toilet.

H.M.’s profound memory deficits never resolved and came 
to be known as the mesial temporal lobe amnesic syn-
drome. To this day H.M. stands as a grim testament to 
the potentially devastating neuropsychologic hazards of 
epilepsy surgery. In a careful reading of the historical lit-
erature it is particularly disturbing to realize that H.M was 
not the first to undergo a bilateral temporal lobe resection 
or the first to develop a profoundly dense amnesic syn-
drome as a result, but the effects of the surgery on previous 
patients were assessed solely in terms of seizure frequency 
or change in psychiatric state, with apparently nobody 
recognizing the profound changes in memory function in 
the mainly institutionalized patients. This sorry tale serves 
as a salutary reminder to epilepsy surgery services today 
to ensure the ongoing holistic assessment of “outcome” 
to ensure that patients are able to make a truly informed 
decision regarding the surgical option.

H.M.’s misfortune triggered the involvement of 
neuropsychologists in epilepsy surgery programs, and 
they continue to play a vital role today. Whereas recog-
nition of the profound neuropsychologic consequences 
effectively consigned the bilateral temporal lobectomy 
to the archives of disasters in medical history, the uni-
lateral removal of the mesial temporal lobe structures 
continued to offer a viable treatment option for patients 
with medically intractable seizures. Over the follow-
ing three decades, the careful examination of the neu-
ropsychologic deficits associated with a right or left 
temporal lobectomy—research dominated by Brenda 
Milner and her colleagues at the Montreal Neurologi-
cal Institute—led to the development of the material 
specific model of memory function. Whereas amnesic 
syndromes were rare following a unilateral temporal 
lobectomy, patients who underwent a left or dominant 
temporal lobe resection typically showed deficits in the 
learning and recall of verbal material postoperatively. 
Although the finding was less consistent, patients who 
underwent a right or nondominant temporal lobectomy 
tended to show deficits in the learning and recall of 
visual material. These deficits were also seen to a lesser 
degree in preoperative patients, and the identification 
of these patterns began to be used to localize seizure 
foci in the preoperative evaluation of potential surgical 
patients. The wide acceptance of the material specific 

model of temporal lobe memory function meant that 
postoperative neuropsychologic outcome was primarily 
understood to be a function of the laterality of seizure 
focus and the extent of the surgical section.

In the 1990s the material specific model of temporal 
lobe memory function began to be criticized on a number 
of counts. In 1995, Chelune (4) introduced the concept 
of hippocampal adequacy versus functional reserve in 
the determination of postoperative neuropsychologic 
outcome. He argued that neuropsychologic outcome 
following the removal of mesial temporal lobe structures 
depended on both the functional reserve of the contralat-
eral structures left in situ and the adequacy, or functional 
integrity, of the structures that had been removed.

In addition to the consideration of bilateral function 
in the assessment of neuropsychologic outcome following 
surgery, the research literature in the 1990s revealed that 
the way in which memory was tested appeared to play 
an important role in the extent of the deficit observed. 
Many postoperative deficits were task-specific and highly 
dependent upon the demands of the task employed.

The recognition of surgically remediable epilepsy 
syndromes in the 1990s meant that many more people 
with epilepsy became “eligible” to be considered for sur-
gery (3). Prior to the 1990s only a minority of surgical 
candidates were in full-time employment, and many were 
exceedingly disabled by very frequent seizures. Indeed 
the frequency and severity of the seizures were a factor 
in the surgical decision-making process in many centers. 
In the face of frequent, life-threatening seizures and no 
other medical solutions, the possible neuropsychologic 
outcome of surgery had a lower weighting in the surgi-
cal decision-making process for many patients operated 
on in previous decades. However, as the surgical option 
has been extended to far greater numbers of people with 
epilepsy, many of whom are in full-time employment and 
who may experience only a relatively small number of 
seizures a year, the consideration of the possible neuro-
psychologic deficits associated with the surgery has a 
significant weighting and may frequently tip the balance 
when it comes to weighing the potential costs against the 
possible benefits of the surgical option.

Partly in response to this need, and partly in response 
to the recognition of task-specific demands in the defini-
tion of postoperative memory deficits, the 1990s saw a 
move away from the use of experimental cognitive tasks 
in the assessment of epilepsy surgery patients toward 
the application of standardized clinical tests of learn-
ing and recall, such as the Wechsler Memory Scales, the 
Rey Osterrieth Figure Recall task, the California Verbal 
Learning Task, and the Rey Auditory Verbal Learning 
task in the United States, and their national equivalents 
in other parts of the world.

The development and application of reliable 
change indices (RCIs) for these standardized clinical 
measures ensured the reliable detection and reporting 
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of postoperative changes in cognitive function (8). With 
the acceptance of an “industry standard” in the defini-
tion of postoperative decline, clinicians have begun to 
turn their attention to the prediction of neuropsycho-
logic outcome in an attempt to ensure that prospective 
surgical patients in the new millennium have as much 
information as possible regarding all aspects of outcome 
following surgery, enabling them to make as informed a 
decision as possible regarding this elective treatment.

TEMPORAL LOBE EPILEPSY SURGERY

Neuropsychologic concerns following a standard or selec-
tive temporal lobe resection focus primarily on memory 
function, although general intellect and language func-
tions are also routinely assessed pre- and postoperatively
in most centers. Changes in general intellectual function 
(IQ) are rare postoperatively, although some patients may 

experience a mild improvement in overall function if they 
had excessive subclinical electroencephalographic (EEG) 
activity preoperatively. Postoperative changes in language 
function are common in patients who have undergone 
a dominant temporal lobe resection, and they most fre-
quently manifest themselves as word-finding difficulties, 
which can occasionally be quite pronounced in the acute 
postoperative period.

Approximately one-third of patients experience a 
postoperative decline in memory function following a 
temporal lobe resection. The side of the surgery interacts 
with a number of other factors to determine the nature 
and extent of the decline. For the majority of patients, 
preoperative memory deficits remain, but no further dete-
rioration is evident. Memory function improves in up to 
1 in 7 patients postoperatively.

Postoperative neuropsychologic outcome depends 
upon the interaction of a number of different pre-, peri-, 
and postoperative factors (7) (see Table 38-1). Some 

TABLE 38-1
Influential Factors in Neuropsychologic Outcome Following Temporal Lobe Resection

 CHARACTERISTICS ASSOCIATED WITH

 POSTOPERATIVE DETERIORATION IN

FACTORS VERBAL MEMORY MEASUREMENTS

PREOPERATIVE FACTORS

Age at Surgery Older Quantifiable: years
Gender Males Categorical: male/female
IQ Lower IQ Quantifiable: Wechsler Intelligence Scales
Clinical features Discordance with MTLE syndrome  Qualitative: multidisciplinary assessment

Absence of unilateral temporal Categorical: Interictal EEG data
slow waves

Age at onset Older Quantifiable: years
Underlying pathology Absence of HS or mild HS Quantifiable: via MRI hippocampal volumes 

and T2 relaxometry (and verifiable via 
histopathological analysis).

Presence of cortical dysplasia Categorical: yes/no
Functional integrity of the  Good Inferred; via baseline neuropsychologic

proposed resected tissue   tests, IAP scores and functional imaging data
Functional integrity of the  Poor Inferred; via baseline neuropsychologic

contralateral structures   tests, IAP scores and functional imaging data

SURGICAL FACTORS

Laterality Left or dominant hemisphere resection Categorical: right/left or dominant/
nondominant

Surgical procedure  ? greater extent of lateral resection Categorical: surgical procedure
(Equivocal evidence) ? greater extent of mesial resection Quantifiable via postoperative MRI 

measurements

POSTOPERATIVE FACTORS

No postoperative improvement in Categorical: Engel classifications
seizure frequency
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of these factors can be directly measured and are eas-
ily quantified, for example the age of the patient at the 
time of the surgery. Other factors can be measured only 
indirectly; for example, the functional integrity of the 
hippocampus can be inferred via baseline neuropsycho-
logic tests, performance on the intracarotid amobarbital
procedure (IAP), and functional magnetic resonance 
imaging (fMRI) studies.

Preoperative Factors: Patient Characteristics

The demographic, clinical, and neuropsychologic charac-
teristics of patients prior to surgery have a very significant 
impact on their likely neuropsychologic outcome following 
temporal lobe epilepsy surgery.

The age of the patient at the time of surgery is an 
influential factor in determining the nature and extent of 
postoperative memory function (6). Group studies have 
consistently shown that older patients are more likely to 
experience a postoperative decline in memory function. 
Cortically represented learning and data acquisition skills 
appear to be particularly sensitive to age-related factors, 
with surgical patients over the age of 30 most at risk 
of a decline in verbal learning. Postoperative changes in 
consolidation and retrieval of information appear to be 
more resistant to the effects of age at the time of surgery. 
Nevertheless, chronic temporal lobe epilepsy is associ-
ated with progressive memory impairment, and surgery, 
particularly if unsuccessful, accelerates this decline. The 
stepwise decline in memory function effected by a domi-
nant temporal lobe resection is therefore of particular 
concern for older patients in their 50s and 60s who may 
be considering surgery.

There is some evidence to suggest that gender 
may play a small part in neuropsychologic outcome 
following a temporal lobe resection. Males appear to 
be more susceptible to a postoperative decline in verbal 
memory function than females. This does not appear 
to be due to physiologic differences in hippocampal 
pathology; rather, females tend to be more efficient in 
using memory-enhancing strategies, such as semantic 
clustering. These strategies are unaffected by surgery. 
There is limited evidence in the literature to suggest that 
patients with higher IQs are less likely to experience a 
significant postoperative decline in memory function. 
It is possible that the same mechanism—the ability to 
use effective memory strategies—underpins this occa-
sional finding.

It is unsurprising that one of the most potent and 
consistently reported predictors of postoperative decline 
in memory function is preoperative level of function. The 
better memory function is prior to surgery, the more likely 
the patient is to experience a postoperative decline in 
function. In common parlance, the more you have to 
lose, the more likely you are to lose it.

Clinical Features

The clinical history, ictal semiology, and underlying pathol-
ogy also have a significant impact on neuropsychologic 
outcome. Generally speaking, the more a patient’s profile 
conforms to the “classic” unilateral mesial temporal lobe 
epilepsy syndrome, the higher the patient’s chances of 
becoming seizure-free postoperatively. A good postopera-
tive outcome in terms of seizure control is associated with 
a history of a prolonged febrile convulsion, the onset of 
habitual seizures in childhood, clear-cut unilateral hip-
pocampal sclerosis evident on the MRI scan (with an 
absence of cortical dysplasia), concordant ictal and inter-
ictal EEG data with clearly lateralizing ictal features, and 
no history of status epilepticus. Although there are some 
inconsistencies in the literature, a recent meta-analysis 
found that long-term memory outcome is related to sei-
zure outcome (11). The factors associated with a good 
postoperative seizure outcome are therefore indirectly 
related to long-term memory outcome following tem-
poral lobe epilepsy surgery, and many of these factors, 
such as a later onset of habitual seizures, qualitative and 
quantitative MRI indices of pathology, and EEG data, 
have been individually correlated with neuropsychologic 
outcome in the literature.

The duration of the seizure disorder per se does not 
appear to have a direct influence on neuropsychologic 
outcome when the effects of age of seizure onset and age 
at the time of surgery are controlled for.

Pathology

The type and extent of the pathology underlying the sei-
zure focus in temporal lobe epilepsy patients has a very 
significant impact on postoperative neuropsychologic 
function. The presence of hippocampal sclerosis (HS) 
is a protective prognostic factor against a postoperative 
decline in memory function (2). Generally speaking, the 
greater the extent of preoperative hippocampal vol-
ume loss evident on MRI, and subsequently verified as 
HS histopathologically, the less likely the patient will 
be to experience a postoperative decline in memory 
function. This is in large part because patients with 
extensive unilateral HS already tend to have impaired 
memory function preoperatively. The presence of HS 
does not appear to be a protective factor in people 
with intact preoperative memory function, and some 
patients with very severe HS can be at risk of postop-
erative memory decline if they have useful function to 
lose preoperatively.

The other important caveat to note is the presence 
of bilateral HS. Bilateral HS usually signals decreased 
functional reserve in the contralateral structures and is 
associated with poor memory function before and after 
both right and left temporal resections.
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Postoperative deterioration is not confined to 
memory function in patients without HS. These patients 
are also at higher risk of significant declines in confron-
tation naming and verbal conceptual ability follow-
ing a dominant temporal lobectomy, although verbal 
memory remains the most substantial area of decline. 
Unlike their HS counterparts, postoperative neuropsy-
chologic outcome in patients without HS appears to be 
independent of seizure outcome.

Standardized temporal lobe resections for the 
removal of tumors within the temporal lobe that also 
include the excision of the hippocampus are typically 
associated with postoperative memory deficits, regardless 
of the tumor type. Whatever the primary pathology, the 
presence of cortical dysplasia, even in areas far removed 
from the operative site, is associated with a poorer post-
operative outcome in terms of both seizure control and 
cognitive function.

Surgical Factors

Although it is by no means the be-all and end-all, the 
laterality of surgery remains an important determinant of 
postoperative neuropsychologic outcome. While deficits 
in verbal memory are more commonly seen following a 
dominant temporal lobe resection, up to one in five right 
or nondominant temporal lobe resection patients also 
demonstrate significant postoperative declines on tests 
of verbal learning and recall. Postoperative declines on 
analogous tasks involving visual material are also seen in 
both right and left groups, although they are less reliably 
detected (12) and are often less salient for the patients, 
unless their occupation/lifestyle imposes a heavy reliance 
on visual memory skills.

Within the customary surgical limits, the mesial or 
lateral extent of a standardized temporal lobe resection 
does not appear to have a significant impact on postop-
erative memory function, although patients who undergo 
a full resection are more likely to be seizure-free post-
operatively or require reoperation. Serial postoperative 
scans suggest that the hippocampal remnant left in situ 
following surgery undergoes significant volume loss over 
the first few postoperative months, with a concomitant 
decline in memory function.

There is much debate in the literature about the 
relative merits of a standardized en-bloc temporal lobe 
resection (STLR) verses a selective amygdalohippocampec-
tomy (SAH) in terms of neuropsychologic outcome  (5). 
Whereas early studies suggested significantly lower neu-
ropsychologic deficits following the selective procedure, 
the results from subsequent trials have put in question 
whether there are any real differences between the two. 
Comparisons between the two procedures can be com-
plicated by patient selection, whereby those with more 
diffuse seizure foci may be more likely to be offered the 

more extensive resection. Postoperative MRI studies have 
suggested that there may be more secondary damage to 
the temporal lobe after SAH than was initially recognized. 
The collateral damage to cortical tissues adjacent to the 
surgical approach, evident in postoperative MRI signal 
changes, has been associated with deficits in both verbal 
and visual memory following SAH. Fluorodeoxyglucose 
positron emission tomography (PET) studies have also 
demonstrated hypometabolism in temporal structures left 
in situ following SAH. Although some of the inconsisten-
cies in the literature may relate to individual surgical skill, 
it is also possible that an SAH results in a disconnection of 
the preserved cortex, giving a similar functional outcome 
to a standardized resection, as both types of resection 
interrupt a circuit likely to be essential for normal storage 
and retrieval of information.

Postoperative Factors

Postoperative neuropsychologic outcome is a dynamic 
entity. Deficits seen three months after surgery may 
have resolved nine months later. Longitudinal follow-
up studies suggest that postoperative changes stabilize 
two years after the surgery for the majority of patients. 
However, the presence of ongoing seizures can result in 
an ongoing deterioration of function. All postoperative 
patients have an elevated lifetime risk of the development 
of a permanent amnesic syndrome if the contralateral 
hippocampus left in situ following surgery is damaged, 
either gradually by ongoing seizure activity or abruptly 
following an episode of status epilepticus. These risks 
are considerably higher for the 10% of patients who 
do not experience a significant improvement in seizure 
frequency postoperatively.

Predicting Postoperative Function

Many of the factors discussed thus far have been studied 
in univariate designs. However, they all interact to shape 
the nature and extent of postoperative neuropsychologic 
deficits in temporal lobe epilepsy patients. Some, such 
as laterality of the seizure focus and preoperative level 
of function, are more potent predictors of postopera-
tive function than others. However, these factors can 
be pooled in multivariate study designs, and logistic 
regression models can be used to combine quantitative 
and categorical data to assess the relative contribution 
of each factor. The models created can then be used to 
create individual predictions of neuropsychologic out-
come based on each candidate’s unique preoperative 
data and characteristics. Multicenter collaboration and 
a very large sample size would be needed to examine the 
relative contribution of all of the factors that have been 
associated with postoperative neuropsychologic outcome 
in the literature to date. However, a number of centers 
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have published logistic regression equations combining 
the preoperative data from multidisciplinary investi-
gations (9). These models are being used as a rational 
basis for the counseling of prospective patients regard-
ing their probable neuropsychologic outcome following 
surgery.

There is a lively debate within the literature at pres-
ent as to whether data from the IAP is useful in the pre-
diction of postoperative neuropsychologic outcome. The 
IAP scores are one of the most direct measures of the 
functional integrity and reserve of the mesial temporal 
lobe structures and have been shown to predict postop-
erative memory and seizure outcome. However, the IAP 
is an invasive test. The relatively small added value of 
IAP scores in these models calls into question the role of 
the IAP in predicting memory outcome when adequate 
data from noninvasive procedures are available. If IAP 
data are available, it makes sense to use them; however, 
it may not be clinically or ethically justified for a patient 
to undergo an IAP just to provide data to predict memory 
decline. Data from PET studies, fMRI, and proton chemi-
cal shift imaging (CSI) spectroscopy are also being used 
in the prediction of postoperative outcome with some 
success in unilateral study designs.

The prediction of neuropsychologic outcome will 
never be perfect. We often have only indirect, or relatively 
insensitive, measures of many of the important variables 
that shape the nature and level of postoperative memory 
function. In addition, there will always be other factors 
that we cannot measure or predict. There is also much 
evidence to suggest that subjective memory complaints 
bear little relation to objective measures of memory post-
operatively. Nevertheless, these approaches are provid-
ing invaluable information for patients and their families 
when they come to assess the potential risks and benefits 
of this elective surgical procedure.

OTHER SURGICAL PROCEDURES

Extra-temporal surgical resections of lesions or areas of 
dysplasia can also be conducted solely for the relief of 
medically intractable epilepsy. The resections tend to be 
individually tailored, and the neuropsychologic outcome 
very much depends on side, site, and type of the resec-
tion, with language and memory functions a particular 
concern if the proposed surgery involves or borders on 
eloquent frontal cortex. fMRI paradigms can be very 
helpful in alerting surgeons to the potential dangers of the 
resection, and awake craniotomies with intraoperative 
assessment of language and memory can be performed 
to minimize the risks.

A corpus callosotomy (CC) can be an effective pro-
cedure for a small minority of patents with very disabling 
generalized seizures. Seizure outcome does not appear 

to be related to the extent of the resection once 50–66% 
of the callosum is divided, but a complete callosotomy 
carries the risk of disconnection syndrome. The postop-
erative risk for neuropsychologic deficits following a CC 
does not appear to be influenced by atypical language 
representation or other unusual patterns of cognitive 
organization.

Another standardized procedure for medically 
intractable epilepsy is the transcallosal surgical resection 
of hypothalamic harmatoma (HH). As with most other 
surgical procedures, a complete resection of the lesion 
gives the best results, but memory difficulties are com-
mon in the early postoperative period. These resolve for 
most patients, and both patient and family reports of the 
impact of surgery on cognitive and behavioral functions 
are generally favorable.

A new surgical procedure, multiple subpial transec-
tion (MST) to the hippocampus, has recently been pro-
posed as an alternative to the standard en bloc resection or 
SAH in patients with mesial temporal lobe epilepsy  (10). 
Preliminary reports of the procedure on 21 cases sug-
gest good seizure control and minimal neuropsychologic 
changes. However, more cases will need to be reported to 
confirm the efficacy and to explore full neuropsychologic 
advantages of this new technique.

CONCLUSIONS

Outcome is no longer considered simply in terms of sei-
zure control following epilepsy surgery. The neuropsy-
chologic risks of surgery are now well recognized and 
very much part of the pre- and postoperative evalua-
tion process. Over the last two decades, we have moved 
from a narrow focus on seizure laterality to a far broader 
consideration of how the side of surgery interacts with 
a range of demographic, clinical, neurophysiologic, and 
neuropsychologic factors to shape the nature and extent 
of postoperative cognitive deficits. These factors, origi-
nally identified in retrospective studies of large surgical 
cohorts, are now being used to identify those patients 
most at risk of a postoperative memory decline and 
form the rational basis for preoperative counseling at 
the bedside. Each patient’s distinctive preoperative char-
acteristics can be used to create a unique prediction of 
the patient’s likely postoperative outcome, on a num-
ber of measures. fMRI paradigms and other innovative 
techniques are on the threshold of providing even more 
accurate measures of functional and structural integrity, 
which, once integrated into these models, will hopefully 
provide even greater accuracy. Although the neuropsy-
chologic risks of epilepsy surgery remain, our continued 
efforts in this area will ensure that patients are able to 
make as informed a decision as possible regarding this 
elective procedure.
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here are many issues to take into 
account when considering the litera-
ture on psychiatric outcomes after 
epilepsy surgery (see Table 39-1). 

Published series have widely varying study populations. 
Since postoperative psychiatric morbidity is related to pre-
operative psychiatric morbidity, selection of patients is an 
issue. In some centers but not in others, psychiatric disor-
ders, and especially psychosis, have been considered a con-
traindication to epilepsy surgery (1). The absence of such a 
selection bias at a tertiary referral center does not preclude 
the possibility of a referral bias, since physicians may not 
consider, or hesitate to refer for presurgical investigation, 
patients with both epilepsy and psychiatric disorders.

GENERAL ISSUES

Most of the literature on adults is concerned with psychi-
atric morbidity after temporal lobe resections, and there 
is surprisingly little data concerning patients who have 
undergone frontal lobe resections or other procedures. 
Interestingly, the literature on psychiatric  disorders after 
resective neurosurgery for diagnoses other than epilepsy 
is very sparse, and it is therefore not possible to try to 
find out whether part of the short-term postoperative 
psychiatric morbidity is related to the neurosurgical pro-
cedure per se.

Some studies are retrospective, based on patient files 
and without a preoperative psychiatric baseline. Follow-up 
periods vary widely and are in some studies cross- sectional, 
grouping together patients with a follow-up of less than 
a year with patients who have been followed for several 
years. Ideally, psychiatric follow-up of patients in epi-
lepsy surgery programs should be prospective and lon-
gitudinal, with a preoperative assessment and structured
follow-up—something that has been discussed and recom-
mended for many years but still is often lacking.

The methodology of the psychiatric evaluation dif-
fers between studies. While some investigators use only 
screening instruments (especially for depression and 
anxiety), others use structured psychiatric interviews 
and include information from family members (and 
sometimes from medical personnel) as a basis for formal 
psychiatric diagnoses. Although rating scales typically 
tap self-perceived psychiatric symptoms during a brief 
period, structured psychiatric interviews may ascertain 
lifetime as well as current psychiatric diagnoses. Several 
authors have pointed out the difficulties in applying 
current diagnostic systems such as the Diagnostic and 
Statistical Manual of Mental Disorders (DSM) or the 
International Statistical Classification of Diseases and 
Related Health Problems (ICD) (2–4). These diagnostic 
systems are especially unsatisfactory in the classification 
of organic psychosyndromes, which are commonly pres-
ent in patients with neurologic disorders in general and 
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with epilepsy in particular. (In DSM-IV the chapter on 
organic mental disorders from the earlier DSM versions 
has been omitted.) This has led to suggestions of new 
diagnostic entities specific to epilepsy, but other diagnos-
tic systems have been used also (5, 6). The International 
League Against Epilepsy (ILAE) is therefore developing 
a classification of neuropsychiatric disorders associated 
with epilepsy (see Chapter 24).

This chapter will focus on affective disorders, psy-
chotic disorders, and organic psychosyndromes before and 
after epilepsy surgery in adults. An attempt will be made to 
differentiate the psychiatric outcomes for patients after tem-
poral lobe resections and after other resection types (often 
grouped together as extratemporal resections). Finally, the 
implications of our current knowledge for counseling and 
postoperative management will be discussed.

AFFECTIVE DISORDERS

Anxiety Disorders

In studies of affective disorders in patients with epilepsy, 
most of the attention has been focused on depression, 
despite the fact that anxiety is common and may be equally 
disabling. In a recent systematic review, Beyenburg et al. 
point out that it is unclear whether current diagnostic 
instruments for anxiety are adequate in epilepsy popula-
tions, and they also emphasize the diagnostic problems, 
given that anxiety may also be an ictal or a postictal phe-
nomenon. They conclude that the prevalence of anxiety 
symptoms is higher in patients with epilepsy than in the 
general population or in patients with several chronic 

medical disorders but that anxiety disorders often go 
unrecognized and untreated (2) (see also Chapter 27).

Preoperative Anxiety Disorders
Patients with temporal lobe epilepsy. The preva-

lence of anxiety disorders reported in candidates for epi-
lepsy surgery varies across studies. Also, many surgical 
series focus on depression and do not mention anxiety 
disorders. In Taylor’s study from 1972 of patients treated 
with temporal lobe resection, 7 of the 100 patients (7%) 
were reported in the subgrouping of neuroses to be anx-
ious preoperatively (7). Jensen did not specify anxiety 
but reported 7/74 patients (9.5%) to have a neurosis 
before temporal lobe resection (8). In more recent stud-
ies anxiety disorders were found by Manchanda et al. in 
10% of 231 temporal lobe patients undergoing presurgical 
assessment (9), by Ring et al. in 18% of 60 patients (10), 
and by Wrench et al. in 23% of 43 patients (11). In these 
studies clinical interviews constituted the core of the psy-
chiatric assessment. In the multicenter study by Devinsky 
et al., 24.7% of 360 patients (322 of whom underwent 
temporal lobe resections) were found to have an anxiety 
disorder preoperatively using the Beck Anxiety Inventory, 
while interviewer-based ratings were somewhat lower 
(17.5%) (12).

Patients with extratemporal epilepsy. Patients 
undergoing resective procedures other than temporal 
lobectomy have been included only in a minority of stud-
ies, and in several of these studies patients are lumped into 
an “extratemporal” group because of small numbers. In 
the study by Manchanda et al., 16.3% of 43 extratem-
poral patients were diagnosed with anxiety disorders (9), 
similar to 18% of 17 patients in the study by Wrench 
et al. (11). In the study by Devinsky et al., 38/360 patients 
(10.6%) underwent resections outside the temporal lobe. 
Results are not reported separately for these patients, but 
the authors state that there was no relationship prior to 
surgery between presence or absence of anxiety and the 
location of the surgery (12).

Prevalence and Course of 
Postoperative Anxiety Disorders

Patients with temporal lobe epilepsy. Taylor 
mentions only “improvement” in the anxious patients at 
follow-up (7). In more recent studies, a few have longitu-
dinally studied the patients postoperatively and found an 
early increase in anxiety disorders, which to a great extent 
had remitted at 3 months. In the study by Ring et al., 42% 
of the patients had a generalized anxiety disorder 6 weeks 
after surgery versus 10% after 3 months (10). Wrench 
found that 42% of the patients had an anxiety disorder 
at 1 month versus 24% at 3 months postoperatively (11). 
Devinsky found a drop to 10% in self-reported anxiety 
(data available for 261 patients constituting 72.5% of the 

TABLE 39-1
Issues to Consider in the Evaluation of 

Psychiatric Outcomes Following Epilepsy Surgery 
in Adults

Study population
Selection of epilepsy surgery candidates (referral bias 

versus selection bias)
Surgical procedures (temporal versus frontal lobe or 

other extratemporal resections)
Number of patients

Study design
Retrospective versus prospective studies
Cross-sectional versus longitudinal studies
Follow-up period

Psychiatric evaluation
Screening instruments versus structured psychiatric 

interviews
Weaknesses in current diagnostic systems for psychiatric 

disorders
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sample) at three months postoperatively. Two years after 
surgery the self-administered and interviewer-based rat-
ings were similar (9.4% and 10.4% respectively) (12).

Most studies have found no relationship between the 
laterality of resection and postoperative anxiety disorders 
(10, 11; for more references see 12) or between obtained 
seizure control and rates of postoperative anxiety even 
if the study with the largest sample size found a trend 
toward diminished anxiety in seizure-free patients (12).

Patients with extratemporal epilepsy. In the study 
by Wrench et al., 6% of the 17 extratemporal patients had 
an anxiety disorder at 1 month postoperatively, which was 
significantly less than for the temporal lobectomy group, 
versus 17% at 3 months (11). Devinsky et al. do not report 
psychiatric outcomes separately for these patients but state 
that there was no relationship between anxiety at the 2-year 
follow-up and the location of the surgery (12).

Obsessive-Compulsive Disorder
In a recent study, 14.5% of 62 patients with tem-

poral lobe epilepsy were diagnosed with obsessive-
compulsive disorder (OCD) compared to 1.2% of healthy 
controls. Only one of nine patients had an earlier OCD 
diagnosis, and the authors conclude that OCD may be 
under-diagnosed in patients with epilepsy (13).

In epilepsy surgery candidates, Taylor reported that 
4/100 patients had obsessional features preoperatively (7). 
In more recent literature, epilepsy surgery has been reported 
to result in improvement of symptoms; for references see 
(14). In one study five patients with mesial temporal lobe 
epilepsy and obsessive traits were identified in an epilepsy 
surgery series, the size of the sample, however, not being 
stated. Two of these five patients developed an OCD within 
two months of the surgical intervention (14).

Depressive Disorders
Depression is the most frequent comorbid psychi-

atric disorder in epilepsy, with a reported lifetime preva-
lence between 6% and 30% in population-based studies, 
increasing to up to 50% in patients in specialized epilepsy 
centers. The lack of more precise incidence and preva-
lence data is attributed to differences in methodology and 
sample populations but also to underreporting of symp-
toms and underdiagnosis by clinicians; for references see 
(3). Depression may also be an ictal or a peri-ictal (pre-
or postictal) phenomenon, which may again complicate 
diagnosis. The clinical presentation of interictal depres-
sive disorders can be identical to that in patients who do 
not have epilepsy, but several authors have pointed out 
that in a proportion of epilepsy patients there are difficul-
ties in applying current diagnostic systems (3, 5). A gen-
eral (not epilepsy-specific) relationship between specific 
anatomic substrates and mood has been suggested along 
two axes: anterior versus posterior and left versus right. 

Several studies suggest that the farther anterior the lesion, 
the more profound effect it may have on mood. Other 
studies suggest hemispheric asymmetry for mood, with 
lesions in the left hemisphere more often being associated 
with depression. However, there are also studies that have 
failed to find any relationship between a lesion site along 
either of the two axes and mood disorders; for discussion 
and references see (15).

Preoperative Depressive Disorders
Patients with temporal lobe epilepsy. Taylor reports 

that 17 out of 100 patients (17%) were depressed preop-
eratively (7). In more recent studies, depressive disorders 
were found by Manchanda et al. in only 3% of 231 tem-
poral lobectomy candidates (9), by Ring et al. in 21% 
of 60 patients (10), and by Wrench et al. in 33% of 
43 patients preoperatively (11). In the multicenter study 
by Devinsky et al., 22.1% of 360 patients were found to 
have a depressive disorder preoperatively using the Beck 
Depression Inventory, and interviewer-based presurgical 
ratings for depression were similar (22.3%) (12).

Patients with extratemporal epilepsy. In the study 
by Manchanda et al., only 4.7% of 43 extratemporal 
patients were diagnosed with mood disorders (9), in con-
trast to 54% of the 17 patients in the study by Wrench 
et al. (11). In the study by Devinsky et al., 38/360 patients 
(10.6%) underwent resections outside the temporal lobe, 
and the authors found no relationship prior to surgery 
between presence or absence of depression and the loca-
tion of the surgery (12).

Prevalence and Course of 
Postoperative Depressive Disorders

Patients with temporal lobe epilepsy. Taylor does 
not report changes in rates of depression specifically (7). 
In more recent studies the early postoperative increase 
in anxiety disorders has not been paralleled by a similar 
early increase in depression. In the study by Ring et al., 
24% of the 60 patients were depressed 6 weeks after 
surgery, versus 38% after 3 months (10). Wrench et al. 
found 26% of their 43 patients to be depressed 1 month 
postoperatively, versus 30% at 3 months (11). Devinsky 
et al. report lower levels of postoperative depression, with 
a drop in the percentage of self-reported depressive symp-
toms 3 months after surgery to around 10% (data avail-
able for 259 patients, amounting to 72.3% of the sample) 
and the rate of depression was 11.7% two years postop-
eratively (12). Although many studies have investigated
a possible relationship between the laterality of resection 
and postoperative depressive disorders, most investiga-
tors have not found evidence for such a relationship; 
for references see (12). Devinsky et al. confirmed earlier 
findings that the greatest predictive factor for postopera-
tive depression was preoperative depression (6, 12), and 
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also confirmed that depressive symptoms were signifi-
cantly less frequent in seizure-free patients (8.2%) than 
in patients with persisting seizures (17.6%); for references 
see (12).

Patients with extratemporal epilepsy. In the study 
by Wrench et al., none of the 17 patients was depressed 
one month after surgery, which was significantly less 
than for the temporal lobectomy group. Three months 
postoperatively 17% were depressed (11). In the study 
by Devinsky et al., results are not reported separately 
for extratemporal patients, but no relationship between 
depression at the 24-month follow-up and the location 
of the surgery was reported.

In a study by Suchy and Chelune, changes in self-
reported mood pre- to postsurgery (mean follow-up 
7.3 months after surgery), assessed by the Beck  Depression 
Inventory (BDI), was examined in 15 right frontal, 15 left 
frontal, 15 right temporal, and 15 left temporal lobec-
tomy patients. In this study temporal lobectomy patients 
were matched to frontal lobectomy patients, and overall, 
self reported mood improved following surgery, irrespec-
tive of seizure control. The authors found no signifi-
cant effects of laterality or location on the BDI scores, 
although frontal patients showed more extreme changes 
in mood in either direction than temporal patients. Also, 
patients with left frontal surgery appeared to be at a 
slightly greater risk for being depressed than the other 
patient groups (15).

Manic Disorders

Hypomanic and manic episodes in patients with epi-
lepsy are rare, and earlier reports have mainly been case 
studies; for references see (16). In a recent retrospective 
study, 16 patients were identified with new-onset mania 
after temporal lobectomy (12 right-sided and 4 left-sided 
resections) in a series of 415 consecutive patients (3.9%). 
These patients were compared with a control group of 
16 patients who did not experience any mood problems 
within the first year after temporal lobectomy and a 
group of 30 patients who experienced depression within 
the first postoperative year. The manic episodes were usu-
ally transient, and all but one case remitted within 1 year 
from onset (16).

PSYCHOTIC DISORDERS

There is no consensus on the classification of psychotic 
syndromes associated with epilepsy, and current diag-
nostic systems are unsatisfactory (4, 17). Psychoses may 
also be ictal, postictal, or interictal. Epidemiological 
data are scarce, but the overall evidence suggests that 
schizophrenia-like psychosis is 6–12 times more likely 

to occur in patients with epilepsy than in the general 
population (4). Many studies have reported a relation-
ship between schizophrenia-like psychosis and temporal 
lobe epilepsy, and evidence points toward an association 
between mediobasal rather than neocortical temporal 
lobe abnormalities and psychosis. A preponderance of 
left-sided pathology has been suggested in patients with 
schizophrenia-like psychosis, but there are problems with 
available data, and the laterality issue remains undecided; 
for references see (1, 4, 17, 18).

Interictal Psychosis and Epilepsy Surgery

One of the main issues in the literature on epilepsy surgery 
and psychosis has been whether to operate on patients 
with chronic interictal psychosis. Data from early surgi-
cal series were summarized by Trimble, who pointed out 
that selection criteria varied between centers and that 
the number of patients with preoperative psychiatric dis-
orders was, for example, far greater in the early Guy’s 
Maudsley series than in the Montreal series (1). Taylor 
described 16 patients out of 100 as psychotic preopera-
tively (16%), four of whom had lost their psychosis at 
follow-up (7). In the Danish series 11/74 patients (15%) 
were psychotic before temporal lobe resection, and post-
operatively one patient was reported to have a normal 
psychiatric status, five were improved, while five were 
unchanged (8). It has often been assumed that disturbed 
behavior will prevent adequate preoperative evaluation, 
and this, together with the observation that the psychosis 
usually does not improve or may even be exacerbated 
after surgery, has led many epilepsy centers to reject these 
patients from their surgical programs purely on psychiat-
ric grounds (19). Trimble has commented that: “Whether 
or not this is justified is not clear in the sense that it might 
still be considered better to be psychotic without seizures 
than to be psychotic with them” (17). More recently, 
several case series have been published demonstrating 
the feasibility of presurgical evaluation and temporal lobe 
resection in patients with chronic psychosis. Reutens et al. 
reported on five patients from the Montreal Neurologi-
cal Institute with the dual diagnosis of chronic psychosis 
and intractable epilepsy who underwent temporal lobe 
resection (three left- and two right-sided) uneventfully, 
and in whom seizure cessation led to several benefits 
despite persisting psychosis (20). Marchetti et al. reported 
comparable experiences in six patients (21).

De Novo Psychosis after Epilepsy Surgery

In Taylor’s series 7/100 patients developed psychosis 
postoperatively (7), and the corresponding number in 
the Danish series was 9/74 patients (12%) (8). Summing 
figures from different series, Trimble wrote in 1992 that 
paranoid or schizophrenia-like psychoses were shown 
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to develop in 3.8 to 35.7% of cases, with a mean of 
7.6%. No clear predictors of which patients were at 
risk of developing psychosis were identified, and there 
was no agreement in the literature on the relationship 
to seizure control. However, where laterality could be 
established, it was right-sided in over 60%; for refer-
ences see (1). In most but not all of the later studies, 
the proportion of patients developing de novo psychosis 
is lower: in the study by Leinonen et al. from Kuopio, 
3/57 patients (5.3%) developed de novo psychosis after 
temporal lobe resection, two after right and one after 
left-sided resections (22); in the study by Malmgren et al. 
one of 70 patients (1.4%) developed a psychosis after a 
right-sided resection (6), Koch-Stoecker reports de novo 
psychosis in 4/100 patients (4%) without mentioning side 
of resection (23), and Devinsky reports 4/360 (1.1%) 
patients with de novo psychosis postoperatively, two after 
right-sided and two after left-sided resections (12).

Not only de novo interictal psychosis but also 
de novo postictal psychosis after epilepsy surgery has 
been described. In the report by Manchanda et al., 
4/298 patients (1.3%) developed postictal psychosis de 
novo after right-sided temporal lobectomy (24). In the 
study by Christodoulou et al., 3/282 (1.1%) patients 
developed de novo postictal psychosis, two after a left-
sided selective amygdalohippocampectomy and the third 
after a right-sided temporal lobectomy (25).

ORGANIC PSYCHOSYNDROMES

Taylor pointed out in 1987 that “Psychiatrists and psy-
chologists ought to notice that the traits of aggressiveness, 
rudeness, stickiness, meanness, meticulousness,  irritability, 
and so on which are regarded as personality traits are 
probably not personality traits but components of an 
organic psychosyndrome” (18).

The current diagnostic systems are even more unsat-
isfactory in the classification of organic psychosyndromes 
than in the classification of other psychiatric disorders, 
and different diagnostic approaches have been utilized.

Blumer and coworkers have defined an interictal 
dysphoric disorder that they do not discuss in terms 
of organic psychosyndrome but that has the follow-
ing characteristics: “a pleomorphic and intermittent 
affective–somatoform disorder with at least three of eight 
symptoms: depressive mood, anergia, irritability, pain, 
insomnia, euphoric mood, fear and anxiety.” In their 
study of 44 patients with temporal lobe epilepsy, 57% 
were diagnosed with a dysphoric disorder before surgery. 
Postoperatively 39% of their 44 temporal lobectomy 
patients experienced either de novo psychiatric complica-
tions or exacerbation of preoperative dysphoric disorder. 
All psychiatric complications occurred in the first two 
postoperative months. They also found that preopera-
tively four of six frontal lobectomy patients (67%) had a 

dysphoric disorder, in contrast to five out of six patients 
(83%) postoperatively (5).

Although they do not discuss these symptoms in 
terms of organic psychopathology, Ring et al. state that 
during the course of their study they noted emotional 
lability in many patients postoperatively (10). Pursuing 
this issue in a subsequent study, the same group found a 
relation between the amount of tissue removed and the 
emotional lability. They interpret these findings as show-
ing “that affective lability is basically a subtle organic 
brain syndrome that is directly associated with the cere-
bral insult of surgery,” and they discuss the problems of 
using the present classificatory systems such as ICD-10 
or DSM-IV in epilepsy patients (26).

Malmgren et al. (6) used the diagnostic system of 
Lindqvist and Malmgren for diagnosis of organic psy-
chosyndromes in their longitudinal study of psychiatric 
morbidity after epilepsy surgery. This system is based on 
a psycho-physiologic theory and assumes that the brain 
reacts in a limited number of ways to different injuries (27). 
The organic disorders within the Lindqvist-Malmgren 
system relevant to the study were the astheno-emotional 
disorder and the emotional-motivational blunting dis-
order (26). The symptoms of the astheno-emotional 
disorder include concentration difficulties, especially 
problems with upholding sustained attention; mental fati-
gability; memory difficulties, which are mainly second-
ary to the attentional deficit; irritability; and emotional 
lability. The astheno-emotional disorder has also been 
studied in patients with normal pressure hydrocephalus 
and in patients with subarachnoidal hemorrhage, and the 
diagnostic entity is related to several earlier constructs, 
especially Bonhoeffer’s “emotional-hyperaesthetic weak-
ness state”; for references see (6).

The emotional-motivational blunting disorder is 
better known under its traditional label “frontal lobe 
syndrome” and mainly includes emotional and moti-
vational flattening with a varying degree of effect on 
behavior, ranging from inactivity and lack of spontane-
ity to shallow euphoria and thoughtless and unrestrained 
behavior. However, an etiologically neutral name is to be 
preferred, since the same syndrome occurs, for example, 
with mesolimbic and hypothalamic lesions. At the time of 
presurgical evaluation 27/70 patients (39%) had either 
of these diagnoses (6).

Within the first postoperative year almost half of 
the patients (49%) showed symptoms of the astheno-
emotional disorder, with no difference between the 
53 temporal lobectomy patients and the 16 patients 
who had had extratemporal (mainly frontal) resections. 
The presence of an astheno-emotional disorder prior to 
surgery was shown to be an independent risk factor for 
developing postoperative anxiety or depression disorder. 
The emotional-motivational blunting disorder was sig-
nificantly more common in the extratemporal patients 
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(38%), and when present, it existed preoperatively in all 
but worsened postoperatively in a few.

In a study of personality disorders (according to 
DSM-III-R, axis I and axis II) as predictors of severe 
postsurgical psychiatric complications (defined as neces-
sitating admission to a psychiatric hospital) in patients 
undergoing temporal lobectomy for epilepsy, Koch-
Stoecker found that 61/100 patients had some kind of 
personality disorder preoperatively (23). Such a diagnosis 
was shown to be an independent risk factor for a severe 
postoperative psychiatric illness within two years after 
surgery. The author argues that the personality disorders 
represent individually formed expressions of mental vul-
nerability and that this vulnerability reduces the patients’ 
capacity to handle life stressors, regardless of whether 
these stressors are physical or mental, thus increasing the 
risk of psychiatric disorders.

SUMMARY AND CONCLUSIONS

Psychiatric disorders are common in patients with 
pharmaco-resistant epilepsy who are considered for epi-
lepsy surgery. In early series, as many as 87–92% of the 
patients had a psychiatric disorder preoperatively (7, 8), 
whereas in more recent series the corresponding percent-
ages range between 47% (9) and 57% (5, 11). The dis-
crepancies may be related both to differences in selection 
criteria and to varying methodology for ascertainment 
of psychiatric diagnoses. Anxiety and depression are the 
most common psychiatric diagnoses and are probably also 
often underdiagnosed (2, 3). Several longitudinal stud-
ies have demonstrated an increase in anxiety, but not in 
depression, during the first months after epilepsy surgery, 
after which the anxiety diminishes (10, 11). No clear rela-
tionship has been disclosed between postoperative anxiety 
and depressive disorders and side or site of resection (11, 
12). Several studies have shown that the greatest predictive 
factor for postoperative anxiety and depressive disorders 
is a history of anxiety or depression (6, 12). One large 
study has shown depressive symptoms to be less frequent, 
two years after epilepsy surgery, in seizure-free patients 
than in patients with persisting seizures, and there was 
a similar but weaker trend toward diminished anxiety in 
seizure-free patients (12). Surprisingly few studies have 
included patients who have undergone resections other 
than temporal lobe resections. Apart from one study in 
which there was no early postoperative rise in anxiety in 
extratemporal patients (11), differences in the rates of 
postoperative anxiety and depression have not been dis-
closed between patients after temporal or extratemporal 
resections (6, 11, 12). Many factors, psychologic as well as 
physiologic, may interact in the causation of mood disor-
ders in epilepsy patients (2, 3). It is also likely that multiple 
mechanisms contribute to the postoperative improvement 

in depression and anxiety disorders. These may include 
elimination of seizures by removal of dysfunctional lim-
bic areas, improved sense of self-control, reduced fear of 
seizures, and reduced antiepileptic drug burden.

Schizophrenia-like psychosis is 6–12 times more 
likely to occur in patients with epilepsy than in the general 
population. It is associated with temporal lobe epilepsy 
and more specifically with mediobasal abnormalities 
(4). A preponderance of left-sided pathology has been 
suggested in patients with schizophrenia-like psychosis, 
but the laterality issue remains undecided (1, 4, 17, 18). 
There is a longstanding discussion whether to operate on 
patients with epilepsy and chronic interictal psychosis 
or not. It has often been assumed that disturbed behav-
ior will prevent evaluation, and this, together with the 
observation that the psychosis does not improve after 
surgery, has led many centers not to offer these patients 
presurgical evaluation (1, 19). However, several recent 
case series have demonstrated that presurgical evaluation 
and temporal lobe resection can be feasible and rewarding 
in patients with chronic interictal psychosis (20, 21).

De novo psychosis after temporal lobectomy seems 
to be less common in more recent series (6, 12, 22, 23) 
than in earlier ones (7, 8), and no clear predictors have 
been identified. Recently de novo postictal psychosis has 
been reported in two case series (24, 25).

Organic psychosyndromes are common in epilepsy 
patients (7), but current diagnostic systems (ICD and 
DSM) are even more unsatisfactory in the classification
of organic psychosyndromes than in the classification of 
other psychiatric disorders. Therefore, different diagnostic 
approaches have been used, which leads to difficulties 
in comparing studies. Several studies have shown that 
organic psychosyndromes (whether interictal dysphoric 
disorder, emotional lability, astheno-emotional disorder, 
or personality disorder) may exacerbate in the early post-
operative period (5, 6, 10, 23). Presence of an organic 
psychosyndrome may also be an independent risk factor 
for developing postoperative anxiety or depression dis-
order (6) or more in general for a severe postoperative 
psychiatric illness requiring hospitalization (23).

Despite the high frequency of psychiatric disorders 
in epilepsy patients, prospective studies of pharmacolog-
ical therapy are lacking. However, available data suggest 
that patients respond well to standard psychopharmaco-
logical drugs, but still many patients go untreated (2, 3). 
The reasons for this include underdiagnosis, but also 
concern on the part of psychiatrists that antidepressant 
treatment, for example, may worsen the seizure situa-
tion in patients with severe epilepsy. Pharmacological 
treatment also needs to be supplemented with other 
measures, such as support from the comprehensive epi-
lepsy team or psychotherapy. The presurgical psychiatric 
evaluation is indispensible, not only to diagnose and 
treat ongoing psychiatric disorders but also to iden-
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tify predictors of postoperative psychiatric morbidity, 
which is of importance also in the counseling process 
and in the planning of postoperative support and reha-
bilitation efforts. Still, a preoperative psychiatric assess-
ment is not included in all epilepsy surgery programs, 
and one of the reasons for this may be communication 
problems as suggested by Kanner: “If the goal of any 
presurgical evaluation is to recognize all postsurgical 
risks, why are psychiatric evaluations not performed in 
all patients? Clearly, the arguments against the inclusion 
of a psychiatric evaluation as part of any presurgical 
evaluation are another example of poor communication 

between neurologists and psychiatrists” (28). Improved 
collaboration between epileptologists and psychiatrists 
is a necessity, both in order to improve diagnosis and 
clinical management of patients pre-and postoperatively 
and in order to further our knowledge. Hopefully a 
consensus on classification of psychiatric disorders in 
patients with epilepsy will also facilitate further prospec-
tive and longitudinal studies of pre-and postoperative 
psychiatric morbidity in epilepsy surgery candidates. 
Studies also need to include patients subjected to other 
resection types than temporal lobe resections, where 
data is clearly lacking.
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CORE CHALLENGES OF EPILEPSY SURGERY

The neurosurgical treatment of intractable complex 
partial seizures now constitutes a routine procedure 
in many tertiary epilepsy centers, including the Com-
prehensive Epilepsy Program of the Austin Hospital 
in Melbourne, Australia. Our program has considered 
the longitudinal assessment of surgical outcome to 
be paramount in informing ongoing clinical practice 
within the program. In assessing outcome, our research 
team has focused on two core challenges of epilepsy 
surgery, namely, (1) to effect a successful medical out-
come entailing significant seizure reduction or complete 
seizure relief with minimum neurologic and neuropsy-
chologic comorbidity, and (2) to translate this outcome 
into the daily life of the patient to allow the benefits 
of medical success to be realized. This may entail the 
removal of restrictions previously imposed by chronic 
epilepsy and the experience of psychosocial change for 
the patient and the family.

From more than 15 years of longitudinal follow-up, 
our team has found that the second core challenge of 
epilepsy surgery may be just as difficult to achieve as the 
first, and carries the added risk of potentially undermin-
ing the entire surgical enterprise (1). From the perspective 
of the clinical team, meeting the second core challenge 
requires a detailed understanding of the neurobiological 

basis of the patient’s thinking and behavior and how this 
relates to the psychosocial functioning of the individual 
and the family. It includes an intricate understanding of 
both patient and family perceptions of epilepsy and its 
associated effects, as well as expectations accompanying 
surgery. From the perspective of the patient, the second 
challenge often involves learning how to “become well” 
and engage in new thinking and health behaviors that 
may be underpinned by intrapsychic change. The degree 
to which patients achieve this significant task is tied to 
their perceptions of surgical success (1).

The implication is that predicting a patient’s post-
operative psychosocial functioning is clinically important 
for ensuring a successful outcome. This prediction is 
not just dependent on one variable, namely, postopera-
tive seizure frequency, as initially proposed by a health-
related quality-of-life approach. Rather, predicting a 
patient’s ability to meet the second core challenge of 
epilepsy surgery is complex and requires an appreciation 
of the interactions between neurobiological and psycho-
social factors (1). Given this complexity, our program 
has adopted a multidisciplinary approach that is embod-
ied in the Seizure Surgery Follow-up and Rehabilitation 
Program. This program includes a range of pre- and 
postoperative assessments of patients and their families, 
which also serve as a means of conducting extensive 
follow-up research (1). The present chapter provides a 
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review of key concepts and findings that have arisen from 
this research that are relevant to meeting the second core 
challenge of epilepsy surgery.

THE NECESSITY OF ANTICIPATING 
PSYCHOSOCIAL ADJUSTMENT

Prior to surgery, the notion of equilibrium provides a 
useful heuristic for the balance that exists between the de-
mands of intractable complex partial seizures and the level 
of psychosocial functioning of the patient and the family. 
This equilibrium can be considered to reflect patient and 
family perceptions of what is achievable in the context 
of intractable seizures, providing a significant source of 
variability across patients. Surgical intervention disrupts 
this equilibrium, typically bringing a new set of expecta-
tions for daily life that are based on the assumption of 
seizure freedom. Thus, after surgery the patient undergoes 
a process of adjustment to reestablish psychosocial equi-
librium, ideally in the absence of seizures and their associ-
ated psychosocial effects (2). As noted, this adjustment 
process can be complex and include intrapsychic change, 
which varies in the sequence and rate of change across 
individuals (3). Ultimately this heterogeneity reflects the 
way in which individual patients come to terms with the 
reality of their outcome, in light of their expectations and 
the psychosocial effects previously attributed to seizures. 
These attributions are influenced by health and illness 
perceptions that are embedded within the psychosocial 
and cultural context of the patient. In meeting the second 
core challenge of epilepsy surgery, a key issue for the 
clinical team is to understand this individual process of 
adjustment and to predict those patients at risk of adjust-
ment difficulties so that appropriate support services can 
be provided.

Describing the Nature of 
Psychosocial Adjustment

At a fundamental level, the process of psychosocial adjust-
ment is based on a very simple but elegant assumption 
that the majority of patients are chronically ill before 
surgery and are rendered almost immediately well after 
surgery. Despite increasing medical sophistication to effect 
this dramatic transition, less emphasis has been placed 
on understanding the nature of the adjustment process 
that accompanies it and how that impacts on outcome. 
Thus, our early work focused on describing essential fea-
tures of the adjustment process as reported by patients 
and their families, using a qualitative, phenomenological 
approach (4). This approach identified a constellation of 
regularly occurring psychosocial features that appeared to 
arise as a manifestation of the dramatic transition from 
chronically ill to well. These features can be classified into 

four key domains and constitute a syndrome, namely, the 
“burden of normality” (see Figure 40-1).

The phenomenology of the burden of normality 
principally reflects the patient’s experience of the second 
core challenge of epilepsy surgery. At a broad level, it 
encapsulates issues such as “Who am I now that I don’t 
have my epilepsy?” and “Can I meet the challenges of 
living a seizure-free life?” (2) The degree to which indi-
viduals report adjustment issues partly reflects the extent 
to which epilepsy has formed part of their identity and 
the perceived level of psychosocial disablement it has 
caused (5). A recent comparative study with cardiac sur-
gery patients clearly illustrated the importance of such 
precursory features, with the occurrence of symptoms 
of the burden of normality significantly associated with 
illness chronicity prior to surgery (6).

Stated another way, chronic illness can have pow-
erful effects on self-identity, producing a heightened 
focus on health and increased psychologic distress, 
whereas good health tends to be taken for granted (7). In 
this sense, the task of becoming well involves downplay-
ing the role of health in self-identity, potentially bringing 
other facets of identity into focus. Where epilepsy has 
played a dominant role or been detrimental to the devel-
opment of these other facets, grief for the loss of epilepsy 
may be salient, including a perceived “lack of excuses” 
(for example, in work or social identity). Also salient, 
there may be increased self- expectations and a sense of 
pressure to prove “normality” in these other domains, 
often in an attempt to make up for “lost years.” These 
psychologic phenomena can lead to observable changes 
in the patient’s behavior, either reported as “overdo-
ing it” or “shirking” new responsibilities. They may 
also challenge family relationships, for example, down-
playing the role of health in identity may downplay 
the role of the caregiver, with ensuing conflict over the 
patient’s level of independence. Alternatively, increased 
expectations on the part of family and friends may be 
placed on the individual, with an associated decrease 
in postoperative support. Not surprisingly, all of these 
changes may be accompanied by the report of significant 
alterations in mood, notably postoperative anxiety and 
depression.

Considered in this way, identity reconceptualization 
is a central feature of the burden of normality, epitomiz-
ing the transition from chronically ill to well. In other 
words, it appears fundamental to the experience of many 
of its symptoms. Two case vignettes have been included 
to provide examples of the way in which patients might 
present with symptoms of the burden of normality fol-
lowing surgery. These vignettes highlight that patients 
can report symptoms in varying degrees and at differ-
ent time points post surgery, depending on the patient’s 
personal history, coping abilities, and psychosocial con-
text. This likely accounts for the finding that patients 
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FIGURE 40-1

Essential features of the process of adjustment constitute a psychosocial syndrome, the burden of normality, as the patient 
adapts to being well.

rendered seizure-free do not automatically perceive their 
surgery as successful or show immediate improvements 
in psychosocial functioning (1).

Capturing Individual Adjustment Trajectories

Given the variability in adjustment issues reported by 
patients post surgery, measures that average across indi-
viduals at a given time point seem somewhat misplaced. 
Thus, more recently our work has focused on depicting 
postoperative adjustment at an individual level with a 
view to identifying markers of psychosocial outcome. 
To this end, we used a mathematical modeling tech-
nique that is capable of identifying individual patient 
profiles or adjustment trajectories, as well as subgroups 
of patients who share similar outcome trajectories. In 
particular, the technique models specific features of 
postoperative adjustment at given time points to allow 
trajectories associated with good or poor outcomes to be 
identified in individuals and subgroups of patients (3). 

This method indicated that a range of trajectories can 
ultimately lead to good psychosocial adjustment and 
outcome, including the experience of early adjustment 
difficulties. In contrast, the presence of early postop-
erative mood disturbance, specifically anxiety, served 
as a marker of poor longer term outcomes, whereas 
resolution of early anxiety was associated with good 
outcomes (see Figure 40-2).

The influence of mood on postoperative outcome 
has been broadly demonstrated in the research litera-
ture, and in our own work has been shown to influence 
the patient’s perception of surgical success independent 
of seizure outcome (1). Postoperative mood disturbance 
is also associated with increased hospital readmission 
and utilization of outpatient services after surgery when 
compared to seizure recurrence (1). Taken together, these 
findings suggest that to detect patients at risk of poor 
longer term psychosocial outcomes, attention should also 
be focused on identifying factors associated with early 
postoperative mood disturbance.
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MARKERS OF POSTOPERATIVE 
MOOD DISTURBANCE

To identify markers of postoperative mood disturbance, 
both neurobiological and psychosocial factors need to 
be taken into account. For example, we have recently 
found that early mood disturbance after epilepsy sur-
gery is more commonly reported by patients undergoing 
temporal resections as opposed to resections outside the 
temporal lobe (so-called extratemporal resections) (8). 
Specifically, temporal patients were more likely to 
report early postoperative anxiety, particularly at the 
1-month review. This was also the case for postopera-
tive depression, despite extratemporal patients reporting 
an increased lifetime prevalence of depression before 
surgery (see Table 40-1). Many of the temporal lobe 

cases constituted de novo depression, compared to a 
complete absence of de novo depression in the extra-
temporal group. As such, in addition to psychosocial 
adjustment issues encapsulated by the burden of nor-
mality, neurobiological factors appear to place temporal 
lobe patients at increased risk of mood disturbance early 
after surgery. This likely reflects the removal, deafferen-
tation, or disruption of limbic system structures within 
the brain after temporal resection.

Neurobiological Markers: The Role of 
Limbic System Structures

In delineating the role of limbic system structures in 
postoperative mood disturbance, we recently measured 
the volume of the hippocampus in each temporal lobe 

FIGURE 40-2

Two possible postoperative adjustment trajectories with early unresolved mood disturbance serving as a marker of poor longer 
term psychosocial outcome.
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from the preoperative magnetic resonance imaging 
(MRI) scans of patients undergoing mesial temporal, 
nonmesial temporal, and extratemporal resections, and 
neurologically matched controls (9). This showed a 
negative association between the size of the hippocampus 

contralateral to the side of surgery and the occurrence 
of early postoperative mood disturbance, specifically 
depression in patients undergoing mesial temporal lobe 
resections (see Figure 40-3). In these patients the effect 
was most pronounced for those experiencing seizure 
recurrence, but was also evident for those developing de 
novo depression independent of seizure recurrence. In 
other words, a smaller contralateral hippocampus preop-
eratively provides a potential marker of vulnerability to 
early postoperative mood disturbance in mesial temporal 
patients, highlighting the importance of neurobiological 
markers of postoperative adjustment.

The significance of preoperative neurobiological 
markers has also been demonstrated for changes in sexual 
functioning following surgery. Improved sexual function-
ing is included in the phenomenology of the burden of 
normality, as patients commonly attribute it to improved 
confidence to establish new sexual relationships without 
the “awkwardness” of their medical symptoms (10). We 
have also found that amygdala volume serves as a pre-
operative structural marker of this change in temporal 
resection patients (11). Specifically, patients reporting 
improved sexuality following temporal lobe resection had 
a significantly larger preoperative amygdala contralateral 
to the site of their surgery than patients reporting a sexual 
decrease, no change, or controls. The implication of these 
findings is that neurobiological and psychosocial factors 
may interact to shape the patient’s psychosocial outcome 
trajectory, pointing to the potential utility of neurobio-
logical markers for informing preoperative counseling 

TABLE 40-1
Percentage of Temporal and Extratemporal 

Patients with Depression and Anxiety Before 
and Early After Epilepsy Surgery

 TEMPORAL EXTRATEMPORAL

 (n � 43)  (n � 17)

Preoperative history  23 18
of anxiety (%)

Postoperative anxiety (%)
Discharge 12 6
One month 42 6*
Three months 24 17

Preoperative history  33 53
of depression (%)

Postoperative depression (%)
Discharge 17 12
One month 26 0*
Three months 30 17

*p � 0.05.
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FIGURE 40-3

Preoperative contralateral hippocampal volume serves as a marker of vulnerability to postoperative depression following mesial 
temporal resection (diamond group, mesial temporal resection; square group, nonmesial temporal resection).
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and planning postoperative rehabilitation, particularly 
for temporal resection patients.

Psychologic Markers: The Role of Personality

Personality has been identified as a key variable in determin-
ing an individual’s perception of well-being and experience 
of psychologic distress. The traits of extraversion and neu-
roticism are the two most recognized personality factors, 
with extraversion more strongly associated with well-being 
and positive affect, and neuroticism more strongly related 
to distress and negative affect (7). The combination of 
these two traits is considered to influence an individual’s 
experience of life events, and may partly underpin the 
equilibrium between perceived well-being and distress 
that develops within the context of chronic illness. Four 
broad personality types have been proposed as a useful 
heuristic for anticipating an individual’s response to life 
events that reflect the possible combinations of high and 

low extraversion and neuroticism (see Table 40-2). These 
personality types may provide a preoperative marker of a 
patient’s response to surgery, including the experience of 
early postoperative mood disturbance.

To investigate this notion, we recently classified 
57 preoperative epilepsy surgery patients into the broad 
personality types using a Ward’s hierarchical cluster 
analysis of their scores on the Eysenck Personality Ques-
tionnaire Revised–Short Form (EPQ-R). This revealed 
that the majority of patients (42%) clustered in the low-
extraversion and high-neuroticism (“unhappy”) group, or 
in the high-extraversion and low-neuroticism (“happy”) 
group (35%). Sixteen percent showed both high extraver-
sion and neuroticism (“volatile” group). In contrast, only 
four patients had both low extraversion and neuroticism 
scores (“phlegmatic” group) and hence were excluded 
from subsequent analyses. There was no difference in the 
composition of patients undergoing mesial temporal and 
nonmesial resections between the personality groups.

TABLE 40-2
The Equilibrium that Exists between Personality, Well-Being, Distress, and the Experience of Life Events (7)

PERSONALITY TYPES EXTRAVERSION NEUROTICISM WELL-BEINGA DISTRESSB REPORTED LIFE EVENTS

I HAPPY High Low High Low Many favorable Few adverse
II Unhappy Low High Low High Few favorable Many adverse
III Volatile High High High High Many favorable Many adverse
IV Phlegmatic Low Low Low Low Few favorable Few adverse

a Subdimensions include satisfaction/happiness and positive affect.
b Subdimensions include anxiety and depression.

TABLE 40-3
Preoperative Personality Type Serves as a Marker of Patients at Risk of 

Developing Mood Disturbance Three Months after Surgery

 MEAN DEPRESSION SCORE MEAN ANXIETY SCORE

PERSONALITY TYPE (�SD) (�SD)

I HAPPY (n � 20)
(high E, low N) 6.3 (6.9) 27.5 (8.7)

II Unhappy (n � 24)
(low E, high N) 13.6 (11.1)* 39.9 (12.8)**

III Volatile (n � 9)
(high E, high N) 4.6 (6.9) 34.3 (12.2)

*p �  0.05, **p �  0.01.
Note: E � Extraversion and N � Neuroticism, as measured on the Eysenck Personality Questionnaire Revised–Short Form. Depression

scores were obtained using the Beck Depression Inventory-II. Anxiety scores were obtained using the Speilberger State-Trait Anxiety 
Inventory (Form Y1).
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In accordance with expectations, the combination of 
extraversion and neuroticism identified patients at most 
risk of developing early postoperative mood disturbance. 
These were patients with low preoperative extraversion and 
high neuroticism scores (“unhappy” group). They reported 
higher levels of depression 3 months after surgery than 
both the “volatile” and “happy” groups, as well as higher 
levels of anxiety than the “happy” group (see Table 40-3). 
An implication of these findings is that high levels of pre-
operative extraversion (as evident in the happy and volatile 
groups) may protect against the development of early post-
operative mood disturbance, particularly depression.

CONCLUSION

Taken together, we believe these findings provide an 
important preliminary framework for understanding 
psychosocial issues and patient adjustment following 
epilepsy surgery. In other words, the broad psychosocial 
changes of the burden of normality provide a conceptual 
framework for rehabilitation after epilepsy surgery. This 

framework recognizes the relevance of neurobiological, 
psychologic, and psychosocial factors, and their interac-
tions, in determining patient outcomes. It is based on the 
premise that anticipating patient adjustment requires an 
understanding of the neurobiological and psychologic 
bases of the patient’s behavior nested within the broader 
psychosocial context of the family, community, and cul-
ture. A key goal of this research has been to improve 
clinical practice and care of patients coming through our 
Seizure Surgery Follow-up and Rehabilitation Program. 
We believe the findings to date have important clinical 
implications for the pre- and postoperative counseling of 
patients that principally relate to assisting them with the 
second core challenge of epilepsy surgery.
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CASE VIGNETTE 1

Lack of “Excuses”—Proof of Normality

Case 1 is a 25-year-old female who underwent left ante-
rior temporal lobectomy for intractable complex partial 
seizures. She suffered a prolonged infantile convulsion 
and experienced simple partial seizures throughout 
her childhood and adolescence. In her early 20s, she 
suffered several generalized tonic-clonic seizures, fol-
lowed by the commencement of frequent simple and 
complex partial seizures. Preoperative MRI showed 
unequivocal left hippocampal sclerosis. Psychosocially, 
her seizures prevented her from working and driving, 
leaving her socially isolated and largely dependent on 
her partner.

Two months post surgery, case 1 reported excessive 
levels of activity in the domains of exercise and home 

duties. This was primarily attributed to her need to prove 
herself to her family, particularly her partner, having lost 
the “excuse” of epilepsy. There was also an accompany-
ing sense of guilt. She reasoned that she needed to repay 
her family for previously being a “burden” on them by 
proving herself to be “almost superhuman.” This think-
ing was accompanied by fears of being unable to cope 
with the demands of postoperative life, and was associ-
ated with lowered mood and heightened anxiety. Case 1 
experienced one generalized tonic-clonic seizure, thought 
to be associated with sleep deprivation arising from anxi-
ety. Treatment using cognitive behavior therapy showed 
resolution of these difficulties by 6 months post surgery. 
There was a recurrence of symptoms 12 months post 
surgery, which responded promptly to further counsel-
ing. No symptoms were evident at the 24-month review, 
and she had been seizure-free for 22 months.
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CASE VIGNETTE 2

Making Up for Lost Time

Case 2 is a 36-year-old female who underwent left ante-
rior temporal lobectomy for intractable complex partial 
seizures. She had a history of a febrile illness, followed 
by the onset of complex partial seizures in infancy. She 
experienced a period of seizure freedom in childhood. 
Preoperative MRI showed left hippocampal sclerosis. 
Her psychiatric history included a 2-week inpatient stay 
for depression following status epilepticus in her late 
20s. She also suffered from long-standing, intermittent 
dysthymic symptoms and chronic feelings of low self-
esteem, which she ascribed to the restrictions imposed 
on her life by epilepsy. She had a monozygotic twin 
who, she felt, exemplified the reality of what she had 
been denied because of epilepsy.

Six weeks post surgery, case 2 was noted to be 
anxious and depressed. She was suffering from head-
aches almost daily and complaining bitterly about her 
memory. She stated that her family did not understand 
the stress of epilepsy or the operation, and that she 

was finding the recovery phase difficult. She reported 
an inability to cease work around the farm on which 
she lived with her partner. She engaged in relatively 
intense physical activity for 12 to 16 hours per day 
accompanied by poor sleep, fatigue, and lowered 
mood. Her “inability” to cease work was ascribed 
to a desire to make up for all the time she had lost 
because of her epilepsy, including periods of hospital-
ization. This belief was further fueled by her partner, 
who felt that surgery was unnecessary and unlikely 
to be successful.

Four months post surgery, case 2 experienced two 
generalized tonic-clonic seizures in the context of exces-
sive outdoor work in conditions of extreme heat. These 
seizures confirmed the partner’s belief of the futility of 
surgery and led to a catastrophic reaction by case 2. She 
became severely depressed and contemplated suicide, 
believing her surgery to have failed. Ongoing treatment 
using a combination of antidepressants and cognitive 
behavior therapy showed resolution of her symptoms 
by 24 months post surgery, at which time she had been 
seizure-free for 20 months.



e review three commonly held 
myths regarding temporal lobe 
epilepsy (TLE): (1) that TLE is a 
static disorder with minimal mor-

bidity and mortality, (2) that epileptogenic tissue impairs 
only the functions of the seizure focus, and (3) that the 
temporal lobe contains areas of nonfunctional, “silent” 
cortex.

Chronic TLE can cause progressive structural and 
cognitive or behavioral complications. Aside from the 
seizure focus, primary epileptogenic cortex may have a 
deleterious influence on distant brain areas, impairing the 
functions of these areas that lie outside the focus. Remov-
ing this “nociferous” cortex and reducing the antiepileptic 
drug (AED) burden can improve cognitive or behavioral 
and metabolic function in areas remote from the resec-
tion. Anterior temporal lobectomy (ATL) often removes 
functional tissue that may or may not be epileptogenic. 
Because normal brain does not contain functionless, 
“silent” areas, ATL can have negative as well as positive 
cognitive or behavioral consequences. To improve the 
outcomes of focal cortical resections for seizure control, 
we need to better define functional and nociferous cor-
tex and more clearly understand their boundaries and 
interactions.

ATL is the most common epilepsy surgery. We 
can partially predict the memory and naming deficits 
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after ATL (1, 2) and advise patients that mood and 
anxiety problems will often improve (3), but the risk 
factors for other postoperative cognitive or behavioral 
disorders remain poorly defined. When we counsel 
potential ATL patients and make decisions about the 
extent of resection, the definition and delineation of 
functional and dysfunctional areas become critical. For 
example, a standard ATL often involves resection of 
functional areas (e.g., temporal pole neocortex) separate 
from the seizure focus. Better understanding of func-
tional neuroanatomy can help improve neurosurgical 
patients’ risk–benefit profiles.

A series of critical questions must be considered in 
resective operations: (1) Are any functions performed by 
tissue in the epileptogenic focus? (2) If yes, what are the 
functions, where are these functional areas located, and 
how well will other areas compensate for the loss of that tis-
sue? (3) How are the boundaries of the epileptogenic focus 
defined, and how wide a margin around the focus, (4) if 
any, should be resected for complete seizure control? Does 
the epileptogenic focus impair the function of adjacent or 
distant areas? (5) Are there epileptogenic areas outside the 
primary focus in which resection may improve cognitive 
or behavioral function?

Of these five questions, we usually consider only 
the first three, as we have yet to develop the tools needed 
to assess the latter two. For the first two questions, in 

W
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ATL patients, language and memory functions are the 
focus of attention. Emotion, visual recognition and 
learning, topographic memory and orientation, music, 
sexual, and other functions are rarely considered. Simi-
larly, studies on emotional function are often limited to 
assessments of mood and anxiety, whereas social func-
tion is rarely addressed (4). In many cases, patients may 
not report emotional and social issues, which are more 
apparent to family members, friends, coworkers, and 
teachers (5). The third question is outside the scope of this 
chapter. Our current methods are crude for defining the 
minimal tissue resection required for full seizure control 
or a resection that balances the benefits of reduced seizure 
burden with functional deficits. The last two questions 
address the murky topic of nociferous cortex. Are there 
areas outside the seizure focus that become more functional 
when the epileptogenic cortex is resected or disconnected? 
If so, how do we define the extent of this phenomenon after 
surgery? Can we predict it before surgery?

The concept of nociferous cortex was introduced 
by Penfield and Jasper (6), who described an aggres-
sive child whose behavior improved dramatically after 
hemispherectomy: “Among patients who have large 
areas of abnormality in one hemisphere, abnormal 
behavior may appear, together with advancing men-
tal retardation. The behavioral abnormality is often a 
more important complaint than the seizures themselves. 
Radical complete excision may correct the abnormal 
behavior, stop the seizures, and allow improvement in 
the patient’s mental state.” There is evidence that more 
restricted epileptogenic foci can also be nociferous. For 
example, right-sided ATL improved verbal memory (7), 
as well as metabolic functions remote from the opera-
tive site. Further, preoperative depression and anxiety 
often resolve after ATL (8, 9).

TEMPORAL LOBE EPILEPSY: 
MORBIDITY AND MORTALITY OF 

A PROGRESSIVE DISORDER

Chronic epilepsy can produce progressive structural and 
functional impairment. Hippocampal atrophy is associ-
ated with epilepsy duration. Recurrent status epilepticus 
or tonic-clonic seizures are associated with progressive 
atrophy in the ipsilateral (most prominent) and contra-
lateral hippocampus, and the ipsilateral thalamus (10). 
Cerebral, cerebellar, and white matter atrophy correlates 
with intellectual disability, duration of epilepsy, and sta-
tus epilepticus (11). Hippocampal neuronal density and 
dendritic spine density remote from the seizure focus are 
also reduced (10).

Metabolic imaging studies reveal evolving changes 
in TLE. There is a progressive uncoupling of metabolism 
and blood flow. Metabolic abnormalities, often extending 

beyond the seizure focus, increase with epilepsy duration. 
Temporal and extratemporal metabolic abnormalities 
may improve after ATL (10).

The duration and severity of epilepsy are associated 
with increased frequency and magnitude of cognitive 
and psychiatric disorders. Cross-sectional neuropsycho-
logic studies correlate epilepsy duration with mental 
deterioration. Cognitive dysfunction is more severe in 
patients with a greater seizure burden. In patients with 
refractory epilepsy, depression occurs in approximately 
50%, with suicidal ideation in nearly 20% (12), and 
psychosis is 6- to 12-fold more frequent, correlating 
with the duration and severity of epilepsy. Recurrent 
bouts of postictal psychosis may progress to chronic 
interictal psychosis (10).

The morbidity and mortality of epilepsy are mainly 
due to seizures, which can cause injuries such as dis-
located shoulders, broken teeth, and burns, or death 
from drowning or vehicle accidents (13). Other causes 
of mortality are sudden, unexplained death in epilepsy 
patients (SUDEP), suicide, and status epilepticus (13). 
The rate of SUDEP (per 1000 patient-years) in patients 
with refractory epilepsy ranges from 4.5 in patients who
undergo vagus nerve stimulator (VNS) implantation to 
13.7 in patients with recurrent seizures after epilepsy 
surgery (14). Over a decade, SUDEP can occur in more 
than 5% of patients with severe refractory epilepsy. 
Suicide rates are increased as much as 25-fold in patients 
with TLE (13).

THE MYTH OF SILENT CORTEX

The myth that the normal brain contains functionless 
“silent” areas arose from the leading holistic theory of 
brain function, which posited a near-equipotentiality of 
cortical regions outside the sensorimotor regions. Data 
from resection, disconnection, and electrical stimulation 
was misinterpreted to fit that model. The concept of silent 
cortex—truly nonfunctional areas that, when removed, 
could be fully compensated for by other areas—was con-
sistent with the tenets of gestalt, holistic psychology and 
neurology, in which the majority of brain was consid-
ered to support general intellectual functions. This view 
was concordant with the prevailing notion of a general 
intelligence factor underlying the IQ. Brain areas were 
often considered expendable. Frontal lobotomy emerged 
from the holistic view of redundant cortex and supported 
the concept of silent cortex. The remarkable absence of 
intellectual changes after large frontal and other cortical 
resections was more apparent than real, illustrated by 
the tragedy of prefrontal lobectomies. The greatest error 
was reliance on the existing tests to assess function. Stan-
dardized evaluations available in the 1940s and 1950s 
were relatively insensitive. Also, in some patients, cerebral 



41 • SILENT CORTEX AND THE MORBIDITY OF EPILEPTOGENIC TISSUE 337

tissue was likely nonfunctional or dysfunctional from 
structural or epileptogenic abnormalities. Findings from 
these patients could not be transferred to those without 
these abnormalities (e.g., psychiatric patients). Further, 
an apparent lack or disturbance of function could have 
had additional causes: (1) resection of nociferous cortex 
or reduction of AEDs after ATL can balance negative 
outcomes, (2) minor deficits are obscured by poor test 
sensitivity or test-retest effects of cognitive testing, and 
(3) neural plasticity can allow for other cortical areas 
in the functional network to partially compensate for a 
deficit.

Lack of recognized changes after major discon-
nective surgery and lack of responses to electrical 
stimulation supported the concepts of redundant and 
silent cortex. Initially, callosotomies were considered 
to have no behavioral complications. The two cases of 
severe alien hand syndrome after thirty callosotomies 
were mistakenly attributed to psychologic factors (15). 
Early studies found that, except for sensorimotor areas, 
electrical stimulation in patients evoked no subjective 
or objective effects. Stimulation of the anterior fron-
tal cortex produced “neither a seizure nor a conscious 
experience” (16). The concept of silence was introduced 
by the observation that “a strange silence follows stimu-
lation anterior to the somatic motor zone” (17). The 
absence of stimulus-induced symptoms and observed 
deficits after resections of association cortex fostered 
the false view that many brain areas go unused and that 
certain cortical or subcortical regions and white matter 
tracts have little functional value. These myths reflected 
existing bias as well as the insensitivity of clinical and 
neuroscientific tools, not brain function.

The myth of silent cortex is not merely a histori-
cal curiosity; it contributes to ongoing misconceptions. 
Modern epileptologists often refer to language and sen-
sorimotor areas as “eloquent,” relegating, by implication, 
other areas to a lower functional or “noneloquent” sta-
tus, which in turn implies a “license to resect.” Extensive 
resections that include these “noneloquent” areas may 
control seizures, and the benefits may far outweigh poten-
tial small negative consequences. Yet, functional consid-
erations are often minimized with the removal of areas 
such as the temporal poles and right frontal lobe, which 
contribute to social and emotional cognition. These criti-
cal psychosocial factors are poorly assessed by standard 
testing (4, 10).

The concept of silent, functionless cortex is denied 
by the evolutionary costs of increased cortical size, as 
well as by functional imaging studies. Large, complex, 
and energy-consuming brains evolved in circumstances 
in which needed resources were rare and variably distrib-
uted. Natural selection factors intensively limited cortical 
volume and aggressively selected against nonessential tis-
sue, making large-brained mammals rare (18).

TEMPORAL LOBE STRUCTURAL-FUNCTIONAL 
RELATIONS: IMPLICATIONS FOR ATL

White Matter

The role of white matter in normal and pathological 
states is often underappreciated. White matter forms 
the infrastructure for synthesis and synchronization of 
neural systems. As mammalian and primate neocortex 
evolved, white matter increased at an exponential rate 
of 1.32 times the volume of neocortical gray matter (18). 
Research on temporal lobe function and epilepsy focuses 
on neurons, although white matter is also critical. White 
matter lesions may influence epileptogenicity by affecting 
the hypersynchrony underlying the epilepsy network, and 
may also impair function in areas adjacent to and remote 
from the seizure focus. Recent studies show that chronic 
TLE is associated with abnormalities in ipsilateral and 
contralateral temporal and extratemporal white matter. 
Further, impaired informational processing speed and 
efficiency correlate with decreased white matter volume 
in TLE patients. The effects of ATL white matter resec-
tion on cognitive and behavioral functions are poorly 
defined. After ATL, we cannot easily differentiate the 
effects of gray matter from the effects of white matter 
lesions in the subcortical region and temporal stem. In 
primates, selective anterior temporal stem lesions impair 
certain anterograde memory functions (e.g., delayed 
match-to-samples), but most are spared (10).

Cognitive and behavioral disorders may result from 
disconnection syndromes and secondary neuronal loss 
from white matter lesions that can cause disconnection 
and trans-synaptic degeneration. Similarly, when the neu-
ron’s nucleus dies, axonal loss follows. Secondary neuro-
nal loss occurs in regions that are strongly connected with 
resected cortex or severed tracts. Temporal lobe lesions 
cause transneuronal degeneration. Temporal lobectomy 
or infarction can cause atrophy of the ipsilateral fornix, 
mammillary body, hypothalamus, mammillothalamic 
tract, and the anterior thalamic nucleus. In TLE patients, 
magnetic resonance imaging (MRI) shows transneuronal 
degeneration effects in the fornix and mammillary bod-
ies and contralateral cerebellum (10). The naming and 
verbal memory deficits occurring after left-sided ATL 
may partly result from disconnection and trans-synaptic 
degeneration. Reduced plasticity may render older sub-
jects more susceptible to the direct and secondary effects 
of brain surgery. Older age and later onset of epilepsy in 
ATL patients is associated with accelerated postsurgical 
memory decline (19).

Medial Temporal Lobe

The Amygdala. Amygdala lesions are associated with 
impairments in emotional perception, memory, and 
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expression (primarily of negative valence, such as fear 
and anger). Damage to the amygdala and its forward 
projections interferes with accurate emotional and psy-
chophysical reactions to social cues, and hampers the 
use of these reactions to modulate behavior (4). Inputs 
to this system occur in the temporal regions, where sen-
sory information travels forward and upward into frontal 
regions for higher level analysis, response planning, and 
response execution. Social cognition depends primarily 
on the frontal lobes, although the amygdala and other 
temporal regions play an important role as well. Thus, 
ATL may directly or indirectly affect higher-order social 
behavior, either by lesioning neocortical and limbic tem-
poral connections with frontal regions or by removing the 
influence of epileptiform activity on frontal regions (4).

ATL impairs the acquisition of conditioned fear, and 
left-sided ATL impairs memory for emotionally arousing 
verbal material. Increased sexual drive after ATL corre-
lates with the size of the contralateral (preserved) amyg-
dala. Smell is diminished in the nostril ipsilateral to the 
ATL. Recognition of scary music is impaired after ATL 
on either side. Preserved recognition of happy and sad 
music in ATL subjects suggests that the amygdala, not the 
auditory association cortex, contains the critical lesion 
for the deficit in recognizing scary music (10). Prosody 
perception is impaired with bilateral amygdala lesions, 
although other cortical regions are also involved in this 
function (4).

Pathological activation of the amygdala in TLE 
may contribute to anxiety, irritability, mood disor-
ders, and paranoia. After ATL, depression and anxiety 
often improve, although new psychiatric problems may 
develop (3, 9). Removing the dysfunctional amygdala 
may improve hyposexuality. Conversely, resecting the 
normal amygdala may impair normal emotion and cause 
behavioral problems, including emotional flattening or 
lability, depression, anxiety, mania, or selective loss of 
emotional responsiveness (10).

The Hippocampus. ATL in the dominant hemisphere 
impairs verbal memory to some extent in nearly 40% of 
patients (2). Predictors of postoperative verbal memory 
decline are (1) dominant hemisphere resections, (2) MRI 
findings other than unilateral mesial temporal sclerosis 
(MTS), (3) relatively preserved preoperative immediate or 
delayed verbal memory function, and (4) intact memory on 
the intracarotid amobarbital test in the hemisphere with 
the seizure focus. Dominant-hemisphere surgery has the 
strongest association (p � 0.0001), and the preoperative 
verbal memory, the weakest (p � 0.05) (2). Verbal memory 
deficits are predicted on MR spectroscopy by high right-
sided and low left-sided preoperative values or low values 
in the left temporal lobe before right-sided ATL (20).

The intracarotid amobarbital test and preopera-
tive neuropsychologic data help predict amnesia, but 

the interpretation of test results varies between centers, 
and individual patient outcomes are hard to predict. 
Some patients fail this test but have no memory decline 
postoperatively. Others who fail the test and undergo an 
operation sparing the hippocampus and parahippocam-
pal gyrus can still have clinically significant memory loss. 
Even when the intracarotid amobarbital test results are 
abnormal on both sides, ATL may be performed with-
out detriment to memory. However, considerable indi-
vidual heterogeneity exists for memory outcome, even in 
patients with hippocampal sclerosis. Patients with normal 
hippocampi or mild hippocampal sclerosis are at great-
est risk for broad verbal memory deficits and naming 
impairments after left-sided ATL, but many with moder-
ate to severe hippocampal sclerosis can also have verbal 
memory loss, mainly for retrieval (10).

After nondominant ATL (usually on the right side), 
verbal memory may improve, but visual and spatially 
encoded memories may be impaired. Right-sided ATL 
mildly impairs the perception of complex patterns but 
more severely affects retention of the perceived material. 
Recent work suggests that the right anterior temporal 
cortex is specialized for perception of facial emotion and 
plays a role in emotional modulation. Another model 
suggests that the hemispheres are specialized for the 
valence of emotion perceived, with negative emotions 
associated with the right hemisphere and positive ones 
with the left (4). The right hemisphere is also associated 
with self-identity.

Learning novel faces and recognizing negative 
facial emotions are reduced after right-sided ATL. 
Right-sided ATL also impairs recognition of famous 
faces, and left-sided ATL impairs naming of famous 
faces (10). Somatoform disorders may emerge after right 
ATL (4). Patients who had right ATL were less able to 
recognize negative facial emotions, although those with 
early-onset TLE and right MTS also have difficulties 
matching face to emotion name, especially fear (21). It 
is unclear whether ATL affects facial emotion percep-
tion or recognition to a greater extent than does the 
underlying epilepsy (4).

Lateral and Basal Temporal Cortex

Primary Auditory and Auditory Association Cortex. Pat-
ients with left auditory cortex lesions are impaired on 
tasks involving temporal information perception, but 
unimpaired on tasks involving perception of spectral 
information, whereas patients with right hemisphere 
auditory cortex lesions have the opposite impairments. 
Lesion and functional imaging studies in humans suggest a 
specialization of function linked to right auditory cortical 
areas for processing of pitch and pitch direction, and that 
the left auditory cortex is more extensively activated in 
response to rapid frequency transitions of speechlike 
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stimuli or tones. The nondominant temporal cortex has a 
major role in the perception of emotional prosody (4).

Right-sided ATL causes greater impairment in tone 
discrimination and recall of rhythmic patterns than left-
sided ATL. Right temporal lobe lesions, but not right-
sided ATL, may impair the comprehension of emotional 
prosody. Voice discrimination is impaired by right tem-
poral lobe lesions, and voice recognition by right parietal 
lobe lesions. The ability to distinguish two famous voices 
(declarative knowledge) may be impaired by left temporal 
lobe lesions, but recognition of personally familiar voices 
is usually preserved. Although the recognition of familiar 
voices seems to depend on intact right inferior and lateral 
parietal cortex, the discrimination of individual voices 
may be impaired with lesions of either temporal lobe. 
The effects of ATL on voice discrimination have not been 
systematically studied (10).

Multimodal Auditory Association Cortex. Wernicke’s 
aphasia and receptive amusia, even in partial forms, are 
rare after ATL. Receptive language comprehension and 
associative verbal fluency may improve after dominant 
ATL, possibly owing to removal of nociferous ante-
rior temporal lobe cortex, which improves Wernicke’s 
area function. Comprehension may be mildly impaired 
after left-sided ATL, especially when speech is pre-
sented rapidly. Multiple subpial transections through 
Wernicke’s area can cause paraphasias and mild deficits 
in comprehension (10).

Basal Temporal Language Area. Electrical stimulation 
of the left basal temporal language area produces language 
dysfunction. In approximately one-third of patients, stim-
ulation of the fusiform gyrus (60% of affected electrodes), 
the inferotemporal gyrus (30%), and the parahippocam-
pal gyrus (10%) interfered with language function (22). 
The functions most severely affected were usually recep-
tive language, spontaneous speech, and passage read-
ing. The dominant basal temporal area may link visual 
association cortex with comprehension and reading areas 
superiorly and naming areas anteriorly, serving visual 
associative, naming, and receptive language functions.

A quantitative and controlled analysis showed sig-
nificantly greater impairment in confrontation naming 
after basal temporal language area resections (23). Other 
language functions were not affected. This area may be 
included in ATLs performed at many epilepsy centers, 
even if mapping identifies language functions. Resection 
of this area, as with the temporal pole, may contribute 
to naming deficits after dominant ATL (10).

Visual Association Cortex. The posterolateral temporal 
lobe neocortex has the higher-order visual associa-
tion cortex. The fusiform and lingual gyri contain the 
visual pattern template area, including the region that 

recognizes facial images and stores facial memories. The
right temporal lobe is dominant for visuospatial process-
ing, and transient prosopagnosia can rarely complicate 
right posterior temporal lobectomy. Right-sided ATL, 
resecting both medial memory and basal visual areas, 
can impair the learning of novel faces and recognition 
of famous faces.

The specialized color area (V8/V4) analyzes the 
wavelength of light and computes color constancy. Unilat-
eral fusiform and adjacent anterior basal occipital lesions 
can produce achromatopsia, which typically affects the 
contralateral hemifield or upper quadrant, although 
patients are often unaware of the deficit. Bedside testing 
can easily identify achromatopsia, although the frequency 
of partial achromatopsia after ATL is unknown.

The temporal lobe supports two forms of topo-
graphic orientation: using environmental features as 
landmarks and learning new geographic routes. The 
fusiform, lingual, and parahippocampal gyri learn and 
store environmental features (landmarks) that aid spatial 
navigation. These regions are activated during functional 
MRI studies when a subject perceives buildings but not 
objects or faces. Bilateral or right-sided lesions in these 
areas can cause landmark agnosia, in which patients lose 
their way because they cannot identify specific environ-
mental features despite preserved spatial knowledge. In 
contrast, patients with anterograde amnesia can navigate 
familiar environments, but cannot learn new environ-
ments after damage to the right parahippocampal gyrus, 
which impairs route learning. After right-sided ATL, top-
ographic and episodic memory for navigation, scene rec-
ognition, and map drawing are mildly impaired (24).

Temporal Pole. Temporal pole lesions in monkeys dis-
rupt social behavior, reducing affiliative behavior and 
leading to social isolation. In humans, the limbic temporal 
pole (BA 38) has naming, sensory, and emotional func-
tions. In functional studies, it is activated while recalling 
proper names, detecting a familiar stimulus, analyzing 
auditory stimuli, and learning new visual patterns (25). 
In a positron emission tomographic (PET) study of ATL 
patients, naming people did not activate the frontotem-
poral network needed to retrieve proper nouns. The 
nondominant temporal pole is activated by processing 
abstract words, perceiving sad faces, and experiencing 
anger. The temporal poles, as well as the orbitofrontal 
gyri, are activated during recall of emotionally traumatic 
events (10).

The temporal pole may be involved pathologically in 
some cases of TLE and is resected in standard ATL. Some 
patients with cryptogenic TLE show increased T2 signal 
in temporal pole white matter, with a loss of gray–white 
matter demarcation, suggesting atrophy. Some deficits 
after ATL may partly result from resection of the pole: 
impaired recall of individuals’ names, names of other 
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living things, words acquired in late childhood and adult-
hood, and infrequently used words. Linking faces with 
names may be especially impaired. Lesions of the left 
temporal pole or the middle and inferior temporal gyri 
(BA 21, 22) can impair recall of specific names. In gen-
eral, the more anterior a dominant temporal lobe lesion, 
the greater the impairment for retrieval of unique names 
of places, persons, and objects. In contrast, lesions of 
the posterior and inferior temporal lobes (BA 20, 21) 
impair retrieval for common, nonunique nouns, but not 
for unique entities. Temporal pole resection, together 
with amygdala resection, may contribute to positive and 
negative behavioral effects of ATL (4, 10).

CONCLUSION

In counseling patients about the effects of ATL, both 
positive and negative effects should be considered. The 
most important benefit is seizure control, although many 
patients can also experience improvements in mood, 
anxiety, and cognition. These benefits may be enhanced 
by reductions in antiepileptic and psychotropic medica-
tions. The potential benefits of resecting nociferous cor-
tex remain difficult to define, apart from the potential 
improvement in memory function after nondominant 

ATL. Seizure freedom after surgery correlates with 
improved quality of life and mental health (3).

The negative effects should also be reviewed. In 
addition to risks related to the neurosurgical procedure, 
the potential effects of resecting functional tissue should 
be discussed and individualized based on a synthesis of 
data from the presurgical evaluation. Defining the loca-
tion of the seizure focus and functional tissue is critical 
in counseling patients. The effects of surgery on language 
and memory functions are most often discussed and those 
for which we have the most data to base our discussions. 
However, a major goal for the future is to better define 
the cognitive and behavioral consequences of ATL, as 
well as its social and emotional risks and benefits. Studies 
on social and emotional changes after epilepsy surgery 
are few, often based on retrospective data, and focused 
on depression and anxiety. The spectrum of social and 
emotional function and dysfunction is much wider, how-
ever, and we need to develop better tools to study the 
psychosocial outcomes of epilepsy surgery. Functional 
and nociferous cortex can both affect cognitive, social, 
and emotional functions. Epilepsy surgery would likely 
be safer and more beneficial if we could better define 
the boundaries between functional, dysfunctional but 
nonharmful, and dysfunctional and nociferous areas in 
our patients.
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he International League Against 
Epilepsy (ILAE) classification 
lists over 40 epilepsy syndromes 
and related conditions (1), many 

of which start in childhood. In the past, the emphasis 
has been on the outcome in terms of seizure control. 
However, there has been an increasing recognition of the 
value of the syndrome classification with regard to other 
factors, particularly cognition and behavior. In some of 
these cases daytime epileptiform discharges or the night-
time abnormalities of continuous spike waves during 
slow-wave sleep (CSWS)/electrical status epilepticus of 
slow-wave sleep (ESES) may play a role. The behavioral 
aspects of the epilepsies of childhood and adolescence 
have been reviewed in recent publications (2–4). The 
purpose of this chapter is to provide a summary of the 
current knowledge of some of the pediatric epilepsy syn-
dromes and to indicate how this might influence clini-
cal practice in the treatment of epilepsy in children and 
teenagers.

WEST SYNDROME

West syndrome consists of infantile spasms, learning dis-
ability, and hypsarrhythmia on the electroencephalogram 
(EEG). The spasms are flexor, mixed flexor-extensor, or 
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extensor. Onset is generally under 12 months, typically 
between 3 and 7 months. West syndrome may be either 
cryptogenic or symptomatic, that is, secondary to an 
identifiable cause. Mental retardation is common in the 
syndrome, having been reported in more than 70% of 
cases (5).

The cognitive and behavioral changes at the onset of 
the syndrome are often striking. Guzzetta (6) has recently 
discussed the suggestion that visual problems may under-
lie some of the behavioral changes seen early in the syn-
drome. Previous publications have reported a high rate 
of behavioral problems, including autism, particularly in 
children who also have tuberous sclerosis (7). Thirteen 
percent of those with cryptogenic spasms were said to 
have remained autistic. In another report, for those who 
also had tuberous sclerosis, 58% remained autistic (8). 
The fascinating report by Bolton et al. (9) has indicated 
that autism is more likely to occur in children with tuber-
ous sclerosis who had infantile spasms and, in addition, 
had temporal lobe tubers.

A characteristic feature of West syndrome is the 
gross EEG abnormality of hypsarrhythmia. It is hardly 
surprising that children with such a major disturbance in 
the EEG also have poor cognitive function and behavioral 
disturbance. The implication of this is that  eliminating
the hypsarrhythmia should be associated with a marked 
improvement in cognitive function and consequently might 

T



VIII • PEDIATRIC AND ADOLESCENT EPILEPSY344

be associated with a marked improvement in behavior. 
Reports of both surgical and medical treatment appear to 
confirm this. Chugani et al. (10) investigated babies with 
West syndrome using positron emission tomography. In 
some of the subjects this revealed local cortical abnor-
malities that could be removed surgically. In several such 
cases this surgery was followed by marked improvement 
or normal development. Jambaque et al. (11) treated chil-
dren with tuberous sclerosis and West syndrome using 
vigabatrin. Those whose infantile spasms came under 
control not only had a significant increase in mental score 
but also showed an improvement in behavior, despite 
continuing partial seizures.

DRAVET SYNDROME OR SEVERE 
MYOCLONIC EPILEPSY IN INFANCY

In Dravet syndrome, seizure onset is in the first year 
of life, usually with febrile convulsions or generalized 
clonic seizures, followed by myoclonic, partial, or typical 
absence seizures, or a combination of two or all three, 
between 2 and 3 years. The seizures may be prolonged. 
Initially the EEG does not usually show paroxysmal 
abnormalities, but recordings within the second year of 
life show interictal generalized spike-wave complexes or 
generalized polyspike waves or both. Delayed develop-
ment is usually seen in the second year, and unsteadiness 
is also generally present.

A recent longitudinal study of twenty-one children 
with this syndrome has confirmed the pattern of normal 
early development followed by severe cognitive impair-
ment and marked slowing or stagnation between 1 and 
4 years of age (12). Behavioral problems are said to be 
common, which is not surprising in view of the marked 
loss of skills in previously normal children. In a follow-up 
study of 53 cases, Caraballo and Fejerman (13) diagnosed 
hyperactivity in 45 (85%) and autism in 2 (3.5%). Casse-
Perrot et al. (14) found that behavioral problems were 
generally present in this syndrome and that interpersonal 
relationships rarely exceeded the developmental level of 
2 years of age. The behaviors described included hyperac-
tivity, “psychotic-type relationships,” and autistic traits. 
They also commented that all the children had periods of 
“lesser excitation” during which they could relate better 
with others. This variability, at some stage during the 
evolution of the syndrome, might suggest that the epi-
lepsy itself was affecting behavior in a “state-dependent” 
way. Dravet originally reported resistance to antiepileptic 
medication, but the report by Nieto-Barrera et al. (15) 
indicated that 56% of 18 patients aged 2–22 years had 
a seizure reduction of more than 50% with topiramate; 
3 were seizure-free. Atypical absence seizures were par-
ticularly responsive to treatment. This report included 
no cognitive or behavioral assessment. Such assessments 

should be considered mandatory in future studies, which 
should also include serial EEGs. Ceulemans et al. (16) 
have recommended treatment with the combination of 
topiramate and valproate. The finding that this syndrome 
may be associated with de novo mutations in the SCN1A
gene (17) adds interest to the debate about whether the 
cognitive and behavioral deterioration reflect some 
underlying neurodegenerative condition or are the effect 
of the epilepsy itself.

LENNOX-GASTAUT SYNDROME

Seizure onset is generally between 1 and 9 years with a 
peak at 3 to 5 years of age. Multiple seizure types occur, 
including brief tonic, atonic, myoclonic, and atypical 
absence seizures. Some emphasize the essential role of 
axial tonic seizures in the definition. The EEG is abnor-
mal with diffuse slow spike-wave discharges in the wak-
ing record and usually fast rhythms of around ten cycles 
per second in sleep. Seizures are generally resistant to 
treatment. The prognosis both in terms of seizure control 
and learning ability is often poor. Many cases are symp-
tomatic, and perhaps 40% follow West syndrome.

Despite the fact that Lennox-Gastaut syndrome 
is associated with major cognitive and behavioral 
problems, there is very little published work on the 
behavioral aspects of this syndrome. A diagnosis of 
primary autism was made in nine children with this 
syndrome by Boyer and Deschatrette (18). In a large, 
long-term study of 338 patients who were followed into 
adulthood, Roger et al. (19) reported that 62.4% had 
an unfavorable outcome and that 20.4% had fairly rare 
partial seizures and neurologic or psychiatric symptoms. 
Septien et al. (20) reported two children with Lennox-
Gastaut syndrome who had a frontal behavioral syn-
drome with hypokinesia, distractibility, aggressiveness, 
and alexithymia. In an examination of the neuropsycho-
logic features of this syndrome, Kieffer-Renaux et al. 
(21) found that in the first year of the seizure disorder 
behavioral problems were frequent, including hypoki-
nesia, with inability to pursue an activity for more than 
a few minutes. Autistic or psychotic features were pres-
ent in some of the patients. General major slowing of 
intellectual function and impairment of motor speed 
were also noted. On long-term follow-up, there was 
perseverative behavior, slowness, and apathy.

The current author has questioned the use of terms 
such as “apathy” to describe the people with Lennox-
Gastaut syndrome, because the frequency of the epilep-
tiform discharges implies that inability to engage with 
activities is more likely than an unwillingness to do so (3). 
It is also perhaps not surprising that some children whose 
functioning is impaired by frequent seizures and frequent 
epileptiform discharges respond in an irritable way when 
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demands are made of them. The use of  polypharmacy
in an attempt to control the difficult-to-treat seizures is 
another likely cause of both of the apparent apathy and 
the behavioral problems in some of the children. In partic-
ular, benzodiazepines have often been used, and these are 
notorious for causing behavioral problems in children.

Lennox-Gastaut syndrome is another childhood epi-
lepsy syndrome in which early, effective treatment might 
significantly improve the cognitive and behavioral out-
come. Some of the newer antiepileptic drugs (AEDs), such 
as lamotrigine, appear promising in this regard (22). It 
is also interesting, in this context, to note the behavioral 
improvements reported by Aldenkamp et al. (23) in six-
teen children treated with vagus nerve stimulation (VNS), 
twelve of whom had Lennox-Gastaut syndrome. The sub-
group that responded best in terms of seizure control were 
those with the highest mental age and highest social func-
tion at baseline. These patients were reported to be more 
“easy to handle” and “less tense” with an improvement 
in mood and a decreased tendency for behavior disorders. 
However, the most prominent improvements were seen in 
the group in which VNS had no apparent effect on seizure 
frequency; this subgroup had more independent behavior, 
mood improvement, and fewer symptoms of a pervasive 
developmental disorder. The implication is that the VNS 
might have reduced the frequency of the epileptiform 
discharges, although a direct effect on mood might also 
have explained these results. Further prospective studies 
with EEG monitoring are required.

Septien et al. (20) found that the behavior of two 
patients who had an anterior two-thirds corpus calloso-
tomy in the early teenage years improved, in terms of 
frontal-lobe syndrome, within 2 months of the surgery.

There have also been reports of deterioration 
in behavior with treatment. However, these reports 
are subject to several confounding factors, discussed 
elsewhere (24), including the “release phenomenon” that 
can occur when a person with severe disabling epilepsy 
is suddenly enabled by a sharp reduction in seizure fre-
quency but has not yet learned how to use this new-found 
ability in ways that are socially acceptable.

BENIGN CHILDHOOD EPILEPSY WITH 
CENTROTEMPORAL SPIKES (BECTS)/

ROLANDIC EPILEPSY

The age of onset is 3 to 13 years with a peak at around 
9 years. Brief hemifacial seizures, typically occurring on 
waking from sleep or in sleep, consist of unilateral par-
esthesiae of the tongue, lips, gums, and inner cheek, uni-
lateral tonic, clonic, or tonic-clonic seizures involving the 
face, lips, tongue, and pharyngeal and laryngeal muscles, 
causing speech arrest, drooling, and saliva pooling. The 
seizures occur with retained consciousness. Some seizures 

generalize into tonic-clonic seizures. The EEG shows 
typical centrotemporal spikes. There are no neurologic 
lesions. In the past it has been stated that there are no 
neurologic deficits. The EEG becomes normal, and the 
seizures stop, during the teenage years.

The syndromes discussed earlier in this chapter often 
have a very poor outcome in terms of seizure control, 
cognition, and behavior. In contrast, BECTS has tradi-
tionally been associated with a good outcome: seizure 
control by the mid-teenage years and no neurologic, cog-
nitive, or behavioral problems. However, there is now a 
considerable body of evidence demonstrating that the 
epileptiform discharges may have an effect on cognition/
behavior and that this syndrome lies on a spectrum with 
CSWS/Landau-Kleffner syndrome. The evidence for this 
point of view has been highlighted by several articles 
in a recent symposium (25–27). These studies have also 
reviewed the range of cognitive/behavioral problems that 
have been reported, including verbal learning, speech, and 
oromotor deficits; fine motor and visuomotor disability; 
and transient dysgraphia.

Weglage et al. (28) found that forty children with 
BECTS had significantly impaired IQ, visual perception, 
and short-term memory, compared to forty control chil-
dren matched for age, sex, and socioeconomic status. It is 
of particular interest that deficits in IQ were significantly 
correlated with the frequency of EEG spikes and not with 
the frequency of seizures. Croona et al. (29) found sig-
nificantly lower scores on neuropsychologic testing on 
seventeen children, aged 7–14 years, compared to con-
trols. Although the teachers did not notice any difference 
in function and behavior between the two groups, the 
parents of the children with BECTS recognized greater 
difficulties with concentration, temper, and impulsive-
ness. Giordani et al. (30) carried out brief psychometric 
screening on 200 children aged 4–13 years with BECTS 
before they entered a trial on gabapentin. Because their 
parents had agreed for them to enter a drug trial, this was 
a selected group, possibly with more severe epilepsy or 
other problems than those in the general population with 
BECTS. There was some evidence for selective cognitive 
and behavioral problems. The subjects performed worst 
on a test of verbal attention, with the next lowest score 
being on visual attention. The scores for all seizure groups 
were within the average range for intellect and memory, 
but the simple partial seizure group performed relatively 
worse on verbal learning. They concluded that the overall 
variability and pattern of performance suggested a rela-
tive weakness in attention. Al-Twajri and Shevell (31) 
compared two groups of children with Rolandic epilepsy. 
In group 1 there was seizure control with one drug or no 
medication, and in group 2 two AEDs were needed for 
seizure control. The difference in the frequency of comor-
bid conditions, including tics, attention-deficit hyperac-
tivity disorder, and learning disability, almost reached 
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statistical significance (p � 0.06). Metz-Lutz and Filip-
pini (27) have pointed out that atypical EEG features, 
particularly a slow-wave focus or asynchronous spike-
wave foci were associated with poorer overall cognitive 
performance from the onset of BECTS. This again raises 
the question of whether children with a poorer outcome 
have abnormal brains from the outset, resulting in both 
greater EEG abnormality and more cognitive impairment 
or whether the greater EEG abnormality is responsible, 
at least in part, for the poorer cognitive outcome.

Two major issues arise from the studies of BECTS. 
The first is the role of brief daytime epileptiform discharges 
in affecting cognition/behavior, and the second is the role of 
CSWS in some children with BECTS in causing temporary 
or permanent cognitive/behavioral problems. With regard 
to the first issue, in the past it was considered unfashion-
able to pay too much attention to treating EEG abnormali-
ties; this was considered to be “EEG cosmetics.” However, 
there has been a growing realization that, in many cases, 
epileptiform discharges may affect cognition and behav-
ior. Although it remains true to say that the EEG should 
never be treated and that it is only clinical problems in the 
patient that should be treated, the work of Binnie et al. (32) 
and others has highlighted the importance of searching for 
cognitive and behavioral changes that might be related 
to epileptiform discharges. When the latter are detected, 
treatment may be more than justified. The recent book 
by Deonna and Roulet-Perez (2) provides many clinical 
examples of how such treatment has been of benefit. With 
regard to the second issue, the recognition that BECTS 
lies on a spectrum with CSWS implies that any child with 
BECTS who develops unexpected cognitive or behavioral 
problems should have overnight EEG monitoring. If CSWS 
is detected, it should be treated and careful follow-up with 
serial EEG monitoring should be arranged.

LANDAU-KLEFFNER SYNDROME—
ACQUIRED EPILEPTIC APHASIA

This syndrome generally presents after language acquisi-
tion but before 6 years of age with verbal auditory agnosia 
and may be followed by auditory agnosia for environ-
mental sounds as well. Expressive language is affected, 
probably as a consequence of the auditory agnosia, and 
the child may become mute. EEG abnormalities include 
spikes and spike-wave discharges, which may be multifo-
cal but tend to occur in the temporal regions. Unilateral 
or bilateral 1–3-Hz spike-wave discharges occur. The 
nighttime EEG typically shows electrical status epilepticus 
of slow-wave sleep (ESES), implying that at least 85% of 
slow-wave sleep is occupied by spike-wave discharges. 
Around 30% of the children with this syndrome do not 
present with seizures, although the EEG abnormalities 
are present. The seizures tend to resolve by the early- to 

mid-teenage years. The progress of language development 
is very variable. Language may recover spontaneously, 
require treatment, or remain permanently impaired.

It is not surprising that behavioral problems occur 
in association with the loss of speech abilities in children 
who were previously able to understand and communicate 
normally. Aggression, sleep disorders, hyperkinesia, and 
autism have all been described in association with this 
syndrome. Many of the reports are of single case studies or 
small case series. Several of these have been summarized in 
a recent review (3). There have also been several papers and 
reviews discussing the relationship between autism, epilep-
tiform discharges, and Landau-Kleffner syndrome (33, 34). 
This subject has been reviewed by Deonna and Roulet-
Perez in their recent book (2). In other reports in which 
language disturbance in association with epilepsy has been 
studied, it is not clear whether all the children met the 
criteria for Landau-Kleffner syndrome. Shinnar et al. (35) 
prospectively identified 177 children with language regres-
sion and stated that most (88%) met the criteria for autism 
or had autistic features. They emphasized the need for early 
identification and treatment.

Landau-Kleffner syndrome is interesting because it 
raises a number of issues. Although this is an epilepsy 
syndrome, it is said that between one-fourth and one-
third of the children who have Landau-Kleffner syndrome 
do not appear to have clinical seizures. This implies that 
long-standing definitions of epilepsy, which depend on 
the presence of clinical seizures, might need to be chal-
lenged. The second issue that is of particular interest is 
that Landau-Kleffner syndrome is perhaps the most dra-
matic model of an epilepsy syndrome in which the epi-
leptiform discharges appear not only to affect cognition 
and behavior but also to cause permanent damage if they 
are allowed to continue. The approach to the manage-
ment of Landau-Kleffner syndrome has changed dramati-
cally over recent years. Older publications suggested that 
treatment was of value only in controlling the seizures 
and would have no effect on language function. Recent 
publications have emphasized the importance of early 
effective treatment. Medical treatments include steroids, 
sodium valproate, benzodiazepines, sulthiame, and intra-
venous immunoglobulin. Surgical treatment with multiple 
subpial transection can be of great value when medical 
treatment has failed. The study by Robinson et al. (36) 
revealed that in their series, no child who had ESES for 
more than 2 years had a normal language outcome. It is 
anticipated that the sooner effective treatment is started, 
the less likely it will be that long-term cognitive and 
behavioral problems will occur. This raises the question 
of when surgical intervention should be considered. The 
outcome of this syndrome is very variable: some children 
recover spontaneously whereas others have permanent 
language deficits, which may be severe. If surgery is car-
ried out too early, it may have been unnecessary; but if it 
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is carried out too late, the child may be left with serious 
problems that could have been avoided.

OTHER SYNDROMES INVOLVING 
ESES OR CSWS

The ILAE classification also lists a childhood epilepsy 
syndrome entitled “epilepsy with continuous spike-and-
waves during slow-wave sleep (other than LKS).” The 
definition states the following (37):

There is a constant and severe deterioration in neuro-
psychological functions associated with the disorder, 
and language capacity can be particularly affected. 
Patients also may show a profound decrease in intel-
lectual level, poor memory, impaired temporospatial 
orientation, reduced attention span, hyperkinesis, 
aggressive behaviour, and even psychosis. . . . Motor 
impairment, in the form of dyspraxia, dystonia, ataxia, 
or unilateral deficit, has been emphasized as one of 
the outstanding disturbances occurring in this syn-
drome. . . . There is a strict association between the 
pattern of neuropsychological derangement and the 
location of the interictal focus. A deterioration of lan-
guage is observed in cases showing the predominance 
of paroxysmal abnormalities over one or both tem-
poral regions, whereas a mental deterioration and an 
autistic behavior evoking a frontal lobe syndrome has 
been described in children exhibiting interictal fron-
tal foci or clear cut anterior predominance of the dis-
charges. On the other hand, causative factors for motor 
impairment in the form of dyspraxia, dystonia, ataxia, 
or unilateral deficit observed in some children during 
the period of continuous spikes and waves during slow 
sleep would be a predominant involvement of motor 
areas by continuous spike-wave activity and the appear-
ance of negative myoclonus during wakefulness.

The prominence of autistic features in association with 
CSWS has been emphasized by several workers (33, 34). 
The classification of a specific acquired frontal syndrome 
with CSWS has also been suggested (38).

Early-onset benign childhood occipital epilepsy, also 
called early-onset benign childhood seizures susceptibility 
syndrome with occipital or extraoccipital spikes or Pan-
ayiotopoulos syndrome, usually has a very good outcome 
but an atypical type may also occur with mild impairment 
of scholastic performance, with or without ESES (26).

Saltik et al. (39) found that several clinical features 
indicated the development of ESES in a group of sixteen 
children with idiopathic partial epilepsies. These features 
included an increase in seizure frequency, addition of 
new types of seizures, appearance of cognitive or behav-
ioral changes, or a progression in EEG abnormalities. 
Behavioral and psychiatric problems occurred in 81% 
(13 of 16), including anxiety, depression, distractibility, 

hyperactivity, impulsivity, and being easily frustrated. 
After remission of the ESES, three of the thirteen patients 
had an excellent recovery, one was diagnosed as having 
the Landau-Kleffner syndrome, and nine patients per-
formed better but did not achieve premorbid levels.

It is particularly important to note that children 
who deteriorate in terms of their cognition and behavior 
may do so because of CSWS without necessarily having 
prominent language impairment. If a child’s behavior 
deteriorates and this is associated with the onset of cog-
nitive or neurologic problems, there is a strong argument 
for requesting overnight EEG monitoring, unless another 
cause can be found.

JUVENILE MYOCLONIC EPILEPSY 
(JANZ SYNDROME)

The classical triad in this syndrome consists of myoclonic 
seizures, particularly affecting the upper limbs, worst soon 
after waking; absence seizures; and generalized tonic-clonic 
seizures on awakening. Approximately one-third are pho-
tosensitive. The EEG shows polyspike-wave complexes and 
irregular spike-wave discharges, usually with a frequency 
of more than three per second. The age of onset is usually 
considered to be from 12 to 18 years in most cases, but 
some patients may have absence seizures in childhood that 
are not recognized as the beginning of the syndrome.

This is another syndrome that is often associated 
with a good prognosis. However, the original publication 
by Janz and Christian (40), more recently updated by 
Janz (41), pointed out that many patients had attractive 
but unstable, suggestible, unreliable, and rather immature 
personalities, often resulting in inadequate social adjust-
ment. Reintoft et al. (42) confirmed some of these charac-
teristics in thirty-three patients and found a trend toward 
social maladjustment, although this was not statistically 
significant. Perini et al. (43) found that the rate of psychi-
atric disorder in eighteen people with juvenile myoclonic 
epilepsy (JME) in their study was 22%. Devinsky et al. 
(44) tested frontal lobe function in fifteen patients with 
JME who had a normal IQ and found that their perfor-
mance was variable, with some patients showing marked 
impairment and others none. Concept formation/abstract 
reasoning and mental flexibility, cognitive speed and plan-
ning, and organization were particularly affected. Janz 
has pointed out that the neurophysiology, neuropsychol-
ogy, and neuroimaging findings all suggest frontal lobe 
dysfunction in JME.

The epileptic myoclonus in this syndrome is usually 
most marked in the first hour or so after waking, and this 
corresponds to frequent polyspike or spike-wave epilepti-
form discharges in the EEG. In the light of this, it might 
be predicted that people with JME would function poorly 
in the morning. This prediction is in keeping with the 
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recent finding by Pung and Schmitz (45) that, in contrast 
to people with temporal lobe epilepsy, subjects with JME 
tended to feel better later in the day. These factors might 
have implications for the timing of neuropsychologic test-
ing; people with JME might function less well first thing 
in the morning and better later in the day.

CONCLUSION

Although the aim of epilepsy treatment has traditionally 
been seizure freedom, it could be argued that ongoing cog-
nitive and behavioral difficulties are more likely to affect 
the prospects of an individual than ongoing seizures. An 

understanding of when these problems are likely to occur 
and how to avoid or treat them is clearly of major impor-
tance to the clinician and the patient. The patterns of these 
difficulties that are likely to be associated with specific syn-
dromes are now beginning to emerge. However, much of 
the published work is still confined to individual case stud-
ies or small series, often with no validated behavioral mea-
sures. Apart from the need to carry out carefully designed 
prospective studies, perhaps the most important points 
emerging from the information available so far are that 
epileptiform discharges during both daytime and nighttime 
(especially CSWS) can affect cognition or behavior and 
that early effective treatment with medication or surgery 
can sometimes improve outcome greatly.
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Psychiatric Aspects of 
Epilepsy in Children

pilepsy in childhood is a pervasive 
disorder that includes not only 
seizures but also significant effects 
on cognition, behavior, and qual-

ity of life. These later problems can become even more 
disruptive than seizures for the child with epilepsy. The 
purpose of this chapter is to review the behavioral and 
emotional complications of epilepsy in childhood. Autis-
tic disorder and attention deficit hyperactivity disorder 
(ADHD) are covered in Chapters 56 and 57, respectively, 
and will be only briefly mentioned in this chapter.

Epidemiological studies have shown that psychi-
atric problems are common in children with epilepsy. 
In England, two separate epidemiological studies con-
ducted over 30 years apart found a remarkably similar 
prevalence of emotional and behavioral difficulties (1, 
2). In both studies more than half of the children with 
both epilepsy and additional neurologic problems had 
psychiatric problems, and one-fourth of the children with 
uncomplicated epilepsy suffered from behavioral prob-
lems. In comparison, psychiatric problems were noted 
in 11–12% of children with chronic illnesses not involv-
ing the central nervous system and in 6–9% of healthy 
controls. A similar survey conducted in the United States 
reported behavioral problems in 31% of children with 
seizures, 21% of children with heart disease, and 8.5% 
of controls (3).

David W. Dunn
Joan K. Austin

Similarly, studies of children seen in university-based 
epilepsy clinics have documented the increased prevalence 
of psychiatric difficulties in this population and have 
determined the specific psychiatric diagnoses found in 
children with epilepsy. Caplan et al. (4) reported a greater 
than 50% rate of psychopathology in children 5–16 years 
of age with complex partial or absence seizures. They 
noted disruptive behavior disorders alone or comorbid 
with mood or anxiety disorders in more than one-third 
of patients, and mood or anxiety disorders in more than 
one-fourth of children. Symptoms of thought disorder 
were found in 10% of the children with complex partial 
seizures. Evaluating children with epilepsy 9–14 years of 
age, we found that one-third had ADHD, one-fifth a dis-
ruptive behavior disorder (oppositional defiant disorder 
or conduct disorder), and one-third an anxiety disorder. 
One in twenty had a depressive disorder, although in 
another study of older adolescents, one-fourth had symp-
toms of depression.

Although behavioral and emotional problems are 
common, the recognition of behavioral difficulties has been 
a problem. Ott et al. (5), in a study from a university-based 
epilepsy clinic, found that 61% of the children with epi-
lepsy had evidence of a psychiatric disorder using Diagnos-
tic and Statistical Manual of Mental Disorders, 4th edition
(DSM-IV) criteria. However, only 33% of the children had 
received any mental health care. Similarly, Ettinger et al. 

E
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(6) noted that one-fourth of the children and adolescents 
in their comprehensive epilepsy clinic had symptoms of 
depression, yet none were receiving treatment.

RISK FACTORS FOR PSYCHIATRIC 
PROBLEMS IN CHILDREN WITH EPILEPSY

Epilepsy is a heterogeneous disorder and thus it should be 
expected that there are multiple risk factors for psychiatric 
problems (7). These risk factors include demographic, 
neurologic, seizure-related, treatment-based, family, and 
individual variables.

Demographic factors are only weakly predictive 
of psychiatric problems. Gender has been an inconsis-
tent predictor. Some studies have found more problems 
in boys, others no difference by gender, and one more 
problems in girls with poorly controlled seizures. Age of 
seizure onset seems to be a better predictor of cognitive 
problems than of behavioral difficulties Age of the child 
may be a significant factor, however, with more depres-
sion found in adolescents than in younger children with 
epilepsy.

Neurologic variables are one of the most consistent 
predictors. Children with additional neurologic deficits 
have a higher prevalence of psychiatric disorders. Autistic 
disorder and the pervasive developmental disorders are 
most commonly associated with intellectual disability 
and epilepsy. These children also have more evidence of 
disruptive behavior disorders and, in adolescence, lower 
self-esteem. Quality-of-life surveys generally show that 
children with epilepsy and intellectual disability have 
impairment beyond the additive effects of two chronic 
disorders. Even in children with epilepsy and normal 
intelligence, language impairment has been associated 
with psychopathology.

Seizure type and syndrome are weak predictors of 
psychiatric problems, particularly after controlling for 
intellectual ability. The increased prevalence of behavioral 
problems in the children with the symptomatic or cryp-
togenic epilepsies is probably better attributed to intel-
lectual disability or seizure frequency and severity than to 
specific seizure type or syndrome. Adults with complex 
partial seizures may have more emotional problems, but 
in children, seizure type has not been a consistent predic-
tor of psychopathology.

Antiepileptic drugs (AEDs) are possible contributors 
to behavioral problems (8). Surveys have found psychiatric 
side effects in 2–15% of patients on AEDs. Behavioral side 
effects were more common with the older sedative AEDs 
such as the barbiturates or benzodiazepines. Topiramate,
one of the newer AEDs, has been associated with atten-
tion problems and slow processing. The prevalence of 
behavioral side effects seems to be lower with the newer 
AEDs than with older medications. However, individual 

hypersensitivity to any of the AEDs may result in behav-
ioral side effects. Higher doses of AEDs and polypharmacy 
have been associated with behavioral problems, but the 
association is complicated by the severity of the underly-
ing seizure disorder.

Family factors are associated with psychiatric prob-
lems in the child with epilepsy. In particular, the quality 
of the relationship between the child and the parents 
has been most consistently associated with behavioral 
problems in children with epilepsy (9). Studies of children 
with chronic seizures also have found that the parent-
child relationship has been more strongly associated with 
behavioral problems than has any epilepsy-related factor. 
Impact of seizures on the family should be monitored. 
A consistent finding in our studies has been the positive 
effect of family mastery. The children in families that 
are organized, cooperative, and confident in their abil-
ity to handle the challenge of epilepsy are least likely to 
experience behavioral difficulties.

SPECIFIC PSYCHIATRIC DIAGNOSES IN 
CHILDREN WITH EPILEPSY

The specific psychiatric disorder seen in children with 
epilepsy will depend on several factors. In comparison 
to children seen in the community, children treated in 
a comprehensive epilepsy clinic are more likely to have 
behavioral problems because children with comorbidity 
are more often referred to specialty clinics. Children with 
epilepsy and intellectual disability are at increased risk 
for autistic spectrum disorders. ADHD and the disruptive 
behavior disorders most often present in the preschool 
and elementary school years. Depression, bipolar dis-
order, and suicidal ideation are more likely to occur in 
adolescents. Although anxiety may be seen at any age, 
separation anxiety is more often a disorder of the younger 
child, and panic disorder occurs in the adolescent.

The disruptive behavior disorders include ADHD, 
oppositional defiant disorder (ODD), and conduct disorder. 
Symptoms of ADHD, covered in detail in Chapter 57, are 
found in one-third of children with epilepsy, and ADHD 
probably is the most common psychiatric disorder found in 
the elementary school age child with seizures (10). Opposi-
tional defiant disorder is characterized by defiance, anger, 
and irritability. Conduct disorder is a repetitive pattern 
of behavior that includes major violations of standards, 
such as stealing, property destruction, and assault. The 
prevalence of these disorders in children with epilepsy 
is less well established than the prevalence of ADHD in 
children with epilepsy. In our clinical series of children 
9–14 years of age, we found ODD in 21% and conduct 
disorder in 18%. The large epidemiological study from 
England (2) reported conduct disorder in 24% of chil-
dren with complicated epilepsy and 17% of children with 
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uncomplicated epilepsy. In comparison, the general popu-
lation prevalence of ODD and conduct disorder range 
from 2% to 16%.

Additional central nervous system damage and 
intractable seizures are risk factors for disruptive behav-
ioral disorders in children with epilepsy. Seizure type has 
not been a consistent factor, although involvement of the 
basal frontotemporal region has been postulated to be a 
factor in adults with epilepsy and aggression. Treatment 
with sedative AEDs has resulted in hyperactivity, irritabil-
ity, and aggression. In children with intellectual disability, 
there are case reports of aggression after treatment with 
gabapentin. Family factors may be particularly impor-
tant. A family history of disruptive behavior disorder, 
chaotic or dysfunctional families, and parental separation 
or divorce has been associated with ODD and conduct 
disorder in children with epilepsy.

Depressive disorders are one of the most frequent 
complications of epilepsy in children and adolescents (11). 
Studies of all pediatric age groups find a prevalence 
of 10–30% and studies restricted to adolescents with 
epilepsy show that one-fourth experience symptoms of 
depression. Depression also frequently goes unrecog-
nized. As one example, in a university-based epilepsy 
clinic, 26% of the children and adolescents reported 
symptoms of depression and yet none had received a 
prior diagnosis of mood disorder (6).

Risk factors for depression in children with epi-
lepsy include both those factors associated with depres-
sion in children without epilepsy and those specific for 
the child with epilepsy. In the general population, there 
is an interaction between genetic and environmental 
factors. A positive family history accounts for much of 
the variance in transmission of depression. In addition, 
maternal depression adversely affects the maternal-child 
relationship and family functioning. Other important 
risk factors are death of a parent, trauma or abuse, and 
chronic illness. Recent studies have shown an interac-
tion between a genetic variant in serotonin transporter 
gene and stressful life events that convey an increased 
vulnerability to depression. There may be specific risk 
factors associated with epilepsy. Adults with frontal or 
temporal localization–related epilepsies reportedly have 
an increased risk of depression. However, studies in chil-
dren have not found a consistent association between 
seizure type or syndrome and depression. Children with 
more frequent seizures appear to be at increased risk, 
but this may be a nonspecific association with a chronic 
illness. In adults with epilepsy, depression has been asso-
ciated with barbiturates, tiagabine, topiramate, and 
vigabatrin.

Both depression and suicidal ideation have been 
reported in children treated with barbiturates. Family 
dysfunction is a significant factor in depression and may 
be exacerbated by the stress or the stigma associated with 

epilepsy. The child or adolescent with a negative atti-
tude toward illness and an external or unknown locus 
of control has been found to be at increased risk for 
depression.

Depression and suicide attempts may also be risk 
factors for seizures (12). Although the mechanism is not 
known, this might be an effect of alterations in monoami-
nergic neurotransmitters or possibly neurologic effects of 
changes in stress hormones.

Depression in children and adolescents may differ 
from that seen in adults. Children are more often irri-
table and angry than sad. They have frequent somatic 
complaints such as headaches or stomachaches. Adoles-
cents may have a reactive form of depression and will 
appear happy when spending time with friends but may 
not have the energy or motivation to seek out companion-
ship. Withdrawal and avoidance of previously enjoyed 
activities is another clue for the diagnosis of depression. 
Children with depression, including those with epilepsy, 
frequently have comorbid psychiatric disorders. Caplan 
et al. (13) found that anxiety or disruptive behavior dis-
orders were present in two-thirds of the children with 
depression and epilepsy. An atypical depression with 
brief episodes, irritability, and anger has been described 
in adults with epilepsy but not in children or adolescents. 
Postictal symptoms of depression also have been reported 
in approximately 50% of adults with intractable partial 
epilepsy, but similar information is not available in chil-
dren and adolescents.

Bipolar disorder has received little attention in 
the clinical studies of children with epilepsy. In a large 
community-based survey of adults with epilepsy, Ettinger 
et al. (14) noted a prevalence of bipolar disorder of 8.1%, 
more than twice that found in adults with asthma or 
diabetes mellitus, or healthy controls. No information 
exists for prevalence rate in children. Salpekar et al. 
(15) found 38 pediatric patients with both epilepsy and 
bipolar disorder identified retrospectively in a review of 
5 years of clinic records from a large university-based 
pediatric epilepsy clinic.

The limited information on bipolar disorder in chil-
dren with epilepsy may be partially due to continuing 
controversy about the diagnostic criteria for childhood 
bipolar disorder. Children with recurrent depression and 
mania lasting at least 4–7 days are relatively uncommon. 
A broader definition of juvenile bipolar disorder is cur-
rently being used by many researchers. Children with this 
disorder have a chronic condition with severe irritabil-
ity, mood lability, and hyperarousal. Older reports of 
hyperkinetic syndrome in children with epilepsy listed 
symptoms of irritability, mood lability, and hyperactivity 
that might fit this broad definition of childhood bipo-
lar disorder. A more recent study described combined 
anxiety, depression, and disruptive behavior in 4.7% of 
the children. Some of these children might be considered 
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to have childhood bipolar disorder (13). The one study 
that used established diagnostic criteria for bipolar dis-
order in children with epilepsy found that grandiosity, 
decreased need for sleep, and poor judgment were found 
in children with more definite bipolar I disorder (15). The 
most common symptoms in children with either bipolar 
I disorder or the broad definition of childhood bipolar 
disorder were agitation, impulsivity, affective outbursts, 
rage attacks, and distractibility.

Risk factors for bipolar disorder in the general popu-
lation are positive family history, cognitive deficits, and 
limited social competence. Several small series of patients 
with epilepsy and mania have been reported. Episodes of 
mania are seen more often with temporal lobe epilepsies 
than with other seizure types and may occur peri-ictally. 
Mania has occurred following temporal lobectomy, pre-
dominantly after right temporal lobectomy. Symptoms of 
mania or hypomania are seen with many AEDs, the excep-
tions being valproate, lamotrigine, and levetiracetam.

Suicide is a risk in patients with depression and bipo-
lar disorder (16). Very few studies have evaluated suicidal 
ideation or attempts in children with epilepsy. Although 
there is considerable variability in the reported rates of 
suicide in adults with epilepsy, there is agreement that 
the rate is significantly higher than found in the general 
population. In children and adolescents with epilepsy, the 
rate of suicidal ideation has been 15–20% compared to 
a rate of 6% in the general population.

Suicide ideations and attempts are usually associated 
with affective disorders, psychoses, and substance abuse. 
In children and adolescents with epilepsy the presence of 
suicidal ideation has been associated with many differ-
ent emotional problems. For example, Caplan et al. (13) 
found suicidal ideation in children with epilepsy who 
also had depression, anxiety, and disruptive behavior 
disorders.

Anxiety has been studied less often than depres-
sion in children with epilepsy but may be just as com-
mon in children with epilepsy. Anxiety may have just as 
much, if not more, effect on quality of life as depression. 
The prevalence is hard to determine. The rates, mostly 
from cross-sectional clinical studies, generally range 
from 10% to 35%. Studies from the United States, 
Brazil, Jordan, and Nigeria have reported symptoms of 
anxiety in about one-third of their samples. Prevalence 
rates of 10–25% have been described in series from the 
United States, England, and Brazil (17, 18). The varia-
tion in rates may depend on measures used to define 
anxiety and on inclusion and exclusion criteria for the 
different series.

Most of the reports do not separate anxiety into 
specific syndromes. Generalized anxiety disorder, obses-
sive compulsive disorder, panic disorder, posttraumatic 
stress disorder (PTSD), and phobias have all been 
described. Obsessive compulsive disorder seems to be 

relatively uncommon, with prevalence rates under 10%. 
Panic disorder should be considered in the differential 
diagnosis of complex partial seizures, although panic 
disorder has been described as a comorbid condition. 
Posttraumatic stress disorder seems to be more common 
in parents of children with epilepsy and in children with 
nonepileptic seizures. The presence of PTSD in parents is 
consistent with reports of parental perception that their 
child was dying during a seizure and the subsequent high 
rates of worries and concerns of parents of children with 
new-onset seizures. Phobia may be an isolated fear of 
seizures or may result in a variant of social phobia in 
which the person with epilepsy avoids going out into 
public because of fears of having a seizure.

Several factors are associated with an increased risk 
of anxiety. Anxiety is seen in both children and adolescents, 
whereas depression is more common in adolescents. In the 
older age groups, girls have a higher prevalence of anxiety 
than boys. Seizure control has been a significant variable. 
Those children and adolescents with more frequent sei-
zures and those on polypharmacy have an increased risk of 
anxiety disorders. Anxiety has been associated with comor-
bid depression in children with epilepsy and also has been 
associated with learning disabilities and ADHD.

Some studies have suggested a role for the amyg-
dala in anxiety and complex partial seizures. GABAergic 
pathways may also be important. The AEDs that have 
an effect on GABAA receptors have an anxiolytic effect. 
Anxiety has been reported as a withdrawal effect after 
the discontinuation of the GABAergic AEDs. In addition 
to a more persistent interictal anxiety disorder, anxiety 
has been reported as both an aura of seizures and as a 
transient postictal psychiatric effect of seizures.

The psychoses are relatively uncommon in chil-
dren and adolescents with epilepsy (19). The preva-
lence in clinic-based samples is probably less than 1%. 
In comparison, the prevalence of psychoses in adults 
with epilepsy is 2–8%. The psychoses in adults with 
epilepsy may be more often associated with complex 
partial seizures and have occurred both postictally 
and interictally. Ictal psychosis has been reported with 
nonconvulsive status epilepticus and may be confused 
with delirium. Rare cases of postictal psychosis have 
been reported in children. Older adolescents may be 
at increased risk for postictal or interictal psychoses 
than younger children and adolescents. Psychosis also 
may be related to the duration of epilepsy. Both post-
ictal and interictal psychosis have been diagnosed in 
patients with a seizure duration of at least 15 years. 
Psychotic disorders have been reported as a rare side 
effect of many AEDs. In younger children, psychosis has 
occurred during treatment with zonisamide.

Thought disorder has been reported in children 
with epilepsy. It occurs more often in children with 
epilepsy than in healthy children but less often than 
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seen in children or adolescents with schizophrenia. The 
children with complex partial seizures also differed 
from children with schizophrenia by having thought 
disorder without loose associations. Caplan et al. (20) 
found more evidence of thought disorder in children 
with complex partial seizures than in children with 
absence seizures, but in a follow-up study there was 
no difference in prevalence between the two groups. 
The groups differed in that thought disorder in children 
with complex partial epilepsy was associated with more 
widespread problems, whereas thought disorder was 
associated only with school problems in the children 
with absence seizures.

ASSESSMENT OF PSYCHIATRIC PROBLEMS 
IN A PEDIATRIC EPILEPSY CLINIC

In the comprehensive epilepsy clinic, assessment for 
psychiatric problems is essential. This could consist of 
screening questions about school performance, relation-
ships, irritability, sadness, worries, or fears. Broadband 
measures of symptoms such as the Child Behavior Check-
list (CBCL) or Behavioral Assessment System for Children 
(BASC) have been used in clinical research and could be 
helpful in practice; for a general review of rating scales, 
see Myers and Collett (21). Screening questionnaires 
such as the Child and Adolescent Symptom Inventories 
(CSI/ASI) may be used to assess for specific diagnoses. 
Structured interviews such as the Kiddie Schedule for 
Affective Disorders and Schizophrenia for School-Age 
Children may have a higher diagnostic yield but require 
a trained interviewer.

If the child or adolescent has symptoms of a specific 
disorder, more focused screening questionnaires might 
be used. The Conners’ parent and teacher question-
naires could be used for disruptive behavior disorders; 
the Children’s Depression Inventory (CDI), Children’s 
Depression Rating Scale-Revised (CDRS-R), or Young 
Mania Rating Scale (YMRS) can be used for mood dis-
orders; and the Multidimensional Anxiety Scale for Chil-
dren (MASC), Pediatric Anxiety Rating Scale (PARS), 
or State-Trait Anxiety Inventory for Children (STAI-C) 
for anxiety disorders. Referral to a child psychologist or 
psychiatrist may be indicated for the patient with a more 
impairing condition.

TREATMENT FOR BEHAVIORAL AND 
EMOTIONAL PROBLEMS IN CHILDREN 

WITH EPILEPSY

Treatment of psychiatric problems in children with epi-
lepsy could involve psychosocial therapies or psycho-
pharmacology (22). The literature is limited. Most of the 

psychosocial interventions that have been reported were 
tested on study samples often without control groups. 
Decisions on medications depend on trials in children 
without seizures. There are no double-blind placebo-
controlled trials of medication for disruptive behavior 
disorders, anxiety, depression, or psychosis in children 
with epilepsy.

One group of behavioral interventions for chil-
dren with epilepsy includes relaxation, coping, and 
biofeedback for reducing stress and seizure number. 
These intervention trials have used seizure number as 
a main outcome measure, and most have been at least 
moderately successful. As a secondary outcome, quality 
of life and emotional distress have been improved in a 
few studies.

A second group of behavioral interventions attempt 
to improve knowledge of epilepsy, coping, and adjust-
ment to illness. Some have used large-group interventions 
with parents and children. Others have used small-group, 
individual cognitive-behavioral therapy, or summer camp 
programs. Most were able to demonstrate an improve-
ment in knowledge of epilepsy in both parents and chil-
dren. A few have shown reduction in behavioral problems 
in the child or decreased anxiety in the parent.

Psychopharmacology may be helpful in children and 
adolescents with disruptive behavior disorders, anxiety, 
depression, and psychosis. General concerns are the pos-
sible lowering of seizure threshold and interactions with 
AEDs (23). Psychotropic medications that are most likely 
to lower seizure threshold include clozapine, chlorproma-
zine, clomipramine, and bupropion. The tricyclic anti-
depressants, venlafaxine, fluvoxamine, olanzapine, and 
quetiapine have a moderate effect on seizure threshold. 
Most of the serotonin reuptake inhibitors seem to have 
little effect on seizure threshold. The enzyme-inducing 
AEDS phenobarbital, phenytoin, and carbamazepine 
might lower serum concentrations of tricyclic antide-
pressants and antipsychotic medications. Valproic acid 
may increase tricyclic serum concentrations. The selec-
tive serotonin reuptake inhibitors (SSRIs) may inhibit 
cytochrome P450 pathways, resulting in an increase in 
serum concentrations of AEDs.

Without specific studies on samples of children with 
epilepsy and psychiatric problems, decisions on pharma-
cological treatment must depend on studies done with 
children without seizures. Disruptive behavior disorders 
initially are treated with behavioral interventions. If this 
is not effective, medications used have included stimu-
lants, alpha-adrenergics, and antipsychotic medications. 
Stimulant medication and atomoxetine have been shown 
to reduce oppositional behaviors in children with ADHD, 
and methylphenidate has been effective in decreasing 
oppositional behavior in children without ADHD. Open 
label trials of divalproex sodium, clonidine, risperidone, 
olanzapine, and quetiapine have been associated with a 
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reduction in aggression. The effects of SSRIs are more vari-
able, with some children improving and others worsening. 
For the child with epilepsy, AEDs are an obvious first choice. 
Stimulants and atomoxetine are probably safe with little or 
no effect on seizure threshold, although an occasional child 
with more intractable seizures may have an increase in sei-
zure number with stimulants. Atypical antipsychotics should 
be added only when the aggression is severe and nonrespon-
sive to behavioral therapies and first-line medications.

Pharmacological treatment of anxiety and depression 
is similar. The SSRIs are used most commonly (19). There 
are good double-blind placebo-controlled trials showing 
the effectiveness of these agents for anxiety in both children 
and adolescents. The response of depression to SSRIs in 
children has been less robust, although adolescents seem 
to respond as well as adults to these agents. Open-label 
trials of sertraline and citralopram for adults with epilepsy 
and depression have demonstrated effectiveness and safety. 
A concern in children and adolescents is the potential of 
adverse psychiatric side effects of the SSRIs. An increase 
in suicidal ideation and self-injurious behaviors has been 
reported in children and adolescents receiving antidepres-
sant therapy. This may be the result of activation occurring 
early in the course of treatment. Another psychiatric side 
effect of the SSRIs has been apathy.

Treatment of bipolar disorder in children and ado-
lescents with epilepsy may benefit from the effect of AEDs 
on both epilepsy and bipolar disorder (15). Currently 
divalproex sodium, carbamazepine, and lamotrigine have 
been shown to be effective in the treatment of both epi-
lepsy and bipolar disorder. Although no controlled trials 
exist for children with epilepsy and bipolar disorder, a 
retrospective chart review found better clinical global 

impression of improvement (CGI-I) ratings in children 
with both disorders who received monotherapy with 
these three agents plus oxcarbazepine.

Treatment of psychotic disorder is dependent on the 
etiology of psychosis (19). Psychosis due to nonconvulsive 
status epilepticus requires treatment of seizures, whereas 
psychosis secondary to introduction of a new AED neces-
sitates discontinuation of the drug. In most other situa-
tions, psychosis requires antipsychotic medication. Low-
ering of the seizure threshold occurs with chlorpromazine 
and clozapine, suggesting that these agents should be 
avoided. The negative effect of haloperidol on seizure 
control seems to be negligible, and open-label trials of 
risperidone have found no increase in seizure frequency. 
The major adverse effects of haloperidol are extrapyra-
midal movement disorders, and those of risperidone are 
weight gain and metabolic problems.

CONCLUSION

Psychiatric disorders are commonly associated with epi-
lepsy in children. Disruptive behavior disorder, depres-
sion, and anxiety may each be found in about one-fourth 
to one-third of children with epilepsy. These problems 
can be a major stress for families and children. Children 
at most risk are those with additional neurologic dam-
age, more intractable seizures, and dysfunctional families. 
Assessment is critical because too many children with epi-
lepsy have unrecognized psychiatric problems. Although 
data on interventions are limited, treatment should con-
sist of a combination of education, counseling, and, in 
more severe impairment, psychotropic medications.
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Behavioral and Psychiatric 
Effects in Patients with 
Multiple Disabilities

eople with multiple disabilities can 
face many barriers toward reaching 
the goal of a fulfilling life. Behav-
ioral and psychiatric disturbances 

are common, and the additional presence of epilepsy 
poses further challenges to the quality of life of the indi-
viduals and their families and to care providers. This 
chapter will explore directly our understanding of these 
disturbances, potential causes, and assessment. Last, we 
will discuss key management issues that affect clinical 
epilepsy management directly.

No population is, of course, unique; however, it 
is the presence of speech and communication difficul-
ties in this subgroup of patients with epilepsy that pres-
ents a challenge in the assessment and management of 
any behavioral and psychiatric disturbance. Clinicians 
are required to modify their diagnostic approach to the 
patient’s cognitive level and communication skills, a chal-
lenge that persists throughout the patient’s lifespan.

DEFINITIONS

This area is particularly beset by definitional difficulties, 
reflecting international variance and the trend for termi-
nology to become dated and recognized as pejorative. 
Our approach to this issue is to use the term people with 
multiple disabilities (PWMD) as a pragmatic approach to 

Michael Kerr
Seth A. Mensah

a population that, in general, is easily recognized within 
epilepsy services. Although not an official term, it is used 
to reflect a population with functional difficulties across 
the domains of intellectual capacity, communication, and 
frequently mobility. In general terms in pediatric care, 
this will be the population subsumed in the United States 
within the term mental retardation. In the adult popula-
tion it again encompasses this group, but those with brain 
injury acquired outside the developmental period, such 
as trauma, may be included in addition.

People with multiple disabilities exhibit a wide 
range of characteristics but share the following in com-
mon: limited speech and communication, difficulty in 
basic physical mobility, tendency to forget skills through 
disuse, trouble generalizing skills from one situation to 
another, and a need for support in major life activities.

DESCRIBING AND MEASURING BEHAVIORAL 
AND PSYCHIATRIC DISTURBANCE

Some reflection on the definition of psychologic and 
behavioral disturbance is necessary, because the usual 
classification systems rely on a level of communication 
not present in PWMD to distinguish subtle features of 
psychopathology. Although the application of psychiat-
ric classification may work well, behavioral abnormality 
is more complex. Table 44-1 shows a range of studies 

P
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TABLE 44-1
Summary Table of Classification of Behavioral and Psychiatric Disturbance

AUTHOR/STUDY RATING SCALE BEHAVIOR & PSYCHOPATHOLOGY

Brown et al. (15)

Reid (16)

Rutter et al. (17) (IOW study)

Lund (13)

Lewis et al. (9)

Eyman et al. (18)

Capes and Moore (19)

Steffenberg et al. (20)

Aberrant Behavior Checklist

Rutter Scale

Modified for mental retardation
  version of Feighner’s criteria 
  and DSM-III criteria

Developmental behavior checklist

Handicap, Behavior and Skills 
  Schedule
Childhood Autism Rating Scale
Autistic Behavior Checklist
Asperger Syndrome Diagnostic 
  Checklist
Global/Social and Occupational 
  Function Assessment Scales

37%: overall problematic behavior
• 6%: conduct problem 
• 12%: shy/inactive 
• 6%: hyperactive 
• 6%: social withdrawal with agitation 
• 4%: undifferentiated behavior disturbance 
• 3%: autistic-like behavior

• Affective disorder
• Schizophrenic disorder
• Dementing syndrome
• Autistic spectrum disorder
• Hyperkinetic syndromes
• Neurotic disorder
• Conduct disorder
• Personality disorder

• Hyperactivity
• Rage
• Antisocial behavior
• Schizophrenia-like psychosis 

27%: overall psychiatric disorder
• 10.9%: generic behavior disorder category
• 5%: psychoses of uncertain type 
• 3.6%: dementia
• 3.6%: early childhood autism
• 2%: neurosis
• 1.7%: affective disorder
• 1.3%: schizophrenia

Findings: no significant increase in epilepsy 
  group vs. nonepilepsy group
• Disruptive
• Self-absorbed
• Communication disturbance
• Anxiety
• Social relating 
• Antisocial

• Hyperactivity
• Aggression
• Problems with speech
• Difficulties with eating/dressing

Particularly increased:
• Hyperactivity
• Aggression
• Withdrawal

59%: at least one psychiatric diagnosis
• 31%: self-injurious behavior 
• 27%: autistic disorder 
• 11%: autistic-like condition 
• 7%: ADHD 
• 3%: Asperger syndrome
• 3%: autistic traits 
• 3%: overanxious disorder
• 1%: stereotypy/habit disorder
• 1%: elective mutism 
• 1%: conduct disorder 
• 1%: chronic motor tic disorder 
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exploring pathology in PWMD; of interest are the high 
rates of disorder as a baseline independent of the presence 
of epilepsy and the changing definitions of behavioral 
abnormalities. With such a range of populations, diverse 
sampling methods, and ever-changing definitions, epide-
miological studies are difficult.

Prevalence of Epilepsy in PWMD

Prevalence is most affected by sampling because this 
correlates highly with the level of intellectual disability. 
The prevalence of epilepsy in PWMD ranges from 6% 
to 60%, with the rate being 6% to 41% in population-
based studies. Of the general epilepsy population, 
25% (1) to 31–41% (2, 3)) are considered to have 
intellectual disability. By the age of 10, the preva-
lence of epilepsy in PWMD is estimated to be 15%. 
Prevalence is also affected by the underlying etiology 
of the PWMD. Table 44-2 shows prevalence figures 
by sample including within certain known causes of 
multiple disabilities.

Prevalence of Behavior and 
Psychologic Disorder

Figures for the presentation of behavioral disturbance dif-
fer greatly by place of residence and population sampled; 
yet a range of prevalence from 50% to 60% seems to be 
reasonable. Of individuals with multiple disabilities, an 
estimated 40–70% have psychologic disorders.

The impact of seizure disorder on the prevalence of 
psychologic disturbance has provided contrasting infor-
mation. The classical, and still definitive, epidemiological 
survey, the Isle of Wight study, showed within the pedi-
atric population a correlation between evidence of brain 
damage and psychologic disturbance that was further 
reinforced by the addition of epilepsy.

It has been reported by some researchers (Lund [4]) 
that the prevalence of psychiatric disturbance increases 
with increasing seizure frequency in populations of people 
with intellectual disability. There was a prevalence of 
psychiatric disturbance of 56% in the active epilepsy 
group compared with 26% in those in remission in one 
study (4). In contrast other studies report no demonstrable 
epilepsy-associated increase in behavioral and psychiatric 
disturbance in this population (Corbett [5, 6]; Deb and 
Hunter [7, 8]; Espie et al. (9); and Lewis et al. [10]).

THE CAUSATION OF BEHAVIORAL AND 
PSYCHOLOGIC MORBIDITY

Understanding the potential causation of behavioral and 
psychologic morbidity is central to assessment and the 
formation of management plans.

Behavioral Phenotypes

Since the initial description of self-injurious behavior in 
the Lesch–Nyhan syndrome, further patterns of behavior, 
such as those associated with conditions such as Prader–
Willi syndrome and Williams syndrome, have also been 
identified (see Figure 44-1). The increasing recognition of 
behavioral characteristics or “behavior phenotypes”—a 
characteristic pattern of motor, cognitive, linguistic, and 
social abnormalities, which is consistently associated with 
a biological disorder—has further developed the under-
standing of genetic influences on behavior.

Pharmacological Mechanisms

The potential impact of drugs on behavior in PWMD is, of 
course, a major concern to individuals and caregivers alike. 
Therefore, the assessment of potential drug effect is a key 
clinical competency when managing epilepsy in PWMD. 
Although much of the assessment, as we will discuss later, 
is one of objective information gathering, ideally the cli-
nician will be guided by high-quality scientific informa-
tion. Many case study and case series reports exist for the 
novel antiepileptic drugs (AEDs), suggesting their impact 
on behavior. However, direct randomized, controlled trial 
evidence for a negative impact on behavior from AEDs is 
what is needed but is rare. Where it does exist, it is ham-
pered by a lack of valid outcome measures and relates to 
the more novel AEDs. Interpretation of the trial of add-
on lamotrigine versus placebo in Lennox-Gastaut showed 
very little apparent impact on behavior (11). This study 
used high-quality behavioral and quality-of-life measures, 
and the absence of a negative impact of medication use in 
such a difficult population is noteworthy. Similar data were 
reported in a study with topiramate conducted by Sachdeo 
et al. (12). Although this study used less well-validated 
outcome measures, it did show an increase in reported 
behavioral disturbance (topiramate 21% vs. control 10%). 
A more recent placebo-controlled add-on study of topira-
mate in PWMD by Kerr et al. (13) showed no significant 
behavior deterioration when compared to controls as mea-
sured by the Aberrant Behavior Checklist.

An assessment of data from the relatively few tri-
als in PWMD would suggest that there exist no data to 
confirm specific drug effect on behavior as measured, 
although trials are often of short duration and outcome 
measures poor. Notwithstanding this, the studies tend to 
show a side-effect distribution in PWMD similar to that 
in the general population. Behavior change as a direct 
result of side effects experienced by people unable to 
communicate them may, of course, be present.

Physical Illness and Pain

There is increasing evidence that PWMD with and with-
out epilepsy experience a high morbidity, reduced life 
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expectancy, increased health care utilization, and poorer 
access to health delivery and promotion services com-
pared with the general population (14).

The cognitive impairment and communication dif-
ficulties present in these patients result in an inability to 
report or adequately describe their symptoms or the dis-
tress caused by physical disorders. Symptoms of physical 
illness, often unidentified or misdiagnosed, may therefore 
manifest as behavioral and psychiatric disturbance.

Sensory stimuli such as loud noises, crowds, and 
bright lights, which usually pose no discomfort to cog-

nitively intact individuals, can cause extreme distress to 
PWMD.

Socioenvironmental Mechanisms

Socioenvironmental mechanisms considered to be etio-
logical in the behavioral and psychiatric disturbances 
in people with multiple disabilities and epilepsy include 
(1) self-stimulation, (2) social attention, (3) escape from 
aversive demands, and (4) obtaining access to tangible 
rewards. Table 44-3 highlights these areas.

TABLE 44-2
Prevalence of Epilepsy

SYNDROME PREVALENCE STUDY

Mental Retardation
Mild (IQ 50–70)

Moderate (IQ 35–49)
Severe (IQ � 50)

Profound (IQ � 20)

Cerebral palsy
• Across lifespan
• At age 17 or more 

cumulative risk:
• At age 5
• At age 10
• At age 22

Down syndrome
• Across lifespan
• Children
• Age �35

Fragile X

Tuberous sclerosis

Sturge-Weber syndrome

Lennox-Gastaut syndrome

West syndrome

Autistic spectrum disorder 

Autism
• With mild mental retardation
• With profound mental retardation

PWMD with: 
Serious visual problems
Hearing problems
Serious problems with speaking

6%
15%
20–25%
24%
30%
50%

5–40%
9%

28%
31%
38%

5–10%
1.4%
12.2%

25%
30–40%

�60%
80–90%

�70%

Up to 90% 

Up to 90% 

30%

5%
50%

10–30%
Up to 5%
60–85%

Lhatoo and Sander (1)
Ross and Peckham (21)
Sillanpää (2)
Lhatoo and Sander (1)
Lhatoo and Sander (1); Steffenberg et al. (20)
Sillanpää (2)
Lhatoo and Sander (1); Corbett (4, 5)

Fryers and Russell (22)
Forsgren (23)

Goulden et al. (24), Lhatoo and Sander (1)
Goulden et al. (24), Lhatoo and Sander (1)
Goulden et al. (24), Lhatoo and Sander (1)

Appleton (25)
Tatsuno et al. (26)
Veall (27)

Wisniewski et al. (28)
Appleton (25)

Hunt (29)
Sillanpää and Lähdetie (30)

Bebin and Gomez. (31)

Aicardi (32)

Aicardi (32)

Melville and Cameron (32)

Melville and Cameron (33)
Melville and Cameron (33)

Fryers and Russell (22)
Fryers and Russell (22)
Fryers and Russell (22)
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Epilepsy Mechanisms

There is very strong evidence for an increased prevalence 
of emotional disturbance in individuals with epilepsy who 
do not have multiple disabilities, but finding a similar link 
with PWMD and epilepsy has been much harder. Epide-
miological evidence does not support such a population link 
in adults or in children. Deb and Hunter (7, 8) showed an 
underlying prevalence of behavioral disorder of 52.5% in 
patients with epilepsy and PWMD, and 58% in the non-
epilepsy population. Lewis and colleagues (10), in an epi-
demiologically defined population of children with multiple 
disabilities, reported no difference in causality of behavior 
and emotional disturbance between those with and without 
epilepsy. Work by Lund (4) and other researchers, however, 
has shown that aggression and self-injury were associated 
with frequent seizures and polytherapy.

Control-Related Behavioral Change

One area of individual impact commonly arising in practice 
is that of an improvement in an individual’s seizures 
seemingly leading to deterioration in behavior (see 
Chapter 29 on psychosis and forced normalization).

It is rare to confirm such an association when 
detailed recordings are obtained; however, this “para-
doxical normalization’’ can occur, and the underlying 
mechanisms may be similar to those seen in the clinical 
phenomenon of forced normalization.

Behaviors Associated with Seizures. Peri-ictally and 
interictally related behavioral and psychiatric disturbance 
is widely described in the medical literature.

Preictal psychiatric disturbance in PWMD pres-
ents as changes in affect and behavior, unprovoked 
irritability, and poor frustration tolerance—symptoms 
that often resolve after the ictus. Ictal psychiatric phe-
nomena, which may be too complex or strange for 
the patient with multiple disabilities to verbalize or 
conceptualize, are extremely rare and may present as 
confusional episodes and may be associated with non-
directed aggressive behavior. Postictal psychosis is the 
best recognized postictal disorder in PWMD. There is 
usually a nonpsychotic period that ranges from a few 
hours to up to 1 week after a cluster of generalized 
tonic-clonic seizures and may often present as episodes 
of delirium consisting of confusional states associated 
with agitation, some clouding of the level of conscious-
ness, bizarre behavior, and sleep disturbances. These 
episodes may last from a few hours to up to 1 month, 
and may remit spontaneously or their resolution may 
be aided by low doses of neuroleptic agents (see Chapter 29 
on psychosis and forced normalization). Psychiatric 
disorders in PWMD, however, are most frequently 
seen interictally. Interictal psychosis may be difficult 
to separate from postictal psychosis and should be sus-
pected in the presence of bizarre behavior. Insomnia 
also usually occurs early in a psychotic process. Verbal 
patients may be able to voice paranoid delusions and 

FIGURE 44-1

Behavioral phenotypes.

PRADER-WILLI SYNDROME
Behavioral Characteristics:                                                      Neonates feed poorly (often tube-fed) and are described as hypotonic or “floppy.”
Overeating becomes apparent in childhood and continues into adulthood. Adults have delayed satiation of appetite. 
Food stealing and consumption of “unpalatable” (pet, frozen, rotting) food is not uncommon. Outbursts of temper, 
mood abnormalities, self-injury through skin-picking, and some other maladaptive behaviors occur more frequently 
than among people of the same age and sex with equivalent cognitive impairments. Repetitive speech and persistent 
questioning may reflect relative deficits in processing information presented aurally. Affective disorders and 
psychotic symptoms have been reported, sometimes with a clinical picture resembling cycloid psychoses with much 
greater frequency among the older disomy subtype. Obsessional and compulsive behaviors similar to those of 
normal childhood occur relatively frequently. 

WILLIAMS SYNDROME 
Behavioral Characteristics:         Typical behavioral characteristics include overfriendliness, generalized anxiety, 
attentional problems, and hyperacusis. Visuospatial skills tend to be more severely impaired than language 
related skills, but auditory memory and face processing skills appear to be relatively intact. Social disinhibition 
and inappropriate friendliness are typical in children with Williams syndrome, and these characteristics can give 
rise to significant problems as adults. Mental health problems, especially related to anxiety, are also frequently 
reported in adults. 

Adapted from http://www.ssbp.co.uk/files/syndromes (Society for the Study of Behavioural Phenotypes). 
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acknowledge hallucinations, but many patients with 
multiple disabilities may be unable to verbalize their 
positive symptoms or conceptualize them as a mental 
experience. Negative symptoms may present as loss of 
cognitive function or regression.

The recognition of interictal depressive and anxiety 
disorders may be difficult in PWMD for reasons men-
tioned earlier in this chapter. Patients experiencing these 
disorders may appear withdrawn and increasingly iso-
lated, may refuse to participate in individual and group 
activities, may appear more irritable, and may be more 
prone to violent outbursts. Anxiety disorders may be sus-
pected when patients suddenly refuse to be left alone 
(e.g., sleep in their own room) and are unwilling to par-
ticipate in their usual activities. Many PWMD adapt to 
a specific routine and environment, and so any deviation 
from such routines may trigger marked anxiety and 
aggressive behavior as a way of resisting the changes. In 
such situations, behavioral strategies may be sufficient 
to reestablish their baseline behavior. However, identi-
fication of symptoms such as changes in appetite, early 
night insomnia, middle night or early morning awaken-
ing, or excessive somnolence may suggest an underlying 
endogenous psychiatric process. Attention deficit hyper-
activity disorder is relatively frequent among pediatric 
PWMD and is among the earliest psychiatric disturbances 

reported in patients with epileptic encephalopathies such 
as Landau-Kleffner syndrome and in autistic children. Its 
diagnosis is usually self-evident.

ASSESSMENT OF BEHAVIORAL OR 
PSYCHIATRIC DISORDERS IN THE 

CONTEXT OF EPILEPSY MANAGEMENT

The clinician working with PWMD and epilepsy is likely 
to be required to address the need for assessment in two 
relatively distinct areas. The first is as part of a diagnostic 
process in which a behavioral event must be differentiated 
as to whether it reflects an ictal phenomenon; the second 
will arise within the process of epilepsy treatment and, in 
the main, reflects a need to understand a behavior in the 
context of treatment. Recognition of the potential etiologi-
cal mechanisms highlighted earlier can be helpful. Skills 
needed outside of usual epilepsy competencies include 
psychologic assessment of the functions of behavior and 
psychiatric assessment of PWMD.

Differentiating Epilepsy and Behavior

The process of such differentiation is, in essence, no dif-
ferent from that in any other epilepsy context—a clear 

TABLE 44-3
Stressors that May Trigger Behavioral Problems 

TYPE OF STRESSOR EXAMPLES

 Source: Expert Consensus Guideline Series: Treatment of Psychiatric and Behavioral Problems in Mental Retardation (34).

Transitional phases

Interpersonal loss or rejection

Environmental

Parenting and social support problems

Stigmatization because of physical or intellectual 
  problems

Frustration

Change of residence, new school or work place, altered route to work 
Development landmarks (e.g., going into puberty, achieving majority)

Loss of parent, caregiver, friend, roommate
Breakup of romantic attachment
Being fired from a job or suspended from school

Overcrowding, excessive noise, disorganization
Lack of satisfactory stimulation
Reduced privacy in congregate housing
School or work stress

Lack of support from family, friends, or partner
Destabilizing visits, phone calls, or letters
Neglect
Hostility
Physical or sexual abuse

Taunts, teasing, exclusion, being bullied or exploited

Due to inability to communicate needs and wishes
Due to lack of choices about residence, work situation, diet
Because of realization of deficits
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witness history, examination, and appropriate additional 
investigations. As in any other epilepsy context, the full 
range of differential diagnosis exists including nonorganic 
disorders such as nonepileptic attack disorder (NEAD) 
and conversion disorders through to cardiac and endocri-
nologic disorders. The diagnosis must be based on posi-
tive evidence of epilepsy rather than a default to behavior 
disorder.

Most important is the diagnostic confusion that 
arises where the potential ictal phenomenon is one of 
rage or acute behavioral outburst. In this case, progress 
to video electroencephalograph (EEG) monitoring would 
be the definitive diagnostic process; however, the behavior 
disorder itself may militate against successful participa-
tion in investigation. In such situations clinicians must 
focus on a process of obtaining both objective descriptors 
of behavior and more detailed psychologic assessment of 
the behavior to differentiate it from other nonepilepsy-
determined behaviors.

This involves primarily a good-quality clinical his-
tory with emphasis on the temporal sequence of events 
and the temporal relationship between onset of behav-
ioral and psychiatric disturbance and seizure activity, 
supplemented where possible with video recording. Fol-
lowing an accurate description of the behavior, the next 
stage is an attempt to understand the behavior through 
functional analysis, which aims to delineate the purpose 
of the behavior. This is particularly important where 
doubt exists.

Frequently in complex cases, assessment will need 
a multiprofessional approach. This is particularly so for 
the clinic-based practice because some of the determi-
nants of non-epilepsy-related behaviors will lie in the 
individual’s environment and quality of care provision. 
So services with skills to assess such environments such 
as psychology, nursing, and social care may need to be 
involved.

Behavior in the Context of Epilepsy Treatment

It is likely that the most common clinical scenario arises 
during epilepsy management when the professional is 
called upon to assess the relative impact of epilepsy and 
its treatment on a particular behavioral disturbance. Most 
frequently this question focuses on potential impact of 
AEDs on behavior. As we have discussed, the relative 
evidence for AED effect is low whereas the evidence for 
preexisting social, genetic, and cognitively determined 
factors is high. A structured approach is recommended as 
we have shown in Figure 44-2. Of this, the primary aim is 
to (1) identify and define the apparent behavior abnormal-
ity and its chronological history, (2) assess the association 
with seizures, (3) assess the association with treatment, 
(4) assess underlying mechanisms, and (5) investigate as 
appropriate.

TREATMENT APPROACHES

The key treatment competencies are (1) defining a care 
plan, (2) exploring epilepsy or treatment-related causa-
tions, and (3) advising others on potential impacts of 
psychotropic interventions.

Defining a Care Plan

Because of the potential for PWMD to slip between 
clinical services, it is particularly important that the 
epileptologist is clear about the issue as to whether the 
behavior appears linked to epilepsy or its treatment or 
is believed to be independent of it. Such clarity will help 
nonepilepsy services provide the appropriate support 
and not expect solutions from the epileptologist, which 
will not be forthcoming. Thus, a care plan is essential. 
In cases in which there is no epilepsy-related causation, 
such a plan should (1) identify the reasons why epi-
lepsy has been excluded as an etiological mechanism, 
(2) comment on future epilepsy management, and (3) offer 
support if the clinicians have concerns over how their 
management approaches may impact on epilepsy. Where 
epilepsy-related mechanisms are implicated, the clinician 
should highlight the approaches to this problem (see 
following) and also request appropriate support for the 
behavioral problem from other care services.

Exploring Epilepsy or 
Treatment-Related Causations

When a seizure-related mechanism is suspected, the 
management plan should be one of a continued search 
for optimal seizure control. When identifiable postictal 
behaviors are found, it will be worth formulating specific 
plans for these behaviors, including the use of benzodi-
azepines to modify the seizures.

When treatment-related factors are suspected, such 
as a drug effect, then a risk assessment must be performed 
as to the potential risk of drug reduction. This is relatively 
simple when the AED appears to have had no effect on 
the seizures, but it is much more difficult when signifi-
cant seizure control has been achieved. In such cases the 
risks of withdrawal must be documented, communicated, 
and balanced with the risks from the behavior. Where 
the implicated AED has gained seizure freedom or dra-
matic success, it will be worth exploring treatments for the 
behavior or psychologic disturbance before discontinuing 
the AED.

Advising Others on Potential Impacts of 
Psychotropic Interventions

Psychotropic medication usage is high in this popula-
tion. Much of this is for behavioral intervention rather 
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than the specific control of recognized psychiatric illness. 
Professionals are often using medications off-label and 
will need to follow professional guidance and standards 
in this setting.

Notwithstanding the indication, the potential 
impact of psychotropic medication on seizure frequency 
will muddy the clinical waters and is worth reviewing. 
All antidepressants and antipsychotic drugs have been 
reported to cause seizures in people without epilepsy, and 

the identified factors for this observation include (1) high 
plasma serum concentrations, (2) rapid dose titration, 
(3) presence of other drugs with proconvulsant proper-
ties (4) presence of central nervous system pathology, 
(5) abnormal electroencephalogram, and (6) personal and 
family history of epilepsy.

Sensible guidance would be to (1) be alert for seizure 
worsening, (2) use newer medications such as selective sero-
tonin reuptake inhibitors (SSRIs) or novel antipsychotics, 

FIGURE 44-2

The assessment of behaviour in the setting of epilepsy management.
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and (3) always perform a thorough risk assessment and 
clearly identify potential seizure exacerbation as a potential 
danger.

In clinical practice this issue is rarely a problem, 
and in all likelihood more patients remain unexposed 
to potentially useful treatment, particularly for depres-
sion and anxiety, than have seizure deterioration as a 
side effect.

CONCLUSION

The ever-increasing treatment options available to people 
with epilepsy offer considerable hope for PWMD, but 
psychologic and behavioral difficulties pose considerable 
obstacles to realization of this hope. Clinical assessment 
and management in a multiprofessional manner can over-
come most of these obstacles.





ehavioral problems occur more 
commonly in children with epi-
lepsy than in children with other 
chronic diseases such as diabetes, 

asthma, or rheumatoid arthritis (1). Anxiety is common, 
particularly in adolescents, and depression is often not 
recognized and is left untreated. Although underlying 
brain dysfunction may play a role in behavioral abnor-
malities, family factors are also important and are more 
likely to be amenable to treatment. The observation that 
stress is associated with an increase in interictal spikes 
in a primate model of epilepsy (2), together with stud-
ies suggesting that management of stress may improve 
seizure control in children, emphasize further the impor-
tance of examining the psychosocial impact of epilepsy 
on the child and family (3, 4).

The diagnosis of epilepsy in a child can have a sig-
nificant impact on the cognitive processing, affect, and 
behavior of the parents. Feelings experienced by the par-
ents can include (1) loss of a perfect child, (2) realization 
that the child may always be different, and (3) a sense of 
stigma and fear that stigmatization may extend to other 
family members. Such feelings alter the dynamics of the 
family and influence parental behavior toward both the 
child with epilepsy and the siblings. Thus, the impact of 
the diagnosis of epilepsy in a child is not limited to the 
child but can extend to all family members (5).
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Despite the high prevalence of psychopathology, 
there have been few studies on the treatment of behav-
ioral abnormalities in children with epilepsy (6). The 
small number of studies resembles clinical practice, in 
which behavioral comorbidity is often not recognized in 
children with epilepsy or is considered to be an essential 
part of epilepsy and not treated specifically. This chapter 
addresses some of the family factors that may contribute 
to behavioral difficulties and suggests that management 
of psychologic comorbidity in the child and family adjust-
ment should play an integral role in caring for the child 
with epilepsy (6).

THE CHILD

Children with epilepsy may exhibit a wide range of 
behavioral problems including depression, distractibility, 
inattention, hyperactivity, anxiety, and aggression (1, 6). 
The higher incidence of conduct disorders, attention def-
icit disorder, and pervasive developmental disorder in 
children with epilepsy complicated by other neurologic 
abnormalities suggests that organic brain dysfunction 
can play an important role (6). Disorders of attention 
are common in children with epilepsy but differ in some 
ways from those in the general childhood population. 
In children with attention deficit disorder attending 

B
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psychiatry outpatient clinics, the male/female ratio has 
varied from 3:1 to 9:1, whereas a male/female ratio of 
1:1 has been reported in children attending an epilepsy 
clinic (7). Furthermore, children with epilepsy are likely 
to have the inattentive type of attention deficit disorder, 
whereas most children attending a psychiatry clinic have 
the combined type (7). This may have implications for 
drug selection in those children in whom methylpheni-
date has not been effective. Although concerns have been 
raised that methylphenidate lowers the seizure threshold, 
this drug was effective in children with temporal lobe 
epilepsy and was not associated with an increased seizure 
frequency (7). A systematic study of antiepileptic drugs 
failed to demonstrate an effect of the drugs on behav-
ior (8). However, certain antiepileptic drugs are associ-
ated with behavioral side effects, and the physician must 
remain alert to the possibility that the treatment may be 
contributing to behavioral difficulties.

Social factors also play an important role in behav-
ioral difficulties in these children. Children with epilepsy 
may experience stigmatization, teasing, and bullying from 
peers and different expectations from their caregivers. 
Children in lower socioeconomic status appear to be at 
particular risk of behavioral difficulties (9). Adolescents 
with epilepsy are more likely to have psychiatric problems 
than their peers. Even the adolescents with epilepsy who 
scored within normal limits on a self-report questionnaire 
reported a higher impact of their perceived difficulties 
on daily life than adolescents without epilepsy (10). Per-
ception of social stigma and a negative attitude to their 
disorder are factors that increase the risk of emotional 
difficulties. Children who have a negative attitude to their 
illness develop more problems related to self-concept and 
are more likely to develop depression, possibly as a con-
sequence of “learned helplessness” (9).

It is also important to consider factors that influence 
the resilience of children in adverse situations. Good sei-
zure control is one of the strongest predictors of improved 
behavior. In a longitudinal study of children with new-
onset seizures, there was a trend for behavioral difficulties 
to improve in children who had no further seizures and to 
remain unchanged in those with recurrence of seizures (1). 
Studies have failed to demonstrate a clear association 
between the age of the child and the behavioral difficul-
ties. This may reflect their use of chronological age as 
the variable studied. The psychologic maturation of the 
child at the onset of the epilepsy may be a more important 
predictor of coping and resilience. Thus, resilience and 
coping may be influenced by psychologic factors such as 
(1) the child’s stage of premorbid organization of person-
ality, (2) the child’s resourcefulness and vulnerabilities, 
and (3) the child’s cognitive capacity for understanding 
the complex nature of epilepsy and the implications of the 
diagnosis (11). Stresses within the family also influence 
the ability of the child to cope and increase the risk of 

behavioral problems. Similarly, how the family perceives 
epilepsy and interacts with the child may play an impor-
tant role, and these are discussed in the following sec-
tion. Whereas many studies have examined factors that 
increase the risk of behavioral problems, there are fewer 
studies that have examined resilience and how children 
with epilepsy cope successfully.

THE FAMILY

Parental Coping and Psychopathology

People who feel that they have some control over the 
events of their lives are better able to cope with stress 
than those who feel that their lives are determined by 
external forces. Parents usually experience a degree of 
shock at the time of the seizure and at the time of the 
diagnosis. This is often followed by a fear of the stigma 
associated with epilepsy. In parents who perceive that 
epilepsy has eroded their personal control, the fear of 
a further seizure may be a constant reminder of their 
initial traumatic experience. Thus, in one study, 31% 
of parents of children with epilepsy met the criteria for 
posttraumatic stress disorder, a prevalence similar to that 
in parents of children with potentially life-threatening ill-
ness (12). Furthermore, 32–37% of mothers of children 
with epilepsy score above the clinical cutoffs for depres-
sion (1, 13, 14).

Parental uncertainty as to what extent the child’s 
behavior is influenced by either seizures or medications 
may also compromise the ability of the parent to have 
a set of expectations for the child and to establish rea-
sonable rules for the management of certain behaviors. 
This may have an impact on children with epilepsy, who 
have been demonstrated to have a lower self-concept and 
higher level of depressive symptoms when the parents dif-
fer in their perception of the child’s ability to cope (15). 
Studies on other chronic health conditions have also dem-
onstrated that families are more likely to be overwhelmed 
when the parents have different approaches to parent-
ing (15). When role ambiguity was less, mothers of chil-
dren with epilepsy were better able to cope and had more 
self-esteem and better psychologic well-being (16). Simi-
larly, uncertainty in the father compromises his ability to 
cope and is predictive of paternal depression (17). The 
lack of clarity in the child’s role within the family makes 
it more difficult to determine new and appropriate roles 
and tasks within the family and is positively correlated 
with difficulty in parenting and maternal depression. It is 
therefore not surprising that parents often perceive that 
they lack competence in their parenting (18).

The parents’ psychologic well-being and their sense 
of control over events have a significant impact on psy-
chopathology in the child with epilepsy.  Depression occurs 
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in approximately one-third of parents of children with 
epilepsy, and there is a significant correlation between 
maternal depression and psychopathology in the child 
(13, 19–21). Similarly, lack of parental confidence in child 
discipline is a strong predictor of behavior problems in 
children with epilepsy (22). Lack of information on epi-
lepsy is an important and potentially preventable family 
stressor that may contribute to family stress and malad-
justment (5, 23). Although most studies have involved 
mainly mothers, studies examining paternal attitudes 
suggest that they also have considerable problems (17). 
This emphasizes the importance of epilepsy education, 
which ideally should include the entire family.

Parent–Child Relationship

The parent–child relationship can have a significant 
impact on the behavior of children with epilepsy. Mater-
nal warmth correlates significantly with lower levels of 
antisocial behavior and somatic complaints. Similarly, 
positive remarks by the mother are associated with lower 
levels of neuroticism, somatic problems, and depres-
sion (13). In contrast, maternal criticism is associated 
with higher levels of overall psychiatric disturbances 
and antisocial behavior (13). Furthermore, the child’s 
rating of parental overcontrol correlates directly with 
higher levels of depression, impulsiveness, and home and 
school behavior problems (24). Several studies support 
this observation, and children do less well in families that 
are overcontrolling (9, 22).

In a literature review of 35 studies between 1970 and 
2004 that examined family factors and psychopathology 
in children with epilepsy, interactions between parent and 
child were considered to exert the greatest influence on 
child psychopathology (25). Parents of children with epi-
lepsy tended to be less supportive than parents of healthy 
children. Fathers were less affectionate and less perfor-
mance oriented, and both fathers and mothers were less 
stimulating. In addition, the parents tended to favor the 
child with epilepsy, had problems limit setting, and dem-
onstrated more inconsistency in parenting that child.

Family Cohesiveness

The help and support that the family provide for one 
another plays an important role in the child’s behavior. 
Measures of conflict and cohesion within the family were 
considered a major predictor of negative outcome in one 
study (26). Similarly, children with high scores in inatten-
tion, hyperactivity, social dysfunction, and thought dis-
turbance were more likely to be from a family that scored 
high on the conflict dimension and low on the cohesion 
dimension of the Family Relations Index (26). This is 
significant in that families of children with epilepsy tend 
to be more rigid and less close than control families and 

seem to have more problems with family functioning and 
family stress than control families (25). Family cohesive-
ness shows a negative correlation with seizure frequency 
and seizure duration (26). A causal relationship has not 
been demonstrated, but it has been speculated that the 
emotional climate of the family might have an impact 
on seizure frequency. Animal studies have demonstrated 
that psychosocial stress may correlate with interictal dis-
charges. Thus, Lockard (2) observed that monkeys low in 
the social hierarchy had more epileptic discharges when 
exposed to dominant monkeys in the group.

Parental Perception, Parenting Differences, and Marital
Conflict. Family members of children with epilepsy 
report high levels of depression, anger, guilt, helpless-
ness, and frustration (5). More than 20% of mothers 
who had children with epilepsy had histories of nervous 
breakdowns (27). Thus, epilepsy in a young family mem-
ber places the entire family at risk for problems involving 
family communication, cohesion, and integration (28).

Mothers have been the main caregivers in most 
studies (29), and there have been relatively few studies of 
fathers. Emotional overinvolvement by the mother with 
the child who has epilepsy is relatively common. This may 
result in overprotectiveness and lead to emotional imma-
turity, poor social skills, and difficulty in the child’s ability 
to make normal peer relationships (5). Fathers of children 
with epilepsy, but not mothers, report a lack of competence 
in parenting when compared with parents of healthy chil-
dren. In addition, fathers of children with epilepsy have 
expectations of the child that exceed their child’s actual 
abilities to a much greater extent than fathers of unaffected 
children (30). This emphasizes the importance of including 
the father in the epilepsy education.

The parents’ belief system and personalities can 
influence their interpretation of epilepsy and their reac-
tions (31). When parents have different perceptions of 
epilepsy, this can have an impact on their expectations 
and their approaches to parenting. These can result in 
interparental conflict on how the child’s behavior should 
be managed, which leads to increased stress on the family 
and child. For example, differences in how each parent 
perceives the child’s ability to cope can lead to delays in 
obtaining support for the child or may result in a par-
ent not being willing to participate in family or marital 
therapy (15). Sheeran et al. (32) also observed that the 
husbands of mothers who had difficulties dealing with the 
stress engendered at the time of the diagnosis perceived 
less cohesion and affection in their marriage. When par-
ents differ in their perceptions and expectations of the 
child, there is a risk that a parent–child coalition might 
develop instead of the more ideal parental coalition. In 
such a situation, the child’s relationship with one parent 
may be very different from his or her relationship with the 
other parent. This may not be ideal in that family system 
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theory suggests that strong cross-generational coalitions 
may be detrimental to the well-being of family members 
and to the family unit as a whole. The most damaging 
aspect of such coalitions is that the parental behavior in 
parent–child interactions is likely to be in response to the 
parent’s needs rather than the needs of the child (15, 33). 
Thus, children with epilepsy and behavior problems are 
more likely than other children with epilepsy to live in 
families characterized by marital conflict, divorce, or 
psychopathology in other family members (34). Despite 
the acceptance that problems with family functioning 
are more common when a child has epilepsy, there have 
been very few studies of marital conflict, one of the most 
important contextual variables related to child psychopa-
thology, in families of children with epilepsy (25).

Effect on Siblings. The diagnosis of epilepsy often has 
an underrecognized impact on siblings, who may observe 
the seizures and the reaction of their parents to the sei-
zures. The siblings will also be affected by the paren-
tal adjustment to the diagnosis of epilepsy and, if they 
attend the same school, may experience the reactions of 
the school staff and of other students at the school. In 
a study of children between 8 and 12 years of age, the 
siblings reported concerns about their brother or sister 
getting hurt or dying as a result of a seizure, and the 
younger siblings more often reported feeling left out (35). 
Friends, school teachers, and even relatives may see the 
family as a unit and “parenticize” the siblings, looking to 
them for information or support. Even siblings of children 
with infrequent seizures report concern that people might 
make fun of them because of their brother’s or sister’s 
seizures. They also express concerns that they did not 
know what to do if their sibling has a seizure. One might 
expect that siblings would have less time and stimula-
tion from their mothers especially at the time of the ini-
tial diagnosis and if the child has complicated epilepsy. 
However, although the nurturance and support received 
by siblings is usually less, parental expectations in terms 
of school performance and socialization often remain 
high (28, 36). Thus, siblings face the additional challenge 
of less care and nurturance and the elevated expectations 
of the parents. This may explain the increased incidence 
of externalizing behaviors in siblings of children with fre-
quent seizures (35). In our experience, siblings often feel 
that the time spent with them by the parents is much 
more limited. Furthermore, they often perceive that their 
sporting and social activities are curtailed because of the 
time demands of the child with epilepsy. Finally, siblings 
often indicate that the parents are not sensitive to their 
needs. We encourage parents to set aside one-to-one time 
with the other children and to be aware that all family 
members are often affected by the diagnosis. It is also 
important that the siblings receive some appropriate 
information on the child’s epilepsy. In our experience, 

siblings exhibiting behavioral difficulties often demon-
strate a substantial improvement when a professional 
explains to them some of the basic facts about epilepsy 
and how it might affect the child with epilepsy.

SUPPORT SYSTEMS

The resourcefulness of the parent may play an important 
role in overcoming the demands of parenting a child with 
epilepsy (5). Mothers with college education had a lower 
level of depression compared to mothers with high school 
or lower education (16). Similarly, mothers who were 
optimistic dealt more effectively with the negative social 
stigma of epilepsy, helped their child more to accept the 
diagnosis, and also established more appropriate goals for 
the child’s development and growth (16). Families who 
are able to deal with the child’s epilepsy and feel confident 
that they can manage their child’s problems transfer this 
confidence to the child and improve the quality of life of 
the child and family. Lack of information or education 
about epilepsy and an unclear expectation of the child’s 
functioning can lead mothers to experience significant 
mental distress and become overinvolved (16).

Lack of support in the family or extended family 
can undermine parents and create distress for mothers. 
Families of children with epilepsy have significantly less 
family resources, such as extended family social support, 
than families of children with asthma (37). Low-income 
families and single-parent families are particularly vulner-
able (10). In contrast, the mental health of the mother is 
enhanced by family members who have adequate emo-
tional boundaries and whose roles and functions are clear 
to each other (38, 39).

A supportive attitude by the school can have a sig-
nificant impact on the psychologic well-being of the child 
and family. Children older than 4 years are in school for 
6 hours on a school day, and parents have fewer concerns 
if they perceive the school to be a safe and supportive 
environment. Furthermore, the attitude of the school staff 
may influence positively the development of social skills 
and academic achievement. Education of teachers and 
students in the classroom can influence their attitude to 
the child with epilepsy and limit stigma. A more positive 
attitude taken by the school staff toward a child with 
epilepsy is likely to lessen the teasing and bullying that can 
occur. School staffs that are afraid of handling seizures 
are more likely to develop rigid rules and regulations and 
call parents after the slightest change in the child’s condi-
tion. This can have a major impact on the daily routine 
of parents, who feel they have to be always on call to the 
school. Despite the obvious importance of school support 
for children with epilepsy, there are limited data on its 
impact on school attendance, academic and social devel-
opment, and adjustment in children with epilepsy. For the 
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school to address the needs of the child with epilepsy, the 
teachers must have a clear understanding of the diagnosis 
and its implications. Thus, the process of epilepsy educa-
tion should include the school staff as well as the child 
and family members. Children with learning difficulties 
should have a psychoeducational assessment to guide the 
development of an individual educational plan.

CONCLUSION

The diagnosis of epilepsy can have a profound psychologic 
effect on the child and family. Family dynamics can be 
markedly disrupted, and family members often experience 

psychologic distress. Professionals dealing with children 
with epilepsy often fail to recognize the extent of psycho-
pathology in the child and family, and active manage-
ment of these issues occurs infrequently. This is likely to 
compromise the emotional development of the child and 
family and may even have an impact on seizure control. 
Education of the child, family, and school staff should 
be an integral part of the care for children with epilepsy. 
In addition, the psychologic well-being of the child and 
other family members should be monitored and treatment 
instituted when required. In our experience, involvement 
of a psychologist in the management of families with psy-
chologic symptoms can have a profound effect on the 
behavior of the child with epilepsy and on the family.
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his chapter will focus on the cogni-
tive and neuropsychologic function-
ing in children and adolescents up 
to the age of 16 years with “epilepsy 

only,” which is defined usually as a condition without 
any other neurologic signs or symptoms than seizures 
and without evident cognitive disabilities. We include all 
seizure, epilepsy, and syndrome types other than those 
with known association of severe cognitive or psychiatric
disorders (e.g., Lennox-Gastaut and Landau-Kleffner 
syndromes) or major risk for significant developmental 
problems (e.g., West syndrome).

Epilepsy is one of the most common chronic neuro-
logic conditions in childhood with a prevalence ranging 
from 3 to 6 per 1,000 (1) and an incidence of 25–100 
per 100,000 per year, highest in children under the age of 
3 years. Children with epilepsy are at an increased risk for 
developing cognitive and neuropsychologic problems, but 
they cannot be considered as a single group with a single 
disorder. Epilepsy in this age range is a heterogeneous 
condition, with evident additional neurodeficits such as 
mental retardation or cerebral palsy in up to 30% of 
all cases in population-based studies (2). However, more 
specific neuropsychologic problems have been described 
also in children with benign and idiopathic epilepsies 
and syndromes (e.g., rolandic epilepsy), and they have 
practical implications. These must be addressed in the 

clinical management of childhood epilepsy, which has 
goals such as seizure freedom and support of the motor, 
social, and neurocognitive development of the child.

DEVELOPING FUNCTIONS, DEVELOPING 
BRAIN, AND DEVELOPING CHILD

The effects of epilepsy on child development, learning, 
and behavior constitute a complex subject because all 
developing systems change over time. The development 
of the brain, the development of neurocognitive functions 
connected to brain development, and the development 
of social interactions between a growing child and her 
parents, siblings, and other meaningful people and even 
physical environment are greatly connected in the process 
of development. Thus it is scientifically a very difficult task 
to identify the meaningful factors during development. 
One way to approach the problem is to try to control some 
of these factors. Because epilepsy is often connected with 
various other diseases and dysfunctions, it is not surprising 
that the results of the studies about epilepsy and cognitive 
functions are contradictory and vary greatly. From clinical 
practice we know that there are children who are doing 
quite well in spite of epilepsy and there are children with 
many difficulties. Our focus to the problem is looking at 
the children with “epilepsy only.”

T
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The brain and brain functions are developing most 
rapidly in the first years and decades of life. Seizures and 
their treatment may interfere with the essential skills 
emerging at the age of epilepsy onset and thereafter. The 
immature brain has the capacity of reorganizing around 
insulted areas, thus rendering the damage less impairing, 
but this diminishes during maturation. Seizures and their 
treatment interfere with brain functions by overactiva-
tion, interruption, inhibition, and restructuring of vital 
functional pathways. Long and frequent seizures may 
alter neural circuits and neurotransmitter balances. This 
is seen especially in limbic systems (3).

Factors related to epilepsy may distort developmen-
tal processes in the developing brain, yet the developing 
brain may be able to overcome such distortions by alter-
native development processes. The developed brain is 
essentially matured and thus not apt to experience devel-
opmental disorders. However, any damage done at this 
age is a loss, because mature brain is limited in its ability 
to recover functions (3).

The brain is especially sensitive to insults in the ear-
liest years of life. Recovery may be gained with age, but 
in part this may be more of compensation and rewiring 
of the developing nervous system. Children with severe 
seizure disorders in infancy are often more functionally 
handicapped than those with seizures of onset later in 
childhood, who again may be more handicapped than 
those with adolescent age at seizure onset.

From the brain development aspect the effects of epi-
lepsy are connected to factors such as timing at onset of 
epilepsy; for example, what neuropsychologic functions 
are most actively developing at the time? The frequency 
of seizures is also important, of course, because frequent 
seizures do not allow time for the brain to recover.

When considering the cognitive, learning, and 
behavioral outcomes of childhood epilepsy, one way 
of approaching the problem is to study the psychologic 
and neuropsychologic development of the child and try 
to find out which functions are most vulnerable to the 
effects of epilepsy at different ages. We know the devel-
opment of motor and language functions quite well, and 
we have good normative data and methods to assess 
the development. Our knowledge of the development of 
attention, executive functions, memory, and even visuo-
spatial functions is not at all that precise. So it is much 
more difficult, from the developmental point of view, 
to consider the possible difficulties epilepsy brings to 
development.

The demands of environment and the challenges 
that family and social environment offer are also impor-
tant when considering how children with “epilepsy only” 
in early childhood, school age, and adolescence solve their 
developmental tasks and gain social competency to man-
age later on in their life in society. So there is a complex 
interdependence of several neurologic, psychologic, and 

social factors influencing one another at the same time, 
and it is extremely difficult to isolate their individual 
impacts during development (4).

GENERAL COGNITIVE FUNCTIONS

Factors Contributing to 
Neurocognitive Functioning

The factors contributing to neurocognitive impairment 
in children with epilepsy are multifactorial, including, 
for example, the underlying etiology and neuropathol-
ogy, electroencephalographic (EEG) discharges and 
seizures, antiepileptic drugs, and various psychosocial 
factors. Poor cognitive outcome is generally associated 
with early onset, long duration of the disease, and poor 
seizure control. There is evidence that cognitive functions 
may be impaired already at the onset of the disease, and 
that the maturation of cognitive functions in children is 
susceptible to the adverse influence of epilepsy (5).

Early age at onset of epilepsy can be regarded as one 
of the major risk factors for later impaired neurocognitive 
development. This might be due to the fact that this age is 
an era of rapid motor, social, and cognitive development, 
and early onset of seizures is likely to be associated with 
longer duration of the epilepsy. Also, seizure or epilepsy 
syndrome types at an early age are more often severe and 
symptomatic. Childhood is also a sensitive time period 
in the development of the central nervous system (CNS); 
that is, synaptogenesis and myelogenesis are active pro-
cesses related to CNS maturation that can be disrupted by 
seizures, even by discharges. In clinical studies, early onset 
of temporal lobe epilepsy (6) has been associated with 
adverse neurodevelopmental impact on brain structure 
(white matter tissue volume loss) and cognition (full-scale 
IQ and verbal and nonverbal memory).

General Intelligence

The prevalence of cognitive, psychiatric, and behavioral 
disorders in children with epilepsy, as a group, is increased, 
and some of these difficulties have been described also in 
children with “epilepsy only.” However, not all follow-up 
studies have observed clear differences between children 
with “epilepsy only” and age-matched controls in cogni-
tive and behavioral performance over time; nonetheless, 
the results of a study with prospective, population-based 
methodology (7) imply that children even with idiopathic 
epilepsy are at risk for learning problems, regardless of 
normal IQ. Even though the intelligence scores have 
been found to be slightly lower in children with epilepsy 
compared to their siblings and children with migraine in 
follow-up studies, this difference has been shown to be 
quite stable (8).
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Prognosis of Cognitive Functioning

A review of longitudinal cognitive studies in children 
and adolescents (9) on the neuropsychologic effects of 
seizures and epilepsies, having formal psychologic test-
ing both at the beginning and at the end of the study, 
concludes that there is a mild but definite relationship 
between seizures and mental decline, but that future 
studies should include better assessment of the types 
and frequencies of seizures experienced. The cognitive 
effects of single seizures would need extensive study 
periods (more than 25 years). Cognitive studies should 
also include matched control groups for age and educa-
tion, because developmental and aging changes should 
be considered in longitudinal investigations.

Long-term prognoses in idiopathic generalized and 
nonsymptomatic focal epilepsies and syndromes (5) 
include the following:

• Mild frontal lobe deficits with largely unknown but 
presumably favorable long-term outcome in juvenile 
myoclonic epilepsy

• Mild attentional problems with largely unknown 
outcome in generalized epilepsies with absence or 
generalized tonic-clonic seizures

• Mild heterogeneous deficits, with presumably favor-
able outcome, in idiopathic focal syndromes such as 
benign epilepsy with centrotemporal spikes (rolan-
dic epilepsy) and occipital-lobe epilepsies

• Impaired executive and attentional functions with 
largely unknown outcome in nonsymptomatic fron-
tal lobe epilepsies

• Material-specific episodic memory impairment with 
very slow deterioration in temporal lobe epilepsies

• Largely unknown and variable with unknown or het-
erogeneous outcome in parieto-occipital epilepsies

The general neurocognitive functioning of school-
aged children with “epilepsy only” does not seem to 
differ significantly from age norms in formal neuropsy-
chologic testing, but because of the heterogeneous nature 
of epilepsy and many confounding factors, future studies 
should focus on larger cohorts of children from different 
age groups and different epilepsy and syndrome types 
using matched control groups to determine those factors 
that can have impact on the neurocognitive performance 
at the individual level.

To predict the risk for neurocognitive problems in 
children with “epilepsy only” based on medical factors 
remains very difficult. Therefore, careful monitoring of 
educational progress and individual neuropsychologic 
tests when necessary should be included in the follow-
up of children with epilepsy—especially of those children 
with learning problems at school—because the support 
for neurologic and cognitive development is an essential 
part of treating epilepsy in childhood.

SPECIFIC NEUROPSYCHOLOGIC
FUNCTIONS

Neuropsychologic dysfunctions are not rare in children 
with idiopathic epilepsy who have normal IQs (10); the 
most common findings are deficits in memory and atten-
tion, mental slowing, slow reaction times, and problems 
in alertness; see for example, Aldenkamp et al. (11); 
Gulgönen et al. (12); and Aldenkamp and Arends (13). 
Difficulties have also been found in language functions 
(14) and visuomotor coordination (15). There are also 
studies, however, in which no dysfunctions have been 
found. Intact verbal memory and language functions were 
reported by Pavone et al. (16) and Boelen et al. (17), who 
found no differences between overall psychomotor devel-
opment compared to controls. The findings are still con-
troversial. We next take a more detailed look at the studies 
concerning problems in attention, memory, and language 
functions among children with “epilepsy only.”

Attention

Attention is a construct of many subfunctions rather than 
a single special neurocognitive function. It is closely related 
to memory and executive functions (18). Attention refers 
to a general state of arousal, vigilance, and alertness—
selective, focused, and sustained attention. Up to 60% of 
children attending an epilepsy clinic may have attentional 
problems (19). Alertness may be impaired unrelated to the 
seizure type or EEG activity. Studies that try to avoid the 
selection bias toward the more severe end of spectrum of 
childhood epilepsy show that epilepsy may be associated 
with specific deficits in attention unrelated to factors such 
as IQ or treatment (20). Also, in studies in which results 
indicate that neurocognitive functions in general are within 
expectations, the tasks that make use of verbal and visual 
attention skills are performed relatively more poorly, sug-
gesting a special attentional impairment (14).

Studies of children with benign rolandic epilepsy (21) 
and children with other new-onset idiopathic epilepsies 
before formal diagnosis and without therapy (22) have 
shown that these children have more problems in atten-
tion tasks, but the differences were minor and were not 
seen in all domains of attention tested.

As Deonna et al. (23) point out, however, some chil-
dren with focal epilepsies and a significant cognitive deficit 
may have fully preserved attentional capacities, indicating 
that epilepsy in general does not necessarily impinge on 
attentional mechanisms. In focal epilepsies of frontal ori-
gin, attentional deficits are a major problem—sometimes 
initially the only problem before other deficits become 
evident. Inattentiveness may be seen in “functional” focal 
epilepsies as in rolandic epilepsies.

Cognition and attention are closely related. In a 
critical review Sanchez-Carpintero and Neville (24) sum 
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up that children with epilepsy have some attentional diffi-
culties, although the evidence is sometimes contradictory. 
They point out that attentional problems have been found 
in heterogeneous samples with broad measures such as 
behavioral questionnaires; but whereas some studies have 
found attention difficulties in cognitive tests, others failed 
to do so. Sustained attentional deficits have been found in 
children with complex partial seizures and benign child-
hood epilepsy with centrotemporal spikes. Children with 
rolandic epilepsy have sustained attention difficulties, and 
right-sided interictal epileptiform activity in these chil-
dren interferes with right hemisphere activity, including 
sustained attention. These children also show selective 
and divided attention difficulties if they have epileptiform 
discharges during sleep. Children with complex partial 
seizures have sustained attention deficits but no difficul-
ties in selective or divided attention (24)

There is also a question concerning the complex 
interrelationship between epilepsy and attention-deficit 
hyperactivity disorder (ADHD). Deonna et al. (23) con-
clude that

1. Attentional problems, with or without hyperactivity, 
are frequent in children with epilepsy, as compared to 
a control population. They are directly or indirectly 
related to the effects of epileptic disease. 2. Severe defi-
cits of attention are prominent in some forms of pre-
frontal epilepsy in children, but they are associated with 
other cognitive and behavioural problems. 3. Children 
with a “typical” attention deficit disorder (ADD) do 
not have higher incidence of epilepsy than a control 
population. 4. [E]pilepsy rarely presents with isolated 
attention problems in the absence of other behavioural 
or cognitive difficulties. [5]. Attention deficit disorder 
and epilepsy often co-occur in the same child with-
out [a] clear link. It may be the coincidence of t[w]o 
separate disorders or independent consequences of the 
sa[m]e brain pathology.

Memory

Memory involves a network of intercorrelated anatomical 
brain structures—hippocampus, parahippocampal struc-
tures, temporal lobe neocortex, amygdala, and the fron-
tal lobe. Memory deficits are well documented among 
children with epilepsy. Standardized objective measures 
have demonstrated difficulties in working memory, ver-
bal memory, and nonverbal spatial memory. However, 
the impact of these deficits on everyday functioning is 
not fully understood (25). Different patterns of memory 
deficit are connected in specific epilepsy syndromes. In 
earlier studies, memory deficits were more connected 
with temporal and frontal lobe epilepsies, but children 
with idiopathic epilepsies or “epilepsy only” also seem to 
have memory deficits. Pavone et al. (16) studied memory 
and other cognitive functions of children with absence 

epilepsy, finding selective deficits in visual memory and 
other visuospatial skills compared to controls.

In addition, children with idiopathic occipital lobe 
epilepsy may have deficits in memory (12). Nolan et al. 
(26) have compared and characterized the memory func-
tion of seventy children aged 6–18 years with absence 
epilepsy, frontal lobe epilepsy, and temporal lobe epilepsy. 
They found dysfunctions in all epilepsy groups. Even chil-
dren with absence epilepsy, who performed otherwise quite 
well, had memory problems. These children had specific 
difficulties and statistically lower performance in tasks of 
visual memory (Rey picture, finger window task). How 
much this is a question of an attention problem remains 
unanswered, because the finger window task relies very 
much on the child’s ability to sustain attention.

Memory impairments may occur in children 
regardless of intelligence level and influence academic 
achievement and social interaction. Impairments have 
been reported in different aspects of memory function: 
short-term memory (7, 27, 28), nonverbal and visual 
memory (12, 16), and generalized memory problems as 
well (29).

Kadis and coworkers (25) used a comprehensive 
battery of standard neuropsychologic measures of mem-
ory and also questionnaires about the children’s everyday 
memory abilities that were filled in by parents and the 
children themselves. They failed to observe any significant 
contribution of objective measures in predicting memory 
estimates. Their findings suggest that objective and sub-
jective measures assess distinct processes in children.

It is important for clinicians to recognize that mem-
ory difficulties are not confined to children with focal 
epilepsy, but may also affect children with generalized 
epilepsy. Poor academic achievement out of keeping with 
predicted intelligence should alert the clinician to the pos-
sibility of memory dysfunction. Memory disability is not 
determined by broad tests of intellectual function, and 
special neuropsychologic evaluation of memory functions 
is required (26)

Language

There are studies that show that 20% of children with 
epilepsy have language problems (19). Several studies 
have shown that epilepsy may be connected in specific 
impairments in language functions. Problems in speech 
production and comprehension (30), phonological pro-
cessing (29), and word fluency (28) are reported.

There is a question of whether a developmental 
language delay can be the only manifestation of focal 
epilepsy. Several EEG studies (including sleep recordings) 
of children with developmental dysphasia or specific lan-
guage impairment, and some therapeutic trials, have not 
produced any convincing evidence that epilepsy is the 
cause of typical developmental dysphasia (23).
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NEUROPSYCHOLOGIC FUNCTIONS 
AND LEARNING

Learning and Learning Disabilities

Children with epilepsy are at higher risk for learning 
and behavioral problems than their peers. The risk is 
higher than for other chronic diseases (asthma or dia-
betes) (4). There are great differences, however, in the 
estimates (5–50%) of how many children with epilepsy 
also have comorbid learning difficulties and the need for 
special educational support (11). Learning difficulties in 
reading, writing, reading comprehension, and arithmetic 
are typical in school-aged children with epilepsy (31). 
Uncontrolled epilepsy with high seizure frequency cor-
relates with learning problems (11, 32).

Impaired attention may contribute to decreased aca-
demic performance regardless of the seizure type, gender 
of the child, and duration of epilepsy (33). Studies and 
clinical practice indicate that problems with attention 
underlie the educational problems of these children. 
Although there appears to be no evidence of specific types 
of learning difficulties associated with “epilepsy-only” 
schoolchildren, attentional difficulties are described in 
several studies (14).

In children with epilepsy, school achievement 
is often worse than predicted by intelligence quotient 
alone (10). The children are thought to be underachiev-
ing. The school career of children with “epilepsy only” is 
at risk (7). Aldenkamp et al. (34) have proposed a model 
with type of epilepsy (epilepsy syndrome) as the domi-
nant factor explaining educational underachievement in 
children with epilepsy. Such educational underachieve-
ment is most prominent for the symptomatic focal and 
generalized epilepsies, which suggests a dominant impact 
of underlying etiology (brain dysfunction or damage).

Fastenau et al. (35) found that children with epilepsy 
coming from a disorganized or unsupportive family are 
at especially high risk for academic underachievement. 
However, as shown by Oostrom et al. (27), the child’s 
prediagnosis learning and behavioral histories and the 
parents’ ability to continue their habitual parenting, 
rather than epilepsy-related variables, are important for 
understanding the cognitive and behavioral problems 
in children with “epilepsy only.” Therefore parents’ 
guidance, and psychosocial and psychoeducational 
interventions to support psychologically and socially 
competent development of children with epilepsy, 
should be emphasized.

There may be a cultural influence, too, however, as 
Oostrom et al. (27) indicate. In the Netherlands no less 
than 22% of children with “epilepsy only” have repeated 
a year at school either before or in the first year after 
the diagnosis (22). Also, special educational assistance 
was needed more often for children with “epilepsy only” 

(51%) than for their healthy classmates (27%). There are 
great differences, however, between the school systems 
and special educational support in different societies.

In Japan, Wakamoto et al. (36) could not find social 
disadvantages in Japanese persons who had “epilepsy 
only” and normal intelligence in childhood. In an epide-
miological follow-up study carried out in Finland, lifelong 
consequences of educational and psychologic depriva-
tion were reported (37). However, in Finland, 17.6% 
of the total comprehensive school population receives 
some form of additional education support, and in 5–8% 
of children this is due to developmental neurocognitive 
problems, which implies that the conclusion of causality 
between epilepsy and learning problems should be drawn 
with caution. Children with epilepsy are exposed to two 
risk factors: those that cause learning problems in the gen-
eral population, and the risk related to epilepsy per se.

Practical Implications

Although children with “epilepsy only” are individuals, 
there is some evidence and also clinical experience that 
they may have common problems in attention, memory, 
and language skills. They may be easily distracted and 
cannot sit still. Or they seem to daydream. They may 
have difficulties with comprehending and processing ver-
bal material, or they may have expressive deficits. They 
forget things, and keeping their thoughts in order may 
sometimes seem difficult. On the other hand, there is no 
such thing as an epileptic personality or typical epileptic 
behavior (23).

The support for the child and family should be 
planned individually (3). At school there are several 
things to consider: the classroom placement and seat-
ing, means of gaining attention, checking comprehen-
sion, rephrasing and restating, using brief instructions, 
using visual aids and writing instructions, creating a quiet 
study area, encouraging participation, and so forth. Fam-
ily guidance and cooperation among parents, school, and 
medical care is important. Neuropsychologic assessment 
and knowledge of the neurocognitive profile of a child 
may help to concretize the needs for special educational 
support, especially when a change in the school achieve-
ment of a child is noticed.

CONCLUSIONS

Children with “epilepsy only” are expected to have nor-
mal development and average intellectual functioning. 
However, despite the favorable medical prognosis, these 
children are at risk of various neurocognitive defects. 
Factors associated with good progress are normal devel-
opment before onset of seizures, short seizure history, 
good seizure control, and positive family history. Risk 
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factors are early onset, poor seizure control, high fre-
quency and long duration of seizures, ineffective medi-
cation, and little support from the family. The findings 
concerning individual seizure-related factors of epilepsy 
and neurocognitive functioning are inconsistent (38), and 
one cannot find a single neuropsychologic profile among 
children with “epilepsy only.” The picture is still quite 
diffuse, and more research work is needed.

The psychologic consequences of the epileptic dis-
ease for the child and the family are sometimes more 
important in children with mainly cognitive-behavioral 
manifestations of epilepsy, in whom seizures may be 
rare and not the main concern. In these situations, 

psychologic reactions to the disease must be differenti-
ated from quite similar symptoms that can be under-
stood and explained as a direct effect of epilepsy (23). 
As Aicardi (39) writes:

. . . harmful effects are not entirely, or even mainly, 
the result of the cause of the epilepsy condition, or of 
the psychological consequences, but mostly the result 
of interference of chronic epileptic activity with neu-
ronal function, with maturation, with post-synaptic 
structure and organization that may be sufficient, at 
the behavioral level, to preclude, transiently or per-
manently, a child’s ability to normally interact with 
his/her environment and with learning.
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n epileptic seizure is a clinical event 
in which an observable alteration 
in neurologic function is associ-
ated with hypersynchronous neu-

ronal discharges. Patients with epilepsy may also have 
associated cognitive and behavioral dysfunction. Cogni-
tive and behavioral dysfunction may occur during the 
actual seizure or as a postictal phenomenon. Cognitive 
and behavioral dysfunction may also result from the 
underlying etiology of the epilepsy, the frequency of 
the actual seizures, side effects of antiepileptic drugs 
(AEDs), or comorbid psychologic or psychiatric disor-
ders, such as or depression (1). Also, there are certain 
epileptic syndromes in which prominent neurologic, 
behavioral, and psychiatric manifestations are related 
to the abundance of epileptiform electroencephalo-
graphic (EEG) activity, usually occurring during sleep. 
These are called epileptic encephalopathies, disorders 
in which epileptiform abnormalities contribute to pro-
gressive dysfunction (2, 3).

The Landau-Kleffner Syndrome (LKS) and epilepsy 
with continuous spike-waves during slow sleep (CSWS) 
are specific epilepsy syndromes recognized by the Inter-
national League Against Epilepsy (ILAE) (2–6) as epi-
lepsies and syndromes undetermined as to whether they 
are focal or generalized (5). These two syndromes are 
now classified as epileptic encephalopathies (2). The other 

The Landau-Kleffner 
Syndrome and Epilepsy 
with Continuous 
Spike-Waves During Sleep

James J. Riviello, Jr.
Stavros Hadjiloizou

47

A

377

defined epileptic encephalopathies are early myoclonic 
encephalopathy, Ohtahara syndrome, West syndrome, 
Dravet syndrome, myoclonic status in nonprogressive 
encephalopathies, and the Lennox-Gastaut syndrome (2). 
LKS and CSWS are also considered special syndromes of 
status epilepticus (SE) (7).

Patry and coworkers defined the term electrical status 
epilepticus of sleep (ESES) (8), prior to the definition 
of CSWS by the ILAE. However, ESES and CSWS are 
synonymous terms; status epilepticus during sleep (SES) 
is also used (9). The strict definition of ESES requires 
sleep-activated epileptiform activity in greater than 85% 
of slow wave sleep (6, 8). Veggiotti and colleagues empha-
sized the difference between the EEG pattern of CSWS 
and the epileptic syndrome of CSWS (10). Not all patients 
with sleep-activated EEG epileptiform activity consistent 
with ESES have the epileptic syndrome of CSWS. We 
use ESES to describe the EEG and CSWS to describe the 
epileptic syndrome, and we emphasize that these two 
epileptic syndromes are diagnosed by both the clinical 
manifestations and ESES, but not ESES alone.

Regression in intellectual or cognitive abilities is 
the hallmark of LKS and CSWS (3, 4). In fact, regression 
may be the presenting manifestation in some children, 
with language regression the hallmark of LKS and a 
more global neuropsychiatric regression in CSWS. Overt 
clinical seizures may not occur in all children with either 



VIII • PEDIATRIC AND ADOLESCENT EPILEPSY378

syndrome, but behavioral and psychiatric disorders are 
very common. In general, cognitive regression should 
always raise the suspicion of a sleep-activated epileptic 
encephalopathy, especially in a child with an underlying 
developmental or neurologic disorder. Children require 
antiepileptic therapy for the seizures and epileptiform 
EEG activity and may require counseling or psycho-
pharmacologic therapy for the associated behavioral 
disorders.

LKS and CSWS are rare pediatric epilepsy syn-
dromes (11). In a recent 20-year epidemiologic study 
of childhood epilepsy, Kramer and colleagues reported 
LKS and CSWS in 0.2% each, compared with West 
syndrome in 9%, myoclonic seizures in 2.2%, and 
Lennox-Gastaut syndrome in 1.5% (12). Ohtahara 
syndrome and myoclonic astatic epilepsy also occurred 
in 0.2% each.

CLINICAL MANIFESTATIONS 
AND EVALUATION

LKS usually develops in children older than four years 
(13), with a range of 3 to 10 years (14), presenting with an 
apparent word deafness, or a “verbal auditory agnosia.” 
Seizures and behavior disturbances, particularly attention 
deficits and hyperactivity, each occur in approximately 
two-thirds of children with LKS (3). The majority of cases 
are classified as “idiopathic,” although any pathologic 
process affecting auditory cortex may cause LKS. Symp-
tomatic cases have been described (see the section on 
Differential Diagnosis), and we have seen “symptomatic 
LKS” caused by a left temporal oligodendroglioma, with 
clinical improvement noted after resection.

The classical features of LKS are a verbal auditory 
agnosia (word deafness) followed by language regres-
sion, seizures, or both in a previously normal child who 
has an epileptiform EEG. The peripheral hearing must 
be normal, since a central disorder cannot be diagnosed 
with peripheral dysfunction. Children with sleep-activated 
epileptiform activity without the classic features of LKS 
may be referred to as “LKS variants” (15). LKS variants 
include EEG involvement of the more anterior language 
areas, with dysfunction characterized by oral-motor 
apraxia, sialorrhea, seizures, and an abnormal EEG (16) 
(anterior LKS); epileptiform EEGs in children with per-
vasive developmental delay (PDD; autism) with language 
regression (17–19); and epileptiform EEGs in children 
with congenital aphasias (20), also called developmental 
language disorders, with or without clinical regression 
(developmental LKS).

The evaluation includes a baseline history,  physical
examination, sleep-deprived EEG, a formal neuropsy-
chologic evaluation, neuroimaging, with magnetic 

resonance imaging (MRI) preferred, long-term video-EEG 
monitoring (LTM), and, if needed, dipole analysis, 
functional neuroimaging with single-photon emission 
computed tomography (SPECT), positron emission 
tomography (PET), or magnetoencephalography (MEG) 
and the frequency-modulated auditory evoked response 
(FM-AER). The FM-AER is an evoked response that tests 
receptive language function and may be absent with a 
verbal auditory agnosia (21).

EEG Findings

An epileptiform EEG, especially with sleep activation, 
is the neurophysiologic hallmark of these disorders. 
ESES may occur in both syndromes, but not all children 
with ESES have these specific syndromes. Veggiotti et al. 
emphasized the difference between the EEG pattern of 
CSWS and the epileptic syndrome of CSWS (10). In 32 
patients with CSWS, only 10 (34%) had features of the 
CSWS syndrome, whereas four had LKS, three had the 
acquired opercular syndrome, and 15 had symptomatic 
epilepsy. Van Hirtum-Das and colleagues identified 102 
children with ESES, using a spike-wave index greater than 
25% (22). In this group, only 18% had LKS. Although 
CSWS was named for sleep activation during slow wave 
sleep, this term is misleading, since EEG activation occurs 
in nonrapid-eye-movement (NREM) sleep, typically start-
ing in drowsiness (9). This is our experience as well (23). 
The spike-waves become fragmented during rapid-eye-
movement (REM) sleep, when focality may be seen, and 
the spike-wave-index usually decreases below 25% (9). 
Upon awakening, the spike-wave frequency dramatically 
decreases again.

The EEG in LKS shows bilateral, multifocal spikes 
and spike and wave discharges, occurring usually in the 
posterior regions, especially the more posterior regions, 
with a marked activation during NREM sleep. However, 
discharges occur in many locations and may be gener-
alized. The strict definition of ESES (spike-wave index 
greater than 85%) is not required to diagnose LKS, since 
the spike-wave-index may only reach 50% (11). The EEG 
may improve over time, either spontaneously or with 
treatment (24, 25).

The language regression in LKS versus a more 
global neurobehavioral disorder in CSWS may be 
explained by the EEG findings (26, 27). Guilhoto and 
Morrell reported that a more focal ESES pattern was 
seen in LKS, whereas with a more generalized ESES 
pattern the CSWS syndrome with generalized neurobe-
havioral dysfunction was more likely (26). Guilhoto 
and colleagues subsequently reported 17 children 
with ESES. Five had LKS, and the EEG showed dif-
fuse activity with accentuation in the centrotemporal 
region, whereas the others had widespread epileptiform 
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discharges (27). Therefore, LKS and CSWS may have 
EEG patterns with different focality.

Pathophysiology

The underlying mechanisms of LKS and CSWS are not 
yet specifically identified; especially what generates the 
significant, interictal sleep-activated epileptiform activ-
ity and causes the intellectual regression. However, the 
neuropsychologic deficits presumably, at least partially, 
result from the epileptiform activity. Landau and  Kleffner 
(4) suggested that “persistent convulsive discharges in 
brain tissue largely concerned with language communi-
cation result in the functional ablation of these areas.” 
Hirsch and colleagues agree with this hypothesis (14). 
Poor daytime alertness due to sleep fragmentation may 
contribute to the neuropsychologic deficits (28). How-
ever, a causal relation between abnormal interictal dis-
charges and neuropsychologic deficits is still controversial 
(29, 30). A valid argument is that the dysfunction may 
represent different manifestations of the same unknown, 
possibly genetically determined, underlying pathogenic 
mechanism. An argument against this hypothesis is that 
the suppression of discharges with medical or surgical 
therapy may, at least partly, reverse these cognitive 
deficits (31, 32).

Although a genetic predisposition was questioned, 
there is no strong evidence to support such predilec-
tion (33). The EEG response to corticosteroids raises the 
possibility of an autoimmune pathogenesis at least in 
a subset of patients, including CNS vasculitis or demy-
elination. IgG and IgM antibodies to brain endothelial 
cells have been identified in these disorders (15, 34), with 
higher levels in the patients than in controls. Brain derived 
neurotrophic factor (BDNF), BDNF autoantibodies, and 
IgM and IgG antibodies were elevated in some children 
with autism and childhood disintegrative disorder (CDD). 
The authors concluded that these findings suggest a previ-
ously unrecognized interaction between the immune sys-
tem and BDNF (34). Autoantibodies to rat brain auditory 
cortex, brainstem, and cerebellum have been identified 
in children with LKS (35).

Interictal EEG abnormalities can clearly produce 
transient cognitive impairment (36–42). Furthermore, 
benign rolandic epilepsy may be not so “benign,” since 
the interictal discharges may have a substantial effect 
on cognitive function (43, 44), at least for a subset of 
patients. Continuously abnormal discharges during 
sleep may disrupt hippocampal function and interfere 
with memory consolidation (45–47). More specifically, 
the occurrence of epileptiform discharges during a 
critical time of brain development may result in defec-
tive synaptogenesis and thalamocortical circuit forma-
tion. Secondary bilateral synchrony, facilitated by the 

corpus callosum with involvement of thalamocortical 
connections, was hypothesized as a possible  mechanism 
for the generation of the epileptiform discharges (48–51). 
Hence, the potential impact of the persistent interictal 
discharges on brain plasticity is proposed as a mecha-
nism for the resulting neuropsychologic impairment in 
these children.

Diagnostic Evaluation and 
Differential Diagnosis

Diagnosing these disorders starts by demonstrating an 
epileptic disturbance in the child with regression, usually 
first with a routine EEG. All pediatric epilepsy syndromes 
are classified as symptomatic, cryptogenic, or idiopathic. 
Symptomatic cases exist for both LKS and CSWS, although 
symptomatic cases are more frequent with CSWS. We have 
seen only one case of a “symptomatic LKS,” in a child 
with a left temporal oligodendroglioma. However, other 
categories reported include infectious disorders, such as 
neurocysticercosis (52); inflammatory disorders, such 
as CNS vasculitis (53); demyelinating disease (54), and 
acute disseminated encephalomyelitis (ADEM) (55); con-
genital brain malformations, such as polymicrogyria (56); 
tumors, including temporal lobe astrocytomas and dys-
embryoplastic neuroepithelial tumors (DNET) (57–59); 
and, possibly, toxoplasmosis infection (60). ESES has been 
reported as occurring frequently in shunted hydrocepha-
lus (61). Therefore, neuroimaging is warranted.

Typically, in the idiopathic cases, no structural abnor-
malities are seen with routine neuroimaging, although 
bilateral volume reduction in the superior temporal gyrus 
has been reported using an MRI cortical parcellation 
technique (62), and perisylvian polymicrogyria has been 
reported in a single case (56). Functional neuroimaging 
has demonstrated temporal dysfunction, with SPECT 
(63, 64), PET (65, 66), or MEG scans (67). These studies 
are usually done when epilepsy surgery is considered.

Sleep-activated epileptiform activity occurs in many 
epileptic disorders. However, sleep-activated EEGs are seen 
in LKS, CSWS, and PDD with regression, congenital apha-
sia or developmental language disorders, or the epilepsy 
syndromes benign focal epilepsy with centrotemporal dis-
charges, benign focal epilepsy with occipital discharges, 
atypical benign partial epilepsy of childhood, Lennox-
Gastaut syndrome, and myoclonic-astatic epilepsy (Doose 
syndrome) (2). Language or intellectual regression associ-
ated with behavioral problems may make the differential 
diagnosis difficult, and not all epilepsy syndromes are 
readily classified. In our experience, children with PDD 
with regression and an epileptiform EEG constitute the 
largest group of children referred for evaluation.

Clinical symptoms other than language regression 
have been reported with ESES. Hirsch and colleagues 
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suggested that the term LKS should be expanded to 
include the acquired deterioration of any higher 
cortical function in association with sleep-activated 
paroxysmal features (68) and not only to language 
regression. Clinical manifestations include epileptic dys-
graphia (69), visual agnosia (70), and an acquired frontal 
syndrome (71). We have seen one child with blindness and 
another child with a prosopagnosia, both demonstrating 
a more posterior ESES on EEG.

TREATMENT

All children with LKS and CSWS should have a formal 
neuropsychologic evaluation to guide their educational 
program and track developmental changes. Children with 
LKS will especially require intensive speech and language 
therapy. These two syndromes are associated with sig-
nificant neuropsychiatric comorbidities, and treatment 
for hyperactivity, attention deficit disorder, mood insta-
bility, behavior problems, and even autistic symptoms 
may require psychopharmacologic agents or referral to a 
psychopharmacologist and psychologist. Despite control 
of seizures and EEG abnormalities, these children may 
have significant residual neurologic, psychologic, and 
psychiatric dysfunction.

LKS and ESES have similar treatment, but the spe-
cifics are debated. Smith and Hoeppner recommend that 
the treatment goal is the complete elimination of epilep-
tiform activity within 2 years (11). Treatment options 
include standard AEDs, corticosteroids (adrenocortico-
tropic hormone [ACTH] or prednisone), high-dose ben-
zodiazepines, intravenous immunoglobulins, or multiple 
subpial transections (MST). Although AEDs may con-
trol seizures, the language dysfunction may not improve, 
whereas corticosteroid treatment may control seizures 
and decrease the epileptiform activity and improve lan-
guage (72–74). Early corticosteroid treatment has been 
considered the treatment of choice for LKS (74). Since 
relapse may occur, LKS often requires long-term cor-
ticosteroid treatment, which increases the risk of side 
effects (75). Despite either AED or corticosteroid treat-
ment, many children continue with language dysfunction. 
Regardless of treatment, 50–80% of children have long-
term language or neurobehavioral abnormalities (76–78). 
De Negri and colleagues used high-dose diazepam (DZP) 
for electrical status epilepticus (ESE) (79).

Tassinari et al. recommend trials with several differ-
ent drugs and reported a long-lasting effect with valproic 
acid (VPA) along with clobazam, lorazepam, and clon-
azepam (9). Smith and Hoeppner recommended initial 
treatment with high-dose valproate, with or without a 
benzodiazepine and, if there was no response, then sev-
eral months of corticosteroid therapy (11). Inutsuka and 
colleagues (80) reported treatment results in 15 children, 

using the following protocol: (1) VPA at levels greater than 
100 mg/L, (2) combination of VPA plus ethosuximide, 
(3) short cycles of high-dose DZP, (4) or intramuscular 
(IM) ACTH. Treatment with short cycles of ACTH (dura-
tion 11 to 43 days) or DZP (duration for 6 to 7 days) did 
not achieve long-term remission, whereas either high-dose 
VPA alone (n � 7) or in combination with ethosuximide 
(n � 3) achieved remission in 10 children (67%). We ret-
rospectively analyzed our experience with ESES treatment 
in 12 children (81). Only 1/12 responded to initial short-
term therapy with valproic acid. We used prednisone, 
for six months, in six children, with the dose schedule 
outlined in Table 47-1 (82); 5/6 had a positive response, 
but 4/5 (80%) relapsed, and required another course. 
Before the elective use of corticosteroids, immunizations 
should be up to date.

De Negri and colleagues introduced a high-dose 
diazepam protocol for ESE (79). A rectal dose of 1 mg/ kg 
was given during EEG monitoring, and if there was a 
positive response, diazepam was then given orally at 0.5 
mg/kg for several weeks. Children on chronic benzodi-
azepine treatment did not respond as well to this treat-
ment. If a clinical relapse occurred, the diazepam was 
given again rectally. In De Negri’s group with ESE, only 
1 child had LKS and 1 had ESES. We modified this high-
dose diazepam protocol, using 1 mg/kg, either orally or 
rectally, under EEG guidance, but then treated all children 
with a dose of 0.5 mg/kg, orally, for 3 to 4 weeks (83). 
If EEG showed no improvement, we rapidly tapered the 
DZP. If EEG showed an improvement, we tapered then 
by 2.5 mg/month. In our series, every child who initially 
responded and then had a rapid diazepam taper had either 
a clinical or electrographic regression. We now continue 
a maintenance diazepam dose, usually at a daily dose of 
2.5 to 5 mg, for 2 years. The best responders to high-dose 
diazepam have been children with idiopathic LKS.

Immunoglobulins and the ketogenic diet have been 
tried, with case reports documenting efficacy, but long-
term follow-up data are limited (84–88). MST has been 
done in selected children who failed medical therapy and 
may provide benefit (49, 89).

TABLE 47-1
Six-Month Dosing Schedule 

for Oral Prednisone

2 mg/kg/day for 1 month (maximum dose: 60 mg)
1.5 mg/kg/day for 1 month
1 mg/kg/day for 1 month
1 mg/kg every other day for 1 month
0.75 mg/kg every other day for 1 month
0.5 mg/kg/day every other day for 1 month

Note well: Immunizations should be up to date before the 
elective use of corticosteroids.



47 • LANDAU-KLEFFNER AND CONTINUOUS SPIKE-WAVES DURING SLEEP 381

PROGNOSIS AND OUTCOME

In general, the outcome of epilepsy is favorable in both 
LKS and CSWS (90), whereas cognitive dysfunction 
occurs in the majority (11). LKS and ESES have been 
referred to as “benign” epileptic syndromes, referring 
to the resolution of seizures and EEG abnormalities, but 
given the devastating neuropsychologic deficits, we con-
sider these as “malignant” epileptic syndromes.

The prognosis for LKS has varied. Mantovani and 
Landau conducted a long-term follow-up of the original 
children reported by Landau and Kleffner (91). In nine 
patients, with follow-up that varied from 10 to 28 years, 
four patients had full recovery, one had a mild language 
disability, and four had moderate disability. Later papers 
have not reported as positive an outcome. Bishop did a lit-
erature review of 45 children with LKS. The age of onset 
was related to the outcome, which was less favorable 
if onset occurred before four years of age (13). Shinnar 
and colleagues reported residual language dysfunction 

in 88% of children who had language regression, and 
most had autism or autistic features (76). Deonna et al. 
reported that only one of seven adult patients had nor-
mal language, with the six others demonstrating varying 
degrees of language deficits, some with complete absence 
of language (71). In a neuropsychologic follow-up study 
of 12 patients, Soprano et al. reported that 9/12 had a 
variable degree of persistent language deficit (78). Only 
50% have been able to lead a normal life (49, 65).

The prognosis is poor in CSWS (92). In an adult 
follow-up study of seven patients, only one had active 
epilepsy, but only two had been educated in a normal 
school setting (93). The two patients with LKS had lan-
guage deficits with a normal IQ, whereas the five with 
ESES had global mental deficiency. Scholtes et al. (94) 
did a long-term follow-up of ten children with ESES; a 
good recovery occurred in only one child, and a partial 
recovery in only four. Since CSWS is more likely symp-
tomatic, the prognosis is not as good as for LKS, which 
is more likely to be idiopathic.
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ll anticonvulsant drugs have their 
effect in the central nervous sys-
tem. They affect neurotransmitter 
systems that are not only involved 

in generation and propagation of seizure activity, but 
also implicated in the pathogenesis of psychiatric disor-
ders. As such, it is not surprising that there are interac-
tions between anticonvulsant drugs and behavioral and 
psychiatric status in patients with epilepsy. At this time, 
many of the effects of anticonvulsant drugs on brain neu-
rochemistry are known. However, in many instances the 
effect(s) responsible for the drugs’ anticonvulsant effect 
is not clear. Similarly, although knowledge is increasing 
with respect to the neurochemical basis for psychiatric 
and behavioral disorders, precise understanding of patho-
physiology is unknown. In this setting, it is not surprising 
that the interactions between these drugs and psychiatric 
and behavioral status appear complex.

There is relatively little good-quality clinical evi-
dence regarding the impact of anticonvulsants on psychi-
atric and behavioral disorders in persons with epilepsy. 
This is particularly true of the older anticonvulsants. 
With respect to the newer agents, introduced over the 
last 10–15 years, there is a little more information from 
preclinical and subsequent studies. Unfortunately, until 
recently, separate studies in children were not required 
by the U.S. Food and Drug Administration (FDA), so 
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information remains relatively poor for effects in chil-
dren. Recent federal laws requiring more detailed study of 
anticonvulsant drugs in children will be helpful in time.

The importance of comorbid disorders in epilepsy 
is increasingly recognized. Quality of life for patients 
with epilepsy is related to seizure frequency. However, 
in refractory epilepsy, depressed mood has been shown 
to be a powerful predictor of quality of life—indeed, the 
only variable predicting quality of life in this group (1). 
Depression is underdiagnosed and untreated in the major-
ity of patients with epilepsy. Caplan et al. have described 
similar findings in pediatric epilepsy, with 33% of chil-
dren with epilepsy having affective and anxiety disorders, 
compared to 6% in the normal control group (2). As 
with adults with epilepsy, only a minority had received 
mental health services. Disorders of behavior and atten-
tion are also more common in children with epilepsy 
than in the general pediatric population (3). Given the 
burden of behavioral and psychiatric disorders in child-
hood epilepsy, it is imperative to have an understanding 
of the impact of prescribed anticonvulsant medications 
on these disorders, in order both to avoid exacerbation of 
pre-existing conditions and, where possible, to improve 
symptoms.

This chapter will explore the effects of anticonvul-
sant drugs on the behavioral and psychiatric comorbidities 
affecting children and adolescents with epilepsy as far as 
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it is known. References cited in the following sections are 
mainly to articles relevant to pediatric epilepsy patients, 
or work not cited by other authors. Two excellent recent 
reviews on this topic that provide the basis for otherwise 
unreferenced information in this chapter may be of inter-
est to some readers (4, 5). Limitations in available data 
on this subject, particularly in children, signify plentiful 
opportunities for future well-designed studies.

POTENTIAL MECHANISMS OF EFFECTS

Effects of anticonvulsant drugs on behavioral and psy-
chiatric comorbidities in epilepsy may be positive or 
negative. The mechanisms by which effects occur may 
be drug-related, often dose-dependent, or idiosyncratic, 
depending at least in part on the individual’s underlying 
neuropsychiatric state. In general, anticonvulsant drugs 
that have predominantly gamma-aminobutyric acid 
(GABA) mechanisms of action have been considered to 
have sedating effects and perhaps to benefit individuals 
with anxiety or mania. On the other hand, those drugs 
with predominantly antiglutamatergic effects are con-
sidered activating, likely to be anxiogenic, and possibly 
antidepressant (6, 7). It is likely that other neurochemi-
cal pathways will also be shown to have an impact in 
mediating these effects.

Positive psychotropic effects may be induced by a 
number of different mechanisms, including the following:

1 Specific therapeutic actions for psychiatric disorders, 
as is considered to occur in mania and bipolar dis-
ease with treatment with valproic acid

2. A prophylactic effect of successful anticonvulsant 
treatment in those children and adolescents who 
experience peri- or postictal aggression or psycho-
sis

3. Improvement due to reduced frequency of interictal 
epileptiform activity

Whether decreased interictal epileptiform activity can 
improve cognitive and behavioral disorders in epilepsy 
remains controversial. Pressler et al. report improvement in 
behavior problems in children who achieved reduction in 
interictal discharges during treatment with lamotrigine (8). 
This important question requires further study.

Negative psychotropic effects of anticonvulsant 
drugs may similarly be due to a direct action of the drug, 
whether inducing, unmasking, or exacerbating a disorder 
in a vulnerable individual. The occurrence of depression 
among children treated with phenobarbital provides an 
example (9). The relative contribution of individual sus-
ceptibility versus dose-related toxicity of the drug is 
difficult to discriminate. The phrase “forced normaliza-
tion” describes the association of drug-induced rapid

improvement of epileptiform activity on the electro-
encephalogram (EEG) and the emergence of psychotic 
symptoms. The classical description is in children suc-
cessfully treated for absence seizures with ethosuximide, 
in 2% of whom psychosis may occur. A higher rate, 8%, 
has been reported in adolescents and adults in similar cir-
cumstances. There are reports of treatment-emergent psy-
chosis with a number of anticonvulsant drugs. Whether 
these represent forced normalization is unclear, and effect 
on EEG is not reported in most instances.

MEDICATIONS

The following discussion will summarize available infor-
mation regarding effects of the anticonvulsant drugs on 
psychiatric and behavioral disorders. Where possible, 
studies of these effects in patients with epilepsy will 
be highlighted. Similarly, where available, information 
specific to children and adolescents being treated for 
epilepsy will be emphasized. Unfortunately, for many 
drugs, it is possible only to extrapolate from studies of 
the anticonvulsant drugs in nonepileptic persons. Two 
further considerations should be borne in mind. First, 
controlled studies designed to determine drug efficacy 
for refractory epilepsy for regulatory review may not 
accurately or completely identify behavioral and psychi-
atric effects of the drugs under study. Second, in many 
controlled studies as well as case series, the drug in 
question is part of a polytherapy regimen, limiting the 
ability to definitively attribute adverse effects solely to 
the drug under review.

Phenobarbital

Phenobarbital’s anticonvulsant action is probably related 
to its ability to enhance GABA-mediated inhibition. In 
adults it has prominent sedating effects, to which toler-
ance usually develops. In contrast, children are more likely 
to experience behavioral effects, particularly aggression, 
hyperactivity, impulsivity, and sleep disturbance. These 
may occur at low serum levels. A double blind, placebo-
controlled trial of phenobarbital in toddlers did not reveal 
significantly different behavioral problems between the 
treatment groups (10). Treatment with phenobarbital 
has been implicated in the occurrence of depression and 
suicidal ideation in children. Fifteen children with epi-
lepsy aged 6–16 years treated with phenobarbital mono-
therapy were compared to 24 treated with carbamazepine 
monotherapy (9). Higher prevalences of depression (40% 
versus 4%) and suicidal ideation (47% versus 4%) were 
noted in those treated with phenobarbital. A family his-
tory of major affective disorder as well as stressful life 
events was also associated with depression in this study. 
These findings and concerns regarding cognitive function 



48 • ANTIEPILEPTIC DRUGS AND PSYCHIATRIC AND BEHAVIORAL COMORBIDITIES 385

in the developing brain have resulted in decreased use of 
phenobarbital in childhood epilepsy.

Phenytoin

The anticonvulsant effect of phenytoin is related to 
sodium channel blockade. It is generally a well-tolerated 
drug whose clinical use is complicated by nonlinear kinet-
ics, a high degree of protein binding, and, in infants, by 
high elimination rates. Behavioral adverse effects have 
been reported in children with epilepsy treated with 
phenytoin, just as with all anticonvulsants. However, a 
prospective, randomized, but not blinded, comparative 
study of monotherapy with phenobarbital, phenytoin, 
carbamazepine, and valproate in 167 children aged 
between 3 and 16 years with generalized tonic-clonic 
or partial seizures showed no significant difference in 
the rate of behavioral adverse effects between phenytoin 
(9%), carbamazepine (4%), and valproic acid (4%) (11). 
Cosmetic adverse effects have limited its use in children 
and adolescents, especially with the availability of newer 
drugs lacking these effects.

Carbamazepine and Oxcarbazepine

These related drugs probably exert their anticonvulsant 
effect by sodium channel blockade, though they have 
other sites of action also. In adults, studies in patients 
with bipolar disease suggest that carbamazepine is effec-
tive in mood stabilization compared to placebo. Only 
very limited data are available regarding mood stabiliza-
tion effects of oxcarbazepine in adults. A randomized, 
multicenter, controlled trial of oxcarbazepine for bipolar 
disease in 116 children aged 7–18 years showed no ben-
efit over placebo (12). Only one study suggested increased 
behavioral adverse effects in children treated with carba-
mazepine, but in general this is considered rare. This drug 
has been reported to improve alertness and attention in 
some children, though whether this is related to improved 
seizure control or to drug effect was unclear. Although 
carbamazepine is structurally related to tricyclic antide-
pressants, it is not considered to have significant antide-
pressant effect.

Valproic Acid

The mechanism of action of valproic acid is uncertain. 
Actions that may be responsible include potentiation of 
GABAergic function and inhibition of voltage-sensitive 
sodium channels. This drug is approved as a first-line 
agent in the treatment of acute mania in adults, and 
uncontrolled studies support efficacy for maintenance 
therapy for bipolar disease in childhood. There is no evi-
dence to support a significant effect of valproic acid on 
behavioral status in childhood apart from bipolar disease. 

Uncontrolled, open-label studies suggest a beneficial effect 
in children with aggressive behavior in bipolar and other 
psychiatric and behavioral disorders; however, there are 
no controlled studies in support of this effect. One small 
randomized, placebo-controlled study of 30 children and 
adolescents aged 6–20 years with pervasive developmen-
tal disorder and aggressive behavior revealed no differ-
ence between the treatment groups (13). A large placebo 
effect was noted in this study and complicates interpre-
tation. There are no controlled studies of the effect of 
treatment with valproic acid in children with epilepsy 
and comorbid psychiatric disorders.

Gabapentin and Pregabalin

Despite their being analogs of GABA, the anticonvul-
sant actions of these two drugs are likely not related 
to effects on usual GABA binding sites. Mechanism of 
action remains unknown for both. In initial studies of 
efficacy in epilepsy patients, improvements in mood and 
symptoms of anxiety were noted. Controlled studies do 
not support an antidepressant effect for gabapentin, nor a 
mood stabilization effect, which had appeared promising 
in initial studies in bipolar disease. However, two placebo-
controlled studies indicate efficacy in adults for social 
phobia and panic disorder. Five placebo-controlled stud-
ies of short-term treatment with pregabalin in general-
ized anxiety disorder showed significant benefit in adults, 
as did another placebo-controlled study of treatment of 
social anxiety. There are no controlled trials of pregabalin 
for anxiety in children, nor in epilepsy patients. There are 
three case reports describing 12 children with epilepsy 
who experienced increased aggressive and oppositional 
behaviors when treated adjunctively with gabapentin. All 
but two had developmental delay or mental retardation, 
and the behaviors represented an intensification of pre-
existing difficulties in 8 of the 12.

Lamotrigine

Lamotrigine probably exerts its anticonvulsant effects via 
a combination of sodium channel inhibition and calcium 
channel effects. In early studies of efficacy in patients with 
epilepsy, effects on mood and quality of life were noted. 
Subsequent controlled studies in epilepsy and in nonepileptic 
populations have supported mood stabilization effects, 
and lamotrigine is approved for maintenance therapy of 
bipolar I disorder. In a recent placebo-controlled trial of 
lamotrigine for generalized tonic-clonic seizures in adults, 
there was a significant improvement in depressive symptoms 
in the group treated with lamotrigine versus the placebo-
treated group. Lamotrigine is generally an activating 
rather than a sedating drug. Insomnia occurred in 6% 
of patients with newly diagnosed epilepsy on lamotrigine 
monotherapy, compared with 2% of those treated with 
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carbamazepine. Use of lamotrigine for epilepsy in intel-
lectually disabled patients has been associated with onset 
or exacerbation of aggressive or violent behaviors in a 
series of 19 adult patients. In another series of children 
and adults from a single center, four patients experienced 
improvement in behavioral disorders, while three others 
had deterioration with lamotrigine treatment. There are 
no reports of worsening of ADHD in children of normal 
intelligence treated with lamotrigine.

Topiramate

Topiramate has a wide range of potentially anticonvulsant 
actions, with antiglutamatergic action at kainate recep-
tors, blockade of voltage gated sodium channels, and 
enhancement of GABAergic inhibition, and, as might be 
expected, topiramate has a broad spectrum of anticonvul-
sant activity. In polytherapy or with rapid introduction, 
treatment has been associated with a cognitive syndrome 
of psychomotor slowing and word-finding problems. 
Open-label trials have suggested efficacy for bipolar dis-
ease, but despite frequent use for this indication, there 
are no controlled studies confirming this effect. There 
are two controlled trials describing effect in treatment of 
aggression in borderline personality. However, topiramate 
may itself induce psychosis. This has been seen in children 
and adults and has included auditory and visual halluci-
nations, paranoid delusions, agitation, and aggression. 
Ten of 159 children or adolescents treated for epilepsy 
developed aggression or a psychotic syndrome, with a 
history of prior aggression recognized as a risk factor (14). 
Slow dose titration may reduce the risk of this side effect. 
There are small studies reporting small adverse effects on 
attention from topiramate treatment for epilepsy. Slow 
dose titration can ameliorate this effect. In a study of 
long-term treatment (24–61 months) in 277 children and 
adolescents, behavior disturbance or aggression occurred 
in 14 (5%), difficulty with concentration or attention in 
11 (4%), and acute psychosis in 6 (2%) (15).

Levetiracetam

This drug has a specific CNS-limited binding site unique 
among the anticonvulsants. Its exact mechanism of 
anticonvulsant action is unknown. It is generally well 
tolerated. Initial studies reported up to 13% incidence 
of behavioral side effects, including agitation, hostility, 
anxiety, emotional lability, and symptoms of depression. 
Dose adjustment improved these symptoms, though in 
a case control study of long-term treatment with leveti-
racetam, 6.9% of 553 patients 	 16 years of age discon-
tinued treatment because of behavioral symptoms (16). 
Psychiatric adverse effects seem to be more common in 
epilepsy patients than in those treated with levetiracetam 
for other reasons, such as cognitive disorders or anxiety, 

and in some patients these effects may require emergency 
psychiatric treatment. In a recent double-blind, placebo-
controlled study of levetiracetam treatment in refractory 
partial epilepsy in children, psychiatric adverse effects 
reported more frequently in the levetiractam-treated 
group were hostility (11.9% levetiracetam versus 6.2% 
placebo), nervousness (9.9% versus 2.1%), and agitation 
(5.9% versus 1%) (17). One child and four adolescents 
are reported in the literature who developed treatment-
emergent psychotic symptoms, including visual and audi-
tory hallucinations, paranoid delusions, and aggression. 
The majority had pre-existing cognitive impairment, and 
prior behavioral problems were common in the adoles-
cents. All responded quickly to dose reduction or with-
drawal of levetiracetam.

Zonisamide

This drug has a number of different effects in the brain 
which may be responsible for its anticonvulsant effects, 
including blockade of T-type calcium channels, inhibition 
of sodium channels, and possibly inhibition of glutamate 
release. There are very few reports regarding behavioral 
or psychiatric effects of zonisamide in those treated for 
epilepsy. An open-label study of adults for bipolar disorder 
showed mixed results, with improvements in measures 
of mood in some patients but a high rate of discontinua-
tion due to worsening mood. Psychosis has been reported 
in patients with epilepsy treated with zonisamide. Four-
teen of 74 patients treated with this drug and reviewed ret-
rospectively had psychosis. The risk was greater in young 
patients, and obsessive-compulsive behavior was a feature 
in affected children. In this group zonisamide was part of 
a polytherapy regimen. One study of monotherapy with 
zonisamide in 27 children with idiopathic epilepsy for 
2 years reported 2 children (7.4%) with behavioral distur-
bance. One 14-year-old child had selective mutism, violent 
behavior, and decreased concentration in the fourth year of 
treatment, and one 15-year-old child developed obsessive-
compulsive disorder in the third year of treatment. This 
child responded to a decreased dose (18).

Tiagabine

Tiagabine inhibits neuronal and glial GABA reuptake, 
thereby enhancing GABA’s inhibitory effect. In controlled 
trials of adjunctive use of tiagabine for refractory partial 
seizures, nervousness, abnormal thinking, and symptoms 
of depression were reported more commonly in the active 
treatment group than in the placebo group. The risk of 
psychosis does not appear to be increased by treatment 
with this agent. There are reports of nonconvulsive sta-
tus epilepticus in both children and adults treated with 
tiagabine. Changes in behavior occurring while treated 
with this drug should therefore prompt EEG study. 
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Tiagabine’s GABAergic action suggests it may be an effec-
tive anxiolytic agent. Open-label studies support such an 
effect, but controlled studies are needed for confirmation. 
To date, one double-blind, placebo-controlled study of 
tiagabine treatment of posttraumatic stress disorder in 
adults did not reveal a benefit over placebo (19).

Felbamate

Felbamate has a number of antiexcitatory effects, which 
account for its anticonvulant effects, including effects 
on N-methyl-D-aspartic acid (NMDA) and non-NMDA 
excitatory amino acid receptors as well as inhibition 
of voltage-gated sodium channels. It is relatively rarely 
used at present, because of serious hepatic and hemato-
logical adverse effects in some patients. Felbamate is an 
activating drug and may cause insomnia and irritability, 
particularly in children.

Vigabatrin

Vigabatrin exerts its anticonvulsant action by irreversibly 
binding to GABA transaminase, blocking degradation of 
GABA and increasing its concentration in the brain. It is 
not FDA-approved in the United States at this time and 
has been associated with irreversible peripheral visual 
field loss in a proportion of patients with chronic use, 
possibly upward of 30%, but it is otherwise available 
worldwide. Although drowsiness and sedation are com-
mon in adults, irritability, agitation, and aggression are 
more commonly seen in children.

CONCLUSION

Available information suggests that the anticonvulsant 
drugs in current use have, as expected, widespread effects 
on brain function. Even given the limited data available, it 
is evident that positive and negative psychotropic effects 
are common with use of these agents. Ideally, given the 
prevalence of behavioral and psychiatric disorders among 
children with epilepsy, physicians would be able to tai-
lor choice of anticonvulsant drug with reference to the 
psychoactive profile of the drug. This would allow pre-
scribers to avoid exacerbating pre-existing psychiatric dis-
ease, and possibly to improve symptoms and ultimately 
quality of life. Although current knowledge is insufficient 
to provide strong guidelines, the available information 
at least permits rational surveillance for adverse effects 
in children treated with these drugs.

Appropriate targets for future research in this area 
include greater understanding of the neurochemistry 
of psychiatric and behavioral disorders, as well as the 
mechanisms underlying anticonvulsant effects and psy-
chotropic effects of these drugs. Epilepsy-specific vulner-
abilities to these adverse effects, as well as the molecular 
basis of individual responses to these agents, also remain 
to be elucidated. In the clinical realm, controlled studies 
with greater numbers of patients are required to improve 
understanding of the effects and utility of these drugs in 
patients with epilepsy who also have psychiatric disor-
ders. Consideration should also be given to examining 
both negative and potentially positive effects of poly-
therapy in this area.
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oncerted efforts have been made, 
in examining the social worlds of 
children, to distinguish children’s 
social competence from their social 

skills. It has been suggested that the general domain of 
social competence is defined as the ability to identify and 
interpret social situations, as well as generate appropri-
ate social responses (1). In contrast, others have defined 
social competence as the behavioral responses in any 
given social situation that prove effective or maximize 
the probability of producing positive effects for the indi-
vidual (2, 3). Kavale and Forness have defined social 
skills as situation-specific actions exhibited in various 
social situations that require competent performance and 
result in interpersonal effectiveness (1). Thus, social com-
petence might refer more to a trait, whereas social skills 
are more likely to represent the behavioral responses a 
child employs.

Understanding the nuances of children’s social skills 
and competence are particularly important because social 
relationships are associated with the child’s development 
of emotional regulation and sense of social self (4). In 
addition, relationships with peers enable young children 
to provide each other with emotional support in unfa-
miliar situations. They also enable children to acquire 
training in the wide range of social and cognitive skills 
necessary for facilitation of interpersonal relationships 
later in life (5).
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A child’s ability to negotiate positive social relation-
ships varies with multiple factors, such as the child’s psy-
chosocial environment, cognitive skills, linguistic abilities, 
and behavior. Unfortunately, many children, including 
those with epilepsy (6–8), have difficulty establishing and 
maintaining social relationships, especially those with 
peers. Most importantly, the negative peer status of chil-
dren with social skill deficiencies is a consistent predic-
tor of poor long-term outcomes in a variety of domains 
(e.g., the interpersonal, psychiatric, employment, and 
legal realms) during adolescence and adulthood (9–16). 
Given the evidence for long-term poor social outcomes 
of children with epilepsy (17–19), clinicians should be 
aware of the need for early assessment and identifica-
tion of social deficits and poor peer relationships in these 
children and, most importantly, effective intervention for 
these problems.

This chapter begins with a discussion of the predic-
tive importance of poor peer relationships in children in 
general and current measurements used to assess children’s 
social competence. The focus then shifts to the social cog-
nitive mechanisms of children’s social adjustment, with 
an emphasis on social information processing models that 
delineate the steps children go through cognitively and 
behaviorally when socializing with peers. Because of the 
high rate of cognitive and behavioral comorbidities in 
children with epilepsy (20), the chapter then provides a 
brief discussion on the social functioning of children with 

C
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cognitive deficits and psychiatric disorders. Since epilepsy 
is a recurrent and chronic illness, the next section of this 
chapter describes the social competence of children with 
chronic illnesses. It then describes the social competence 
of children with epilepsy and the role stigma plays in peer 
relationships. The chapter concludes with recommenda-
tions for future directions, with an emphasis on a critical 
examination of the wide range of factors that might make 
children with epilepsy vulnerable to poor social compe-
tence and the need for intervention studies.

PREDICTIVE IMPORTANCE OF PEER 
RELATIONSHIP PROBLEMS

In comparison to popular children, children who are 
rejected by their peers show greater consistency in their 
negative peer status over time and report increased feelings 
of loneliness and social dissatisfaction (12). In addition, 
children with peer problems and peer rejection frequently 
have low academic achievement and poor school perfor-
mance relative to other children (13, 14, 16, 21).

Peer rejection is also repeatedly noted to predict 
children’s long-term adjustment. Specifically, Parker and 
Asher found that poor peer relationships contribute to 
46–54% of male and 14–35% of female school dropout 
rates. Peer rejection is also considered a strong predictor 
of future criminal activity (15). Approximately 10–50% 
of children who have poor peer relationships are likely 
to engage in juvenile and adult criminal behaviors (15). 
The same study also found a significant relationship of 
peer rejection with increased frequencies of both poor 
occupational adjustment and adult suicide.

There is sufficient evidence to support the asser-
tion that children who are rejected by their peers or who 
experience social difficulties are at risk for multiple mal-
adaptive outcomes later in life (9–11, 14, 21–24). As 
previously reviewed, the maladaptive long-term outcomes 
for socially rejected children underscore the importance 
of understanding the social worlds of children with epi-
lepsy in the hopes of providing effective interventions, 
since improvement of social functioning among peers is 
important for long-term adjustment in life (9–16).

SOCIAL COGNITIVE MECHANISMS IN 
CHILDREN’S SOCIAL ADJUSTMENT

The examination of the mechanisms underlying children’s 
social cognitive processing reveals key variables that pre-
dict whether children are rejected or accepted by their 
peers. A child’s response to social situations comprises a 
series of social information-processing steps, outside of 
the child’s awareness, that reflect previous social inter-
actions and experiences (25). Fraser noted that normal 

development of positive peer relationships in children 
requires the mastery of skills for assessing social situ-
ations, communication with peers, and the resolution 
of conflicts without aggression (25). For many children, 
the development and mastery of social cognitive skills 
is rather effortless. Children with deficient social skills 
may be more inclined to presume hostile intent of peers’ 
behaviors or choose inappropriate responses to social 
situations and may exhibit difficulty in enacting appro-
priate social responses.

In many ways, social information processing is the way 
in which children interpret their social worlds and make 
sense of interpersonal interactions (12). Social information 
processing has been described as steps in a series of feedback 
loops in which each step may influence others during infor-
mation processing of social situations and cues (25, 26). 
There has been an increased focus on the intricate process 
by which children perceive their interactions with peers and 
select a response and the method by which they behaviorally 
deliver their response. Thus, previous findings have empha-
sized the importance of understanding children’s social cog-
nitive processes, given that they may reflect specific cognitive 
styles and consequent behavioral styles that may eventually 
lead to social maladjustment (9). Of note, in addition to 
predicting social maladjustment, social cognitive processes 
contribute to the way a child perceives him- or herself in the 
social realm as well as the ways in which he or she chooses 
to perceive others (14).

Social Information-Processing Models

One model developed by Dodge et al. focuses on encod-
ing of cues, interpretation of those cues, selection of a goal 
or response, and the behavioral enactment as domains of 
social information processing. In this particular model, 
children with skills deficits may also have knowledge 
deficits that contribute to their inability to interact appro-
priately with peers in social situations (27).

The social information-processing model developed 
by Dodge et al. provides a more detailed construct for 
the specific and complex steps children go through in 
perceiving and responding to social situations (27). The 
model includes six steps for social information processing 
that interact with one another in a series of continuous 
feedback loops. The steps are: (a) observation and encod-
ing of social cues (e.g., attending to specific cues in the 
environment), (b) interpretation and attribution of the 
behavior and cues (e.g., assigning meaning to the cues), 
(c) selection of a goal or goals to be enacted (e.g., orienta-
tion to a particular set of outcomes), (d) construction of 
a response based on access (e.g., identification of various 
alternative responses to social situations), (e) response 
decision (e.g., selection of a response that can be enacted 
in the current situation), and (f) behavior enactment (e.g., 
executing the response selected) (1, 14, 25, 28).
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However, for other children, such as those with 
cognitive impairments and psychopathology, the develop-
ment of healthy social skills is limited by deficient social 
cognitive processing and impaired behavioral modula-
tion. Socially inept children are less attentive to relevant 
social cues (e.g., decreased vigilance to peer behavior sig-
naling conflict, or failure to notice behaviors or verbal 
responses indicating benign intent in interactions) (14). 
Children with deficient social skills may also be more 
inclined to presume hostile or negative intent of peers’ 
behaviors, choose inappropriate responses to social situ-
ations, or exhibit difficulty in enacting appropriate social 
responses.

Measurement of Children’s Social Competence 
and Social Functioning

The assessment of children’s social competence and over-
all social functioning is somewhat challenging as there are 
relatively few measures that adequately assess children’s 
social competence and social skills. Of the measures that 
do evaluate children’s social skills and problematic behav-
iors, many use different methodologies and sources of 
information. Such methods include clinical interviews, 
direct behavioral observations (naturalistic or simulated 
observation), behavior-rating scales, peer reports (ratings 
or nominations), and self-report measures (e.g., percep-
tions about competence, acceptance, or status) (1, 29). 
In addition to the wide range of assessment methods, 
these measures employ multiple informants and sources 
of data (2, 29, 30).

Previous literature has strongly emphasized multi-
methods, multisources, and multisettings to be used in 
gathering data when examining children’s social compe-
tence and skills, including peers, teachers, parents, and 
children’s self-perceptions (2, 29, 30). The purpose behind 
this approach is to obtain a comprehensive and reliable 
evaluation of a child’s social skills across a variety of set-
tings including home, school, and community environ-
ments (29). With regard to a child’s social competence and 
social skills, peer ratings appear to be the best measure, 
as they are less influenced by academic achievement than 
teacher ratings, less subject to social desirability than self-
ratings, and more accessible than parent ratings (1).

Children’s self reports provide valuable information 
regarding their own internal states. The Perceived Compe-
tence Scale for Children (PCSC) (31) is a child self-report 
measure that has been used in previous research studies 
and is designed to assess children’s self-perceptions of 
competence across three domains: cognitive competence, 
reflected primarily in school or academic performance; 
social competence, reflected through popularity with 
one’s peers; and physical competence, reflected through 
ability at sports and outdoor games. In addition to the 
PCSC, the Asher Loneliness Scale (ALS) (32) assesses 

children’s perceived relationships, social interaction, and 
loneliness including statements that tap into feelings of 
loneliness, peer status, and social adequacy (e.g., “I’m 
good at working with other teens”).

The Matson Evaluation of Social Skills with Young-
sters (MESSY) (33) evaluates how often a child engages 
in a range of verbal and nonverbal social behaviors. The 
MESSY also provides scales for both appropriate and 
inappropriate social skills so that users do not focus 
exclusively on the negative aspects of a child’s behavior 
but also take into account positive aspects. Children are 
asked to report on their own perceptions of their social 
behaviors and on whether they feel the behaviors were 
appropriate or inappropriate. Although children may 
provide important information about their own inter-
nal emotional states, younger children may demonstrate 
limited self-awareness of their own thoughts and actions 
and, therefore, may not report information consistent 
with their actual behaviors (34).

In comparison to children’s self-reports, parent-
reported observations provide more objective informa-
tion on a child’s externalizing behaviors (35). One of 
the most frequently used parent-report measures assess-
ing children’s social functioning is the Achenbach Child 
Behavior Checklist (CBCL) (36). The CBCL includes 
broadband Externalizing and Internalizing scores in addi-
tion to reviews of children’s friendships, weekly contacts 
with other children, and the quality of the child’s relations 
with siblings and parents.

Similar to the child self-report forms, several studies 
have obtained parent’s reports of children’s social compe-
tence using the adult versions of the PCSC (31) and the 
MESSY (33). Both parent-report measures of the PCSC and 
MESSY include similar items to the child self-report mea-
sures and assess similar domains of functioning. Among 
the parent-report measures already noted, the Children’s 
Assertive Behavior Scale (CABS) (37) is a parent-report
measure that rates a child’s social functioning with items 
placed on a continuum between socially passive behav-
iors to socially aggressive behaviors. Although parents 
are in a position to provide useful information about a 
child’s externalizing behaviors, parents may be biased to 
the extent that they are often in a position of authority 
and may notice only children who consistently act in a 
disruptive or aggressive manner.

Much as with parent observations, teachers often 
provide valuable information on a child’s externalizing 
behaviors and academic functioning (35). The CBCL 
Teacher Report Form (TRF) (36) is a measure often uti-
lized to assess a child’s academic, social, and emotional 
functioning based on teacher’s observations. Similar to 
the CBCL parent form, the TRF provides broadband 
Externalizing and Internalizing scales and individual 
subscores reflecting problems with social withdrawal, 
unpopularity, immaturity, anxiety, and depression.
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In addition to teacher reports, peers’ inferences of a 
child’s social competence have been obtained using peer 
nominations (e.g., “Who is your most favorite class-
mate?”, “Who is your least favorite classmate?”) or rat-
ings (e.g., “How much would you like this child to be 
your friend?”). Peer sociometric measures are the most 
commonly used methods of identifying a child’s social 
competence and determining a child’s social status rela-
tive to his or her peers. The benefit of using this method 
rather than parent or teacher reports is that peer nomi-
nations or ratings can be used to identify “rejected” or 
“accepted” children, because peers are generally the ones 
who determine a child’s social status.

VARIABLES ASSOCIATED WITH IMPAIRED 
SOCIAL FUNCTIONING IN CHILDREN

The Social Functioning of Children 
with Cognitive Disorders

Overall, children’s social information processing is an 
intricate process including children’s perceptions of their 
interactions with peers, their selection of a response, and 
the method by which they behaviorally enact the response 
(12, 14). Although children with poor peer relationships 
have been noted to exhibit deficiencies in their social 
information processing (14), the type and severity of defi-
ciencies these children exhibit are variable depending on 
the presence of specific cognitive or psychiatric disorders. 
The high rates of cognitive and psychiatric comorbidities 
in pediatric epilepsy (20) underscore the importance of 
understanding how these variables are associated with 
social skills impairment in children.

Several previous studies have consistently demon-
strated that students with learning disabilities (LD) have 
significant problems with social competence that are 
manifested in an assortment of social skill deficits (1, 38). 
One study in particular found that three out of four stu-
dents with LD were evaluated as deficient in social skills 
on the basis of teacher and peer ratings (1). These authors 
also reported that eight out of ten students with LD were 
rejected by their non-LD peers, and 7 out of 10 students 
with LD were not considered as friends by their non-LD 
peers (1). Thus, social interaction for students with LD 
is defined most prominently by their peers through the 
dimension of rejection (1, 38, 39).

When considering potential factors that contrib-
ute to peer rejection, it has been suggested that peers 
perceive LD children as less competent in communica-
tion (verbal and nonverbal) and not as cooperative in 
social interactions (1). Interestingly, students with LD 
also perceive their social functioning to be negatively 
affected by a decreased competency in nonverbal com-
munications and a deficiency in social problem-solving 

skills (1). These factors, considered collectively, could 
decrease interactions with peers and consequently lead 
to frequent rejection by peers. Of note, these studies all 
used peer nominations (38, 39) or teacher reports of 
social competence based on the Social Behavior at School 
Questionnaire (38).

The Social Functioning of Children 
with Psychopathology

Attention-Deficit/Hyperactivity Disorder (ADHD). Chil-
dren with ADHD often have considerable difficulties in 
creating and maintaining relationships with their peers 
(40–43). Barkley estimates that more than 50% of ADHD 
children experience problems in their social relationships 
with peers (44). As a whole, boys with ADHD are more 
rejected and less popular with their peers than non-
ADHD boys, and they appear to establish negative first 
impressions that put them at risk for further rejection in 
later interactions with peers (45).

These children are often perceived by their peers 
as annoying and aversive (42, 43). Studies have attrib-
uted this frequent rejection by peers to a multitude of 
variables including the ADHD child’s lack of aware-
ness to social cues, noncompliance, aggressive behaviors 
(22, 42, 43), distractibility from structured activities, hos-
tile attribution of others’ intentions, and inappropriate 
social agendas (43).

Additionally, ADHD children’s behavior often elicits 
negative or hostile responses from peers (42). During 
social interaction, deficits in performance (“doing what 
you know”) rather than knowledge (“knowing what to 
do”) often contribute to the poor peer relationships of 
children with ADHD. In essence, although ADHD chil-
dren typically want to develop positive peer relationships 
and know the appropriate responses or behaviors, they 
lack the behavioral repertoire and self-control to imple-
ment them. Wheeler and Carlson suggest that ADHD 
children may have frequent skill, performance, and 
self-control deficits when attempting to establish and 
maintain relationships with peers (16).

Anxiety Disorders. Children with anxiety disorders 
often exhibit significant difficulties in their relationships 
with peers. Several studies have demonstrated that chil-
dren’s anxiety and their maladaptive social functioning 
may be interrelated (46). In particular, anxiety in chil-
dren has been associated with pervasive unpopularity 
among peers, decreased social interactions, and increased 
dependency on adults to facilitate social situations. These 
findings are consistent despite use of different measures 
both to identify anxiety and to assess social competence 
in these children (46). In general, anxious and depressed 
children are noted to have friendships of shorter duration, 
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fewer visits with peers, and generally disturbed relation-
ships compared to nonclinic children (47). Strauss et al. 
found that anxious children were liked significantly less 
than nonreferred children and were most likely to be 
socially neglected by peers (48).

Earlier studies noted several factors that may con-
tribute to anxious children’s poor peer relationships. In 
particular, anxious children frequently display a unique 
pattern of social deficits in that they exhibit shy and 
withdrawn social behaviors, whereas children with 
externalizing disorder are often perceived as aggres-
sive, negative, and inappropriately assertive in their peer 
interactions (46). Thus, children with anxiety display 
increased levels of loneliness, poor social competence, 
and reduced rates of appropriate social skills compared to 
nonanxious children (46). The studies reviewed included 
the following measures in assessing social competence 
in anxious children: children’s self-perceptions based on 
the ASL, PSCS, and MESSY (46), peer nominations (48), 
teacher reports of social competence based on the PSCS 
and MESSY (46), and parent reports using the PSCS and 
MESSY (46) or parent interviews (47).

Depression. As a whole, depressed mood in children is 
correlated with depressogenic beliefs, low self-esteem, self-
control deficits, and impaired social skills (49). Blechman 
et al. found that children who are socially incompe-
tent have the highest levels of peer-nominated and self-
reported depression (2). Although studies have confirmed 
that depression and social skill deficits are correlated in 
children, they have not been able to conclusively deter-
mine the direction of causal influence (2, 49). While a 
child’s level of depressive symptoms acts as a moderat-
ing variable in the relationship between social skills and 
subsequent depressive symptoms (49), others studies have 
implicated deficits in social competence as both a cause 
and consequence of depression in children (2, 50).

Children with depression are often described as 
exhibiting significantly more negative self-concepts and 
less social self-confidence than nondepressed children. 
Depressed children initiate interpersonal behavioral 
sequences that foster social strain and possible social 
isolation (50). In particular, they often seek personal 
assurances from others, but then tend to refuse or deny 
the reassurances they receive. Subsequently, these chil-
dren experience significant interpersonal distress that can 
lead nondepressed children to withdraw from them and 
leave them socially isolated (50). The social competence 
of children with depression was assessed using peer nomi-
nations and ratings (2, 50), teacher reports based on the 
TRF (50), parent reports using the CBCL and MESSY 
(46) or parent interviews (47), and children’s self-reports 
based on the MESSY (49) and PCSC (2, 50).

In summary, studies have consistently revealed that 
children and adolescents diagnosed with a wide range 

of psychopathology, ADHD (40–43), anxiety disor-
ders (46, 47), and depression (2, 49, 50) are at an increased 
risk for peer rejection and poor social functioning.

The Social Functioning of Children 
with a Chronic Illness

The social functioning of chronically ill children and ado-
lescents has received increased attention in research with 
the intent of better understanding the impact of chronic 
illness on children’s daily lives (30, 51, 52). Reviews of 
the psychosocial literature reveal that children and ado-
lescents with chronic illness are at a significantly greater 
risk of developing more psychosocial problems than their 
healthy peers (30, 51, 52). Often the daily demands and 
management of a chronic illness can disrupt or interfere 
with leisure activities and increase the likelihood that 
children and adolescents miss important time socializing 
with peers (53). In addition, children and adolescents 
with a chronic illness are twice as likely to report being 
unhappy compared to healthy children (51).

Examining the social functioning of children with 
cancer, La Greca found that teachers and peers perceived 
children with cancer to be less sociable and more socially 
isolated than their healthy peers (30). Chronic disease 
has been seen as affecting children’s and adolescents’ 
self-esteem, sense of identity, and overall sense of auton-
omy (54). Furthermore, children with chronic illness have 
fewer close friends and are less likely to date even when 
they are not physically prevented by their disability from 
participating in social activities (51).

Illness visibility might play a role in decreased social 
functioning in children with chronic illness (52, 53). 
Thus, children with a highly visible illness may experience 
greater levels of rejection, teasing, and invasive question-
ing than those with less illness visibility (52, 53). These 
experiences may perpetuate feelings of unattractiveness 
and undesirability in these children (53).

Yet there is evidence that children with a variety of 
chronic diseases who appear “normal” often have worse 
social functioning than ill children whose appearance was 
perceived as “abnormal” (53). It is possible that children 
with less-visible illnesses often struggle with the deci-
sions to disclose their disease to peers and consequently 
struggle to appear “normal” and suppress symptoms that 
reveal their underlying disease.

However, studies examining the relationship between 
illness variables (e.g., age of onset, severity) and poor 
social functioning have found that physical restrictions 
and pain were associated with restricted social activities 
but not with limitations in social interactions (55). Some 
investigators have suggested that the poor social func-
tioning that children with chronic illness experience may 
reflect associated psychopathology, such as anxiety and 
depression (56), rather than illness related variables.
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The discrepancies found between various studies 
examining the social functioning in children with chronic 
illness may be related to the use of different types of mea-
sures or other methodological differences (e.g., sample size, 
type of disease). In addition, each of the studies reviewed 
employed various forms of measurement in assessing chil-
dren’s social competence, such as children’s self- perceptions 
of their social competence based on the Social Self Effi-
cacy Scale (51), Perceived Loneliness Scale (53), PSCS, 
or MESSY (55). Parents’ reports were obtained using the 
CBCL (55), Children’s Assertive Behavior Scale (55), and 
parent interviews (30), and peer reports were acquired using 
peer ratings of how much they liked a child (52). None of 
the studies reviewed obtained teachers’ perceptions of social 
competence in children with chronic illness.

In summary, chronic illness is related to impaired 
social functioning in children. Inconsistent findings about 
the possible role of illness visibility in prior studies high-
light the need to better understand how chronic disease 
interferes with normative social functioning in children 
and adolescents (53).

The Social Competence of 
Children with Epilepsy

As described throughout this part of the book, epilepsy
is a chronic condition that impacts every aspect of 
development. Children with new-onset seizures and 
chronic epilepsy have been noted to exhibit impairment 
in their behavioral, emotional, cognitive, and linguistic 
functioning (7, 57–66).

Yet, despite the previously reviewed role played by 
these variables and chronic illness in children’s social 
functioning, little research has been conducted on the 
social skills of children and adolescents with epilepsy 
(7, 8, 53, 61, 67–71). Of note, these studies all used par-
ent or teacher reports of social competence based on the 
CBCL (36). None of the studies of social skills in children 
with epilepsy have used multiple informants, child self-
reports, or peer reports.

Furthermore, only one study has examined for the 
possible effects of all these variables on social compe-
tence findings (7). Controlling for IQ, socioeconomic, 
and seizure variables, these authors found that subtle 
cognitive deficits along with externalizing behaviors 
(e.g., impulsivity, poor social judgment, and disruptive 
behaviors) were associated with decreased social involve-
ment and low overall social competence (7). Austin et al. 
reported an association of social competence deficits with 
both internalizing and externalizing behaviors in a large 
sample of children with chronic epilepsy (57). Hermann 
et al. demonstrated an association of poor social com-
petence with neuropsychologic deficits in children with 
epilepsy (61). The findings of these studies are consistent 
with the poor social competence found in the general 

population of children with learning disorders (1, 38), 
externalizing behaviors found in ADHD (23, 42, 43), 
as well as internalizing behaviors found in children with 
depression (50), and anxiety disorders (46).

Regarding linguistic and social communication 
deficits, children with epilepsy, particularly those with 
cryptogenic epilepsy with complex partial seizures (CPS), 
who have difficulty using language to formulate and orga-
nize their thoughts, are not competent social communi-
cators (59). Their peers, perceiving them as “different,” 
become reluctant to play or interact with them. External-
izing behaviors and disruptive disorder diagnoses, as well 
as poor peer interaction and academic achievement, in 
CPS children with more thought disorder might further 
contribute to this perception (59).

In terms of illness variables, findings are inconsistent 
across studies. Some studies demonstrate an association 
with seizure variables (8, 61, 70) while others do not (7). 
Variability in the findings of these studies might reflect 
sample differences in terms of size, associated mental 
retardation and educational difficulties, and demographic 
features as well as the inter-relationship between seizure 
variables, such as age of onset, duration of illness, seizure 
frequency, and antiepileptic drugs.

Similar to variables found for children with chronic 
illness (e.g., social restrictions, illness visibility, being 
unhappy), epilepsy might interfere with children’s social 
interactions and time for socializing with peers (53). In addi-
tion, the degree to which a child’s epilepsy is visible to peers 
may impact a child’s overall social functioning (52, 53). 
Further studies are needed to determine whether, as 
found for children with chronic illness (52, 53), the vis-
ibility of a child’s seizures and the decision to disclose 
this diagnosis to peers may have a greater impact on 
social functioning than seizure-related variables in these 
children (52, 53).

The Social Competence of Children with 
Epilepsy and the Impact of Stigma

Individuals are stigmatized because they have a feature 
that is considered undesirable (72) and may subsequently 
result in their disapproval and rejection by others (73). 
Studies examining the effects of stigma have emphasized 
the important dimension of visibility or concealability in 
relation to illness symptom presentation (72). As previ-
ously described for chronic illness, the more visible an 
illness is, the more a child is likely to be perceived as dis-
similar and the less accepted by his or her peers (52, 53). 
Thus, the degree to which children with epilepsy experi-
ence social rejection could depend in part on the visibility 
of symptoms involved with the illness and its effects on 
their peers’ perceptions of dissimilarity (52).

These findings suggest that peers’ attitudes and 
beliefs may create a social atmosphere that contributes to 
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feelings of stigma in the lives of children and adolescents 
with epilepsy, resulting in decreased social competence 
and acceptance by peers. Previous studies have revealed 
that children with epilepsy, fearful of experiencing stig-
matization by their peers, choose to limit disclosure of 
their illness to others in an attempt to feel and appear 
less different from their peers (73). Children with epi-
lepsy might, therefore, experience increased stress and 
decreased feelings of social competency as a result of 
how they manage their disorder and try to conceal their 
illness from others (72, 73).

In summary, additional information is clearly 
needed to understand the relationship of the stigma of 
epilepsy with the role of the previously reviewed cogni-
tive, psychiatric, and social communication comorbidities 
in children on their social competence. More specifically, 
do children with epilepsy with poor social skills feel peer 
rejection because of the stigma of epilepsy rather than 
because of their comorbid cognitive, behavioral, and 
communication problems?

CONCLUSIONS AND FUTURE DIRECTIONS

Negative peer status of children with social skill defi-
ciencies in childhood is a consistent predictor of poor 
long-term outcomes in adulthood. A child’s response to 
social situations comprises a series of social information-
processing steps that result from previous social interac-
tions and experiences. Therefore, children with epilepsy 
with cognitive difficulties, including learning disorders 
and social communication deficits, as well as psychiat-
ric disorders might experience difficulty in establishing 
positive peer relationships. Furthermore, children with 
a chronic illness often experience difficulty coping with 
illness-related frequent interruptions in their social activi-
ties, which result in the loss of important time socializing 
with peers and consequently poor peer relationships. All 
these variables increase the likelihood that children and 
adolescents with epilepsy are at risk for poor peer rela-
tionships as they cope with the daily demands of a chronic 
illness in addition to cognitive, linguistic, and psychiatric 
problems (Figure 49-1).

Future research should focus on examining the rela-
tionship among psychopathology, cognitive problems, 
linguistic deficits, and stigma in children with epilepsy, 
because poor social competence may reflect the inter-
action between these comorbid conditions. These stud-
ies should incorporate measures of how peers perceive 
the social skills of children with epilepsy and, in turn, 
whether their perception is related to cognitive, behav-
ioral, and social communication problems of children 
with epilepsy.

The frequency of social impairment among children 
with epilepsy and its prognostic significance highlights 
that the social world may be an important point of inter-
vention. Enabling the development of better peer relation-
ships could improve the overall long-term outcomes in 
adult life. Finally, the findings of the previously reviewed 
studies emphasize the need to educate clinicians, parents, 
teachers, and children with epilepsy about the social skill 
deficits associated with epilepsy and, more importantly, 
the need for early assessment and intervention.

Epilepsy

Cognitive/
Linguistic
Disorders

Psychiatric
Disorders

Chronic
Illness

Stigma

Social
Competence

FIGURE 49-1

Social competence and contributing factors in poor peer rela-
tionships in children with epilepsy.
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cademic underachievement is com-
mon in children with epilepsy. In 
general, studies show children with 
epilepsy to be about one year behind 

academically, to have increased rates of school failure, 
and to use special education services at increased rates. 
Most of the research in this area has been cross-sectional 
in design and has investigated children who have had 
epilepsy for a number of years. In addition, because a 
number of seizure variables are interrelated (e.g., frequent 
seizures and polytherapy), it has been difficult to isolate 
specific factors that predict academic underachievement 
in this population. Nevertheless, some studies provide 
important information about risk and protective factors 
for academic underachievement in children with epi-
lepsy. In this chapter we address three questions: When 
do academic problems begin? What are the risk factors 
for academic underachievement? What are the protective 
factors for academic achievement?

WHEN DO ACADEMIC 
ACHIEVEMENT PROBLEMS BEGIN?

Understanding when academic problems begin in this 
population is important because it both provides infor-
mation about possible causes of problems and guides 
for treatment. Potential causes of academic achievement 
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problems include underlying neurologic dysfunction, 
epilepsy syndrome, effects of seizures, and side effects 
of antiepileptic medications (AEDs). Academic achieve-
ment problems that are present before seizure onset or 
treatment with AEDs suggest underlying neurologic dys-
function as a cause of the problems rather than effects 
of seizures or side effects of AEDs. Moreover, academic 
problems that occur early suggest a need for clinicians to 
do early assessment and referral for these problems.

Only a few studies have investigated academic 
achievement in children with epilepsy early in the course 
of the disorder to determine when problems began. One 
research approach to identify when academic problems 
begin is to investigate the timing of use of special educa-
tion services in the school. For example, in a prospec-
tive study of 542 children who had been diagnosed with 
epilepsy approximately 5 years earlier, Berg et al. studied 
the timing of use of special education services (1). In this 
study, 58% of the children had used such services at some 
point during this 5-year period. The finding of particu-
lar relevance to identifying when achievement problems 
begin was that 23% of the children had received special 
education services before the onset of their first unpro-
voked seizure. For 30% of the children, special educa-
tion services were initiated after diagnosis, and for 5%, 
services were initiated between onset and diagnosis. The 
finding that at the time of the survey 47% were actively 
receiving special education services demonstrates that 

A
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these academic achievement problems are enduring in a 
substantial percentage of children.

When Berg et al. explored which children were 
most at risk for service use, they found major differences 
based on etiology and epilepsy syndrome. Children were 
placed into two groups: (a) idiopathic and cryptogenic 
and (b) remote symptomatic and/or epileptic encepha-
lopathy. Service use was lower in the former group, with 
49% having received services at some point during the 
5-year period and 15% having received services prior to 
the onset of epilepsy. In contrast, service use was substan-
tially higher in the latter group, with 88% having ever 
received services and 54% having received services before 
onset of epilepsy. Although service use was lower in the 
idiopathic and cryptogenic group, it was still three times 
higher than the 13–14% rate of special service use in 
the general population of children during the same time 
period in the same geographical area.

Findings in a prospective study of 69 children with 
newly diagnosed epilepsy in the Dutch Study of Epilepsy 
in Childhood (2) also provide information on when aca-
demic achievement problems begin. Children in this study 
had normal intelligence and either idiopathic or crypto-
genic epilepsy syndromes. Before diagnosis of epilepsy, 
22% of the children had repeated one grade at school 
(compared to 11% in mainstream primary schools) and 
54% of the children had required remedial assistance 
(compared to 23% of their healthy classmates). This 
study also provides empirical evidence that school per-
formance problems begin before diagnosis of epilepsy in a 
large percentage of children who otherwise are normally 
developing.

In a study exploring academic achievement in chil-
dren within the first year of seizure onset, data from 
teachers and academic achievement testing in the schools 
were used (3). The 106 children in the sample had normal 
intelligence and no other chronic conditions. Teachers’ 
ratings at one year after the first seizure of the children’s 
academic performance, and achievement testing car-
ried out by the school, provided the data. Compared to 
national norms, the mean scores for the whole sample 
were in the normal range. However, approximately 25% 
of the children had total school performance scores at 
least one standard deviation below the norm based on 
the teacher’s rating; 10% of the children had a total bat-
tery score on the achievement testing carried out by the 
school that was at least one standard deviation below 
the norm.

In summary, despite the few studies on academic 
achievement in children with new onset seizures and the 
variability in samples and methods, results are consis-
tent. Findings provide strong evidence that problems 
in academic achievement occur very early in the course 
of epilepsy. Moreover, in almost one-fourth of children 
otherwise developing normally, achievement problems 

occurred before the onset of seizures. In children with 
more severe epilepsy syndromes, over half of the children 
showed problems before seizure onset. These findings 
suggest that underlying neurologic dysfunction might be 
the cause of academic achievement problems in many 
children. Moreover, because problems were evident early 
in children otherwise developing normally, findings sug-
gest that even subtle underlying neurologic problems can 
affect academic achievement in children with epilepsy.

Clinically, these findings suggest that families should 
be informed that some children with seizures, includ-
ing those who appear to be developing normally, have 
academic achievement problems. At the time of seizure 
onset, and on a regular basis, the clinician should ask 
the parents how the child is doing at school. If problems 
are identified, a formal assessment of neuropsychologic 
functioning should be carried out, and if cognitive deficits 
are found, remedial help should be initiated. Because aca-
demic problems continue in a large number of children, 
it is important for the parents to be proactive in getting 
their children’s educational needs met.

WHAT ARE THE RISK FACTORS FOR 
ACADEMIC UNDERACHIEVEMENT?

Understanding risk factors for academic underachieve-
ment should help to identify those children most at risk 
for problems. In addition, the identification of risk fac-
tors should guide the development of interventions to 
prevent or reduce achievement problems. Two groups of 
authors (4, 5) have proposed models that identify factors 
associated with academic achievement in children with 
epilepsy.

Fastenau Model

The model by Fastenau et al. describes how a variety of 
risk factors (neurologic dysfunction, seizure variables, 
neuropsychologic deficits, medication side effects, and 
child and family response) interact to predict academic 
achievement (6). Factors in the model that were proposed 
to be the most direct predictors of academic achieve-
ment were seizure variables, neuropsychologic deficits, 
and child and family response.

Relationships among seizure, neuropsycho-
logic, and child and family variables were tested in a 
study of 173 children who had a diagnosis of at least 
6 months duration (4). Children with another chronic 
condition or with diagnosed mental retardation were 
excluded. The study had two aims: (a) to investigate the 
relationship between neuropsychologic functioning and 
academic achievement and (b) to investigate the extent to 
which demographic, seizure, and psychosocial variables 
moderated the relationship between neuropsychologic 
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functioning and academic achievement. Academic achieve-
ment was measured in three areas (reading, writing, and 
math) using standardized scales in an individual testing 
situation. Neuropsychologic functioning was measured 
using a comprehensive battery of cognitive tests. Three 
underlying constructs were identified using factor analy-
sis on the battery: verbal/memory/executive functioning 
(VME), rapid naming/working memory (RN/WM), and 
psychomotor. Findings indicated that neuropsychologic 
functioning was strongly associated with academic achieve-
ment. VME had the strongest association, RN/WM had 
the next strongest association, and psychomotor had the 
weakest association with academic achievement.

Variables explored to determine whether they mod-
erated the relationship between neuropsychologic func-
tion and academic achievement were demographic (child 
age, gender, and caregiver education), seizure (seizure 
type, seizure frequency, duration, and age at onset), child 
response (attitude toward having epilepsy, school self-
concept, and attribution style), and family environment 
(family mastery). Of these variables only family mastery 
was found to have significant moderating effects. Specifi-
cally, the relationship between neuropsychologic func-
tioning and academic achievement (writing and reading) 
was weaker when children’s homes were more organized 
and supportive. When children lived in home environ-
ments that were less organized and unsupportive, their 
academic achievement was more influenced by neuropsy-
chologic impairment.

Findings partially supported the model in that 
deficits in neuropsychologic functioning were strongly 
associated with academic underachievement. A major 
limitation of the study was that the epilepsy syndrome 
was not explored for relationships with academic achieve-
ment. On the other hand, a strength of the study was 
that it explored potential moderators, including some 
that were protective in nature. Those findings are further 
discussed in the section on protective factors.

Aldenkamp Model

The model proposed by Aldenkamp et al. describes how 
epilepsy factors (type of epilepsy/epilepsy syndrome, treat-
ment [polytherapy], and frequency of epileptiform dis-
charges) interact and lead to cognitive impairment [lower 
intelligence] and impaired vigilance (5). The direct pre-
dictors of academic underachievement in the model are 
cognitive impairment and impaired vigilance. The type 
of epilepsy or epilepsy syndrome is theorized to predict 
cognitive impairment and lower intelligence. Epileptiform 
electroencephalographic (EEG) discharges and polyther-
apy are proposed to predict impaired vigilance.

The Aldenkamp model is similar to the Fastenau 
model in that they both propose that neuropsycho-
logic functioning predicts academic achievement. In 

the Aldenkamp model, however, epilepsy syndrome is 
the prominent variable that predicts neuropsychologic 
impairment, which in turn predicts academic achieve-
ment. In other words, neuropsychologic functioning is 
proposed to mediate (i.e., account for) the association 
between epilepsy syndrome and academic achievement. 
Compared to the Fastenau model, the Aldenkamp model 
is less comprehensive and does not include demographic 
or psychosocial variables as potential moderators. 

Relationships proposed in the Aldenkamp model 
were investigated by Aldenkamp et al. in a study of 176 
children with epilepsy ages 6–12 years and 113 control 
children similar in age and gender distribution (5). All of 
the children were in regular education classrooms. The 
four areas of educational achievement measured were 
reading, arithmetic, language, and visuospatial. Epilepsy 
variables studied were type of epilepsy/epilepsy syndrome 
(none, idiopathic generalized, localization-related, or 
symptomatic generalized), seizure type (none, partial, or 
generalized), epileptiform EEG discharges (none, sporadic, 
or frequent), and treatment (none, monotherapy, or poly-
therapy). Reaction time and memory function were tested 
to measure neuropsychologic function and vigilance.

Aldenkamp’s findings supported relationships pro-
posed in the model. The poorest academic achievement 
was found in children with localization-related and symp-
tomatic generalized epilepsy. On average these children 
were approximately 14 months behind at school com-
pared to controls. Those with symptomatic generalized 
epilepsy were 26 months delayed compared to controls. 
In contrast, children with idiopathic epilepsy did not 
show educational delay.

The dominant neuropsychologic factor associated 
with academic underachievement in Aldenkamp’s study 
was lower intelligence. Children with localization-related
epilepsy had a mean IQ that was 10 points below con-
trols, and those with symptomatic epilepsies had a mean 
IQ that was 26 points lower. The other characteristics 
related to academic underachievement were frequent 
epileptiform discharges on the EEG and the use of poly-
therapy. Because these two factors were not indepen-
dent of epilepsy syndrome, the predominant predictor 
of academic underachievement was epilepsy syndrome. 
Given that serious epilepsy syndromes are associated 
with brain dysfunction, the findings also suggest that 
underlying neurologic dysfunction predicts academic 
underachievement (5).

Based on these two models, there is substantial 
evidence that a major risk factor for academic under-
achievement is neuropsychologic impairment. It is also 
clear from studies by Berg et al. (1) and Aldenkamp et al. 
(5) that neuropsychologic functioning is not independent 
of epilepsy syndrome. In the McNelis et al. (3) study 
the authors did not measure epilepsy syndrome but did 
explore seizure severity. They placed the children into 
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three groups based on seizure severity: 1 (only one  seizure 
and no AED), 2 (only one seizure and treated with an 
AED), and 3 (more than one seizure and treated with 
an AED). Seizure severity was significantly associated 
with the teacher’s rating of performance. Because the 
authors did not report on epilepsy syndrome, it is not 
known if those with higher seizure severity also had more 
severe syndromes. These findings suggest that, early in 
the course of epilepsy, assessment for neuropsychologic 
functioning should be carried out on children who have 
recurrent seizures and those with more severe epilepsy 
syndromes.

WHAT ARE PROTECTIVE FACTORS FOR 
ACADEMIC ACHIEVEMENT?

Identifying factors that might prevent the development 
of academic achievement problems or reduce them is 
of the highest clinical importance. Little research has 
been carried out to identify protective factors, especially 
psychosocial variables that are likely to be amenable to 
change in the clinical setting. In general, studies have been 
conducted (a) to investigate the association between aca-
demic achievement and psychosocial variables and (b) to 
identify psychosocial variables that moderate or weaken 
the relationship between neuropsychologic impairment 
and academic underachievement.

A few studies have investigated the relationship 
between psychosocial variables and academic under-
achievement. Demographic, seizure, and psychosocial 
variables have been explored for their relationships with 
academic achievement in cross-sectional studies. This 
approach was used by Austin et al. as part of a larger 
study of academic achievement in children with either epi-
lepsy or asthma (7). Epilepsy subjects were 117 children 
who had been treated with an AED for at least one year. 
Children who were diagnosed with mental retardation 
or who had another chronic condition were excluded. 
Factors explored for relationships with academic achieve-
ment were child gender, seizure severity (combination 
of seizure type, frequency, and AED use), child attitude 
toward having epilepsy, child adaptive functioning at 
school, and school self-concept. Child attitude reflected 
beliefs and feelings about having epilepsy. Child adaptive 
functioning was measured by teachers’ ratings of how 
hard the child was working at school, the appropriateness 
of the child’s behavior at school, how well the child was 
learning at school, and the child’s happiness at school. 
School self-concept measured the children’s perceptions 
of their intellectual status and their school performance. 
In a multiple regression, these factors, along with child gen-
der and seizure severity, were explored for relationships with 
academic achievement as measured by school-administered 
group tests given during the academic year.

Results from the multiple regression showed that, 
with the exception of self-concept, all of the variables were 
significantly associated with the total composite score on 
the achievement battery. Female gender, low seizure sever-
ity, more positive child attitudes, and more positive ratings 
of the child’s adaptive functioning at school were signifi-
cantly associated with higher academic achievement. This 
study points to two potential protective factors (attitudes 
and adaptive functioning at school) that should be ame-
nable to change. Attitudes are based on beliefs, and feel-
ings associated with beliefs, that are amenable to change. 
Adaptive functioning at school also should be amenable 
to change because it reflects the child’s motivation and 
behavior at school. This study was limited by lack of infor-
mation on neuropsychologic functioning and epilepsy syn-
drome, which might have affected the results. For example, 
children with poorer adaptive functioning might have had 
more cognitive impairments.

A more recent study also explored demographic, 
seizure, AED, psychosocial, and family variables for rela-
tionships with school performance in 73 adolescents (ages 
12–18 years) in Nigeria (8). Demographic variables stud-
ied were child age, gender, and level of education. Seizure 
variables were age at onset, years of epilepsy, seizure fre-
quency per month, and seizure type. AED variables were 
type, number, and presence of side effects. Psychosocial 
variables measured were adolescent perception of stigma, 
attitude toward having epilepsy, and psychopathology. 
Family variables were family functioning, socioeconomic 
status, caregiver perception of stigma, and caregiver psy-
chopathology. Finally, to measure school performance, 
the mean scores on all subjects were obtained from school 
records for the prior three school terms. Data were ana-
lyzed using multiple regression.

Results indicated that six variables were significantly 
associated with school performance. Two family variables 
(caregiver psychopathology and family functioning), three 
adolescent psychosocial variables (attitude toward having 
epilepsy, perception of stigma, and externalizing behavior 
problems), and one seizure variable (years of epilepsy) 
were significant predictors of school performance. With 
the exception of the seizure variable, these variables are 
potentially amenable to change through behavioral inter-
ventions (8). This study (8) did not include information 
on epilepsy syndrome or neuropsychologic functioning.

Neuropsychologic functioning and psychosocial 
variables were measured in a study of a small sample 
(n � 41) of children with idiopathic epilepsy and explored 
for relationships with academic underachievement (9). 
Children were placed into three groups based on teacher 
rating of their school achievement: good, adequate, and 
poor. Psychosocial data collected from the teacher also 
included information on child behavior problems, matu-
rity, attention, motivation, and social skills. Data were 
analyzed using one-way analysis of variance.
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Results showed that 61% of the children had less 
academic progress than would have been expected given 
their IQ. No associations were found between school 
achievement and child gender, social background, and sei-
zure variables (age of onset, seizure type, duration of the 
seizure disorder, EEG features, and AED treatment). Vari-
ables associated with poor academic achievement were 
visuomotor impairment, low IQ, and emotional malad-
justment (e.g., poor self-esteem and low motivation). The 
finding that almost two-thirds of children with epilepsy 
who were otherwise normally developing were having 
problems academically suggests that psychosocial vari-
ables might play an important role in academic achieve-
ment (9). Because of the small sample, data analysis was 
limited to univariate analysis of variance. A strength of 
the study was that subjects were limited to those with 
idiopathic epilepsy.

Another approach to identifying protective factors is 
to identify variables that weaken the relationship between 
neuropsychologic impairment and academic underachieve-
ment. This approach was used in the previously described 
study by Fastenau et al. (4), which showed that family mas-
tery moderated the relationship between cognitive deficits 
and achievement. Families with high mastery are able to 
accomplish tasks without difficulty; they plan ahead, have 
direction, and perceive that each family member contrib-
utes equally to family chores and activities. It might be that 
an organized family environment provides children with 
more neuropsychologic impairments with needed routine 

and structure that would facilitate their academic achieve-
ment. In addition, families who are high in mastery might 
also have regular study times and bedtimes for children, 
which in turn might lessen the academic risk associated 
with cognitive impairment. Based on this study, interven-
tions should be considered that focus on improving the 
family environment. For example, interventions might 
focus on encouraging family members to emotionally sup-
port the child related to achievement problems and to help 
the child with activities and routines that would promote 
academic achievement in the children.

CONCLUSION

In summary, academic achievement problems are com-
mon in children with epilepsy. They appear to begin very 
early in the course of the disorder, and in some chil-
dren they are present before the onset of seizures. Two 
variables that appear to be risk factors for achievement 
problems are neuropsychologic impairments and more 
serious epilepsy syndromes. Some psychosocial variables 
(e.g., child attitudes) that might serve as protective factors 
have been identified. However, these studies have not 
included neuropsychologic functioning or epilepsy syn-
drome. In addition, with few exceptions, studies have not 
tested these psychosocial variables to determine whether 
they moderate the relationship between neuropsychologic 
functioning and academic achievement.
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t is well documented that youth 
with epilepsy are at increased risk 
for psychiatric symptoms and psy-
chosocial maladjustment as a result 

of biological vulnerability, family, and individual (e.g., 
social, cognitive, self-efficacy, coping skills) variables (see 
Chapters 42–46, 49). One of the most difficult challenges 
posed to children with recurrent seizures and their fami-
lies may be the noncontingency associated with epilepsy. 
Perceived control, self-esteem, and behavior management 
have been suggested as salient targets of intervention, 
for which psychopharmacological and medical interven-
tions are not indicated (1). Thus, the current literature 
implies that interventions focused on changing youths’ 
general perceptions and specific illness appraisals as well 
as enhancing coping skills may be an effective treatment 
for pediatric psychosocial maladjustment.

The importance of a mental health presence in pedi-
atric epilepsy clinics has been underscored by the discrep-
ancy between prevalence rates of psychiatric/psychosocial 
difficulties and access to adequate mental health services 
(2–4). Experts in the field of pediatric epilepsy have also 
highlighted the development of evidence-based standards 
of mental health care for children with epilepsy as a pri-
ority recommendation (5). Unfortunately, the extant lit-
erature, which is reviewed in the following paragraphs, 
is quite sparse.

Psychosocial Intervention 
in Pediatric and 
Adolescent Epilepsy
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PSYCHOLOGICAL INTERVENTIONS 
TARGETING PSYCHOSOCIAL ADJUSTMENT

Psychological interventions for children with epilepsy 
have primarily included educational (6), cognitive-
behavioral (7–9), or family (10, 11) components, with 
most delivered in a group format (7–9, 12). Some interven-
tions target caregivers or youth only (13); others include 
both caregivers and youth (7–9, 12). An example of an 
educational program for youth with epilepsy and their 
parents is the “Be Seizure Smart” program developed by 
Austin and colleagues (6). This program, delivered via 
telephone, targets family members’ fears about epilepsy 
as well as seizure knowledge, management, information, 
and support needs. Results from ten families of children 
with newly diagnosed epilepsy revealed that children 
had significantly fewer epilepsy concerns and reduced 
need for information as well as higher general knowledge 
about seizures and better family functioning after this 
intervention. Parents also evidenced significantly greater 
knowledge about seizures and a reduced need for infor-
mation and for supports.

Several studies have utilized cognitive-behavioral 
strategies with children and their families. For example, 
in a large international study, Lewis and colleagues (7) 
examined the efficacy of “The Children’s Epilepsy Pro-
gram,” an intervention designed to provide knowledge 
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about epilepsy as well as teach decision making and 
communication skills to youth aged 7 to 14 and their 
parents. Children and their parents were randomly 
assigned to the control (CO; N � 126) or the treat-
ment condition (TX; N � 126). Parents and children 
in the CO group attended three two-hour joint didactic 
sessions. Four 90-minute TX sessions for youth covered 
understanding body messages, controlling seizures with 
medication, telling others about seizures, and coping 
skills/adaptation (bullying, teasing, and frustration; 
rehearsal and role-playing strategies to combat negative 
attitudes; anger management exercises; etc.). The four TX 
sessions for parents included education, decision making, 
working as a family system, and coping/adapting (9). 
Results revealed no significant pretreatment differences 
across youth groups. At the 5-month follow up, both 
groups of youth demonstrated significant improvement 
in seizure knowledge, but the TX group showed signifi-
cantly greater knowledge than the CO group did. Addi-
tionally, at follow-up, after adjustment for covariates, 
results revealed that the TX group viewed themselves 
as being more competent than the CO group in social 
interactions and skills (7). Results also revealed that 
parents’ knowledge improved significantly across both 
the TX and CO groups; however, parental anxiety was 
significantly more reduced in the TX group than in the 
CO group. In contrast to the initial hypotheses, data did 
not support the premise that, following intervention, 
parents in the TX group would be more supportive of 
their child’s participation in activities (9).

In another study, Snead and colleagues (8) 
examined the effectiveness of a cognitive-behavioral/
psychoeducational group intervention for adolescents 
and their parents. “Taking Charge of Epilepsy” was 
based in part on the work of DiIorio and colleagues 
(14) and focuses on medical aspects of epilepsy (adher-
ence, education), healthy behaviors and attitudes (health 
habits, diet, exercise, sleep), stress management (anxiety, 
depression, emotions, cognitive-behavioral coping skills), 
social concerns (self-image and self-esteem, driving, dat-
ing), and interacting with family and peers (behavioral 
rehearsal of communication skills and negotiation with 
caregivers). An initial pilot study informed the develop-
ment of a clinical trial in which six group sessions were 
presented to seven teens aged 13–18 and their families. 
T-tests revealed no significant pre–post intervention 
changes in quality of life reported by the teens on the 
Quality of Life in Epilepsy Inventory for Adolescents 
(QOLIE-AD-48) (15); however, nonparametric sta-
tistical analyses revealed a significant effect toward a 
positive change. No significant effects or trends were 
observed for depressive symptoms, reported through the 
Children’s Depression Inventory (CDI) (16), or anxiety 
symptoms, reported on the Revised Children’s Manifest 

Anxiety Scale (RCMAS) (17). Finally, open-ended ques-
tions revealed family satisfaction with and perceived 
relevancy of the intervention.

Tieffenberg and colleagues (12) designed a group 
program to teach developmentally appropriate inde-
pendence and illness self-management to children with 
epilepsy and asthma in Argentina. Participants were ran-
domized to intervention (TX; 64 asthma and 54 epilepsy 
completers) or control (CO; 43 asthma and 45 epilepsy). 
Children and parents in the TX group received five two-
hour sessions that included identification of bodily cues 
and personal triggers, recognition of the balance in life, 
understanding treatment, handling risk situations, and 
developing healthy decision-making strategies. Games, 
drawings, stories, videos, and role playing were utilized 
to illustrate key concepts of the program, and a booster 
session occurred 2 to 6 months after completion of the 
initial program. Results revealed that children in both 
the asthma and epilepsy TX groups showed a signifi-
cant increase in internal health locus of control, which 
was maintained at one-year follow-up. Also, parents’ 
knowledge improved, and fears and anxieties decreased in 
both TX groups. Finally, children with seizures in the TX 
group had significantly fewer seizures and visits to the 
physician’s office as well as improved school attendance 
compared to children with seizures in the CO group.

In a series of family intervention studies, Hufford and 
colleagues examined the effectiveness of an interactive vid-
eoconferencing family therapy protocol for adolescents 
with epilepsy and their parents. In the first study (11), 
three teens and their mothers identified the most pertinent 
problems and completed between six and ten sessions. 
Outcomes were measured using self-report instruments 
developed by the researchers. Mothers reported a 40% 
reduction in problem severity and a 73% reduction in 
frequency of family problems. Similarly, teens reported 
63% and 84% reductions in problem severity and fam-
ily problems, respectively. Glueckauf and colleagues 
(10) expanded on the first study with 22 teens who were 
randomly assigned to one of three conditions: interac-
tive videoconferencing-based family counseling (VFC), 
office-based family counseling (OFC), or waiting list 
(WL). For each participant, the therapist conducted a 
behavior-systems analysis of the primary problems and 
proposed strategies for interventions. Families were then 
taught how to set and track progress of goals, and discus-
sion of weekly events, identification of and suggestions 
for removing barriers to goal accomplishment, praise for 
efforts, and review of assignments were also conducted. 
Nonparametric statistical analyses revealed significant 
reductions in parent- and child-reported problem sever-
ity and frequency across all treatment groups at 1 week 
post-intervention, and treatment gains regarding prob-
lem behaviors were maintained at 6 months. However, 
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teachers reported an increase in behavior problems at the 
6-month follow-up.

Three other studies, which were not specifically 
designed as clinical trials to examine the effectiveness 
of a psychological intervention but that provide descrip-
tive information regarding psychological interventions 
in children with epilepsy, are outlined in the following 
paragraphs. In the first study the impact of epilepsy camp 
on attitudes towards epilepsy in children aged 8 to 16 was 
examined (13). Campers completed the initial assessment 
before arriving for camp and received a second question-
naire on the last day of camp to return in one month. 
Camp did not include educational programming on epi-
lepsy. Results for 20 children revealed no pre–post-camp 
differences in attitudes toward epilepsy as reported on the 
Child Attitude Toward Illness Scale (18). Nonetheless, 
there was a trend for children with infrequent seizures 
(fewer than six seizures per year) to show improvement in 
attitudes over time; however, the sample size of 13 likely 
limited power in this analysis.

In the second study, Hoare and Kerley (19) designed 
a parents’ group counseling program to reduce the psy-
chological distress of children with epilepsy and their 
families and to identify the factors associated with psy-
chosocial outcome. However, attendance for the program 
was abysmal, as only 12% of the 108 families who were 
initially approached participated. Moreover, of those 
14 parents who attended the first meeting, attrition was 
high for subsequent sessions; therefore, the effectiveness 
of the intervention could not be examined. Descriptive 
statistics revealed that participants were more likely than 
nonparticipants to have marital problems, family stress, 
a child with more severe epilepsy, and greater concern 
over the effect of epilepsy on their child’s development. 
Participating parents reported that individual sessions 
with a trained counselor would be more beneficial and 
indicated their preference for this counselor to be part of 
the clinic neurology team.

In the final study reviewed, Williams and col-
leagues (20) tracked psychological referral patterns 
in a university-based epilepsy clinic for 533 children 
aged 2 months to 27 years followed over two years. 
Of the 533 children seen, 101 were referred for psy-
chological services. Specifically, 19% of all children 
were seen for brief psychological interventions, which 
focused on acceptance of the diagnosis and medical sta-
tus, behavior management, clarification of myths about 
epilepsy, and concerns regarding medication side effects 
and adherence. Additionally, a significant number of 
children were referred for psychoeducational, neuro-
psychologic, speech, or behavioral evaluations. Outpa-
tient psychotherapy for family, individual, or both was 
recommended for 14% of families, parent training for 
4%, and state funded programs for severely disturbed 

children for 2%. See Wagner and Smith (21) for a more 
detailed review of the articles presented.

STRENGTHS AND LIMITATIONS OF 
THE EXTANT LITERATURE

The studies just summarized make an important con-
tribution to the literature by investigating the impact of 
psychological interventions on psychosocial adjustment 
in pediatric epilepsy. They are characterized by several 
strengths, including multiparticipant designs. To illus-
trate, several studies utilized parallel or combined par-
ent and child interventions (6–8, 10, 12) and/or teacher 
report outcomes (7, 10). Study designs were also strength-
ened by the use of randomization in four of the nine 
studies (7, 8, 10, 12), and a comparison group of youth 
with asthma (12). Additionally, three studies utilized pilot 
data for streamlining their subsequent, more formalized 
intervention studies (7, 8, 10). Snead and colleagues (8) 
employed empirically supported information in the devel-
opment of their intervention in addition to well-validated 
outcome measures. Select studies also attended to issues 
surrounding feasibility in dissemination of the interven-
tion. For example, to minimize transportation difficul-
ties, Glueckauf (10) utilized advanced technology in the 
form of videoconferencing. The Snead (8) and Lewis (7, 9) 
interventions were designed for a brief group format, and 
Williams (20) provided intervention at a medical center 
epilepsy clinic. Similarly, the Sawin study (13) was con-
ducted in a naturalistic setting, though it was not intended 
to be a “true” psychological intervention.

These studies share familiar weaknesses, including 
lack of detailed information, poorly defined or validated 
outcome measures, small sample sizes, and design limi-
tations. For example, details are absent regarding the 
intervention content (19) and sample characteristics such 
as pretreatment symptom severity (10, 20). As a result, 
readers of the literature are left unaware of how many 
participants evidenced clinical disorders (e.g., depression, 
anxiety) prior to the intervention. Exclusion of this data 
could significantly impact outcomes (e.g., regression to 
the mean if pretreatment scores are clinically elevated) 
and for whom the intervention is appropriate (e.g., those 
at risk, those with clinical symptoms, youth with epilepsy 
in general). Similarly, researchers have used outcome mea-
sures that are often ill defined or nonstandardized (6, 7). 
Traditionally, these measures have also not been readily 
accessible to clinicians for use or further validation. Acces-
sibility to intervention protocols has also been limited.

With the exception of Lewis et al (7) and 
Tieffenberg (12), most studies are plagued by small sam-
ple sizes, potentially limiting the generalizability of find-
ings and adequate power to detect significant findings.
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Also, many of the studies have less than ideal study 
designs, including varying numbers of control and treat-
ment sessions (7, 9). Other studies lack a control group 
to allow for stronger evidence that improvements were 
indeed attributal to the intervention and not extraneous 
factors (6, 8). It is also sometimes unclear in evidence-
based psychosocial intervention what the level of training 
is for those who are providing the intervention (6, 7, 12). 
Additionally, although therapeutic relationship has a sig-
nificant impact on treatment outcomes, it was assessed in 
only one study (10). Finally, studies (7, 12) frequently failed 
to control for potential psychological mediators that likely 
play a salient role in study findings. Notably, small sample 
sizes do limit the feasibility of advanced analyses required 
to examine these indirect relationships.

CONCLUSIONS AND FUTURE DIRECTIONS

In summary, the literature reviewed in this chapter 
(summarized in Table 51-1) provides support for the use 
of psychological interventions in youth with epilepsy; 
however, multisiteal comprehensive randomized clini-
cal trials across sites are necessary before implications 
of effectiveness of psychosocial interventions for youth 
with epilepsy can be adequately surmised. Despite current 
limitations in the literature, several relevant points are 
highlighted. First, the nature of cognitive-behavioral 
interventions renders them amenable to epilepsy-specific 
psychosocial adjustment, and they should be promoted on 
that basis (22). Second, common pathogenic mechanisms 
for epilepsy and depression have been proposed, infer-
ring that if depression is not treated, epilepsy may not be 
managed as effectively as possible (23). Similarly, behav-
ioral interventions have been shown to reduce seizure 
severity and frequency as well as improve psychological
adjustment (24). Thus, evidence-based psychological 
interventions for youth with epilepsy indeed seem rel-
evant, and further steps should be taken to develop, 
research, and disseminate such interventions.

Historically, epilepsy research has focused on issues 
related to the basic science of seizures, medications, 
evaluation methods, and treatments such as vagus nerve 
stimulation, the ketogenic diet, and epilepsy surgery. 
Understanding the etiologies of seizures and effective 
management must continue to be examined; however, 
parallel endeavors to explore psychological interventions 
for youth with epilepsy must receive adequate attention, 
given the high comorbidity of psychosocial difficulties in 
these children. Unfortunately, physicians may often under-
estimate the impact of patients’ stressors, environment, 
family, and fears. Consequently, behavioral approaches 
to epilepsy are neglected (25). Health care professionals 
are also challenged by “epilepsy-like dysthymia” instead 
of traditional presentations of depressive symptoms (26). 

Indeed, Gilliam and colleagues (27) reported that 79% 
of neurologists who see epilepsy patients do not screen 
for depression in their clinic, but that they would if an 
evidence-based treatment improved compliance and qual-
ity of life.

Paralleling these critical points, the following clinical 
recommendations are offered. Brief cognitive-behavioral 
therapy and psychological consultation within epilepsy 
medical clinics are likely to benefit youth with epilepsy/
seizure disorders. Thus, the presence of a psychologist 
or psychiatrist in epilepsy clinics who could provide a 
variety of on-site psychologic services similar to those 
described by Williams et al. (20) would greatly ben-
efit both epilepsy health care providers and families. 
Psychologists, social workers, and nurses with special-
ized training in epilepsy should be employed in the care 
of children with epilepsy (28) to provide interventions 
to youth and their families as well as provide consul-
tation to medical professionals, school personnel, and 
state agencies providing resources for youth with epilepsy. 
These health care providers are encouraged to participate 
in school- and community-based programs to provide 
comprehensive education to parents, teachers, primary 
care health providers, peers, children with epilepsy, and 
the community.

With an emphasis on evidence-based medicine (5), 
the question becomes one of which intervention(s) to 
use. Until epilepsy-specific psychological assessment and 
intervention tools are readily available, those supported 
by research in the fields of psychology and psychiatry 
should be utilized. For example, evidence-based inter-
ventions focused on changing youths’ perceptions and 
enhancing coping skills and self-efficacy (29) appear 
salient for use with youth with epilepsy. Alternatively, 
several of the interventions outlined in this chapter may 
also be applicable. Of course, factors such as group versus 
individual intervention, familial access to the clinic, and 
availability of trained mental health professionals will 
also inform decisions.

Finally, recommendations for the establishment of 
evidence-based psychological interventions for youth 
with epilepsy are offered. First, an efficient and stan-
dardized tool that assesses epilepsy-specific psychological 
adjustment must be validated in youth with epilepsy and 
sensitive to the measurement of clinical change. A recent 
study published promising findings for a similar measure 
for use in adults with epilepsy (30). Second, multisite 
randomized clinical trials should be designed to examine 
content and methods of delivery of cognitive-behavioral 
interventions adapted for youth with epilepsy and their 
families. Such studies would directly inform the practice 
of evidence-based medicine. For example, adaptation 
of an evidence-based cognitive-behavioral intervention 
focused on control enhancement, given the relevancy of 
learned helplessness and perceived control to epilepsy 
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management (29), may be appropriate. Similarly, the 
relationship of self-efficacy to management of epilepsy–
related depressive symptoms has been highlighted for 
the development of manualized interventions designed 
to enhance psychosocial adjustment to epilepsy (31). In 
addition, given the robust support for the impact of fam-
ily adjustment on adherence, seizure control, and quality 
of life (32), a caregiver component should be included in 
the intervention. Specifically, caregiver guilt and struggles 
specific to parenting a child or teen with epilepsy (e.g., 
relaxed discipline, overprotectiveness) should be included 
because these issues may cause barriers to parenting 
and the enhancement of developmentally appropriate 

independence (33). Interventions should also be age-
specific and sensitive to challenges that may be specific 
to a particular age, such as adolescence. Within the 
design of the study, training for individuals who will 
be disseminating the treatment, as well as measures to 
ensure the fidelity of these interventions and adherence 
to treatment protocols, should be included. Reports of 
study findings should contain statistics such as effect 
size and clinical significance. Lastly, dissemination of 
the manualized treatments and training workshops for 
clinicians to promote the practical use of evidence-based 
medicine for youth with epilepsy should be a priority 
of researchers.
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sychogenic nonepileptic seizures 
(PNES) are episodes of altered 
movement, sensation, or experi-
ence resembling epileptic seizures, 

but not associated with ictal electrical discharges in the 
brain. Also, PNES cannot be explained by physiologic 
processes such as hypotension or bradycardia and do 
not fulfill the diagnostic criteria for pathophysiologically 
“explained” disorders such as migraine, sleep disorders, 
or paroxysmal dystonia.

PNES are one of the most important differential diag-
noses in epilepsy clinics. What is more, they can occur in 
patients who also have epilepsy. PNES are often disabling 
and require a therapeutic approach that is very different 
from that appropriate for epileptic seizures. Failure to 
recognize PNES and treatment of PNES as epilepsy are 
associated with serious risks to patients. For these reasons, 
it is essential that doctors who see patients with epilepsy be 
able to recognize PNES and to communicate the diagnosis 
to their patients.

After a brief summary of the current knowledge 
about epidemiology and etiology of PNES, this chapter 
will focus on the aspect most important to neurologists: 
making the diagnosis and communicating it successfully 
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to patients. A final section will describe treatment options 
and outcome.

NOSOLOGY, EPIDEMIOLOGY, AND ETIOLOGY

Nosology

Although the fact that they are listed under the heading of 
dissociative disorders in the International Classification 
of Diseases (ICD-10), and under somatoform or conver-
sion disorders in the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-IV), suggests that PNES are 
an identifiable, separable, and separate disorder, we and 
others regard them as one manifestation of a range of 
interacting psychosocial conditions. It is likely that most 
PNES are an unintentional expression of psychologic 
distress, although there are currently no tests of inten-
tionality and it is probable that at least some seizures are 
factitious or malingered. PNES are best understood as a 
manifestation of a range of different forms of psychopa-
thology rather than a clearly delineated diagnostic entity. 
As such, they may be interpreted as a form of dissociation 
(in the sense that they disrupt the usually integrated func-
tions of consciousness, memory, identity, or perception), 
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although PNES not only are seen in dissociative disorders 
but also occur in other psychiatric disorders. Most com-
monly associated are other somatoform (22–84%), other 
dissociative (22–91%), posttraumatic stress (35–49%), 
depressive (57–85%), or anxiety disorders (11–50%). 
Twenty-five to 62% of patients with PNES fulfill the 
DSM-III or IV criteria for personality disorder (1). In 
a small minority of patients (perhaps one in 20), PNES 
seem to occur without any other psychiatric symptoms 
or in the absence of personal or social circumstances that 
could explain a dissociative or conversion process (2). It 
remains uncertain whether these patients have a patho-
physiologically different disorder or whether they have 
not disclosed information that would have enabled a 
more comprehensive formulation of their symptoms.

Epidemiology

There is no reliable information on the incidence or 
prevalence of PNES in the general population. Studies 
based on patients referred to neurologic centers suggest 
an incidence of 1.5/100,000 per year (equivalent to about 
4% that of epilepsy), or 3/100,000/year. However, given 
the setting of these studies in specialist centers and the 
fact that only video-encephalographically (EEG) proven 
cases were counted, these figures are likely to be an under-
estimate. One recent study that reportedly captured all 
patients first presenting to a neurologist, emergency room, 
or primary care physician with a blackout indicated that 
57.4% had epilepsy, 22.3% had fainted, and 18.0% had 
PNES (3). PNES are diagnosed even more commonly 
in certain clinical settings. For instance, about 20% of 
patients referred for epilepsy surgery evaluation, and up 
to 50% of patients with refractory “status,” have PNES 
rather than epilepsy (4).

Etiology

Like that of other functional (“medically unexplained”) 
somatic syndromes, the etiology of PNES is perhaps best 
described by a multidimensional model that distinguishes 
between predisposing, precipitating, perpetuating, and 
(in the case of PNES also) triggering factors. Predispos-
ing factors confer an increased vulnerability to PNES, 
precipitating factors determine the timing of the mani-
festation of seizures, perpetuating factors contribute to a 
chronically recurrent course, and triggering factors start 
off individual seizures. It is a particular advantage of this 
model that it can be used to produce an etiology-based 
formulation in an individual patient. The factors that 
need to be considered in such a formulation include bio-
graphical factors (e.g., childhood trauma, abuse, neglect, 
life events), relevant biological features (e.g., sex, presence 
of learning disability), psychologic features (e.g., coping 
styles, personality or “ego structure”), “psychiatric” 

or “neurologic” comorbidity (e.g., depression, anxiety, 
epilepsy, or learning disability), and social factors (e.g., 
family environment, financial security) (2). Factors can 
interact with each other (a history of childhood neglect 
may become particularly relevant after a distressing life 
event in adult life), and one factor can act in different 
ways. Additional epileptic seizures, for instance, could 
act as a predisposing factor by reducing a patient’s con-
fidence to be able to remain in control in a moment of 
particular distress, an epileptic aura can precipitate or 
trigger a dissociative reaction, and certain environmental 
responses that patients experience when they have epi-
leptic seizures could make a chronically recurrent course 
of PNES more likely.

MAKING AND COMMUNICATING 
THE DIAGNOSIS

Diagnostic Delay

Although PNES are not rare and much has been pub-
lished about their semiology, it has been observed that 
the mean latency between manifestation and diagnosis 
remains unacceptably long at 7–16 years and that three-
quarters of patients with PNES (and no additional epi-
lepsy) are still treated with anticonvulsants initially. The 
rate of patients with PNES misdiagnosed as epilepsy has 
been found to be around 5% in seizure patients treated 
by family physicians, or 10% in patients with “refractory 
epilepsy” referred to a specialist epilepsy clinic.

Misdiagnosis

The early distinction of PNES from epileptic seizures is 
important because treatment with antiepileptic drugs 
(AEDs) is inappropriate for a psychologic problem 
and puts people at risk of drug toxicity, emergency 
interventions, and even death. As significantly, the  failure
to make the diagnosis means that clinically relevant psy-
chopathology (including an increased risk of suicide) is 
likely to remain undetected and unaddressed. In addition, 
the misdiagnosis of PNES as epilepsy is very costly. The 
average annual medical mistreatment cost of PNES as 
epilepsy has recently been estimated as £316 ($626) in 
the UK (5). The indirect costs to society through loss of 
employment (of patients and carers) are likely to be even 
greater than the direct costs of inappropriately prescribed 
anticonvulsant drugs or professional time (although it has 
been shown that patients with undiagnosed PNES visit their 
doctors very frequently). It has been shown that 69% of 
PNES patients were working at the time of manifestation 
of seizures, but only 20% were still working at the time the 
diagnosis was made. An outcome study demonstrated that 
at a mean of 4.1 years after diagnosis, 41.4% of patients 
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(with a mean age of 38.6 years) had retired on health 
grounds. Encouragingly, health care utilization costs are 
significantly reduced in the six months after diagnosis of 
PNES with video-EEG (4).

Differential Diagnosis

The differential diagnosis of paroxysmal neurologic dis-
orders is wide (see Table 52-1). However, PNES can be 
distinguished from most of the conditions listed on the 
basis of the patient’s history and a description of a typical 
event by a seizure witness alone. The commonest chal-
lenge is the differentiation of PNES from epileptic seizures 
and syncopal events. This differentiation cannot be based 
on any single observation, and no single semiologic fea-
ture is shared by all types of PNES.

History

One important reason why the diagnosis of PNES may 
not be made is that physicians fail to consider the dif-
ferential diagnosis of nonepileptic seizures before diag-
nosing (and treating) presumed epilepsy. However, there 
are often many “red flags” in the patient’s history that 
could alert clinicians to the possibility of a diagnosis of 
PNES (Table 52-2). A number of recent studies have dem-
onstrated that the history given by patients with PNES 
does not only differ from the account given by patients 
with epilepsy in terms of facts relating to seizures (such 

TABLE 52-1
Differential Diagnosis of Paroxysmal Neurologic 

Disorders in Adults

Syncope
Reflex syncope (e.g., neurovasogenic synocpe, 

micturition syncope)
Cardiac syncope (e.g., with tachy- or bradycardia, 

long-QT syndrome, structural cardiac abnormalities,
aortic stenosis, cardiomyopathies, arteriovenous shunts)

Perfusion failure (e.g., hypovolemia, autonomic failure)

Psychogenic attack
Psychogenic nonepileptic seizure
Depersonalization/derealization
Panic attack
Hyperventilation attack
Flashback

Transient ischemic attack

Migraine

Narcolepsy/cataplexy

Parasomnia

Paroxysmal dystonia

Hyperekplexia

Paroxysmal vertigo

Hypoglycemia

TABLE 52-2
Features in the History That Can Help to Determine the Likelihood of PNES, Epileptic 

Seizures, or Syncopal Events

   PSYCHOGENIC NONEPILEPTIC

FEATURE IN HISTORY SEIZURES EPILEPTIC SEIZURES SYNCOPE

Manifestation �10 years of age Unusual Common Occasional
Change of seizure semiology Occasional (more dramatic Rare Rare

with time) 
High seizure frequency Common Occasional Rare
Recurrent seizure status Common Rare Never
Worsening with antiepileptic Occasional Rare Rare

drugs
Seizures in front of a doctor Common Unusual Common (blood tests)
Multiple unexplained Common Rare Rare

physical symptoms
Multiple surgical procedures Common Rare Rare

and investigations
Psychiatric treatment Common Rare Rare
Vascular risk factors, history Rare Rare (except in Not uncommon 

of heart disease   elderly patients)   (common in patients 
with cardiogenic syncope)

Sexual and physical abuse Common Rare Rare
Parasuicide Common Rare Rare
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as the duration of attacks or a history of seizures in a 
doctor’s office). There are also marked differences in how 
patients with epileptic and nonepileptic seizures interact 
with doctors when they talk about their seizure experi-
ences. These features can be elicited if the doctor adopts 
a receptive stance, avoids early interruption, and opens 
the encounter with an open question (such as “How can 
I help you today?” or “What was your expectation when 
you came to see me?”), so that patients have an oppor-
tunity to stress those aspects of their experience that are 
subjectively most relevant (6). Some of the linguistic and 
interactional features that can help physicians to make 
the diagnosis of epilepsy or PNES when they give patients 
time to communicate their own agenda are summarized 
in Table 52-3. Doctors may also pick up other nonverbal 
or affective cues in their interaction with the patient or 
the interaction between patient and carer, such as signals 
of helplessness, submissiveness, delegation, inappropriate 
indifference, anger, or fear.

Semiology of PNES

Studies using cluster analysis suggest that several types of 
PNES can be differentiated. The commonest semiology 

involves excessive movement of limbs, trunk, and head. 
Seizures with stiffening and tremor, or seizures with ato-
nia, are less frequent in most series. A diagnosis of PNES 
is used most commonly in patients who describe impair-
ment or loss of consciousness (LOC) during their attacks. 
However, if PNES are defined as paroxysmal events that 
resemble epileptic seizures, the diagnosis could also be 
applied to purely sensory or experiential attacks akin to 
simple partial seizures. Based on this understanding (and 
the fact that patients with PNES without LOC may have a 
similar profile and respond to similar treatments as those 
whose PNES involve LOC), patient series from epilepsy 
centers often also include individuals whose consciousness 
is unimpaired during attacks. However, it is likely that 
diagnostic categories are particularly ill-defined in this 
patient group. What is called “PNES” in an epilepsy cen-
ter would probably (and justifiably) be labeled as “panic 
attacks,” as “hyperventilation attacks,” or as episodes of 
“derealization” or “depersonalization” elsewhere.

The clinical diagnosis of PNES is based on the 
description or observation of the semiologic details such 
as those listed in Table 52-4. As in the evaluation of other 
patients with paroxysmal disorders, it is crucial to interview 
a seizure witness as well as the patient himself. Perhaps 

TABLE 52-3
Overview of Linguistic Criteria Found Useful in the Differentiation of Interactions with Patients with 

Epileptic and Nonepileptic Seizures (6)

FEATURE EPILEPTIC SEIZURES NONEPILEPTIC SEIZURES

Subjective seizure symptoms
Formulation work related to 

seizures
Seizures as a topic
Focus on seizure description

Seizure description by negation

Description of periods of reduced
consciousness or self 
control (“gap”)

Metaphors, conceptualization of
seizures

Spontaneous reference to attempted
seizure suppression

Typically volunteered, discussed in detail
Extensive, large amount of detail

Self-initiated
Self-initiated or readily maintained

with prompting
Rarely (negation usually explained

and contextualized)
Intensive formulation work
Aiming at a precise, detailed 

description
Attempts to fill “gap”
Precise placement of period of lost

consciousness in seizure context
Display of willingness to know what

happened during periods of
unconsciousness

Degree of unconsciousness can be
interactively challenged

Seizures as external independent agent
Active fight against seizure threat

Often made

Avoided, discussed sparingly
Practically absent, very little 

detailing effort
Initiated by interviewer
Difficult or impossible (“focusing

resistance”)
Common

“Holistic” description of 
unconsciousness

Naming of unconsciousness 
without further description

Pointing out inability to remember
anything

No self-initiated detailed 
description

Presentation of “gap” as most 
dominant or only element of attacks

Completeness of unconsciousness
cannot be challenged

No coherent concept
Seizures not definitely external
No active struggle against seizure threat
Rarely made
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the most helpful pointers to a diagnosis of PNES are sei-
zures that seem to be provoked by stressful situations or 
that occur in front of a doctor, seizures of long duration 
with motor activity that stops and starts, and closed eyes 
during tonic-clonic-like seizures. Patients with PNES are 
often very upset when they have a seizure, they may cry 
during or immediately after the event.

PNES can be particularly difficult to distinguish 
from epileptic seizures originating in the frontal lobes. 
Like the semiology of PNES, that of frontal lobe seizures 
may include emotionally charged screams, bilateral motor 
activity with retained consciousness, and ictal speech 
arrest with unimpaired postictal recollection of the event. 
A degree of ictal responsiveness may be preserved in focal 
frontal or temporal lobe seizures, although actions car-
ried out during the seizure may later not be remembered. 
Semiologic factors that may help distinguish between fron-
tal lobe seizures and PNES include the observations that 
frontal seizures very commonly arise from sleep, occur in 
clusters, and are very short. Although the semiology of 
frontal seizures may be dramatic and bizarre, it is more 
stereotyped than that of PNES (4).

Interictal Tests. The role of interictal EEG, brain imag-
ing, or neuropsychologic testing in the diagnostic catego-
rization of seizures is limited. In line with an older study, 
we recently found that 22.3% of our patients with PNES 
(and no additional epilepsy seizures) had interictal epilep-
tiform EEG abnormalities, lesions detected by magnetic 
resonance imaging (MRI), or neuropsychologic deficits. 
In view of the fact that not all patients had been fully 
investigated, the true proportion of the patients with such 
abnormalities would likely have been even higher (7). In 
a blinded comparative study, we found nonspecific EEG 
changes in 18% of patients with PNES (and no epilepsy) 
and 10% of age-matched healthy controls (8).

Abnormalities are therefore commoner in patients 
with PNES than in healthy individuals. This makes it 
harder to distinguish patients with PNES from those with 
epilepsy. Although abnormal findings are much com-
moner in patients with epilepsy as a group, individual 
patients with epilepsy can have normal investigations, 
whereas evidence of brain abnormality may well be found 
in patients with PNES (7).

Ictal EEG Recordings. Even ictal EEG recordings can 
be misleading if the seizures do not involve loss of con-
sciousness, because surface EEG shows ictal changes in 
only 10–20% of such focal epileptic seizures. Ambula-
tory EEG in particular, especially if undertaken with 
one of the older eight-channel EEG recorders, may miss 
ictal discharges or epileptiform interictal changes. When 
using such systems, the clearest indication of the seizure 
type is sometimes provided by the electrocardiographic 
(ECG) channel. It has been noted that the heart rate tends 

to increase suddenly in epileptic seizures, whereas the 
increase is more gradual in PNES (4).

Even in the absence of ictal epileptiform discharges 
or typical postictal EEG changes, the periodicity of ictal 
muscle artifacts can help in the distinction of epileptic and 
nonepileptic seizures: The frequency of muscle spasms in 
generalized tonic-clonic epileptic seizures shows a char-
acteristic decrement, whereas the shaking seen in PNES 
tends to change during the course of a seizure only in 
terms of amplitude, not frequency (9).

Postictal Blood Tests. The measurement of serum pro-
lactin (or cortisol) 15 to 20 minutes after an ictal event 
can help in the differentiation of PNES and epileptic sei-
zures. However, although a 3- to 5-fold prolactin rise 
above a baseline measurement taken at the same time of 
day provides reasonably reliable support for a diagnosis 
of epilepsy, the absence of an increase does not prove that 
the event was a PNES (especially if an epileptic seizure 
would have been classified as focal rather than general-
ized). It should be pointed out, though, that prolactin 
rises have been described after PNES and even after non-
epileptic hypotensive syncope (4).

Seizure Observation. The most important investigation 
in the diagnosis of PNES is the observation of a typi-
cal seizure. Occasionally, the recording of a seizure with 
a home video or even a still camera provides sufficient 
support to make the diagnosis. Footage from mobile 
phones or closed-circuit television cameras can be helpful. 
Sometimes physicians have the opportunity to observe 
a seizure directly and to examine a patient. In this case, 
the attempt to elicit the pupillary light reflex (forced lid 
closure, which is preserved in PNES but may be absent in 
epileptic seizures), the reaction to noxious stimuli (such 
as the corneal reflex or tickling the inside of the nose), 
the Babinski response, and the observation of purpose-
ful movements (for instance, when the patient’s hand is 
dropped over his head) can be helpful.

However, to date, the diagnostic reliability of diag-
noses based on the patient’s history and a video recording 
of an event or ictal examination by an expert has not been 
formally assessed. Occasionally, even epilepsy experts are 
uncertain about the etiology of a seizure happening in 
front of them. Given the implications and therapeutic 
consequences of the diagnosis, it is therefore much bet-
ter if seizures are recorded simultaneously with EEG and 
video. About one-third of patients with PNES will have a 
seizure during a routine EEG recording. Otherwise PNES 
are often observed within the first 48 hours of monitor-
ing. The likelihood of a seizure occurring rises to at least 
two-thirds if photo-stimulation and hyperventilation 
are combined with the suggestion that these provoca-
tion methods can cause seizures. It has been shown that 
use of the diagnostic “gold standard” in patients who 
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were difficult to diagnose on the basis of history, witness 
account, and interictal investigations changes the clinical 
diagnosis in many cases (4).

Provocation Techniques. If no seizures occur dur-
ing video-EEG monitoring, the monitoring time can be 
extended or provocation techniques may be used. Provo-
cation with saline patches, vibration, and hypnosis has 
been described, but the most commonly used technique 
involves the suggestive intravenous injection of normal 
saline solution. This procedure can provoke typical sei-
zures in over three-quarters of patients but provokes 
epileptic seizures exceptionally rarely. Although some 
authors have expressed ethical doubt about provocation 
techniques, we and others consider the use of placebo 
defensible, especially if the diagnosis of PNES is followed 
by an offer of treatment, because the failure to make a 
clear diagnosis can have devastating effects, especially if 
no diagnosis is made after referral to an epilepsy center.

In the final analysis, the diagnosis of PNES is based 
on the combination of history and seizure observation and 
the lack of a “physical” explanation for the seizures. The 
tools that may be used in the diagnostic process have been 
reviewed in great detail recently (10). However, in about 
one-third of patients seen in epilepsy centers, the situation 
is complicated by coexisting epileptic seizures—of course, 
the confirmation of PNES by video-EEG does not mean 
that patients do not have epilepsy as well (11).

Communicating the Diagnosis

Once the diagnosis of PNES has been made, clinicians 
are faced with the difficult task of telling patients that 
they do not have epilepsy (for which they may have been 
treated for years), but that their seizures are a manifes-
tation of psychologic or social distress. The question of 
how the diagnosis should be communicated has attracted 
considerable interest. One reason why “good” commu-
nication is important at this point is that PNES resolve 
with an explanation of the problem, which is acceptable 
and comprehensible, in about 10% of patients. It has 
also been shown that longer-term outcome is better in 
PNES patients who accept that they have PNES than those 
who continue to think that they have epilepsy. At pres-
ent, however, only three in five patients referred for a 
psychotherapy assessment interview turn up. Patients are 
often angry and confused about the communication of the 
diagnosis of PNES (12). Like other patients with somato-
form illness, those who fail to accept their diagnosis are 
likely to remain heavy users of health care services. In the 
particular case of PNES, unsuccessful communication is 
also likely to increase the risk of continuing inappropri-
ate treatment with anticonvulsants. We have previously 
shown that 41% of patients diagnosed with PNES (and no 
additional epileptic seizures) were taking AEDs four years 

after the diagnosis of PNES had been communicated to 
them and their general practitioners (GPs) (13).

There are a number of reasons why the communica-
tion of the diagnosis of PNES can be a challenging task (14). 
Whereas patients with epilepsy quite readily accept “stress” 
as a trigger for seizures, it has been shown that patients with 
PNES (just like other patients with medically unexplained 
physical symptoms) are less likely to endorse stress or emo-
tional factors as a possible cause of seizures (15). In fact, the 
majority of patients have difficulties with the recognition of 
emotions or the fact that emotions or traumatic experiences 
could be related to their seizures. This is reflected in the 
fact that over 90% of patients score as alexithymic using 
a validated self-report instrument (16).

Although a communication protocol has been put 
forward for this setting, its superiority to any other form 
of communication has not been established, and less than 
one-half of the patients diagnosed at a center where the 
protocol was in use engaged in psychotherapy (17). Phy-
sicians keen to improve their communication skills may 
benefit from using the “reattribution model,” which has 
been widely used in other somatoform disorders (18). 
This model has been subjected to further scrutiny, and 
there is evidence for its acceptability and clinical effective-
ness (14). Communication between doctors and patients 
in line with this model has been examined with the help 
of a linguistic content analysis. One study looking at the 
communication between family physicians and patients 
with medically unexplained problems identified different 
forms of normalization of the patients’ illness experience 
that were harmful (basic reassurance, reporting negative 
test results, giving negative results and generic explanations) 
and some that had positive effects on psychosocial out-
comes (giving explanations linking physical and psycho-
logic factors based on the patients’ experience) (19).

In the explanation of the disorder, physicians may 
want to consider using the term “functional seizures,” 
which has been shown to be less offensive to patients 
than the term “PNES” (which is used here because it has 
become the most established term in recent publications on 
the subject) (20). Watching a video recording of a typi-
cal seizure with the patient may contribute to the shared 
understanding that seizures are real and disabling. The 
use of leaflets may help reduce feelings of loss (often of 
the diagnosis of epilepsy) and isolation.

TREATMENT AND OUTCOME

Neurologic Assessment

The diagnosis of PNES should be accompanied by a 
thorough neurologic assessment. Given the high preva-
lence of comorbid epilepsy, it is particularly important 
to determine whether patients require AED treatment. 
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In patients with additional epileptic seizures, particular 
effort is required to enable patients to understand that 
they have two different types of seizures and, ideally, 
to learn to differentiate between them. If a diagnosis of 
additional epilepsy is uncertain, AEDs should be avoided 
if at all possible. The risks associated with occasional 
epileptic seizures have to be weighed against those of 
anticonvulsant toxicity and inappropriate treatment of 
prolonged PNES as status epilepticus in emergency rooms 
and intensive care units (which is perhaps more likely if a 
patient takes AEDs prescribed by a neurologist).

Psychiatric Assessment

The neurologic assessment should be followed by a psy-
chiatric examination. Axis-1 disorders such as depression, 
anxiety, or posttraumatic stress disorder may respond to 
psychologic or pharmaceutical treatments. In the many 
patients who show evidence of personality pathology, 
chronic somatization or dissociation tendencies treat-
ment may more realistically aim at behavior modifica-
tion rather than cure.

Psychotherapy

The current mainstay of treatment is psychologic in 
nature. In the great majority of patients a conflict, 
trauma, or “unspeakable dilemma” can be identi-
fied that can be used to engage patients in treatment, 
although they may initially see no connection between 
this and their attacks. It remains unclear whether a 
psychoanalytical, interpersonal psychodynamic, cogni-
tive behavioral, or alternative approach (family therapy, 
hypnotherapy, eye movement desensitization and repro-
cessing, cognitive analytic therapy, biofeedback) is best. 
All have been used successfully in individual cases, but no 
meaningfully controlled studies have been completed (1). 
We currently offer a psychotherapeutic intervention 
based on a model of brief psychodynamic-interpersonal 
therapy. This approach was previously found to have 
equivalent effects to cognitive behavior therapy in the 
treatment of depression and was shown to be helpful 
and cost-effective in the treatment of functional bowel 
disorders. Key features of this model include (a) the 
assumption that the patient’s problems arise from or 
are exacerbated by disturbances of significant personal 
relationships, with dysfunctional interpersonal patterns 
usually originating earlier in their lives, and the explicit 
linking of this to the patient’s symptoms; (b) a tentative, 
encouraging, supportive approach from the therapist, 
using “understanding hypotheses” and metaphors to 
deepen insight into psychologic mechanisms, “linking 
hypotheses” to elucidate links and patterns in different 
aspects of the patient’s life (e.g., between the somatic 
and the emotional, or between the patient’s current or 

past relationship patterns and what is happening in the 
“here and now” of the therapy session), and “explana-
tory hypotheses” to move patients to a further level 
of understanding of themselves and their symptoms. 
Patients are encouraged to make changes in unhelpful 
patterns of interpersonal relationships and to express 
and process emotions more effectively, particularly in 
relation to unresolved issues. If appropriate, patients 
are also shown cognitive and behavioral strategies such as 
techniques for warding off threatened seizures, panic 
attacks, and flashbacks, and they are offered relaxation 
tapes (Reuber M, Burness C, Howlett S, Brazier J, et al., 
submitted). A cognitive behavioral approach has been 
described elsewhere (21).

Pharmacological Therapy

Psychologic treatment may be augmented by pharma-
ceutical therapy, even in the absence of axis-1 disorders 
such as depression. Studies in other patient groups have 
shown that selective inhibition of serotonin reuptake 
can be helpful in somatization and symptom syndromes 
(such as dissociation) and improve emotional dysregu-
lation, which is one of the core problems in patients 
with PNES. The use of low-dose neuroleptics has also 
been described for quasi-psychotic states such as severe 
dissociation (4).

Outcome

On the whole, the seizure and social outcome in PNES 
patients seen in epilepsy centers is poor. We recently 
showed that after an average of 11 years after manifes-
tation and 4 years after diagnosis, two-thirds of patients 
continued to have seizures, and over half were dependent 
on social security. Our results were in accord with those 
in other PNES patient groups. This means that outcome 
is considerably worse than in newly diagnosed epilepsy, 
although it is similar to that seen in other somatoform 
disorders (13).

Although a number of controlled treatment stud-
ies are finally under way, no form of treatment has 
so far been proven to improve the natural history in 
patients diagnosed with PNES. What is more, measur-
ing outcome in patients with PNES is complex, and the 
reports of the (uncontrolled) studies that are available 
are difficult to compare (22). We have shown that our 
treatment program improves patient-centered outcome 
measures (SF-36, CORE outcome measure, somatic 
symptom count) by at least one standard deviation in 
about one-half of all patients and that this form of treat-
ment appears cost-effective (Reuber et al., submitted). 
Others have demonstrated that seizures can stop with 
treatment and that illness perceptions can be influenced 
by cognitive behavioral therapy (21).
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CONCLUSION

Patients with PNES show a tendency to seek medical 
attention, and they make up a considerable share of the 
workload of neurologists and epileptologists as well as 
emergency room and general physicians. The differentia-
tion of PNES from other paroxysmal disorders is crucial 
if iatrogenic injury is to be avoided (Table 52-1). Apart 
from this, the correct diagnosis of PNES may lead patients 
and physicians to focus on relevant underlying or associ-
ated psychologic issues.

Although there is no single fact in the history that 
allows the physician to make the diagnosis of PNES, the 
history often contains “red flags” that make this diag-
nosis more likely. The general, social, and medical histo-
ries are often as helpful as the description of seizures by 
patients and witnesses. Especially, a history of recurrent 
emergency or intensive care admissions with “status epi-
lepticus,” other unexplained medical symptoms, many 
surgical procedures, or psychiatric disorders can provide 
hints (Table 52-2).

If they allow patients to develop their own com-
munication agenda, physicians can also listen for a 
range of interactive and linguistic clues in the patient’s 
communication behavior that suggest a diagnosis of 
epilepsy or PNES (Table 52-3). The diagnosis of PNES 
may not be hard to make once it has been considered. 
Especially in an emergency room setting, physicians 
often forget that not everything that shakes is epi-
lepsy. The diagnosis is particularly easy when there is 
an opportunity for direct observation of a seizure and 
for ictal examination (see Table 52-4).

The distinction of PNES from epilepsy is only the 
first step to a full diagnostic formulation. A complete 

diagnosis should also characterize any underlying or asso-
ciated psychopathology. Childhood trauma or neglect, 
stressful life events, a dysfunctional home and social envi-
ronment, psychiatric comorbidity, personality pathology, 
epilepsy, learning disability, and other “organic” brain 
disorders and abnormalities can all play an etiological 
role. A better etiological understanding of the seizure 
disorder can help the physician to communicate the diag-
nosis more successfully to a patient who may consider 
the problem “purely physical” or may fail to recognize 
feelings or the relevance of emotional problems for the 
seizures.

In view of the diversity of etiological factors, treat-
ment has to be adjusted to individual patients but can 
share common elements such as addressing unhelpful 
illness perceptions, improving insight into links between 
symptoms and emotions, and enhancing independence 
and coping skills.

Physicians should always consider the differential 
diagnosis of other paroxysmal disorders, including PNES, 
before diagnosing epilepsy. In all patients in whom the 
diagnosis of PNES is considered or in whom the diag-
nosis of epilepsy remains in doubt, in all patients admit-
ted to hospital with “status epilepticus,” and in patients 
who fail to respond to anticonvulsant treatment, a clear 
diagnostic categorization should be sought. This should 
involve the assessment of the patient by a physician versed 
in the diagnosis of seizure disorders and, if at all possible, 
the documentation of a typical seizure by video-EEG. 
At present, longer-term social and seizure outcome is 
often poor. In the absence of major new developments 
in the treatment of patients with PNES, outcome may be 
improved if the diagnosis is more actively sought, made 
earlier, and communicated more convincingly.
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atients with psychologic (psycho-
genic) nonepileptic seizures (NES) 
are often severely disabled, with 
episodes that are refractory to 

treatment, and are frequently encountered in neurol-
ogy, psychiatry, and emergency departments. NES, also 
referred to as pseudoseizures, are paroxysmal behav-
iors resembling epileptic seizures that have psychologic 
comorbidities and are unresponsive to treatment with 
antiepileptic drugs (AEDs). The phenomenology of NES 
is well delineated, including a preliminary understand-
ing of risk factors and prognostic features (1), and is 
discussed in Chapter 52. Numerous studies exist on the 
diagnosis of NES, ictal semiology, comorbid psychiatric 
diagnoses, and neurologic and neuropsychologic char-
acteristics of patients with NES, but to date, no double-
blind, randomized, placebo- controlled trial (RCT) has 
been completed for NES.

Given the paucity of systematic treatment trials 
for NES, much less is known about treatments for NES. 
A review of the NES treatment literature reveals that 
only class III and IV studies are available, and no effec-
tive treatments have been developed for NES (2, 3). 
Patients with NES present unique challenges given the 
overlap of neurologic and psychiatric presentations. 
The few studies in neurology and psychiatry journals 
addressing clinical trial methodology do not adequately 
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address the compounded challenges encountered when 
combined neuropsychiatric issues are present in a single 
treatment trial.

Approaching the patient with NES from a biopsy-
chosocial model yields a number of potential treatment 
targets (3) (Figure 53-1). In this chapter, the treatment 
targets, interventions to address the targets, and meth-
odological issues in treatment trials are described to aid 
and inform future NES treatment trials.

APPROACHES TO DEVELOPING 
TREATMENT TRIALS FOR NES

Treatment strategies, in general, include prevention, risk 
factor reduction, and prophylactic and symptomatic inter-
ventions. Clinical observations in some patients reveal that 
as depression improves, NES frequency decreases. Because 
symptomatic treatment for NES does not yet exist, another 
approach is to treat the comorbid psychiatric conditions 
that frequently accompany NES (4). Research reveals that 
patients with NES often have comorbid psychiatric condi-
tions such as major depressive disorder, anxiety disorders 
including posttraumatic stress disorder (PTSD), or symp-
toms of depression, anxiety, and impulsivity, in addition 
to their NES (5). Mood, anxiety, and impulsivity disor-
ders are characterized by serotonin system dysregulation 
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and have been shown to be responsive to serotonergic 
medications (6). It is known that reducing other medical 
illnesses or risk factors associated with stroke, such as dia-
betes, hypertension and cholesterol, reduces the frequency 
of stroke. A study assessing risk factors for persistent NES 
revealed that patients with unremitting NES had a mark-
edly higher frequency of recurrent major depression and 
personality disorders and a history of chronic abuse (7). 
Therefore, by analogy, we hypothesized that treating the 
most frequently occurring comorbid conditions associated 
with NES will reduce NES. Serotonin-modulating drugs, 
specifically selective serotonin reuptake inhibitors (SSRIs), 

are a reasonable pharmacologic choice to treat these comor-
bid conditions safely. We proposed designing a treatment 
strategy that targets depression, anxiety, and impulsivity, 
the comorbid diagnoses that frequently accompany NES 
and are risk factors for NES persistence (7), for which the 
pathophysiology may be more responsive to pharmacologic 
intervention.

Other treatment strategies noted above include pre-
vention. A full discourse on prevention of NES is beyond 
the scope of this chapter, and in light of that, a brief discus-
sion is presented, given in light of its importance. Primary 
prevention of NES would be directed at steps to forestall 

FIGURE 53-1

Pathways in Diagnosis and Treatment of Nonepileptic Seizures (used with permission from article (3).
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the development of NES in an unaffected population. This 
would include preventing NES in the healthy population 
and in those identified as “at risk” for developing NES. 
Secondary prevention of NES would identify those with 
the disorder, with the intent of intervention early in the 
course of the illness. This would include identification of 
those with NES (possibly via psychologic screening mea-
sures or through video electroencephalography [vEEG]), 
with the goal of prescribing appropriate treatments to 
prevent persistence of NES once it has developed. The 
need for us to work to decrease abuse is obvious but 
is largely unattended and is discussed in the following 
paragraph. As neurologists and psychiatrists, we also can 
be more aware of potential signs that a patient diagnosed 
with epilepsy may actually have NES. How many patients 
who are treated for epilepsy are actually treated based 
on a verbal history alone, without any positive data to 
confirm the diagnosis? More studies looking at factors 
for the clinician to focus suspicion on NES may be use-
ful as secondary prevention (8–10). Tertiary prevention 
in NES would minimize the complications once NES are 
present. Examples include reducing the disability incurred 
in patients’ lives with intractable NES that is associated 
with limitations on work, driving, and lifestyle.

The World Health Organization lists childhood 
sexual abuse in the top twenty risks for attributable bur-
den of disease (11). Abuse rates of up to 77% have been 
reported in the NES population (12). The importance of 
addressing childhood abuse in the prevention of NES and 
other psychiatric disorders cannot be emphasized enough 
(13). Primary prevention is potentially one of the most 
powerful means of reducing the development of psychiat-
ric disorders and the associated burden of illness. To truly 
impact NES, we as health care providers and researchers 
need to devote concerted time, thought, and resources to 
reducing all forms of childhood abuse.

METHODOLOGY IN NES TREATMENT TRIALS

Before initiating an RCT for patients with NES, which is 
currently in progress, we conducted a prospective, open-
label, feasibility trial. We used the conduct of the open-
label trial to address procedures and limitations faced in 
the NES population in an effort to aid and inform future 
NES treatment trials.

In our open-label pilot trial we assessed the recruit-
ment, enrollment, completion of surveys, compliance, and 
follow-up of patients with NES. Eight subjects, aged 18 to 
65 years, were diagnosed with NES, confirmed by vEEG. 
Patients diagnosed with a comorbid mood or anxiety 
disorder completed baseline seizure frequency, psycho-
social functioning, and symptom scales. The trial con-
sisted of a 2-week untreated baseline period, followed by 
8 weeks of sertraline, titrated to 200 mg as tolerated.

Patients were referred to the Rhode Island Hospital 
(RIH) neuropsychiatry clinic after being diagnosed by 
capturing at least one of the patient’s typical NES on 
vEEG in the RIH comprehensive epilepsy center during 
a 1-year period. The diagnosis of NES was defined as 
consisting of stereotypic, motoric manifestations, with 
or without change in level of consciousness, on vEEG 
with no epileptiform activity immediately before, dur-
ing, or after the event. Patients who were potential study 
candidates underwent neuropsychiatric examination and 
clinical screening for major depressive disorder (MDD), 
anxiety disorders (generalized anxiety disorder, panic 
disorder, or posttraumatic stress disorder), or borderline 
personality disorder (or a combination of the diagnoses) 
by a board certified neurologist and psychiatrist. For this 
trial, we chose the most commonly occurring disorders in 
NES (depression, anxiety, and impulsivity) that have been 
shown to respond to serotonergic treatments.

Participants who met inclusion/exclusion criteria, 
between the ages of 18 and 65 years, provided written 
informed consent and enrolled in the study. We restricted 
the age range to minimize the potential of age effect modi-
fication. It is well documented that NES occurs in chil-
dren and that outcomes in children are better than in 
adults with NES (14). Although case reports and small 
series show that NES can occur in the elderly (15–18), 
studies reporting outcome in the elderly with NES have 
not been published to date.

Participants were administered Structured Clini-
cal Interview for DSM-IV Axis I Disorders (SCID) (19) 
and Structured Interview for DSM-IV Personality Dis-
orders (SID-P) (20) by trained research interviewers. 
Inclusion criteria were vEEG diagnosis of NES and the 
presence of one of the aforementioned axis I diagno-
ses. Those with equivocal diagnoses based on vEEG, 
such as simple partial-type NES, were excluded. One 
patient with epileptic seizures (ES) and NES enrolled 
with a clear difference between her ES and NES and the 
ability to distinguish between the two. Other exclusion 
criteria included the presence of current psychosis (hal-
lucinations or delusions), current suicidality (plan and 
intent of killing oneself), current substance dependence 
(DSM-IV criteria), mental retardation, pending litigation, 
or disability application. Participants who were currently 
taking optimal doses of an antidepressant, according to the 
optimized dose chart based on depression treatment trials 
(21, 22) in Table 53-1, were excluded rather than washed 
out for this pilot trial, with the reasoning that if they 
had NES on an optimized antidepressant, switching to 
another may impact the outcome measures. Patients on 
suboptimized antidepressants were eligible. Other phar-
macologic exclusions included any monoamine oxidase 
inhibitor, the triptans, and pimozide (Table 53-2).

After enrolling, patients completed preenrollment 
seizure frequency, psychosocial functioning, and symptom 
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scales. Historical and medical data came from chart review, 
patient query (open ended and item focused questions), and 
self-report surveys. The seizure frequency in the 2 weeks 
before enrolling was obtained retrospectively to compare to 
the initial 2-week baseline period. The baseline period was 
designated as the time from enrollment (day 0) to initiation 
of medication (day 14).

Following the 2-week untreated baseline period, 
patients were given sertraline orally for 8 weeks, 
titrated from 25 mg to 200 mg, once daily, as toler-
ated. (Patients with depression and anxiety generally 
respond to 50 to 200 mg daily of sertraline. In light of 

the effective dose range, the open-label trial protocol 
was flexible dose, titrated to 200 mg or to maximum 
tolerable side effect.) Patients recorded their events, 
daily, on a seizure calendar. Collateral information 
from family informants was allowed and encouraged, 
given that some patients with ES and NES are not 
aware of their events. Self-report and clinician evalua-
tion symptom scales (listed in the results section) were 
administered biweekly during the medication dosing 
visits, with the patients focusing on their symptoms for 
the 2 prior weeks. Total scores from these scales and 
calendars were used for data collection.

At week 10, patients, in consultation with the 
study physician, remained on sertraline or tapered off 
the medication over the final 2 weeks of the treatment 
trial. If patients felt symptomatic improvement, they 
could continue on sertraline by prescription at their 
own cost.

After exiting the pharmacologic trial, a question-
naire was administered via phone call follow-up by a 
trained research assistant at months 4, 8, and 12 from 
date of enrollment to inquire on persistence of seizures, 
treatments, and psychosocial information.

Results from the Open-Label Trial

We summarize the conduct of the study to address the 
methodological issues. Of twelve patients screened, nine 
patients were eligible and eight participants enrolled in 
the study. The three patients were excluded because of 
(1) inability to differentiate between seizure types with 
mixed epilepsy and NES or (2) being on optimized SSRI 
therapy. One patient with driving restrictions did not 
enroll because of limited transportation. Of the eight 
enrollees, two patients dropped out of the study the day 
after they enrolled, one because he changed his mind and 
did not want to take sertraline, and the other because she 
could not complete the questionnaires with her dominant-
handed weakness.

Of the nine patients eligible for the trial, eight 
enrolled, reflecting good recruitment feasibility for the 
study, with the readiness of physicians to refer patients 
with NES. The patients readily underwent screening 
and neuropsychiatric examination. Compliance with 
the protocol was good in five of the six participants. 
One participant did not attend the final visit but did 
report her symptom counts via telephone follow-up. 
Two of the participants required significant family 
promptings to keep follow-up visits. Family members 
drove participants to all of the visits. Study form bat-
tery completion ranged from 40 to 80 minutes by the 
participants. Patients with head injuries took longer to 
complete surveys.

Participants were able to report their events accu-
rately on the prospective calendars in the pilot trial. 

TABLE 53-I
Table of Optimized Antidepressant Dosages

DRUG OPTIMIZED DOSE

SSRI ANTIDEPRESSANT

(treatment with optimized dose for 3 weeks)

Citalopram  20 mg
Fluoxetine  20 mg
Fluvoxamine 150 mg
Paroxetine  20 mg
Sertraline 100 mg
Escitalopram  10 mg

MIXED MECHANISM ANTIDEPRESSANTS

(treatment with optimized dose for 3 weeks)

Buproprion 200 mg
Mirtazapine  30 mg
Nefazadone 300 mg
Trazodone 400 mg
Venlafaxine 150 mg

TRICYCLIC ANTIDEPRESSANTS

(treatment with optimized dose for 3 weeks)

Amitriptyline 150 mg
Clomipramine 150 mg
Desipramine 150 mg
Doxepin 150 mg
Imipramine 150 mg
Nortriptyline  75 mg
Protriptyline  15 mg
Trimipramine 150 mg

PATIENTS TAKING MAOIS WERE

EXCLUDED FROM THE STUDY

(treatment with optimized dose for 4 weeks)

Isocarboxazid  20 mg
Phenelzine  60 mg
Tranylcypromine  30 mg
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Seizures were reported by the patients and their family 
members as the number of NES occurring at each of 
the 2-week follow-up visits. The majority of patients 
managed recording their events alone. One patient 
was reminded by his family member of the number of 
events he had. Seizure frequencies in the 2 weeks before 
enrollment and in the baseline 2 weeks after enrollment 
(before receiving sertraline) were similar. Two patients 
had a frequency of ten or more seizures every 2 weeks, 
and these patients had a worsening of their NES or 
no change. Those with fewer than ten seizures every 
2 weeks had a reduction of the NES frequency after 
sertraline therapy.

The use of multiple symptoms scales used as sec-
ondary outcome measures was informative. We collected 

neurologic, psychiatric, psychosocial, and quality-of-life 
measures on six of the eight participants. The outcomes 
are summarized in Table 53-3, reporting median and 
range scores (the appropriate statistical summary for 
small sample size). Statistical t test or chi-square pre- 
and posttreatment comparisons were intentionally not 
performed, because it would have been inappropriate to 
do so with open-label data. This study was only for trial 
feasibility for an RCT and was not powered for such 
comparisons.

Examining the baseline values on the patients reveals 
that they were symptomatic across psychologic and social 
measures. For a reference point, the cutoff scores found 
in healthy control populations or in asymptomatic popu-
lations for each of the scales are listed in brackets. On 

TABLE 53-2
Patient Medical History Obtained by Interview and Record Review in Trial (N � 8)

 X (SD) n (%)

Sociodemographic factors (n � 8) (self-reported)
Age (years) 39.6 (11.6)  
Age of NES onset 40.5 (12.3)  
Gender (female)   6 (75)
Education (years) 13.3 (2.69)  
Unemployed currently   4 (50)
Receiving disability currently   4 (50)
Married currently   4 (50)
Driving currently   1 (12)
    
Clinical Diagnosis made by MD (some patients had � 1)    
Mood disorder   8 (100)
Anxiety disorder   7 (87)
Impulsivity (cluster B personality)   2 (25)
Somatoform disorder (other than NES)   1 (12)
    
Clinical Factors (from history at baseline)    
History of trauma/abuse   4 (50)
Past psychotherapy   4 (50)
Treated with psychotropic medications (past and current)   7 (87)

Benzodiazepines   6 (75)
Antidepressants   7 (87)
Antipsychotics   2 (25)
On antiepileptic drugs (AEDs) at baseline   7 (87)
Average total number of lifetime AEDs 5.4 (4.2)  
Estimated number of seizures in 14 days pre-enrollment 8.4 (14.3)  
Average time from NES diagnosis to NES treatment (months) 12.4 (20.2)  
Abnormal neurologic exam at enrollment   6 (75)
Abnormal MRI of the brain (past or at enrollment)   5 (62)

30-minute EEG tracing:    
Interictal epileptiform activity   4 (50)
Slowing only abnormality   1 (12)
Biological family history of seizures   1 (12)
History of head injury   1 (12)
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average, these patients with NES had moderate to severe 
depression scores (Hamilton [�7] and Beck Depression 
Scales [�14]), symptoms related to trauma (Davidson 
Trauma Scale [�17]), moderate to severe impulsivity 
(Barrett Impulsivity Scale [�70]), dissociative experiences 
(Dissociative Experiences Scale [�5]), elevated somatic 
scores (Symptom Checklist 90 [�120]), impaired social 
functioning (Global Assessment of Functioning [�80] and 
LIFE-RIFT [�9, in recovery]), family dysfunction (Family 
Assessment Device [FAD General Functioning subscale 
�2.0]), and maladaptive coping patterns (Ways of Coping 
[seek social support, planful problem solving]).

DESIGNING NES TREATMENT TRIALS

The results of the open-label feasibility trial in patients 
with NES inform the conduct of future NES trials. The 
issues pertinent to NES treatment trials and to conducting 
research in a combined neuropsychiatric population are 
described in Table 53-4.

Monitoring Outcomes in NES Trials

The presence of pathologic scores on numerous scales 
reveals that these patients have a variety of psychoso-
cial issues along with their events. These findings are 
similar to what van Merode and colleagues showed in 
their study on psychopathological symptoms in patients 

with NES (23). Baseline scores were in the symptomatic 
range, indicating a need for looking at a broad set of 
measures for primary and secondary outcomes. Depres-
sion and anxiety scores were in the clinical range on 
scales, validating our focus on the commonly occur-
ring comorbidities for treatment. Interestingly, the Dis-
sociative Experiences Scale (DES) scores were consistent 
with a PTSD population, and not those with dissociative 
identity disorders (24). Patients with NES and comorbid 
psychiatric symptoms were able to complete the sur-
veys and able to tolerate flexible-dose sertraline over 
the course of the trial.

TABLE 53-4
NES Treatment Trial Issues and Obstacles

• NES severity/frequency
• psychosocial symptom severity
• outcome differences in younger vs. older cohorts
• personal physical characteristics—hemiparesis and 

cognitive symptoms
• logistical restrictions—transportation/driving
• distinguishing mixed NES/epileptic seizures
• prior AED/antidepressant treatments
• choice of primary outcome measures

TABLE 53-3
Example of Types of Assessment Ratings at Baseline and Completion (N � 6)

  BASELINE (ENROLLMENT) COMPLETION (WEEK 10)

SCALE CUTOFF MEDIAN RANGE MEDIAN RANGE

Modified Hamilton Depression Scale (41) [�7] 25 (13–28) 17 (7–35)
Beck Depression Inventory-II (42) [�14] 26 (10–44) 11 (2.0–36)
Davidson Trauma Scale (43) [�17] 26.0 (7–118) 22.5 (6–78)
Barrett Impulsivity Scale (44) [�70] 80 (51–93) 68 (54–83)
Dissociative Experiences Scale (24) [�5] 31.8 (11–44) 17.3 (8.6–63.5)
Symptom Checklist 90 (45) [�120] 148 (42–201) 110 (11–176)
Global Assessment of Functioning* (46) [�80] 49 (40–60) 55 (25–85)
Family Assessment Device:

General Functioning Score (47) [�2.00] 2.00 (1.33–2.58) 1.79 (1.00–2.83)
LIFE-RIFT (QoL measure) (48) [�9] 20 (7–28) 15 (6–30)

Ways of Coping (49) (method most used)  Escape/  Seek
[seek social support/planful problem solving]  avoidance  social 

support

NES frequency during trial (biweekly sum)  7.5 (1–34) 2 ( 0 – 6 4 )

For all assessments except *, a higher score indicates a worse condition.
Cutoff scores in controls and healthy subjects are presented in brackets by the scale.
(p values were intentionally not analyzed in this feasibility open label trial, as it is not powered for such calculations).
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The Hawthorne Effect in NES Trials

Patients enrolling in a treatment trial receive more atten-
tion than they typically receive in routine medical encoun-
ters. This may be particularly true for patients diagnosed 
with NES. Giving focused attention to patients who 
are often seen in a limited fashion by several providers 
may impact the frequency of events. In statements with 
mixed relief and exasperation, several patients with NES 
reported appreciation that “at least now somebody is try-
ing to help with this.” The Hawthorne effect (the positive 
effect observed in patients from the attention received in 
a study) may come into play with trials enrolling these 
patients (25). We collected the retrospective 2-week sei-
zure count at enrollment, and to address the potential 
Hawthorne effect, we compared it to the frequency in 
the 2-week treatment-free baseline period. Monitoring 
patients for seizures and symptoms before receiving the 
intervention may be essential to look for changes, either 
positive or negative, from enrollment to initiation of ther-
apy. The Hawthorne effect may be due to the researcher’s 
cumulative attention over time, so the baseline compari-
son may not truly assess the effect. The potential con-
found underscores the need for a placebo-controlled trial. 
A blinded baseline also may help to establish what effect 
trial enrollment may have on other symptoms.

Seizure Frequency and Severity in NES Trials

For statistical analysis, dichotomous groups based on 
symptom severity may need to be established. In our trial, 
patients with a baseline frequency of ten or more events 
every 2 weeks showed either worsening or no improve-
ment in their seizure frequency. The cutoff of ten events 
every 2 weeks was an ad hoc finding; there was no preset 
cutoff for severity related to frequency. There is a large 
variance in the number of events that different patients 
with NES experience. This finding raises the possibility 
that a high baseline frequency may yield worse outcomes 
and may need to be addressed when designing treatment 
trials. Stratifying the subjects into high- and low-frequency 
groups may be helpful to better evaluate the impact of 
an intervention but may influence the statistical analysis. 
Analogously, patients with higher psychiatric symptom 
scores or psychosocial dysfunction may experience worse 
outcomes. The effect of stratification on sample size calcu-
lations would need to be explored in more detail for future 
randomized trials, and large numbers of patients may be 
needed to examine these potential stratification issues.

The Effect of Presenting the 
Diagnosis in NES Trials

It will be important to examine both the short-term 
and long-term outcomes in NES trials to monitor for a 

sustained treatment effect. After vEEG diagnosis of NES, 
patients may have an immediate reduction in the number 
of events (26); however, this effect is not long standing in 
the majority of patients (27). Because it is unclear why a 
temporary NES reduction occurs immediately following 
diagnosis, it will be important to follow patients after any 
intervention to assess its true benefit. The subjects in this 
open-label trial were followed with phone calls at 4, 8, 
and 12 months after enrollment to assess seizure status, 
medication usage, global functioning, and for treatment 
dropout rates. The analysis of the 12-month follow-up 
phase data of the study is not yet complete.

Children and Adults in NES trials

As noted previously, NES occurs across the lifespan, from 
children to the elderly. Outcomes in children, however, 
are better than in adults, and outcomes in the elderly are 
unknown. To limit age-effect bias, future trials may either 
focus on a population younger than 18 years old or may 
include patients older than age 65. The age restriction 
should not be overly limiting to recruitment. In general, 
clinical trials report retention rates of 10% to 15% from 
screen to completion (28). A 50% retention rate occurred 
in our open-label trial, arguing for the success of future 
NES trials.

Neurologic and Psychiatric 
Comorbidity in NES Patients

We encountered limitations in conducting treatment trials 
in NES with regard to the physical, social, logistical, and 
recruitment realms. The typical problems with recruit-
ment and with retaining patients seen in neurologic clini-
cal trials or in psychiatric clinical trials are compounded 
in a trial with combined neuropsychiatric issues present. 
For example, depression trials typically do not have to 
deal with driving restrictions, and epilepsy trials do not 
typically have to monitor for suicidality. Articles that 
address the complexities and patient challenges in a 
neuropsychiatric population together are lacking. Given 
this paucity of information, the methodologic issues that 
presented in the NES population are described in this 
chapter. These problems may arise in treatment trials with 
other neuropsychiatrically ill populations also, such as in 
traumatic brain injury.

Lability and Attrition in NES Patients

Crises, lability, and approach/avoidance patterns pres-
ent significant challenges to recruitment and retention 
in this population. Several patients with NES present 
in crisis and with frequent events; however, when assis-
tance is offered, they may reject the support. Two patients 
dropped out of the open-label trial the day after enrolling. 
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One patient who was admitted to the inpatient unit for 
an acute exacerbation of depression dropped out after 
reviewing the battery of questionnaires and did not want 
to switch from suboptimized paroxetine to sertraline. 
The other patient who dropped out was an inpatient in 
the epilepsy monitoring unit who experienced physical 
limitations that included developing dominant-handed 
hemiparesis following some of her NES.

Head Injury and Neurologic Conditions in NES

Cognitive and physical limitations in NES patients that 
may be neurologically based or that may be part of other 
somatoform symptoms may affect participation in tri-
als. To obtain a comprehensive assessment, patients 
completed a large battery of self-report questionnaires 
measuring the frequency of NES, depression, anxiety, dis-
sociative, somatoform, and trauma-associated symptoms, 
family functioning, quality of life, and other psychoso-
cial variables. Patients with NES may have neurologic 
deficits (7) and a high frequency of nonseizure conversion 
disorders (5). If dominant hemiparesis, either of physi-
ologic or of psychogenic etiology, exists, patients may be 
unable to fully participate in trials that document broad 
psychosocial factors via self-report batteries. Also, if 
patients are on numerous central nervous system active 
medications, cognitive slowing may be a limitation to 
timely completion of self-report batteries.

In this pilot trial, patients with focal findings and 
cognitive slowing were accepted and asked to complete 
all forms. This led to losing one participant and resulted 
in modifying the RCT. Researchers accept a certain attri-
tion rate in trials. When designing studies, it is important 
to realize that not including patients with brain dam-
age will potentially affect generalizabilty to other NES 
populations. If, on the other hand, these patients are to 
be excluded, an abbreviated battery or clinician ratings 
may be the “least common denominator” used in the final 
outcomes comparisons among all subjects in trials.

Driving in NES Trials

A logistic issue that may limit participation in NES tri-
als not present in psychiatric trials is driving. Driving 
restrictions in patients with epilepsy vary by state (29). 
The issue of restricting the driving of patients with NES 
is less clear (30). A survey of neurologists revealed that 
many physicians recommend restricting driving privileges 
in patients with NES (31). In the same report, twenty 
patients with NES were found to have no difference in the 
number of accidents when compared to general population 
accident rates. Driving, and the often lengthy distance to 
a research center, may be a major limitation for patients. 
Patients with NES also expressed reservations about 
using mass transit, for fear of having an event on public 

transportation. Enlisting family or friends, or budgeting for 
taxis for patient transportation may be one way to address 
this potential problem in prospective trials for NES.

The Decision to Study Mixed 
NES/Epilepsy versus Lone NES

Given our current lack of knowledge in NES treatments, 
including mixed NES/ES patients may or may not be 
considered a limitation. Reports on comorbidity reveal 
that only 5 to 10% of patients diagnosed with NES have 
mixed NES/ES (32–34). To limit the possibility of inac-
curate seizure frequency quantification, one could argue 
that the ideal treatment trial will select only patients 
with lone NES to use a more “pure” study population. 
Acknowledging the low prevalence of mixed ES/NES, 
for this feasibility trial, patients with mixed ES/NES 
who could readily distinguish between their events were 
enrolled. Trials with larger samples may opt for the “pur-
ist” approach of enrolling only lone NES patients, real-
izing that this may impact generalizability to the subset 
with mixed ES/NES.

Distinguishing Different Types of Seizures

One concern regarding the “ideal” NES population is the 
difficulty of diagnosing, enrolling, and then retaining this 
difficult-to-engage population. Including mixed NES/ES 
patients may shed light on similarities and differences 
between the NES and ES and mixed NES/ES popula-
tions. Many patients with mixed NES/ES are readily able 
to identify and distinguish their various events with a 
careful initial history. When asked about their seizure 
descriptions, patients with mixed NES/ES describe dif-
ferent physical characteristics of the different types. The 
following example illustrates a patient relaying his two 
different types of seizures.

I have the seizures that occur at night, where I wake up, 
usually on the floor, and my whole body hurts. I have 
wet myself and I don’t know what happened. . . . My 
other seizures occur during the day. I can be watching 
TV and there’s a scene where a child is being abused, 
or I will have had an argument with someone, and then 
I’ll have my other seizure. My arm shakes and I am out 
of it for a few seconds or minutes. I can’t speak, but 
I can hear what is going on around me. I’m usually o.k. 
after a few minutes following that type of seizure.

These distinctions are documented with the absence 
of epileptiform activity on vEEG during the daytime NES, 
and the presence of epileptiform activity during the noctur-
nal generalized tonic-clonic seizures, which helps to validate 
the distinction of the two seizure types. When monitoring 
outcomes, training the patient and the family to record 
these different events separately will be essential.



53 • TRIALS FOR PSYCHOLOGIC NONEPILEPTIC SEIZURES 429

Medication Issues: Drug-Naïve NES Patients 
(Do They Exist?) and Stopping the AED

When designing the treatment trial, based on our 
hypothesis testing the effect of an SSRI, we sought 
patients with NES who had not had prior treatment with 
psychotropic medications. Another population “purity” 
methodological issue in the NES population is finding 
psychotropic-naïve patients. Studies show that there 
is a 7-year diagnostic delay between onset of seizures 
and diagnosis of NES (35). In the ensuing time, patients 
are often treated with several AEDs and also with psy-
chotropic medications (36). Most of the patients in the 
open-label study had prior exposure to antidepressants. 
However, the dosing, in many cases, may have been below 
optimal pharmacologic level. It is unclear if prior medica-
tion exposure limits potential response to an optimized 
drug. Also, from a clinical trials perspective, the effect 
of stopping a current medication may impact the out-
come. Given that patients with NES have had AED and 
psychotropic exposures, the decision to discontinue all 
psychotropic medications, or AEDs, or to add the study 
medication to the current regimen, is one of considerable 
importance for future NES treatment trials. In our trial, 
patients stopped their antidepressants before enrolling.

Time Lag between Symptoms, 
Diagnosis, and Enrollment

The means and timing of establishing the NES diagnosis 
are linked to enrollment procedures. A 12-month delay 
occurred from vEEG diagnosis to obtaining treatment for 
NES in our study. Once referred for the study, patients 
who were eligible were enrolled within 1 month. This 
diagnostic delay deserves mention because the time lag 
may impact prognosis. Poorer prognosis is seen in patients 
with a long history of NES (37). One patient with NES 
for less than 12 months required fewer treatment ses-
sions to reach cessation than those who had their events 
for more than a year (38). Several factors could account 
for delay in treatment after NES is diagnosed. Patients 
may not accept the diagnosis, moving from a “neurologic 
problem to a psychiatric one” (39). Referrals between 
neurologists and psychiatrists may be limited due to lack 

of interdisciplinary discussion (40). The diagnosis is most 
often made at tertiary care centers with vEEG monitoring, 
and communication of the diagnosis to the referring phy-
sician may not occur until a report is generated. The delay 
from vEEG diagnosis to treatment could be shortened by 
addressing the previously noted issues.

THE CHOICE OF OUTCOMES IN NES TRIALS

A common primary outcome in AED trials is number 
of seizures. In our trial, the patients scored at patho-
logic or symptomatic levels on several other measures of 
psychosocial functioning. Whether treating patients with 
nonepileptic or epileptic seizures, it is important for us 
to realize that preventing the ictus is not the only goal 
of therapeutic interventions for patients with seizures. 
Treatment trials that address various psychosocial issues 
in the lives of patients with NES may lead to improved 
treatment outcomes.

SUMMARY

In summary, prospective, controlled treatment trials in 
patients with NES are necessary to determine effective inter-
ventions. In demonstrating the feasibility of conducting an 
open-label trial, the methodological issues in conducting 
rigorous, randomized, controlled treatment trials in NES 
are addressed. From the feasibility trial, we learned relevant 
factors for trials in NES patients include the following: 
NES and psychosocial symptom severity, age differences, 
personal/physical characteristics, logistical restrictions, the 
presence of mixed NES/ES, prior AED/antidepressant treat-
ments, and breadth of outcome measures. Being aware of 
these design and methodological issues may increase enroll-
ment and retention, and inform appropriate outcomes, and 
facilitate future NES treatment trials.

Note: Portions of this chapter are taken from the follow-
ing publication: LaFrance WC Jr, Blum AS, Miller IW, 
Ryan CE, Keitner GI. Conducting an open label pharma-
cologic trial in patients with psychologic nonepileptic sei-
zures. J Neuropsychiatry Clin Neurosci 2007, in press.
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he study of malformations of corti-
cal development can provide useful 
insights into epilepsy, behavior, and 
brain development. With improved 

detection via neuroimaging, cortical malformations are 
now the second most commonly recognized cause of medi-
cally refractory epilepsy in adults and account for nearly 
40% of medically refractory seizures in children (1, 2). 
Most patients with cortical malformations also have some 
degree of developmental delay and may have focal neuro-
logic deficits relating to the location of the malformation. 
Understanding of cortical malformations is crucial not 
only for epileptologists, but also for developmental neu-
robiologists, as recent research has helped elucidate some 
of the genetic causes of cortical malformations, thereby 
improving our understanding of brain formation.

Normal brain development begins in the second 
month of gestation with neuron and interneuron genera-
tion and proliferation within the ventricular epithelium 
and striatum (3). Neurons then migrate along radial 
and tangential glial tracts to the cortical surface (1). 
Subsequently, the cortex is laminated into six layers, 
with the later-arriving neurons forming the outermost 
cortical layer (1). Finally, cortical connections develop 
throughout gestation and infancy via synaptogenesis 
and are further modified by synapse pruning and cel-
lular apoptosis (1).

Cortical Malformations
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Malformations of cortical development may result 
from alterations in any part of the sequence just described. 
If there is failure of neuronal proliferation, microcephaly 
may occur, whereas overabundant neuronogenesis may 
result in hemimegalencephaly. Abnormalities in neuro-
nal migration may cause deposits of neurons along the 
glial migration tracts, resulting in periventricular nodular 
heterotopia, subcortical band heterotopia, or lissenceph-
aly, depending on the site of neuronal migration arrest. 
Finally, abnormalities in neuronal organization may 
result in abnormally formed gyri, as in polymicrogyria, 
or in more restricted areas of cortical disorganization, as 
with focal cortical dysplasias.

This chapter provides information on the etiologies 
of these cortical malformations and gives details on the 
associated epilepsy and behavioral characteristics.

DISORDERS OF PROLIFERATION

Microcephaly

Microcephaly is defined by a significantly small head 
circumference, more than 2–3 standard deviations (SD) 
below the mean, which is used as a surrogate marker for 
brain size. It is associated with epilepsy in 40% and with 
mental retardation in most (4). Microcephaly may occur 
secondary to genetic factors (e.g., microcephaly vera), in 



IX • OTHER DISORDERS432

association with various syndromes (e.g., inborn errors 
of metabolism), or as a result of environmental factors, 
such as maternal toxoplasmosis, syphilis, alcohol con-
sumption, or hypoxic ischemic injuries (5–7).

Presumably, microcephaly represents a failure of neu-
ronogenesis, resulting in decreased neuronal number and 
brain size (6). Microcephaly vera is an autosomal recessive 
disorder associated with microcephaly with preserved gyral 
patterns and brain architecture. Microcephaly vera may 
be due to mutations in several genes, including the ASPM 
(abnormal spindle-like microcephaly associated) gene or 
microcephalin gene. The ASPM gene encodes a protein 
believed to be important in mitotic spindle formation, and 
the microcephalin protein is involved in compressing DNA 
prior to DNA segregation during mitosis (6, 8). Thus, some 
inherited forms of microcephaly may be due to a failure of 
mitosis in generating sufficient neuronal numbers, resulting 
in a small brain. Furthermore, microcephaly associated 
with simplified gyral pattern is presumably due to abnor-
malities in both neuronogenesis and migration, resulting 
in a small brain with simplified gyri.

Forty percent of patients with microcephaly experi-
ence seizures (4). Classically, patients with microcephaly 
vera have been defined as not having seizures, although 
more recent studies suggest that seizures may occur in 
some patients (9). On the other hand, patients with 
microcephaly with simplified gyral pattern tend to have 
seizures that begin in infancy; these seizures are associ-
ated with generalized epileptiform discharges and vari-
able control (3, 8, 10). Finally, patients with microcephaly 
associated with spasticity and severe developmental and 
motor delays may have a neonatal onset of myoclonic and 
tonic-clonic seizures associated with diffuse epileptiform 
discharges and perhaps hypsarrhythmia or burst suppres-
sion patterns (11). Interestingly, there is an increased risk of 
epilepsy in patients with lower cognitive function (4).

Thus, a failure of neuronal proliferation, from mul-
tiple etiologies, may result in microcephaly, mental retar-
dation, and an increased incidence of epilepsy.

Hemimegalencephaly

On the other hand, in hemimegalencephaly, one hemi-
sphere is abnormally large. On pathologic examination, 
there is a range of expression from mild lobar to entire 
hemisphere involvement with a thickened cortex, blurring 
of the gray–white junction, and an increased amount of 
white matter (12). There may also be associated neuronal 
heterotopia and abnormal cortical gyration patterns (12). 
Magnetic resonance imaging (MRI) reveals the unilateral 
hemisphere enlargement (Figure 54-1), with an increase 
in cortical thickness and white matter volume, and in 
some patients may also demonstrate macrocephaly, an 
asymmetrically enlarged skull, intracranial calcifications, 
and unilateral ventriculomegaly (13).

Hemimegalencephaly may occur sporadically or 
in association with other syndromes, such as epidermal 
nevus syndrome, hypomelanosis of Ito, tuberous sclerosis, 
or Klippel-Trenaunay-Weber syndrome (14). Barkovich 
and Chuang have theorized that an insult during axono-
genesis results in an increased release of nerve growth 
factors. These growth factors may cause an increased 
survival of neurons, which then migrate and create the 
enlarged and abnormal hemisphere (12).

Given the significant structural abnormality, it is no 
surprise that these patients are afflicted with medically 
refractory seizures and numerous neurologic deficits. 
Patients with hemimegalencephaly typically experience 
their first seizure within the first year of life, of which 
62% are partial motor seizures, 11% are characterized as 
Ohtahara syndrome, 9% are infantile spasms, and 7% are 
generalized tonic seizures (14). As expected, the correspond-
ing electroencephalographic (EEG) abnormalities include 
focal paroxysmal discharges from the affected hemisphere 
but may also include burst suppression patterns, hypsar-
rhythmia, and diffuse spike-wave complexes (14). These 
patients experience global developmental delay, includ-
ing delayed and poorly developed language, hemiparesis, 
clumsiness, hypotonia, and possibly hemianopsia (13). 
Early hemispherectomy has been advocated as a means 
to control the seizures and improve speech, development, 
and quality of life in patients with early-onset, medically 
refractory seizures and hemiparesis (12–14). Therefore, 

FIGURE 54-1

Hemimegalencephaly. This T2-weighted axial brain MRI of a 
patient with hemimegalencephaly demonstrates the enlarge-
ment of one cerebral hemisphere (in this case, right), with 
ipsilateral enlargement of white matter volume and a blurring 
of the gray–white junction.
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patients with hemimegalencephaly have a significant brain 
malformation and are affected by severe seizures and neu-
rologic deficits, which frequently require major surgery 
to arrest their progression.

DISORDERS OF MIGRATION

Disorders of migration result from arrest of neuronal migra-
tion along the radial glial tracts from the ventricular surface 
to cortex and are strongly associated with epilepsy.

Periventricular Nodular Heterotopia

Periventricular nodular heterotopia (PNH) are among the 
more common forms of cortical malformation (15–20%) 
and are seen in 2% of all epilepsy patients (15, 16). PNH 
are characterized by single or multiple rounded nodules of 
gray matter along the lateral ventricular walls. They may 
occur unilaterally or bilaterally and may be associated 
with other cortical malformations. Pathologically, they 
consist of normal-appearing neurons and glial cells, with 
bundles of myelinated fibers and a moderate degree of 
gliosis (15). The nodules may have reciprocal connections 
with the overlying cortex, which may show some degree 
of architectural dysplasia (15). The nodules are best visu-
alized with MRI, on which the PNH show the same signal 
characteristics as the cortex on all imaging sequences 
(Figure 54-2).

The nodules are presumed to be the result of a fail-
ure of neuronal migration. In female patients with bilat-
eral PNH, a mutation at Xq28 in the filamin A (FLNA) 
gene may result in the bilateral failure of some neuronal 
migration. The FLNA gene encodes an actin-binding 
protein that may form the link between the plasma mem-
brane and cytoskeleton, as well as participate in the 
formation of lamellipodia for neuron motility (8). The 
paucity of men with FLNA mutations is likely due to 
homozygous lethality in many cases, and its phenotype 
in women is assumed to be due to cellular mosaicism (8), 
although milder FLNA mutations have been described 
in males (17). Unilateral PNH may result from an insult 
during embryogenesis in the seventh through sixteenth 
weeks of gestation, when neuroblasts migrate along glia 
to the developing cortical plate (18). Given the high 
frequency of unilateral PNH occurring in watershed vas-
cular distributions and the frequent association with 
prenatal vascular risk factors, Battaglia and coworkers 
(19) hypothesized that unilateral PNH are the result 
of ischemic events in utero that prohibit the migration 
of a local subset of neurons. Finally, the association of 
some cases of bilateral PNH with other cortical mal-
formations, neurologic deficits, and mental retardation 
suggests a more global failure of migration due to an 
as-yet-undefined etiology.

PNH are associated with epilepsy in 80% of 
patients (18). The mean age of onset is in adolescence with 
a generalized tonic-clonic seizure (19). Nonetheless, the 
vast majority of patients more typically experience focal 
seizures that are often medically refractory (20). Patients
with PNH in association with other cortical abnormalities 
often have multiple seizure types that are also medically 
refractory, including drop attacks, partial seizures, tonic 
seizures, and generalized tonic-clonic seizures (21).

EEG studies reveal interictal discharges either bilat-
erally in patients with bilateral disease or unilaterally 
over the affected hemisphere (20). The discharges are 
frequently temporal in localization, which may repre-
sent false localization. Seizures tend to originate in either 
hemisphere in bilateral patients or in the affected hemi-
sphere in unilateral PNH (20). In studies using both depth 
and cortical electrodes, seizures originated from mesial 
temporal structures in 25%, from both mesial tempo-
ral regions and PNH simultaneously in 25%, and from 
PNH and widespread structures in 50% (18). Thus, the 
PNH may show intrinsic epileptogenicity in connection 
with the overlying cortex. Interestingly, patients with 
PNH have also exhibited photic driving on EEG over 
the affected hemisphere (19).

Li and coworkers (16) reported a poor response to 
surgery for patients with medically refractory seizures 
and PNH. In nine patients following variable degrees 
of temporal lobe resections, none were seizure-free at 
12 months, and most had either Engel class III or IV 

FIGURE 54-2

Periventricular nodular heterotopia. This T1-weighted axial 
brain MRI of a patient with periventricular nodular hetero-
topia demonstrates multiple confluent nodules of gray mat-
ter signal intensity lining the lateral walls of the ventricles 
bilaterally.
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outcomes. However, in two of ten patients in whom 
a temporal lobe resection also included removal of a 
portion of the PNH, the long-term seizure control was 
better maintained. More recently, Tassi and his fellow 
researchers (15) reported on ten patients who under-
went corticectomy with partial removal of PNH. Seven 
of the ten patients had an Engel class Ia outcome at 
1 year  postoperatively. Given the presumed reciprocal 
connections between the PNH and overlying cortex and 
the frequent seizure onset from the PNH simultaneously 
with the overlying cortex, any surgical candidates would 
require extensive depth and cortical monitoring to deter-
mine the epileptogenic foci to remove.

Some patients with PNH show no deficits except 
their epilepsy. However, patients with associated cortical 
malformations or a more severe burden of PNH tend to 
have a lower intelligence and other neurologic deficits. 
More recently a study by Chang et al. (22) observed that 
many patients with PNH have a singular deficit in reading 
fluency out of proportion to their measured intelligence. 
They proposed that the PNH disrupt corticocortical con-
nections, resulting in an impairment in processing rapidly 
presented stimuli.

In summary, PNH represent a failure of neuron 
migration beyond the periventricular region and are 
associated with medically refractory partial seizures and 
singular cognitive deficits.

Subcortical Band Heterotopia

Subcortical band heterotopia (SBH) are also due to a pre-
sumed failure of neuronal migration. SBH are symmetrical 
bands of subcortical heterotopic neurons separated from 
the cortex and ventricles by white matter. Pathologically, 
SBH consist of unlayered neurons interrupted by bundles 
of fibers (23). The overlying cortex may show a normal 
layering and thickness, whereas the intervening white 
matter may reveal scattered heterotopic neurons arranged 
in columns (23). On MRI (Figure 54-3), the SBH appear 
as a band of either symmetric or asymmetric gray matter 
of variable thickness, often with predominance in the 
frontocentral regions (24, 25). The overlying cortex may 
be normal or show a variable degree of simplified gyral 
patterns (24, 25).

SBH are presumably due to a failure of neuro-
blast migration along radial glial fibers during the third 
through fifth months of gestation. The “doublecortin” 
(DCX) gene on the X chromosome codes for a micro-
tubule binding protein (26). A mutation in DCX may 
lead to a failure of microtubular bundling, resulting in 
abnormal neuronogenesis and migration (26). The DCX 
mutation is seen in 80% of sporadically affected women 
and in hereditary cases in which women express SBH and 
men develop lissencephaly (see the following subsection 
on lissencephaly for more details) (27).

The phenotypic expression of SBH is characterized 
by medically refractory seizures, developmental delay, and 
motor disability. Most patients experience multiple seizure 
types, including partial seizures (simple motor or complex 
partial seizures) and generalized seizures (atypical absence, 
drop attacks, or myoclonic seizures) (24, 25). Correspond-
ingly, the EEGs reveal interictal and ictal SBH and cortical 
discharges focally, as well as generalized epileptiform dis-
charges (23, 28). Consequently, very few patients benefit 
from epilepsy surgery, with only one patient in a series of 
eight who benefited from a resection (24).

The severity of developmental delays corresponds 
with the degree of SBH band thickness, younger age of 
onset of seizures, increased seizure frequency, type of 
seizures, and degree of ventricular enlargement (26). 
With formal neuropsychiatric testing, slowed process-
ing speed, anxiety, depression, and poor social skills are 
detected (26, 29). These deficits may also reflect disrup-
tions of the corticocortical connections by the SBH. Inter-
estingly, these patients exhibit a relative preservation of 
verbal and visual episodic memory, which may reflect the 
typical lack of temporal involvement in SBH (29).

Classical Lissencephaly

Classical lissencephaly is described as a “smooth brain” 
and recognized by the absence of gyri or the presence of 
a few broad gyri separated by simple primary fissures 

FIGURE 54-3

Subcortical band heterotopia. This T1-weighted axial brain 
MRI of a patient with subcortical band heterotopia demon-
strates two bands of heterotopic gray matter that traverse 
the subcortical white matter and run the entire length of the 
cerebral hemispheres bilaterally.
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and sulci. Microscopically, the cortex consists of only 
four layers: an outermost molecular layer, a thickened 
band of pyramidal neurons, a limited cellular myelin-
ated layer III, and a broad band of disorganized small 
and medium-sized neurons in layer IV (30). The abnor-
mal cortex is best seen posteriorly in the occipital areas, 
whereas a normal six-layered cortex is found in the tem-
poral and inferior frontal lobes (30). On MRI, lissen-
cephaly is identified by a thickened cortex of 10–20 mm, 
ventriculomegaly, decreased white matter volume with 
perhaps some neuronal heterotopia, and blurring of the 
gray–white junction (30).

Classical lissencephaly is also believed to result 
from abnormal neuronal migration. Interestingly, 
two genes have been found that account for 40% of 
patients with lissencephaly spectrum disorders (8). 
The LIS1 gene encodes a protein that may participate 
in cytoplasmic dynein-mediated nucleokinesis, somal 
translocation, cell motility, mitosis, and chromosome 
segregation. It produces posterior predominant lissen-
cephaly and is found in 60% of patients with classical 
lissencephaly (a condition with no dysmorphic features) 
and 90% of patients with Miller-Dieker syndrome 
(a condition with micrognathia, ear abnormalities, 
anteverted nares, wrinkling of forehead, prominent 
superior lip, and bitemporal narrowing in addition to 
microcephaly, postnatal growth retardation, and pro-
found mental retardation) (2, 31, 32). In contrast, the 
DCX gene, encoding the protein doublecortin, pro-
duces an anterior predominant lissencephaly in males 
and subcortical band heterotopia in females (31, 32). 
As stated previously, doublecortin is a microtubule-
associated protein and may participate in regulation of 
cell adhesion and microtubular bundling, resulting in 
abnormal neuronogenesis and migration (8, 26). There 
are additional genes also associated with lissencephaly, 
most of which are presumed to function in neuronal 
migration. The ARX mutation and associated lissen-
cephaly will be discussed separately in the following 
subsection.

More than 90% of patients with classical lissenceph-
aly will experience seizures, typically before 6 months of 
age, including atypical absence and focal, tonic, and atonic 
seizures (2, 33). Most patients will suffer from infantile 
spasms, although they may not exhibit the classic hypsar-
rhythmic pattern on EEG (2, 33). Indeed, the EEG more 
commonly shows diffuse high-amplitude fast rhythms or 
extreme spindles, and sharp and slow-wave complexes with 
high amplitudes (2, 33). The seizures are often medically 
refractory, although one case report described significant 
reduction in seizures and resumption of development after 
a total corpus callosotomy (34). As might be expected 
from the global brain malformation and severe epilepsy, 
most patients with lissencephaly have profound mental 
retardation and spastic quadriparesis (2, 35).

Lissencephaly Associated with 
ARX Gene Mutations

Although most patients with classical lissencephaly 
are afflicted by global cortical malformation, severe 
epilepsy, and developmental delay, patients with lis-
sencephaly associated with Aristaless-related homeobox 
(ARX) gene mutations display heterogeneous phenotypes. 
The ARX gene is expressed by the interneurons of the fore-
brain and the interstitium of the male gonad (31). ARX is 
involved in the differentiation of the embryonic forebrain 
and male testes; in particular, ARX is involved in the prolif-
eration of neuronal precursors and tangential migration of 
GABAergic interneurons (31). Pathologically, the lissenceph-
aly associated with the ARX mutation is characterized by 
a three-layered cortex, with a hypercellular molecular layer 
of small- and medium-sized neurons, a relative increase in 
pyramidal cell number in layer II, and a thick layer of small- 
and medium-sized neurons in layer III (30). As a result, the 
gray–white junction is relatively defined, in contrast to classi-
cal lissencephaly (30). On neuroimaging, a moderately thick-
ened 5–10-mm cortex is observed, with gyral abnormalities 
more severe posteriorly, as well as abnormal white matter 
signal and cystic or fragmented basal ganglia (31, 36).

Patients with ARX mutations who have lissencephaly 
as described previously may suffer clinically from West 
syndrome, with infantile spasms, hypsarrhythmia, and 
mental retardation (37). Another syndrome of X-linked 
lissencephaly with abnormal genitalia (XLAG) is char-
acterized by severe microcephaly, posterior predominant 
lissencephaly, agenesis of the corpus callosum, hypo-
thalamic dysfunction (typically hypothermia), midbrain 
malformations, micropenis, cryptorchidism, and neonatal 
onset of intractable seizures (37). The ARX mutation is 
also associated with other syndromes, including XMESID 
(X-linked myoclonic epilepsy with spasticity and intellectual 
disability), Proud syndrome (X-linked mental retardation, 
agenesis of the corpus callosum, and abnormal genitalia), 
and Partington syndrome (X-linked mental retardation, 
dystonic hand movements, and myoclonic and tonic-clonic 
seizures) (36, 37). Thus, the ARX mutation, presumed to 
be involved in migration of interneurons and prolifera-
tion of neuronal precursors, may be expressed with widely 
different phenotypes that typically include epilepsy and 
mental retardation. One mechanistic explanation for the 
associated seizures centers on a disruption in GABAergic 
interneurons’ inhibitory influence in the cortex, thus allow-
ing for excessive cerebral synchronization.

DISORDERS OF ORGANIZATION

Polymicrogyria

Polymicrogyria is characterized by an irregular, exces-
sively convoluted brain surface, which may be localized 
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or diffuse. On microscopic examination, the cortex con-
sists of four layers with evidence of tissue necrosis, likely 
fusing the gyri at the molecular layer (1). Another form 
of polymicrogyria exists that has no discernible cortical 
architecture (8).

Polymicrogyria may occur due to a postmigration 
disorder at approximately 20–24 weeks of gestation, 
which causes cortical necrosis and fusion (38). Environ-
mental factors such as prenatal hypoxic-ischemic insults 
and congenital infections may account for this abnormal-
ity (39). However, in other patients, a genetic cause is 
implicated, which may be specific for different phenotypic 
expressions of polymicrogyria. For example, congenital 
bilateral perisylvian polymicrogyria (CBPP) is associated 
with X-linked inheritance, and bilateral frontoparietal 
polymicrogyria (BFPP) is due to autosomal recessive 
inheritance of mutations in the GPR56 gene, which may 
play a role in neuronal determination and cortical pat-
terning (40–42).

Neuroimaging has been critical in the proper diag-
nosis of this cortical malformation. Polymicrogyria is 
typically seen as excessive cortical gyrations without 
true cortical thickening, thereby differentiating it from 
lissencephaly (Figure 54-4). There is also an irregular 
appearance to the gray–white junction (1).

The clinical expression of polymicrogyria is highly 
dependent on the location of the abnormal cortex, 
although most patients experience epilepsy. Patients with 
unilateral disease typically are affected by localization-
related epilepsy or may have electrical status epilepticus of 
sleep (43). Patients with bilateral disease more often have 
multiple seizure types that are medically refractory and 
have an infantile onset (43). For example, patients with 
CBPP have seizures that are often generalized—either 
atonic, tonic, atypical absence, or generalized motor 
seizures—with neonatal onset and treatment resistance. 
The EEG abnormalities consist of generalized or mul-
tifocal epileptiform discharges, primarily involving the 
centrotemporal regions (40). Alternatively, CBPP patients 
may have seizures with a focal somatomotor onset (44). 
Similarly, patients with bilateral generalized polymi-
crogyria often experience generalized seizures (39), but 
patients with bilateral frontal polymicrogyria will more 
commonly experience partial and atypical absence sei-
zures with onset in infancy or early childhood (2).

Patients with polymicrogyria demonstrate cognitive 
and behavioral deficits that correspond to the areas of 
greatest involvement. Therefore, patients with bilateral 
generalized polymicrogyria are often the most severely 
affected, with severe cognitive and motor delays (41), 
and patients with unilateral polymicrogyria may have a 
normal or borderline intelligence and contralateral hemi-
paresis permitting ambulation (38). Interestingly, patients 
with CBPP exhibit pseudobulbar palsy with dysarthria, 
dysphagia, drooling, and restricted tongue movements 
with spastic quadriparesis (40), findings that correlate 
with the bilateral perisylvian location of polymicrogyria 
in this group. On formal neuropsychologic testing, CBPP 
patients appear to have impaired language comprehen-
sion and expression, but intact frontal sorting abilities and 
borderline mental retardation, suggesting that they may 
benefit from alternative communication strategies such as 
sign language (44). Finally, patients with BFPP typically 
have dysconjugate gaze, pyramidal signs, cerebellar signs, 
and hypoplasia of the brainstem and cerebellum, as well 
as the more common developmental delay and spastic 
quadriparesis (39, 41). Nonetheless, despite deficits that 
seem to correspond to the areas of polymicrogyric cortex 
in many patients, functional MRI studies suggest that 
polymicrogyric cortex can be involved in normal cortical 
functioning in some patients (45).

Focal Cortical Dysplasia

Focal cortical dysplasias (FCD) encompass a heteroge-
neous disorder with presumably multiple causes, resulting 
in a focal area of cortical malformation. They are charac-
terized by abnormal cortical lamination with or without 
dysplastic neurons, such as balloon cells (40, 46). They 
may be found throughout the cortex, often in frontal, 

FIGURE 54-4

Congenital bilateral perisylvian polymicrogyria. This T2-weighted 
axial brain MRI of a patient with congenital bilateral perisyl-
vian polymicrogyria demonstrates the irregular, excessive cor-
tical convolutions characteristic of this malformation along 
the Sylvian fissures bilaterally. The polymicrogyric cortex 
appears abnormally thick, but close inspection reveals the 
irregular gray–white junction suggestive of polymicrogyria 
rather than true pachygyria.
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temporal, or multiple locations (1, 47). FCD are best 
detected by MRI, which reveals gray matter thickening, 
blurring of the gray–white matter junction, and homo-
genous hyperintense signal in the subcortical white matter 
that tapers as it extends to the lateral ventricle (1, 40). 
Nonetheless, MRI may fail to detect up to 30% of FCD 
later identified by pathology, particularly in children with 
incomplete myelination, because the gray–white matter 
junction can be difficult to define in those cases (48).

FCDs are the cause of 5–10% of all focal epilepsies 
(46). The seizures begin in childhood or adolescence and 
are typically generalized tonic-clonic, tonic, hypomotor, 
or simple or complex partial seizures (47), whereas the 
more common chronic seizures consist of focal motor, 
complex partial, or secondarily generalized seizures (38). 
Furthermore, up to 30% of patients with FCD may 
experience either epilepsia partialis continua or gen-
eralized tonic-clonic status epilepticus (40, 46, 49) and 
some patients may experience continuous spike-waves 
during sleep (50). Similarly, the EEG may reveal either 
regional slowing or localized epileptiform discharges, 
although the discharges may be more extensive than the 
FCD location (1, 40). As seizures due to FCD are medi-
cally refractory in up to 76% of patients (47), surgical 
resections have been evaluated as potential cures. Seizure 
freedom may be achieved in 58–75% of patients with 

resection of FCD, particularly after complete resection 
of the FCD (1, 40).

Patients with FCD not only have medically refrac-
tory seizures but also experience motor and sensory defi-
cits in 50–67%, lower intelligence, and possibly deficits 
related to the location of the FCD (40, 48, 50).

CONCLUSION

With the advent of improved neuroimaging techniques, 
malformations of cortical development are increasingly 
being recognized as an etiology of medically refractory 
epilepsy. Continued investigation into the causes of 
cortical malformations will improve our knowledge of 
normal brain development and may provide insights into 
epileptogenesis. Furthermore, this may translate into bet-
ter treatments for epilepsy, including more advanced sur-
gical techniques and targeted antiepileptic medications. 
Most of the malformations are characterized by varying 
degrees of cognitive impairments, which will also benefit 
from more refined descriptions and targeted therapies. 
Although malformations of cortical development com-
prise only a fraction of patients with epilepsy and develop-
mental delay, they provide a useful framework for better 
understanding of seizures and mental retardation.
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he prevalence of chromosome aber-
rations in live births, which can be 
ascertained using all the genetic tech-
niques now available, is estimated at 

about 1:100 for balanced and unbalanced and at about 
1:300 for unbalanced aberrations alone. However, con-
sidering the high number of deaths, especially in the early 
postnatal period, the prevalence at 1 year of age should be 
substantially lower than that in newborns. Furthermore, 
since epilepsy occurs in the first year of life in most cases of 
chromosome aberrations, but rarely during the first month 
of life, it is rather difficult to determine the prevalence of 
epilepsy with chromosome aberrations (1).

Approximately 6% of patients with learning dis-
abilities and epilepsy have a chromosome abnormality. 
This figure rises to 50% in patients with major congenital 
malformations, although chromosome studies are often 
not included in the workup of children with learning 
disabilities and epilepsy, particularly if the child is not 
dysmorphic or if the child develops cognitive problems 
after the onset of epilepsy (2).

Obviously, there are many syndromes with epilepsy 
in which it is possible to find a chromosome abnormality. 
Singh et al. (3), analyzing the Oxford Medical Database 
and the PubMed database, identified 400 different chro-
mosomal imbalances associated with seizures or electro-
encephalographic (EEG) abnormalities.
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In the last few years, several syndromes has been 
described, caused by various chromosome abnormalities 
(i.e., monosomies, trisomies, deletions, duplications, trans-
locations, inversions, etc.) or mutations, and associated 
with specific clinical and EEG features. However, clinical 
reports often resulted that were inadequate in describing 
the semiology of seizures or EEG characteristics.

In this review, some chromosome anomalies or 
mutations highly associated with epilepsy will be exam-
ined, and attention will be focused on the clinical features 
and course of epilepsy and EEG characteristics.

1p36 DELETION SYNDROME

1p36.3 deletions account for approximately 0.5–0.7% of 
cases with idiopathic mental retardation. The prevalence, 
originally estimated to be 1:10,000, is presently thought 
to be 1:5,000, because screening for terminal deletions 
is now available. So far, at least 100 cases of 1p36 dele-
tion syndrome have been described. 1p36 deletion may 
be the result of a pure terminal deletion, or an intersti-
tial deletion, or an unbalanced translocation, or a more 
complex rearrangement. The origin of the deletion can 
be paternal or maternal, and in the first instance the size 
of the deletion is larger (4).
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The 1p36 deletion syndrome is primarily character-
ized by craniofacial dysmorphic features, brachydactyly 
or camptodactyly, short feet, and sensorineural hearing 
impairment. More rarely, epicanthal folds, highly arched 
or cleft palate, heart defects, hypothyroidism, and visual 
inattentiveness are reported. All patients have moderate 
to profound mental retardation. In more than 85% of 
cases muscle hypotonia is present.

Most subjects reach independent walking, which 
usually is characterized by broad-based gait and poor 
coordination. Behavioral disturbances have been reported, 
such as temper tantrums, aggressiveness, self-injuries, and 
autistic features (4).

Brain neuroimaging has shown cerebral atrophy, 
ventricular dilation or asymmetry, hydrocephalus, 
delay of myelination, focal cortical dysplasias, and 
leukodystrophy (4).

Seizures are present in more than half of the cases and 
are of different types: infantile spasms, simple or complex 
partial, generalized tonic-clonic, myoclonic, or absences. 
The onset is during infancy or childhood, and they are 
variably controlled by antiepileptic drugs (AEDs) (4).

Heilstedt et al. (5) reported 24 patients with 1p36 
deletion, 11 of whom (46%) had seizures; these were 
divided in three subgroups: subjects with intractable sei-
zures (3 of 11), subjects with infantile spasms (3 of 11), and 
patients with seizures well controlled by therapy (5 of 11). 
Another 3 patients (12.5%) had rare early seizures.

Of the 11 patients described by Kurosawa et al. in 
2005 (6), 8 (about 73%) presented with epilepsy. The 
age at onset of seizures varied from 1 month to 7 years. 
The authors reported that most of the seizures were of 
the generalized tonic-clonic type; furthermore, in 6 cases 
epilepsy was drug resistant.

The EEG picture is variable and can show hyps-
arrhythmia, with focal or multifocal spikes or asymmetric 
slow-wave activity (4).

In 2001, Heilstedt et al. (5) proposed that haploinsuf-
ficiency for the voltage-gated K� channel beta-subunit gene 
(KCNAB2) is a significant risk factor for epilepsy. Eight 
patients (89%) in their series had deletions of the KCNAB2 
gene and had epilepsy or EEG epileptiform abnormalities. 
On the other hand, of those not deleted, only 27% had 
seizures, and none presented with infantile spasms.

WOLF-HIRSCHHORN (4p–) SYNDROME

The Wolf-Hirschhorn or 4p– syndrome (WHS) is a rare 
malformative condition that is caused by the distal dele-
tion of the short arm of chromosome 4 (4p16). It is 
sporadic in about 85% of cases and originates from an 
unbalanced translocation in the remaining 15% of cases. 
Genetic molecular studies have shown that the deleted 
portion of the chromosome is usually of paternal origin 
but can be of maternal origin.

The prevalence of the WHS is estimated as 1:50,000; 
however it could be higher, considering the frequency of 
misdiagnosis due to lack of recognition or inadequate 
genetic analysis (7).

The shortest region of overlap of the different dele-
tions found in patients with WHS (the “critical region”) is 
approximately 165 kb long. The WHSC1 gene is a candi-
date gene for WHS and for Pitt-Rogers-Danks syndrome, 
which results from the absence of the same genetic segments 
as WHS but presents with minor clinical differences, likely 
due to allelic variation in the remaining homolog (8).

Zollino et al. (9) proposed a new critical region for 
WHS, referred to as WHSCR2, distally contiguous with 
the WHS critical region. Among the candidate genes in 
this region, the authors considered LETM1 likely to be 
pathogenetically involved in seizures. On the basis of an 
accurate genotype–phenotype analysis, a distinction in 
two different entities of WHS has been proposed: the 
“classical” and the “mild” form.

The WHS is characterized by low birth weight, 
severe growth retardation, severe mental retardation, 
microcephaly, “Greek helmet” profile, cleft lip or pal-
ate, coloboma of the eye, and cardiac septal defects. In 
approximately one-third of the cases death occurs in the 
first year of life because of severe systemic malformations, 
heart failure, or pulmonary infections (7, 8).

The following neuropathologic alterations have 
been reported: microcephaly, abnormal gyral pattern, 
gray matter heterotopia, dysplasia of the lateral genicu-
late bodies and dentate nuclei, and hypoplasia of the 
corpus callosum (7, 8).

Although the precise frequency of seizures in WHS is 
not known, they occur in 50–100% of subjects reported 
in the literature (7, 8). The clinical and EEG features of 
epilepsy in WHS have been reported only in some cases 
(7, 8, 10, 11).

Seizure onset usually occurs in the first 2 years of 
life. Different types of seizures have been described in 
association with WHS: simple or unilateral partial sei-
zures, myoclonic seizures (often during status epilepticus), 
and generalized tonic-clonic seizures. More rarely, com-
plex partial seizures or tonic spasms are present.

A peculiar clinical and EEG pattern has been 
found in nine Italian patients, described in two different 
studies (8). After the onset of unilateral or generalized 
tonic-clonic seizures, all of these patients presented with 
frequent atypical absences accompanied by myoclonic 
jerks induced by eye closure. These episodes were charac-
terized by generalized slow spike-and-wave complexes on 
the EEG. Interictal EEG showed sequences of sharp waves 
localized over the central-parietal and occipital regions, 
unilaterally or bilaterally, atypical high-voltage spikes, 
and sharp waves often facilitated by the eye closure. This 
EEG pattern is very similar to that observed in Angelman 
syndrome. The same ictal or interictal EEG trait has been 
confirmed by other authors, and in at least in some cases, 
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bursts of fast repetitive spikes over the posterior regions 
have been recorded (7).

The outcome of epilepsy in WHS is rather benign. Sei-
zures are well controlled from 2 to 13 years of age in more 
than one-third of cases, and approximately 15% of patients 
can discontinue AED treatment (7). Most of the patients in 
the study by Kagitani-Shimono et al. (11) showed a gradual 
reduction of seizures and episodes of status epilepticus after 
5 years of age. However, in the same study, one patient died 
during the first episode of status epilepticus.

Regarding antiepileptic drug treatment, the seizures 
observed in WHS can be usually controlled by valproic acid 
alone or in combination with ethosuximide. In some cases, 
benzodiazepines can be useful (7, 8 11). Sodium bromide for 
the treatment of status epilepticus has been proposed (11).

Similarities of the clinical picture and EEG pattern of 
WHS with that of Angelman syndrome, although disput-
able, have suggested an involvement of the gene coding for 
a subunit of the GABAA receptor (mapping on the short 
arm of the chromosome 4) in the pathogenesis of epilepsy 
in WHS. However, it is unlikely that the GABAA gene is 
involved because the GABAA gene maps proximally to the 
critical deletion region (WHSCR), specifically, 4p12–p13, 
far from the critical region of WHS. As previously dis-
cussed, LETM1, a gene possibly involved in calcium sig-
naling or homeostasis, is a good candidate considering the 
seizures and neuromuscular problems in WHS (9).

6q TERMINAL DELETION SYNDROME

The 6q terminal deletion syndrome is a rare condition with 
mental retardation, facial dysmorphisms, genital hypo-
plasia, and structural anomalies of the CNS. Recently we 
reported five patients with 6q terminal deletion (ranging 
between 9 and 16 Mb) associated with a specific clinical 
and EEG pattern.

In all cases, seizures were characterized by vomiting, 
cyanosis, and head and eye deviation, with or without 
loss of consciousness. In four cases, the interictal EEG 
showed posterior spike-and-wave complexes, which were 
activated by sleep (Figure 55-1). No patient had status epi-
lepticus or prolonged seizures. Brain magnetic resonance 
imaging (MRI) revealed colpocephaly and dysgenesis of 
the corpus callosum and brainstem in four patients; three 
of them also had hypertrophic massa intermedia. Seizure 
outcome was rather good in all patients (12).

TRISOMY 12p SYNDROME

This is a rare disorder, with an estimated prevalence of 
1:50,000, which can be determined de novo (also in a mosaic 
fashion) or by an unbalanced translocation. The trisomy 
12p syndrome is characterized by severe mental retarda-
tion, absent language, generalized muscle hypotonia, round 

face, short neck, high and prominent forehead, flat occiput, 
hypertelorism, epicanthus, flat nasal bridge, long philtrum, 
prominent lower lip, low-set ears, and micrognathia.

Neuroimaging findings are various: basal ganglia 
calcifications, cortical and subcortical atrophy, dilatation 
of the cisterna magna, and signal alterations of the white 
matter (13, 14).

Seizures are present in about 30% of cases, and they 
are typically febrile or afebrile generalized tonic-clonic 
seizures or myoclonic seizures. In some patients atypical 
myoclonic absences occur after 3 years of age, and ictal 
and interictal EEG shows generalized spike- or polyspike-
and-wave complexes at 3 Hz (13, 14) (Figure 55-2). The 
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FIGURE 55-1

Awake EEG of a male subject with 6q terminal deletion syn-
drome. Note the presence of sharp waves over the posterior 
regions of the right hemisphere (a); during sleep, very long 
sequences of slow waves or spike-and-wave complexes are 
present over the posterior regions (b).
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FIGURE 55-2

Awake EEG of a 4-year-9-month-old female with trisomy 12p 
syndrome, showing a myoclonic absence-like seizure. It is char-
acterized by a discharge of high voltage, generalized spike-and-
wave complexes, accompanied by rhythmical myoclonic jerks, 
prevalent over the left deltoid muscle (R � right, L � left, DELT 
� deltoid muscle, EXT � extensor muscle of the forearm).
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seizures are usually controlled by valproate with or with-
out ethosuximide.

It is interesting to note that in the region 12p13, 
included in the aberration, there is a cluster of three genes 
coding for voltage-gated K channels (13).

RING CHROMOSOME 14 SYNDROME

Ring chromosome 14 syndrome (r14S) is a rare disease 
mostly occurring as a mosaicism. The clinical phenotype 
is constituted by early-onset epilepsy, mental retarda-
tion (mostly severe or profound), language disturbance, 
microcephaly, and facial dysmorphisms. Ocular anoma-
lies, such as cortical cataract, retinopathy, and refractive 
errors, can also be present (8).

Neuroimaging sporadically discloses corpus cal-
losum hypoplasia, left temporal lobe hypodensity on 
computed tomographic (CT) scan, cortical atrophy, and 
ventricular dilation (8). In one patient, interictal single-
photon emission computed tomography (SPECT) showed 
hypoperfusion over the frontal regions (15).

Epilepsy begins early, generally during the first year 
of life, with generalized seizures, but also with complex 
partial seizures. A frontal-temporal origin of seizures 
in some patients has also been reported. The interictal 
EEG is often focal, with spikes localized over the frontal-
temporal, central, or temporal regions (15). Seizures are 
mostly drug resistant.

The pathogenesis of the seizures is not well under-
stood. However, they are usually present in the cases with 
linear 14q terminal deletion, so epileptogenesis seems to 
be correlated with the ring. Two hypotheses have been 
proposed: (1) the mitotic instability induces the somatic 
mosaicism, with genetic variations among tissues; and 
(2) the telomere p reduces the expression of the genes on 
the adjacent region 14q (15)

ANGELMAN SYNDROME

Angelman syndrome (AS) is characterized by severe 
mental retardation, minimal expressive language, ataxia, 
myoclonic jerks, paroxysmal inappropriate laughter, and 
seizures (8, 14).

The prevalence of AS is approximately 1:62,000, 
but it could be an underestimated value, because some 
authors reported a higher prevalence rate (1:12,000). In 
more than 70% of cases of AS, a deletion of the long arm of 
chromosome 15 of maternal origin (15q11–13) is present; 
in approximately 2–3% of cases a paternal uniparental 
disomy (UPD) is recognizable; and in 3–5% of patients a 
defect of the imprinting center causes the absence of the 
typical maternal pattern of methylation of DNA. In addi-
tion, since 1997 numerous sporadic and familial cases of AS 

have been reported (5–10%) with mutations of the UBE3A 
gene (ubiquitine protein ligase 3A), which is localized in the 
region 15q11–13. At least 50% of these mutations involve 
exons 8 and 9 of the UBE3A gene (16).

The genotypes just mentioned determine AS pheno-
types of variable severity, more severe in the subgroup 
with 15q11–13 deletion, less severe in that with UBE3A 
mutations, and milder in those cases with paternal UPD 
and with a defect of the imprinting center (17).

Among the various transgenic animal models of AS 
available, those with absence of the GABRB3 gene pres-
ent some clinical and EEG characteristics similar to those 
observed in humans (8, 14).

Presently, it is not clearly understood how inactiva-
tion of the UBE3A gene can result in AS. An interesting 
hypothesis recently proposed is that the UBE3A deficit 
could act directly through a defect of activation of the 
Plic-1 protein, which regulates the number of GABAA
receptors containing the beta-3 subunit, thus reducing 
GABAergic strength (18).

Neuroimaging studies usually do not show a spe-
cific malformative pattern. Cerebral atrophy of various 
degrees and dilation of lateral ventricles are frequently 
present (8, 14).

The EEG picture in AS is very peculiar, common in 
the different genotypes, and is characterized by slow back-
ground activity and paroxysmal abnormalities, mostly 
spike-and-wave complexes, prevalent over the occipital 
or frontal regions. There is a diffuse discharge of spike-
and-wave complexes, which are sometimes accompanied 
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FIGURE 55-3

An 8-year-11-month-old female with AS. The awake EEG 
shows a slow background activity and quasi-continuous high 
voltage, diffuse spike-and-wave complexes, prevalent over 
the frontal regions. A surface EMG of extensor and flexor 
muscles of the forearms shows that myoclonic jerks are pres-
ent, which are rarely correlated with the paroxysmal abnor-
malities (R � right, L � left, EXT � extensor muscle of the 
forearm, FLEX � flexor muscle of the forearm).
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by myoclonic jerks. The myoclonic jerks, which are rhyth-
mical and bilateral and sometimes quasi-continuous, do 
not correlate well with the EEG abnormalities. The typical 
pattern is a “myoclonic status epilepticus,” clinically asso-
ciated with marked ataxia, myoclonic jerks, and hyperac-
tivity (Figure 55-3). In stages 1 and 2 of non-REM sleep, 
the spike-and-wave discharges become continuous, and 
spindles are not recognizable; in stages 2 and 3 of the sub-
sequent sleep cycles, the activation of paroxysmal abnor-
malities is lower and spindles are better represented. In 
slow-wave sleep, myoclonic jerks tend to disappear; they 
appear again during awakening and, eventually, during 
REM sleep, when diffuse discharges are not evident and 
a theta activity appears over the vertex and the rolandic 
regions (19)

Back-averaging study of myoclonus in AS, dur-
ing myoclonic status epilepticus or myoclonic absences, 
demonstrates a cortical origin, with a rostral-caudal pat-
tern of activation. Furthermore, in some patients a fast 
focal or multifocal quasi-continuous rhythmical myo-
clonus, at approximately 11 Hz, of cortical origin and 
involving hands or face, has been described (14).

Seizures, present in about 90% of cases, usually 
begin in infancy, often during the first year of life, and they 
are rather polymorphous: spasms, myoclonic, myoclonic-
atonic, tonic-clonic, simple partial, complex partial, atypi-
cal absences (Figure 55-4), myoclonic absences, and febrile 
convulsions (8, 14). Seizure onset is earlier and epilepsy is 

more severe in patients with 15q11–13 deletion than in 
patients with another genotype (17).

Epilepsy in AS is relatively benign from later child-
hood on, and treatment is usually based on valproic 
acid, also in association with ethosuximide, or benzodi-
azepines. Topiramate was efficacious in a series of five 
patients with AS (8). Cortical myoclonus can be treated 
with high doses of piracetam (140 mg/kg/day) (14).

INV-DUP(15) SYNDROME

An inverted duplication of chromosome 15, or inv-dup(15) 
syndrome, is the most common genetic disorder in the 
group of the extrastructurally abnormal chromosomes. 
The prevalence at birth is estimated as 1:30,000 (1).

The phenotype can be quite variable, presenting with 
mental retardation, behavior disturbances, pervasive devel-
opmental disorders, and epilepsy. In most cases neuroimag-
ing studies do not show significant alterations (20).

It has been suggested that the clinical severity of 
inv-dup(15) syndrome could be correlated directly with 
the extent of the duplicated segment, but some data 
contradict this statement (21). More probably, the clini-
cal phenotype appears associated with the dosage of 
the 15q11–13 region, which is critical for Prader-Willi 
and Angelman syndromes (20). Among genes with a 
presumable role in the inv-dup(15) syndrome pheno-
type there are those coding for the alpha-5 and beta-3 
subunits of the GABA receptor and the OCA2 gene 
(oculocutaneous albinism type II gene, formerly called 
the P gene), which is essential for normal pigmentation 
and is likely involved in the production of melanin.

Tetrasomy of these genes could alter the activity of 
the GABA receptor and cause some of the main clinical 
characteristics of the syndrome, such as seizures, hyper-
activity, aggressiveness, and autistic behavior. Another 
gene, SLC12A6, which codes for a chloride cotransporter 
and is expressed in the brain, could be involved in the 
pathogenesis of seizures (20).

Epilepsy has a variable age of onset, between 6 months 
and 9 years of age, and it can present in the form of infan-
tile spasms, symptomatic generalized epilepsy, or Lennox-
Gastaut syndrome (Figure 55-5) (20). In this case, epilepsy 
has a severe prognosis, with tonic, atonic, tonic-clonic 
seizures and atypical absences with onset between 4 and 
8 years. Myoclonic, complex partial seizures, and reflex 
myoclonic absences have been also reported (20, 22).

EEG features have been extensively reported only 
in a few studies: a slow background activity, multifocal 
paroxysmal abnormalities during wakefulness, and the 
typical pattern of Lennox-Gastaut syndrome during sleep 
have been noted (8, 20). Furthermore, a patient with 
central-temporal spikes in the interictal EEG has been 
described (8).
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FIGURE 55-4

An 11-year-old female with AS. The EEG shows an atypical 
absence, which is correlated with the interruption of the motor 
activity, as evident from surface EMG of deltoid muscles and 
extensor muscles of the forearms (R � right, L � left, DELT�
deltoid muscle, EXT � extensor muscle of the forearm, FLEX �
flexor muscle of the forearm).
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CLASSICAL LISSENCEPHALY

Classical lissencephaly is distinguished into Miller-Dieker 
syndrome (MDS) and isolated lissencephaly sequence 
(ILS). Lissencephaly is a severe abnormality of neuro-
nal migration occurring between the twelfth and the 
sixteenth week of gestation, consisting of a four-layered 
cortex instead of a normal six-layered cortex. MDS is 
characterized by profound mental retardation and, often, 
by absence of psychomotor achievements, typical facial 
anomalies with bitemporal narrowing, short nose, promi-
nent superior lip, and small jaw; in ILS only the neu-
rologic signs of lissencephaly but no gross dysmorphic 
features are present (23).

Classical lissencephaly is quite rare, with a preva-
lence of about 1:85,470 (23).

The LIS1 gene (PAFAH1B1), responsible for MDS, 
is located on chromosome 17p13.3 and codifies for the 
beta subunit of platelet-activating factor acetylhydrolase 
(PAFAH) isoform Ib, an inactivating enzyme for platelet-
activating factor (PAF); the LIS1 gene has an important 
role in the stabilization of microtubules, which intervene 
during neuronal migration (23).

MDS is caused by large deletions of LIS1 gene 
and other contiguous genes (in about 92% of cases). 
Approximately 65% of subjects with ILS have a mutation 
involving the LIS1 gene; among these, 40% present with 
a deletion of the entire gene, while 25% have an intra-
genic mutation. Patients with missense mutations have a 
milder degree of lissencephaly than do those presenting 

truncating or deletion mutations. Classic lissencephaly in 
males can also be due to mutations of the XLIS gene that, 
in females, instead determines a subcortical band hetero-
topia (SBH) or double cortex. Lissencephaly is mainly 
anterior in patients with mutations of the XLIS gene, 
posterior in those with mutations of the LIS1 gene (23).

Beginning in the first year of life, the EEG shows 
characteristic high-voltage fast rhythms that can be 
mixed with theta and delta activity, sometimes resem-
bling a hypsarrhythmic-like picture (Figure 55-6). Subse-
quently, the slow activity disappears and is replaced by an 
alpha- or beta-like activity, prevalent over the rolandic or 
parietal regions, or by faster rhythms (15–25 Hz), more 
prominent over the posterior areas of the scalp (8).

Seizures, present in more than 90% of cases, invari-
ably begin during the first 6 months of age and are of 
different types: spasms, myoclonic, simple or com-
plex, tonic, atonic, subclinical seizures, and atypical 
absences (8, 23). Seizures in the lissencephalies are intrac-
table, and lifespan is usually no longer than 20 years (23). 
Some improvement may be obtained with corticosteroids 
or benzodiazepines.

RING CHROMOSOME 20 SYNDROME

Ring chromosome 20 syndrome (r20S) is a rare condition. 
So far, more than 30 cases have been described, which 
were mostly sporadic or in mosaicism. The phenotype is 
characterized by mental retardation of variable degree, 
without relevant dysmorphic features; in 90% of cases 
drug-resistant seizures are present. In some patients, 
structural anomalies on MRI, such as cortical dysplasias, 
or functional abnormalities on positron emission tomo-
graphy (PET), involving frontal lobe and basal ganglia, 
have been recognized (8, 24).

Sleep Stage 2

       100 �V
1 sec

Fp2-F4
F4-C4
C4-P4
P4-O2

Fp1-F3
F3-C3
C3-P3
P3-O1

Fp2-F8
F8-T4
T4-T6
T6-O2

Fp1-F7
F7-T3
T3-T5
T5-O1
Fz-Cz

R DELT
L DELT
R EXT
L EXT

CASS.E. 26 yrs N433/92

FIGURE 55-5

A 26-year-old female with inv-dup(15) syndrome. The EEG 
during non-REM sleep shows numerous short runs of fast 
polyspikes, such as in typical Lennox-Gastaut syndrome 
(R � right, L � left, DELT � deltoid muscle, EXT � extensor
muscle of the forearm).
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FIGURE 55-6

An 18-month-old child with lissencephaly. Awake EEG show-
ing a high-voltage diffuse theta activity, prevalent over the 
anterior regions of both hemispheres.
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The telomeric regions p13 and q13 of chromo-
some 20, which are lost in r20S, contain genes involved 
in the pathogenesis of dominantly inherited epileptic 
syndromes, such as benign neonatal familial con-
vulsions and autosomal dominant nocturnal frontal 
epilepsy, which differs from r20S. However, there is 
evidence supporting the view that r20S may also be a 
channelopathy (8).

Interictal EEG in r20S shows slow waves, spikes, or 
spike-and-wave complexes prevalently localized over the 
frontal regions. An apparently subclinical EEG pattern 
with multifocal theta waves at 5 Hz, mostly localized over 
the temporal regions, has been described (8).

Seizures are heterogeneous, but more frequently 
they are of the partial type (frontal) or secondarily gen-
eralized, with a variable age of onset, usually in infancy. 
Occurring concomitantly with the onset of seizures are 
frequent episodes of nonconvulsive status epilepticus. 
During these episodes, patients present with a distur-
bance of consciousness, bizarre behaviors, motor and 
verbal automatisms, and wandering and mimic of fear; 
myoclonic jerks involving eyelids and perioral region can 
be also present (8). Seizures can be triggered by video 
games or psychologic stress (8).

The ictal EEG is characterized by sequences of 
slow waves intermixed with spikes, and the frequency 
of spike-and-wave complexes can change during the 
discharge (Figure 55-7). The episodes of nonconvulsive 
status occur daily or weekly and can also have a duration 
of 1 hour (8, 24).

Epilepsy is intractable and persists in adulthood. 
Surgery was not effective in one subject with cortical 

dysplasia (8). In another case seizures were controlled by 
vagal nerve stimulation (25).

DOWN SYNDROME

Down syndrome (DS), or trisomy 21, is the most common 
chromosomal disorder in subjects with mental retarda-
tion. Its prevalence is approximately 1:700 live births. 
The phenotype is characteristic: mental retardation, 
microbrachycephaly, upward-slanted eyes, epicanthal 
folds, microtia, short neck, simian crease, and congenital 
heart malformations (26).

Trisomy 21, due to failure of disjunction of chro-
mosome 21 during meiosis, is the cause of DS in 95% 
of cases; approximately 4% of patients present with an 
unbalanced translocation and about 1% of cases have 
mosaicism; in a minimal percentage of subjects a duplica-
tion of 21q22.3 region is evident.

From a neuropathologic point of view the pattern 
of cortical gyri appears simplified, and cytoarchitectonic 
changes, such as decreased GABAergic small granular 
cells, reduced neuronal density, delayed myelination, and 
dysgenesis of dendritic spines have been observed (8).

Seizures are present in about 10% of cases, although 
their prevalence is different in the various prospec-
tive and retrospective studies. They are rather hetero-
genous. In fact, approximately 35% of patients present 
with infantile spasms, with evolution sometimes to the 
Lennox-Gastaut syndrome, which in DS can have a later 
onset than in other conditions. In addition, subjects with 
benign myoclonic epilepsy or reflex epilepsy have been 
reported (14).

Age at onset of spontaneous and reflex seizures 
tends to coincide in DS (2–24 years). Reflex seizures are 
triggered by different unexpected stimuli; their frequency 
is usually high, with many per day. The same stimulus 
can evoke different types of seizures, such as atypical 
absences or tonic seizures.

Outcome of epilepsy in DS is generally rather benign, 
with a progressive reduction of seizures and the focaliza-
tion of paroxysmal abnormalities.

Effectiveness of antiepileptic treatment is strictly 
correlated with the epileptic syndrome presented by the 
patient. Myoclonic seizures usually are well controlled 
by valproate, benzodiazepines, or vigabatrin. In some 
cases, with more resistant spasms, corticosteroids can 
be useful (8, 14).

FRAGILE-X SYNDROME

Fragile-X syndrome (FraXS) is one of the most common 
causes of inherited mental retardation, with a prevalence 
of 1:1,500 males. The physical phenotype is characterized 
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A 21-year-old male with r20S. The EEG during nonconvulsive 
status epilepticus is characterized by sequences of slow waves 
intermixed with spikes; the frequency of the spike-and-wave 
complexes changes during the status.
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by muscle hypotonia, macroorchidism, large ears, nar-
row face, and other signs related to a connective tissue 
dysplasia, such as mitral valve prolapse. Epilepsy and 
EEG paroxysmal abnormalities are also present. A psy-
chiatric phenotype is recognizable: mental retardation 
(80% in males and 50% in females), attention deficit dis-
order (80%), autistic traits (hand-flapping, hand-biting, 
poor eye contact, etc.), social anxiety, perseverative and 
echolalic language, shyness, tactile defensiveness, mood 
disorders, and temper tantrums (27).

The X chromosome of patients affected by FraXS 
shows a fragile site at Xq27.3 region, when cells are grown 
in a folic-deprived medium. In 1991 the gene responsible 
for the syndrome was identified as the FMR1 (fragile-X 
mental retardation) gene. FMR1 gene is composed of 17 
exons (38 kb). The mutation in the FraXS FMR1 gene is 
due to an abnormal expansion of a CGG trinucleotide 
sequence or repeat located in exon 1. In normal subjects 
these repeats usually do not exceed 50 copies; female carri-
ers have from 40–50 to 200 copies, and affected males have 
more than 200 copies. In this case the promoter region of 
FMR1 gene is hypermethylated and transcription of the 

gene is repressed, leading to the absence of a functioning 
FMR1 protein (FMRP) (8).

A transgenic mouse with FraXS is available. The 
knockout mice bearing the full mutation of FMR1 gene 
are substantially more susceptible to audiogenic-induced 
seizures than the wild-type mice. This finding seems to 
confirm the role of cortical hyperexcitability in causing 
predisposition to epilepsy in FraXS (28).

Neuropathologic and neuroimaging data do not 
explain completely why this genetic condition is asso-
ciated with epilepsy. However, in postmortem studies, 
long, thin, dysmorphic, or increased cortical dendrites 
have been found; brain MRI has also shown an increase 
in hippocampal volume (28).

Some recent neurophysiologic findings, such as the 
presence of spikes evoked by finger tapping and the 
presence of giant somatosensory evoked potentials, and 
the above mentioned high susceptibility to audiogenic 
seizures in FMR1 knockout mice, seem to suggest a 
certain relationship between FMRP and cortical excit-
ability (28, 29). FMRP may play a role in the regulation 
of mRNA in the cortical dendrites. The dendritic spines 
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FIGURE 55-8

A 9-year-old male with FraXS. Awake EEG showing a single spike localized over the central-temporal regions of the left hemi-
sphere (a); during sleep, paroxysmal abnormalities are markedly activated over the same regions (b).
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are longer and frequently immature in shape in the pyra-
midal cells of the V layer of the visual cortex in FMR1 
knockout mice. In the same animal model, the mossy 
fibers of the dentate gyrus of the hippocampus have 
an abnormal distribution. The cortical expression of 
the GluR1 receptors is depressed postsynaptically, and 
long-term potentiation is reduced (28). A reduced num-
ber of mGlu5 receptors have been found linked to the 
constituents of postsynaptic density and, in particular, to 
the constitutive forms of Homer proteins, with possible 
consequent alterations in synaptic plasticity (30).

FraXS is associated with a specific interictal EEG 
pattern characterized by paroxysmal abnormalities, which 
usually are localized over the central-temporal regions of 
both hemispheres, appearing around 3–4 years and per-
sisting up to 12–13 years of age. These spikes are mark-
edly activated by non-REM sleep (Figure 55-8) and their 
density decreases during REM sleep. This peculiar EEG 
picture is present in about 40–50% of cases (31, 32).

In an evaluation of a large group of patients with 
FraXS from Italy and the United States, the prevalence 
of seizures was estimated to be between 17% and 30%, 
in the retrospective and prospective arms of the study. 
Age at onset was between 2 and 9 years. Seizures were 
mainly of the complex partial type, less frequently of the 
generalized or simple partial type. Febrile seizures were 
also observed. Seizures were well controlled by therapy 
in most of the cases: at least 80% of subjects with FraXS 
were seizure-free very early in their life, without subse-
quent relapse while receiving AED treatment.

Drugs used for partial epilepsies with other etiolo-
gies, such as carbamazepine, barbiturates, and valproic 
acid, are effective also in FraXS (32).

KLINEFELTER SYNDROME

Klinefelter syndrome (KS) is a frequent genetic condition 
characterized by mild or moderate mental retardation, 
behavioral disturbances, infertility, and markers of male 
hypogonadism, such as high stature, long limbs, gyne-
comastia, and decreased body hair. The prevalence of KS 
is estimated at 1:596 males. The genetic anomaly consists 
of a lack of normal separation of the sexual chromosomes 
during meiosis, determining the presence of more than 
one X chromosome. Mosaicism derives from a postzy-
gotic abnormal separation of X chromosomes (33).

Neuropathologic changes in KS are nonspecific, 
although in one case the presence of polymicrogyria and 
megalencephaly was observed (8).

In KS, seizures are present in 2–10% of cases (8). 
The largest series of patients with KS and epilepsy has 
been reported by Tatum et al. (34): the majority of these 
subjects had a generalized form of epilepsy, with atypi-
cal absences and generalized tonic-clonic seizures. Other 
patients presented with partial seizures. The EEG is rather 
nonspecific with slow background activity and focal or 
generalized paroxysmal abnormalities.

Seizures are easily controlled by therapy (8, 34, 35).

CONCLUSIONS

The chromosome abnormalities do not represent a fre-
quent cause of epilepsy, but they are correlated with a high 
risk of developing epilepsy (8). The new proposed Inter-
national League Against Epilepsy (ILAE) classification 
has accepted this concept, including some chromosome 
abnormalities among the diseases frequently associated 
with seizures or epileptic syndromes (36).

In chromosomal syndromes, seizure susceptibility may 
be directly correlated with the type and the extent of the pri-
mary chromosome disorder or, indirectly, with the structural 
central nervous system abnormalities caused by the genetic 
derangement. For example, in 1p36 deletion syndrome, 
WHS, AS, inv-dup(15) syndrome, DS, and FraXS, a corti-
cal hyperexcitability has been hypothesized, which is based 
on neurotransmitter (i.e., GABA, glutamate) or channel (i.e., 
potassium) dysfunction. In other conditions, such as 6q ter-
minal deletion syndrome or classic lissencephaly, the severity 
of epilepsy depends on the entity of the brain abnormalities. 
The pathophysiology of epilepsy in trisomy 12p syndrome, 
r14S, r20S, and KS has not yet been clarified.

A careful analysis of the clinical and EEG patterns asso-
ciated with chromosome abnormalities can be extremely 
helpful in clinical practice for diagnostic purposes, but also 
for genetic counseling, and can also contribute to increase 
our knowledge of the genetic bases of epilepsies.

It will also be mandatory, in the future, to collect 
larger and more homogeneous groups of patients with 
chromosome abnormalities and to study them in a multi-
disciplinary way, to fully investigate not only the genetic 
aspects of the disorders, but also the clinical and EEG 
features of the associated epilepsy.
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utism, particularly if combined 
with mental retardation (MR), 
may affect all major areas of func-
tioning. When a measure such as 

the World Health Organization’s International Classi-
fication of Functioning, Disability and Health (ICF) is 
used, the severe functional consequences of autism in 
daily life become obvious, as well as the difficulties in 
participation. The high occurrence of epilepsy in chil-
dren with autism is one of the more evident signs that 
autism has a neurobiologic basis, in much the same way 
as MR. Epilepsy may influence functional skills, social 
participation abilities, morbidity, and mortality, both in 
individuals with and in those without autism, especially 
if pharmacoresistant. This chapter focuses on autism and 
its relationships to epilepsy.

DEFINING AUTISM

The definitions of autism include impairment and dis-
ability in three broad areas: social reciprocal interaction 
abilities, reciprocal communicative abilities, and behav-
ioral problems, including a narrow range of stereotypic 
behaviors, activities, and interests. In the following sec-
tions, the term autism will be used when referring to this 
broad definition of the syndrome.

Autism

Susanna Danielsson
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The term autistic spectrum disorders (ASD) is syn-
onymous with the term pervasive developmental disorders
(PDD) and includes—according to the Diagnostic and 
Statistical Manual of Mental Disorders, Fourth Edition 
(DSM-IV)—the diagnoses autistic disorder (AD), Rett 
syndrome, disintegrative disorder, Asperger syndrome, 
and PDD not otherwise specified, roughly equivalent to 
the terms atypical autism and autistic-like conditions.

Developmental abnormalities are present from 
the first years of life in the majority of cases, but about 
one-third of parents of children diagnosed with AD 
report that their child first seemed to develop quite nor-
mally but then had a loss of already acquired language 
and social relatedness skills in the second or third year 
of life—that is, an autistic regression. The regression is 
rarely documented except by parents’ reports, so it may 
be disputed, and recent data suggest that most of these 
children also demonstrate previous, subtle developmental 
delays of social and communicative behaviors (1).

Autism is one of the developmental disorders, as 
are, for instance, attention deficit hyperactivity disorder 
(ADHD), developmental speech and language disorders, 
and developmental coordination disorder. Developmen-
tal disorders often occur together, an observation that 
supports the hypothesis of multiple primary neurologic 
deficits rather than a single localized lesion. The neuro-
biologic basis of social interaction abilities extends over 
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multiple brain regions. On the more severe end of the 
autism spectrum (i.e., AD), 65–88% of cases have MR. 
There are specific conditions with a higher prevalence of 
autism than in the general population, for example, frag-
ile X syndrome, tuberous sclerosis, and Rett syndrome. 
In many of the syndromes associated with ASD, mental 
retardation (MR) is also part of the clinical picture.

Etiology

Autism is a behaviorally defined syndrome with a multi-
tude of different etiologies. In most cases specific causes 
are not detectable, but in 12–35% an underlying medi-
cal disorder can be identified (2). Associated medical 
conditions in autism are chromosomal abnormalities, 
neurocutaneous disorders (e.g., tuberous sclerosis), Rett 
syndrome, central nervous system (CNS) infections, and 
some metabolic disorders. Genetic factors are said to play 
a primary role, and the evidence for this comes from twin 
and family studies. Multiple genes are probably impor-
tant for the manifestation of autism, because there is an 
absence of consistent significant findings in studies (3). 
The RELN gene, which codes for an extracellular pro-
tein guiding neuronal migration, has been implicated in 
autism, as have X-linked neuroligin genes, which are 
important in synaptogenesis during early brain develop-
ment. Macrocephaly, acceleration followed by decelera-
tion of brain growth, and increased neuronal packaging 
and decreased cell size in the limbic system, particularly 
in the amygdala, and a decreased number of Purkinje cells 
in the cerebellum, are but some of the neuropathologic 
findings that have been replicated in autism.

Epidemiology

Higher awareness and changed diagnostic criteria have 
altered the concept that autism is rare (4). The prevalence 
rate of AD is 0.1–0.2%, and the prevalence rate of ASD 
is considerably higher, 0.5–1%. AD is three to four times 
more common in males than in females. The sex ratio is 
lower among cases with severe MR (SMR; IQ � 50) and 
higher in those with normal IQ. Autism is much more 
common in individuals with MR: at least one of ten with 
mild mental retardation (MMR; IQ 50–70) and one of 
three with SMR have ASD (5).

Intervention

The assessment procedure leading to the diagnosis of 
autism will explain the individual’s sometimes seem-
ingly illogical or odd behavior and painful lack of social 
reciprocity. It will often be a turning point in the lives 
of these families. A diagnosis makes it possible to get 
access to the services for the disabled. The individual 
and his or her family can find information and learn 

from professionals, from other parents in support groups, 
and from the experiences of high-functioning individuals 
with autism. It will also be possible to strive for a more 
autism-friendly environment at home and at preschool, 
school, or at work. The medical workup will lead to the 
etiology in some cases. The risk for future siblings or 
children can be discussed on the basis of the knowledge 
evolving from the genetic studies on autism.

A recent review article (6) summarized the cur-
rent treatment options in autism. The author concludes 
that there is not yet a single treatment that has been 
demonstrated to be efficacious in well-controlled stud-
ies. However, based on current knowledge, behavioral 
techniques and structured teaching based on visual cues 
are the most effective interventions. Examples of psycho-
educational or behavioral approaches include TEACCH 
(The Treatment and Education of Autistic and Related 
Communication Handicapped Children), applied behav-
ior analysis (Lovaas), alternative communication, PECS 
(Picture Exchange Communication System), and social 
skills training.

When behavioral problems fail to improve by appro-
priate behavioral and educational methods, medication 
can be used to facilitate management and to improve 
symptoms. Pharmacologic interventions are important in 
epilepsy, sleep disturbance, and coexisting neuropsychi-
atric disorders such as ADHD, depression, or obsessive-
compulsive disorder.

Prognosis

Follow-up studies of children with AD show that out-
come is variable, but that a majority of affected individu-
als have a low social functioning ability in adulthood, 
and few live independently or are capable of employ-
ment. Furthermore, the autistic symptoms most often 
persist throughout life (7, 8). Positive prognostic factors 
are the ability to use verbal communicative language in 
preschool years and a relatively higher IQ level. Con-
versely, coexisting conditions, such as SMR and epilepsy, 
are considered negative prognostic factors (9). Given that 
SMR is so often a comorbid feature in autism, and that 
epilepsy is so often a comorbid feature in SMR, it has 
been difficult to separate the prognostic effects of epilepsy 
and SMR. For the individual child diagnosed with autism, 
a cautious approach must be taken when discussing prog-
nosis with the parents and the individual.

AUTISM IN EPILEPSY

There are few studies on the prevalence of ASD in indi-
viduals with epilepsy, but ASD and ADHD are prob-
ably the two most common neuropsychiatric disorders 
in children with epilepsy (10), especially if the epilepsy 
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is therapy resistant. The results from more studies in the 
interface between neurology and psychiatry will shed 
more light on these issues, and there will be an increasing 
need for child psychiatrists and pediatric neurologists to 
work closer together concerning children with epilepsy, 
neurodevelopmental disorders, or both.

In one study of children with MR and active epilepsy, 
the prevalence of ASD was 38% (11). Severe behavioral 
problems had been undiagnosed despite parental concern 
in many of these cases. In a tertiary epilepsy clinic the 
prevalence of ASD was 32% in children, when screened 
with an Autism Screening Questionnaire (designed by 
Michael Rutter and Catherine Lord) (12).

Among children with therapy-resistant epilepsy 
being assessed before resective epilepsy surgery, the fre-
quency of ASD varies between 19% and 38% (13, 14).

EPILEPSY IN AUTISM

There is a comorbidity of epilepsy, autism, and MR 
(9, 11, 15, 16). Literature reports on epilepsy in autism 
sometimes seem to be contradictory because of differ-
ences in sampling regarding cognitive level, etiology and 
age, diagnostic criteria for autism and epilepsy, and dura-
tion of follow-up. In the vast majority of cases, epilepsy 
is not the cause of the brain dysfunction causing autism, 
but epilepsy may aggravate the disability.

Epilepsy is more common in people with autism, 
with or without MR, than in the general population 
(16, 17). The reported rate has varied from 7% to 42% 
and is highest in studies including adolescents and young 
adults with moderate and severe MR and lowest in stud-
ies with children with ASD and no MR. Epilepsy is more 
common in females than in males with autism (9), which 
has been ascribed to a higher prevalence of cognitive and 
motor deficits in females with autism than in males or 
to the fact that females are less likely to exhibit autism if 
they do not have more severe brain dysfunction (16). In 
a population-based cohort of 120 individuals diagnosed 
with autism in childhood (84% with MR) and followed 
into adulthood (94% with MR), Danielsson et al. (9) 
showed that at least 38% (45 of 120) had epilepsy at 
some point in their lives and that the risk for epilepsy 
was highest in the first years of life and decreased from 
puberty and onward. In another study in which cases with 
acquired or congenital encephalophathy with AD were 
excluded (18), two-thirds of 18 cases with AD and MR 
had epilepsy onset after age 12. A bimodal distribution 
of epilepsy onset with a peak in both the toddler and 
adolescent periods has also been described (16), but not 
in an epidemiologically representative sample.

A majority of children and adults with autism have 
partial seizures with or without secondarily generalized 
seizures (9, 15).

According to Tuchman (19), it is reasonable to 
hypothesize that many autistic symptoms represent under-
lying dysfunction in overlapping structures in the CNS, as 
well as dysfunction in neurochemical systems, and that 
abnormalities in these systems may be responsible for 
the higher rates of epilepsy in this population. Tuberous 
sclerosis is one established cause of ASD and epilepsy, 
and it has been used as a model for testing theories of 
the brain basis of ASD (20). Individuals with tuberous 
sclerosis are at very high risk of developing ASD if the 
onset of seizures is within the first 3 years of life, and 
when temporal tubers are present and associated with 
temporal lobe epileptiform discharges.

Epileptiform EEG Abnormalities in 
Autism without Epilepsy

The reported rate of epileptiform abnormalities on elec-
troencephalogram (EEG) in children with ASD without 
epilepsy has ranged from 6% to 61%, with lowest rates if 
only routine EEG is used and highest rates with 24-hour 
ambulatory EEG (21). Several studies have shown that a 
history of autistic regression without epilepsy is not corre-
lated with epileptiform activity. There are studies showing 
normalization of EEGs in children with autism who receive 
valproic acid (21), but no studies showing whether future 
epilepsy can be prevented by treatment or whether there is 
a positive influence on the core symptoms and prognosis 
of autism. It has not been satisfactorily shown that treat-
ing subclinical epileptic spikes in this population improves 
behavior.  Possible side effects from antiepileptic drugs 
(AEDs)—somatic, cognitive, and behavioral—must be 
considered, because there are few studies on treatment and 
long-term effects on groups with MR with or without 
autism. It is possible in this group that even modest cog-
nitive AED side effects may have significant consequences. 
On the other hand, there are preliminary studies showing 
that some AEDs may have positive psychotropic effects in 
a subgroup of children with autism (22).

One must be aware that AD, Asperger syndrome, 
and autistic-like conditions are behaviorally defined diag-
noses, in contrast to the epileptic encephalopathies, for 
example, Landau Kleffner syndrome or the syndrome of 
continuous spike wave of slow sleep (CSWS). These lat-
ter diagnoses are based on specific EEG findings together 
with specific clinical symptoms and signs. The functional 
deficits, including cognitive and/or language regression, 
seen in these children are potentially reversible and 
treatable as they are presumed to be caused by epilepti-
form activity. Some children have severe behavioral prob-
lems, and epilepsy is not always a prominent feature. 
These conditions remind us of the importance of not 
only neuropsychologic and educational, but also medical 
and neuropsychiatric, assessment of children with autis-
tic symptoms. This assessment should include a detailed 
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medical and psychiatric history, a general physical, neu-
rodevelopmental and neurologic examination, and medi-
cal workup including EEG when indicated. A rapid or 
atypical onset of symptoms or fluctuating symptoms and 
recovery is not typical in autism.

In summary, it cannot be recommended to support 
widespread use of anticonvulsant medication in children 
with ASD without seizures, until more controlled studies 
support their use.

Prognosis

Abnormal mental or neurologic development, such as 
MR and autism, are negative prognostic factors for 
seizure remission. There are few studies addressing the 
long-term prognosis of seizure disorders in children with 
autism; but in a population-based follow-up study only 
16% of childhood-onset epilepsy cases with autism were 
free of seizures and medication as adults (9). The majority 
of children with autism, MR, and epilepsy will be adults 
with the same diagnoses and have a low adaptive level in 
life. There is a need for regular medical checkups in this 
severely communication-disabled population. Collabora-
tion across disciplines and specialist care are required for 
the adequate management not only in childhood, but in 
adulthood as well. The prognosis for seizure remission in 
children with autism without MR has not been described 
in a population-based sample.

TREATMENT AND INTERVENTION IN CASES 
WITH AUTISM AND EPILEPSY

The treatment options considered should be the same as 
in patients with only one of the two diagnoses. Treatment 
of epilepsy is not limited to the prescription of AEDs but 
also includes education and support to parents, teachers, 
and the person with epilepsy. Educational, learning, and 
behavioral problems must be addressed. There is a great 
challenge in meeting the needs of these persons. Because 
their communicative abilities are often very limited or very 
special, they need to have a spokesman. Side effects of 
AEDs must be considered carefully with regard to poten-
tial effects on cognition and behavior. It is important to 
respect the dignity of individuals with autism and not put 
them in stressful and frightening situations. On the other 
hand, such respect must never be an excuse for not inves-
tigating, diagnosing, and treating epilepsy in individuals 
with autism. It has been shown that children with autism 
can participate in prolonged EEG monitoring (21), and so 
can adults. Patients who do not achieve adequate seizure 
control with older AEDs deserve a trial with newer AEDs. 
For individuals with medically therapy-resistant epilepsy, 
the treatment approach must be multiprofessional, and 
the possibility of epilepsy surgery should be considered. 

For those not suitable for resective surgery, ketogenic diet 
or vagus nerve stimulation could be an alternative.

A major issue is the need for education concerning 
epilepsy in the “autism-friendly” environment and for 
education about the needs of a person with ASD in the 
“epilepsy-friendly” environment.

EPILEPSY SURGERY AND AUTISM

Epilepsy surgery may be considered in adults, and at 
any age in the pediatric population, to control medically 
intractable epilepsy in patients with partial seizures and in 
those with generalized seizures that are caused by a local-
izable cortical abnormality. Most surgical procedures aim 
at seizure freedom, especially in patients with defined 
lesions. However, in children with catastrophic epilepsy, 
the aim may be to reduce seizures to prevent cognitive and 
behavioral decline. The catastrophic epilepsy disorders 
begin in children younger than 5 or 6 years, are difficult 
to control, and are strongly associated with MR and neu-
ropsychiatric disorders such as ASD. Seizure outcome 
after epilepsy surgery is well documented, as are cognitive 
effects. Full-scale IQ remains stable in most cases. Better 
seizure outcome after surgery is reported in patients with 
vascular malformations and tumors, and worse outcome 
in patients with malformations of cortical development 
and gliosis. Not only the histopathologic diagnosis, but 
also the localization of the lesion and the surgical proce-
dure have implications for outcome. Hemispherectomies 
carry the best prognosis (60–85% seizure-free) followed 
by temporal lobe resections (60% seizure-free). Most 
studies of psychiatric disorders and epilepsy have been 
performed in adult patients. It is known that partial sei-
zures with an ictal focus in the temporal lobes are associ-
ated with a high rate of psychiatric disorders in children. 
Outcome, considering psychiatric and behavioral sequelae 
in the childhood population, has achieved more attention 
during the last 10 years. Reports of behavioral outcome 
after surgery have often relied on anecdotal information, 
often without neuropsychiatric assessment before surgi-
cal intervention. There are positive reports on postsurgi-
cal developmental and behavioral outcome in children 
with intractable epilepsy, but there are also less favorable 
reports. In the adult population it has until recently been 
assumed that patients with MR are poor candidates for 
epilepsy surgery. This has been challenged by Bjørnæs 
et al. (23), showing good seizure outcome after resective 
surgery in adult patients with focal epilepsy and IQ less 
than 70, provided that the operation was not done more 
than 12 years after the onset of epilepsy.

Until recently there have been very few prospective 
follow-up studies concerning the outcome of epilepsy sur-
gery in cases with ASD in whom the effect on the core 
symptoms of autism is reported, and there are no reports 



56 • AUTISM 453

with age-matched nonoperated controls. Partial recovery 
of social and language regression was reported in two 
children with focal epilepsy after surgical treatment (24), 
and there are additional case studies. Szabo et al. (25) 
reported neurologic, neuropsychologic, and psychiatric 
outcome after epilepsy surgery in five children with ASD. 
Four children had temporal lobe resections, and one had a 
temporo-parieto-occipital resection. Two years after sur-
gery, all children still had ASD and developmental delay, 
but one child showed substantial improvement on all 
measures, despite persistent seizures. Four children were 
seizure free: two demonstrated mild improvement, one 
no improvement, and one decline. McLellan et al. (14) 
have followed-up the largest prospective cohort (n � 60), 
including children with ASD (n � 23), and therapy-
resistant epilepsy, undergoing temporal lobe resection. 
Mean length at follow-up was 5 years 2 months (range 
2–10 years). They found that ASD was significantly asso-
ciated with younger age at seizure onset, right temporal 
lobe lesions, and MR. Among the sixteen children with 
ADHD, nine also had ASD. Among the twenty-three with 
ASD, twenty-one still had ASD at follow-up. They were 

described as improved (n � 11), no change (n � 7), or 
deteriorated (n � 3).

The results thus far suggest that families should be 
made aware that autistic symptoms in children with focal 
epileptogenic lesions may or may not improve after epi-
lepsy surgery. To inform parents about this is an impor-
tant part of the presurgical neuropsychiatric assessment. 
It makes it even more important to diagnose ASD before 
surgery; otherwise parents’ expectations may be too high. 
There is also a risk that the autistic symptoms they did 
not conceptualize before surgery may be more obvious 
if seizures are improved after surgery.

Discussing epilepsy surgery and the effects on autistic 
symptoms is a completely different matter from surgical 
treatment of autistic regression in cases with epileptiform 
activity but without clinical seizures. In most countries 
surgery for autistic regression is not performed. There are 
published reports (26–28), but some are considered con-
troversial, and ethical concerns have been raised (19, 29). 
In cases with autism without intractable epilepsy or spe-
cific epileptic encephalopathies, there are no data at the 
present time to support the use of surgical intervention.
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ttention deficit hyperactivity disor-
der (ADHD) is the most common 
behavioral disorder of childhood. It 
affects 3–5% of the school popula-

tion, with a male-to-female ratio of 3 or 4:1. Symptoms 
seem to abate with age, although recent studies indicate 
that ADHD persists into adulthood in 30–70% of the 
cases. Symptoms include inattentiveness, distractibil-
ity, motoric overactivity, and impulsivity. Patients with 
ADHD appear to have a deficit in executive control, 
which is the ability to plan and implement a strategy to 
achieve a particular goal (1).

The Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV) discriminates three 
subtypes of ADHD: (1) predominantly inattentive type, 
(2) predominantly hyperactive type, and (3) combined 
type (for diagnostic criteria see Appendix 57-1) (2).

In children with ADHD the combined type is the 
most prevalent one: 87% of the affected boys and 65% 
of the affected girls in the age group 4–10 years have 
the combined type. During adolescence the type–ratio 
changes; in a study of young adolescents with ADHD (3), 
52% had the combined type, 35% the inattentive type, 
and 13% the hyperactive-impulsive type (1).

Comorbidity is common, and ADHD is associated 
with several other psychiatric disorders such as anxi-
ety, depression, conduct disorder, antisocial personality 
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disorder, tics, oppositional defiant disorder, and sub-
stance abuse.

ADHD affects normal social and personal relation-
ships; compared to normal control subjects it appears 
to be closely associated with educational problems in 
those with ADHD and has a negative influence in these 
patients on occupational pursuits compared to normal 
control subjects (4).

THE NEUROBIOLOGY OF ADHD

Children and adolescents with ADHD have difficulties 
in several attentional and neuropsychologic domains: 
problem solving, planning, orienting, alerting, cognitive 
flexibility, sustained attention, response inhibition, and 
visual working memory.

There is growing evidence from electrophysiologic 
studies that ADHD involves hypofunction of catechol-
aminergic circuits, particularly those that project to the 
prefrontal cortex. In particular, dopamine-mediated 
frontostriatal circuitry is thought to play a role in the 
pathophysiology of ADHD. Molecular genetic studies 
support these electrophysiologic markers. Researchers 
hypothesize that many different, probably interact-
ing genes contribute to the ADHD phenotype. Several 
genes including dopamine receptor genes, dopamine 
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transporter genes, and serotonin receptor genes have 
been associated with ADHD. Structural imaging stud-
ies supporting these insights found smaller total brain 
volumes, especially of the right frontal lobe, caudate 
nucleus, cerebellar hemispheres, and vermis. Anomalies 
in the frontal lobes and basal ganglia were confirmed 
by positron emission tomography (PET) and single-
photon emission computed tomography (SPECT) studies. 
Functional magnetic resonance imaging (fMRI) stud-
ies revealed abnormal functioning of the dorsolateral 
prefrontal cortex and anterior cingulate cortex on tasks 
requiring inhibitory control. Functional neuroimaging 
studies also give insights in the underlying mechanisms 
by studying treatment response. An fMRI study related 
methylphenidate and enhanced performance on inter-
ference tasks to functional changes in the brain areas 
mentioned previously. In this study, event-related fMRI 
was used to study selective attention by using a para-
digm that compared children with ADHD (on or off 
methylphenidate) and normal control subjects. Selective 
attention was abnormal in those with ADHD, but after 
treatment with methylphenidate results were equivalent 
to those of normal control children (5).

EPILEPSY AND ADHD

In epilepsy, comorbidity of ADHD is common and has 
a substantial impact on functioning, treatment, and 
prognosis. The relation between epilepsy and ADHD is 
complex. From the perspective of daily clinical practice, 
several issues with respect to this relationship should be 
addressed. These topics include the following:

1. The relationship between epilepsy and ADHD: Do 
epilepsy patients have an increased prevalence or 
risk of ADHD? Are certain epilepsy syndromes or 
seizure types associated with ADHD? Does ADHD 
in epilepsy patients have special features? Are 
ADHD symptoms in epilepsy patients caused by 
the epilepsy or do both share a common underly-
ing cause? Should epilepsy be considered a contra-
indication to treat ADHD symptoms with stimu-
lant drugs, for example, methylphenidate? Does a 
comorbid diagnosis of epilepsy and ADHD alter 
the prognosis of either condition? Can antiepileptic 
drugs (AEDs) provoke ADHD-like symptoms?

2. The association between ADHD, epileptiform elec-
troencephalogram (EEG) features, and epilepsy: Do 
ADHD patients have an increased prevalence or 
risk of having a comorbid diagnosis of epilepsy, and 
if so, what kind of epilepsy? Do ADHD patients 
have an increased risk of having an abnormal EEG 
with epileptiform features and does this have impli-
cations for treatment? Are these EEG features a 

contraindication to treat with stimulant drugs such 
as methylphenidate?

THE RELATIONSHIP BETWEEN 
EPILEPSY AND ADHD

Estimations of the prevalence of ADHD in children, 
adolescents, and adults with epilepsy vary widely depend-
ing on the sample studied and the measures used to estab-
lish the ADHD diagnosis. Many studies examining the 
relationship between ADHD and epilepsy are outdated. 
Diagnostic criteria have changed since these studies 
were conducted. Prevalence figures of individuals with 
symptoms of ADHD, whether they actually meet the full 
diagnostic criteria, have ranged from 8% to 77%.

Several studies have focused on only one or a 
limited number of ADHD symptoms, with controversial 
results (1). Semrud-Clikeman and Wical (6) evaluated 
attentional difficulties in children with complex partial 
seizures. They compared four groups of children: chil-
dren with complex partial seizures with (7) and with-
out ADHD (8), children with ADHD (9), and normal 
children (10). Children with partial seizures and ADHD 
performed the poorest on scales measuring attention. In 
general, children with partial seizures showed an atten-
tion deficit regardless of their ADHD status. A popula-
tion study by McDermott et al. (11) showed that children 
(0–18 years) with seizures (prevalence 0.9%; N � 121)
were 4.7 times (31.4%) more likely to have a behavior 
problem, whereas children with cardiac problems were 
3 times (21.1%) more likely to have behavior problems, 
compared to normal control subjects (8.5%). Hyperac-
tivity was found to be the most troublesome behavior 
for children with epilepsy in this study (11).

Poor seizure control was associated with increased 
behavioral problems, including hyperactivity, by Carlton-
Ford and coworkers (12), who investigated the effects 
of epilepsy on social and psychological adjustment of 
children studied in the National Health Interview Sur-
vey. The odds of being among the most impulsive chil-
dren (the top 10%) were more than 3 times greater for 
children with inactive epilepsy and more than 12 times 
greater for children with active epilepsy compared to 
children without epilepsy.

On the other hand, Oostrom et al. (13) did not find 
attention deficit to be characteristic of schoolchildren 
with newly diagnosed idiopathic/cryptogenic epilepsy. 
Fifty-one children with epilepsy were compared with 
48 matched classmates and assessed within 48 hours 
after the diagnosis and before AED treatment, and later 
on at 3 and 12 months. Prior school and behavioral 
difficulties and maladaptive reaction to the onset of 
epilepsy, rather than the epilepsy variables, were found 
to be related to decreased attentional efficiency.
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In studies using standardized measures such as 
behavioral checklists or parent and teacher question-
naires about ADHD symptoms in children with epilepsy, 
the prevalence ranged from 14% to 40% (1).

Dunn et al. (1) assessed a group of 175 children 
with normal intelligence (age 9–14 years) with chronic 
epilepsy for evidence of ADHD. Children were recruited 
from private practices of child neurologists and a child 
neurology clinic of a university hospital. Sufficient data 
on seizure type and epilepsy type were available in 
151 children. Behavior was measured using the Child 
Behavior Checklist (CBCL) in combination with either 
the Child Symptom Inventory-4 (CSI) or the Adoles-
cent Symptom Inventory-4 (ASI). The primary caregiver 
completed both scales: 58% of the children and 42% of 
the adolescents were in the at-risk range on the CBCL 
attention problems subscale, and 37% of the children 
and 25% of the adolescents scored as high as in the 
clinical range.

Based on CSI and ASI, the prevalence of possible 
ADHD combined type was 11.4%, 24% for the inat-
tentive type, and 2.3% for the hyperactive-impulsive 
type. Overall, 38% of the children potentially qualified 
for a diagnosis of ADHD. Although the study of Dunn 
et al. (1) is not a population-based study, the prevalence 
of symptoms of ADHD was quite similar to that reported 
by Hempel et al. (14) (36%), McDermott et al. (11) 
(hyperactive impulsivity 34%), Carlton-Ford et al. (12) 
(28.1%), Hesdorffer et al. (15) (problems with attention 
42.4%), and others.

Insight into the association between epilepsy type 
or seizure type classification and ADHD is limited. Hem-
pel et al. (14) found that patients with intractable epi-
lepsy and generalized ictal and interictal abnormalities 
(52%) were more likely to hold the ADHD diagnosis 
than patients with lateralized, independent bilateral, or 
indeterminate ictal onset (26%). Those with less fre-
quent seizures (�12/yr) were more likely than those with 
more frequent seizures to have ADHD. No relation with 
IQ, age of seizure onset, seizure type, etiology, EEG, 
MRI, and number or type of AEDs was found. Dunn 
et al. (1) investigated the relationship between seizure 
classification (not the epilepsy syndrome classifica-
tion) and ADHD. Children with tonic-clonic seizures 
had a prevalence rate of ADHD-combined type of more 
than 20%, whereas children with absence seizures or 
complex partial seizures with secondary generalization 
had rates below 15%. However, these differences were 
not statistically significant. A distinction between well-
controlled generalized seizures and intractable seizures 
was not made in this study. The study did look at the rela-
tion between the focus of interictal activity and ADHD. 
They classified interictal activity as being of frontal, tem-
poral, central, parietal/occipital, or generalized origin 
or independent multifocal. The prevalence of ADHD-

combined type in children with a frontal, temporal, or 
central focus was 6–12%, and the prevalence of the 
ADHD-primary inattentive type was 22–27%. Although 
the numbers of participants were too small to allow fur-
ther subclassification, children with a frontal lobe focus 
appeared to have a similar prevalence of ADHD when 
compared to those with a temporal or central focus.

As stated previously, in the general population 
males have ADHD 3–4 times more often than females. In 
epilepsy patients, however, an even sex ratio was found. 
Dunn et al. (1) concluded that more females with epi-
lepsy (44%) than males with epilepsy (32%) were diag-
nosed as having ADHD. This trend was not significant, 
neither in children in the 9–11-year-old group nor in the 
group of the 12- to 14-year-old adolescents.

This study on ADHD in children with epilepsy 
is unique because it used formal DSM-IV criteria to 
establish the diagnosis and then subdivided the subjects 
into the ADHD subclasses. In contrast to children with 
ADHD but without epilepsy, of whom the majority have 
the ADHD combined type (children 65–87%, adoles-
cents 52%), they found that the minority of children 
with epilepsy (11.4%) had the combined type, whereas 
the inattentive type was found in 24% of the cases.

Based on these differences in sex ratio and ADHD 
type, it is postulated that the causes of ADHD in patients 
with epilepsy differ from those in nonepilepsy patients. 
“Epilepsy, including the CNS-lesion, repetitive electrical 
discharges and AEDs may cause dysfunction in multiple 
areas, thus causing inattention without hyperactivity seen 
in traditional ADHD” (1). However, causality could not 
be defined.

Other investigators found that children with new-
onset seizures had significantly more attention problems 
than their siblings, measured by the CBCL, suggesting an 
underlying neurologic dysfunction causing both seizures 
and attention problems (16).

As a group, schoolchildren with newly diagnosed 
cryptogenic or idiopathic epilepsy have more behavioral 
problems than healthy classmates. However, behavioral 
problems, seen in 26% of the children, are perceived 
to occur already in the earliest stage of the disease. 
Preexisting adversity, such as family trouble and long-
standing learning or behavior problems, and difficulty 
adapting to the upheaval and uncertainty around the 
diagnosis may be causative (7). These findings also 
suggest that it is not the epilepsy alone that causes 
behavioral problems.

Disruption of attention could also be attributed to 
subclinical epileptic discharges, producing so-called tran-
sient cognitive impairment, which could explain why the 
ADHD (especially the ADHD-inattentive type) is more 
common among children with epilepsy (17).

Studies comparing the prognosis of ADHD in 
children with or without epilepsy are lacking, although 
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it is generally believed that having two coexisting 
disorders is more problematic than the sum of both 
components.

TREATMENT

ADHD represents a developmental disorder that often 
persists into adulthood. Comorbid problems such as anx-
iety, oppositional defiant disorder, conduct disorder, tics, 
and mood disorders are common. Therefore, long-term 
management requires a so-called multimodal approach, 
which helps to reduce ADHD symptoms, but also allows 
treatment of the associated areas of problems (18).

The cornerstones of long-term multimodal manage-
ment are as follows:

• Psychoeducation—information, explanation, and 
counseling about ADHD for children, parents, and 
others

• Psychological and behavioral strategies
• Social support, such as parent support groups, 

financial assistance, and respite care
• Appropriate educational strategies and support in 

school, including help for children with motor coor-
dination difficulties

• Consideration of pharmacotherapy

Clinicians responsible for the diagnosis and man-
agement of ADHD are therefore responsible for a multi-
disciplinary liaison and contact with several professionals 
and agencies. In this chapter, however, only the pharma-
cotherapy aspect of treatment is discussed.

Psychostimulants (e.g., methylphenidate) are rec-
ommended as a first-line treatment for core ADHD 
symptoms in children and adolescents (18). Semrud-
Clikeman and Wical (6) compared four groups of chil-
dren: those with complex partial seizures (CPS), with or 
without ADHD, children with ADHD only, and normal 
control subjects. Administration of methylphenidate 
improved the performance in the CPS-ADHD group 
similar to that in the ADHD group. However, because 
this was not a placebo-controlled study, it remains dif-
ficult to determine whether the effect was due to the 
explanation about the medication or due to the medica-
tion itself.

The recommended dosage of methylphenidate 
is 0.25–2 mg/kg day in one to three administrations 
(maximum dosage 60 mg), depending on the formula, 
with or without sustained release.

Clinicians are concerned about the risks of meth-
ylphenidate because this drug is commonly believed to 
lower the seizure threshold. Gucuyener et al. (10) com-
pared fifty-seven patients with ADHD and active seizures 
with sixty-two patients with ADHD and EEG abnormali-

ties in the age group 6–16 years. They found a beneficial 
effect of methylphenidate on ADHD symptoms (on the 
Connors Rating scales) in both groups. The mean seizure 
frequency on a yearly basis did not change significantly 
from baseline, and only five patients with uncontrolled 
seizures experienced an increased seizure frequency in 
the ADHD-with-seizure group. Side effects of methyl-
phenidate were mild and transient. They concluded that 
methylphenidate is safe and effective for children with 
epilepsy. In addition, the EEG improved in some cases 
and even became normal in others.

Gross-Tsur et al. (19) investigated thirty chil-
dren with the dual diagnosis of epilepsy and ADHD 
in a double-blind, placebo-controlled crossover study; 
twenty-five of the children were seizure free. None of 
the children who were seizure free had seizures while 
taking methylphenidate. Of the five children with sei-
zures, three had an increased seizure frequency and two 
had no change or a reduction. These changes in seizure 
frequency, however, were not significant. Seventy percent 
of the children benefited (CBCL scale) from methylphe-
nidate treatment. They concluded that methylphenidate 
is effective in treating children with epilepsy and ADHD 
and safe in children who are seizure free, but caution is 
warranted for those still having seizures while receiving 
AEDs.

Tan and Appleton (20) reviewed the literature and 
concluded that there was no evidence to suggest that 
either short- or long-term treatment with methylpheni-
date increases the risk of developing seizures in children 
with ADHD.

Side effects of methylphenidate are appetite sup-
pression, potential long-term growth concerns, insomnia, 
headache, dizziness, and abdominal pain. Less frequent 
are anxiety, irritability, emotional instability, and emer-
gence or increase of motor tics. Most side effects can 
be tolerated; however, in about 30% of the children, 
medication is ineffective or side effects will lead to dis-
continuation of the treatment.

Methylphenidate may inhibit the metabolism of 
phenobarbitone, primidone, phenytoin, and ethosuxi-
mide. There is little or no information on significant 
drug interactions with newer AEDs (20).

In 2006 the Drug Safety and Risk Management 
Advisory Committee of the FDA recommended a “black 
box” warning for all drugs that are used to treat ADHD. 
This warning was not prompted by new insights or a 
changing prevalence of cardiovascular risks of stimulant 
drugs such as methylphenidate, but rather was motivated 
by the immense increase in the number of prescriptions 
over the past years. At that time, 2.5 million children 
in the United States were using stimulant drugs, 10% 
being boys up to 10 years of age. The concerns of the 
committee are based on the studies of analogous drugs 
such as the sympathomimetic amines. These drugs are 



57 • ATTENTION DEFICIT HYPERACTIVITY DISORDER 459

known to increase heart rate and blood pressure. The aim 
of the committee was to emphasize a more selective and 
restrictive use (21).

Atomoxetine has been licensed for treatment of 
ADHD in children, adolescents, and adults in the United 
States since 2002 and is also available in some Euro-
pean countries. Atomoxetine is thought to be an inhibi-
tor of the presynaptic norepinephrine transporter and 
shows only minimal affinity to other neurotransmitter 
systems. Several double-blinded, randomized, placebo-
controlled trials showed a reduction of all ADHD symp-
toms. Serious adverse effects have not been reported, 
although postmarketing studies indicate that atomox-
etine might aggravate suicidal behavior. Studies focusing 
on children with epilepsy have not been conducted. So 
far, however, atomoxetine has not been demonstrated 
to have any adverse effect on children with epilepsy 
(22, 23). Drug interactions of atomoxetine and AEDs 
are unknown. The recommended dosage is 0.5–1.2 
mg/kg/day (maximum 1.8 mg/kg/day) in one or two 
administrations.

Risperidone is certainly not a drug of choice to 
treat the core symptoms of ADHD. Risperidone is very 
frequently prescribed to treat children and adolescents 
with ADHD-associated comorbid psychiatric disorders 
or symptoms. Gonzalez-Heydrich et al. (8) retrospec-
tively studied risperidone use in pediatric patients with 
comorbid epilepsy and psychiatric disorders. Target 
symptoms included severe aggression, severe agitation, 
psychosis, and self-injurious behavior. The most com-
mon axis I diagnosis (12 of the 21 patients; mean age 
12.0 � 4.2 years) was ADHD. Risperidone (mean dos-
age 2.4 � 3.5 mg/day; dosages per kilogram are not 
reported) was associated with a clinically significant 
global improvement without seizure exacerbation in 
children and adolescents with epilepsy and psychiatric 
disorders. Risperidone can induce body weight gain, and 
treatment in combination with valproate can lead to pro-
nounced obesity. Long-term use of carbamazepine can 
shorten the half-life of risperidone. When carbamazepine 
is discontinued, the dosage of concomitant risperidone 
should be evaluated.

Other drugs used to treat ADHD patients, such 
as tricyclic antidepressants, alpha-noradrenergic ago-
nists such as clonidine, guanfacine, and lofexadine, the 
dopamine/noradrenaline agonist buproprion, and selec-
tive serotonin reuptake inhibitors (SSRIs), are second-
line treatment drugs and they are not discussed in this 
chapter.

Almost all children with epilepsy use AEDs. The 
question of whether these drugs can cause ADHD symp-

toms or other behavioral problems concerns most par-
ents consulting their physician. Numerous studies have 
been performed to investigate the relationship between 
AEDs and behavioral problems, including attention prob-
lems. Research literature on this topic is characterized 
by methodological difficulties, as well as inconsistency 
and contradictory results. The number of controlled and 
systematic studies of cognitive effects of AEDs in children 
is relatively small. AEDs can affect behavior and can 
impair cognitive functions, but in the majority of chil-
dren these effects are not clinically relevant, and when 
they are, they are also likely to be recognized. On many 
occasions, preexisting or epilepsy-related problems have 
been attributed to AEDs. The importance of the effects 
of AEDs on cognition and behavior has been overrated 
in the past (9).

THE ASSOCIATION BETWEEN ADHD, 
EPILEPTIFORM EEG FEATURES, 

AND EPILEPSY

Both nonspecific and epileptiform abnormalities on the 
EEGs of children with ADHD have been reported. For 
epileptiform abnormalities, the reported incidence ranges 
from 6.1% to 30.1%. EEGs show more focal than gen-
eralized spike-and-wave discharges. Other investigators 
have found a significantly increased frequency (5.6%) 
of centrotemporal spikes in children with ADHD com-
pared to normal controls (2.4%). The consequences of 
these findings are unclear and should not influence the 
treatment of ADHD (20).

ADHD was associated with an increased risk for 
developing incident unprovoked seizures in a population-
based case-controlled study by Hesdorffer et al. (15). 
Children with epilepsy were matched to the next two 
same-sex births from the population registry, among 
3–16-year-old Icelandic children. A history of ADHD 
was found to be 2.5-fold higher in children (N � 109)
with newly diagnosed seizures in contrast to control sub-
jects (N � 218). The association was restricted to the 
ADHD predominantly inattentive type and not found 
in relation to the other two ADHD types. Seizure type, 
sex, or seizure frequency at diagnosis (1 or �1) did not 
affect the findings. This study confirmed prior findings 
of Austin et al. (16) and Dunn et al. (1), who found 
a 2.4-fold higher rate of attention problems (8.1%) in 
children with incident unprovoked seizures compared to 
control subjects (3.4%). The investigators commented 
that their findings suggested a common antecedent for 
both conditions (15).
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APPENDIX

The following sections have been reproduced from the 
DSM-IV (2) by permission of the American Psychiatric 
Association.

Attention-Deficit Hyperactivity 
Disorder (ADHD)

When problems with attention, hyperactivity, and impul-
siveness develop in childhood and persist, in some cases 
into adulthood, this mental disorder may be diagnosed.

Diagnostic Criteria for Attention-Deficit 
Hyperactivity Disorder

A. Either (1) or (2):

(1) Inattention: six (or more) of the following symptoms 
of inattention have persisted for at least 6 months to 
a degree that is maladaptive and inconsistent with 
developmental level:
(a) Often fails to give close attention to details or 

makes careless mistakes in schoolwork, work, 
or other activities

(b) Often has difficulty sustaining attention in tasks 
or play activities

(c) Often does not seem to listen when spoken to 
directly

(d) Often does not follow through on instructions 
and fails to finish school work, chores, or duties 
in the workplace (not due to oppositional behav-
ior or failure to understand instructions)

(e) Often has difficulty organizing tasks and 
activities

(f) Often avoids, dislikes, or is reluctant to engage 
in tasks that require sustained mental effort 
(such as schoolwork or homework)

(g) Often loses things necessary for tasks or activi-
ties (e.g., toys, school assignments, pencils, 
books, or tools) 

(h) Is often easily distracted by extraneous stimuli
(i) Is often forgetful in daily activities

(2) Hyperactivity-impulsivity: six (or more) of the fol-
lowing symptoms of hyperactivity-impulsivity have 
persisted for at least 6 months to a degree that is 
maladaptive and inconsistent with developmental 
level:

Hyperactivity.

(a) Often fidgets with hands or feet or squirms in 
seat

(b) Often leaves seat in classroom or in other situ-
ations in which remaining seated is expected

(c) Often runs about or climbs excessively in situa-
tions in which it is inappropriate (in adolescents 
or adults, may be limited to subjective feelings 
of restlessness)

(d) Often has difficulty playing or engaging in lei-
sure activities quietly

(e) Is often “on the go” or often acts as if “driven 
by a motor”

(f) Often talks excessively

Impulsivity.

(g) Often blurts out answers before questions have 
been completed

(h) Often has difficulty awaiting turn
(i) Often interrupts or intrudes on others (e.g., 

butts into conversations or games)

B. Some hyperactive-impulsive or inattentive symptoms 
that caused impairment were present before age 7 
years.

C. Some impairment from the symptoms is present in 
two or more settings (e.g., at school [or work] and 
at home).

D. There must be clear evidence of clinically significant 
impairment in social, academic, or occupational func-
tioning.

E. The symptoms do not occur exclusively during the 
course of a pervasive developmental disorder, schizo-
phrenia, or other psychotic disorder and are not better 
accounted for by another mental disorder (e.g. mood 
disorder, anxiety disorder, dissociative disorder, or a 
personality disorder).

Coding Based on Type

314.01 Attention-Deficit/Hyperactivity Disorder, 
Combined Type: if both criteria A1 and A2 are 
met for the past 6 months

314.00 Attention-Deficit Hyperactivity Disorder, 
Predominantly Inattentive Type: if criterion 
A1 is met but criterion A2 is not met for the 
past 6 months

314.01 Attention-Deficit Hyperactivity Disorder, 
Predominantly Hyperactive-Impulsive Type: if 
criterion A2 is met but criterion A1 is not met 
for the past 6 months

Coding note: For individuals (especially adolescents 
and adults) who currently have symptoms that no lon-
ger meet full criteria, “In Partial Remission” should be 
specified.
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igraine is a disabling and common 
condition, affecting both adults 
and children or adolescents. Epi-
demiology, clinical  characteristics, 

and comorbid disorders of migraine are related to age. 
Migraine occurs in 2% to 5% of preschool children, 10% 
of school-aged children, and 20% to 30% of adolescent 
girls (1, 2). No sex difference is apparent until age 11. 
Female preponderance begins at about age 12 during 
adolescence, with a female–male ratio of about 2 to 1 (3), 
maintaining this ratio in the adult population.

Migraine changes in clinical characteristics with age, 
even if differences exist from case to case. Gastrointestinal 
symptoms seem a more typical expression of childhood 
migraine than in adults. Preschool children frequently 
exhibit episodes involving vomiting and abdominal pain, 
with crying, irritability, and need to go to sleep. School-
children may experience bilateral pain, with nausea, vom-
iting, photophobia, phonophobia, and change in mood; 
the child usually stops activities and sometimes goes to 
bed in the dark. Older children and adolescents tend to 
show unilateral location of pain. When young children 
show a stable unilateral location a diagnostic caution is 
imperative, because of a higher risk of secondary head-
ache (4). The severity of childhood headache is usually 
milder than in adults. Furthermore, migraine attacks in 
children can be more brief and frequent than in adults. 

Migraine in Children and 
Relation with Psychiatric 
and Sleep Disorders
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An age effect on migraine characteristics must be stressed: 
younger children (less than 12 years old) show a shorter 
average duration of attacks, a lower proportion of throb-
bing headache, a higher proportion of frontal pain, and 
difficulties in describing pain (5).

At this moment, we do not have a specific system 
to classify headache in children, even though age-related 
clinical characteristics have been in part mentioned by 
the current system of classification of headache, the Inter-
national Classification of Headache Disorders, 2nd edi-
tion (ICHD-II) (6), mainly for migraine without aura. 
The first edition of ICHD-I (7) evidenced limitations of 
applicability in childhood migraine, and some modifi-
cations of diagnostic parameters have been discussed 
(8–11). The changes outlined in ICHD-I criteria referred 
to shorter duration, not always unilateral localization, 
and photophobia and phonophobia not always present. 
The ICHD-II provides footnotes stressing differences 
from adults: attacks in children may last 1–72 hours (for 
adults the minimum is 4 hours); attacks are commonly 
bilateral in young children, and an adult pattern of uni-
lateral pain usually emerges in late adolescence or early 
adult life; occipital headache in children, whether bilat-
eral or unilateral, is rare and calls for diagnostic caution; 
in young children phonophobia and photophobia may be 
inferred from their behavior. In the ICHD, the criteria to 
define pain intensity in children are not specified. Studies 
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found that the pain intensity, together with aggravation of 
headache by physical symptoms and vomiting, were the 
most important features for distinguishing migraine from 
tension-type headache (12). It is very important to bear in 
mind that the behavior of children (13) during headaches 
may yield elements to rate the “attack intensity.”

Children may experience different types of migraine 
or headache. Migraine can be with or without aura. The 
former occurs in 10% to 20% of children with migraine. 
The aura usually precedes the headache by less than 
30 minutes and lasts for 5 to 20 minutes, and may also 
be present without headache. The visual aura is the most 
common form as it happens in adults, even though the 
symptoms are likely difficult to describe for children and 
require insistent questioning. Visual disturbances are 
the most typical symptoms of aura (around 30–50%) in 
young migraine patients, but sensory or motor and speech 
disorders are also well recognized.

Chronic paroxysmal hemicrania was first described 
in 1973 (14), but very few cases have been reported 
in children (15). Many adult patients, however, report 
onset in childhood. Clinical features are characterized 
by cyclical and multiple attacks (range of 1 to 30) of 
excruciating unilateral pain in the ocular, frontal, and 
temporal areas, both day and night. Lacrimation, nasal 
stuffiness, and rhinorrhea, sometimes with ptosis, miosis, 
and upper lid edema, accompany headache. Nausea and 
vomiting are rare.

The clinical features are similar to cluster headache, 
but chronic paroxysmal hemicrania is totally relieved by 
indomethacin and is much more (80–90% of the cases) 
frequent among females.

Furthermore, the presence of migraine in the context 
of chronic daily headache (CDH) must be mentioned, 
differentiating it from chronic migraine (16). The diag-
nosis of CDH is a function of a quantitative parameter 
(an almost daily frequency of crises). We do not have 
clear qualitative parameters (a certain symptomatological 
characterization of the crises). The ICHD-II is an unques-
tionable advance for classifying CDH, in spite of the fact 
that no reference is given for pediatric CDH. However, 
evidence suggests differences compared to adults, even 
if findings on the clinical characterization of CDH in 
children and adolescents are unclear.

The application of Silberstein’s model (17, 18) in 
the youngest age group does not give us an exhaustive 
diagnostic framework, leading to the hypothesis of spe-
cific symptomatologic expression of CDH in children 
and adolescents. By the application of Silberstein’s 
criteria (17, 18), Gladstein and Holden (19) found that 
35% of children and adolescents did not fit into these 
categories. However, the category that they called “comor-
bid pattern” (migraine crises in comorbid association 
with tension-type headache) helped the classification of 
almost all patients (19).

According to Abu-Arefeh’s findings (20), the ICHD-I 
criteria for classifying chronic headache seem to apply 
even to the youngest, with all patients meeting the diag-
nostic parameters (70.6% with chronic tension-type 
headache [CTTH] and 30.4% with CTTH and migraine 
without aura). No data support the hypothesis of a prob-
able transformation of migraine or episodic tension-
type headache to CDH, as suggested for adults (17, 18). 
Hershey et al. (21) found that 27% of CDH patients 
could not be classified according to ICHD-I criteria. They 
underlined the predominance of migrainous character-
istics of CDH in children and highlighted a temporal 
trend of the crises: frequent, daily intermittent and daily 
continuous headache. A recent population-based study 
confirmed the presence of migrainous features of CDH 
in adolescents (22). Migrainous characteristics of CDH 
in children have been evidenced and hypothesized to 
be related to the transformation of migraine over time, 
according to that suggested for adults (17, 18). However, 
according to our study (23), CDH with de novo onset 
prevails in the youngest, even if the clinical and differen-
tial characteristics must be clarified with respect to adults 
and different stages of patient development.

VARIANTS OF MIGRAINE

There are few epidemiological data concerning hemi-
plegic migraine (HM), basilar migraine (BM), and 
ophthalmoplegic migraine (OM) in childhood, even 
if case reports suggest that their onset and frequency 
are more common in children and adolescents than in 
adults (24). Conspicuous and persisting specific neu-
rologic symptoms are associated with usual diagnostic 
criteria for migraine. HM is the first form of migraine 
to be linked to a genetic cause: a point mutation on 
chromosome 19, found in approximately 50% to 60% 
of families experiencing this clinical symptomatology. 
BM occurs most typically in adolescent and preadoles-
cent females, but onset is in an early age. OM is the 
commonest in children.

Confusional migraine (25), Alice in Wonderland 
syndrome (26, 27), and transient global amnesia (28, 29) 
are other variants of migraine characterized by alteration 
in consciousness and disordered thought process. These 
aspects suggest a differential diagnosis with epilepsy.

Migraine and Epilepsy

Comorbidity of migraine and epilepsy has been described 
(30,31) and in some cases differential diagnosis is required. 
The presence of visual phenomena and electroencepha-
lographic (EEG) abnormalities in migraine and occipital 
lobe epilepsy, as the comorbidity of the two disorders, 
may make the differential diagnosis more difficult.
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Visual symptoms are almost always present in occipi-
tal lobe epilepsy, but they are present in migraine too. 
The prevalence of visual disturbances in young migraine 
patients is around 32–56% (31), even though several ele-
ments markedly distinguish visual seizures from visual aura 
of migraine (32). A study (33) of electrophysiological and 
clinical factors distinguishing epilepsy and migraine with 
occipital EEG abnormalities showed that a family history 
of epilepsy, visual symptoms such as colored hallucinations 
and micro- or macropsias, unilateral EEG abnormalities, 
and irregular response to intermittent photic stimulation 
(IPS) characterized epilepsy, whereas a family history of 
migraine, visual symptoms such as amaurosis and scoto-
mata, bilateral EEG abnormalities, and no changes during 
IPS were significantly related to migraine.

To date, the likely relationship between migraine 
and epilepsy in children is not clarified, as shown by 
several studies on this topic (34–37).

Equivalents or Precursors of Migraine

The ICHD-II (6) advances a new diagnostic category: 
“childhood periodic syndromes that are commonly pre-
cursors of migraine.” A precursor of migraine is essen-
tially migraine without headache: abdominal pain, bilious 
attacks, cyclical vomiting, motion sickness, benign parox-
ysmal torticollis of infancy, benign paroxysmal vertigo of 
childhood, and other periodic syndromes that have high 
incidence in the past of migraine subjects. Traditionally 
these disorders have been considered as equivalents or 
precursors of migraine in children. The new classification 
recognizes only cyclical vomiting, abdominal migraine, 
and benign paroxysmal vertigo as precursors of migraine. 
Benign paroxysmal torticollis and alternating hemiplegia 
of infancy have been relegated to the appendix of the 
ICHD-II, because the evidence of a link, either clinical 
or epidemiological, with migraine is unclear.

However, prudence is necessary: the possibility that 
abdominal symptoms are due to metabolic  disorders (celiac 
disease, urea cycle disorder, or mitochondrial cytopathy) 
or epilepsy should be unconditionally tested.

Prognosis

The prognosis is generally thought to be good in the long 
term (38–41). Several studies record a high tendency to 
improve (around 50% at 5–10-year follow-up) or remit 
spontaneously (30–40%), at least for several years. The 
possibility of unchanging or worsening migraine is about 
20%. For males the outcome is better than females. The 
reason is unknown.

The presence of modifications in the type of head-
ache has been more frequently recorded (38–41). The 
changes in different subtypes occur mostly from migraine 
to tension type (about 25%), but the converse occurs as 

well (about 10%). The prognosis is affected by headache 
type at onset: migraine has a less favorable outcome, in 
comparison to episodic tension type.

The presence of comorbid psychiatric disorders 
is a negative prognostic factor for all headache sub-
types (23, 42).

MIGRAINE AND PSYCHOLOGIC FACTORS

Several studies that outline the relationship between 
childhood psychologic factors and migraine suggest often 
conflicting interpretations. Vahlquist (43) recorded neu-
rovegetative instability, ambition and perfectionism, and 
anxiety among migrainous children. Bille (44) described 
migrainous children as more anxious, sensitive, deliber-
ate, cautious, fearful, vulnerable to frustration, tidy, and 
less physically enduring than control group children. 
Among females the differences were stronger. Coch and 
Melchior (45) found signs of nervousness, mental insta-
bility, and immaturity in migrainous and nonmigrain-
ous patients. They suggested “a decreased resistance to 
psychological stress and conflict situations, rather than 
overt psychological disorder, or endogenous disease.” 
Maratos and Wilkinson (46) found higher rates of anxi-
ety and depression associated with conflicting parental 
relationships. They suggested a disturbed physiologic 
constitution and emotional upset as triggering factor. 
Millichap (47) found symptoms of depression, anxiety, 
and emotional and personality disorders in half of the 
children with recurrent headaches. Guidetti et al. (48, 49) 
found a feeling of being excluded from the family group 
and repressed hostility toward important figures.

It has been commented recently that some of the 
personality traits commonly associated with headache 
are more akin to psychopathologic disorders than psy-
chologic features (50). The term psychiatric comorbidity
has been used to indicate the possible, but unexplained 
and not casual, relationship between migraine and psychi-
atric disorders. Population-based studies in young adult 
samples (51–53) have supported the relationship between 
migraine and specific psychiatric disorders (major depres-
sion, anxiety disorder, and panic disorder), without a 
significant difference for subjects with tension-type head-
ache compared to headache-free control subjects.

The hypothesis of a syndromic relationship between 
migraine and psychiatric disorders (major depression and 
anxiety disorder), with anxiety in childhood and adoles-
cence, followed by migraine and then depression (50), or 
with a bidirectional influence in which one, migraine or 
depression, increases the first onset of the other (51–53), is an 
interesting recent finding to examine closely, with  clinical, 
treatment, and pathophysiologic implications. The alter-
native putative explanations are two: (1) migraine causes 
psychopathology or is caused by it; and (2) underlying
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pathological (genetic or environmental) mechanisms are 
shared by migraine and anxiety or depression. An altera-
tion of the same neurochemical systems is the presumed 
mechanism of both migraine and depression.

Psychiatric studies frequently refer to headaches as a 
complaint “related to” or “readable as” a psychosomatic 
or somatization disorder (54, 55). The American Acad-
emy of Child and Adolescent Psychiatry (AACAP) (56) 
classifies migraine as a disease to consider for a differ-
ential diagnosis with anxiety, because it is “a physical 
condition that may mimic anxiety disorders.”

Often research in child and adolescence psychopa-
thology refers to “somatic complaints” (such as “abdomi-
nal pain or headaches”) as co-occurring symptoms in 
young psychiatric patients. Livingston et al. (57) found 
that between 25% and 30% of children admitted to a 
psychiatric hospital had physical symptoms, including 
headache, food intolerance, abdominal pain, nausea, and 
dizziness. Different interpretations have been suggested 
by other studies. Andrasik et al. (58) found a greater 
number of somatic complaints in migraineurs and higher 
ratings of depression and anxiety among migrainous ado-
lescents, compared to matched headache-free subjects. 
The hypothesis suggested is that “frequent, unexplainable 
and intense head pain would likely lead to heightened 
levels of depression and anxiety.” Cunningham et al. (59), 
comparing migraine and chronic nonheadache pain sam-
ples, found no difference in anxiety and depression levels 
between the two groups with chronic pain, with respect 
to pain-free controls. It is noteworthy that studies look-
ing for differences between migraine and other headache 
subtypes did not find specific psychologic characteristics 
of migraine sufferers (60). From a psychologic point of 
view, no differences exist between headache sufferers and 
recurrent abdominal pain sufferers (61).

It has been shown that chronic illness, in general, 
explains variations in psychologic functioning between 
chronically ill and healthy children, and not a specific dis-
order (62). The burden of childhood adversities on CDH 
does not differ between subjects with chronic migraine 
and subjects with chronic tension-type headache (popula-
tion study) (63). This emphasizes that psychiatric disor-
ders are not specifically related to migraine, but probably 
to migraine as a kind of disabling and recurrent pain. It 
does not mean a cause-and-effect relationship, because 
the pathophysiologic mechanisms are unknown.

Clarifying the relationship between psychologic 
factors and headache could be a significant aid for 
psychosomatic research, which often considers the psy-
chosomatic nature of headaches to be an established 
assumption (54, 55), even if, often, the established crite-
ria to define the headache sufferers are not specified. The 
ICHD-II (6) advances an innovative categorization for 
headache related to psychologic factors. For the first time, 
the main body of the ICHD-II recognizes a “direction” 

(headache attributed to psychiatric disorders) in this rela-
tionship, even though related only to somatization and 
psychotic disorders. The new classification is a first step 
toward a better systematization of the chapter on “head-
ache and psychiatric disorders,” even though, to date, 
there is a very limited evidence supporting psychiatric 
causes of headache, as outlined in the general comment 
introducing the section of the ICHD-II. In the main body 
of the classification, no direct reference is given to pediat-
ric psychiatric disorders, even if in the appendix we can 
find disorders that may be attributed to headache in chil-
dren and adolescents as well (e.g., “headache attributed 
to separation anxiety disorder,” “headache attributed to 
social phobia”). In the appendix are novel entities that 
have not been sufficiently validated by research studies, 
but once sufficient scientific evidence is ascertained, they 
will be moved in the main classification.

This brief overview shows the consistency of psycho-
logic disorders associated with headache, but the nature 
(genetic, biological, or environmental predisposition, 
and environmental/physical or psychologic/emotional 
stressors), direction (headache as a cause of psychologic 
disorders or vice versa), and reciprocal correlation of 
these factors remain unclear. The explanation might have 
a clarifying role in etiology and pathophysiology as well 
as consequences for the treatment of headache.

Distinguishing between biological predisposition 
(basic vulnerability) and triggering factors (precipitants) 
and determining the role and the different meaning of 
personality traits, specific psychologic factors (includ-
ing attentional and cognitive elements, role of stress, 
and emotional disposition) and psychiatric comorbidity, 
should avoid a confounding overlap among these differ-
ent elements.

MIGRAINE AND SLEEP

Relationship between Headache and Sleep

The reciprocal relationship between headache and sleep 
has been documented in medical literature for more than 
a century, and clinical texts allude to the importance of 
sleep as a headache precipitant. The precise nature and 
magnitude of the headache–sleep association and under-
lying mechanisms remain poorly understood (64).

Sleep represents the only well-documented behav-
ioral state related to the occurrence of some headache 
syndromes. Sleep disorders are observed among all head-
ache subgroups and headaches that occur during or after 
sleep are suggestive of sleep disorders.

In adults, the presence of a specific sleep disorder 
has been identified in 55% of subjects with onset of 
headache during the night (65), and treatment of the 
underlying sleep disorders improved the headache. More 
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recently (66), a direct correlation between the increase 
in sleep disturbance and headache severity has been 
found.

On the other hand, headache may cause various 
degrees of sleep disruption and seems to be associated with 
several sleep disturbances either in adults or in children.
Headaches are known to occur during sleep, after sleep, 
and in relationship with various sleep stages. Further-
more, sleep deprivation and sleep schedule changes are 
common headache triggers: an excess or lack of sleep or 
a bad quality or inadequate duration of sleep may cause 
headache. Many chronic headache patients, whatever the 
type of headache, may complain of insufficient sleep, lack 
of restoration in the morning, and severe snoring (67).

Different studies proposed a model of interaction 
between headache and sleep (65, 67). Lack of sleep trig-
gers both migraine and tension-type headache, together 
with stress or tension, not eating on time, and fatigue (68). 
Even in children, one of the commonest self- perceived 
triggers of head pain was the lack of sleep (69).

Sleep, either spontaneous or induced by hypnotics, 
seems effective for relief of head pain or even to termi-
nate the headache attacks (70, 71), even in the youngest 
sufferers.

Sleep is the most potent antimigraine treatment. Fre-
quency of falling asleep during attacks is significantly 
more common in patients younger than 8 years of age 
than in older children, and in these children there is higher 
resolution of attacks with sleep (72). The intrinsic mecha-
nism that leads to head pain relief is still unknown and 
understudied; the hypothesis that sleep could trigger an 
autonomic reset seems to be the most reasonable (73). 
However, the power of sleep in terminating the attack is 
counterbalanced by the ability to precipitate the attack. 
Although sleep was more commonly referenced as a 
relieving factor for migraine (70%), migraine attack was 
also precipitated by sleep deprivation in 24% and by sleep 
excess in 6% of cases (74). It is noteworthy that sleep 
deficiency may act differently according to headache sub-
type: one study (75) found a relationship between sleep 
disturbances and headache in 30.8% of subjects with 
migraine with aura, in 18.8% of subjects with migraine 
without aura, and in 3.8% of those with tension-type 
headache.

Sleep is a precipitating factor for either nocturnal 
headache (awakening during a usual sleep period with a 
headache) or morning arousal with headache (headache 
present at arousal at the end of a behaviorally defined 
sleep period). It has been hypothesized that depth of sleep 
could be responsible for the migraine attack, and the use 
of a technique named “sleep rationing,” consisting of the 
reduction of total sleep time and of relaxed sleep and 
thereby leading to a reduction of REM sleep and slow-
wave sleep, was successful in reducing both the intensity 
and the severity of the migraine attacks (76).

Another important point supporting this relation-
ship is that treating headache improves sleep (5-HT, 
serotoninergic drugs) and, conversely, that treating sleep 
improves headache (continuous positive airway pressure
[CPAP] treatment, sleep hygiene, dopaminergic agents 
for periodic limb movement/restless legs syndrome 
[PLM/RLS], stimulants for narcolepsy, and  fibromyalgia
treatment) (77).

Epidemiological Study in Children

Literature data show an association between headache 
and behavioral manifestations of sleep disorders. Para-
somnias are the sleep disorders most commonly associ-
ated with headache: a history of sleepwalking has been 
reported in different groups of migraine patients with 
prevalence ranging from 21.9% to 30% (78).

A case control study in school age children con-
firmed a strong association between migraine or head-
ache and different sleep disorders. Children with migraine 
and tension-type headache showed a higher prevalence 
of disorders of initiating and maintaining sleep (mainly 
shorter sleep duration, longer sleep latency, bedtime 
struggles, and night awakenings), of parasomnias (sleep 
talking, bruxism, nightmare but not sleepwalking, bed-
wetting, and sleep terrors), of restless sleep, and of day-
time sleepiness. The group with migraine was the one 
with the more “disturbed sleep,” with increased preva-
lence of nocturnal symptoms such as sleep breathing dis-
orders and certain parasomnias, although no statistical 
differences between children with migraine and children 
with tension-type headache have been found (79). Further 
studies confirmed this first report showing that children 
with migraine headaches experienced more sleep distur-
bances compared to healthy controls and reported shorter 
sleep duration, bruxism, co-sleeping, and snoring; in this 
study the frequency of migraine predicted parasomnias 
and sleepwalking and duration predicted sleep anxiety 
and bedtime resistance (80).

A more recent report confirmed the presence of 
excessive daytime sleepiness, narcolepsy, and insomnia 
in children with headaches but failed to corroborate 
the higher prevalence of symptoms of sleep apnea, rest-
lessness, and parasomnias, as reported in the previous 
studies (81).

From a different point of view, a recent study in 
children showed that migraine without aura was a sensi-
tive risk factor for disorders of initiating and maintaining 
sleep, that chronic tension-type headache was a sensitive 
risk factor for sleep breathing disorders, and that head-
ache disorder as a whole was a cumulative risk factor for 
disorders of excessive somnolence (82).

It is possible that the pathogenetic mechanism 
underlying headache or migraine and sleep could act since 
early life and that migraine variants are the presenting 
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symptoms of a later developing headache. From this 
perspective an interesting association was reported 
between migraine and hyperreactivity syndrome during
infancy (83), in which night awakenings and falling asleep 
difficulties are typical symptoms; and furthermore, in 
a retrospective evaluation of six children younger than 
3 years of age, one of the early presenting signs of 
migraine was represented by sleep disorders (84). These 
early developmental disorders (e.g., feeding difficulties or 
sleep disorders) may also have a prognostic value because 
they were present in 78% of children with enduring 
headache (85).

Moreover, early sleep disorders have been also related 
to psychiatric comorbidity and involved in the endurance 
of headache in children and adolescence (23, 86).

Polysomnographic and Actigraphic Studies

Evaluation of the sleep–wake cycle in ten subjects 
with migraine on a long-term basis (2 weeks) using 
the actigraph showed that during the interictal period, 
sleep parameters of children suffering from migraine did 
not differ from those of control subjects; timing of the 
attack showed that it affected nocturnal motor activity, 
which presented the lowest values on the night before 
the attack, indicating a decrease in cortical activation 
during sleep preceding migraine attacks, supporting the 
hypothesis of a dopaminergic imbalance in children with 
migraine (87).

In children there is a real paucity of  polysomnographic 
studies. In a preliminary study we demonstrated that 
the main feature of sleep organization in children with 
migraine was represented by a high degree of sleep insta-
bility as demonstrated by an increased number of stage 
shifts and increased movement time (88).

The description of changing diagnoses in several 
adults with headaches (65) after a polysomnographic 
study (periodic limb movements of sleep, fibromyalgia 
syndrome, and obstructive sleep apnea syndrome) sug-
gested the possibility of similar conditions in pediatric 
patients.

Combined Treatment of Sleep and Headache

Indirect evidence for the role of sleep disorders in 
headache has been given by the improvement of migraine 
frequency and duration after the application of sleep 
hygiene guidelines (89).

Instructions to improve sleep hygiene include prac-
tices addressed to promote continuous and effective sleep, 
such as regularity of bedtime and rising time, restriction 
of beverage and foods that tend to disrupt sleep, and regu-
lar exercise. The application of sleep hygiene guidelines 
could represent an alternative approach to the treatment 
of migraine by correcting an inappropriate sleep behavior 
without resorting to pharmacological treatment.

On the other hand, sleep disorders may be an index 
of comorbid psychiatric disorders (e.g., shared symptom 
with anxiety, mood, adjustment, or posttraumatic stress 
disorders). This suggests the possibility of an approach 
to comorbid sleep disorders in headache sufferers that 
stresses the role of a systematic psychologic assessment.

Moreover, sleep disorders most implicated by head-
ache include obstructive sleep apnea, primary insomnia, 
and circadian phase abnormalities, and their treatment 
improves headache. Patients suffering from chronic morn-
ing or nocturnal headache should be considered for the 
possible presence of a treatable sleep disturbance, such 
as obstructive sleep apnea or upper airway resistance 
syndrome, or a comorbidity with insomnia or circadian 
rhythm disorders (77, 90, 91).

Evidence for the association of headache and sleep 
disorder suggests the necessity to understand the recip-
rocal relationship, to make clear the direction, mean-
ing, and implications in etiology, diagnosis, and therapy. 
The high prevalence, the wide diagnostic subtypes, the 
unclear pathophysiologic pathways for both disorders 
add complexities—even more so when we study the 
comorbid occurrence. However, ways toward a better 
understanding of such a relationship have been opened in 
pathophysiologic (actigraphic studies), diagnostic (poly-
somnographic and psychiatric studies), and therapeutic 
(e.g., sleep hygiene study) dimensions.
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link between migraine and epilepsy 
has been known for more than a 
century, since Sir William Richard 
Gowers’s time, but the nature of this 

association is still unresolved. Migraine and epilepsy are 
in many respects similar brain disorders. Both are com-
mon. Epilepsy may be, and migraine is, by definition, 
a primary, presumably genetic disorder. In a small pro-
portion of patients, genes have been found in different 
forms of epilepsy and in familial migraine. Both epilepsy 
and migraine-like headache (HA) may be secondary to 
other brain disorders. Etiology may at times be similar 
for epilepsy and migraine-like HAs (i.e., in arteriovenous 
malformation [AVM]). Both present as chronic conditions 
with episodic manifestations. Attacks may occur without 
any specific reason or may be triggered by stress, sleep 
deprivation, alcohol, menses, or fatigue. There are par-
tially overlapping symptoms in some types of both these 
disorders. Finally, cortical hyperexcitability is the basic 
underlying mechanism in both.

On the other hand, there are important differences 
between epilepsy and migraine. Most epileptic seizures 
are not associated with HA or migraine. The classical 
migraine aura with cortical spreading depression (CSD) 
usually lasts many minutes, whereas epileptic propaga-
tion habitually lasts seconds. Occipital cortex is the pri-
mary generator for migraine aura, and the brainstem is 
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possibly the generator for HA, based on positron emis-
sion tomography (PET) studies. Occipital epilepsy, how-
ever, is quite rare. An epileptic focus can be removed and 
the epilepsy remit, but in migraine no resective surgery 
is possible. Vagal nerve stimulation is widely used as a 
treatment of epilepsy, but in migraine only uncontrolled 
studies are reported. Specific electroencephalographic 
(EEG) discharge is an epilepsy marker, but migraine diag-
nosis is at present purely clinical. Both disorders are 
common, but the incidence and prevalence of migraine 
are much greater.

EPIDEMIOLOGY

The overall incidence of epilepsy in developed countries 
is estimated to be 25–50 per 100,000 persons per year. 
Different age-specific incidences for migraine and epi-
lepsy have been reported. The age-specific incidence of 
epilepsy is highest in the extremes of life. The incidence of 
migraine with aura (MA) in women peaks between ages 
12 and 17 years, depending on whether an aura is present. 
In men the incidence of migraine with aura peaks sever-
al years earlier. The substantial sex differences reported 
for migraine (affecting 18% of women and 6% of men) 
are much smaller for epilepsy. Prevalence of epilepsy in 
the United States was found to be 0.6%. Epilepsy may 
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have a strong catamenial component; hormonal factors 
generally act as triggers for seizures. Hormonal factors are 
crucial for the onset of migraine at menarche, as well as 
for individual attacks in many women. Epilepsy is rela-
tively constant across developed nations and geographic 
locations. The prevalence of migraine is highest in the 
Americas and Europe, intermediate in Africa, and lowest 
in Asia. No race differences have been established for epi-
lepsy, although increased prevalence has been reported in 
young African Americans. In the United States, migraine 
is more common in the white population than in African 
Americans and least common in Asians.

Ottman and Lipton (1) reported a migraine preva-
lence of 24% among probands with epilepsy and 26% 
in the relatives of these probands. The median preva-
lence of epilepsy in people with migraine is 5.9%. The 
two disorders, therefore, are more than twice as likely 
to occur in the same person. Three alternative mod-
els were proposed to account for the comorbidity of 
migraine and epilepsy (2). One possibility is a simple, 
unidirectional causal explanation. In this case the inci-
dence of either migraine or epilepsy should be raised 
before, but not after, onset of the second disorder. For 
example, epilepsy could cause migraine by activating 
the trigeminovascular system, in which case we would 
expect an excess risk of migraine after the onset of epi-
lepsy. In fact, there is an excess risk of migraine both 
before and after epilepsy onset, and unidirectional 
causal models are not that simple (2). Nevertheless, in 
some patients this mechanism appears to operate, and 
onset of epilepsy is definitely before onset of migraine. 
Furthermore, resection of an epileptogenic focus may 
relieve both epilepsy and migraine in these patients, as 
has been shown in some of our patients with peri-ictal 
HA on postsurgical follow-up.

A second possibility is that shared environmental 
risk factors may explain this comorbidity. Because the 
risk of migraine is significantly increased in people with 
idiopathic or cryptogenic epilepsy, known environmental 
risk factors cannot account for all the comorbidity.

A third possibility is that shared genetic risk factors
may account for comorbidity. However, migraine was 
not more likely in individuals with familial epilepsy than 
in others.

Finally, it has been proposed that an altered brain 
state (increased excitability) may increase the risk of both 
migraine and epilepsy and account for comorbidity (2). 
This hypothesis draws support from the similar ther-
apeutic options and recent experimental studies on 
rats (3). The lesion in both can be considered as a func-
tional network abnormality. Brainstem aminergic neu-
rons (such as the noradrenergic neurons of the locus 
coeruleus) are part of a migraine network, supported 
by functional brain imaging showing activation of the 
dorsolateral pons.

MIGRAINE PATHOPHYSIOLOGY

Cortical hyperexcitability is the basic underlying mecha-
nism of epilepsy and migraine. This has long been known 
for epilepsy, but in migraine this hypothesis has gained 
support only recently. Activation of brainstem and cortex 
is followed by activation of ascending and descending 
pathways and, finally, trigeminal meningeal vasodilation 
and neurogenic inflammation (4). Possible explanations 
suggested for migrainous hyperexcitability were low 
concentrations of magnesium and gamma-aminobutyric 
acid (GABA) and high concentration of glutamate, mito-
chondrial dysfunction, nitric oxide, and calcium channel 
abnormalities.

Considerable clinical and experimental evidence 
is available showing that CSD is an important patho-
physiological correlate of the migraine aura. CSD can be 
induced experimentally by cortical trauma, applying high 
concentrations of potassium or glutamate, inhibition of 
Na�/K�-ATPase, and several other stimuli. There is also 
a PET study that showed silent CSD during migraine 
without aura, which was similar to what is observed in 
migraine with aura (5). This may explain the effective-
ness of migraine prophylaxis in migraine both with and 
without aura through reduction of CSD.

ACUTE AND PROPHYLACTIC ASPECTS 
OF MIGRAINE TREATMENT

Prophylactic treatment with sodium valproate and topira-
mate (TPM) for migraine is currently used. Valproic acid 
(VPA) increases concentrations of GABA in the brain, 
increases the postsynaptic response to GABA and potas-
sium channel flow, produces neuronal  hyperpolarization;
stops the firing of the 5-hydroxytryptamine (5-HT, sero-
tonin) neurons of the dorsal raphe nucleus, which is 
thought to control head pain; and reduces central trigemi-
nal activation, which is demonstrated by decreased C-Fos 
activation in the trigeminal nucleus caudalis. Valproic 
acid also reduces experimental neurogenic inflammation 
in the trigeminal vascular system, which is mediated by 
GABAA receptor agonism.

Topiramate has multiple mechanisms of action 
through voltage-activated sodium and calcium channels, 
GABAA receptors, and the alpha-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid (AMPA) or kainate 
subtype of glutamate receptors. It has been suggested that 
these effects are mediated by protein phosphorylation, 
which may be related to the combination of pharmaco-
logical properties of TPM. These and other antiepilepsy 
drugs (AEDs) may help for both migraine and seizures. 
Both medications may reduce the hyperexcitability phase 
of migraine and epilepsy, and it has been recently proven 
by Ayata et al. (3) that artificially induced CSD in rats 
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was reduced after treatment with VPA or TPM for at 
least 6–8 weeks. A dose–response relationship for VPA 
and TPM was found in this study. However, propranolol, 
amitriptyline, and methysergide, which are not effective 
for epilepsy prophylaxis, were found to reduce CSD in 
this study as well. Furthermore, antiepileptic medications 
do not reduce the neurovascular inflammation phase of 
migraine, which typically follows neuroexcitation. Stud-
ies showed that not all antiepileptic medications are effec-
tive in migraine. More research is required because we do 
not know the precise mechanisms of action of these drugs 
nor the full picture of the pathogenesis of migraine and 
epilepsy. Other AEDs such as gabapentin, levetiracetam,
tiagabine, and zonisamide showed some efficacy in small 
uncontrolled studies.

Treatment of the acute attack is substantially dif-
ferent in migraine and epilepsy. This is not surprising, 
because pathogenic mechanisms in migraine are mainly 
serotonergic and the use of triptans, which do not have 
antiseizure properties, is effective. On the contrary, pro-
longed seizures (status epilepticus) are responsive to 
benzodiazepines.

No systematic study has been conducted for the 
treatment of peri-ictal migraine attacks. Such a study 
is warranted, because this condition is frequent and, at 
times, may be more disabling than the seizures them-
selves. Usually patients are not treated with triptans or 
other antimigraine medications in peri-ictal migraine. 
They use over-the-counter medications for any type of 
HA, with variable effect. This is probably related to lack 
of both awareness and specific inquiry by the patients’ 
physicians. It may also be related to the lack of specific 
seizure-related categories of HA in the previous HA clas-
sification. We have only limited information about the 
efficacy of sumatriptan in peri-ictal migraine based on 
anecdotal reports. This practical therapeutic question 
awaits resolution by a systematic trial.

Headache and Migraine in 
Intractable Partial Epilepsy

We were interested to characterize HA types and other 
head sensations (HSens) in large populations of patients 
with well-defined forms of epilepsy. There have been few 
previous studies in such defined populations (6–11). We 
will review briefly the systematic study of pathologically 
verified patients with intractable partial epilepsy (12). 
The aim of our study was to analyze the incidence of HA 
in such a group, compare HA and non-HA patients, and 
investigate possible correlations with HAs or migraine in 
the pathologically verified group.

We considered all reported peri-ictal HA as pre-
ictal HA (PreHA), ictal HA (IHA), or postictal HA 
(PostHA). All types could represent migraine as defined 
by the second edition of the International Classification 

of Headache Disorders (ICHD-2) (13). We interviewed 
100 consecutive patients (45 males; mean age 33 years) 
according to a standard form. They were undergoing 
presurgical evaluation for pharmacologically intractable 
partial epilepsy (9). The interview began with a verba-
tim description of the HA by the patient. For each HA 
type, questions inquired about lateralization, localization, 
quality of pain, and results of treatment. Interictal HA 
was defined as not temporally related to seizures.  Severity 
was assessed using the visual analogue scale (VAS) of 
pain (0–10 cm; 0 � no pain, 10 � worst possible pain). 
Each section contained an open-ended question, with the 
answer recorded verbatim, followed by specific questions. 
Migrainous character of the HA was determined accord-
ing to the diagnostic criteria of the ICHD-2, except that in 
some cases duration was shorter than 4 hours (13). Fam-
ily history of recurrent HAs or migraine was also docu-
mented. Demographic and clinical data were obtained 
through interviews with patients and their relatives and 
by review of hospital charts. Diagnosis and lateralization 
of the seizure focus was based on a comprehensive evalua-
tion including seizure history and semiology, neurological 
examination, video-EEG telemetry with scalp electrodes, 
and neuropsychologic evaluation in all. The seizure focus 
was determined by predominantly ipsilateral interictal 
epileptiform abnormalities and by unequivocal seizure 
onset. In all patients, magnetic resonance imaging (MRI) 
scans were acquired on a 1.5-T scanner using T1-fast field 
echo, proton-density, T2-weighted, and fluid attenuation 
inversion recovery images.

Fifty-nine patients (59%; 31 females) reported recur-
rent HAs. Mean age was 31.8 years (range 8–52). Interictal 
HA (InterHA) were reported by 31 patients. Peri-ictal HAs 
were reported by 47 patients. Of those, 11 had PreHA 
and 44 had PostHA. Eight patients had both PreHA and 
PostHA. Twenty-nine of these 47 patients (62%) had 
frontotemporal HAs. Twenty-five had migraine-like 
HA without aura according to the diagnostic criteria 
of the ICHD-2. Headache occurred in 18 of 30 (60%) 
patients with temporal lobe epilepsy (TLE) and in seven 
of 17 (41%) of those with extratemporal epilepsy (ETE), 
including four with frontal lobe epilepsy (FLE) and three 
with occipital lobe epilepsy (OLE). Twenty-nine patients 
reported a family history of recurrent HA or migraine 
(precise diagnosis was impossible because of the lack of 
direct confirmation). The characteristics of HA variables 
are presented in Table 59-1.

Preictal HA. Eleven patients (11%) had PreHA. All but 
one had TLE. Four of the eleven (36%) patients with 
PreHA had a pattern compatible with migraine without 
aura. In two the duration was less than 4 hours. Eight 
patients had PreHA continuing to PostHA. Intensity of 
PreHA was moderate. Four (36%) patients used over-
the-counter analgesics. Follow-up data on patients in the 
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PreHA group after surgery are presented in Table 59-2. 
Two illustrative patients with PreHA are presented 
herein:

R.D. A 40-year-old man had HA in 75% of his 
seizures. Both conditions started at the same age. 
HAs were always located over the left frontotempo-
ral region, remained localized, and had a throbbing 
and pressure character. They were accompanied by 
nausea and photo- and phonophobia, worsened on 
physical activity, and lasted 15 minutes. They were 
severe: VAS was 9.0 and he had to go to bed, but 
tried not to take medications. He had no family his-
tory of HA and no postictal or interictal pain. He had 

bilateral temporal spikes and MRI showed left mesial 
temporal atrophy. He underwent left anterior temporal 
lobectomy.  Hippocampal sclerosis was documented on 
pathology. Follow-up after 20 months showed Engel 
class one seizure outcome without any HA.

J.B. A 36-year-old woman had HAs in relation to 
most of her seizures. They started on the day before major 
or minor seizures, were right fronto-centro- temporal, 
remained in the same location, had a throbbing or 
pressure character, and got worse on physical activity. 
They lasted up to 12 hours and were accompanied 
by nausea, vomiting, and photo- and phonophobia. 
Both conditions started at the same age. HA were 
severe with a VAS of 9.6, and she always used one 

TABLE 59-1
Characteristics of PreHA, PostHA, and InterHA in Fifty-nine Patients with 

Intractable Epilepsy and Recurrent HAs

HA
CHARACTERISTICS

PREHA
N � 11

PostHA
N � 44

InterHA
N � 31

Occurrence with seizures 75% 20 pts � almost 100%, 
12 � 75%, 7 � 50%, 

5 � 25%

—

Side of HA R � 6, L � 5 R � 12, L � 14, 
Bil � 18

R � 1, L � 2, Bil � 23, 
R or L � 13

Location F-T in all, 
Middle � 2

F-T � 32, Middle � 16, 
Posterior � 3

F-T � 26, Middle � 9, 
Posterior � 5

Spread Ipsi � 2
Contra � 1

Ipsi � 8
Contra � 4

Ipsi � 8
Contra � 1

Quality: Throbbing Pressure 7
4

19
28

24
14

Intensity (VAS) 7.1 cm 6.7 cm 6.2 cm

Use of analgesics 4 (27%) 36 (81%) 25 (80%)

Analgesics One � 2 One � 29
Two � 4

One � 21
Two � 4

Positive effect Always � 2,
sometimes � 2

Always � 11, 
sometimes � 18, 

never � 4

Always � 8, 
sometimes � 17, 

never � 2

Duration EarlyPreHA
(5–30 min, n � 7)

ProdPreHA
(30 min–24 h, n � 4)

5–60 min � 13,
60 min–12 h � 19,

longer or shorter � 12

5–60 min � 6,
60 min–12 h � 18,

longer or shorter � 7

Frequency Related to Sz Related to Sz Daily � 2,
�1/w � 9,

1/w–1/m � 14,
1/m–6/m � 5

Cm � Centimeters, L � left, R � right, pts � patients, numbers refer to numbers of patients, F � frontal, T � temporal, PreHA �
preictal HA, PostHA � postictal HA, InterHA � interictal HA, Sz � seizures, h � hours, min � minutes, w � weeks, m � months, ipsi �
ipsilateral, contra � contralateral, Prod � prodromal, Bil � bilateral.
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tablet of acetaminophen, stopped her activities, and 
went to bed. She also had interictal migraine attacks 
with visual, sensory, and vestibular auras since age 11. 
Her sister had migraine. EEG showed right temporal 
spikes. Her imaging and pathological findings were 
consistent with ipsilateral hippocampal sclerosis. She 
underwent right selective amygdalo-hippocampectomy 
with Engel class one seizure outcome at 24 months’ 
follow-up, without any HA.

Postictal HA. Forty-four patients (44%) had PostHA. 
Duration was 1 to 12 hours in 19 patients and from 5 
to more than 24 hours. Intensity of PostHA was mod-
erate. Thirty-six (81%) patients used over-the-counter 
analgesics.

Lateralization and Location of HAs. In 29 of the 
47 patients (62%) with peri-ictal HAs these were fron-
totemporal. They were ipsilateral to the epileptic focus 
in 27 of 30 (90%) patients with TLE and in only 2 of 17 
(12%) of those with ETE. Lateralization of PreHA was 
ipsilateral to the epileptic focus in nine patients with TLE, 
contralateral in one with TLE and in one with frontal 
seizure onset.

Migrainous Quality. Twenty-five patients had peri-ictal 
migraine-like HAs without aura according to the diagnostic 
criteria of the ICHD-2 (13), except that in some patients 
duration was less than 4 hours. Eighteen patients had TLE 
and seven had ETE, including four with FLE and three with 
OLE. Four of 11 (36%) patients with PreHA had migraine, 
as did 21 of 44 (48%) with PostHA. Another two patients 
reported migraine with aura only in the interictal period. 
None of the patients were treated with triptans or any 
other specific antimigraine medication.

Pathologically Verified Group. We found adequate 
pathological diagnosis available in 59 of 68 patients who 
underwent surgery, and we compared the HA with the 
non-HA groups (Table 59-3). Of 37 TLE patients, 36 had 
hippocampal sclerosis (HS), and one had a glioma. There 
was no correlation between HS and HA: 20 had HAs 
and 16 did not. Of 22 ETE patients, 8 had focal corti-
cal dysplasia (FCD) (5 with and 3 without HA), 5 had 
focal atrophy (3 with and 2 without HA), 4 had AVMs 
(3 with and 1 without HA), and one had a calcification 
and HA. One patient with an occipital glioma had HA. 
Three patients (1 with and 2 without HA) had normal 

TABLE 59-2
Surgery and Follow-up Data on Seizures and PreHA in Eleven Operated Patients

   FOLLOW-UP AFTER  SEIZURE OUTCOME HA
# SURGERY PATHOLOGY SURGERY (MO) (ENGEL’S CLASS) OUTCOME

C � Central, mo � months, L � left, R � right, H � hippocampus, atr � atrophy, ATR � anterior temporal resection, SAH � selective
amygdalo-hippocampectomy, VNS � vagal nerve stimulation, HA � headache, PreHA � preictal HA, PostHA � postictal HA, InterHA �
interictal HA, FCD � focal cortical dysplasia, CPS � complex partial seizures, GTCS � generalized tonic-clonic seizures.

1

2

3

4

5

6

7

8

9

10

11

R C 
resection

R ATR

R ATR

R SAH

L ATR

L SAH

L ATR

R SAH

R SAH

VNS

R SAH

FCD

H atr�gliosis

H atr�gliosis

H gliosis

H atr�gliosis

H gliosis

Normal H,
neocortical gliosis

H atr�gliosis

H atr�gliosis

—

H atr�gliosis

85

93

93

96

78

85

84

96

88

48

84

Class 2: Rare ictal 
dysarthria and L arm 
numbness, no GTCS

1a

1a

1a

1a

1a for 74 months, 
3 CPS over last year

2 (1–2 “absences” 
per year)

1b

1a

4

1a

PreHA and PostHA with 
migraine-like features without 
aura (as before surgery)

No HA

No PreHA, Inter HA 
(as before surgery)

No PreHA, Inter HA

N o HA

No PreHA, Inter HA

No HA

No PreHA, Inter HA

No HA

No PreHA, PostHA and InterHA 
(as before surgery)

No HA
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tissue. The analysis of 59 pathologically verified patients 
did not show any significant difference in HA occurrence 
in relation to the lobar epileptogenic area: 29 of 46 (63%) 
in TLE, 6 of 9 (66%) in FLE, 5 of 7 (71%) in OLE, and 
1 of 4 (25%) in parietal lobe epilepsy (PLE).

Other Head Sensations. Eighteen patients had, in addi-
tion, poorly localized and ill described HSens other than 
HAs: 5 as a prodrome, 9 in the preictal, 3 in the post-
ictal, and 4 in the interictal phase. Most of the patients 
described their HSens as having a constant pressure qual-
ity. Intensity was low and duration was short. No clear 
lateralization to the seizure focus was found in this group 
of patients.

DISCUSSION

In our study of 100 patients with medically intractable 
partial epilepsy we found that 59 (59%) had recurrent 
HAs. Periictal HAs were reported by 47: either PreHA or 
PostHA. InterHAs were described by 31 patients. Most 
previous studies discussed PostHAs only, with a range of 
incidence from 37% to 51%. These results are similar to 
our findings of 44%. PostHA is the most frequent HA 
type associated with seizures.

Preictal Headache and Migraine

PreHAs have rarely been reported, and their character-
istics have not been thoroughly studied. We found that 

11 patients (11%) had PreHA (14). Little attention has 
been paid to PreHA lasting minutes to hours. A recent 
study of cerebral blood flow (CBF) in patients with 
TLE detected an increase several minutes before seizure 
onset (15). This increase in CBF may be related to changes 
in neuronal activity long before the obvious EEG or clini-
cal seizure onset and may provoke HA through the tri-
geminovascular system causing the release of vasoactive 
sensory neuropeptides that increase the pain response. 
PreHA was a lateralizing preictal clinical symptom in 
patients with TLE, because it was ipsilateral to the sei-
zure focus in nine of ten TLE patients. One patient with 
TLE and one with ETE had contralateral HA. A larger 
number of patients should be studied prospectively to 
confirm the lateralizing value of PreHA. In eight patients, 
PreHA continued into the postictal period. This may 
point to a similarity in the pathogenesis of both forms. 
All seven seizure-free patients stopped having PreHA, 
which again implies their pathogenic relationship. Five 
of these patients also stopped having the other HA types 
(postictal and interictal HA) they had preoperatively. It 
is possible that seizure freedom has a positive influence 
on any form of HA. This supports the theory of a uni-
directional causal explanation in this small population, 
although it cannot be generalized to all patients with 
epilepsy and HA. Reduction of seizures after surgery may 
also stop HA as in one of our patients, although another 
patient with rare residual seizures still continued to have 
PreHA. Milder disease can probably modify PreHA in 
some patients. Seizure freedom may have a lasting effect 
on PreHA because, even after seizure recurrence, patient 6 
(Table 59-2) did not have a return of PreHA. The patient 
who had a vagal stimulator continued to have postictal 
and interictal HA, but his PreHA stopped. Whether this 
is an effect of vagal stimulation or not remains unclear; 
her typical seizures remained unchanged. In addition, 
this may point to a dissociated pathophysiology between 
PreHA compared to postictal and interictal HA. There 
may be a link between migraine and seizures, at least in 
four of our patients with PreHA who had migrainous 
features. Individual susceptibility for activation of this 
system could explain why only some patients with partial 
epilepsy have PIHA. Recognizing the significance of PIHA 
may be valuable in seizure interruption using sensory 
stimulation or biofeedback.

Interictal Headache

The rate of unclassifiable HA in the InterHA group was 
high: 29 of 31 patients (94%). In the majority it was 
mostly a sensation of pressure or throbbing (24 and 
14 patients, respectively), either unilaterally or bilater-
ally and had insufficient features to fulfill the ICHD-
2 criteria of migraine or tension HA. They were also 
not of any other primary HA type. Nevertheless, 80% 

TABLE 59-3
Comparison between HA and nonHA Groups in 
Fifty-nine Pathologically Confirmed Patients of 

Sixty-eight Operated

VARIABLES HA GROUP  NONHA GROUP

Pathology (n � 59) (n � 34) (n � 25)
HS 20 (59%) 16 (64%)
FCD 5 (15%) 3 (12%)
Glioma 1 (3%) 1 (4%)
AVM 3 (8.5%) 1 (4%)
Focal atrophy 3 (8.5%) 2 (8%)
Calcification 1 (3%) —
Normal 1 (3%) 2 (8%)

Sz onset lateralization (n � 43) (n � 25)
 (n � 68)
R 22 (51%) 13 (52%)
L 21 (49%) 12 (48%)

HS � hippocampal sclerosis, FCD � focal cortical dysplasia, 
AVM � arteriovenous malformation, R � right, L � left.
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of patients with unclassifiable HA used medications 
and therefore these may be considered to be clinically 
significant.

Migraine-like Headache

Migrainous HAs occurred in 27% of our total popula-
tion and in 46% of patients with recurrent HAs. Of our 
eleven patients with PreHA four had migrainous HA. In 
other studies the frequency of migrainous HAs in epilepsy 
patients was similar to the rate we found. Some studies 
reported lower or higher numbers and this may have been 
related to methodological issues.

Prevalence and Lateralization of 
HAs and Seizures

The frequency of occurrence of HAs in patients with 
seizures was typically high and predictable in both 
PreHA (75% of attacks) and PostHA, where it occurred 
in 75–100% of attacks in 32 of 44 patients. Most HAs 
were frontotemporal. The consistent lateralization in 
individual patients was striking. Only 18 of 44 who had 
PostHA had bilateral HAs; the others described them 
as strictly unilateral. It seems that seizure foci tended to 
induce consistently lateralized HAs. These were ipsilat-
eral in 90% of patients with TLE and only in 12% of 
patients with ETE. Studying the exposed human cerebral 
cortex during epileptic seizures, Penfield and Jasper (16) 
observed widespread vasodilation and reactive hyper-
emia in the region of the discharging epileptic focus. 
As noted previously, studies of CBF in patients with 
TLE detected an increase several minutes before sei-
zure onset (15) and during the seizure, potentially lead-
ing to release of vasoactive sensory neuropeptides that 
increase the pain response. Activation of dural trigemi-
novascular afferents and subsequent release of calcitonin 
gene–related peptide (CGRP) appear to be central to the 
development of migraine HA. This process induces an 
inflammatory reaction that triggers the production and 
secretion of additional agents such as substance P and 
neurokinin A that contribute to the “neurogenic inflam-
matory” environment. Increases in brain levels of CGRP, 
neurokinin A, and substance P were reported in rats 
after kainic acid–induced and electroconvulsive seizures 
in various areas including the hippocampus. Neuropep-
tides may increase during seizures associated with HA, 
although there have been no studies reporting a buildup 
of these inflammatory agents. This buildup continuing 
after seizures may explain the increased intensity of 
postictal HA compared to PreHA in our eight patients. 
No direct evidence exists in humans. It may be worth-
while to measure blood flow and neuropeptides in the 
peri-ictal state in patients with migraine versus other 
HA and nonHA groups.

Intensity and Treatment

The intensity of PostHA was comparable with that of 
PreHA (6.7 and 7.1 cm on the VAS), but more patients used 
analgesics postictally (81% vs. 27% of PreHA patients). 
These medications were over-the-counter and had not been 
specifically prescribed. Antimigraine preparations were not 
prescribed for patients with migrainous HAs. This is in 
agreement with other studies with a similar average inten-
sity of the HAs. A third of the patients self-administered 
over-the-counter analgesics on a regular basis. Two-thirds 
reported taking medications occasionally. The higher num-
ber of patients taking analgesics for PostHA compared to 
PreHA probably reflects the longer duration of PostHAs 
and therefore their more disabling nature.

Effect of Epilepsy Syndrome and 
Pathology on Headache

We compared pathological findings in HA and non-HA 
groups. Hippocampal sclerosis, FCD, glioma, AVM, focal 
atrophy, and calcification were found in decreasing fre-
quency in both groups without any significant differ-
ences in prevalence. Although the number of patients 
with AVM is small, the association between HAs and 
AVM is well known, and HA with or without migrain-
ous features is a frequent presenting symptom of AVM. 
Epilepsy syndromes in HA and non-HA groups are shown 
in Table 59-4. Although 37 of 60 (62%) patients with 
TLE had HA, 23 of 60 (38%) did not. It appears that in 
patients with TLE both PreHA and PostHA may have lat-
eralizing value. We are not aware of any other studies of 
epileptogenic pathology with correlation to headache.

Epileptic Syndromes Associated 
with Migraine in Adults

Andermann and Lugaresi (17) have emphasized sev-
eral epileptic syndromes associated with migraine. 
Some of these are pediatric, such as rolandic epilepsy, 

TABLE 59-4
Correlation of HA and Epileptic Localization

EPILEPSY TYPE HA GROUP NONHA GROUP

(n � 100) (n � 59) (n � 41)

TLE 37 (63%) 23 (56%)
FCLE 14 (24%) 12 (29%)
OLE 6 (10%) 2 (5%)
PLE 2 (3%) 4 (10%)

TLE � temporal lobe epilepsy, FCLE � frontocentral lobe 
epilepsy, OLE � occipital lobe epilepsy, PLE � parietal lobe 
epilepsy.
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which is associated with migraine in both patients and 
relatives (18). Further documentation of this association 
would be welcome.

Epileptic attacks may be induced by a migraine aura 
(“migralepsy”). The ICHD-2 mentions “migralepsy” in 
the comment, defining it as a seizure occurring immedi-
ately after a migrainous aura and followed by the head-
ache phase (13). It is rare, given the high prevalence of 
both migraine and epilepsy, and only a few documented 
cases have been published (19). No specific subcategory 
has been assigned to “migralepsy”. A migrainous aura 
may activate seizures in susceptible cortex, as do many 
other precipitating factors. Some of the cases may rep-
resent occipital seizures with visual auras and headache. 
“Migralepsy” is a condition different from PreHA, which 
starts with headache (at times with migrainous features) 
lasting minutes to hours and only later occurrence of 
seizures. Understanding of both conditions is still very 
limited.

Epilepsy with Seizures No Longer 
Triggered by Migrainous Aura

Patients who initially have a seizure following a migrain-
ous aura may develop seizures independent of such a 
trigger. There is, in such rare cases, evidence for temporal 
foci, possibly due to secondary epileptogenesis (21).

Migraine and Brain Infarction

Epilepsy may also be due to gross cerebral lesions caused 
by migraine (brain infarction). Brain infarcts have long 
been known to be associated with migraine, particularly 
migraine with aura. Neuroimaging studies showed dif-
ferent locations and types of migrainous infarcts. Many 
patients had occipital infarcts, but single and multiple 
infarcts of any size and location have been reported. One 
recent study showed that most lesions were located in 
the cerebellum, often multiple, and were round or oval 
shaped, with a mean size of 7 mm. The majority (88%) 
of infratentorial infarct-like lesions had a vascular border 
zone in the cerebellum. Brain infarcts were detected far 
more often than expected in migraine patients, were most 
pronounced in migraine with aura, and in the major-
ity were clinically silent. Cerebellar infarctions may not 
be directly associated with seizures, as compared with 
supratentorial lesions. This issue also requires further 
clarification.

Malignant Migraine Related to Mitochondrial 
Encephalomyopathies and CADASIL

Ischemic stroke and migraine with aura are major features 
of three syndromes characterized by chronic alterations 
of the vessel wall of small arteries (20): mitochondrial 

myopathy, encephalopathy, lactic acidosis, and stroke 
(MELAS), mitochondrial encephalomyopathy with 
ragged red fibers (MERRF), and cerebral autosomal 
dominant arteriopathy with subcortical infarcts and 
leucoencephalopathy (CADASIL). Symptoms of MELAS 
may significantly overlap with MERRF. Migraine as a 
part of MELAS syndrome, associated with mitochondrial 
DNA mutations, raises the possibility that mitochondrial 
dysfunction could play a role in migrainous headache 
and stroke. Impairment of mitochondrial function has 
recently been observed in the seizure focus of human 
and experimental epilepsy. The broad variety of muta-
tions of mitochondrial DNA that lead to the inhibition of 
the mitochondrial respiratory chain or directly of mito-
chondrial adenosine triphosphate synthesis in epilepto-
genic areas of the human brain has been associated with 
epileptic phenotypes. Because mitochondrial oxidative 
phosphorylation provides the major source of adenosine 
triphosphate in neurons, and mitochondria participate in 
cellular Ca2� homeostasis, they can modulate neuronal 
excitability and synaptic transmission, which are impor-
tant in both migraine and seizures. Furthermore, mito-
chondria are intimately involved in pathways leading 
to the neuronal cell death characteristic of the areas of 
epileptogenesis.

CADASIL

CADASIL is an autosomal dominant disease of vas-
cular and smooth muscle cells that is due to Notch-3 
mutations and is mostly characterized by leukoencepha-
lopathy, small deep infarcts, and subcortical dementia. 
Migraine with aura is present in one-third of patients, 
and it is typically the first symptom of the disease, pre-
senting about 15 years before the first ischemic stroke. 
There is a high rate of atypical attacks, with prolonged 
aura or with acute-onset aura without HA. Ten percent 
of patients have a history of epileptic seizures. The MRIs 
of patients with CADASIL show striking white-matter 
abnormalities and, later in the disease, small subcorti-
cal infarctions. These abnormalities must not be inter-
preted as migraine-related white-matter abnormalities. 
The mechanisms underlying migraine in these chronic 
small-artery diseases affecting the brain are not yet 
defined. In patients with CADASIL, MA is not a conse-
quence of the subcortical infarcts that occur 10–20 years 
after migraine onset. One hypothesis is that migraine 
directly relates to dysfunction of smooth muscle cells 
of meningeal and cortical vessels, triggering spreading 
depression. An alternative explanation suggests that 
mutation-induced cells signaling abnormalities might 
extend and reach neurons, and hyperexcitability may 
result, expressing as spreading depression or seizures.
Presentation of CADASIL with migraine is typical, 
although onset with seizures may also occur.
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TIME RELATION OF MIGRAINE 
AND SEIZURES

ICHD-2 recognizes ictal (hemicrania epileptica) and post-
ictal HA, and both may have features of migraine (12). 
The diagnosis of “hemicrania epileptica” requires the 
onset of headache and epileptiform discharges on EEG 
to be synchronous. PostHA is a well-described recog-
nized entity and occurs commonly after both partial and 
generalized seizures and apparently is the most frequent 
peri-ictal type of HA. It is common in patients with and 
without a family history of migraine.

CONCLUSION

There is a clear association between epilepsy and HA 
including migraine with and without aura. This is 
apparent for different types of epilepsy: localization 
related and generalized, TLE and ETE. HA is probably 

underrecognized and underreported and insufficient 
attention is paid to it by physicians. It adds significantly 
to the burden of epilepsy. PreHA and even prodromal 
HA may be related to the epileptic discharge and may 
provide valuable, although not absolute, lateralizing 
information in TLE. The mechanism of activation of 
migraine by seizures remains uncertain. Epilepsy and 
migraine are chronic disorders with increased hyperex-
citability and are connected by their symptom profiles, 
comorbidity, and response to treatment. The presence 
of one disorder increases the probability that the other 
may also be present. Migraine in patients with epilepsy 
and epilepsy in migraine sufferers are expected to occur 
twice as commonly as in the general population. There 
has been significant progress in the classification, epide-
miology, and identification of risk factors and triggers, 
pathophysiology, and treatment of both disorders. Each 
area benefits from research and improved understanding 
of the other. Shared mechanisms offer the potential for 
further therapeutic advances.
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ormal child behavior depends on 
the child’s age, personality, family 
expectations, and health. Children 
confronted with a chronic, life-

threatening illness tend to present with severe stress and 
have more behavioral and emotional problems.

Having a child with a brain tumor is probably one 
of the most frightening situations a family can experi-
ence. When a brain tumor is associated with seizures, 
the impact on the life of the child is even worse. The psy-
chologic impact of this diagnosis can produce a series of 
behavior abnormalities. However, the behavioral distur-
bances presented by children with epilepsy due to brain 
tumors are also a consequence of the neoplastic lesion 
itself. Brain tumors are the most common solid neoplasm 
in children and the second most common category of 
pediatric tumors after leukemia. Supratentorial lesions 
are more common in the first 2 years of life, as opposed 
to infratentorial tumors, which are more common in 
children between 3 and 11 years old.

The clinical presentation of brain tumors in child-
hood varies according to the child’s age. Small children 
present with macrocrania, and older children present 
with increased intracranial pressure and focal neurologic 
signs. Behavioral changes may occur but are not the most 
common feature of brain tumors in childhood. When 
a brain tumor is identified in a child with behavioral
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abnormalities, the possibility of a link between the two 
conditions should be considered (1).

Brain tumors should always be considered as a 
possible diagnosis in a child with seizures. The diag-
nosis of a brain tumor is performed by magnetic reso-
nance imaging (MRI) or computed tomography (CT). 
Although MRI is usually the method of choice for the 
evaluation of most brain tumors, CT should also be per-
formed in all patients. The CT images are an excellent 
tool to identify calcifications and bone remodeling or 
erosion. Moreover, the pattern of tumor density shown 
by CT can be used together with the signal intensity 
shown by MRI to establish a preliminary histological 
diagnosis (2).

BRAIN TUMORS AND BEHAVIOR

Epilepsy, especially temporal lobe epilepsy (TLE), is 
frequently associated with serious behavioral problems. 
Behavioral disorders such as hyperactivity and aggres-
siveness are more frequent in children with TLE (3). For 
the families of these children, behavioral improvement is 
as important as seizure control.

Abnormal behavior associated with brain tumors 
in childhood can be related to the patient’s seizures or 
can appear after epilepsy surgery. Although uncommon, 
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violent acts may also result directly from seizures, either 
as ictal or postictal behavior abnormalities.

Postictal violence is most commonly characterized by 
resistive behavior secondary to attempts at restraint (4). 
Postictal violence most often occurs because (due to the 
postictal confusion) patients usually misinterpret the care-
taker’s attempt to protect them and hence they become 
aggressive. However, postictal violent acts due to postictal
psychosis may also occur.

Aggressive acts, rage, confusion, and spitting have
been described in children with TLE due to ganglioglioma 
or meningioma. After resection, these events were con-
trolled (1, 5, 6). Temporal lobe tumors may be a rare 
cause of severe behavioral abnormalities in children. For 
this subgroup of patients, neurosurgical intervention can 
be curative (1).

The pathophysiology of behavioral abnormalities 
associated with brain tumors and epilepsy remains 
unknown. It is hypothesized that dysfunction of the 
amygdala could be one of the causes responsible for the 
aggressive behavior; however, other structures—such as
the periaqueductal gray matter, the hypothalamus, or 
the frontal lobes—are probably also involved. Lesions 
of both the right and the left hemispheres may be associ-
ated with abnormal behavior; however, it seems that left 
temporal lobe dysfunction is more commonly associated 
with abnormal behavior (7).

Although there are reports of behavior improve-
ment after epilepsy surgery, the behavioral disturbances 
may persist. Moreover, it is possible that severe behavior 
abnormalities may appear only after epilepsy surgery. 
This is an issue that should always be explained to the 
child’s family, because it is common for the family to 
expect that the epilepsy surgery will not only control the 
seizures but also improve behavior.

In our institution, two patients developed behavior
abnormalities after epilepsy surgery and complete sei-
zure control (8). Both patients had a temporal lobe 
ganglioglioma (Figure 60-1). This finding is in keeping 
with another series published by Andermann et al. (9), 

in which delirium, depressive, paranoid, and schizo-
phrenic symptoms occurred in children and adults after 
epilepsy surgery for ganglioglioma or dysembryoplastic 
neuroepithelial tumor (DNT) (Table 60-1). These psy-
chiatric symptoms, presenting postoperatively in these 
patients, are difficult to classify within precise psychiatric 
categories.

Ganglioglioma is a benign tumor mainly located in 
the temporal lobe. Children with ganglioglioma often 
present with refractory seizures. Focal neurologic deficits 
and signs of increased intracranial pressure are unusual. 
Although the imaging appearance of this lesion is non-
specific, MRI usually shows a well-circumscribed lesion 
located peripherally, usually associated with cystic areas 
and calcification. Histologically these neoplasms are 
benign lesions with neuronal cells and astrocytic cells 
(Figure 60-2).

Dysembryoplastic neuroepithelial tumor is a benign 
tumor almost always associated with focal seizures. Histo-
logically these neoplasms are benign, intracortical lesions 
composed of intermixed oligodendrocyte-like, astrocytic, 
and mature ganglion elements.

Both ganglioglioma and DNT can be associated 
with focal cortical dysplasia. Malignant changes in 
ganglioglioma and DNT are uncommon, and surgical 
prognosis is excellent. Szabó et al. (10) reported that 
behavioral disturbances in children might worsen after 
temporal lobectomy in patients with focal cortical dys-
plasia. The association between focal cortical dysplasia 
and developmental tumors is well established, and these 
tumors are classified as a type of malformation of cortical 
development (11).

One might speculate that the worsening of  behavioral 
disturbances after epilepsy surgery and complete sei-
zure control is due to so-called forced normalization 
(9, 12, 13). The daily epileptiform discharges and fre-
quent seizures would make the patient more somnolent 
and calm, which could mask behavioral disturbances. 
Therefore, seizure control would enable the appearance 
of the behavioral abnormality.

Because only a few cases have been reported, we 
cannot conclude that patients with ganglioglioma are 
particularly prone to the development of behavioral 
abnormalities after epilepsy surgery. However, it is inter-
esting to note that most patients were girls with left 
temporal lobe gangliogliomas. There is evidence that 
patients with a “foreign tissue” lesion that is surgically 
treated by temporal resection present with postoperative 
psychosis more often than patients who do not have 
these lesions (14).

Although there are organic explanations for behav-
ioral worsening after epilepsy surgery, the psychologic 
aspects should not be neglected. Children with epilepsy 
have low self-esteem and increased psychiatric distur-
bances (15). It is possible that after epilepsy surgery and 

FIGURE 60-1

(A) Axial T1 and (B) coronal T1 images showing a left temporal 
lobe ganglioglioma.
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seizure control, the family starts to pay more attention 
to behavior, which was not the most important concern 
before surgery.

There is not enough evidence to establish the rela-
tionship of ganglioglioma and postoperative psychosis; 
however, we recommend a careful preoperative psychiat-
ric evaluation in patients with developmental lesions.

The management of behavioral disturbances associ-
ated with ganglioglioma resection may require antipsy-
chotic drugs, such as risperidone. However, the prognosis 
is usually favorable, with behavioral improvement after 
a few months of treatment.

BRAIN TUMORS AND COGNITION

In childhood, TLE is due to either hippocampal atrophy 
or lesions in the neocortical portion of the temporal lobe. 
Malformations of cortical development and tumors—such 
as DNT, astrocytoma, or ganglioglioma—are frequently 
associated with hippocampal atrophy (Figure 60-3).

Temporal lobe epilepsy in childhood has a wide 
range of clinical-electroencephalographic presenta-
tions. Children with TLE often have learning disabili-
ties. A comprehensive neuropsychologic analysis (16) of 
children with TLE due to either hippocampal atrophy or 
neocortical lesions showed that although the IQs of these 
children were within normal limits, they had a lower cog-
nitive performance. Moreover, they also presented with 
attention deficit; limited language performance with 
impairment in naming and verbal fluency; visuopercep-
tual and visuospatial deficits; and memory impairment 
in verbal learning, visual learning, verbal memory, and 
visual memory; delayed recall of verbal learning; and 
delayed recall for stories and recognition of stories. It is 
also interesting to note that these children had dysfunc-
tion of the frontal lobe characterized by abstract problem 

TABLE 60-1
Patients with De Novo Behavioral Abnormalities after Epilepsy Surgery

AGE/GENDER AGE AT FIRST SEIZURE TYPE OF LESION LOCALIZATION OF LESION

28/M# 10 yr Ganglioglioma Left temporal lobe
23/F# 3 yr Ganglioglioma Left temporal lobe
20/F# 14 mo Ganglioglioma Right temporal lobe
8/F# 2 yr DNT Right temporal lobe

18/F# 7 Ganglioglioma Left sylvian area
27/F# 6 yr Ganglioglioma Left temporal lobe
2/F* 7 mo Ganglioglioma Left temporal lobe
6/F* 5 yr Ganglioglioma Left temporal lobe

#Andermann et al. (9); *Guimarães et al. (8).

FIGURE 60-2

Ganglioglioma. (A) Hematoxylin-eosin; (B) immunohisto-
chemistry: neuron-specific enolase; (C) immunohistochem-
istry: glial fibrillary acidic protein; (D) gross pathology. From 
the Department of Pathology, State University of Campi-
nas (http://www.fcm.unicamp.br/departamentos/anatomia/
neuro1.html). See color section following page 266.

FIGURE 60-3

(A) Coronal T1 and (B) T2 images showing a ganglioglioma 
in the left temporal lobe associated with left hippocampal 
atrophy.
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resolution impairment, planning deficit, perseveration, 
and lack of mental flexibility.

PROGNOSIS OF EPILEPSY ASSOCIATED 
WITH BRAIN TUMORS

The prognosis of epilepsy associated with brain tumors 
can be divided into two groups: children with malignant 
tumors and children with benign tumors. In the first group, 
the patient is often referred to an oncology center because 
of the severity of the disease. The child’s clinical condi-
tion can deteriorate very quickly as a result of increased 
intracranial pressure. Therefore, treatment is aimed at the 
tumor itself, precluding a more detailed investigation of 
the epileptic manifestation. The prognosis of epilepsy has 
not been systematically evaluated because the emphasis is 
usually on the prognosis of the tumor itself.

However, when the child has a benign tumor, symp-
toms are usually slowly progressive. Moreover, children 
with low-grade tumors—gangliocytoma, ganglioglioma, 
DNT—will present with seizures as the only clinical man-
ifestation associated with the neoplastic lesion. In this 
setting, seizures are frequently refractory to antiepileptic
drug treatment. Epilepsy surgery is the treatment of 
choice, and the prognosis is related to the surgeon’s ability 
to perform a complete resection of the tumor.

The most common causes of catastrophic epilepsy 
in children are focal malformations of cortical develop-
ment and low-grade tumors. The chance of favorable 
seizure outcome after epilepsy surgery—that is, seizure 
freedom—is estimated at 60% to 65% for infants, 59% 
to 67% for children, and 69% for adolescents, compared 

to 64% for adults. However, some subgroups of patients 
have higher percentages of seizure-free outcomes, espe-
cially those with hippocampal sclerosis or a low-grade 
tumor (17, 18).

In our experience, children with refractory epilepsy 
due to low-grade tumors have an excellent surgical out-
come. As opposed to focal cortical dysplasia, the margin 
between the low-grade tumor and normal brain tissue 
is usually well demarcated, which enables a complete 
resection during surgery (Figure 60-4). Seizure freedom 
provides a fantastic improvement of the quality of life of 
these patients, which often is associated with improve-
ment of the behavioral problems associated with refrac-
tory epilepsy, such as low self-esteem.

It is important to note that this dramatic improve-
ment in behavior is much more frequently seen in chil-
dren. Adults who become seizure free after epilepsy 
surgery may sometimes have difficulty adapting to “life 
without seizures.”

FIGURE 60-4

(A) Axial T1 and (B) FLAIR images showing a small gangliocy-
toma in the left parietal region. (C) After lesion resection the 
patient became seizure free (Engle 1). Follow-up, 3 years.
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rain tumors in adults were dis-
cussed by Jackson in 1873 (1). In 
the early stages of the development 
of neurosurgery before imaging 

was available, seizures were a very important hint for 
the localization of an intracranial space-occupying 
process. Improved techniques for tumor and epilepsy 
therapy nowadays have led to long-term survival and 
treatment of many patients, often over 10–20 years. 
Progress in the diagnosis and treatment of brain tumors 
and epilepsy requires knowledge of special treatment 
options to improve quality of life during long-term 
treatment.

EPILEPTOGENESIS

Different mechanisms have been proposed to account for 
epileptogenesis in patients with brain tumors. Denerva-
tion hypersensitivity, caused by isolation of cortex from 
inhibitory subcortical influences, can result in epileptic 
activity (2). Disturbance of excitatory and inhibitory 
transmitter balance by changes of GABA and glutamate 
concentrations can be another factor (3–5). Brain tis-
sue adjacent to a tumor often is alkaline, with increased 
expression of gap junction proteins. Consequently, hemo-
siderin and ischemic changes during disturbances of 
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perfusion, as well as bleedings in the tumor or the neigh-
borhood of the tumor, are another cause for the develop-
ment of focal epilepsy. Hemosiderin can also promote 
epileptogenesis by perilesional gliosis but also by lipid 
peroxidase efficacy and neurotransmitter changes (6, 7).
Finally, immunologic mechanisms and angiogenesis as 
well as invasion (8, 9) are other potential factors leading 
to the development of epilepsy.

EPIDEMIOLOGY

Brain tumors are recognized as the cause of seizures in 
1–5% of patients with epilepsy. Whereas brain tumors 
in patients with seizures were found in a lower number 
by computed tomography (CT) investigations, nowa-
days approximately 35% or more are detected by mag-
netic resonance imaging (MRI). Most such tumors are 
supratentorial (22–68%) and only 6% are infratentorial. 
Concerning the different types of brain tumors, dysem-
bryoplastic neuroepithelial tumors (DNET) are most 
often correlated with epilepsy (nearly 100%). Slowly 
growing tumors such as oligodendrogliomas (80%), 
astrocytomas (70%), and gangliogliomas (10–15%) are 
more frequently associated with epilepsy than are rap-
idly growing tumors such as glioblastomas (37%) and 
metastases (20%) (10).
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DIAGNOSIS

Cerebral CT is not usually sufficient to detect small 
tumors, whereas MRI is nearly 100% sensitive but not 
predictive for the histologic type of tumor. The main 
problem is that nonexperts often reach conclusions on 
rather insufficient images. As a consequence, tumors 
are not recognized or tumors are wrongly diagnosed 
as nontumoral lesions. A comparison of MRI imaging 
recording and analysis by experts and nonexperts showed 
that nonexperts interpreted 61% of MRIs as normal, 
whereas experts interpreted only 22% as normal. Further, 
tumors were diagnosed by nonexperts using standard 
MRI recording techniques in approximately 8% of cases, 
whereas specific MRI recordings analyzed by experts 
showed tumors in more than 20% (11).

TREATMENT

The treatment of patients with tumors and epilepsy can 
be differentiated into the following categories:

1. Counseling of patients
2. Drug treatment
3. Surgery, radiation, or chemotherapy

Counseling is very important and should address 
life expectancy, seizure control, and psychologic and 
behavioral abnormalities. It is not within the scope of 
this chapter to discuss therapeutic strategies for different 
types of tumors with regard to radiation or chemother-
apy, for example in patients with low-grade gliomas and 
seizures, because an individual consensus about the thera-
peutic strategy for each patient must be obtained. In each 
case one must decide whether to wait with treatment, to 
carry out radical tumor excision, to perform incomplete 
resections (for example, in elderly patients), to perform 
resections only, or to use radiation or chemotherapy.

Drug Treatment with Anticonvulsants

Seizure control most often is obtained by means of 
antiepileptic drug (AED) treatment. The most frequent 
routine strategy is to use phenytoin, carbamazepine, or 
even phenobarbital. This selection of AEDs is not with-
out problems in tumor patients. Forty-five percent of 
patients with tumors suffer from epileptic seizures, and 
despite treatment with anticonvulsant drugs, nearly three-
quarters have repeated seizures. In patients who are sei-
zure free after tumor resection, long-term treatment is not 
recommended (12), whereas in patients with multiple or 
hemorrhagic tumors or increased intracranial pressure, 
long-term treatment can be worthwhile. In patients with 
tumoral epilepsy treated by phenytoin or carbamazepine, 

25% exhibit exanthema (12). Other complications of 
drug treatments are encephalopathies or hematologic 
changes. The incidence of exanthema can be increased 
during steroid reduction after radiotherapy (13).

A major problem is the interaction of AEDs and che-
motherapeutic drugs. The efficacy of AEDs can be decreased 
by chemotherapeutic drugs such as beta-chloro-nitrosourea 
(BCNU or carmustine), cisplatinum, carboplatinum, and
taxol. This can be due to either a reduction of serum 
concentrations of AEDs or a decrease in absorption. Vin-
cristine, for example, increases the clearance of carbam-
azepine and phenytoin by about 65% and shortens the 
half-life time by about 35% (14, 15).

Conversely, enzyme inducers such as phenytoin, car-
bamazepine, and phenobarbital decrease the bioavail-
ability of dexamethasone and other chemotherapeutic 
drugs (16). In these instances, higher dosages of AEDs are 
often given because the serum concentration of the AED 
is lowered. However, this could lead to a further increase 
of the total serum concentration of the AED as well as 
its free fractions, and thus to intoxication and sometimes 
also, paradoxically, to an increase of seizure frequency. 
Thus, insufficient control of seizures and the emergence 
of psychologic symptoms may be wrongly interpreted 
as signs of tumor progression. Important interactions of 
the different AEDs and chemotherapeutic drugs are listed 
in the study by Vecht et al. (17). Another problem may 
arise because of the development of pharmacoresistance
against AEDs. Carbamazepine, phenytoin, and other 
AEDs are substrates for multidrug-transporter (MDT) 
P-glycoprotein and multidrug-resistant– associated 
proteins (18, 19).

COGNITIVE DISTURBANCES 
AND DEPRESSION

In patients with epilepsy caused by low-grade gliomas, 
cognitive deficits are prevalent. These cognitive impair-
ments may be due to the effects of the tumor itself, 
seizures, psychologic stress, chemotherapy, radiotherapy, 
and AEDs on brain function.

The lateralization and localization of the tumor, 
especially when situated in the temporal or frontal lobes, 
may cause specific and severe cognitive and emotional 
dysfunctions. Radiotherapy (RT) is often linked to cog-
nitive impairment, but a recent study suggests that stan-
dard focal RT with fractional doses of less than 2 Gy is 
not generally associated with an increased risk of cogni-
tive deficits, whereas higher fractional doses are likely 
to result in cognitive disability (20). The investigators 
found that the presence and severity of seizures or the 
use of AEDs was more strongly associated with cognitive 
deficits than was RT. Depression occurs frequently in 
patients with epilepsy and brain tumors, suggesting that 
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it can be a specific sequela of both conditions as well as 
of therapeutic interventions.

In a simplified view, AEDs can be differentiated into 
GABAergic drugs (phenobarbital, primidone, benzodiaz-
epines, valproate, vigabatrin, tiagabine, and gabapentin), 
which are more sedative, antimanic, and anxiolytic, and
antiglutamatergic drugs (lamotrigine), which are antide-
pressant (21). AEDs are often used in high dosages in 
patients with tumoral epilepsy. Phenobarbital is not only 
sedating but also depressogenic. Sedation from benzodi-
azepines can also increase cognitive disturbances. Other 
negative effects on cognitive function can be caused by 
high dosages of carbamazepine, phenytoin, or topiramate. 
In tumoral epilepsy, high dosages of AEDs are used fre-
quently in polytherapy with psychotropic medications. 
Not infrequently this practice leads to cognitive impair-
ments, though cognitive adverse events are seen less fre-
quently with lamotrigine than with carbamazepine (22).

Depressive symptoms are observed in 28% of 
patients with tumoral epilepsy who are treated with 
AEDs (23). Cognitive impairment and affective disor-
ders may reduce the patient’s capacity for compliance. 
Therefore a once daily or twice daily application of AEDs 
is recommended. An ideal AED for treatment of tumor 
patients should be effective in focal and secondary gen-
eralized seizures, should be simple to use (once or twice 
daily dose), should have no interactions, should be mood 
stabilizing, and ideally should also have an anticarcino-
genic mechanism of action. Because of the rather high 
comorbidity of brain tumors, depression, and cognitive 
disturbance, newer anticonvulsants that are mood sta-
bilizing or even antidepressive should be used in pref-
erence to first-generation AEDs. However, prospective 
studies using newer AEDs in tumoral epilepsy are rare. 
Wagner et al. (24) reported the use of levetiracetam in 
26 patients who were not seizure-free during treatment 
with other AEDs, and 50% or greater seizure reduction 
control could be obtained by levetiracetam in 65% of the 
patients. Tiredness or dizziness was observed in 35%.

The influence of AEDs on seizure control, cognitive 
function, and quality of life in patients with low-grade 
glioma and epilepsy was investigated by Klein et al. (25). A 
total of 156 patients without clinical or radiological signs for 
recurrent tumor were compared with a control group; 50% 
of those patients taking AEDs were seizure-free. The patients 
with glioma had significantly worse  information–processing 
speed and psychomotor and attentional functions, as well as 
verbal and visual memory and quality of life. These reduc-
tions in cognitive function were primarily related to AED 
therapy, whereas the decrease of quality of life was related 
most often to lack of seizure control.

Patients with low-grade gliomas are often impaired 
by neuropsychologic problems related to the severity of 
the epilepsy, the intensity of the drug treatment or other 
treatments such as chemotherapy or radiation. Therefore, 

in patients with tumoral epilepsies, AEDs should be 
selected that not only control seizures but also do not 
cause or exacerbate cognitive, emotional, and other 
behavioral problems.

SURGERY

A complete tumor resection including the epileptogenic 
cortex leads to complete seizure control in up to 90% of 
the patients (26–29). However, a complete resection is 
not always possible because of localizations or extent of 
tumors. Seizure control can nonetheless be obtained if a 
critical tumor mass can be resected and, in addition, no 
multifocal secondary epileptogenic areas exist. Therefore, 
in patients with tumors and epilepsy, in addition to the 
localization of the tumor, the localization of uni- or multi-
focal epileptogenic areas is important. The spatial relation 
of the lesions to epileptogenic seizure generators, in our 
experience, is close in the case of oligodendrogliomas 
or gangliogliomas. DNET cavernomas and tuberogliosis
show more variable conditions. Long-term outcome stud-
ies in patients with tumoral epilepsies showed that an 
early surgery is recommended. Follow-up studies with 
a mean of 8 years demonstrated good seizure control 
(Engel I in 82%, Engel II in 3%, Engel III in 13%, Engel 
IV in 5%); 41% of the patients were seizure-free without 
AEDs (some patients had recurrent seizures after 4 years). 
Predictors for a good prognosis were focal electroen-
cephalographic (EEG) activity, no dual pathology, and no 
astrocytoma. With regard to the prognosis of astrocytoma 
it could be shown that a subtype, isomorphic long-time 
epilepsy-associated astrocytoma (LEA) exists, which has 
a more favorable survival time (30). The differentiation 
is possible by histochemical investigation (31).

New diagnostic devices permit a better differentiation 
of epileptogenic zones and the border of the tumor as well 
as control of the resection volume (4). A functionality-
preserving neuronavigation guide technique also offers 
new possibilities for more precise excision (32). In addi-
tion to conventional electrophysiological techniques such 
as EEG and intraoperative electrocorticography, mag-
netoencephalography (MEG) also plays an increasing 
role in the functional presurgical exploration of tumor 
epilepsy. Noninvasively and preoperatively, localization 
of epileptic foci and their spatial relation to functionally 
important areas that must be preserved during surgery 
can thereby be delineated. These new investigational tech-
niques offer the chance to avoid functional deficits and to 
increase the number of patients with tumors and epilepsy 
who can safely undergo surgery. The resulting increase in 
survival time of patients with tumoral epilepsy leads to a 
new challenge in treatment: the recognition and avoid-
ance and treatment of behavioral problems in patients 
with tumors and epilepsies.
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leep is of vital importance to 
general health and optimal cog-
nitive functioning; however, the 
busy modern world leads many 

people to minimize sleep or overlook sleep problems. 
Even so, everyone is aware of the drowsiness, inat-
tention, and sluggish memory associated with acute 
sleep deprivation. It is becoming increasingly appar-
ent, however, that chronic sleep deprivation, even by 
only an hour or two per night, can result in significant 
cognitive impairments.

Optimal memory and attention are important to 
all, but persons with epilepsy are more at risk for 
sleep-related problems because of additional factors 
that can worsen cognitive function, including seizures, 
underlying conditions causing epilepsy, and medica-
tion effects. Depression and anxiety are also common 
in persons with epilepsy, with additional risk of sleep 
disruption. This chapter begins with a discussion of 
the ways sleep and epilepsy interact. In the following 
section, the influence of sleep and sleep disorders on 
mood and cognition are discussed, with an emphasis 
on epilepsy patients. Finally, practical issues regard-
ing attention to sleep in patients with epilepsy are 
highlighted.

Sleep

Carl W. Bazil
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INTERACTIONS BETWEEN 
SLEEP AND EPILEPSY

Sleep and epilepsy interact on several levels. First, sleep 
influences the frequency of interictal epileptiform dis-
charges, with partial discharges occurring most commonly 
in deep, non-REM sleep (1). For this reason, sleep electro-
encephalograms (EEGs) can be important diagnostically. 
Whether interictal discharges have definite effects on cog-
nition is an interesting question but will not be discussed 
here. Second, sleep influences the occurrence and secondary 
generalization of seizures. Third, seizures can disrupt sleep. 
Fourth, many sleep disorders are more common in patients 
with epilepsy than in the general population. Finally, anti-
epileptic drugs (AEDs) have the potential to either worsen 
or improve sleep overall, and many affect specific sleep 
disorders. These last four interactions between sleep and 
epilepsy have potential influences not only on seizure 
occurrence but also on mood and cognition, and are dis-
cussed in depth in the remainder of this chapter.

Influences of Sleep on Seizures

Two large studies in an epilepsy monitoring unit looked at 
sleep and sleep stage in relation to onset and propagation 
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of seizures, particularly those of partial onset (2, 3). Both 
studies found that sleep influences seizure onset, and this 
differs depending on the lobe involved. Temporal lobe 
seizures were more likely to begin during wakefulness, 
whereas frontal onset seizures more commonly began 
during sleep. Perhaps more interestingly, the pattern of 
spread differed. A frontal lobe seizure was more likely to 
secondarily generalize if beginning with the patient awake, 
but with temporal lobe seizures the reverse was true.

One of the implications for epilepsy patients has to 
do with the potential for sleep disruption. Because frontal 
lobe seizures are more likely to occur during sleep, and 
generalized seizures result in more profound sleep disrup-
tion, it is likely that frontal lobe seizures have a greater 
likelihood to disrupt sleep. This has not, however, been sys-
tematically studied. Anecdotally, there are many patients 
with frontal lobe seizures who nonetheless have profound 
difficulties in daytime cognition even though their seizures 
generally do not occur during wakefulness.

Influence of Seizures on Sleep

Intuitively, nocturnal seizures will disrupt sleep structure. 
Most will cause at least a brief awakening, and normal 
sleep is unlikely during a postictal state. It may seem that 
such disruption could be relatively minor, but actually 
even brief seizures can result in prolonged alterations in 
sleep structure. Treatment of nocturnal seizures has been 
shown to improve sleep (4, 5). Importantly, patients with 
partial seizures have been shown to have relatively normal 
sleep on seizure-free nights except for slightly decreased 
sleep efficiency with temporal lobe epilepsy (6).

The effects of individual temporal lobe seizures on 
sleep structure have been studied in patients in an epi-
lepsy monitoring unit, who were recorded with polysom-
nography under baseline conditions (seizure-free), and 
following complex partial or secondarily generalized sei-
zures (7). With daytime seizures, there was a significant 
decrease in REM the following night (12% vs. 18% for 
baseline) without significant changes in other sleep stages 
or in sleep efficiency. When seizures occurred at night, this 
decrease in REM was more pronounced (7% vs. 16%) 
and there were increases in stage 1 and decreases in sleep 
efficiency. These effects were amplified further when 
seizures occurred early in the night (Figure 62-1).

Therefore, seizures can have a profound, disruptive 
effect on sleep lasting much longer than the apparent 
postictal period, particularly when they occur early dur-
ing sleep.

Prevalence of Sleep Disorders in 
Epilepsy Patients

Before specific sleep disorders are discussed, it must first 
be noted that two aspects of sleep are critical: obtaining 

sufficient sleep and adequate sleep hygiene. One of the 
more common reasons for inadequate sleep is perhaps the 
most obvious: failing to spend enough time in bed. This is 
common in the general population and is largely a cultural 
phenomenon. The demands of modern society, including 
work, family, and leisure time, often cause people to limit 
their sleep. Although most believe this to be benign, chronic 
sleep deprivation can clearly result in neurocognitive defi-
cits (8). Epilepsy patients are certainly not immune from 
this; in fact, multiple studies suggest that epilepsy patients 
with sleep disruption suffer more than do healthy subjects 
without epilepsy (9, 10). This may be the most difficult of 
sleep disorders to treat; it requires convincing patients that 
sleep is more important than other activities.

Sleep hygiene is a fairly straightforward concept, 
but it is one with which many patients are unfamiliar. 
Review of sleep hygiene can also be time consuming, and 
in a busy office practice it is easy to overlook.

The basic principle of sleep hygiene is optimization 
of the conditions for sleep. Contrary to many people’s 
beliefs and to the accepted norms of American society, 
humans do not have full voluntary control over sleep, as 
with (at least to a greater extent) eating and voiding. Many 
would like to believe that sleeping and waking are like a 
switch, on and off, but this is simply not true. Although 
sleep cannot be fully controlled, it can be encouraged, and 
this is the principle of sleep hygiene. Problems with sleep 
hygiene are prominent in patients with insomnia (11) and 
in patients with epilepsy (12). Principles of sleep hygiene 
are summarized in Table 62-1.

Specific sleep disorders most common in the general 
population, and in epilepsy patients, include obstructive 
sleep apnea (OSA), insomnia, periodic limb movements 
of sleep (PLMS), and restless legs syndrome (RLS). 
One prospective study of 100 epilepsy patients showed 
that sleep complaints were far more common than in 

FIGURE 62-1

Effects of seizures on sleep structure in patients with temporal 
lobe epilepsy. Adapted from Bazil et al. (7). See color section 
following page 266.
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90 normal control subjects; insomnia, excessive day-
time sleepiness, OSA, and RLS were also more common 
although these did not reach statistical significance (13). 
Several other studies confirm that sleepiness and sleep 
disorders are common in epilepsy. De Weerd et al. (10) 
showed that patients with partial epilepsy have twice 
the incidence of drowsiness as control subjects, and this 
significantly worsens quality of life. Malow et al. (14) 
used the Epworth Sleepiness Scale to demonstrate that 
patients with epilepsy had increased drowsiness com-
pared to control patients. Epilepsy was not a predictor 
of a high score when a sleep apnea scale was included, 
suggesting that this treatable condition may be respon-
sible for much of the problem. Based on a survey given 
to parents of 89 children with idiopathic epilepsy (15), 
children with epilepsy showed more sleep problems than 
did control subjects, and these were associated with 
seizure frequency, age, paroxysmal activity on EEG, 
duration of illness, and behavioral problems.

OSA occurs in at least 3% of the general popula-
tion (16). Evidence from subjective scales suggests that 
this disorder may be disproportionately responsible for 
excessive sleepiness seen in epilepsy patients (14). In 
selected epilepsy patients referred for polysomnogra-
phy, up to 70% are found to have OSA (17, 18). Small 
series of epilepsy patients have shown that diagnosis and 
treatment of OSA can improve seizures in patients with 
epilepsy (18, 19).

While these studies show that OSA is common in 
a highly selected epilepsy population referred for poly-
somnography; the overall prevalence of the disorder and 
impact on quality of life in patients with epilepsy is less 
clear. There has been one prospective study of thirty-
nine unselected patients with highly refractory epilepsy 
undergoing evaluation for epilepsy surgery, none of which 
had a previous diagnosis of sleep disorders (20). These 
patients were studied with overnight polysomnography 
during their evaluation. One-third were found to have 

TABLE 62-1
Principles of Sleep Hygiene

General
1. Go to sleep at about the same time each night, and awaken at the same time each morning. Wide fluctuations between 

workdays and days off can further impair your sleep.
2. Try not to nap. If you do, restrict this to about an hour per day, and do it relatively early (before about 4 in the after-

noon).
3. If you are not sleepy, either don’t go to bed or arise from bed. Do quiet, relaxing activities until you feel sleepy, then 

return to bed.
4. Avoid doing stimulating, frustrating, or anxiety-provoking activities in bed or in the bedroom (watching television, 

studying, balancing the checkbook, etc.). Try to reserve the bedroom, and especially the bed, for sleep and sexual 
activity.

Use of drugs
1. Avoid coffee, tea, cola, or other caffeinated beverages after about noon. Also avoid chocolate late in the day.
2. If you smoke, avoid this in the hour or two before bedtime.
3. If you drink alcohol, limit this to 1–2 drinks per day and do not drink immediately before bedtime. Although you may 

find this relaxing, alcohol actually can interfere with sleep later in the night.
4. If you take prescription drugs or over-the-counter drugs that can be stimulating, discuss dosing times with your doctor.

Exercise
1. Exercise, particularly aerobic exercise, is good for both sleep and overall health and should be encouraged.
2. Avoid stimulating exercise in the evening (ideally at least 5 hours before bedtime).

Bedtime ritual
1. Perform relaxing activities in the hour before bedtime.
2. Make sure your sleeping environment is as comfortable as possible, paying attention to temperature, noise, and light.
3. Do not eat a heavy meal just before bedtime, although a light snack might help induce drowsiness.
4. It is sometimes helpful to place paper and pen by the bedside. If you find yourself worrying about completing or 

remembering a task the next day, write it down and let it go.

During the night
1. If you awaken and find you can’t get back to sleep, arise from bed and do quiet, relaxing activities until you are drowsy. 

Then return to bed.
2. Place clocks so that the time is not visible from the bed.
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OSA as defined by respiratory disturbance index (RDI) 
� 5, and 13% had moderate to severe OSA. This study, 
although small, suggests that OSA may be more common 
in patients with refractory epilepsy than in the general 
population. Although these authors also did not evalu-
ate the relationship between apneas and seizures, oxy-
gen desaturation could result in cerebral irritation, or 
chronic sleep deprivation could worsen seizures. OSA 
is known to increase the risk of stroke and death (21); 
however, it is not known whether this condition con-
tributes to death in patients with epilepsy or to sudden 
unexplained death in patients with epilepsy.

Insomnia occurs in more than 10% of the general 
population (22) and is more frequent in patients with 
epilepsy (10, 12). Sleep disturbance occurs in 39% of 
patients with intractable epilepsy, and most of the addi-
tional disturbance compared with controls is due to 
insomnia (10). According to the National Health Inter-
view Study, adults with seizures are more than twice as 
likely to report insomnia and more than three times 
as likely to report excessive sleepiness as adults without 
epilepsy (23). Because depression and anxiety are known 
to be common in epilepsy patients (24), these are likely to 
be important contributors to insomnia in this population. 
No studies have looked specifically at this diagnosis in an 
epilepsy population using objective testing.

PLMS and RLS are both relatively common condi-
tions. The incidence of RLS is about 10% and increases 
with age (25). PLMS occurs in about 5% of young 
adults; however, the prevalence may be as high as 44% 
in patients over age 64 (26–28). These conditions often 
occur together and have many characteristics in common; 
the main known effect of both is daytime somnolence. 
The study of epilepsy patients by de Weerd et al. (10) also 
suggested that RLS was more common in patients with 
epilepsy than in control subjects.

All of these studies underscore the increased preva-
lence of sleep disorders (particularly OSA) in the epilepsy 
population and the underutilization of polysomnography 
in these patients.

Effects of Anticonvulsant Medications

Early studies of AEDs showed an increase in sleep sta-
bility with all agents. In retrospect, much of this effect 
was likely due to a reduction in seizure activity, rather 
than an independent effect of the drug. More recently, 
the effects of AEDs have been studied independently of 
seizures, showing different effects (both detrimental and 
beneficial) of various AEDs on both sleep and specific 
sleep disorders.

Benzodiazepines and barbiturates are used less com-
monly for chronic treatment of seizure disorders, but 
they have the most convincing evidence for detrimental 
effects on sleep. Although both classes of medications 

reduce sleep latency, they also decrease the amount of 
REM sleep, and benzodiazepines reduce slow-wave sleep 
(29, 30). The effects of other AEDs are somewhat variable 
between studies, but some conclusions can be made. Phe-
nytoin increases light sleep and decreases sleep efficiency, 
and most studies show decreased REM sleep (29, 31, 32). 
Findings for carbamazepine are more variable, but there 
also seems to be a reduction in REM sleep (31), par-
ticularly with acute treatment (33, 34). Valproate may 
increase stage 1 sleep (32) and (at least theoretically) 
could worsen OSA through weight gain.

Studies of newer agents in general suggest fewer 
detrimental effects on sleep. Lamotrigine has been shown 
to have no effect on sleep in one study (33), but another 
showed decreases in slow-wave sleep (35). Gabapentin, 
pregabalin, and tiagabine enhance slow-wave sleep and 
sleep continuity in patients with epilepsy (32, 33) and in 
normal volunteers (30, 36–40). Furthermore, gabapentin 
is effective in the treatment of one common sleep disor-
der, RLS (41), although carbamazepine and lamotrigine 
have also been used. A study of levetiracetam in epilepsy 
patients showed little effect on sleep (42); studies in nor-
mal volunteers have shown either little effect (42) or an 
increase in sleep continuity and slow-wave sleep (43). The 
effects of zonisamide, oxcarbazepine, and topiramate on 
sleep and sleep disorders are not known. Patients taking 
AEDs known to disrupt sleep (phenobarbital, phenytoin, 
carbamazepine, or valproic acid) have increased drowsi-
ness compared to epilepsy patients who are not taking 
AEDs (44).

While the effects of AEDs on sleep have been 
known, and sleep changes were known to affect memory 
and performance, the most important aspect of this rela-
tionship is whether sleep changes due to AEDs actually 
affect performance. A study of tiagabine used during sleep 
deprivation addressed just that question (40). Thirty-eight 
healthy adults were restricted to 5 hours of sleep for four 
consecutive nights, and randomized to tiagabine 8 mg at 
bedtime or placebo. In a measure of attention (psycho-
motor vigilance task), subjects on placebo deteriorated 
during sleep restriction, but subjects receiving tiagabine 
did not (Figure 62-2). Subjects taking tiagabine also 
showed improved performance on the Wisconsin Card 
Sorting Task and reported more restorative sleep, but did 
not show improved wakefulness on the Multiple Sleep 
Latency Test and did not differ on several other mea-
sures of memory and alertness. However, it is intriguing 
that taking this sleep-enhancing drug resulted in modest 
improvement in subjects who were sleep-deprived. It is 
not known whether these changes would correlate to 
improved performance in epilepsy patients, or whether 
the findings would generalize to other AEDs that improve 
slow-wave sleep.

Effects of AEDs on various aspects of sleep and sleep 
disorders are summarized in Table 62-2.
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TABLE 62-2
Summary of AED Effects on Sleep

 EFFECTS ON SLEEP EFFECTS ON SLEEP DISORDERS

AED POSITIVE NEGATIVE IMPROVES/TREATS WORSENS

Barbiturates Decreased latency Decreased REM Sleep onset insomnia OSA

Benzodiazepines Decreased latency Decreased REM, SWS Sleep onset insomnia OSA

Carbamazepine  Decreased REM? RLS RLS

Phenytoin Decreased latency Increased arousals and  None known NE
stage 1; decreased REM

Valproic acid   Increased stage 1  None known OSA*

Felbamate ? ? OSA* Insomnia

Gabapentin Increased SWS,   None RLS None known

decreased arousals

Lamotrigine   Decreased SWS?  None known None known

Levetiracetam  Increased SWS  None None known None known

Pregabalin Increased SWS,   None None known None known
decreased arousals

Tiagabine Increased SWS  None Insomnia None known

Topiramate ? ? OSA* None known

Zonisamide ? ? None known None known

AED, Antiepileptic drug; REM, REM sleep; RLS, restless legs syndrome; SWS, slow-wave sleep; ?, unknown; note that some of these
results represent small studies, and the effect may not occur in all patients. * Due to potential weight change.

EFFECTS OF SLEEP AND SLEEP DISORDERS 
ON MOOD AND COGNITION

Patients with epilepsy are probably more susceptible to 
the cognitive and functional consequences of sleep disrup-
tion than the general population. The most obvious aspect 
of this is drowsiness. Not a trivial problem, drowsiness 
contributes to increases in accidents and, particularly 
in the case of motor vehicles, to fatality. Patients with 
uncontrolled seizures are most susceptible to the drowsi-
ness caused by seizures and medications. They should not 
be driving, but nearly one-third of patients with refrac-
tory epilepsy do drive (45). Additionally, patients with 
fully controlled seizures can still have disrupted sleep 
as a result of coincident sleep disorders or medications. 
Many patients with exclusively nocturnal events drive 
with the permission of their physicians and the state, but 
the impact of daytime drowsiness must be recognized.

Sleep disruption can affect many aspects of cognitive 
functioning. Although the exact function of sleep remains 
unclear, there is growing evidence that sleep in general, 
and REM and slow-wave sleep in particular, are required 
for optimal performance. Sleep loss has been clearly docu-
mented to affect both cognitive and procedural skills. This 
has been extensively studied in health care workers (46–48). 

FIGURE 62-2

Effects of tiagabine on reaction time and slow-wave sleep 
in sleep deprivation. (Top) Effects on reaction time with the 
psychomotor vigilance task. (Bottom) Effects on total slow-
wave sleep (p < 0.001). SR2, second night of sleep restriction. 
SR 4 (p = 0.24), fourth night of sleep restriction. Adapted from 
Walsh et al. (40).
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There is also growing evidence that chronic sleep restric-
tion by as little as 2 hours per night can severely impair 
neurobehavioral functions in normal individuals (8).

Both REM and slow-wave sleep are considered to 
be “essential sleep,” and subjects who are deprived of 
sleep (at least in the short term) will “rebound” or make 
up most of the REM and slow-wave sleep that are lost. 
Very little stage 1 or 2 sleep is regained (25). Although 
the function of REM sleep remains speculative, there is 
considerable information suggesting that increased REM 
is correlated with enhanced learning of certain tasks 
(49–51). In addition, enhancement of REM sleep occurs 
with drugs useful in Alzheimer’s disease (52, 53), and 
REM enhancement due to donepezil correlates with 
improved memory in normal individuals (54). Increased 
slow-wave sleep has also been correlated with certain 
types of learning in one human study (49).

OPTIMAL CARE OF THE EPILEPSY PATIENT 
WITH REGARD TO SLEEP

The most important aspect of sleep for the epilepsy patient 
is awareness of its importance. Too often, drowsiness and 
inattention are considered unavoidable effects of medi-
cation or seizures, but it is clear that sleep disruption is 
very common and can contribute to dysfunction. Seizures, 
sleep disorders, and mood disorders can easily form a 
cycle of dysfunction, with each independent problem con-
tributing and worsening the others. Without attention 
to all aspects of the patient’s care, optimal quality of life 
cannot be obtained.

In patients with persistent drowsiness, inattention, 
or cognitive problems a systematic approach is best. If 
the pattern is consistent with seizure occurrence, seizure 
control should clearly remain the major focus. But if sei-
zures are controlled or at least minimized, attention to 
other disorders is warranted. Asking about sleep habits 
will help to ascertain whether the patient is receiving 
sufficient sleep or has problems with sleep hygiene. Any 
patient who shows persistent drowsiness and inattention 
without adequate explanation could have a coincident 
sleep disorder. A good subjective screen is the Epworth 

Sleepiness Test; and a patient with a score of 10 or more on 
this simple test should be considered for further workup. 
Medications taken by the patient should be considered, 
including anticonvulsant drugs, for possible adverse 
effects on sleep. A careful history may also show signs 
of specific sleep disorders. Even without demonstrable 
drowsiness, patients with snoring, subjective insomnia 
or hypersomnia, limb movements in sleep, or lack of 
other explanations for cognitive problems may have sleep 
disorders. When in doubt, referral to a sleep specialist for 
evaluation and possible testing should be considered.

CONCLUSIONS

Attention to sleep in patients with epilepsy has impor-
tant implications for diagnosis, seizure control, memory 
and attention, and quality of life. Effects on mood have 
not directly been studied; however, poor sleep almost 
certainly contributes to the increased depression and 
anxiety seen in epilepsy patients. It is clear that inde-
pendent sleep disorders frequently coexist with epilepsy 
and that seizures themselves cause sleep disturbance. 
The common complaint of drowsiness can no longer 
be dismissed in patients with refractory epilepsy, for 
whom sleep studies, diagnosis, and targeted therapy 
can clearly improve both seizure control and sleep. 
Any patient with persistent drowsiness should there-
fore be considered for study by polysomnography or 
video-EEG polysomnography.

Whether sleep disruption is caused by seizures, 
AEDs, or a coexisting sleep disorder, an adverse impact 
on daily functioning is likely. Decreased sleep efficiency 
and increased arousals result in daytime drowsiness, and 
are seen with seizures and with some AEDs. Chronic 
sleep deprivation, such as could occur with any of these, 
clearly has adverse consequences for neurocognitive per-
formance. In any case, it is clear that the quality of sleep 
plays an important role in both seizure control and qual-
ity of life. Attention to seizures that may disrupt sleep, 
to possible concurrent sleep disorders, and to choice of 
anticonvulsant is therefore critical in the total care of the 
patient with epilepsy.
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he behavioral aspects of epilepsy have 
been a matter of interest since the ear-
liest available descriptions. Adopting 
a historical approach to a given disci-

pline offers a unique perspective on its founding concepts 
and their evolution. This chapter will discuss some of the 
historical antecedents to current views on epilepsy-related 
behavioral changes and their relevance to future develop-
ments. Particular attention will be given to the history of 
epilepsy in the nineteenth century, when biased interpreta-
tions of clinical observations led to the construction of a 
general theory of the nature of epilepsy that can still teach 
us a valuable lesson about the risks underlying the misuse 
of scientific (or rather pseudoscientific) methods.

SEIZURE-RELATED BEHAVIORAL DISORDERS

Behavioral manifestations can occur acutely as an aspect 
of seizure phenomena or during the postictal phase. 
Typical examples are the more or less complex automa-
tisms that express the involvement of high-level inte-
gration areas of the brain and may be associated with 
cognitive and psychic symptoms. Correlating observed 
symptoms with the putative origin and propagation of 
underlying epileptic discharges has made it possible to 
draw some interesting inferences concerning the roles of 
the cerebral regions responsible for the seizures, and these 
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have been complemented by the results of brain stimula-
tions in epilepsy patients before or during surgery.

It is noteworthy that transient periictal symptoms are 
usually observed and analyzed by the members of multidis-
ciplinary teams participating in the workup of patients with 
epilepsies. However, such teams do not normally include 
specialists in psychiatry, so, although the analysis of seizure 
phenomenology has significantly advanced our understand-
ing of neuropsychologic functions and dysfunctions, its 
potential contribution to our knowledge of the neurobiol-
ogy of psychiatric symptoms has so far been underexploited. 
This is regretable inasmuch as the rapidly evolving character 
of ictal symptoms could provide a privileged opportunity 
for analyzing the dissolution and reconstitution of psychic 
functions in a uniquely dynamic dimension. The situation 
now seems to be improving, as demonstrated by several 
excellent chapters concerning seizure-related behavioral dis-
orders to be found in this book. Nevertheless, there are still 
many more contributions to be made concerning epilepsy-
related neuropsychologic disorders.

THE NEUROPSYCHOLOGIC APPROACH TO 
EPILEPSY-RELATED BEHAVIORAL DISORDERS

The value of the neuropsychologic approach in character-
izing the changes in memory and learning, attention and 
concentration, language, sensory–motor integration, and 
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fluency that are associated with the epilepsies has become 
gradually clearer with the emergence of the concept of 
epileptic syndrome. According to the definition of the 
International League Against Epilepsy (ILAE), “epilepsy 
is a chronic condition of the brain characterized by an 
enduring propensity to generate epileptic seizures, and 
by the neurobiological, cognitive, psychologic, and social 
consequences of this condition” (1). An epileptic syn-
drome (i.e., a complex of signs and symptoms that defines 
a unique epilepsy condition) is not characterized only by 
the types of seizures and their natural history, but also by 
its particular cognitive profile.

The neuropsychologic assessment of patients under-
going surgery for intractable epilepsies plays a special 
role in confirming the lateralization and localization of 
epileptogenic areas, and defining the risk to memory and 
other cognitive functions. The combination of neuropsy-
chologic tests, functional imaging, and neurophysiologic 
techniques has opened up very promising prospects for 
the analysis of cognitive functions.

Moreover, the neuropsychologic approach is  relevant 
to several concepts now being discussed by the ILAE Task 
Force for Classification and Terminology, such as the 
concept of the epilepsy process, and the potential harm 
caused by ictal or interictal epileptic discharges.

“Epilepsy process” designates the complex of 
putative biological mechanisms that gives an epilepsy 
the intrinsic potential to progress toward a more severe 
condition in terms of seizures and the associated neuro-
logic and/or psychic defects. Such a progressive course 
is typically observed in epileptic encephalopathies such 
as Dravet, West, Lennox-Gastaut, and Doose syndromes: 
“conditions in which the epileptiform abnormalities 
themselves are believed to contribute to the progressive 
disturbance in cerebral function” (2).

When these syndromes are cryptogenic (i.e., not 
associated with any detectable brain pathology), the 
results of neuropsychologic examinations are normal at 
the time of clinical onset and become indicative of pro-
gressive impairment during the subsequent course, thus 
supporting the idea that persistent epileptic activity leads 
to cognitive impairment, although it is not yet possible 
to rule out the alternative hypothesis that seizure wors-
ening and cognitive deterioration are both expressions 
of a still-unidentified underlying progressive disorder. 
Nevertheless, the possibility that electroencephalographic 
(EEG) discharges per se can lead to cognitive impairment 
is strongly supported by the course of Landau-Kleffner 
syndrome and epilepsy with continuous spike-wave dur-
ing sleep, in which the extreme activation of epilepti-
form activity during sleep (Figure 63-1) is associated 
with cognitive defects that specifically affect language in 
Landau-Kleffner syndrome.

There is also evidence that, in benign epilepsy with 
centrotemporal spikes (BECT, the prototype of idiopathic 

benign epilepsies), the particularly pronounced activation 
of EEG discharges during sleep may be associated with 
cognitive disturbances. This should lead us to reconsider 
the idea that BECT is necessarily benign, and introduces 
the challenging idea of a continuum ranging from idio-
pathic epilepsies to epileptic encephalopathies. However, 
when discussing this still open question, it is necessary to 
consider the possibility that the cognitive impairment is 
not so much due to the pronounced EEG discharges them-
selves but to their disruption of normal sleep profiles.

It is certainly true that recently collected data dem-
onstrate that “idiopathic” does not necessarily mean 
“benign,” and to some extent they challenge the very 
concept of idiopathic. However, it must be borne in mind 
that, even if it is proved that epileptiform abnormali-
ties can impair cerebral functions, this certainly does not 
apply to all types of epilepsies: for example, childhood 
absence epilepsy can present a very large number of EEG 
discharges (associated with absences or not), but there is 
no evidence of any cerebral impairment whatsoever.

In addition to epileptic encephalopathies, temporal 
lobe epilepsy provides another example of epileptogenesis 
as a process insofar as its natural history is characterized 
by an initial factor that is thought to set in motion a 
sequence of biological mechanisms leading to the devel-
opment of a chronic and often difficult-to-treat condition. 
Neuropsychologic assessments are sensitive in monitoring 
the development of the epileptogenic process underlying 
temporal lobe epilepsy.

FIGURE 63-1

Epilepsy with continuous spike and waves during sleep 
(CSWS). (Top) EEG in wakefulness, drowsiness, and sleep 
stage 2. (Bottom) Results of neuropsychologic verbal (A) and 
performance (B) tests in twelve subjects during CSWS. The 
verbal (A1) and performance (A2) tests have been repeated in 
eight patients after disappearance of CSWS, showing an over-
all improvement although the impairment of performances 
was still present in seven patients (from Mira et al. [13] ).
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EPILEPSY AND MADNESS

The first known written documents on the topic of epilepsy 
are Babylonian tablets from ca. 1000 BC (Figure 63-2), 
recently translated by Wilson and Reynolds (3). Since 
then, the history of epilepsy has been characterized by 
interpretations based on an interplay of magical concepts 
and surprisingly lucid intuitions that were applied not 
only to the seizures themselves but also to the alterations 
in behavior and character that were more or less legiti-
mately attributed to the person suffering from them.

It would be far beyond the scope of this chapter 
to try to describe in detail the way in which prejudices 
about demonic origins were counterbalanced by a scien-
tific view that was remarkably precise even as early as 
the time of Hippocrates in the fifth century BC, and so 
I will concentrate on the unexpected evolution that the 
medicoscientific conception, established by the publica-
tion of Tissot’s treatise in 1770, underwent during the 
following 50 years in the hands of some authoritative 
French psychiatrists. Most of the information contained 
in this section has been summarized from Avanzini and 
Assael (4), in which all the quoted references (including 
Tissot 1770) can be found.

In 1854, Delasiauve published a treatise in which 
he proposed the hypothesis that epileptic seizures involve 

repeated cerebral concussions that, in the long term, lead 
to severe functional disorders. The mental disturbances 
considered to be due to epilepsy were various, with 
mania, a type of mental exaltation ranging from iras-
cibility to uncontrolled fury, more frequently taking the 
furious form with sudden explosions of delirium, some-
times alternating with ecstatic phases.

According to Delasiauve, “Such observations would 
explain an ancient opinion recently developed by Bouchet 
and Cazauvieilh who, on the basis of their symptomatic 
characteristics and site, believe that mental derangement, 
hysteria, catalepsy and epilepsy have a number of analo-
gies in their nature: they should be considered alike, inter-
changeable or as one giving rise to another.”

Following the same line of thought, under the  heading 
of epilepsy in his Nouveau Dictionnaire de Médecine et 
de Chirurgie Pratique 1870, André Voisin wrote:

Epileptics, be they children, adults or elderly, almost 
always manifest changes in character and intelligence. 
In general terms, one cannot admit the opinion of 
some physicians that it is possible to be epileptic and 
completely healthy in spirit. I do not mean that every 
epileptic is alienated; but every epileptic is original, 
full of fancy and difficult to live with and, because of 
hallucinations, can unpredictably commit irresistible 
and dangerous acts. The epileptics admitted to hospi-
tals should therefore be put in the charge of a physician 
responsible for the mad. The main reason for doubt-
ing the psychic integrity of certain epileptics who are 
considered not be deranged is the facility with which 
almost all of them allow themselves to be dominated 
by ill-humor, cholera and unseemly instincts.

These incredible statements find their systematic 
definition in the theory of degeneration, of which epilepsy 
was considered the most representative example. In sup-
port of this thesis, a substantial part of scientific thought 
had recourse to the major theories of biology beginning 
to take shape in the second half of the nineteenth century: 
that is, the theories of evolution and inheritance, from 
which they derived some subproducts such as the theory 
of moral degeneration and eugenics.

The fact that these theories found substantial literary 
legitimacy in such a great novel as The Brothers Karam-
azov is a sign of the strength with which they managed to 
impose themselves on the intellectual consciousness and 
imagination of the time. By means of his character with 
epilepsy, Smerdyakov, Dostoevsky wanted to create the 
figure of an outcast, someone who personifies the pro-
gressive degeneration of humanity and its abjection. And 
in developing the idea of degeneration through his char-
acter, he makes clear use of ideas that, however aberrant, 
had taken root in the anthropological and psychiatric 
sciences of the nineteenth century, whose detailed studies 
of the complex moral and physical structure of persons 

FIGURE 63-2

Tablet describing epilepsy and its therapy in a Babylonian 
textbook of medicine (from Wilson and Reynolds [3] ).
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with epilepsy had led to them becoming archetypes of 
degenerative and mental disease.

The doctrine of degeneration began to prevail mainly 
as a result of the work of Bénédict-Augustin Morel, a pos-
itivist physician, a friend of Claude Bernard and a reader 
of Auguste Comte and Jean-Baptiste Lamarck, who was 
inspired by Prosper Lucas’s Traité philosophique et physi-
ologique de l’hérédité naturelle dans les états de santé 
et de maladie du système nerveux . The dominant ele-
ment of Morel’s work reflects a view of the “ degenerate”
epileptic/madman as the prototype of mankind estranged 
from the ideal of Eden and from the dominion of the 
moral over the physical world, somewhat as in the reli-
gious concept of original sin

“Degeneration,” said Morel,

constitutes a diseased state and, left to himself, a degen-
erate being falls into a condition of progressive degra-
dation. He becomes (and I am not afraid of repeating 
this truth) not only incapable of forming the chain 
of transmission of progress in humanity but, by his 
relationships with the healthy part of the population, is 
the major obstacle to progress. Finally, the duration of 
his life is limited, like that of every monstrous being.

Morel’s Italian disciple Tonnini had this to say:

One is almost tempted to believe that an epileptic is the 
scion of a family of lunatics and moral madmen, the first 
of which are by selection purged prevalently of atavistic 
phenomena, while preserving those that are degenera-
tive and morbid, and the second are purged of some of 
the morbid phenomena of the epileptic neurosis.

The identification of moral insanity with epilepsy 
was authoritatively codified by Burlureaux in the Diction-
naire encyclopédique des sciences medicales :

These are sick people affected by diffuse epilepsy in 
whom the epilepsy no longer translates into intellec-
tual or convulsive disorders, but into nothing less than 
moral insanity. They have the instinct of evil driven to its 
maximum degree; they are perverse from their tender-
est infancy, essentially malfactors and dangerous, their 
moral sense has totally disappeared, nothing touches 
them and it is much if they are only moved by the fear 
of castigation. It is from among them that thieves and 
professional murderers are often recruited.

It is difficult to understand today how such a bar-
baric theory as that of degeneration could have gained 
such widespread credit in countries with such great cul-
tural traditions as France, Italy, and Germany, to the 
point that, in the last decades of the nineteenth century, 
almost all of the diagnostic certificates of French psychi-
atric hospitals began with the words “dégénérescence 
mentale avec. . . .”

In addition to the doctrinaire prejudices that sus-
tained the theory of degeneration, the factors that led 
positivist psychiatry to this gigantic falsification of real-
ity included the particular conditions under which the 
psychiatrists of the institutes to which the patients with 
epilepsy were admitted made their observations. Modern 
psychiatry has in fact demonstrated that many of the 
psychiatric pictures codified in their treatises only existed 
inside the lunatic asylums, and that their phenomeno-
logical expression was attributable to the condition of 
institutionalization. This is not the place to discuss the 
larger question of the role of lunatic asylums in generating 
rather than remedying mental illness, but in relation to 
the supposed psychopathology of institutionalized epi-
lepsy patients, it is enough to note Voisin’s description: 
“they [epilepsy patients] would spend their days in the 
asylums playing cards and sleeping . . .” Did such places 
offer any kind of alternative?—Yes, of course they did: 
“. . . unless they were stimulated by the bait of gain-
ful employment”—by which was meant the shameful 
exploitation to which the inmates of the asylums were 
subjected. It is significant that in 1870 (22 years after the 
publication of the Communist Manifesto of Marx and 
Engels), paid work was identified not as a fundamental 
element of human dignity but an astute means of attract-
ing the attention of an indolent asylum patient.

The psychopathological traits delineated by the 
exponents of the psychiatry of degeneration (which it may 
be better to define as degenerated itself) were therefore 
not attributable to epilepsy, but to the lunatic asylums: 
“a place in which a person is inexorably crushed by an 
apparatus intent on reducing him to a pre-postulated ste-
reotype of mental disease.” For the rest, the aberrations 
of positivist psychiatry had relatively little impact on the 
British epileptological school founded by John Hughlings 
Jackson at the National Hospital for the Paralysed and 
Epileptic, an institution whose very name bore the imprint 
of a different approach to epilepsy in the context of nonre-
pressive psychiatric culture precipitated by the pioneering 
work of William and Samuel Tuke, and John Conolly.

What today seems to be the most criticizable aspect 
of positivist psychiatry is its unjustified generalization of 
some objective but circumscribed observations aimed at 
supporting a general theory that was largely based on 
ideologic assumptions. That the well-documented degen-
eration induced in some structures of the nervous system 
by alcohol, syphilis, or other infectious or toxic agents 
are responsible for alterations in intelligence, character, 
and behavior does not justify the assumption that every 
disorder in mental function can be attributed to degenera-
tion, which, unless documented objectively, takes on the 
value of a metaphysical rather than a scientific category. 
At our own point in history, when the epistemological 
pendulum of psychiatry is once again swinging in an 
organicist direction, the lesson that can be drawn from 
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the psychiatry of degeneration must be borne in mind 
to avoid the risk that insufficiently controlled, though 
promising, neurobiological observations are speculatively 
generalized to support theories that are not yet substanti-
ated by facts.

PSYCHIATRY AND EPILEPSY TODAY

As in the case of any other disease, physicians caring for 
patients with epilepsy must have the capacity to listen and 
be sufficiently sensitive to pick up the emotive resonances 
associated with the disease, and use them when making 
therapeutic decisions.

It is well known that the chronically ill share many 
distresses regardless of the particular source of their ill-
ness, and that several of the distresses felt by patients with 
epilepsy are not particular to them. However, what is spe-
cific to epilepsy is the dramatic experience of undergoing 
a seizure (an event that inserts a caesura in the patient’s 
relationship with reality), and the ambivalent reaction of 
the environment, which is simultaneously hyperprotec-
tive and alienating. The seizures that modify the field of 
consciousness without totally abolishing it arouse greater 
anxiety than do those that involve a more or less pro-
tracted but complete loss of consciousness. It is therefore 
frequent to encounter greater existential discomfort in 
patients who are subject to perhaps even the briefest of 
seizures involving alterations in perceptions, communi-
cation, or, more generally, their relationship with real-
ity than in those who suffer from generalized convulsive 
seizures. The impact of these factors can be such as to 
generate a structured psychopathological picture that, 
per se, requires psychotherapy or psychopharmacological 
treatment.

These considerations do not rule out the possible 
role of impaired cerebral functions that, as discussed 
previously, may be due to the pathological process 
responsible for epilepsy or the consequences of persistent 
epileptic activity. Our increasingly precise understanding 
of the cerebral areas involved in emotive or instinctive 
life and the physiopathology of epilepsy provides a sound 
scientific foundation for investigating the neurobiologi-
cal bases of the behavioral alterations associated with 
epilepsies. I will discuss briefly this important question 
with specific references to bipolar disorders, personality 
disorders, psychoses, and psychogenic seizures.

Bipolar Disorders and Epilepsy

In the fourth edition of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV), bipolar disorders 
(BP) are defined as situations characterized by repeated 
episodes of mania (BPI) or hypomania (BPII) interspersed 
with periods of depression (5). They have been assumed to 

have an endogenous basis on the grounds of the familial
and constitutional predisposition recognized since the end 
of the nineteenth century (6), and a possible pathophysi-
ological relationship with epilepsy has been suggested 
by the effectiveness of some antiepileptic drugs (AEDs) 
in treating them. I shall here try to summarize the many 
findings supporting these assumptions on the basis of the 
recent update by Schmitz and Trimble published as an 
Epilepsia supplement (7).

Postmortem neuropathological studies of patients 
with bipolar disorders have revealed structural alterations 
in the prefrontal and anterior cingulate cortices and the 
structures of the temporal lobe, consisting of a reduc-
tion in the density of (mainly nonpyramidal) neurons and 
glial cells in the neocortical layers and hippocampus and 
non-univocally assessed changes in amygdala volume. 
Some of these data have been confirmed by means of 
in vivo imaging, which has led to the development of 
specific projects aimed at systematically characterizing 
the morphological changes associated with bipolar disor-
ders using advanced magnetic resonance imaging (MRI) 
techniques, such as diffusion tensor imaging and magne-
tization transfer imaging with voxel-based morphometry, 
which seems to be particularly promising as a means of 
characterizing the neuropathological changes common 
to both epilepsy and bipolar disorders.

Considerable effort is currently being made to 
understand the implications of the mood-stabilizing effect 
of AEDs in bipolar disorders, which is the main reason 
for assuming that epilepsy and bipolar disorders may 
share some common pathogenetic mechanisms. It has 
been claimed that the neurotransmitters, neuromodula-
tors, ion currents, and second messengers thought to be 
targeted by AEDs are involved in the pathophysiology 
of both conditions. It is noteworthy that the AEDs most 
frequently used in bipolar disorders (carbamazepine, val-
proate, and oxcarbazepine) are all inhibitors of sodium 
currents, which are also strongly affected by lithium, a 
very effective mood stabilizer. Lithium replaces sodium, 
but because it is not effectively removed by the sodium 
pump, it prevents the cellular reentry of potassium and 
significantly reduces sodium-activated potassium currents, 
thus interfering with cell excitability.

However, it should not be forgotten that the sen-
sitivity of a given disorder to a given drug cannot be 
taken as proof that its pathogenesis depends on the same 
elementary mechanism on which the drug is known to 
act, because it is possible that the drug-induced effect on 
a given cell mechanism simply restores the excitation/
inhibition balance perturbed by an independent patho-
physiological mechanism.

Despite this reservation, we look forward to learning 
what else future pharmacological studies may reveal con-
cerning the pathophysiological relationships of epilepsy
and bipolar disorders.
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Personality Disorders

The nineteenth-century history of epilepsy studies and 
their use of the concept of degeneration to explain epi-
leptic personality is probably one of the main reasons for 
the ardent opposition to any attempt to demonstrate a 
personality disorder characteristic of epilepsy.

The DSM-IV defines a personality disorder as an 
enduring pattern of inner experience and behavior that 
deviates markedly from the expectations of the individ-
ual’s culture. It is certainly possible to identify deviant 
patterns of inner experience and behavior in patients with 
epilepsy, but no consistent relationship has been found 
between a specific pattern and a given type of epilepsy. 
The most systematic attempt to correlate specific per-
sonality features (the “Geschwind syndrome”) with a 
given epilepsy type (temporal lobe epilepsy) was made 
by Geschwind himself (8).

According to Waxman and Geschwind, the per-
sonality profile associated with temporal lobe epilepsy 
is characterized by alterations in behavior, cognition, 
and affect that are secondary to an overinvestment of 
affect in ongoing external stimuli, and are expressed by 
traits such as religiosity, nascent philosophical interest, 
an increased sense of personal destiny, circumstantiality, 
viscosity, hypergraphia, and so forth. The overinvestment 
of affect would have a neurobiological basis in a pro-
cess of sensory–limbic hyperconnection due to epilepsy-
related plasticity.

However, no consistent relationship between 
Geschwind syndrome and temporal lobe epilepsy has 
ever been demonstrated. It is true that some of the eigh-
teen traits that have been described can be identified in 
some patients with temporal lobe epilepsy, but their fre-
quency is not significantly higher than that observed in 
the general population. My own personal experience is 
that “an augmented sense of personal destiny, viscosity, 
and hypergraphia” are found more often in my colleagues 
than in my patients.

Epilepsies and Psychoses

A wide-ranging and balanced review of psychoses and 
epilepsy by Trimble and Schmitz has been published in a 
comprehensive textbook titled Epilepsy (9) and on which 
this account is largely based. The book describes epide-
miological studies whose estimates of the frequency of 
psychoses in epilepsy vary widely depending on whether 
they were population-based surveys or based on clinical 
case series (9). In the first, the prevalence of psychoses 
does not differ significantly from that found in the gen-
eral population, whereas it is significantly higher among 
patients attending specialist centers, probably because 
of risk factors related to complicated epilepsy or chronic 
illness (9).

The psychotic symptoms occurring during noncon-
vulsive status epilepticus are diagnostically important, 
because it is not exceptional to see patients in whom the 
epileptic nature of periodic behavioral alterations unas-
sociated with convulsions has never been recognized.

About 25% of the psychoses observed in epilepsy 
are postictal (9), frequently occurring 1–6 days after 
repeated seizures or status epilepticus. In most patients, 
they consist of abnormal mood and paranoid delusions, 
possibly associated with a typically fluctuating course of 
confusion. The psychotic symptoms usually remit within 
days or weeks but may sometimes evolve into chronic 
psychosis; dopamine is involved in their pathogenesis.

Chronic psychoses that are apparently unrelated 
to ictal events account for 10–30% of the psychoses 
observed in epilepsy, and their phenomenology is not 
different from the psychoses occurring in the absence of 
epilepsy. The existence of epilepsy-related risk factors and 
pathogenetic mechanisms, and the identification of spe-
cific correlations between epilepsy type(s) and the clinical 
pictures of the psychoses, are debated matters that have 
important implications for biological psychiatry and go 
beyond the scope of my own expertise. Interested read-
ers should refer to the textbook chapters by Trimble and 
Schmitz (9) and by Engel and Taylor (10).

One particular phenomenon is represented by the 
psychoses that appear when EEG discharges or seizures 
are completely suppressed by antiepileptic therapy 
(forced normalization), or when a patient with previously 
uncontrolled epilepsy undergoes surgical resection of the 
epileptogenic area.

Forced Normalization and Alternative Psychosis

According to Landolt’s original description (9), forced 
normalization is characterized by the fact that the recur-
rence of psychotic states is accompanied by normal EEG 
findings in comparison with previous and subsequent 
EEG examinations. Its clinical counterpart of patients 
who become psychotic when their seizures are controlled 
and experience the resolution of their psychosis with the 
return of seizures has been called alternative psychosis 
by Tellenbach (9). The symptoms of alternative psycho-
ses include hallucinations, delusions, depression, mania, 
and anxiety.

Postsurgical psychosis following surgery was 
reported in the Maudsley series (11) and has been observed 
in anecdotal cases after temporal lobectomy; patients 
with right-sided lobectomy may be more prone to these 
psychiatric disturbances (see Trimble and Schmitz [9]). 
Although no clear relationship between surgical success 
and psychosis has been demonstrated, this phenomenon 
suggests a mechanism similar to forced normalization.

The biological mechanisms underlying the apparent 
antagonism between seizures (or EEG discharges) and 
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psychotic symptoms are not clear; it is likewise unknown 
why well-documented alternative psychoses occur rela-
tively infrequently even in patients whose EEG discharges 
have completely disappeared, or what risk factors are 
associated with occurrence. Furthermore, the findings 
of similar psychopathological manifestations associated 
with active epileptic discharges in some cases and the sup-
pression of discharges in others are difficult to reconcile 
and deserve further controlled studies.

PSYCHOGENIC SEIZURES

One particular aspect of the problem is represented by 
psychogenically based pseudoepileptic seizures (or pseu-
doseizures), which can be difficult to identify, especially 
in patients who are also affected by genuine epileptic sei-
zures. These psychogenic seizures, which are attributable 
to the Freudian mechanism of the somatic conversion of 
unconscious conflicts, repropose the much-debated ques-
tion of the relationship between hysteria and epilepsy, 
which, once stripped of the academic redundancies of the 
nineteenth century, can be outlined quite simply. Psycho-
genic seizures should be considered as a sort of theatrical 
representation of epileptic seizures in which the direc-
tor (the unconscious) acts for purposes of protection and 
defense. Most of the patients whom Charcot and Richet 
(see Avanzini and Assael [4]) would have considered hys-
teroepileptic are actually patients with epilepsy who also 
present somatic conversion seizures, which the unconscious 
stages using the phenomenology characteristic of genuine 
epileptic seizures as its inspiration. My italics are intended 
to reflect the metaphorical nature of the terminology, and 
emphasize that the mechanism of conversion is completely 
beyond the control of conscious will. Although similar in 
their external manifestations (and sometimes coexisting in 

the same subject), epileptic and psychogenic seizures are 
clearly due to completely different mechanisms, and so 
terms suggesting equivocal unitary interpretations, such 
as “hysteroepilepsy,” have no sense.

CONCLUSIONS

Cognitive alterations, behavioral disturbances, and psy-
chopathological symptoms can all be associated with 
different types of epilepsy. Several potentially relevant 
factors must be taken into account when discussing their 
origin: the reactive psychological distress caused by the 
dramatic experience of seizures and the negative attitude 
of the environment, underlying brain diseases (if any), 
and seizure- or discharge-dependent brain dysfunctions, 
all of which may play specific roles individually or in 
combination. Interest in the relationship between the 
neurologic and psychiatric dimensions has undergone a 
rebirth, founded on sound scientific bases that open up 
new perspectives for interpreting the psychiatric disorders 
associated with epilepsy.

Nothing survives of the doctrine that made epilepsy 
patients “prototypes of the degenerative Proteus” other 
than the memory of a dark period in the cultural history 
of science, which should however not be forgotten in 
order to ensure that the resulting aberrations are never 
repeated. This, indeed, is the role of history. There are 
many excellent works on the history of epilepsy that read-
ers can profitably consult, starting with Temkin’s classic 
book The Falling Sickness (12); what is still missing is a 
history of persons with epilepsy: a history of the people 
affected by a disease who have asked (and still ask) sci-
ence and their fellows to understand their pain and give 
them the means to overcome it, and a history of the replies 
that science and their fellows have given them.
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Clonidine, efficacy in amygdala-kindled seizures, 21
Clonus, in patients with developmental disabilities, 

142–143
Clozapine, in psychosis treatment, 242
Cluster analysis, in cognitive morbidity studies, 148–152
Cognition

adult tumoral epilepsy, and, 486–487
children with epilepsy, in, 372, 373, 392, 483–484
domains, 43. See also specific domains
versus emotional intelligence, 185

Cognitive effects
antiepileptic drugs, of, 281–285
brain tumors, of, 483–484
elderly patients, in, 285, 286
epilepsy type and, 161
frontal lobe epilepsy, of, 176–178, 263–264
GABAA receptors, of, 45–47
postictal, 106–107, 114
quality of life improvement, 286–287
seizure susceptibility and, 4–5
sleep disruption, of, 493
status epilepticus, in rats, 30–31

Cognitive Estimation Tests, 263
Coma, nonconvulsive status epilepticus in, 118, 123, 124
Commission of the International League Against 

Epilepsy, seizure classification, 81, 82
Complex Figure Test, 159
Complex partial status epilepticus, 118, 120–121

prognosis, 123
treatment, 124

Computer simulations
behavioral implications, 75–76
difficulties in, 70–71
hippocampal epileptiform activity, 72, 73, 74
PARSET simulation environment, 71

Computer software, quantitative EEG applications, 
269

Computers, reflex seizure stressor, 126
Conditioned effects, 12–13
Conditioning mechanisms

early human applications, 245
electroencephalographic technology studies, 246
theory, 246–247

Consciousness
assessment, 100, 104

definition, 99–100
generalized seizures, during, 100–101, 103

Contingent negative variation (readiness potential), 
273–274

Contingent tolerance, in amygdala-kindled seizures, 
22–27

Continuous Performance Tests, 263
Controlled Oral Word Association Test, 159
Cordance, 268–269
Corpus callosotomy, 316
Cortex, role in fear conditioning, 61
Cortical malformations

focal cortical dysplasia, 436–437
migration disorders, 433–435
organization disorders, 435–436
proliferation disorders, 431–433

Cortical silent period during TMS, 274
Corticotropin-releasing hormone, 201

carbamazepine contingent tolerance, 24
seizure induction in rats, 31

CRH binding protein, carbamazepine contingent 
tolerance, 24

Daydreaming, in patients with developmental 
disabilities, 141–142

Declarative memory, 147
temporal lobe epilepsy, and, 148–149

Default mode of brain function hypothesis, 101
Déjà vu experiences, 258
Dentate gyrus, 69, 70

mossy fiber sprouting, 53–54
Depressive disorders

adult tumoral epilepsy, and, 486–487
anxiety disorders, and, 204, 205
children, in, 351, 393
hippocampal atrophy, and, 196–198, 201–202
neuroanatomical changes, 196–198
pharmacologic tolerance, 24
postictal symptoms, 110, 111–114
quantitative EEG studies of, 268
suicidal risk, and, 204
surgical outcomes, 321

Descending I-wave facilitation, 274
Developmental disabilities, in institutionalized patients, 

139–143
Developmental disorders, 449. See also specific 

disorders
Developmental test batteries, in mice, 4
Diagnostic and Statistical Manual of Mental Disorders 

IV, 219
Diathesis-stress hypothesis, 16
Diazepam

carbamazepine contingent tolerance, 24
pediatric dosages, 380

Diazepam, amygdala-kindled seizure, efficacy in, 21f
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Dichotic listening paradigms, 172–173
Digit Span test, 263
Disruptive behavior disorder, 350–353
Dogs

fly-biting behavior, 231f
prodromal sign, 7

Dopamine
loudness dependency as measure, 272
mood disorder pathogenicity, in, 203

Dopamine receptors, in amygdala activity facilitation, 
64

Dostoyevsky, Fyodor, 101, 102f
Down syndrome, 445

epilepsy prevalence, 358
Dravet syndrome, 344
Drive genes of epilepsy, 216
Driving restrictions, in seizure patients, 428
Dysembryoplastic neuroepithelial tumors, 482, 483
Dysphoric disorders in epilepsy. See Interictal

dysphoric disorder
Dysthymia, 211

Early-onset benign childhood occipital epilepsy, 347
Eating behaviors, in children, 5
Elderly. See Older patients
Electrical kindling, effect on spatial memory, 38–39
Electrical status epilepticus of sleep. See Epilepsy with 

continuous spike-and-waves during slow-wave 
sleep

Electroconvulsive seizures, efficacy in amygdala-
kindled seizures, 21

Electroencephalography (EEG). See also Quantitative
electroencephalography (QEEG)

conditioning mechanisms, study of, 246
intracranial, 302
nonconvulsive status epilepticus, diagnosis of, 122
presurgical evaluation, in, 298–299, 302

Electroshock therapy, role in postictal psychosis, 111
Elevated plus maze, 37
EL mice, maternal behavior in, 15
Emotional experience, 184
Emotional intelligence, versus cognitive ability, 185
Emotionality

amygdala damage, impairments from, 182–184
behavioral phenotyping/characterization algorithm, 8
in rodents, 6–7

Emotional memory, effects of temporal lobe epilepsy, 185
Emotional-motivational blunting disorder. See Frontal

lobe syndrome
Emotional Quotient Inventory, 185
Environment

definition, 11
seizure onset, role in, 11–15

Epilepsy. See also specific types
ADHD, and, 456–458

autism in, 450–452
behavioral disorders, in adult rats, 37–38
behavior medicine model, 247–249
definition, 36
history, 501–502
ictal consciousness in, 102, 103
neuropsychologic effects, 95–97
psychogenic nonepileptic seizures, versus, 413–414, 

415
sleep interactions and, 489–490
spatial learning and memory, effect on, 36–37
theory of degeneration, 501–502

Epilepsy process, 500
Epilepsy surgery. See also Lobectomy; Resective 

epilepsy surgery
anxiety disorders, outcome, 320–322
autistic patients, in, 452–453
behavioral disturbances in children, 482–483
challenges of, 327–328
children, in, 307–310, 482–484
cognitive dysfunction from, 285
de novo psychosis, 322–323, 324
depressive disorders, outcome in, 321–322
extra-temporal resections, 316
H.M. patient case study, 312
manic disorders, outcome, 322
neuropsychologic assessment, history of, 311–312
personality effects, 332–333
postoperative mood disturbance markers, 330–333
presurgical evaluation. See Presurgical evaluation
psychiatric outcomes, 319–320
psychosocial adjustment, 328–330
silent cortex, myth of, 336–337
tumor resection, 487

Epilepsy with continuous spike-and-waves during 
slow-wave sleep, 347

children, in, 121
clinical manifestation, 378–380
migration versus, 471, 472
prognosis, 381
treatment, 124, 380

Epileptic encephalopathy, 377. See also specific 
syndromes

Epileptogenesis, in mesial temporal lobe epilepsy, 53
Episode sensitization, in amygdala-kindled seizures, 20
Ethology, 82. See also Neuroethology
Ethosuximide

cognitive versus anticonvulsant effects, 44, 47
psychotropic effects, 292

Eticlopride, conditioned fear induction, 65
Executive function

impairment of, 160–161
tests, 160

Experiential phenomena, in temporal lobe epilepsy, 
100, 101–102
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Extratemporal epilepsy, 320, 321
Eye blink conditioning, 152
Eye movement abnormalities, 141

Face wiping, 84
Facial expressions, seizure-related, 229–230, 231
Facial Recognition Test, 159
Fastenau model of academic achievement, 398–399
Fatigue, postictal, 112
Fear conditioning

amygdala, role of, 60–62
dopamine, role of, 65
serotonin, role of, 64

Fear, epilepsy-related, 220
Felbamate

children, effect on, 387
cognitive effects, 282
psychotropic effects, 292

Figural Fluency Test, 263
Finger Tapping Test, 160
5-Hydroxytryptamine (5-HT)

amygdala inhibition, 62, 63–64
mood disorder pathogenicity, 199–200, 202–203

Flies, audiogenic seizure induction in, 13
Flurothl, repeated exposures, 38
Fly-biting behavior, in dogs, 231f
Focal cortical dysplasia, 436–437
Focal epilepsy

consciousness in, 100, 101–102, 103
linguistic consequences, 166–168

Focal ischemia-induced seizures, in rats, 31
Focused attention, 157
Folate deficiency, in antiepileptic drug therapy, 292
Food intake measures, 6
Forced normalization, 212–213, 240–241, 504
4p- syndrome. See Wolf-Hirschhorn (4p-) syndrome
Fragile-X syndrome (FraXS), 358, 445–447
Frontal lobe

functional anatomy, 261–262
mood disorder patients, of, 198, 199, 200–201
neuropsychologic assessment, 262–263

Frontal lobe epilepsy
autosomal dominant nocturnal frontal lobe epilepsy, 

178
behavioral disorders in, 264–265
cognitive effects, 176–178, 263–264
memory impairment, 158
methodological considerations, 178–179
psychiatric comorbidities in, 265
social cognition in, 264
temporal lobe epilepsy, versus, 177
20 Questions task, 176

Frontal lobe syndrome, surgical outcome, 323–324
Frontal lobotomy, 336
Frontal midline theta rhythm, 269–274

Full-scale intelligence quotient (IQ)
epilepsy, effects of, 156–157, 161, 308
seizure effect, 94, 95

Functional imaging studies. See also individual 
techniques

complex partial seizures, of, 102
taste perception studies, in, 171
visual perception studies, in, 172

Functional magnetic resonance imaging (fMRI)
atypical language representation mapping, in, 166, 

167
presurgical evaluation, in, 302, 303–304
visual perception studies, in, 172

Gabapentin
children, effect on, 385
cognitive effects, 282–283
cognitive versus anticonvulsant effects, 44, 45, 46, 

47
psychotropic effects, 292
sleep, effect on, 492–493

GABA receptors, antiepileptic drug effect, 45–47
Gage, Phineas, 261
Gamma-aminobutyric acid

carbamazepine contingent tolerance, 24
mood disorder pathogenicity, in, 203

Ganglioglioma, 482
Gastaut-Geschwind syndrome, 254–258
Gastaut, Henri, 212
Generalized anxiety disorder, 223
Generalized myclonic-astatic epilepsy, in infants, 121
Generalized tonic-clonic seizures

consciousness, loss of, 100–101, 103
neuropathology, 84–87

Generational transmission of seizure, mechanism, 5
Geschwind, Norman, 211–212
Glial cell, mood disorder association, 203
Glucocorticoid exposure, and hippocampal atrophy, 

201
Glutamate, in mood disorder pathogenicity, 203
Glutamate receptors, in amygdala excitability, 62–63
Grand mal epilepsy. See Generalized tonic-clonic 

seizures
Grooved Pegboard Test, 160

Halstead-Reitan Battery (HRB), 173
Handling of animals, stress response to, 13–14
Handling test, 37
Hawthorne effect, 427
HCN channels, amygdala-dependent behavior, 66
Headaches. See also Migraines

chronic versus migraine, 464, 466
postictal, 108–109
sleep and, 466–467
treatment, 468
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Head drops, 141
Head pains, 142
Hearing. See Auditory perception
Heme oxygenase, postictal cerebral vascular response, 

106
Hemicrania epileptica, 479
Hemimegalencephaly, 432–433
Hemispherectomy, and linguistic consequences, 165–

166
Himmelhoch, study of dysphoric disorder, 211
Hippocampal atrophy, 196–198, 201–202
Hippocampal kindling, effect on spatial memory, 

38–39
Hippocampal sclerosis, and drug-induced depressive 

symptoms, 291–292
Hippocampal stimulation, in rats, 30
Hippocampus

anatomy, 69–70
connection topology, 72
lamellar hypothesis, 56–57
long-term potentiation of neurotransmission, 61–62
mesial temporal lobe epilepsy, in, 52–57
mood disorder, changes in, 196–199
multiple subpial transaction, 316
neuronal loss, 76
seizure foci, 71–75
surgical effects, 338–339
Timm histochemistry of, 53, 54

H.M. patient case study
epilepsy surgery, 312
odor detection threshold, 170

Home cage intruder test, 37
Hood Mysticism Scale of religiosity, 255, 256
Housing, effect on seizure activity, 11–12
Hyperactivity, symptoms, 460
Hypergraphia, 254–255, 258. See also Gastaut-

Geschwind syndrome
Hyperreligiosity, 255–257. See also Gastaut-

Geschwind syndrome
Hypomanic symptoms, postictal, 112, 113
Hyposexuality, in temporal lobe epilepsy, 212
Hypothalamic harmatoma, transcallosal surgical 

resection of, 316
Hypoxia-induced seizures, in rats, 31

Ictal anxiety, 221–222
panic disorder, versus, 222–223

Ictal consciousness, in focal epileptic seizures, 100, 
101–102, 103

Ictal psychoses, treatment of, 241
Identity reconceptualization, postoperative, 328
Imaging techniques. See individual technique
Imipramine, risk of seizure, 225
Impulsivity, symptoms, 460
Inattention, symptoms, 460

Infantile spasms, 308
Infants, nonconvulsive status epilepticus, 118, 121
Insomnia, 492
INSPIRIT scale of religiosity, 255, 258
Institutionalized patients

epileptic events, 139–141
nonepileptic events, 141–143

Intelligence, effect of epilepsy, 156–157, 161
Intelligence Quotient level. See Full-scale intelligence 

quotient (IQ)
Interictal dysphoric disorder, 191, 203–204

diagnostic validity, 215–216
modern confirmation, 210–212
pathogenesis, 212–213
treatment of, 213–215, 242

Interictal psychosis, 191, 236, 237–238
Interictal state

perceptual dysfunction, pathophysiolgy, 173
postictal psychiatric symptoms and, 114–115

International Classification of Headache Disorders,
463, 466

International Classification of Mental and Behavioral 
Disorders, 219

International League Against Epilepsy, classification 
system, 189–190, 219

Intracarotid amobarbital testing procedure (Wada 
test), 159, 166, 167, 303–304

Intractable partial epilepsy, 473–478
Intraoperative electrocorticography (ECoG), 303
Inverted duplication of chromosome 15 syndrome, 

443–444
Irritability. See Interictal dysphoric disorder

Jackson, John Hughlings, 502
Judgment of Line Orientation, 159
Juvenile myoclonic epilepsy (Janz syndrome), 258, 

266, 347–348

Kainic acid
cognitive changes in rats, 30, 32
mesial temporal lobe epilepsy models, in, 52, 55

Kindling, 12
amygdala-kindled seizures, 19, 63, 65
definition, 38
mesial temporal lobe epilepsy models, in, 52
spatial memory, effect on, 38–39

Klinefelter syndrome, 447
Klüver-Bucy syndrome, 212
Kraepelin, early studies of, 210

Lamellar hypothesis of hippocampal reorganization, 
56–57

Lamotrigine
amygdala-kindled seizures, efficacy in, 21, 22, 26
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antidepressant properties, 293
children, effect on, 385–386
cognitive effects, 282, 283
cognitive versus anticonvulsant effects, 44, 45, 46, 

47
psychotropic effects, 292
sleep, effect on, 492–493

Landau-Kleffner syndrome, 118, 121, 346–347
clinical manifestation, 378–380
language difficulties, 159
prognosis, 381
treatment, 380

Language disturbances, 159, 161
atypical lateralizations, 166
children, in, 374. See also Landau-Kleffner

syndrome
Landau-Kleffner syndrome. See Landau-Kleffner

syndrome
postictal aphasia, 107–108
surgical outcomes, 339
tests, 159

Language-induced epilepsy, 136
Laterality, 257
Learning capacity

antiepileptic drug effect, 44, 46, 47
behavioral phenotyping/characterization algorithm, 

8
nonconvulsive status epilepticus presentation and, 

118, 121–122
rodent tests for, 5, 36–37
status epilepticus, effect of, 36–37

Learning disorders
children, in, 375
quantitative EEG studies of, 268

Lennox-Gastaut syndrome, 344–345
epilepsy prevalence, 358
nonconvulsive status epilepticus and, 118, 120

Levetiracetam
amygdala-kindled seizures, cross-tolerance patterns, 

26
children, effect on, 386
cognitive effects, 283–284
cognitive versus anticonvulsant effects, 44, 45, 46, 

47
efficacy of, 21, 22
psychotropic effects, 292
sleep, effect on, 492–493

Limbic status epilepticus. See Epilepsy
Limbic system, role in postoperative mood 

disturbance, 330–332
Linguistic function, and hemispheric epilepsy of 

childhood, 165–166
Lissencephaly associated with ARX gene mutations, 

435. See also Classical lissencephaly

Lithium carbonate, efficacy of, 21, 22
Lobectomy. See also Epilepsy surgery

anterior temporal, 52, 335, 338
temporal, 241

Locomotor measures, in rodent models, 4
Loudness dependency, of auditory evoked potential, 

271
Low-resolution electromagnetic tomography 

(LORETA), 269
loudness dependency measurement, 271–272

Madness, historic considerations, 501
Magnetic resonance imaging, in presurgical evaluation, 

299–300
Magnetoencephalography (MEG)

atypical language representation mapping, in, 167
presurgical evaluation, in, 301–302
visual perception studies, in, 172

Malnutrition, cognitive effects, 31
Material specific model of memory function, 312
Matson Evaluation of Social Skills with Youngsters, 

391
Manic disorders

pharmacologic tolerance to, 24
surgical outcome, 322–323

Maternal transmission of seizure
humans, in, 15, 16
rodents, in, 5, 15–16

Medical intractability, 297
Meditation, frontal midline theta activity, 270
Memory capacity

behavioral phenotyping/characterization algorithm, 
8

children, in, 374
human models, 147–148
impairment, 157–158, 161
postictal disturbances, 108
postsurgical deficit, 285
procedural memory impairment, 152
rodent tests, 5
status epilepticus, effect of, 36–37
temporal lobe epilepsy, impairment from, 148–152

Memory function, material specific model, 312
Mental flexibility, impairment of, 160
Mental retardation. See also Autistic spectrum 

disorders
epilepsy prevalence, 358
nonconvulsive status epilepticus presentation and, 

118, 120, 122
Mesial temporal lobe epilepsy, 51–52, 166

experimental models, 52–53
personality changes, 212

Metabotropic glutamate receptors, kindling-induced 
epilepsy, 63
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Methylphenidate
ADHD treatment, in, 458
cognitive effects, 286–287

Metoclopramide, in conditioned fear induction, 65
Microcephaly, 431–432
Migraines

adults, in. See Adult migraine
aura, 471, 472, 478
children, in. See Childhood migraine
developmental disabilities, in patients with, 142
epilepsy, versus, 471, 472
hemiplegic migraine, 464
pathophysiology, 472
postictal, 108–109
sleep and, 466–467

Migralepsy, 478
Mirtazepine, risk of seizure, 225
Mismatch negativity, 273
Mitochondrial encephalomyopathy, 478
Money Road-Map Test, 159
Mood disorders

antiepileptic drugs, side effects of, 290–293
epilepsy, comorbidity with, 195–196
neuroanatomy, 196
neurotransmitter abnormalities in, 202–203
postictal psychotic episodes, indicator of, 111, 112, 

113
postsurgical adjustment, 330–333
treatment of epileptic patients, 204–205
vagus nerve stimulation, effects of, 293–294

Morel, Bénédict-Augustin, 502
Morris water maze test, 36
Mossy fiber sprouting, in mesial temporal lobe 

epilepsy, 53–54
Motor activity, in reflex seizure induction, 132, 133
Motor performance, 29–30
Multiple disabilities

assessment, 360–361, 362
causation of morbidity, 357–360
epilepsy prevalence, 358
pathology, 355–357
treatment, 361–363

Naloxone, effect on postictal epileptiform discharges, 
106

Neonatal nonconvulsive status epilepticus, 121
Network inhibition hypothesis, 102
Neural network modeling, difficulties, 70–71
Neuroethology, 82–83

human models, 87, 90–91
temporal lobe seizures, 87–91

Neurologic disorders, role of dopamine, 64–65
Neuronal cells, role of hyperpolarizing pumps, 106
NEURON simulation environment, 71, 76

Neuropathologic methods, audiogenic seizures in rats, 
84–87

Neuropeptide Y, carbamazepine contingent tolerance, 24
Neuropsychologic effects

children, in, 373–375
lesions, of, 93
seizures, of, 94, 95–97
Standard and New Antiepileptic Drugs trial, 95–97

Neuropsychologic methods
behavioral disorder characterization, 499–500
neuroimaging modalities, versus, 267
presurgical evaluation, in, 303

Neurovegetative symptoms, postictal, 112
Neutrotropin-3, carbamazepine contingent tolerance, 24
N-methyl-D-aspartate-induced seizures, in rats, 31
N-methyl-D-aspartate receptor antagonists, effect of 

conditioned fear, 62
Nociferous cortex, 336
Nonconvulsive status epilepticus

age, presentation by, 118, 121–122
clinical behavioral correlates, 119–121
diagnosis of, 117–119, 122
prognosis, 122–124

N100 auditory evoked potential, 270–273
Norepinephrine, in mood disorder pathogenicity, 202, 

203
Nose wiping, postictal, 109

Obsessive-compulsive disorder, 223–224
surgical outcomes, 321
quantitative EEG studies of, 268

Obstructive sleep apnea, 491–492
Olanzapine

psychosis treatment, in, 242
risk of seizure, 225

Older patients
cognitive dysfunction, 285, 286
developmental disabilities, with, 142
nonconvulsive status epilepticus in, 122
postoperative effects, 285

Olfactory perception methodology, 169–170
1p36 deletion syndrome, 439–440
Opiates, 106
Opioids, endogenous, 109–110
Organic psychosyndromes, surgical outcomes, 323–324
Oxcarbazepine

children, effect on, 385
cognitive effects, 284
psychotropic effects, 292

Paced Auditory Serial Addition Test, 263
Paired-pulse TMS, 274
Panic disorder, versus ictal anxiety, 222–223
Paraldehyde, cognitive changes in rats, 30–31
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Parictal psychosis, 236, 237
PARSET simulation environment, 71
Patient profile, in presurgical evaluation, 298
Peer relationship problems, of children, 390
Pentylenetetrazole-induced seizures, 39. See also PT2
Perceived Competence Scale for Children, 391
Periodic limb movement of sleep, 492
Perirhinal cortext kindling

anxiety, effect on, 39
spatial memory, effect on, 38

Periventricular nodular heterotopia, 433–434
Personality disorders, 192, 504. See also Gastaut-

Geschwind syndrome; Juvenile myoclonic 
epilepsy

postoperative risk, 332–333
Pervasive developmental disorders. See Autistic

spectrum disorders
Petit mal epilepsy. See Absence status epilepticus
P50 auditory evoked potential, 270–271
Pharmacoresponsivity. See also Antiepileptic drug 

therapy
amygdala-kindled seizures, of, 20–22
affective disorders and, 20–22

Pharmacotherapy. See Antiepileptic drug therapy; 
Pharmacoresponsivity

Phenobarbital
children, effect on, 384–385
cognitive versus anticonvulsant effects, 44, 45, 46, 47

Phenylthiocarbamide, taste sensitivity to, 170–171
Phenytoin

amygdala-kindled seizure, efficacy in, 21
children, effect on, 385
cognitive effects, 282
cognitive versus anticonvulsant effects, 44, 45, 46, 

47
psychotropic effects, 292

Phobic fears, 192
Photosensitive epilepsy, effect on visual perception, 

171, 172
Physiologic effects, of status epilepticus, 37–38
Pilocarpine

cognitive changes in rats, 30–31, 32
mesial temporal lobe epilepsy models, in, 52, 55
temporal lobe seizure neuropathology, 87

Polymicrogyria, 435–436
Porteus Maze Test, 263
Positron emission tomography (PET)

atypical language representation mapping, in, 167
presurgical evaluation, in, 301, 302

Postictal anxiety, 222
Postictal dysphoric disorder, 191
Postictal psychosis, 191, 236–237, 504

treatment, 242
Postictal state

aphasia, 107–108

electrographic changes, 106–107
interictal psychiatric symptoms and, 114–115
neurologic phenomena, 106–109
nose wiping, 109
psychiatric symptoms, 109–115

Posttraumatic seizures, pharmacologic efficacy 
research, 26–27

Prader-Willi syndrome, 359
Prednisone, pediatric dosages, 380
Pregabalin

children, effect on, 385
cognitive effects, 285
psychotropic effects, 292, 293

Preictal anxiety, 221
Presurgical evaluation

candidate selection, 297–298
methods, 298–304

Procedural memory, and cerebellar atrophy, 152
Prodromal dysphoric disorder, 191
Prodromes, 7
Prognosis

brain tumors, 484
childhood migraine, 465
epilepsy with continuous spike-and-waves during 

slow-wave sleep, 381
Landau-Kleffner syndrome, 381
nonconvulsive status epilepticus, 122–124
status epilepticus, 123

Provocation techniques, in psychogenic nonepileptic 
seizure diagnosis, 417 

Psychiatric disorders
dopamine, role of, 64–65
frontal midline theta activity, 270
ictal associations, 191–192

Psychiatric episodes
interictal symptoms, 112
postictal symptoms, 110, 111–114

Psychoanalysis, of self-induced reflex epilepsies, 127–128
Psychogenic nonepileptic seizures, 414

diagnosis, 414–417
treatment, 417–418, 421–423
treatment trial design, 423–429

Psychogenic seizures, 505
developmental disabilities, in patients with, 143

Psychomotor skills
impairment, 160, 161
tests, 160

Psychomotor status-induced impairment of 
consciousness, 102

Psychopharmacology
behavioral problem treatment, 287
childhood problem treatment, 353–354

Psychoses, 191, 504
children, in, 352
diagnosis, 241



INDEX 517

epidemiology, 235–236
postictal symptoms of episodes, 110–111, 112–113
risk factors, 238–240
schizophrenia-like, 324
surgical outcomes, 241, 322–323
treatment, 241–242
types, 235, 236–238

Psychosocial intervention, studies on children, 403–
405, 407

Psychostimulants, in ADHD treatment, 458
Psychotherapeutic strategies, in anxiety treatment of 

epileptic patients, 225
Psychotic episodes, postictal symptoms of, 110–111, 

112–113
P300 auditory evoked potential, 272–273
PTZ, cognitive changes in rats, 31
Purdue Test, 160
Pyramidal neurons, 60

Quale, 100–101
Quality-of-life measures, 250–251
Quantitative electroencephalography (QEEG), 267–

268. See also Electroencephalography (EEG)
cordance, 268–269
frontal midline theta rhythm, 269–274

Quetiapine, risk of seizure, 225
Quinpirole, in conditioned fear induction, 65

Raclopride, in conditioned fear induction, 65
Radial arm maze, 36–37
Readiness potential. See Contingent negative variation
Reading epilepsy, 136
Reflex epilepsies

behavioral activities, influence of, 131–133
children, in, 127, 128
hypothesis of seizure induction, 134–136
provocative stimuli, 125–126
self-induction, 127–129
treatment of, 128–129

Reflex inhibition of seizures, 126
Refractory epilepsy, 212
Religiosity. See Hyperreligiosity; Gastaut-Geschwind 

syndrome
Resective epilepsy surgery, 263–264. See also Epilepsy

surgery
Restless leg syndrome, 492
Rett syndrome

eating behavior, 5
topiramate efficacy, 6

Ring chromosome 14 syndrome, 442
Ring chromosome 20 syndrome, 444–445
Risperidone

ADHD treatment, in, 459
psychosis treatment, in, 242
risk of seizure, 225

Rodent seizure models, 35–36. See also EL mice; 
Wistar rats

audiogenic seizures, 13, 84–87
behavioral assays, 4–9
environmental effect on onset, 11–15
handling, sensitivity to, 11–12, 13–15
home cage intruder test, 37
maternal behavior, 15–16
status epilepticus, 30–31
tail suspension stressor, 13–14

Rolandic epilepsy. See Benign childhood epilepsy with 
centrotemporal spikes (Rolandic epilepsy)

Rufinamide, cognitive effects, 285
Rumination, 141
Rush Postictal Psychiatric Questionnaire, 111–114

Schizophrenia
auditory evoked potential diagnoses, 270–271, 

272–273
lateralization of temporal lobe, and, 239
psychosis, diagnosis as, 238
quantitative EEG studies of, 268
transcranial magnetic stimulation effects, 274

Schizophrenia-like psychosis, 324
Schneiderian first-rank symptoms, 239
SCH 23390, 65
Scopolamine, antiepileptic drug effect, 44, 46, 47
Secondary generalized tonic-clonic seizures, 111. See

also Generalized tonic-clonic seizures
Seizure, function of, 248–249
Seizure Questionnaire, 210, 211
Seizure remission, effect of developmental disorders, 

452
Seizure severity indexes, 83
Selective serotonin reuptake inhibitors, 225. See also

Serotonin receptors
Semiology, 81

presurgical evaluation, 298, 299
quantitative studies, 83–84

Sensory deficits, postictal, 108
Serotonergic function, loudness dependency as 

measure, 272
Serotonin receptors, amygdala neuron excitability, 

63–64. See also Selective serotonin reuptake 
inhibitors

Severe myoclonic epilepsy in infancy. See Dravet
syndrome

Sexual behavior
behavioral phenotyping/characterization algorithm, 

8
rodents, in, 5
temporal lobe epilepsy, in, 212

Sexual disorders, 257–258
Simple partial status epilepticus, 118, 120

prognosis, 123
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Single-photon emission computed tomography 
(SPECT), in presurgical evaluation, 300–301

6q terminal deletion syndrome, 441
Sleep

epileptic interactions, 489–490
patient care, 494
essential sleep, 494

Sleep disorders
apnea, 142
autosomal dominant nocturnal frontal lobe epilepsy, 

178
epilepsy patients, in, 490–492
headaches and, 466–467
obstructive sleep apnea, 491–492
periodic limb movement, 492
treatment, 468

Sleep hygiene, 490
Slow event-released potentials, 273–274

children and, 121
Social cognition

definition, 181
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