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ABSTRACT 

 

Neuropsychiatric disorders commonly co-exist with focal epilepsy. Despite intense 

investigation there remains significant limitations to our current understanding of the 

aetiological relationship between these conditions, as well as the clinical and 

radiological factors that are associated with the development of mental illness in 

epileptic patients.  

  

To address these questions I assembled a large cohort of consecutive focal epilepsy 

patients reviewed at a large tertiary referral centre over an 11-year period, and 

analysed relevant clinical, radiological and demographic findings using both cross-

sectional (baseline evaluation) and longitudinal (serial assessments) study designs. 

For cross-sectional analyses, psychiatric and epilepsy comorbidity were 

comprehensively identified and compared to baseline MRI-determined Deep Brain 

Structure (DSB) volumes. In the prospective study, standardised psychiatric and 

quality of life assessments were obtained in a subset of patients and the development 

of mental illness compared to interval changes in DSB volumes. I focus on depression 

and psychosis, as they represent the two most prevalent psychiatric disorders 

identified, and classify focal epilepsy patients according to the site of seizure origin 

and presence of a lesion. 

 

Contrary to the common medical belief, I found that the rates of neuropsychiatric 

disorders in temporal lobe epilepsy were equivalent to those in extratemporal lobe 

epilepsy. There were no differences between those with and without psychiatric 

disorder by age, gender, and laterality of seizure, epilepsy severity or duration. 

Patients with non-lesional epilepsy, both temporal and extratemporal, have double the 

rate of depression compared to those with lesional focal epilepsy. There were high 

rates of quality of life difficulties in people with epilepsy and comorbid psychiatric 

disorders but the pattern of subjective concerns does not match objective clinician 

ratings. 

  

The hippocampal and amygdalae volumes of epilepsy patients were reduced 

compared to normal controls. People with co-existing epilepsy and depression had a 
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trend towards smaller reductions in temporal lobe structures, which may represent 

differential expressions of progression through inflammation, trauma or emotional 

processing needs with either relative sparing or volumetric increases. People with 

psychosis and epilepsy have bilaterally reduced hippocampi compared to those with 

epilepsy, where reductions are predominantly ipsilateral to seizure focus. There is less 

evidence for amygdala change in psychosis, but a small relative increased volume was 

observed compared to those with epilepsy alone. There was no evidence of 

progression over time at a population level over 3.9 years, although there was greater 

variability in size in all epilepsy subjects compared to normal controls. 

  

These results convincingly argue against assumptions about the primary role of 

temporal lobe foci in the pathogenesis of psychiatric comorbidities in patients with 

epilepsy, whilst allowing for the possibility that disruption to frontotemporal networks 

may be a component in the development of psychiatric disorders. Progression is not 

an inevitable part of the natural history, at least over a 4 year period but it is possible 

that individuals may exhibit marked changes. They highlight the as yet unexplored 

possibility that the absence of a lesion as an epileptic site may be associated with 

greater risks of neuropsychiatric illness and allow for speculation that this may be 

related to inhibitory surround impacts, more extensive underlying diffuse 

abnormalities and disruption to frontotemporal connectivity. 
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DTI- diffusion tensor imaging 

ECT- electroconvulsive therapy 

EEG -electroencephalogram 

ETLE- extra temporal lobe epilepsy 

FA- fractional anisotropy 

FDG-PET- fluorodeoxyglucose positron emission tomography 

FE- focal epilepsy 

FSH- follicular stimulating hormone 

GABA- gamma aminobutyric acid 

GE- generalised epilepsy 

HPA- hypothalamic pituitary axis 

HS- hippocampal sclerosis 

5HT- 5-hydroxytryptamine 

5HT1A- 5-hydroxytryptamine receptor subtype 1A 

Hz- Herz 

IA- ipsilateral amygdalae 

ICD-10- international classification of diseases 10th edition 

IDD-interictal dysphoric disorder of epilepsy 

IH- ipsilateral hippocampi 

IIP- interictal psychosis 

IP- ictal psychosis 

IQ- intelligence quotient 

LH- luteinising hormone 
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LTLE- lesional temporal lobe epilepsy 

MDE- major depressive episode 

MNC- Melbourne Neuropsychiatry Centre, The University of Melbourne 

MRI - magnetic resonance imaging 

MRS- magnetic resonance spectroscopy 

MTLE- mesial temporal lobe epilepsy 

MTS- mesial temporal sclerosis 

NA- noradrenaline 

NC- normal controls 

NLETLE- non-lesional extratemporal lobe epilepsy 

NLTLE- non-lesional temporal lobe epilepsy 

OTLE- other lesional temporal lobe epilepsy 

OR- odds ratio 

PIP- postictal psychosis 

PET- positron emission tomography  

POE- psychosis of epilepsy 

PWE- people with epilepsy 

PWED- people with epilepsy and a history of depressive symptoms 

PWENP- people with epilepsy and no psychiatric disorder 

PWEP- people with epilepsy and a history of a psychiatric disorder 

QOL- quality of life 

QOLIE- quality of life in epilepsy tool 

RAS- reticular activating system 

SIADH- syndrome of inappropriate antidiuretic hormone secretion 

SLPE- schizophrenia like psychosis of epilepsy 

SPECT- single photon emission computed tomography 

TLE- temporal lobe epilepsy 

TSH - thyroid stimulating hormone 

VTA- ventral tegmental area 
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CHAPTER 1 INTRODUCTION 

 

“I am about to discuss the disease called “sacred”. It is not, in my opinion, any more 

divine or more sacred that other diseases, but has a natural cause, and its supposed 

divine origin is due to men's inexperience, and to their wonder at its peculiar 

character.”                                                                     Hippocrates c.460-370 BC[1] 

 

Epilepsy is a common chronic neurological disorder caused by recurrent abnormal 

electrical activity in the brain. It is associated with significant morbidity and an 

increased risk of death [2, 3]. The high rates of neuropsychiatric disorders associated 

with epilepsy remain an important scientific, clinical and public health problem [3, 4].  

 

Psychiatric disorders are believed to be more common in epilepsy than the general 

population and more common in focal epilepsy than generalised epilepsy [4]. This 

association has been recognized since the time of Hippocrates, but the nature of the 

relationship has never been fully elucidated. As epilepsy is a reasonably common 

neurological condition, studying it provides a unique opportunity to examine 

associations between neurological disorders and the relationship of neurological 

dysfunction to the association of concomitant psychiatric disorders. If the natures of 

these relationships are clarified, they may provide information on the underpinnings 

of psychiatric disorders and aetiological processes more generally. 

 

To this end, I have undertaken a comprehensive study of neuropsychiatric disorders in 

a consecutive population of focal epilepsy subjects reviewed at The Royal Melbourne 

Hospital over an 11-year period. I have examined clinical data for prevalence rates, 

re-interviewed a subset using more accurate psychiatric diagnostic interviews and 

obtained quality of life as well MRI-determined brain volume measurements. I have 

used these data to examine the relationships between epilepsy and psychiatric 

disorders from a range of different perspectives in order to establish a clearer 

understanding of the possible mechanisms that may be associated with the higher 

prevalence rates. 
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For the purpose of this study, I focus on two major mental illnesses, depression and 

psychosis, as they represent the two most problematic major psychiatric disorders 

identified in this cohort. They were also those disorders that are specifically screened 

for in clinical assessments due to the recognition of their impact on quality of life, and 

their potential for treatment. There is a literature on the high prevalence of anxiety 

disorders in epilepsy that is not fully explored here due to limitations in the 

granularity of the clinical data collected. Some degree of anxiety was very common in 

this clinical population, but it was not routinely formally diagnosed and not described 

in sufficient detail in clinical notes for accurate diagnoses to be identified. As focal 

epilepsy can be further subdivided into a number of subgroups, focusing on the most 

prevalent epilepsy and psychiatric subgroups that are significantly associated with 

poorer quality of life allowed sufficient subgroup sizes for meaningful analysis.  

 

1.1 Focal epilepsy  

 

Focal epilepsy (FE) is the most common form of epilepsy, accounting for 

approximately two thirds of all epilepsy cases. Temporal lobe epilepsy (TLE) is the 

most common form of FE, accounting for approximately two thirds of all FE cohorts 

[5]. There are a variety of ways of defining TLE subgroups. Mesial temporal lobe 

epilepsy and more specifically mesial temporal sclerosis (MTS), also commonly 

termed hippocampal sclerosis (HS), is the most common subtype of TLE, accounting 

for nearly two thirds of TLE subjects in the general population. In this work I will refer 

to this group as having mesial temporal lobe epilepsy (MTLE). The other third of TLE 

patients are either non lesional (with no apparent focus on MRI but evidence on EEG 

or PET scanning for temporal localized events) or a smaller group associated with 

foreign tissue lesions such as benign (gangliogliomas, DNET) and malignant tumors 

and dysplasias [6, 7]. These foreign tissue lesions may be the only detectable 

neuropathology or may be comorbid with MTS. In addition, in many patients there is 

evidence of abnormal brain structure outside the temporal lobe that may be the source 

of seizures [8], including abnormalities in the contralateral temporal lobe, the thalamus 

and diminished whole brain volumes. 

 

MTLE is a problematic entity that is more heterogenous than commonly assumed [9, 

10]. There is a clinically stable syndrome with the core features of focal unaware 
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seizures (complex partial seizures) and less frequent focal seizures evolving to bilateral 

tonic clonic seizures (generalised seizures), a characteristic natural history with 

childhood or adolescent onset and a tendency towards increasing frequency and 

severity of seizures, hippocampal sclerosis (or MTS) on imaging and the tendency to 

increasing treatment resistance over decades [11]. The most common histopathological 

findings in MTS or HS are the loss of neurones in hippocampal regions CA1, CA3 and 

the dentate hilus and synaptic re-organisation [10]. The sclerosis is believed to 

progress over time and so is harder to diagnose in the early stages of the disorder [12]. 

 

TLE is associated with life-long disability, impaired quality of life, a range of 

comorbidities (e.g. physical injury, psychiatric disorders) and premature mortality 

[13]. The impact on quality of life, mental health and prognosis may vary with clinical 

characteristics such as greater numbers of generalised seizures compared with simple 

seizures, periods of poor compliance or inadequate medication, variations in 

medication metabolism and likely a variation in a range of other aetiological, 

neuropathological and neuroendocrine factors. The associated neuropathology is 

complex. 

 

Patients with MTLE have often had an early life insult, such as prolonged febrile 

convulsions, encephalitis or a perinatal insult, followed by a latent period prior to the 

emergence of spontaneous, predominantly complex partial seizures [14]. In time, 

medically refractory seizures emerge in most patients with MTLE, and surgical 

resection is now widely considered to be the treatment of choice for such patients [15]. 

 

While the pathogenesis and natural history of MTLE are still relatively poorly 

understood, it is likely to be a multi-step, neurodevelopmental disorder, with 

vulnerability conferred in early life and emergence of the clinical disorder years later 

[14].The emergence of MTLE is the end result of a long chain of causal factors 

including genetic predisposition, brain injury and abnormalities of neurodevelopment, 

and even encompassing psychosocial factors such as stress and deprivation. Repeated 

seizures result in ongoing neurobiological changes in medial temporal structures, 

involving molecular, cellular and network reorganization [16]. It is recognized to 

frequently follow a ‘stuttering course’ in which periods of partial remission are 

punctuated by periods of progression [10]. 
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The natural history of temporal lobe epilepsy that is not MTLE and that of 

extratemporal lobe epilepsy are far less well documented [17]. MRI negative TLE is a 

recognized cohort for which there is a distinct literature, generally focused on clinical 

decision-making and differential outcomes to neurosurgery. It is commonly reported 

that they have similar less positive outcomes to epilepsy surgery than the MTLE 

cohort but comparable to those with ETLE [18]. There is an emerging literature 

describing more extensive underlying functional abnormalities in MRI negative TLE, 

and a recognition that the underlying pathology may be different [19-21]. There is 

limited study of the natural history in the same way as for MTLE, but in clinical 

settings, especially for fixed non-progressive abnormalities such as benign DNET, 

whether they are in the temporal lobe or extra temporal, there may be less change 

clinically over time. 

 

The knowledge base regarding the impact of focal epilepsy is large but confusing, and 

the relationship between it and psychiatric manifestations, quality of life and the 

possibility for progression of these factors over time have not been fully elucidated. 

 

1.2 Neuropsychiatry of focal epilepsy 

 

Higher rates of psychopathology are reported in people with FE compared to people 

with generalized epilepsy (GE), other neurological control groups, people with chronic 

non-neurological disorders and the general population [22]. Mental illness rates in 

tertiary hospital patients with medically refractory FE, many of whom have TLE, are 

even higher (44% to 88%) [4, 23]. In particular, FE has been frequently associated 

with depression, psychotic and personality disorders. Comorbid psychiatric disorder is 

associated with poorer quality of life and psychosocial outcomes [4, 24].  

 

Whether patients with TLE are at increased risk of developing psychiatric disorders 

compared to other forms of FE remains unresolved [25]. Earlier studies often reported 

an association that became accepted medical dogma but more recent studies have 

failed to find an association [23, 26]. 
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Depression is reported to be the most common interictal psychiatric disorder in 

patients with epilepsy [27], with the lifetime prevalence of mood disorders in patients 

with TLE or refractory FE ranging from 24% to 72% [4]. Many clinical and imaging 

variables have been associated with depressive symptoms, including hippocampal 

sclerosis (HS) [28].  

 

Studies of the prevalence of psychoses in patients with TLE or refractory FE have 

reported prevalence rates ranging from 10% to 19%, double the rate seen in 

generalised epilepsy [4]. As with depression, a range of clinical and imaging variables 

is associated with psychosis, but the area is complicated by a lack of consensus 

regarding the clinical diagnosis and the heterogeneity of the psychoses of epilepsy 

[29]. 

 

Frustratingly this area has been comprehensively studied for many years without a 

significant breakthrough. Hippocrates had similar theories to those discussed today, 

posing the idea that epilepsy and mood disorders may be bidirectionally causative. 

There are case series on psychosis in epilepsy dating back to 1914 [30]. Slater and 

Beard [31], in the first of the original modern day studies, investigated psychiatric 

disorders in people with epilepsy in 1963 in a cohort similar (although significantly 

smaller) to that described herein. They examined 69 patients with POE and EEG 

confirmed epilepsy. They described an onset of psychosis at 29.8 years with a 

preceding duration of epilepsy of 14.1 years and described some atypicality in 

presentation.  

 

MRI studies of psychiatric disorders associated with FE have been used to define 

pathology for many of the series investigating psychiatric disorder in cohorts with 

epilepsy over the last two decades. These studies have drawn numerous, often 

contradictory conclusions. There is a small body of literature examining MRI 

progression in epilepsy; but there is essentially no longitudinal data set of patients 

with epilepsy with both MRI and psychiatric data collected over time. 

 

There are many limitations in the current literature that make this an especially 

difficult area from which to draw conclusions. Relevant studies are limited by small 

patient cohorts, differing methods of volumetric analysis, inconsistent assessment 
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methods and the lack of rigorously defined diagnoses. Many assessments use rating 

scales for psychopathology rather than clinical or structured interviews. Rating scales 

are symptom based and are not validated as diagnostic. Dissension about the specific 

nature of the neuropsychiatric disorders associated with epilepsy has resulted in 

varying and confusing terminology. Furthermore, the epilepsy syndromes and 

aetiologies in many studies have generally been poorly characterised. These 

limitations make comparisons between studies difficult. In addition most such studies 

are cross sectional, and a longitudinal perspective from neuropsychiatric diagnostic 

and structural imaging point of view is essential given the high likelihood of 

progression and stages of illness. 

 

The nature and specificity of epilepsy related psychiatric disorders remains unresolved 

[25]. Methodological differences in part account for the different findings, such as 

small sample sizes, differing methods for diagnostic classification and case 

ascertainment in both neurological and psychiatric specialties. Few studies have 

obtained accurate psychiatric diagnoses based on patient interview [32], with many 

relying on subjective report and rating scales. The general term psychopathology is 

commonly used to describe a range of symptoms including psychological, emotional 

and behavioural disturbances [25], which do not align with psychiatrically meaningful 

categories. Few studies in the MRI era have combined rigorous epilepsy classification, 

VEM and MRI with measures of psychiatric outcome. 

 

The possible causal pathways between TLE and psychopathology have not been 

discussed as fully as they deserve. There has been a tendency to assume, when 

psychiatric disorder occurs in the course of TLE, that the psychiatric disorder is a 

complication of the TLE. To this valid causal possibility there are two other possible 

explanations:  

- that common aetiological factors lead to both TLE and the psychopathology 

- that psychopathology has a causal role with regard to TLE.  

 

Combinations of these are possible, as is the possibility of confounding variables such 

as medications (antiepileptic drugs (AEDs)). Psychopathology may be an adverse 

effect of antiepileptic medications, several of which are known to trigger depression, 

psychosis and other disturbances, whereas other AEDs have a mood-stabilising, 
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protective effect.  Compliance with AEDs may be affected by mental ill health or the 

impacts of seizures. 

 

Over the years a range of hypotheses have been suggested to explain the elevated rate 

of psychiatric disorders in TLE [33]. One possibility is that depression is a result of 

the considerable stress, stigma and disability of living with the illness. Psychological 

factors such as learned helplessness and attributional style might be relevant [34]. 

Antiepileptic medications implicated as causes of depression include phenobarbital, 

primidone, vigabatrin, and felbamate. Metabolic effects of AEDs, such as reduction in 

plasma tryptophan (a serotonin precursor) or depletion of folate, have been proposed 

but never conclusively proven to play a role. The diseased temporal lobe (i.e. the 

mesial temporal sclerosis (MTS) or other pathology) may constitute a neurobiological 

risk factor for depression: three functional imaging studies of TLE patients have 

demonstrated an association with temporal lobe hypometabolism and/or associated 

inferior frontal hypometabolism [21, 32]. An MRI study of a TLE sample showed that 

depression was more common in those with MTS than in those with other temporal 

lobe pathology [28].  

 

All of these posit a causal pathway running from TLE (or its underlying pathology) to 

depression. In contrast, Jobe at al. [35], drew attention to the disturbances in 

serotonergic and noradrenergic function in both depression and epilepsy, suggesting 

these disturbances acted as a common causal factor for both disorders. This study is 

one of the very few attempts to ground a theory of epileptic depression firmly on a 

prominent neurobiological theory of depression, namely the neurotransmitter (or 

monoaminergic) theory. Unfortunately, this theory, although very important 

historically, and of continuing importance at least in efforts to understand how 

antidepressant medications work, is a very partial, inadequate theory of depression, 

failing to take account of findings from other avenues of study of depression, 

including neuroendocrine, neuroimaging, genetic and psychological approaches.  

 

In conclusion, in studying the relationship between TLE and psychiatric disorders, it 

is important not to prematurely delimit important causal possibilities. Evidence and 

arguments will be reviewed below suggesting (i) that stress physiological processes 
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may contribute both to epilepsy and to depression, and (ii) that depression itself may 

play a causal role with epilepsy. 

 

There is a large literature, explored more fully subsequently, that examines the 

relationship between epileptic processes and psychiatric manifestations. To date, there 

is no comprehensive explanation for these associations and no identification of those 

individuals most at risk. 

 

1.3 Quality of life in epilepsy and relationship to psychiatric disorders 

 

Quality-of-life (QOL) issues have been well recognised to be significant in people 

living with epilepsy (PWE). In the broader medical literature there are a variety of 

ways of evaluating the impact of physical and psychiatric illness of quality of life.  In 

epilepsy there has been considerable attention to developing epilepsy specific quality 

of life assessment tools such as the QOLIE 89, but little investigating the additional 

impacts on QOL for those with epilepsy and comorbid psychiatric conditions. 

 

The impact of epilepsy on quality of life can be substantial with specific impacts on 

independence, social engagement in terms of educational and vocational aspects as 

well as on cognitive capacity, especially attention and concentration, and 

psychosocial well-being. It is increasingly recognised that psychiatric comorbidities 

are strongly associated with long term QOL for PWE [36-39] In one study affective 

symptoms had almost two times the negative impact of seizure control and six times 

the effect of an MRI abnormality. Poorest QOL was noted in patients with drug 

refractory epilepsy and affective symptoms [39].  

 

Any study exploring relationships between psychiatric disorders and epilepsy factors 

must acknowledge the related impacts on quality of life. 

 

1.4 Progression 

 

Insights into causation and pathology of FE have come from diverse directions [8, 40-

46] many of which include elements of progression over time. An understanding of 

the underlying pathology is intimately related to the potential for these conditions to 
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be progressive. The natural history of FE, best documented for MTLE, is suggestive 

of progression, not only at a clinical level but also documented at pathological and 

imaging levels and in a range of related comorbidities, including psychiatric [36], 

cognitive [47] and QOL [48]. 

 

There is evidence from neuroimaging studies that at least some types of epilepsy 

progress over time [49]. Structural damage has been demonstrated in cross sectional 

studies of individuals with a longer duration of epilepsy. A small number of case 

series and short term longitudinal studies show evidence of progression in individuals 

over time, in some cases related to seizure severity or duration [16, 50-58]. However 

other studies have failed to demonstrate progression [59, 60] or conclude that it is not 

inevitable [61]. This may be due to the heterogeneity of individuals evaluated. 

However it is clear that seizures do not inevitably cause neuronal loss [60]. There is 

some data to suggest that temporal lobe seizures may cause extratemporal lobe 

damage [62, 63]. Currently, temporal lobe epilepsy associated with hippocampal 

sclerosis is regarded as a progressive disorder, but for other types of epilepsy the 

evidence is not so clear.  

 

The conception of FE as a multi-step - or multi-risk factor – process recognises that 

the capacity for progression is inherent in any developing clinical process. Many 

individuals accrue a number of vulnerability factors without ever progressing beyond 

the threshold for clinical epilepsy. Risks for developing epilepsy are multiple and 

varied and include: genetic inheritance affecting gross and/or subtle aspects of brain 

structure and function; intrauterine and early life exposures such as hypoxia-ischemia, 

cerebral infection or head injury; as well as later-life exposures such as drug or 

alcohol abuse. Normal neurodevelopmental processes, such as myelination and 

synaptic pruning that continue into early adult life may contribute to risk. All of these 

are ongoing pathologies with no clear cessation point. Finally, there is the complex 

and controversial question of the extent to which “seizures beget seizures” [64]. 

Epileptic activity itself may trigger a diverse array of changes in neural structure and 

function, some of which may inhibit further epileptic activity, but some of which may 

facilitate it. 
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This kind of complex, multistage causal thinking is familiar within psychiatry, where 

it has been used to model the causation of schizophrenia [65], depression [66] and 

other disorders. Similar linkages have also been made within the epilepsy literature 

[67].  

 

The majority of evidence for progression of FE is clinical and circumstantial. 

Progression of related conditions such as cognitive decline and development of 

comorbidities is suggestive but not definitive. As it is clear that neuronal loss is not an 

inevitable component, the parameters for progression need additional clarification. 

 

Whilst the epilepsy literature is extensive, there remain significant limitations to 

accepted understandings of the relationship between psychiatric comorbidities and 

epilepsy both in terms of risk and causation, but also in terms of progression over 

time. 

 

This study intends to address the complex knowledge base around epilepsy and 

comorbid psychiatric disorders through an extensive review of the known literature 

and attempt to integrate this into a more holistic understanding of the various 

contributions to clinical experience with a concomitant investigation into clinical, 

imaging and psychiatric factors related to the comorbidity of these conditions. In 

doing so it is intended that the nature of these relationships become better defined.  
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CHAPTER 2. BACKGROUND AND LITERATURE REVIEW 

 

The extensive literature on focal epilepsy and the equally complex psychiatric 

literature are separate fields of research that have relatively limited common ground. 

A review of these areas is necessary to understand the aims and limitations of this 

study. This background chapter intends to present the existing parallel knowledge 

bases in terms of the intersection between psychiatry and neurology and to examine 

epidemiological, clinical factors and aetiological theories that may link our conceptual 

understanding of the potential shared underlying pathologies. The intent is to provide 

a framework for the interpretation and discussion components of this thesis. 

 

2.1 Depression and Epilepsy 

 

“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 intelligence, melancholy” Hippocrates c460-370BC[68] 

 

2.1.1 Introduction 

 

Psychiatric disorders are reported to occur in 22% to 88% of patients with focal 

epilepsy [33] depending on the population studied. Estimates for depression in PWE 

range from 9% to 62% [4]. Rates of depression appear to be lower in community 

samples (as low as 9%) [69] and highest in those patients with medically refractory 

focal epilepsy (up to 62%) [32]. Estimates depend on whether a self-reported rating 

scale was utilised (about half self-report depression) [33], a general practitioner 

assessment was made (about a third of patients had recognised depression) [70] or a 

neurological or psychiatric interview was undertaken (up to 62%) [32].  

 

Depressive symptoms in people with epilepsy as well as being common, are reported 

to occur more frequently than in non-epileptic patients [71] and under recognised 

[72]. The aetiology is likely to be multifactorial, including underlying 

pathophysiology, seizure factors, psychosocial stressors and the impacts of 

treatments. There are significantly higher rates of depression in people with epilepsy 

(PWE) than the general community, as well as people with other chronic diseases and 
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with chronic neurological diseases Harden [73]. These data are commonly interpreted 

as suggesting that there are likely to be specific epilepsy related biological factors that 

make a major contribution to the increased prevalence. 

 

There is still much stigma around mental illness and many patients may not volunteer 

depressive symptoms unless asked directly. In one study 38% of people with lifetime 

histories of Major Depressive Disorder did not volunteer symptoms and 68% of 

patients with milder depressive symptoms were untreated [74]. Furthermore in a 

separate study, 80% of neurologists did not routinely screen for depressive symptoms 

[27].  

  

The aetiological relationship between epilepsy and depression is reported to be 

bidirectional:  epilepsy may lead to psychopathology, and that psychopathology, 

especially depression, may exacerbate seizures. Alternatively, the relationship may be 

bifurcational, in that common neurodevelopmental factors may contribute to both. A 

history of depression is associated with an increased risk for developing epilepsy [75, 

76], with pharmacoresistance and with poor seizure control [77], and with poorer 

seizure control post lobectomy[78]. Major depression has been associated with a 6 

fold increase in the later development of unprovoked seizures [79], while treating 

depression with SSRIs results in fewer seizures in treated individuals [76, 80]. These 

data suggests that there may be underlying pathological mechanisms common to both 

disorders. 

 

The relationship between epilepsy and depression is likely to relate to a complex 

interplay between iatrogenic, biological, psychological, and social factors. The 

potential contributors to depression are highly variable but are generally recognised to 

include some, many, or all of the following: clinical factors (seizure frequency, 

seizure focus, epilepsy duration and developmental age of onset), psychosocial factors 

(quality of life, stigma, social exclusions, life stressors, employment opportunities or 

lack of, and marital status prospects) and biological factors (direct and indirect effects 

of seizures, underlying common pathophysiology, effects of antiepileptic medications 

(AEDs) [48, 81, 82]. Recent evidence demonstrates a shared genetic susceptibility to 

focal epilepsy and mood disorders[83]. 
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The incidence of depression has been regularly reported to be higher in those patients 

with focal seizures involving the limbic system, especially mesial temporal lobe 

sclerosis [71, 84], although there are also studies that do not find an association 

between temporal lobe epilepsy and depression [23]. Patients with psychic auras 

likely initiating from the temporal lobe have also been reported to have higher rates of 

depression [21]. 

 

Depression in epilepsy has been also described as a syndrome of sensory-limbic 

hyperconnection [85]. The involvement of the temporal lobe in psychiatric disorders 

appears to have face validity given the role of the limbic system in regulating 

emotional responses and the involvement of the temporal lobe, in particular the mesial 

temporal structures, in temporal lobe epilepsy. It is consistent with the observed role 

of the temporal lobe and in particular, the amygdala in the literature on depression 

[86, 87]. The reportedly higher rates of depression reported in TLE (up to 62% in 

medically refractory cases) [32] than in other forms of epilepsy [84, 88] [28] support 

this assumption. However the literature is not consistent on this point and it remains 

unsubstantiated. 

 

Suicide rates in PWE are significant and reported to be higher than normal in every 

study that looks at it, from 5 times higher than the general population [89] to 80 times 

higher in surgically treated TLE [90]. Even brief episodes can be associated with 

sudden impulsive suicide [91, 92]. Risk factors for suicide that have been reported 

include epilepsy factors such as temporal lobe epilepsy and treatment in a tertiary 

epilepsy centre [72], alongside more expected psychiatric factors, namely previous 

deliberate self harm, family history of suicide, stressful life events, poor morale, 

stigma and a history of previous psychiatric admission [90]. These highlight the 

effects of more severe affective and epilepsy disorders in terms of risk.  

 

2.1.2 Definitional approaches 

 

Depressive symptoms are generally defined according to standardised criteria. The 

DSM-V and ICD-10 approaches define the severity of depressive disorder in terms of 

the impact on the individual’s functioning [93, 94]. In addition, depressive symptoms 

in PWE can be characterised in temporal relation to seizures as pre-ictal, ictal, post 
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ictal and interictal. Those occurring in temporal relation to seizures are considered to 

be phenomena of the seizure rather than an independent diagnosis. Psychiatric 

interview is not designed to distinguish these components. Individual’s with epilepsy 

may not distinguish between mood changes relating to seizure events and may not 

always accurately recognise seizure activity. The gold standard for diagnosing 

depression in epilepsy is therefore multidisciplinary, psychiatric interview plus 

neurological clinical assessment.  

 

Depressive symptoms that occur peri-ictally may be the result of non-convulsive ictal 

activity. Pre-ictal mood changes are reported to commonly precede a seizure by hours 

to days and may be relieved by the seizure [95]. Mood changes often noticed in the 

days prior to a seizure are commonly described as dysphoria, anxiety and irritability, 

likely related to underlying biological changes [96]. These may be either early clinical 

signs of biological seizure initiation, due to common biological factors for both or 

even contribute to seizure initiation.  

 

Distinct ictal mood symptoms are not uncommon and may present as a psychic aura 

occurring in the minutes preceding a secondarily complex or generalised seizure. 

Mood changes may be the only expression of a seizure, although typically these are 

not recognised as such until they evolve into focal onset impaired awareness seizures. 

Such mood symptoms commonly present with an abrupt onset without a clear 

relationship to the predominant mental state at the time. Ictal fear is the most common 

affective change but ictal depressed mood is commonly seen in TLE [97]. The 

severity of these emotions can range from mild to intense. There have been 

descriptions of cases in which patients with a sudden onset of depressive psychotic 

symptoms have attempted suicide during seizures [33].  

 

Interictal depressive symptoms are depressed mood episodes in clear consciousness 

unrelated temporally to seizure events [98]. Interictal depression is easily identified 

when it presents with symptoms meeting criteria for a Major Depressive episode 

(MDE). as categorised by an accepted psychiatric diagnostic system such as DSM-V 

[93]. However not all interictal depressive presentations with impacts on functioning 

and quality of life in PWE meet full criteria for MDE. For example, in one study 50% 

of depressive episodes were classified as Atypical Depression [99] not meeting full 
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criteria for MDE but with impacts on functioning. There is a significant literature 

describing atypical presentations of mood disorders in PWE, with the creation of new 

terms such as Interictal Dysphoric Disorder of Epilepsy [100] and Dysthymic 

Disorder of Epilepsy [101]. Attempts to define these atypical presentations often 

comment on briefer and less sustained affective changes with mixed affective 

symptoms and in some cases mood variability with irritability for brief periods, or 

even elevated mood. Depressed mood may be less pervasive than required for 

classical diagnostic criteria and yet sufficient to impair functioning or participation in 

normal life. Mood symptoms may also vary day to day in relation to seizure events or 

clusters.  

 

Kanner uses the term Dysthymic Disorder of Epilepsy (DDE) [102]. In one review, 

69% of subjects had depressive symptoms sufficient to merit referral for psychiatric 

treatment but not meeting full criteria for a major depressive episode [103].  Kanner 

has suggested that dysthymia is so ubiquitous in PWE than it is tolerated by both 

neurologists and patients alike as normal for their situation [72], contributing to lack 

of recognition and under treatment. Blumer and Kraepelin use the term Interictal 

Dysphoric Disorder of Epilepsy (IDD) [104]. They detail a chronic dysthymic state 

with intermittent and unsustained symptoms, brief euphoric moods, irritability, 

anxiety, poor energy, pain and insomnia. Blumer estimates that almost a third of 

epilepsy patients may have IDD and describes clinical benefits from antidepressant 

treatment.  

 

Post-ictal depression has been described although it is not commonly articulated as a 

separate entity as is the case for postictal psychosis [105, 106]. Kanner et al. identified 

56 out of 100 patients with poorly controlled epilepsy who had post-ictal depressive 

symptoms [107]. Blumer is of the opinion that it is rare in those who do not also have 

interictal depression [108]. He hypothesised that postictal mood symptoms may be 

due to biological inhibitory effects that support seizure termination. 

 

2.1.3 Epidemiological and Demographic Factors 

 

Although a wide range in prevalence is reported in diverse studies with a variety of 

detection measures, it is clinically accepted that both the incidence and prevalence of 
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depression is higher in PWE than other groups of people with chronic illness [73]. 

The literature regarding gender effects is inconclusive. Men may be at higher risk of 

depression than women with epilepsy [71, 109]. One study found additional risks 

associated with male gender and left temporal lobe epilepsy [88] However there are 

studies reporting higher rates of women with epilepsy and depression [82, 110, 111] 

and studies which found no difference [84]. These inconsistent findings may be due to 

the social impacts of gender and help seeking [112]. 

 

There are conflicting reports regarding rates of family history of depression in people 

with epilepsy and depression. Many studies do not find an association [99, 111, 113]. 

However, in one study greater than 50% of people with both epilepsy and depression 

had a reported family history of psychiatric illness, usually depression [111]. A 

genetic predisposition is also common in depression in the general community [114], 

and this may not be any different for PWE. 

 

2.1.4 Psychosocial Factors and Quality of life 

 

There is a substantial literature cataloguing the range of psychosocial factors that may 

contribute to depression in people living with epilepsy [82]. The key factors are 

individual adjustment to illness, social stigma and discrimination. Stigma towards 

epilepsy has been recognised across a range of cultures and periods of human history 

[115, 116]. PWE often report difficulties maintaining jobs, relationships and self-

esteem as a direct result of people’s responses to seizures. Basic lifestyle adjustments 

to driving, water safety and medication side effects may impact and prevent full 

participation in life, especially at key developmental periods. Seizures can be 

frightening to others and to oneself, and represent both a risk of death and a loss of 

control that leads to avoidance of those afflicted.  

 

Unemployment rates are higher in PWE, and it is not uncommon to hear of employees 

who have experienced seizures at work having been terminated, often on safety 

grounds [117]. The physical effects of AEDs on energy levels and attention and the 

cognitive effects of seizures can also contribute to poorer work performance [118]. As 

a result of vocational issues, financial stressors affect this group and augment other 
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life stressors. There is specific evidence for financial stress, life stressors and poorer 

adjustment to seizures increasing risks for poorer quality of life and depression [82].  

 

Intrapsychic adjustment covers a range of psychological experiences, but perceived 

loss of control has repeatedly been identified as a prominent factor in living with 

epilepsy [34]. The randomness of seizures leads to a personal loss of control and 

disturbances in one’s sense of self and autonomy. The perceived social shame at loss 

of control, as well as the unpredictability of seizures, so that they cannot be reliably 

avoided, represent both a threat to the sense of self and a physical threat where 

seizures may occur in potentially dangerous environments such as near water. 

 

The capacity to cope with these psychosocial factors may be additionally impaired by 

the psychological and cognitive difficulties commonly experienced by PWE. Even 

PWE with normal intelligence have been reported to have less cognitive flexibility in 

mental processes than normal controls [119], making dealing with change, problem 

solving and overcoming recurrent challenges more difficult.  

 

The impact of depression on PWE has been documented in a range of diverse studies 

which all suggest a significant additional impact on quality of life. The direction of 

the association is unclear and may be bidirectional. There are a range of cross 

sectional studies that have linked quality of life reduction to psychiatric disorders 

[120] and to epilepsy [70] and to depression in epilepsy [74]. There are data 

suggesting both depression and seizure worry are equally able to predict poorer 

quality of life in PWE [121]. QOL is more related to subjective impressions such as 

perceived stigma rather than disease severity [122]. No studies to date have looked 

specifically at the different focal epilepsy groups, and whether some focal pathologies 

may have poorer QOL than others as a result of focal impacts, perhaps on the limbic 

system or via cognitive impacts.  

 

Depression is one of the main variables associated with poorer quality of life for 

people with epilepsy [123, 124]. Depression or psychological distress may be the 

strongest predictors of quality of life independent of seizure severity or other 

psychosocial stressors [27]. Poor quality of life is related to seizure frequency and 

depression is also related to clinical outcomes [77]. There are limited data relating 
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reduction in quality of life to other variables, but it is likely that the effects are 

multifaceted with epilepsy limiting life opportunities and life circumstances impacting 

on treatments for epilepsy. Both contribute to poorer quality of life outcomes. Stigma, 

life circumstances, support, side effects of seizures, AEDs and cognitive issues are all 

likely to be related to both QOL and mood status. 

 

There are limited data examining QOL over time in PWE. It has been shown that 

QOL may improve after successful temporal lobectomy, with seizure cessation or 

significant reduction [6, 125]. It is recognised that cognitive deficits impact on quality 

of life in PWE generally [126]. But several studies have failed to show any population 

based statistical improvement to cognition post lobectomy [127, 128]. There is 

evidence in the psychiatric literature of a relationship over time between depression 

and poorer quality of life [129] but this has not been reproduced in the epilepsy 

literature. 

 

2.1.5 Clinical Factors 

 

There are a range of epilepsy related factors that may be relevant to the development 

of depression including duration and severity of epilepsy, the type of epilepsy and the 

impacts of treatment. Most reported studies find no clear relationship between age of 

onset of epilepsy [84, 130, 131] or duration of epilepsy [84, 113] and a risk for 

developing a depressive illness. 

 

Depression has been historically associated with complex partial seizures (focal 

impaired awareness seizures), temporal lobe and frontal seizures [71, 113, 132-134] 

but more recent studies have not consistently confirmed these associations [23, 135]. 

It may be that, in addition to the epilepsy focus, the type of pathology plays a role. 

Quiske reported higher rates of depression in subjects with MTS than those with other 

forms of TLE independent of lateralisation of the epilepsy focus [28]. However it is 

hard to separate the potential impact of the primary focal site from the areas to which 

it becomes generalised. More distal foci may still affect limbic functioning in a 

variety of not fully predictable ways, both directly via rapid seizure potentiation, and 

indirectly through differential impacts on different brain circuits. If frontal lobe 

dysfunction is related to the development of depression, this may be related to a 
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variety of difficult to document processes, such as interruption to temporofrontal 

circuits or frontal lobe hypometabolism, secondary to inhibition caused by seizures 

elsewhere. Patients with depression and TLE have shown reduced bilateral frontal 

lobe glucose metabolism using PET imaging [21].  

 

Laterality has been extensively investigated since Flor Henry suggested that 

depression was more commonly seen with left sided foci [136]. He outlined an 

elaborate, and at the time credible, explanation based on known cerebral circuits. 

Later studies in the 1990s were supportive of his findings [88, 99, 109], but more 

recent investigations have not identified any effect from laterality [23, 113, 135, 137]. 

As with focal site, it may be that the risk factors are more complex and interrelated 

than the direct localised effects. It is possible that left-sided laterality and frontal lobe 

dysfunction interact to increase the risk of depression. Bilateral inferofrontal and 

temporal reductions in metabolism have been reported in patients with depression and 

left sided temporal seizures [32]. As most studies examine PWE in broad groups and 

the majority do not have measures of frontal lobe dysfunction, overall studies of 

laterality will not identify those at greater risk. Left sided laterality and self reported 

dysphoria have been correlated with the degree of frontal lobe dysfunction [138, 139] 

and reduced frontal SPECT activity has been associated with greater depressive 

scores in people with left sided TLE [140]. 

 

Antiepileptic drugs (AEDs) are recognised to have potential psychoactive properties 

and many are used specifically for these effects in mental health settings. However 

medications given for epilepsy stabilisation may have unwanted impacts on mood and 

be potentially causative of significant mental health issues. A range of AEDs have 

been described to have mood altering effects from mood stabilisation, to euphoria and 

mania to depression [73]. Older and less commonly used barbiturates are associated 

with depression as are newer and novel medications like leviteracetam. A number of 

AEDs are used independently in mental health settings for mood stabilisation. These 

include: carbamazepine, sodium valproate, lamotrigine and occasionally gabapentin 

[118]. Topiramate [141], zonisamide [142], tiagabine [143] and leviteracetam [144, 

145] may also have mood stabilisation properties. However some of these may have 

additional detrimental mood effects. Those AEDs recognised to have significant 

mood lowering effects include: all barbiturates, phenytoin, primidone, felbamate, 
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vigabatrin, topiramate, tiagabine and leviteracetam [146, 147]. Lamotrigine and 

gabapentin have been reported in some circumstances to enhance mood [145, 148].  

 

The natures of these mood effects are not fully understood but may be epiphenomena 

from neuronal stabilisation actions. Direct effects enhancing GABA and decreasing 

glutamate systems are postulated to underlie both the antiepileptic and depressogenic 

properties of AEDs. AEDs lower folate levels and increase homocysteine levels and 

this may be directly iatrogenic. Low folic acid levels have been postulated to be a risk 

factor for increased rates of depression among other psychiatric comorbidities in 

people with and without epilepsy [149].  

 

Indirect effects of the interactions between medications and epileptic pathology may 

also be important. These indirect effects include the possibility of forced 

normalisation phenomena, release phenomena, post ictal effects on neural 

functioning, effects due to damage to the hippocampi required for a functioning 

limbic system and the biological, psychological and social effects of past psychiatric 

and epilepsy family history effecting both the underlying genetic and phenotypic 

structure of the brain and the nurturing effects and social effects on the developing 

child’s brain [146]. Unfortunately the nature of these relationships is far from direct 

and may simply create yet further multidimensional vulnerability factors. 

 

2.1.6 Stress, HPA axis dysfunction and epilepsy 

There is a developing literature examining the relationships between stress, 

depression and temporal lobe epilepsy. This literature draws a compelling argument 

that one of the key linkages between mood disorders and epilepsy may be via 

hypothalamic-pituitary-adrenal (HPA) axis dysfunction and its recognised impacts on 

mood, cognition and epileptogenesis.  

The HPA axis is a complex integrated set of neuroendocrine feedback interactions 

between the three major endocrine glands; the hypothalamus, the adrenal glands and 

the pituitary. It is the major neuroendocrine system that manages stress and regulates 

many body processes including mood and emotions, immune functioning, digestion, 

sexuality and energy management. The HPA axis mediates whole body functioning 
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via corticosteroid receptors linking the brain intimately with the rest of the body’s 

processes. The key neuroendocrine hormones are corticotrophin releasing hormone 

(CRH) produced and released by the paraventricular nucleus of the hypothalamus and 

vasopressin, released from the posterior pituitary. These hormones regulate the 

anterior pituitary to release adrenocorticotrophin (ACTH) hormone. ACTH acts on 

the adrenal gland to stimulate synthesis and release of glucocorticoid hormones, 

mainly cortisol, which in turn acts in a negative feedback loop to suppress the 

production of CRH and ACTH. The adrenal glands also produce adrenalin that acts 

directly on many parts of the body to increase energy production and mediate stress 

responses. Cortisol is the major stress hormone that acts as a messenger on all parts of 

the brain and body via both mineralocorticoid and glucocorticoid receptors. There are 

many other hormones and feedback loops that propagate these key actions into 

regulating body processes. 

The normal functioning of the temporal lobes is intimately involved in regulation of 

HPA function [150]. The hippocampus and amygdala are key components in central 

stress circuitry. The amygdala and hippocampus play key roles in HPA feedback 

control [151-153]. The stress mediator, CRH, is present in both the amygdala and 

hippocampus throughout life but more prominently in infancy [154, 155]. 

Glucocorticoids are involved in important ways in normal neurodevelopment and 

normal regulation of various forms of neuroplasticity, including neurogenesis in the 

hippocampus [156, 157]. This includes regulation of dentate gyrus granule cell 

turnover and development [158], which is profoundly abnormal in MTS. 

Physiological stress mediators, principally glucocorticoids, have a physiological role 

in medial temporal lobe functions such as learning and memory [150]. Dysfunction at 

the endocrine level has widespread deleterious effects [159]. There is good evidence 

that chronic stress and hypercortisolemia have adverse effects on the structure and 

function of the hippocampus and amygdala [160]. 

 

There is long standing acceptance in the psychiatric literature that hypothalamic-

pituitary-adrenal (HPA) axis dysfunction is related to altered mood states, most 

commonly depression [161]. This is understood to be mediated through early life 

experiences. This is supported by a range of evidence, including the known impacts of 

Cushing’s disease on mood; a range of studies documenting the higher incidence of 
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childhood abuse and trauma in people with depression; the short term impacts on 

mood and cognition in those administered corticosteroids experimentally or for 

therapeutic purposes; and the body of data looking at HPA axis hypofunction in 

depressed people [162]. 

 

There is now good evidence that CRH and hormones of the HPA axis play a pivotal 

role in epileptogenesis, in particular for epilepsies commencing in early life as is 

thought to be the case for most TLE [163-165]. Emerging evidence supports the idea 

that depression and associated HPA axis dysfunction may exacerbate or even 

potentiate epileptogenesis. Seizures may contribute biologically to the development of 

depression in part through this complex neuroendocrine pathway, linking in with the 

observations in recent years of a bidirectional relationship [79].  

 

Although it is likely to be only a vulnerability factor, it is possible that HPA axis 

dysfunction may make a primary contribution to the evolution of both epilepsy and 

depression. Literature for both conditions highlights the impacts of early chronic 

stress and enduring changes in the hippocampus and neuroendocrine systems with the 

later development of chronic disorder [166, 167].  

 

2.1.7 Mood impacts of seizures and forced normalisation  

 

The electrophysiological literature describes a complex relationship between mental 

state and recorded electrophysiological data. The early recognition that epileptic 

seizures result in improvements in psychiatric states for some patients led to the 

development of electroconvulsant treatments to help patients with depression [30]. 

Whilst this development has been of benefit in the treatment of depression, it has not 

contributed to a clear understanding of the relationship between the comorbidities. 

ECT is now highly proscribed in terms of those seizures that are likely to result in 

mood benefits [168]. Most seizures are of no affective benefit and have a degree of 

risk associated with them. There is no conclusive evidence that seizures in general 

benefit those with epilepsy and good data showing that higher early seizure frequency 

is associated with poorer outcomes [169]. 
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There is a small literature describing decreased seizure frequency prior to the 

development of depression [111], although this data is based on clinical observations. 

Another similar study finds fewer generalised seizures in epilepsy patients with 

depression (n=101) than in those without (n=202) [99], suggesting that generalised 

seizures may have a protective function. There is a substantial literature linking more 

severe seizures with worse quality of life [170] and those with more severe epilepsy 

have more psychosocial and cognitive stressors. However, most of the data concludes 

that there is no consistent relationship between frequency and severity of epilepsy and 

the prevalence of depression [171]. 

 

Seizures may have direct antidepressant effects. In a recent study examining the 

therapeutic potential of vagal nerve stimulation therapy [172], seven people with 

epilepsy with comorbid previous dysphoric symptoms went on to develop major 

mental illness (six depressive and one psychotic) after their seizures were decreased 

by 75% or more due to VNS (total n=81). One speculation is that regular seizures 

were having an antidepressant effect that was unmasked when the therapeutic seizures 

reduced in frequency. 

 

There is a large body of animal literature, most commonly mouse models, which re-

create behavioural models of depression in mice with epileptiform activity. Many of 

these focus on glutaminergic and serotonergic dysfunction and conclude that 

depressive like behaviours are not a consequence of seizures but an independent 

expression of underlying comorbid conditions [173].  

 

Forced normalization is a phenomenon that describes a possible relationship between 

an improvement in epileptic parameters with the concomitant worsening of the mental 

state. It may be significant in terms of understanding the evolution of psychosis and 

seizures but has little clear relationship to depression, although confusingly, 

depressive symptoms may be described. Glaus in 1931, described 8 cases in which 

epilepsy and schizophrenia appeared to be antagonistic [22]. 6 years later, von 

Meduna reported that histological brain sections from people with epilepsy were 

characterised by glial proliferation, whereas atrophy was the predominant feature in 

those with schizophrenia [22], although these findings have not been subsequently 
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replicated. Meduna hypothesised that this indicated that schizophrenia and epilepsy 

were mutually antagonistic states leading to the development of ECT [174].  

 

The term forced normalisation was first proposed by Landolt [175]. Landolt described 

an inverse relationship between seizures and psychosis/dysphoric symptoms such that 

an increase in psychiatric symptoms was temporally related to an improvement in the 

EEG in patients with TLE, possibly due to an excess of generalised inhibition post 

seizure. Alternative terms for the same phenomenon include ‘paradoxical 

normalization’ and ‘alternative psychosis’ [176]. The paradox is the deterioration in 

the mental state associated with an apparently improved EEG on scalp electrodes 

and/or improvement in seizures. A range of psychiatric symptoms have been 

described within the concept although psychosis is the most common [176]. Wolf 

reported that alternative psychoses were more common in patients with generalised 

epilepsy [176, 177]. This was also seen in the case reports of forced normalization 

with ethosuximide treatment [178, 179] and again in more recent years [180]. The 

early literature is complicated by the finding that many cases of historically diagnosed 

GE are now being found to have focal sites initially undetected with routine scalp 

EEG [181]. One possibility is that it was the drug ethosuximide that was associated 

with psychiatric symptoms developing at the same time seizures subsided. Forced 

normalisation has been rarely documented in recent years in the epilepsy literature. 

 

2.1.8 Neuropsychological Factors 

 

Cognitive impairments, global and local, are associated with focal epilepsy and relate 

to the severity and duration of illness with gradual decline over many years of 

seizures [182]. There are reductions in memory, expressive language, psychomotor 

speed and attention and concentration. Most of the cognitive literature data describes 

TLE, and there is minimal data around cognitive changes over time in other focal 

epilepsies.  

 

The neuropsychological impact of depression includes impairments in intelligence, 

processing speed, expressive language, visuospatial abilities, memory, attention and 

complex executive functioning [183]. Depressed mood represents an additional 

impact on the neuropsychological status in temporal lobe epilepsy [184, 185] with 
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significant additional reductions in a range of measures of intelligence, language, 

visuoperceptual ability, memory and executive functions in those diagnosed with 

depression by psychiatric assessment [182]. Studies that do not find such a 

relationship have not used psychiatric interview but relied on subjective reports [185] 

or the Beck Depression Inventory [186] to identify depressed subjects. It is likely that 

the association is complex making specific relationships hard to identify when 

diagnostic tools are not specific enough or groups are too heterogenous. For example 

in a study by Dulay [187], depressive symptom severity was associated with deficits 

in auditory recall in individuals with left sided but not right sided TLE. Regression 

analysis suggested a complex relationship between the severity of depressive 

symptoms, hippocampal sclerosis (HS) and naming ability affecting auditory memory 

in left sided TLE, but only HS had a significant impact for right sided TLE. 

 

This is an emerging area of study that requires significant investment in longitudinal 

studies to describe and quantify differences between focal epilepsy groups. 

 

2.1.9 Imaging Factors 

 

People with depression have been shown to have reduced hippocampal [188] and 

increased amygdala volumes [189], while people with bipolar affective disorder have 

increased amygdala volumes [190, 191], even in the early stages of illness [192]. 

People with depression have been consistently found to have frontal hypometabolism 

as determined by FDG-PET, although there are a number of reports of areas of 

hypermetabolism in some regions, specifically orbitofrontal and prefrontal cortex 

[87].  

 

People with temporal lobe epilepsy are know to have reduced hippocampi ipsilaterally 

[193]. Abnormalities in contralateral hippocampi and amygdalae or outside the focal 

site may be important in predicting the outcomes of surgical resection [194]. The 

identification of extensive abnormalities renders localised excision less likely to result 

in seizure control [195]. There may also be a separate variant of non-lesional TLE 

with associated amygdala enlargement that may complicate analyses [196]. FDG-PET 

studies in epilepsy show hypometabolism at the focal sites and often more extensively 

into frontal regions [197].   
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Studies looking to confirm a combination of these patterns in PWE and depression 

have not provided consistent findings and are complicated by the impact of epilepsy 

on cerebral structures. For example, people with MTLE have ipsilateral temporal lobe 

structures that are, by definition, reduced in size. This is often associated with reduced 

ipsilateral amygdalae sizes, such that the temporal lobes are reduced overall but not to 

a predictable degree. In addition, the degree of MTS may or may not relate to the 

duration and severity of illness and the degree of impact on surrounding structures 

through potentiation of seizures. Some individuals will have greater numbers of 

localised events and others more generalised events. The focal site, the types of 

seizures and the degree of propagation of seizures are only variably accounted for in 

the literature, making it hard to compare data across studies.  

 

Volumetric brain MRI studies in PWE and depression have identified reductions in 

ipsilateral and to a lesser degree, more wide spread loss in the contralateral 

hippocampi [198] and enlargement or relative sparing of amygdalae [199]. An early 

study by Quiske found that subjects with hippocampal sclerosis had higher scores on 

the BDI than those with TLE alone [28]. However the scores they reported were only 

in the mild depression range. Data on amygdalae volumes remains inconsistent. 

Patients with dysthymic disorder of epilepsy have been reported to show enlarged 

amygdalae [200] with contralateral amygdalae sparing [201]. The same authors have 

documented amygdalae reductions in unipolar depression [202] and a variety of 

changes have been described in affective disorders reflecting heterogeneity of clinical 

presentations [203]. Tebartz van Elst et al. argue that this contradictory set of findings 

reflects the reliance on categorical rating tools that rely on diagnostic criteria rather 

than dimensional characteristics. They postulate that amygdalae changes reflect the 

dominant form of thought and emotional information processing. These authors 

separate out dysphoria from dysthymia or major depression. They report amygdala 

enlargement associated with typical depressive symptoms (depressed mood, 

anhedonia, lack of drive, phobic anxiety and rumination) compared to decreased 

amygdala volumes in dysphoria-like states (emotional instability, dysphoria, 

irritability, aggression and psychosis) [204]. 
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More recent studies have examined cortical thickness, and identified cortical thinning 

in both epilepsy and depression separately [205, 206]. Recent investigations in 

depression with epilepsy report a specific association in PWE and depression with 

greater thinning of the orbitofrontal cortex than for the TLE alone group [173], 

suggesting global damage. 

 

Whilst hippocampal reductions are consistently found in PWE and depression, those 

PWE who exhibit severe atrophy are less likely to be depressed, implying that a 

degree of hippocampal activity is necessary to maintain depressive symptoms. 

Hecimovic et al. [207] looked at 28 subjects with TLE. 43% had symptoms of 

depression using the BDI and in this group total volumes were statistically smaller 

compared to patients without symptoms of depression.  However, none of the subjects 

in the bottom quartile of hippocampal volumes had evidence for depression.  

 

A small body of literature has examined connectivity using Diffusion Tensor MRI 

imaging and identified variable impacts on frontotemporal connectivity. Right 

amygdala connectivity may have a more significant association with depression 

regardless of the side of epileptogenic focus [208, 209]. 

 

An emerging but limited functional imaging literature suggests that in PWE and 

depression that there may be impacts on both localised function bilaterally and more 

extensive functional impacts on the frontotemporal circuits that may or may not be 

related to the degree of volumetric change [210, 211]. Glucose metabolism studies of 

depression alone have identified varying patterns of metabolic differences compared 

to control subjects, including global hypometabolism and hyperperfusion in the 

orbitofrontal, dorsolateral cortex, and in some studies including the cingulate, 

amygdala, hippocampus and insula [212]. This complex pattern is thought to 

represent altered functional relations involved in the regulation of emotions [87, 213]. 

In people with epilepsy alone, there are often areas of hypoperfusion related to recent 

seizures that are generally more extensive than the anatomic abnormality. In people 

with depression comorbid with other neurological disorders such as Parkinson’s 

disease, expected changes in orbitofrontal blood flow with depression may be reduced 

or normal compared to people with primary depression [213], suggesting a potentially 

different dysfunction of this area.  
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There are only a small number of studies that look specifically at functional imaging 

of depression and epilepsy. All use small cohorts and many rely on rating scales to 

diagnose depression.  The findings provide slightly different evidence that is hard to 

integrate into a clear understanding of the underlying mechanisms. Each of the key 

studies is discussed below.  

 

Some PET studies have examined serotonin receptors and transporters [214-219]. 

Serotonin receptors are a marker of serotonin neurotransmission and may be affected 

in depression but have also been documented to be reduced in areas of seizure foci for 

epilepsy [220]. Serotonin itself has antiseizure effects and some AEDs may work by 

blocking 5-HT reuptake [216]. It has been hypothesised that the relationship between 

depression and later increased risk of epilepsy may be through this mechanism of 

reducing 5-HT1A receptors in temporal lobes. In Giovacchini et al.’s 5-HT1A serotonin 

receptor PET study (n=22 TLE, n=10 controls), the receptor pattern was equivalent in 

PWE and depression compared to people with primary depression. This study 

identified an inverse relationship between the ipsilateral hippocampi and the 

depressive symptoms using the Beck Depression Inventory (BDI) [215]. No 

significant changes were identified in frontal areas. This finding was replicated by 

Hasler et al. who found that comorbid depression was associated with significantly 

greater reductions in 5-HT1A receptor binding in TLE subjects, extending beyond the 

epileptic focus [214]. More recently Martinez [216] looked at 5-HT transporter 

binding and 5-HT1A receptors reported that PWE and depression (n=4 of 13 PWE) 

had asymmetry in transporter binding in the fusiform gyrus and insular cortex, and 

hypothesised that this reflected reduced reuptake and increased 5-HT synaptic 

availability as a compensatory mechanism for 5-HT1A receptor loss. These studies 

support the idea that altered serotonin mechanisms might be important in the 

development of depression in TLE. 

 

Depression has been associated with FDG-PET hypometabolism in hippocampal and 

frontal lobes [221]. Victoroff, using FDG-PET (n=53 with intractable complex partial 

seizures), reported an association between depression in PWE and left temporal 

hypometabolism (with left sided ictal onset). A greater degree of hypometabolism 

was seen in those with depression (using a rating scale) compared to controls [32]. In 
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Bromfield’s study of 23 patients, again using FDG- PET imaging, there were bilateral 

reductions in inferior frontal glucose metabolism in the five subjects with depression 

compared to subjects without depressive symptoms and normal controls. Bromfield’s 

study was generally superior to other studies in the diagnosis of depression as it used 

psychiatric interview rather than rating scales for diagnosis, although the cohort was 

small. This study was partly replicated by Salzberg et al. [20] showing consistent 

focal FDG-PET hypometabolism of ipsilateral orbitofrontal cortex in the subjects 

with depression and FE (n=9/23), again using psychiatric diagnostic assessment. 

Salzberg suggests that orbitofrontal cortex dysfunction, which is observed in 

depressed people, is also a key factor in depression in PWE. They document these 

abnormalities in those with a past history of depression as well as those who went on 

to develop depression post lobectomy and suggest that they may be risk markers for 

depression. None of their cohort was thought to be clinically depressed at the time of 

scanning. In general, imaging data in epilepsy cohorts does not show frontal 

hyperperfusion as in some studies of primary depression [222]. There is a lack of the 

consistent reporting of orbitofrontal hypometabolism and there is additional evidence 

of wide spread changes correlating with epileptic networks [223]. The variability in 

reporting may be further evidence that dysfunction is the key rather than the direction 

of change.  

 

In an MR spectroscopy study of 31 people with TLE using creatinine/ N acetyl 

aspartate ratio (Cr/NAA) maps, the extent of Cr/NAA hippocampal abnormalities 

correlated with the severity of depression [224]. Cr/NAA is commonly used to 

identify areas of neuronal injury.  

 

In a direct comparison SPECT study [225] (n=20), Ring compared people with TLE 

with and without depression and normal controls, demonstrating relatively normal 

global perfusion in subjects with TLE and depression compared to the global 

hypoperfusion seen in TLE alone, closer to that of normal controls, especially on the 

left hand side. They concluded from this that the mechanism of depression in epilepsy 

may be different from the mechanism in normal populations [225].  

 

Schmitz et al.’s [226] SPECT study of 40 patients with FE demonstrated that 

differential symptoms of depression and obsessionality correlated, not with the focal 
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site of epilepsy, but with relative differences in regional blood flow. Those with left 

sided epilepsy and depression exhibited lower contralateral temporal and bilateral 

frontal perfusion whilst those with right sided epilepsy, and high obsessionality 

scores, exhibited increased perfusion in ipsilateral temporal, thalamic and basal 

ganglia and bilateral frontal regions. Although this data is complex, the authors 

concluded that the results do not support the idea that the laterality of the epilepsy is 

causative but rather that, for different epileptic foci, there are different patterns of 

perfusion that extend more globally beyond the focal site. These extended perfusion 

changes may be associated with the development of depressive or obsessional 

symptoms. This reinforces the idea that mood disorders are related to functional 

effects beyond the localised epileptic site. 

 

It remains too early to draw any clear conclusions as there are only limited 

neuroimaging studies looking at depression and TLE. However despite these 

limitations, there is emerging evidence that the imaging changes in depression in 

PWE are not simply those of depression superimposed on epilepsy. Some of the data 

suggests patterns of different pathological mechanisms or underlying risks for the 

development of depression in PWE. The cerebral functional impacts that may extend 

beyond the area of focal site may be especially relevant in the pathophysiology of 

depression in epilepsy.  

 

This data suggests that PWE and depression cannot be specifically categorised in 

terms of clinical or imaging parameters. There is evidence to support the hypotheses 

that functional changes in the temporal and frontal lobes are likely to be important, 

that measures of both the extent of functional abnormality and markers of the degree 

of biological impact may indicate a higher risk for depression, that serotonin 

pathophysiology may be an important component of the comorbidity and that 

orbitofrontal dysfunction may be a marker of risk but not specific to the clinical state 

of depression. 
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2.1.10 Key Findings in relationships between depression and epilepsy 

 

In summary, the nature of the relationship between depression and epilepsy continues 

to evolve. There are likely to be specific epilepsy-related biological factors that make 

a major contribution to the increased prevalence. In addition, there may be distinct 

differences between depression in epilepsy and depression more generally with 

atypical and sub threshold presentations being recognised to have significant 

functional impacts. The aetiological relationship between epilepsy and depression is 

likely to be tridirectional, with both epilepsy and depression acting as risk factors for 

the other, but in addition, common neurodevelopmental factors may contribute to 

both. 

 

Possible clinical factors likely to be relevant to depression include left sided foci, 

mesial temporal sclerosis, HPA axis dysfunction and serotonin abnormalities. The 

evidence that epileptic foci in the temporal lobe are specific for depression is 

inconclusive. 

 

The frequency, severity and duration of seizures impact on cognition but not clearly 

on depression. Those with depression may have additional cognitive impairment. It 

appears that while there are many psychosocial stressors associated with epilepsy, 

quality of life data suggests significant additional impacts from depression in PWE. It 

is unknown if this is different to other psychiatric disorders or related to underlying 

epilepsy pathology.  

 

Imaging data suggests that the impacts of epilepsy on mood may be widespread and 

functional, involving frontal circuits rather than only localised impacts on temporal 

lobes, even where the foci are temporal. There may be clinical, imaging and 

potentially underlying biological differences pathologically between depression and 

dysphoria although clear clinical criteria to differentiate them are underdeveloped. 

Hippocampal volumes appear to be preserved or mildly greater in PWE and 

depression compared to those with epilepsy alone. Whilst hippocampal reductions are 

consistently found in PWE and depression, those PWE who exhibit severe atrophy are 

less likely to be depressed, implying that a degree of hippocampal activity is 
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necessary to maintain depressive symptoms. Amygdala volume changes are 

associated with epilepsy subjects who also have depressive symptoms but the 

direction of change is undetermined. 

 

It is clear that the relationships at every level are complex and the literature consists 

of heterogenous groups in which accepted definitions may or may not have predictive 

clinical meaning. The high comorbidity of depressive symptoms and epilepsy strongly 

supports an underlying relationship yet to be fully elucidated. These data is suggestive 

that functional changes in the temporal and more broadly in the frontal lobes, are 

likely to be important and that the impact of epilepsy in depressed individuals may be 

more extensive than can be detected by EEG or MRI. 
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2.2 Psychosis of Epilepsy 

 

“People think that epilepsy is divine simply because they don't have any idea what 

causes epilepsy. But I believe that someday we will understand what causes epilepsy, 

and at that moment, we will cease to believe that it's divine. And so it is with 

everything in the universe” Hippocrates c.460-370 BC[227] 

 

2.2.1 Introduction 

 

Psychosis is well recognised to occur more frequently in people with focal epilepsy 

than the general community, with prevalence estimates ranging from 2.5% to 8% [4].  

Studies of psychoses in patients with TLE and other refractory focal epilepsy 

syndromes report prevalence rates ranging from 10% to 19%, which is double the rate 

seen in generalised epilepsy [4, 228]. Psychosis in epilepsy is common enough to 

have its own routine clinical terminology, the Psychosis of Epilepsy (POE), with 

interictal (IIP), ictal (IP) and post ictal (PIP) subtypes, as well as chronic and acute 

forms. 

 

A range of clinical factors have been associated with POE across a literature that 

spans more than 150 years. It is surprising therefore that no solid conclusions can be 

drawn regarding aetiological processes. Imaging variables which have been 

associated with POE include diffuse pathology (n=55) [229], abnormal tissue lesions 

(n=6) [230], hamartomas (n=100) and other temporal lobe dysplasias (n=225) [231, 

232]. One cross sectional neuropathological study (n=249) identified an association 

between the presence of any neuropathological lesion (other than MTS) and POE 

[67]. This study and one other, reported relatively lower rates of psychosis with MTS 

(n=44) [233] compared to other TLE subjects. The literature on psychosis is 

complicated by the lack of consistency as to the clinical diagnoses, both epileptic and 

psychiatric, and the heterogeneity in the nature and definition of POE.  

 

The clinical term psychosis is characterised by disturbances in perception, thought, 

volition, socialisation, psychomotor behaviour, cognition and the sense of self [234]. 

It is most commonly diagnosed according to psychiatric diagnostic schedules, as 
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schizophrenia, although it has become apparent that there may be many different 

disorders contained in the one diagnostic rubric. At the same time, epilepsy is a term 

to describe a chronic neurological condition caused by recurrent abnormal electrical 

activity in the brain. It presents as a brain disease characterised by disturbances in 

perception, thought, volition, behavioural and cognitive changes [235]. Epilepsy is 

associated with significant morbidity and mortality and high rates of neuropsychiatric 

comorbidities [4]. There are common elements to these definitions, to the functions of 

the brain they affect, the relative frequency of comorbidity and to the commonly 

reported temporal relationship between them that suggest that there may be a 

pathological link between the conditions. 

 

The majority of focal epilepsy patients have medial temporal lobe epilepsy (MTLE). 

MTLE is also characterized by ictal, post-ictal or interictal disturbances in perception, 

thought, cognition and the sense of self, primarily because seizures originate in the 

temporal lobe that initiates most of these experiences [10]. Features typical of MTLE 

and abnormal function of the temporal lobe include a characteristic aura, arrest of 

behaviour, alteration in consciousness with amnesia, automatisms and varying motor 

symptoms and later confusion depending on seizure propagation and duration [9]. 

Some of these features are not distinguishable from similar manifestations in 

psychotic illness.  

 

Auras are commonly physical sensations, not dissimilar to somatic hallucinations, 

such as a rising epigastric feeling, or olfactory and gustatory experiences. Other 

common auras include psychic experiences of déjà vu, jamais vu, depersonalization 

and memory gaps, mood changes such as fear, perceptual hallucinations that may be 

visual or auditory and other unusual experiences [236]. These symptoms can all be 

seen in psychotic illnesses, although it is the subject’s insight that the experiences are 

not real that distinguishes them from psychotic symptoms [237].  

 

Automatisms, or complex motor movements resembling normal movements, occur in 

60% of temporal lobe seizures in one study [238], and are also reported in psychotic 

patients. They have been documented to arise from stimulation of specific brain 

structures. For example, stimulation of the amygdala may cause masticatory 

movements [239].Dystonic posturing is sustained unnatural motor positioning of the 
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body and frequently heralds the beginning of generalization of a focal seizure, 

attributable to spread of the seizure to the basal ganglia and the caudate nucleus as has 

been demonstrated with SPECT studies [240]. Head turning ipsilateral to focal site 

with contralateral limb dystonia is a common sign seen in TLE seizures [241]. In 

psychiatric settings, although dystonia is less common, it may be seen in response to 

dopaminergic medications, but is also reported in medication naïve patients and in 

tardive states, implying a complex and poorly understood interaction in the basal 

ganglia and caudate [242]. 

 

The natural history of schizophrenia has been well documented [243]. While there is 

debate, and many psychotic symptoms may occur outside the diagnosis, it is accepted 

that many patients who have met full criteria for schizophrenia will continue to 

experience symptoms over years [244]. A percentage will progress to a chronic 

treatment resistant state with a range of social, cognitive and functional deficits that 

will grossly impact on the natural developmental trajectory of that individual. The 

natural history of MTLE is only partly documented due to a lack of longitudinal based 

studies [12, 245, 246]. Clinical reports indicate a potentially progressive condition 

with the evolution of treatment resistance over time associated with 

neuropsychological and functional deterioration and potentially, the development of 

neuropsychiatric conditions. There are a number of cross sectional studies comparing 

the proportion of patients seizure free with MTS versus patients with TLE due to 

other causes and these report a significantly lower seizure freedom in MTLE groups 

[247, 248]. This type of data suggests that the natural history of MTLE may differ 

from that of other focal epilepsies. 

 

Given the similarities in symptoms, it is surprising that only a few parallels between 

the two complementary literature sets have been undertaken [29, 249, 250]. Both 

literatures emphasise the effects of early neurodevelopmental insults, a possible 

‘second hit’ or maturational change that triggers illness after a latency period, the role 

of progressive structural change as a pathway to progressive illness and the central 

role of the hippocampus. The recognition of the potential similarities in the 

development of both epilepsy and psychosis suggest that a re-examination of POE 

and its relationship to schizophrenia is warranted. 
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2.2.2 The historical literature and definitional approaches 

 

Early descriptions of epilepsy and psychosis are generally confusing to the modern 

reader given the varying terminology and lack of diagnostic clarity resulting in 

patients with features of both conditions being described together. During the 1800’s 

the concept of larval epilepsy was used to describe intermittent, periodic phasic 

abnormal mental states by Morel, Baillarger and Falret [251]. Without the use of the 

EEG, case descriptions from this time are difficult to divide into psychotic and 

epileptic diagnoses. Up until the 1950s, epileptic patients were commonly treated in 

large psychiatric institutions and were characterised within a psychiatric framework. 

During more modern times, the care of epilepsy has become a neurological specialty 

with advances in the medical and surgical management of seizures.  

 

Review of the literature during the twentieth century is characterised by a striking 

similarity to modern day concerns, with theories of antagonism (Glaus, 1931), 

association (Hoch, 1943) (Gibbs 1949) (Dongier 1959) (Slater and Beard, 1951) and 

independent aetiology (Jasper, 1939) advanced for patients with seizures and 

psychotic symptoms [31] [30]. These studies have been repeated over the years using 

different diagnostic criteria, generally favouring either a psychiatric or a neurological 

framework and failing to adequately address the alternative viewpoint. 

 

The neurological literature reflects a focus on the changing and increasingly 

sophisticated diagnostic criteria for types of seizures. This literature tends to view 

psychopathology as emotional and behavioural symptoms rather than using clear 

psychiatric diagnostic criteria. It reviews extensively biological and EEG related 

parameters. Over the same time period, the psychiatric literature developed a modern 

view of classification of schizophrenia as currently reflected either in the Diagnostic 

Statistical Manual of Diseases (DSM-V) [93] or International Classification of 

Diseases(ICD-10) classification systems [94] involving positive, disorganisational, 

negative and cognitive symptoms. Those patients with psychotic symptoms who do 

not meet requirements for schizophrenia are generally classified as psychosis NOS or, 

if presumed secondary to cerebral damage, organic psychosis, without clear 

definitional criteria specific to epilepsy. There is no literature looking specifically at 

the phenomenology of non-schizophrenia like psychosis of epilepsy.  
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European and Asian studies have devoted considerable discussion to acute and 

transient psychoses with less reference to whether the conditions are schizophrenia 

like. They describe atypical symptoms such as sudden onset, brief episodic symptoms 

with elements of confusion, perplexity and affective changes and a rapid return to 

premorbid functioning. Examples include bouffees delirantes [252] and cycloid 

psychoses [253]. Psychological stressors are accepted as precipitants. These 

presentations do not fit neatly within currently accepted diagnostic criteria. Features 

of atypical psychosis are commonly described in POE and especially in postictal 

psychoses (PIP) such as confusion, perplexity, affective symptoms and rapid recovery 

[254]. There is considerable overlap with the type of presentations described in 

postpartum psychotic states [255]. 

 

The psychoses of epilepsy (POE) have commonly been divided into postictal (PIP) 

and interictal (IIP) psychoses. Psychotic symptoms experienced peri-ictally are 

assumed to be the result of non-convulsive ictal activity. Interictal psychoses (IIP) are 

generally reported to be psychotic episodes in clear consciousness unrelated 

temporally to seizure events. Although frequently reported to be ‘schizophrenia-like’, 

the term coined by Slater and Beard [31], they may present in a variety of ways. The 

classical description includes paranoid and bizarre delusions, auditory and visual 

hallucinations and not infrequently, affective symptoms. They have frequently been 

noted to have relatively preserved affect compared with usual criteria for 

schizophrenia with fewer negative symptoms [31, 254]. Post-ictal psychoses (PIP) are 

transient psychotic episodes generally of sudden onset, following an exacerbation of 

seizures and a postictal lucid period of 24 to 72 hours. They are reported to account 

for 25% of epileptic psychoses [22]. Kanner estimates that 10% of PIP patients have a 

history of depression and hypothesise that depression may be a predictive factor for 

PIP [256]. PIP can present in a variety of ways but the presentations are often bizarre 

with altered mood and often confusion [257, 258]. They may present as having an 

altered conscious state, more consistent with delirium, but with retained attention and 

prominent positive psychotic symptoms. 

 

2.2.3 Epidemiological and Demographic Factors 
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The morbid risk of developing schizophrenia over an individual’s lifetime is 

commonly quoted as 1% (0.5-1.6%) [259]. Although recent data suggests some 

geographical and socioeconomic variations, this figure remains generally accepted. 

Epilepsy has an estimated prevalence rate in developed countries of around 7/1000 

[260] and a cumulative lifetime population incidence of 2-4% [261]. It is generally 

agreed that TLE is the most prevalent type of focal epilepsy [262] with estimates at 

65% [263]. Rates of MTS within groups of TLE vary in different populations ranging 

from 30% to 70% [264, 265]. 

 

There is a wide variety in incidence and prevalence reporting for POE, estimates 

which appear to reflect the source of the patient sample. Community surveys report 

prevalence rates of 0.6-7% while studies based in tertiary teaching hospitals with 

large numbers of medically refractory patients report prevalence of 10-19% [4], and 

in some selected samples up to 27% [22]. Rates are also dependent on factors such as 

geographic variation, time intervals over which data were collected and diagnostic 

terminology used. Larger surveys including 666 patients and 11,000 patients 

attending epilepsy clinics report smaller rates of 3.2% [266] and 2.8% [267] 

respectively, but as surveys they are likely to underestimate true prevalence. In a 

prospective study, children with TLE had a 10% risk of developing an interictal 

psychotic disorder over 30 years of follow-up [92]. Two large population based 

studies reported rates of 2%, with a further 9% having severe psychiatric disability, in 

Norway [268] and 7% in Iceland [269]. A large Danish population based study using 

longitudinal registers, reported that 2.3% of people with epilepsy had a longitudinal 

diagnosis of psychosis over 25 years, which was higher in those with a family history 

of either epilepsy or psychosis [270]. More recently, the prevalence of schizophrenia 

was found to range from 9% to 52% when criteria from the Operational Criteria 

Checklist for Psychotic Illness were applied to PWE [271]. Most detailed studies with 

clinical or structured psychiatric assessments report prevalence rates of 7-10% [32, 

269]. Incidence rates for POE have been calculated as 0.3% per year [272]. These 

figures are clearly well in excess of the 1% estimate for schizophrenia. 

In contrast, there is limited and conflicting data on the rates of seizures in people with 

schizophrenia despite an early observation from Kraepelin that “as in dementia 

praecox epileptiform seizures occur, the malady may be taken for epilepsy” [273]. In 
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the few early studies that have been undertaken, rates of epilepsy within chronic 

mental health populations were often no higher than in the general population [274]. 

Betts in 1974 investigated rates of epilepsy in a chronic mental hospital population, 

and out of 13,000 patients identified 78 with epilepsy and psychosis [275]. Half of 

these had a diagnosis of psychosis prior to the recognised onset of their epilepsy. 12 

years later, almost all the patients who were alive, were mentally well. This may 

suggest that many of those with POE are not treated within the chronically mentally 

unwell population. A large 1999 study reported that the prevalence of seizures in 

people treated for schizophrenia and other paranoid disorders was not much increased 

compared to the general population (n=460) [276]. 

 

Other authors have suggested that seizures may occur more commonly in people with 

schizophrenia. These may be partly accounted for by the seizure threshold lowering 

effects of antipsychotic medications [277]. A 28 year follow up study in Finland 

found that epilepsy was strongly associated with schizophrenia (OR= 11.1, 95% CI= 

4.0–31.6) [278]. There is currently insufficient evidence in either direction to 

conclude whether schizophrenia is an independent risk factor for the development of 

seizures beyond the effects of antipsychotic medications. 

 

Schizophrenia has been reported to be equally prevalent in men and women, although 

there are distinct gender profiles in terms of age of onset of illness and course of 

illness. Peak onset is earlier in men than women. It is now recognised that women 

have a higher lifetime accumulated risk although men may have greater morbidity and 

poorer psychosocial outcomes [259]. Overall it appears that epilepsy may be slightly 

more frequent in males than females [279]. Some studies for patients with MTS have 

higher rates of female than male patients [67, 280]. However, it is unclear whether 

this reflects sampling bias as most studies are undertaken in tertiary teaching hospitals 

and may reflect gender bias in terms of those presenting for treatment. Differences are 

frequently statistically non-significant implying that there may be no true gender 

imbalance. 

 

The peak age of onset of MTS is in the teenage years, although there are few studies 

that report data comparing age of onset by gender. French and Williamson report the 

mean age of onset of seizure disorder in 67 patients with surgically treated MTLE as 9 
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years (range 9 months to 32 years), with 88% having onset of epilepsy before age 16 

[281, 282]. The age of onset of psychosis in this group is reported as 10-15 years after 

the onset of epilepsy, making it fairly indistinguishable by age from schizophrenia 

[229]. 

 

Both epilepsy and schizophrenia appear to be unequally distributed worldwide. 

Despite the internationally recognised IPSS study [283] identifying a relatively 

constant 1% prevalence rate for schizophrenia in a wide variety of populations 

throughout the world, more recent studies have found that schizophrenia is not evenly 

distributed geographically. Some geographical areas have been associated with higher 

rates of schizophrenia than others, including western parts of Ireland, India and 

Hungary [234]. A review of 100 epidemiological epilepsy studies evaluating the 

frequency of epileptic seizures and epilepsy itself worldwide reported that there 

appears to be unequal distribution of disease incidence and prevalence reflecting local 

risk factors and potentially, epidemiological markers of particular regional or endemic 

infections, hereditary predispositions, early interventions during management of 

childbirth and childhood development or even the natural course of the disease [284]. 

Local risk factors are more common in developing countries, and this is supported by 

a range of studies showing higher rates in Africa, South and Central America [260].  

 

Socioeconomic factors influence both groups. There is a preponderance of psychotic 

individuals in economically disadvantaged social groups and those born in urban 

areas [285]. Increased morbidity of psychosis among certain migrant groups in first 

world countries such as African-Caribbean groups in the UK have led to the 

hypothesis that this association is due to both social drift and environmental risk 

factors associated with socioeconomic disadvantage [286]. Cultural and social factors 

may contribute to the development of psychosis.  

There are a limited number of population-based studies investigating the evidence for 

low socioeconomic status and risk of epilepsy [76, 287], and these generally find 

evidence of social deprivation as both a cause and consequence of epilepsy. A study 

in Wales found epilepsy to be a consequence of social deprivation as the correlation 

was found in those under 20 years of age [288]. An Icelandic study found low 

socioeconomic status to be a risk factor for epilepsy in adults, but not in children, 
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suggesting a cumulative effect of socioeconomic status on risk for epilepsy (or drift) 

[289].  

Whilst there is a large literature documenting significant quality of life issues in 

schizophrenia [290], there is little to no specific literature data on the QOL in POE to 

distinguish it from other comorbidities of epilepsy. 

2.2.4 Neurodevelopmental Factors 

 

The causality for psychosis has been extensively investigated without any single 

adequately comprehensive explanatory model being developed, in part because there 

are so many different factors and in part because of the heterogeneity of the 

populations. Both schizophrenia and focal epilepsy are believed to be heterogenous in 

presentation and neurodevelopmental in aetiology.  

 

There are several versions of the neurodevelopmental model in the psychiatric 

literature, but the core components are of a neurodevelopmental trajectory, potentially 

encompassing genetic and epigenetic risks, a perinatal lesion either neurogenetic or 

environmental [291] which may become unmasked with brain maturation 

(myelination of corticolimbic circuits and/or synaptic pruning and remodeling) [292], 

or compounded by the morbid effects of a ‘second hit’ and possibly complicated by 

brain maturation [166]. It is likely that both early and late neurodevelopmental factors 

may be relevant components in the development of psychosis.  

 

The idea that the aetiology of schizophrenia is related to early neurodevelopmental 

changes is strongly supported by the absence of gliosis seen at post mortem on 

schizophrenic brains [293]; the specific reductions in dendritic spine densities [294]; 

the neuroimaging data demonstrating ventricular enlargement [295]; the association 

with premorbid cognitive and social impairments [296]; the presence of minor 

physical anomalies [297]; seasonality data [298] and the literature on viral exposure 

[299] as well as obstetric complications [300]. However, these complications may be 

a consequence of, rather than the cause of abnormal neurodevelopment, suggested by 

the finding that patients with schizophrenia have smaller head sizes at birth than 

controls [301]. It is argued that the early developmental model alone does not 
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adequately explain the long latency period before the development of psychosis in 

adolescence.  

 

The late developmental or second hit hypothesis proposes that the cause of psychosis 

is primarily abnormal brain development in adolescence with excessive synaptic and 

dendritic connections resulting in aberrant neural connectivity and psychotic 

symptoms [302, 303]. In this view premorbid abnormalities in childhood are non-

specific risk factors with a necessary ‘second hit’ prior to the development of 

psychosis. 

 

The risk model is an alternative way of combining the same broad ideas. It suggests 

that early pathology acts as a risk factor rather than a cause and the impact can best be 

understood in light of exposure to other risk factors. For example aberrant brain 

development expressed as cognitive impairment interacts with the environment to 

produce psychotic symptoms. Catalytic events may be critical for individuals, 

including environmental adversity, stress or substance abuse [244]. 

 

There is a large body of literature investigating relationships between obstetric and 

perinatal factors and minor physical abnormalities and the risk of later developing 

schizophrenia. Unfortunately most of these studies are retrospective and studies based 

on maternal recall have been demonstrated to have methodological limitations [304]. 

There is no specific data for POE and very limited data of this nature for focal 

epilepsy. A brief summary is included here to demonstrate the strong likelihood of an 

underlying neurodevelopmental component to psychoses generally. 

 

Explanatory models for the relationship between obstetric factors and psychosis 

include: perinatal hypoxia causing hippocampal damage; a genetic predisposition 

sensitising developing brain to lesions from randomly occurring complications; 

genetic predisposition leading to abnormal focal development which causes the 

complications; and maternal constitutional factors increasing the risk of complications 

and subsequent brain damage. Associations have been found for preeclampsia [305], 

perinatal hypoxia [306], low birth weight and prematurity [300], low maternal BMI 

[307] and specific complicating events such as placental abruption [308]. One large 

Swedish study of 500 000 births found an increased risk ratio for schizophrenia up to 
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2.5 times with preeclampsia, prematurity less than 33 weeks, failure to progress 

during labour, vacuum extraction, respiratory illness and low birth weight [300]. 

However two more recent population based studies failed to identify any significant 

associations [309, 310]. The most comprehensive review of this field [311] concludes 

that although significant associations have been found between birth complications 

and adult schizophrenia, the effects are inconsistent and indicate significant study 

heterogeneity. 

 

The second large area of research in obstetric complications focuses on a potential 

relationship between infections prenatally and adult schizophrenia. There is a 5-8% 

excess of patients with schizophrenia born in Winter/Spring in the northern 

hemisphere [298] but not the southern [285] which has been suspected to be related to 

the increased viral exposure in these seasons for fetuses in the second trimester. A 

link between infection rates and psychotic illness was first identified using 

retrospective analysis of patients with schizophrenia who had been in the second 

trimester during the 1957 A2 influenza epidemic in Helsinki [312]. Subsequent 

studies have been numerous and conflicting, and only two have data on actual 

infection rather than exposure. These found no increase in the risk to offspring [313, 

314]. The balance of evidence does not currently support this hypothesis. The issue 

remains of interest because of a small number of other studies documenting increased 

risk for prenatal rubella [315] and viral respiratory infections in general [316], and the 

relationship between childhood CNS infections and an increased risk of schizophrenia 

(OR 4.8, 95%CIs) [299]. 

 

Low vitamin D levels prenatally have been suggested to account for seasonality of 

birth [317], and while there is some data in animal models suggesting that prenatal 

hypovitaminosis D may be associated with altered cerebral neurogenesis [318], and 

some retrospective data showing a reduction in risk of psychosis for males with 

vitamin d supplementation [319], there is as yet no convincing evidence in humans. 

 

Maternal starvation has been investigated in a Dutch study which found severe food 

deprivation in the first trimester was associated with later schizophrenia [320] as was 

maternal stress during the German occupation against the Netherlands in 1940 [321], 
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although the relative risks are small and there are negative studies of maternal stress 

[322]. 

 

The early rearing environment is also likely to contribute. Increased rates of 

schizophrenia in children of parents with schizophrenia adopted out have been almost 

universally been attributed to adoption by dysfunctional families, despite known 

associations of genetic risks [323]. 

 

There are no data within the epilepsy literature regarding season of birth or intra 

uterine exposure to viruses. However there are many studies documenting 

relationships between perinatal insults, febrile convulsions and the later development 

of focal epilepsy. The literature examining a relationship between febrile convulsions 

and the later development of seizures consistently shows a risk relationship between 

the presence of febrile convulsions and the later development of seizures, although the 

odds ratios for development of seizures remains very low. There is extensive 

retrospective data documenting high rates of febrile seizures in patients with later 

seizures. French and Williamson report that 78% of PWE had seizures under the age 

of 5 associated with a febrile illness [281, 282]. The common clinical scenario is the 

early occurrence of a potential brain insult such as febrile seizures, head injury, birth 

trauma or CNS infection followed by a clinically latent stage that may last up to 31 

years [281, 282].  

 

Recent work has documented progression in some numbers of subjects from febrile 

seizures to the emergence of MTS on MRI associated with the development of 

seizures. A prospective MRI study of 24 patients with newly diagnosed TLE reported 

a 9% hippocampal volume reduction ipsilateral to seizure site over a 3.5 year mean 

period of observation [52]. This reduction correlated with the rate of secondarily 

generalised seizures. A similar study showed a 1% hippocampal volume loss on MRI 

in 12 patients over 3.4 year observation, while 3 patients without seizures showed no 

loss [53]. The causality of MTS however remains disputed. 

 

It is unclear if there is a relationship between febrile convulsions and the later 

development of psychosis. Of the limited number of studies that have examined this 

parameter for the later development of psychosis, one study finds an association with 
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prolonged febrile convulsions [324], one study suggests an absence of febrile 

convulsions [233] and one reports no difference [325]. 

 

There is one large recent population based study examining the relationship between 

febrile convulsions and the risk of schizophrenia. A history of febrile seizures was 

associated with a 44% increased risk of schizophrenia. This association remained 

virtually unchanged when restricting the analyses to people with no history of 

epilepsy [326]. There is also a recent association for schizophrenia and febrile 

seizures to a gene, mapped onto 18p11.2, which is a known susceptibility region for 

bipolar disorder [327]. 

 

A range of subtle neurodevelopmental features, dysmorphia and minor physical 

anomalies present from birth have been associated with people who develop 

schizophrenia [301]. There is no equivalent literature for epilepsy although it is well 

recognised that epilepsy is more common in cohorts with intellectual disability and 

neurodevelopmental abnormalities. Minor physical anomalies may be seen as proxy 

markers of disturbed early development. They include subtle variations in soft tissue, 

cartilaginous and bony structures such as high steepled palates, epicanthal folds, 

single palmar creases and dermatoglyphic anomalies, thought to stem from deviations 

in the first trimester [297]. Qualitative craniofacial measures show wider mid and 

lower face, widening of the skull base anomalies of the eyes, ears and mouth [328]. 

However proving a relationship between these anomalies and changes in the adult 

brain associated with schizophrenia has proven difficult with only one group of many 

showing an association with increased ventricular volume on MRI [329]. 

 

Studies of high risk children of parents with schizophrenia may have a syndrome of 

pandysmaturation [330] with some delay in visual, motor cognitive and physical 

development. Individuals at high genetic risk of developing schizophrenia as adults 

are more likely to have neurocognitive deficits and social difficulties in childhood 

[331] and a preference for solitary play [332]. As adults, patients with schizophrenia 

have been reported to have a higher incidence of non-localising neurological signs 

correlating with increasing severity of illness. These include dysdiadochokinesis, 

astereoagnosis, mirror sign, primitive reflexes, tics, stereotypies, impaired fine motor 

skills and tone and abnormal movements. Deficits in event related potentials [333] 
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and saccadic eye movements [334] are noted in patients and some biological relatives 

but are rare in the general population.  

 

2.2.5 Family History 

 

Family history has been a well studied and acknowledged risk factor for 

schizophrenia with a high, albeit complex, heritability [234, 335]. There are a number 

of inherited epilepsies, although the heritability of the focal epilepsies is not strong 

[336]. Heritability for POE has not been established.  

 

Epidemiologically, there is a complex relationship between psychosis and epilepsy as 

seen in a recent study by Qin et al using a Danish database. Both a family history of 

epilepsy and of psychosis are identified as independent risk factors for the later 

development of schizophrenia or schizophrenia like psychosis of epilepsy after 

adjusting for a personal history of epilepsy [270]. A family history of psychosis had 

an odds ratio on 7.57 for schizophrenia and 6.2 for SLPE. A family history of 

epilepsy has an OR of 1.11 for schizophrenia and 1.2 for SLPE. These results 

demonstrate a strong relationship between epilepsy and schizophrenia or SLPE and 

suggest that the conditions may share common genetic or environmental causes. 

 

A study specifically investigating PIP risk factors reported that a family history of a 

mood disorder but not a personal history of mood, personality or anxiety disorders nor 

a family history of psychosis were associated with PIP [337]. 

 

2.2.6 Clinical Factors 

 

Reported clinical risk factors for the development of psychosis in epilepsy include 

onset of epilepsy before age 20 [231], generally at puberty, with an epilepsy duration 

of greater than 10 years before the onset of psychosis, with an average latent period 

between the onset of epilepsy and psychosis of around 14 years [22], or 21 years 

[338], frequent complex partial seizures [29, 339-341], left handedness [280, 338] 

with a relative absence of febrile convulsions [233]. However none of these is fully 

consistent across the literature.  
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Umbricht identified a difference in age of onset of epilepsy between patients who 

developed chronic psychosis with age of onset of epilepsy before puberty and those 

who developed later PIP with age of onset at the end of adolescence [233]. Kristensen 

and Sindrup did not find an association for age of onset, laterality of focus or the time 

interval from onset of epilepsy but did report that those who developed psychosis 

were less likely to have a family history of epilepsy, psychic seizures and frequent 

complex partial seizure and were more likely to have evidence of brain damage, 

neurological signs, basal or multiple foci and sinistrality [338, 339]. 

 

Seizure control may be important. PIP is commonly reported to occur after a cluster 

of seizures. Patients with POE may respond to improved seizure control [233]. There 

have been several reports of seizure clusters or poor seizure control as independent 

risk factors for the development of POE [233, 341, 342].  Umbricht et al. hypothesise 

that clustering may exert a similar effect to that of kindling in animals in regions 

distant from the seizure focus. It is unclear whether seizures need to be convulsive or 

secondarily generalised. Slater and Beard reported an inverse relationship between 

severity of epilepsy based on number of convulsive seizures and the risk of psychotic 

episodes [31]. Flor Henry reported an inverse relationship between psychosis and 

psychomotor seizures, but not convulsive seizures [340]. 

 

Apart from a focus on the temporal lobe, the possible effects of seizure focus at other 

sites have not been extensively investigated. One study by Psatta described different 

focal sites being related to the type of psychotic symptom. Patients with frontobasal 

(temporal anterior) foci had more paranoid symptoms, patients with temporal lobe 

foci more depressive symptoms and patients with sagittal line foci, hypomanic 

behaviour [343]. 

 

Possible specific exacerbating mechanisms include side effects of antiepileptic drugs 

(AEDs), prior specific or global brain damage early in development, propagation of 

seizure activity to distant sites, ongoing deep ictal activity not detected with scalp 

electrodes, later brain damage due to the effects of the release of excitatory amino 

acids at time of seizure [344] or anoxia secondary to hypermetabolism due to chronic 

or recurrent seizures, supported by observations of psychosis post clusters, kindling of 
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emotionally significant limbic areas or inhibitory surround of these areas in response 

to seizures [345]. 

 

In general it is accepted that psychosis, while a possible side effect of AEDs, is 

unlikely to be primarily due to medication or the effects of medication in the majority 

of cases. Only a small number develop psychosis in at the time of commencing an 

AED. Studies have looked at other possible factors including folate deficiency, but to 

date this data is inconclusive [346].   

 

Early studies suggesting a specific relationship between TLE and psychosis [31, 132, 

267, 269, 340, 347-353] [354] have not been confirmed by modern studies [135, 355, 

356] [356-362] [23, 270] despite continuing to be described widely. Possible evidence 

includes high prevalence rates of psychosis in temporal lobe epilepsy patients, studies 

associating temporal lobe epilepsy with schizophrenia like psychosis, patients that 

develop psychosis de novo post temporal lobectomy which may simply represent a 

co-occurrence of the 2 reasonably common disorders [363-365] and well known 

observations regarding stimulation of the temporal lobe and limbic system which 

precipitate psychotic like experiences [237].  

  

Early studies demonstrated that electrical and chemical stimulation of the amygdala 

elicits fear and rage, and of the temporal lobes, hallucinations, déjà vu [366-368] and 

depersonalisation [369]. Old studies have also reported detecting EEG spike activity 

from sites in the amygdala, caudate and septal nuclei in patients with schizophrenia 

with depth electrodes [370] although only non specific changes are generally seen on 

scalp leads.  

 

The association studies suggesting POE is more common in TLE are likely 

complicated by the lack of agreement for the prevalence of MTS, TLE and focal 

epilepsy in the general population. As TLE is so common, it may result in statistical 

errors in assessment of correlations. Stevens conducted repeated detailed analysis of 

studies finding a relationship between TLE and psychosis after being unable to 

confirm the association in her own work [371]. In particular she identified several 

confounding features that may have contributed to invalid conclusions. For example 

in the early Gibbs study [267], the majority of generalised epilepsy patients with 
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lower rates of psychopathology were adolescents and the majority of the psychomotor 

epilepsy patients were middle aged. The latter group would be expected to have a 

higher prevalence. In review of Slater and Beards’ work [31], it was noted that 2/3 

had TLE that was equivalent to the ratio in the psychopathology cohort. She 

concluded that the increased risk of psychiatric disturbance in patients with epilepsy 

is due predominantly to the site and extent of brain damage and the individual’s 

psychosocial history rather than to a diagnosis of temporal lobe epilepsy. 

 

About 50 years ago, Flor Henry wrote extensively proposing distinct relationships 

between psychosis and dominant focal site and affective disorders and non dominant 

foci [372]. He used a variety of studies in animals and humans to support these 

hypotheses that had some inherent face validity. In his own analysis, he showed a 

significant relationship between speech dominant TLE foci and schizophreniform 

psychosis and a non-significant correlation between affective psychosis and non-

dominant TLE[373].  

 

There are a number of confirming studies demonstrating a possible relationship 

between left sided or dominant laterality of focal seizures and psychosis [92, 231, 

373-375]. Retrospective analysis of cases with schizophrenia-like psychosis and TLE 

by Perez and Trimble reported 62% had a left sided lesion, 23% had bilateral foci and 

only 15% were right sided [376]. Some papers also report an over representation of 

sinistrality which may be an indicator of dominant lobe pathology [231, 338, 374]. 

 

Despite this, as many studies have looked for this association and concluded that there 

was no clear evidence for an association between left or dominant epileptic foci and 

psychosis [377] [339, 354, 378-380]. The only post mortem study does not show any 

association with laterality [351]. There are a number of case studies describing 

psychosis in patients with right-sided epilepsy [381-383]. 

 

Bitemporal seizures may have a relationship with a risk for psychosis [233, 341, 342, 

374, 384]. Flor-Henry found a statistically higher rate of bilateral foci in his psychotic 

group compared to non-psychotic patients with epilepsy, although he did not 

emphasise this [340]. He reported an excess of left sided foci as the main finding, but 

this was only statistically significant when he analysed unilateral foci independently 
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of the bilateral foci. This difference was not present when the bilateral group was 

compared to left and right-sided foci. Flor-Henry concluded that because the bilateral 

foci affected the left side, they had higher rates of psychosis rather than acknowledge 

the possibility that bilaterality was a specific risk.  

 

There are identifiable confounders that may account for the discrepancies. Studies use 

different means for diagnosis and laterality that may affect some diagnostic systems 

more than others. For example the PSE used by Perez [376] to diagnose psychosis, 

correlated highly with left sided TLE and this may simply reflect the reliance on 

verbal criteria for diagnoses using this system. Parnas [377] found that left sided foci 

were under represented in their TLE patients with classical schizophrenia but 

overrepresented in patients diagnosed with paranoid hallucinatory psychosis (with the 

absence of thought disorder, social withdrawal or deterioration). In addition, many of 

the studies that report predominant left sided laterality are in patients being 

considered or undertaking focal resection surgery. This group is not representative of 

patients with epilepsy. Those with left sided lesions for lobectomy will be 

exhaustively investigated to limit speech loss and this may increase the identification 

of psychotic symptoms. Patients with bitemporal foci are generally not considered for 

surgery and would be less likely to be admitted for review [233]. 

 

Both psychosis and epilepsy are commonly associated with a variety of comorbid 

conditions that may be biological but are also commonly related to the adverse effects 

of psychosocial stressors, treatments and lifestyle limitations. People with 

schizophrenia have higher rates of diabetes, arteriosclerotic disease and myocardial 

infarction, middle ear disease, irritable bowel and rare genetic disorders such as acute 

porphyria [234]. There is a documented but unexplained negative comorbidity for 

rheumatoid arthritis and lung cancer [259] and possibly other cancers. Mortality rates 

from accidents and suicide are higher than in the normal population with an estimated 

20% reduction in life expectancy in patients with schizophrenia compared to the 

general population [234]. An estimated 10% suicide [385].  In addition medical 

morbidity is related to side effects of antipsychotic medication such as the cardiac risk 

factors of obesity, lipid and glucose intolerance. Sudden unexplained death is 

documented [386], is higher in those on more than one medication [387] and 

presumed to be due to cardiotoxic effects of antipsychotics and impacts on QTc 
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intervals. Fertility in people with schizophrenia is reduced [317] but this effect is less 

significant in women and in developing countries and may be improving in recent 

decades [388]. Much of this can be explained by social disadvantages interrupting 

opportunities for intimacy and the prominent effects on prolactin inhibiting ovulation 

well recognised to be associated with many antipsychotic medications. 

 

Epilepsy has a similar literature. It is well recognised to be associated with a wide 

range of comorbid medical problems [389], many secondary to the effects of long 

term AED use including the risk of an potential increase for some cancers. Fertility is 

reduced and polycystic ovarian syndrome more common with concomitant increased 

risk of fetal abnormality [390]. Implications for osteoporosis are only recently 

acknowledged [391]. The implications of weight gain on medication are less 

extensively reviewed than in the psychiatric literature but are undeniably associated 

with a number of medications [392]. There is a recognised increased rate of suicide 

[393]. Epilepsy is also well documented to have an increased rate of sudden death, 

termed SUDEP[77] believed to be related to seizure impacts on the brainstem [13].   

 

There is little linking literature looking at the potentially compounded effects of 

antipsychotic and antiepileptic medications on physical, mental and cognitive health. 

 

2.2.7 Clinical Symptomatology 

 

The most well recognized and quoted description of the clinical symptomatology of 

POE was by Slater and Beard over 50 years ago [31]. The issue of whether it is a 

distinct nosological entity remains disputed. Slater and Beard described POE as a 

distinct entity that they termed schizophrenia-like (SLPE). They described the 

preservation of affect and personality in comparison to individuals with 

schizophrenia. In their cohort, psychosis was diagnosed after an average of 14 years 

post the diagnosis of epilepsy with the development of persecutory delusions and 

hallucinations. However some presented with catatonic and hebephrenic symptoms 

and others exhibited a chronic deterioration more consistent with schizophrenia alone.  

Clear symptom differences between patients with SLPE and patients with 

schizophrenia without epilepsy have not been confirmed using structured diagnostic 
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instruments like PSE [376] and CATEGO [354]. Those with chronic interictal 

psychosis may have more first-rank Schneiderian symptoms and auditory 

hallucinations of running commenting than patients with post-ictal psychosis. Those 

with PIP are reported to have more grandiose and religious delusions, often with 

elevated mood and ‘feelings of mystic fusion with the universe’ [258, 394]. 

Reviews of chronicity have described clinical deterioration in SLPE similar to that of 

schizophrenia patients [394, 395] Others have described the course of interictal 

psychosis to be similar to the heterogeneous course of schizophrenia without epilepsy 

with part of their total cohort experiencing remissions and relapses whilst another 

group remained chronically ill [396].  

Negative symptoms and low IQ may be more common in POE.  A recent study has 

described negative symptoms to be prominent in TLE and found them to be 

‘independent of age at onset of recurrent seizures, duration of epilepsy, and presence 

of early initial precipitating injuries’ [397]. Negative symptoms were also associated 

with neuropsychological deficits greater than expected for TLE. Poor intellectual 

functioning has also been found to be associated with chronic interictal psychosis 

[395]. 

The focal site of the epilepsy may be relevant to the clinical psychiatric presentation 

and may confound comparisons.  It is common to see dysexecutive clinical 

presentations with frontal and anterior temporal lobe epilepsy. One study examined a 

group of patients with epilepsy and interictal psychosis divided into those with frontal 

and temporal lobe foci [398]. The groups had equally severe psychomotor excitement, 

hostility, suspiciousness, and hallucinations but patients with frontal lobe epilepsy had 

more severe emotional withdrawal and affective blunting. 

In short, the evidence for SLPE as a distinct clinical entity is sketchy. The clinical 

picture of PIP progressing in later years to a more chronic SLPE suggests a distinct 

clinical process, as does the association with preserved affect and more pleomorphic 

presentations. However investigations to date into clinical syndromes have failed to 

distinguish between SLPE and schizophrenia more generally. 
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2.2.8 Genetic Factors 

 

Despite significant and extensive investigation and the robust findings through twin, 

family and adoption studies of a genetic component to the development of 

schizophrenia, no particular genetic factor has been conclusively established as a risk 

factor [302]. While schizophrenia is clearly heritable, with heritability estimates of as 

high of 0.80 [302], the approximately 50% discordance rate for monozygotic twins 

suggests that other factors are crucial to the development of the disease.  

 

Schizophrenia is described as genetically complex with polygenic inheritance, likely 

locus heterogeneity, incomplete penetrance and high population frequency of disease-

causing alleles [302]. There may be epigenetic phenomena, mitochondrial inheritance 

and the relationship between genotype and phenotype mediated by complex gene-

gene and gene-environment interactions. Certain chromosomes have been implicated 

in particular families and these include chromosome 11, 18, 19 and X [399] but none 

have been generalisable. It is likely that there are epigenetic and cytogenetic factors 

(such as velocardiofacial syndrome) at work.  There are an increasing number of 

candidate susceptibility genes for Schizophrenia. Current examples include regulator 

of G-protein signaling-4 (RGS4), CAPON, Disrupted-In-Schizophrenia-1 (DISC1), 

Dysbindin, Neuregulin-1, D-amino acid oxidase (DAAO), G72, and catechol-o-

methyltransferase (COMT) [400]. Most of the hypothesised candidate genes are 

thought to be responsible for neurotransmission or neuromigration in keeping with the 

neurodevelopmental hypothesis of the development of schizophrenia. 

 

The concept of intermediate phenotypes is a strategy aimed at identifying more 

elemental neurobiological traits related to genetic risks for schizophrenia, such as eye 

tracking dysfunction seen in patients with schizophrenia and a higher proportion of 

their biological relatives than in the normal population [401]. Other intermediate 

markers include schizotypal personality disorder [402], negative symptoms which 

appears to be a stable marker over time with familial aggregation [403], event related 

potentials [404], MRI attributes such as ventricular size [405] and neuropsychological 
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deficits [297]. To date none of these has been reliably established as a useful clinical 

or genetic marker.  

 

Genetic factors for epilepsy have been extensively investigated with a small 

proportion of epilepsy syndromes thought to be due to single gene traits. The role of 

genetic factors in multifactorial epilepsies is established from a variety of findings. 

These include twin studies, family aggregation studies, single-gene epilepsy 

syndromes, and animal models [406]. 

Studies of epilepsy in twins have consistently found a higher concordance among 

monozygotic compared to dizygotic twins, although the actual concordance rates vary 

widely [407]. Using a population-based approach, Miller et al, [408] estimated 

heritability for susceptibility to seizures as 0.69 to 0.85, depending on seizure type. In 

addition to epilepsy in general, significant heritability has been found for many, but 

not all, specific seizure types and syndromes. In family studies, Ottman [409] and 

others have demonstrated an elevated risk of epilepsy in relatives of probands 

compared to the general population. Depending on the specific diagnosis in the 

proband, the relative risk of epilepsy in relatives is approximately 2- to 3-fold.  

Multifactorial epilepsies are more common than those caused by mutations in single 

genes. Some progress has been made in identifying major loci in these conditions, 

although no specific genes have been implicated thus far. For example in Childhood 

absence epilepsy: there is evidence for autosomal dominant transmission of an EEG 

pattern with bilaterally symmetrical 3 Hz spike and slow wave complexes [410].  

Identification of a locus for childhood absence epilepsy is focused on the long arm of 

chromosome 8 at 8q24. Susceptibility to febrile convulsions shares a genetic basis 

with epilepsy. This condition has a multifactorial form as well as an autosomal 

dominant form. Linkages have been found to 8q13-21 and to 19p13.3[410]. 

There are a few recently identified genetic disorders with neurodevelopmental roles 

associated now with both seizures and psychiatric presentations. Focal heterotopias 

are reported to be associated with both epilepsy and psychosis [411]. Lyssencephaly 

is a known disorder of neuronal migration with an identified gene which is associated 

with the development of epilepsy and for which there have been reports of abnormal 

gene expression in people with schizophrenia [412]. Temporal lobe epilepsy with 
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auditory hallucinations has a recognised pathogenesis associated with LGI1 genes 

associated with abnormal neurodevelopment likely synaptogenesis or axonal 

guidance. LG1 genes have been mapped to chromosomal loci previously linked to 

schizophrenia. Although their function is not yet fully understood, the relationship 

with both epilepsy and psychosis like symptoms suggests a possible identifiable 

genetic link between the conditions [413]. 

2.2.9 Neuropathological and neuroendocrine mechanisms 

  

The classic neuropathological description for schizophrenia is the absence of cerebral 

gliosis at post-mortem [293], despite Kraepelin’s early description of dementia 

praecox as a neurodegenerative condition. There are common neuropathological 

abnormalities described in schizophrenia [414].  Macroscopically there is lateral and 

third ventricular enlargement with small but significant reductions in whole brain 

volume, often more in the temporal lobe structures. Microscopically, there are three 

reported findings: abnormally oriented pyramidal neurons in Ammon’s horn in 

hippocampus [415], misplaced and aberrantly clustered neurons in the entorhinal 

cortex [416] and loss of hippocampal neurons [417] but none of these have been 

convincingly replicated. Although there is considerable evidence for disproportionate 

impacts on temporal lobe structures, there are also negative post mortem results and a 

lack of diagnostic specificity [414]. 

 

Specific replicated histological features in the hippocampal and dorsolateral prefrontal 

cortex in schizophrenia suggest a lower density of connections reflecting reduced 

neural connectivity, especially in the limbic system (amygdala, hippocampus and 

parahippocampus) and basal ganglia [294]. This is consistent with the hypothesis of 

decreased cortical or thalamic excitatory glutaminergic input to the dorsolateral 

prefrontal cortex. These changes are postulated to represent excessive pruning in 

adolescence and are supported by data showing changes in adolescent myelination in 

those areas implicated in the development of psychotic symptoms [418]. 

 

Histological changes have not been adequately characterised for psychosis of 

epilepsy. The debate in the epilepsy literature focuses on potential interactions 

between neuropathological features, alien tissue lesions and hippocampal sclerosis, 
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temporal lobectomy and the risk for development of psychosis.  There are few 

neuropathological studies of patients with epilepsy and psychosis. Two studies have 

shown that resected temporal lobe tissue from patients with TLE and psychosis 

demonstrate a greater incidence of mediotemporal abnormalities than tissue from 

temporal lobectomy patients who did not have psychosis [229, 231].  Bruton et al. 

subsequently compared ten post mortem patients with SLPE, nine patients with 

epilepsy and an alternative form of psychosis and thirty six patients with epilepsy 

alone [229]. These brains were donated from a variety of settings in the UK over 40 

years. This cross sectional case review study concluded that psychotic epileptic 

patients had larger ventricles, excess periventricular gliosis and more focal cerebral 

damage than epileptic patients with no psychotic illness. Those with SLPE had a 

statistically significant excess of perivascular white matter softenings. MTS and TLE 

occurred with the same frequencies in each group. Neither family history of psychosis 

nor personal history of birth or head injury or status epilepticus differentiated the 

psychotic from non psychotic patients. 

Clinical pathological risk factors for psychosis are not consistently reported. Most 

authors do not identify MTS [229, 232, 233, 342, 378, 419] or febrile convulsions 

[233] as risk factors for psychosis. There is one study that identifies MTS as a 

potential risk factor for POE although with little supportive data [420]. There is a 

reported association for POE with alien tissue lesions such as hamartomas, DNET or 

other tumors [230, 231, 378, 419]. It is possible that these represent selection bias as 

the association is only reported in patients undergoing resective surgery. The only 

whole brain post mortem study did not find an association [351]. The presence of 

alien tissue lesions, often of embryonic or perinatal origin, supports the postulated 

role of neurodevelopmental abnormalities in the development of psychosis and the 

independent finding of increased rates of entorhinal cortex dysplasia in schizophrenia 

[421]. 

MTS has also been suggested to be less likely in those with psychosis [67, 231, 233]. 

The rate of bilateral foci in those with MTS is low [233]. Taylor reported a relative 

absence of psychosis associated with MTS (5%) and an excess (23%) associated with 

alien issue lesions (hamartomas, focal dysplasia, small tumors) in his study of 255 

intractable psychomotor epilepsy patients [231].  Similarly, Roberts investigated a 
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series of patients with TLE (n=249), looking post operatively at their clinical and 

pathological data [67]. This study found that schizophrenia-like psychosis was 

significantly correlated with lesions of fetal or perinatal origin involving the 

mediotemporal lobe. There was an association with left sided foci preoperatively but 

not postoperatively. Gangliogliomas were found to be disproportionately associated 

(p<0.001) with a risk for psychosis and this association was significantly greater than 

for those with Ammon’s horn sclerosis (or MTS). 

 

It has been hypothesised that the reduction of cells in the CA fields of the 

hippocampus may provide some protection against over activity of hippocampal 

neurons which are hypothesized components in the formation of delusions [233]. This 

aligns with the theory that those with the most severe atrophy show less evidence of 

depressive illness because in order to manifest mental illness, there needs to be a base 

level of hippocampal functioning [207]. 

 

An alternative theory links animal studies showing axonal sprouting induced by 

kindling in the hippocampus and amygdala [422]with demonstrations of abnormal 

sprouting of mossy fibres in human temporal lobes removed for epilepsy surgery 

[423]. The development of psychosis may be a result of disorganised and overactive 

neural connections in the limbic areas of the brain. 

 

It has long been recognised via case reports that there is a relationship between 

psychosis and a wide range of static neurodevelopmental lesions and anomalies such 

as corpal callosal agenesis [424]. The delay between the anomaly and the onset of 

psychosis suggests that there is a crucial relationship between static pathology and 

normal maturational brain processes. This may also be true for some of the 

neurodevelopmental lesions that are believed to be aetiologically associated with 

focal epilepsy. 

 

There is evidence for similar metabolic impacts on the limbic system occurring 

independently in both schizophrenia and POE. Both have key associations with limbic 

structures, particularly the temporal lobes. Electrical and chemical stimulation of the 

amygdala in animals elicits complex behaviours of fear and rage and of the 

hippocampi, sensations of déjà vu, visual and auditory hallucinations [366]. Other 



 75 

studies have suggested that auditory and visual hallucinations occur when limbic, 

basal ganglia and the appropriate sensory association cortex are simultaneously 

activated during the epileptic aura [368]. This is congruent with Heath’s deep 

electrode studies in actively hallucinating schizophrenic patients who had evidence of 

spike activity in the amygdala, caudate and septal nuclei [370]. Older studies have 

documented that abnormal electrical activity in deep temporal structures may be 

associated with a simultaneous depression of surface cortical activity [340]. Forced 

normalization may reflect an improvement in scalp electrodes with concomitant 

increased disturbance in deep temporal structures [340]. 

 

There may be an additional complex relationship between dopaminergic pathways, 

and their activity levels. Antipsychotics are antidopaminergic and have been shown to 

be associated with reductions in seizure thresholds [425]. There is also data that 

shows that dopaminergic receptor sensitivity may affect kindling and epileptogenesis 

[426]. From the hippocampus, dense glutaminergic fibres path to the nucleus 

accumbens and activate the hippocampus to inducing dopamine release from the 

nucleus accumbens [427]. Seizures are known to have excitatory glutaminergic 

effects. Dopaminergic D2 receptors in the nucleus accumbens have been reported to 

increase two weeks post hippocampal kindling [428] likely related to expected 

increases in seizure threshold  

 

In addition, the temporal lobes are uniquely sensitive to damage. Anoxia of any cause 

is most likely to cause cell death in the temporal lobes [429]. It is thought that this 

unique sensitivity is part of the characteristics that allow for cellular responsiveness 

than enables the formation and retention of memory. The amygdalae and hippocampi 

in the limbic system are recognised to have the lowest threshold for seizure initiation 

and hence are historically the sites used in kindling animals [430]. Kindling is 

repeated low intensity electrical stimulation that progressively reduces the seizure 

threshold resulting in epilepsy and seizures independent of stimuli. Kindling induces 

behavioural changes in animals such as fear and overactivity which can be 

qualitatively and quantitatively measured [431]. These changes are believed by some 

to be related to neurotransmitter alterations, especially postsynaptic dopamine 

receptors [432]. Alternative explanations include that prolonged epileptic discharges 

lead to microlesioning of limbic system structures [371] and  functional 
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reorganization with sprouting of cells in the dentate gyrus and expansion of 

postsynaptic receptor sites in the parahippocampus [433]. 

 

Kindling cannot be conclusively proven to exist in humans due to lack of appropriate 

trials due to ethical constraints. Despite controversy, kindling has been reproduced in 

almost all animals [434], kindling like events have been described in humans [430] 

and many presume that similar processes occur in humans. The effects of kindling on 

emotional behaviour may provide a model for the role of limbic seizures in increasing 

vulnerability for the development of psychiatric disorders [435]. Certainly some 

AEDs that are reported to inhibit the propagation of after discharges which may 

predispose to kindling are also mood stabilisers [436]. 

 

Although the amygdala and hippocampus have the lowest seizure threshold for 

kindling, it is very difficult to kindle epileptic seizures in some parts of the limbic 

system especially those that are catecholaminergic. Frank motor seizures do not occur 

after kindling of the ventral tegmental area (VTA) and catecholamine systems inhibit 

EEG spike activity and seizure expression [437]. Kindling of the dopaminergic 

system in animal models does not lead to seizures but to persistent behavioural 

changes after kindling has ceased [437] consistent with the overall increase in 

dopaminergic drive. This may be related to an increase in D2 receptor activity in the 

limbic forebrain [438]. The connections between amygdala and hippocampus and 

midline septal and dopamine rich nuclei are well recognised. Gross excesses of 

dopamine such as occur with the use of cocaine are known to create psychotic 

symptoms [439] and have also been documented to be associated with the 

development of epilepsy [440]. Antipsychotics with antidopaminergic effects are pro-

convulsant and dopamine agonists are pro-psychotic. More subtle excesses related to 

seizures in some parts of the circuitry are also likely to have similar and perhaps wide 

spread effects due to the complex integration of circuits in the temporal lobes, but also 

potentially to a greater risk of dopamine induced psychotic symptoms [441]. In a 

series of studies in cats with receptors pre sensitised to dopamine through cocaine use, 

there was inhibited amygdaloid seizure activity and longer latency times for kindling 

than in normal cats but more behavioural disturbance. Normal cats had a longer 

latency than cats treated with haloperidol [442]. 
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There are other hypotheses suggestive that kindling mediated by dopaminergic 

transmission may be important in the development of psychiatric disorders in 

epileptic patients over the neurodevelopmental lifespan. Pollock links the phenomena 

of antagonism with the concept of kindling, theorising that psychiatric illness in 

epilepsy may be the end result of early neurodevelopmental damage with small 

periodic spikes kindling dopaminergic and catecholaminergic pathways [443]. 

Pollock’s review of animal data notes cocaine induced kindling of the ventral 

tegmental area (VTA) results in long lasting behavioural changes [442, 444], 

inhibition of later amygdaloid kindling [445] and human data shows long lasting 

hypersensitivity to dopaminergic agonists [444]. Ma and Leung have also 

demonstrated that methamphetamine and electrical hippocampal kindling results in 

greater behavioural changes in rats than kindling alone [446] suggesting that 

behavioural alterations after repeated hippocampal seizures may be mediated by 

increased dopaminergic functions. Kindling of the VTA sensitises dopaminergic 

pathways within the brain. Kindling may occur early or at adolescence, resulting in 

psychiatric symptoms independent of seizures. This may occur as epiphenomena of 

generalised seizures, more local seizures or be precipitated by excessive 

microseizures. Early neurodevelopmental effects such as changes to the developing 

brain due to starvation or utero infection may change the threshold for VTA kindling.  

 

Stress has been shown to influence dopaminergic pathways, reinforcing them and 

potentially affecting the timing and expression of psychiatric symptoms [447]. 

Pollock suggests that during cerebral development, excitatory and inhibitory 

pathways may not develop at the same rate [443]. Any imbalance, potentially from 

early neurodevelopmental risks, may foster the clinical expression of antagonism in 

some patients depending on the exact site of kindling and the neurodevelopmental 

stage at the onset of the epileptic processes. Focal resection surgery may precipitate 

the emergence of psychosis by the removal of an inhibiting component of the limbic 

system.  

 

An alternative hypothesis is related to the reticular activating system (RAS) and is 

primarily discussed in German literature and summarised by Wolf [176]. Stimulation 

of the RAS can produce psychosis. The RAS is inhibited by the hippocampus. 

Seizures that result in temporarily decreasing hippocampal activity post seizure may 
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increase RAS activity via disinhibition. This may explain the documented relationship 

between insomnia and the development of forced normalization, PIP and some other 

atypical psychotic states. The weakness is that PIP does not necessarily present as a 

hypervigilant state. It is likely that these mechanisms all occur to varied degrees in 

different individuals. 

 

It may be that seizures in adolescence are more likely to present with psychosis. 

Lindsay in a prospective study over 30 years noted that patients with epilepsy with 

seizures continuing through adolescence were over represented in the 10% of his 

cohort who developed an interictal psychosis [92]. Adolescence is a period of special 

vulnerability generally for psychotic experiences well recognised in the psychiatric 

literature [192]. This has been hypothesised to be related to synaptic pruning and 

changes in activity and synaptic structures in particular involving the hippocampus 

and amygdala [232]. The endocrine changes of puberty may also contribute. Pulsatile 

endocrine release results in an increase in high frequency neuronal discharges in the 

amygdala, hippocampus, hypothalamus and other limbic nuclei. These 

‘microseizures’ and secondary inhibition and adaption mechanisms could be related 

to the increased risk for psychosis in adolescence [433, 448].  

 

Reasons for why this part of the brain has a lower seizure threshold and a unique 

adaptation system to seizures may be related solely to the function of memory or be 

required for a range of biological functions. The low seizure threshold in temporal 

lobes may also be related to reproductive activity. Reproductive activities in animals 

such as orgasm and ovulation have been associated with amygdala discharges and 

related hormonal changes [26]. Heath also documented similar activity from the 

septal area in man during orgasm [449]. Limbic and generalised seizures can result in 

sudden prolactin and LH hormone rises [450].  

 

Stevens has hypothesised that if orgasm results in sudden amygdala discharges, the 

surrounding areas must have powerful inhibitory circuits to prevent reproductive 

activities from initiating seizures. Inhibition is usually the result of an excess of 

GABA, NA, and most importantly dopamine. Experimental focal seizures are 

associated with enhanced dopaminergic transmission [442, 451]. Altered 
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dopaminergic functions may also in part explain the observed phenomena of forced 

normalization and PIP.  

 

PET studies demonstrate extensive hypometabolism in surrounding areas post seizure 

activity. Gallhofer has documented PET hypometabolism in patients with epilepsy 

and psychosis extending into the basal ganglia, frontal and temporal lobes [452]. 

Enhanced dopaminergic transmission in these sites is associated with psychotic 

symptoms [453]. Repetitive clustered seizures repeatedly enhance dopaminergic 

transmission, increasing the chance of reaching the threshold for psychotic 

experiences in that individual. Higher frequency clustering would result in more 

consistently high dopaminergic transmission. 

 

Blumer has pointed out that the hypothesis of inhibition being related to the 

development of psychiatric disorders is supported by: 1. the delayed development of 

IDD and psychosis following the onset of epilepsy, 2. the initial increase and then 

delayed reduction in psychiatric symptoms post neurosurgery, presumably due to 

gradually fading of inhibitory mechanisms 3. the manifestation of dysphoria and or 

psychotic symptoms prodromally and immediately postictally and 4. the potential for 

psychiatric symptoms to emerge at times of marked seizure reduction (forced 

normalization) and at times when exacerbation of seizures enhances the inhibitory 

response such as premenstrually and in PIP in some case studies [454]. 

 

In addition to inhibition, there are other effects of sustained seizure activity. Epileptic 

status is a known risk factor for global hypoxic cerebral damage in animal [455, 456] 

and temporal lobe volumetric reductions in human imaging studies [457]. Sustained 

generalised and localised seizures may cause cerebral damage presumed to be due to 

excitatory amino acids at rapidly discharging nerve terminals, although the extent of 

this remains unclear due to limited prospective studies. The possibility that excessive 

‘microseizures’ through excitotoxic cell death may induce sprouting and synaptic 

reorganization with potential expansion of dopaminergic connections [233, 428] is 

supported by the data that suggests that clusters of seizures in adolescence may be 

more detrimental than in later years [233]. 
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There is also the possibility that psychotic symptoms represent ongoing ictal activity 

in deep structures unable to be monitored with scalp electrodes. Early depth electrode 

studies reported spike activity in septum, anterior striatum and amygdala in patients 

with schizophrenia [370, 458, 459]. In 1939, Jasper reported that 23% of patients had 

abnormal EEGs with paroxysmal activity, spikes and transient slow waves that 

resembled interictal activity in patients with epilepsy [460]. Stevens has also reported 

on rare occasions, detecting spiking on scalp electrodes in actively psychotic 

schizophrenic patients [26]. It has been suggested that interictal spiking is associated 

with inhibition and elevation of the seizure threshold [461]. Observations in patients 

with TLE and psychosis with chronically implanted electrodes show polyspike and 

spike-wave discharges in the amygdala, hippocampal and septal areas during 

psychotic episodes. These were not seen with scalp electrodes, nor in patients with 

epilepsy without psychosis [462]. When epileptic patients developed psychotic 

behaviour, the recorded EEG abnormalities resembled those seen in psychotic patients 

without epilepsy in particular, with abnormalities in septal areas [463]. 

 

There are a number of other potentially related neuroendocrine differences in 

psychosis. The impacts of stress and the HPA axis functioning may be as relevant for 

psychosis as for depression. The dexamethasone suppression test recognised to be 

abnormal in depression, is also abnormal in groups of patients with schizophrenia 

compared to controls [464], although the predictive value is small. It has been 

suggested that it may correlate with a poorer long term outcome. Associated changes 

in LH/FSH, Gonadotropin releasing hormone, thyroid releasing hormone, prolactin 

and growth hormone have all been reported. However none are sufficiently robust to 

be of predictive value and there may be significant confounding by antipsychotic 

medications. The epilepsy literature describes dexamethasone abnormalities in 

patients on antiepileptics [465]. There is a literature showing that stress in mice 

antenatally may result in more seizures. This is presumed due to abnormal cortisone 

responses [466]. There are two human studies of relevance at this point. One reports 

that the DST was not useful for the prediction of depressive illness in patients with 

epilepsy on anticonvulsant medications in part due to the confounding effects of 

AEDs on the DST [467]. The other compared small groups of medicated psychiatric 

patients and reported that those on AEDs had significantly greater rates of DST non 



 81 

suppression [468]. Concrete linkages between stress responses and psychosis in 

epilepsy have not yet been made. 

 

The relationship between psychosis and osmodysregulation due to dysfunction in the 

hypothalamus and limbic systems has been explored in both the psychiatric and 

neurological literatures [469]. The phenomena of excess water drinking in 

schizophrenia is well recognised. There can be marked impairment in glucocorticoid 

negative feedback in polydipsic hyponatremic schizophrenic patients. This is thought 

to be consistent with hippocampal mineralocorticoid dysfunction [470]. There are 

several case reports/series showing excess water drinking as a peri-ictal phenomena 

[471]. It has also been reported as a complication of carbamazepine via syndrome of 

inappropriate antidiuretic hormone although the mechanism is not resolved and ADH 

levels are often normal [472]. Schmitz and Trimble [140] have described four patients 

with TLE who developed psychosis, intermittent polydipsia and hyponatremia while 

being treated with carbamazepine. However as one episode occurred while the patient 

was no longer on carbamazepine, they speculated that this relationship may not be 

limited to this particular medication and may demonstrate a link between epilepsy, 

psychosis and osmotic dysregulation.  

 

The neuropathology of epilepsy and psychosis is highly complex. It is likely that there 

are multiple precipitating and perpetuating mechanisms that contribute to the clinical 

presentation of psychosis dependent on the specific early neurodevelopment of the 

individual brain, the subsequent impacts of puberty and seizures and the ongoing 

impacts of poor seizure control. 

 

2.2.10 EEG Factors and Forced normalisation 

 

The electrophysiological literature in schizophrenia is limited. Routine EEGs in 

people with schizophrenia or epilepsy do not generally reveal any specific or 

characteristic changes during interictal periods [473]. Despite the early literature 

documenting deep electrode spikes in psychosis [462], in more recent literature non 

specific abnormalities only have been reported including changes to alpha, delta and 

theta activity and increased sensitivity to activation procedures (such as sleep 

deprivation). Abnormal sensory evoked related potentials have been identified in both 
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patients with schizophrenia and family members. In particular reduced p300 and p50 

auditory event related potentials have been established as an endophenotype for 

people at risk of schizophrenia and their first degree relatives [474]. In one Japanese 

study, visual evoked potentials were reduced in patients with TLE compared with 

patients with generalised epilepsy and normal controls and this was also shown by the 

same authors to be associated with psychotic relapse in schizophrenia [475].  

 

Forced normalization is well described in the POE literature and is more commonly 

associated with psychosis than depression [176]. Gibbs [267], Hill [352] and Landolt 

[175] all described forced normalisation with psychotic symptoms specifically. Early 

hypotheses encompassed an antithetical relationship between seizures and psychosis 

based on the convulsant effects of antipsychotics, psychotic side effects of 

antiepileptic drugs and studies showing reduced seizure thresholds in psychotic 

patients [476].  

 

Subsequently there have been conflicting reports of forced normalisation and it is 

presumed to be rare. Most descriptions are case studies and small cohort series. They 

are at odds with studies that report increases in psychiatric symptoms associated with 

increased seizures [477].  One case study reports PIP following a cluster of nine 

complex partial seizures where depth electrodes showed frequent bitemporal 

independent epileptiform discharges without scalp electrode activity [478]. Another 

describes PIP with forced normalization in six patients with CPS and only one with 

generalised epilepsy [479]. In another, two cases of PIP caused by AED withdrawal 

were associated with a worsening of the EEG during the psychotic episode [480]. In a 

study of 697 patients with epilepsy in a secondary referral centre, Schmitz only 

identified three cases of alternative psychosis with paradoxical normalization and four 

cases of paradoxical normalization with other psychiatric diagnoses [176]. 

 

Although the clinical scenario is far from clear, it may be that in a subset of patients, 

seizures may have an inverse relationship to psychotic symptoms, either through 

resolution of subclinical nonconvulsive status or through the impact of inhibition to 

surrounding areas with rapid seizure resolution resulting in enhanced dopaminergic 

transmission. Many of the early case studies involved ethosuximide and rapid 

improvements in seizure control, potentially exacerbating the impact of inhibition on 
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surrounding areas. Wolf also hypothesised a relationship between sleep disturbance 

and the development of paradoxical normalization. He noted the common 

premonitory symptom described originally by Tellenbach of insomnia, the fact that 

ethosuximide is both more frequently associated with paradoxical normalisation than 

other AEDs and is also known to be associated with sleep problems [176]. The 

disinhibition of the RAS due to prolonged hippocampal inhibition may also be 

relevant. The traditional treatment for both forced normalization psychosis and PIP 

has been early treatment with a benzodiazepine. This may be effective due to 

antiepileptic properties, inhibition of the RAS drive, both or some other factor.  

 

2.2.11 Neuropsychological Factors 

 

Cognitive impairment is well recognised both for subjects with schizophrenia and 

focal epilepsy. Schizophrenia is associated with deficits in attention, working and 

verbal memory, psychomotor speed and frontal lobe function [481, 482], but there is 

high inter-individual variation. These deficits compromise the individual’s ability to 

select task relevant response strategies and recruit appropriate neural circuits [483]. 

Cognitive impairment in schizophrenia is correlated with negative and disorganised 

symptoms but not clearly with positive symptoms [484]. Deficits tend to be stable 

over time [485] and may precede diagnosis [486]. A subset show gradual progression 

[487]. 

 

Cognitive deficits in focal epilepsy are commonly described clinically, may precede 

the onset of seizures [488] and generally progress slowly over decades [489]. 

Clinically detectable deficits are generally consistent with the focal site but overall 

people with chronic epilepsy have impairments in memory, language, motor 

processing speeds and executive functioning [490] compared to normal controls. 

Patients with MTLE not infrequently specifically complain of subjective memory 

deficits [47]. The degree of identifiable impairment and the nature of the deficit are 

dependent on the seizure focal site, with dominant pathology affecting verbal and 

non-dominant pathology, nonverbal memory. Many other factors such as effects of 

antiepileptic medications, mood disorders and recurrent seizures can more globally 

impair attention and memory and confound assessment.  
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There is one study comparing cognitive deficits in patients with schizophrenia and 

patients with TLE. Overall schizophrenic patients performed more poorly on tests for 

working memory and attention but had better semantic function that patients with left 

sided TLE [483]. 

 

There are a few studies investigating cognition in POE specifically. Flugel reported 

patients with interictal psychosis were significantly more impaired on executive and 

semantic memory tasks than a non-psychotic TLE group [491]. They suggested that 

the cognitive deterioration in these patients may occur as the illness progresses and 

the causes for this are probably multifactorial. Nathaniel-James [492] described 26 

patients with schizophrenia and 12 patients with schizophrenia-like psychosis of 

epilepsy (SLPE) compared to 38 healthy volunteers and 12 nonpsychotic patients with 

epilepsy. Patients with schizophrenia, whilst more cognitively impaired than the 

SLPE and comparison groups, had a similar neuropsychological impairment profile to 

those with SLPE. Mellers [493] also reported that patients with schizophrenia and 

those with SLPE had almost identical neuropsychological profiles, with impairments 

of attention, episodic memory  and executive function. Their epileptic controls had 

less severe impairments of memory and of some tests of executive function.  

 

Overall these findings support the important role of dominant temporal lobe 

abnormality in schizophrenia and POE. They also implicate generalized cognitive 

impairment, manifesting in particular as attentional deficits, in schizophrenia, POE 

and non-psychotic epilepsy patients. These studies do not support the hypothesis that 

the pathophysiology of SLPE and schizophrenia are distinct. 

  

2.2.12 Imaging Factors 

 

Imaging offers the opportunity to look for gross structural and functional differences 

between groups that clinically may not be that distinct. There are consistent 

differences in brain structure for epilepsy and psychosis when compared to normal 

controls.  

 

There is conclusive evidence from a variety of sources, for overall brain volume 

reductions and specific reductions in the hippocampus in patients with schizophrenia 
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on MRI [295]. It is recognised that changes may be seen, not only in patients with 

chronic schizophrenia, but in those in high risk groups [494] and early onset 

psychosis [191] and that these reductions are relatively stable over time [495]. There 

have been reports of more specific regional abnormalities on MRI in schizophrenia 

such as reduced frontal lobe volumes [295], abnormal cingulate and paracingulate 

gyri [496], superior temporal gyrus [497] or planum temporale [498]. This data leads 

researchers to speculate that these reductions may at least in part reflect early 

neurodevelopmental insults or abnormalities that predispose the individual to the later 

development of schizophrenia.  

 

Other imaging modalities for schizophrenia support the volume reductions identified 

on MRI. Functional imaging such as MRS have identified reductions in markers of 

neuronal injury, N-acetylaspartate (NAA), in the hippocampi and dorsolateral 

prefrontal cortex of patients with schizophrenia [499] and there is some evidence that 

this may occur early in the illness process [500]. PET and SPECT tend to show 

relative hypofunction in the frontal lobes [501] with relative changes related to 

symptoms. For example increased cerebral blood flow in mesiotemporal areas in 

patients with positive psychotic symptoms such as delusions and hallucinations [502]. 

  

There is a large body of work looking at MRI in patients with epilepsy, demonstrating 

the commonly associated neuropathological abnormalities associated with focal 

epilepsy including MTS, DNET and other alien tissue lesions, cortical dysplasia and 

encephalomalacia [503-505]. There is also work demonstrating more widespread 

volumetric deficits in patients with TLE compared to healthy controls, including 

bilaterally smaller temporal and frontoparietal volumes, in addition to the expected 

epileptic zone ipsilateral hippocampal volume deficits [506]. The literature 

consistently suggests that brain abnormalities in TLE are not limited to the 

epileptogenic region. 

 

Relatively few studies have looked specifically at imaging in patients with POE.  

Most studies have focused on MTS and few have looked for specific changes 

associated with psychosis. Early CT studies looked for a structural basis for epilepsy 

and psychosis but failed to identify neuropathological factors lesions specific to POE. 

Toone compared epileptic patients with and without psychosis and found no statistical 
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difference between the groups [354]. 44% were found to have minor structural 

abnormalities, predominantly atrophy. Perez in another CT study found a 55% rate of 

structural abnormalities, a third of which were atrophy [376].  

 

Despite the inclusion of MRI in most modern day epilepsy studies, there are only a 

small number of studies specifically investigating the MRI of POE. Whilst the focus 

has been the temporal lobe, there is evidence that abnormalities are much more 

extensive. Marsh et al [507] describe a range of deficits compared to other patient 

groups but had limited POE numbers. Relative to healthy controls (n=57), patients 

with TLE (n=18), and TLE and POE (n=9) and schizophrenia (n=46) had ventricular 

enlargement and smaller temporal, frontoparietal lobes, and superior temporal gyri. 

These deficits were most prominent in patients with POE. Both POE and 

schizophrenia had more enlarged ventricles. TLE patients had smaller hippocampi 

and temporal lobe white matter deficits but POE subjects did not. Those with POE 

had global changes consistent with schizophrenia not restricted to the ipsilateral 

temporal lobe.  

 

A small study (n=6) [508] looked at postictal psychosis compared to patients with 

TLE alone (n=45) but did not identify any overall hippocampal volume differences. 

Subjects with PIP had relatively preserved anterior hippocampi and more frequent 

temporal lobe dysplasia. Kanemoto’s group [509] undertook a clinical follow up 

study comparing 61 patients with unilateral hippocampal sclerosis (HS) and 50 

patients with MRI negative (non-lesional) TLE. In this study, episodes of psychoses, 

especially postictal psychoses, occurred significantly more often in the HS group 

(n=31) than in the MRI negative group (n=11), which is not consistent with the idea 

that HS may be protective.  

 

Looking for more subtle internal changes, Conlon found no significant differences in 

T1 relaxation times between patients with POE and patients with epilepsy and no 

psychiatric illness, although those with POE and hallucinations compared to those 

without hallucinations demonstrated higher T1 values in the left temporal lobe [510]. 

A DTI study [491] examining frontotemporal white-matter integrity in patients with 

temporal lobe epilepsy and interictal psychosis found significantly changed FA values 
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which correlated with some impairments on executive neuropsychological function 

although conventional MRI did not detect these changes reliably. 

 

There are a few papers looking at the amygdala in both epilepsy and psychosis. They 

all report changes but the changes are not easy to interpret. The amygdala is reported 

to be smaller alongside hippocampal reductions in studies of schizophrenia in general 

[191, 494, 511]. The amygdala is also reported to be greatly reduced to the point of 

sclerosis especially on the left in some patients with epilepsy and intermittent 

explosive disorder [512]. This is in comparison to bilateral amygdalae enlargement 

reported in POE [513, 514]. As other papers have reported increased amygdala size in 

dysthymia in epilepsy [199, 200] and in affective disorders in general[190], this 

suggests that the amygdala volumes may be affected by POE and supports the idea  

that there may be an association between mood disorders and POE [454].  Within the 

same patient group showing amygdala enlargement with POE, those on antipsychotic 

medication showed ‘normalization’ of the amygdala volumes observed, closer to 

normal controls [515].  

 

However the relationship between amygdalae volumes, affective disorders and 

psychosis is not consistent and is likely to be more complicated. Subsequent work by 

Tebartz Van Elst using a dimensional approach demonstrates a difference in 

amygdala volumes between subjects with dysthymia and dysphoric disorders [516]. In 

this later study, those with dysphoric disorder had reduced amygdala volumes and 

those with dysthymic disorder enlarged amygdala. The study speculates that 

dysthymic disorder may be closer to a true depressive episode leading to anticipated 

increases in amygdala size potentially through excess emotional processing. 

Dysphoric disorder with reduced amygdalae may be a more epilepsy specific 

pleomorphic mood state reflecting a different mechanism and impact on the 

amygdalae. Or it may be a later stage in the process or a reflection that amygdala 

atrophy and resultant reduced emotional processing presents with a more pleomorphic 

presentation. However this division suggests that the more pleomorphic mood state is 

not related to POE, at odds with clinical descriptions. Given the small numbers in 

these studies and the clear confusion over how to categorise the different mood and 

psychosis states, this area needs substantial replication. 
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Functional studies are commonly undertaken for epilepsy diagnostic considerations 

and as part of pre surgical work ups. MRS, PET and SPECT are all used in different 

centres for focal site identification [517]. Interictal SPECT is most commonly used in 

assessing seizure focus and although it may be normal in almost 50% of cases [518], 

sites where hypo or hyperperfusion occur generally show good correlation to epileptic 

foci [519]. Hypermetabolism is seen at times of ictal activity which is followed 

immediately afterwards by a period of inhibition and hypometabolism. Temporal 

hypo [520] and hyperperfusion [521, 522] have been reported in SPECT studies in 

patients with schizophrenia [518] although laterality evidence is conflicting [523-

525].  

 

Specific functional studies for POE are limited. Laterality data suggests left may be of 

greater importance than right sided seizures [520, 526]. Both bilateral foci and more 

diffuse involvement beyond the focal sites are reported [527]. There are a couple of 

case series documenting perfusion changes in POE, generally in temporal regions 

[528, 529]. One case study reports an association between psychotic symptoms and 

left inferior frontal cortical and subcortical dysgenesis in a child in which SPECT 

shows left temporal hypoperfusion which did not resolve with AEDs but did remit 

along with symptoms after risperidone was commenced [530]. Guarnieri used SPECT 

to compare patients with MTLE with and without POE and found no statistical 

differences between groups [531] but did identify a trend for increased regional blood 

flow in the right posterior cingulate region of the POE group which is in accordance 

with findings suggesting cingulate functional abnormalities in schizophrenia [532]. A 

1998 study using verbal fluency as a marker of temporal lobe function [526], 

identified that patients with SLPE compared to patients with schizophrenia and 

epilepsy controls ‘had lower blood flow in the left superior temporal gyrus during 

performance of a verbal fluency task compared with a word repetition task’. In 

contrast, patients with schizophrenia showed a greater increase in blood flow in 

anterior cingulate, suggesting that different pathophysiological mechanisms may 

operate in these two groups.  

 

PET studies in schizophrenia are similar to those seen in POE and generally effect 

limbic structures [533]. Auditory hallucinations have been localized to activation in 

the left superior temporal gyrus, right medial temporal gyrus, left hippocampus and 
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left posterior cingulate gyrus on PET imaging [534]. However to confuse the issue 

further, antipsychotic medication may also affect cerebral blood flow and metabolism 

[535]. Gallhofer compared SLPE patients (n=12), patients with epilepsy without 

psychosis (n=5) and normal controls (n=5) and observed a lower frontal, temporal and 

basal ganglia oxygen extraction rate and a lower regional cerebral blood flow on the 

left in the SLPE group [452]. Those treated (n=6) had higher blood flow in these areas 

than those untreated (n=6). Notably, the abnormalities in the SLPE cohort extend far 

beyond the temporal lobe, involving posterior temporal cortex, basal ganglia and the 

frontal lobes. Extension beyond the focal site suggests more generalised cerebral 

functional abnormalities may be characteristic of POE. 

 

Maier examined patients with schizophrenia-like psychosis of epilepsy (and TLE) and 

schizophrenia without epilepsy and compared them to TLE and normal controls using 

magnetic resonance spectroscopy [536].  MRS data reflects dynamic biochemical 

neuronal processes. Studies in schizophrenia report reduced NAA in the hippocampus 

and dorsolateral prefrontal cortex [500]. On MRI, Maier reported reduced bilateral 

specific regional hippocampal/amygdala volumes for schizophrenia (left) and POE 

(bilateral) compared with controls. He reported decreased n-acetyl aspartate levels 

(NAA) in left sided medial temporal structures in patients with schizophrenia and 

decreased levels bilaterally in patients with epilepsy. Those with psychoses and 

epilepsy had lower rates than those with epilepsy alone, especially on the left but this 

did not reach significance. This suggests that those patients with epilepsy and 

psychosis were on a spectrum in terms of structural and functional pathology between 

epilepsy and schizophrenia and further supports the hypothesis that the left temporal 

lobe may be significant in the aetiology of psychosis [536]. 

 

Functional studies have also described abnormalities in dopamine functioning 

including reduced striatal D2 receptor binding for a specific dopamine D2 receptor 

ligands on SPECT in psychotic patients with epilepsy compared to those without 

psychosis [537] and an increased rate of metabolism of an exogenous DOPA tracer in 

the neostriatum of patients with TLE with a history of psychosis and patients with 

schizophrenia but not epilepsy controls on PET [538]. 
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Butler proposes that the functional and structural neuroimaging data for POE can be 

integrated as a dysfunction in distributed functional brain networks involving the 

frontal and temporal lobes [539]. They present the existing data and a single case to 

hypothesise that POE may be related to limbic hyperactivity and frontal 

disconnection. They also go on to speculate that some psychosis may be epileptic in 

origin with seizures directly disrupting limbic networks. 

 

Disruption to frontotemporal limbic networks could be at different points within the 

network and this would provide an explanation for the variable findings. Individual 

subjects with epilepsy may present with unique dysregulated responses. Given the 

depth of the research into schizophrenia, the concept of frontal dysregulation and the 

integral nature of the pathways through the temporal lobe in processing emotions, 

experiences and sense of self data, it makes some sense that disruption to these 

circuits may result in the formation of psychotic experiences whilst not showing a 

consistent pattern on measures of gross pathology. 

 

In summary, although much of the specifics in this literature are conflicting, there are 

consistent reports of abnormalities beyond the temporal lobe suggesting global 

neurodevelopmental issues and reasonable evidence to support the hypothesis of 

disruption to frontotemporal limbic networks. There are frequent similarities between 

people with POE and schizophrenia more generally, but a suggestion that POE has 

more evidence for global change and may be intermediate between the pathology of 

epilepsy and schizophrenia.  
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2.2.13 Key Findings in relationships between psychosis and epilepsy 

 

The nature of the relationship between epilepsy and psychosis remains unclear. 

Whether there is a causal relationship, a shared susceptibility or an underlying 

pathophysiology leading to either clinical presentation remains. Like depression, the 

relationship could well be tridirectional, an idea supported by circumstantial but little 

specific evidence. Epilepsy has been described as a syndrome of sensory-limbic 

hyperconnection as schizophrenia as a disturbance of frontolimbic disconnectivity. 

The evidence suggests in a range of ways that multiple mechanisms disturbing the 

relative balance in these circuits may present clinically with psychotic symptoms. 

 

Psychosis seems to be consistently more likely after clusters of seizures suggesting 

underlying trauma and secondary responses to seizures are critical for the 

development of psychosis. Psychosis may also be associated with bilaterality, foreign 

tissue lesions, early life and obstetric trauma, cognitive impairment, poorly controlled 

seizures, family history of epilepsy or psychosis and likely underlying genetic factors 

and duration of epilepsy. There is insufficient evidence to support the hypothesis that 

the pathophysiology of SLPE and schizophrenia are distinct. 

 

The literature of volumetric and functional changes on imaging in POE is limited but 

suggests there are global and specific focal effects such as ventricular enlargement, 

hippocampal and amygdalae atrophy. However there may be some relative preserving 

of temporal lobe structures with PWE reported to have more atrophy than those with 

psychosis. Whether this is due to severe atrophy completely interrupting circuits 

instead on unbalancing them or to some other factor such as increased blood flow to 

those with psychosis remains unknown. Subjects with PIP may have more preserved 

hippocampi. Overall the majority of findings have assumed a dominant role of 

temporal lobe abnormality in POE but the specificity of the temporal lobe or MTS in 

particular is not confirmed to date. There are only a few papers looking at the 

amygdala in both epilepsy and psychosis and they report highly inconsistent findings, 

atrophy and enlargement. Functional data suggests abnormalities in blood flow well 

beyond focal sites and extending into the frontal areas in those with psychosis 

although numbers in these studies are very small. 
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The relationship between the focal epilepsy and the development of psychosis 

remains essentially speculative. There are likely to be risks at many levels of 

functions, from the genetic to the cellular, to circuits and connections between brain 

regions. It is likely to be a multifactorial process with neurodevelopmental, 

environmental and psychological processes resulting in the heterogenous 

development of abnormal mental states and complicated by the symptoms of seizures, 

effects of treatment and psychosocial milieu. 
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2.3 Epilepsy as a potentially progressive condition 

 

Whilst there is a clinical literature which suggests that at least some forms of focal 

epilepsy, especially MTLE, are progressive in terms of clinical, cognitive, imaging 

and potentially mental health disorders, there is insufficient documented evidence of 

progression and little data to identify those people most at risk [49].  

 

2.3.1 Clinical evidence for progression 

 

Our understanding of whether the brain is static or dynamic is shifting. The last few 

decades have brought increasing evidence that the complex biological processes 

within the brain are in a constant state of flux, only some of which is apparent at the 

macroscopic level. There is now a range of clinical data that supports the concept of 

epilepsy as a progressive disorder with increasing biological, psychological and social 

impacts over time. Increasingly this is being matched with a concomitant literature 

exploring the imaging changes seen over time.  

 

Only some studies looking at the natural history of different epilepsies show elements 

of progression [49]. In some, worse seizure control is associated with the number of 

seizures prior to treatment and reductions in seizure free periods over time [540]. In 

others this progression is seen as a reflection of the underlying pre-existing severity of 

illness [541]. It may be that some individuals or some forms of epilepsy are capable 

of progression but this may not be inevitable. It is possible that uncontrolled 

inflammation may play a role in progression [542]. 

 

Of the different focal epilepsies, the evidence for MTLE as a progressive disorder is 

most developed [42]. This is not surprising at this is the most common form of 

medically refractory focal epilepsy in adults. The literature in MTLE generally 

describes a longitudinal deterioration in neurological course, structural and functional 

imaging, cognition and quality of life.  It may be that this is accompanied by an 

increased burden of neuropsychiatric co-morbidities although longitudinal psychiatric 

data is missing.  
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It is generally presumed that poorer seizure control is a clinical expression of an 

underlying disease process and that additional insults to the brain may potentiate this 

progression [16, 41] but not all studies agree [59]. Not all brains with drug refractory 

seizures have significant post mortem hippocampal neuronal loss [60].  

 

The cross sectional clinical, imaging, cognitive and psychiatric data supports the idea 

of clinical progression as higher rates of comorbidities exist in those with more severe 

or treatment refractory epilepsy. Cross sectional data cannot demonstrate that these 

associated comorbidities are a consequence of treatment resistance. Individuals with 

greater numbers of comorbidities may be more likely to attend neurology clinics in 

tertiary hospitals and perhaps more likely to seek help for treatment resistance, 

creating an apparent association.  

 

Neurocognitive studies are primarily cross sectional with many focusing on childhood 

epilepsy which are distinct clinical entities and may not be comparable in terms of 

clinical course and prognosis to the focal epilepsies, which are generally of adult 

onset [543]. In adults there is cross sectional evidence of memory and intelligence 

decline in patients with TLE with an age range of 10 to 70 years [127, 544] and some 

suggesting a relationship with worsening cognitive functioning in those with 

comorbid depression [47]. Life time numbers of generalized seizures have been 

shown be associated with cognitive decline in most studies but the associations are 

weak in some [544]. Many of these studies use heterogenous groups of epilepsy 

syndromes and it remains unclear to what extent cognitive decline is due to seizure 

duration, refractoriness to medication with the accumulation of trauma due to 

repeated seizures or the initial pathological insult with superimposed processes of 

mental ageing. 

  

Neurocognitive longitudinal data is limited and contradictory. Some early studies 

showed stable cognitive performance over 10 years [545, 546] while others showed 

progressive cognitive decline with reductions in language and non-specific cognitive 

functioning [489, 547, 548] and some in as few as 3 years [47]. However there are 

also reports that memory decline may be stopped and even reversed in some instances 

if seizures are fully controlled by other means [549]. Comparisons between these 

studies are limited due to methodological differences, especially heterogeneity of 
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patient groups and neuropsychological tests. Many early studies lack reassessment 

data from controls. However there is clear consensus that there is a risk of cognitive 

decline in medically refractory epilepsy and that there is likely to be deterioration in 

general cognition over years in people with focal epilepsy [550]. 

 

There is a growing literature on quality of life in epilepsy. A range of cross sectional 

studies have linked quality of life reduction to psychiatric disorders [120] and to 

epilepsy and to depression in epilepsy [74]. In terms of longitudinal quality of life 

data, it has been shown that it improves post successful temporal lobectomy with 

seizure cessation or significant reduction [6]. Several studies have failed to show any 

statistical connection of quality of life to cognitive changes [47, 128] although some 

associations can be seen in raw data and it is likely that cognitive deficits would 

impact on quality of life at a certain level. Both depression and seizure frequency 

have been linked to poorer quality of life [551] and linked to locus of control [552]. 

  

Much of this data is qualitative and whilst describing the patient journey and 

experiences, often does not document decline in comparative ways. It is clear that 

quality of life is a multidimensional construct and may be affected by myriad factors. 

Jacoby concludes, ‘that both the likely shape and time frame for QOL trajectories 

associated with particular clinical scenarios can be delineated, but that their shape 

can be altered by a much wider range of factors than those represented as epilepsy 

disease progression.’ [48]  

 

The psychiatric evidence for epilepsy progression is limited to studies linking severity 

of epileptic illness to neuropsychiatric comorbidities and hypotheses. Despite the 

widely held belief that the psychiatric co-morbidities are psychosocial consequences, 

there is increasing discussion that they may be related to poor seizure control and 

contribute to the development and progression of medical refractoriness. This 

relationship is hard to define as mental illness generally follows a waxing and waning 

course even when untreated and possibly because there is increasing evidence that 

there is a bidirectional relationship between depression and epilepsy [79]. There is 

now good evidence that psychiatric co-morbidities may predate epilepsy onset [337, 

553].  
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Depression is a high stress state marked by HPA axis hyper-reactivity and 

dysregulation. Stress has well documented structural and function neurobiological 

effects on the hippocampus in animal [156, 158, 554-556], and to a lesser extent 

human studies [162, 557], which may enhance vulnerability to the development and 

progression of epilepsy. Experimental studies have demonstrated that both exposure 

to early life stress and to elevated glucocorticoid levels (as a model of the situation in 

patients with chronic stress) enhance vulnerability to seizures and limbic 

epileptogenesis in a variety of animal models [558]. Stress is likely to be involved in 

the initiation and progression of epilepsy. Stress is well recognised clinically to be a 

potential risk factor for seizures. Recently there has been the suggestion that 

depression may be a risk factor of worse response to antiepileptic therapies [559]. The 

psychoses of epilepsy (POE), including postictal psychosis (PIP) and interictal POE 

have been long associated with poorly controlled focal epileptic seizures [560]. The 

main treatment for these conditions is to achieve seizure control. 

 

2.3.2 Imaging evidence for progression 

 

There is good evidence that some seizures are associated with acute changes on 

imaging such as oedema in the temporal lobes in individual patients. There is a lack 

of consensus that such damage occurs commonly. Such individual changes have been 

documented in volume, T2 weighted changes, diffusion weighted changes and MR 

spectroscopy changes [46, 561-564]. 

 

There is more extensive animal evidence, mostly using rat models of epilepsy, for 

acute seizures associated with structural changes, mostly oedema detectable on MRI 

after severe or prolonged seizures. There is also data supporting neuronal [565], 

synaptic [422] and biochemical changes [566], gliosis [567] and progressive T2 MRI 

signal changes in rat models [568] as a result of seizures. Progressive histological and 

imaging changes have also been noted in long-term studies using the post-status 

epilepticus model of TLE [56, 569].  

 

The duration of epilepsy with MTS correlates with hippocampal volume loss and 

progressive neuronal loss and dysfunction [53, 55, 570, 571] and the extent of damage 

may correlate with estimated lifetime number of secondarily generalized seizures [57] 
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although not all studies describe this [61, 572, 573]. However even amongst those 

who do not have this finding, there is emerging consensus that progression is possible. 

Cendes in his 2005 review concluded that ‘seizures induce brain plasticity that may 

result in either damage or protection….may induce cumulative neuronal loss and 

increase susceptibility to network synchronization’ even though ‘ clinical research 

data continues to show discrepancies regarding whether ongoing seizures cause 

progressive atrophy’ [574]. This may be because damage is not inevitable and there 

are a range of protective mechanisms within the brain. Progression may depend on the 

extent and duration of the seizure as well as a range of potential other clinical factors 

that may enhance or diminish susceptibility. 

 

A cross sectional study in children with a history of status epilepticus reported that 

those with a history of febrile convulsions had greater hippocampal volumes and 

changes in relaxation times on MRI in the first 2 days post the status that later 

resolved. This acute change was thought to be due to oedema. Those who had status 

without a past history of febrile convulsions did not show this change, suggesting that 

cumulative damage results in more macroscopic evidence for trauma. It may be that 

the traumatic impact of a seizure depends on how much prior damage exists and how 

genetically or pathologically resilient the brain may be at the time of insult. 

 

Longitudinal human data is restricted to case reports of the development of MTS over 

several years in adult patients who have experienced repeated seizures [58, 575] and a 

small collection of case studies and small series in children and adults with first onset 

seizures that have documented HS developing over brief periods of time [52, 57, 576-

584]. These subjects have for various reasons had previous MRI scans and repeat 

scanning after a first onset seizure. Not all are conclusive for longer term volumetric 

changes. The Van Landingham study describes volume enlargement followed by 

resolution over months [582]. Several document the development of HS. The most 

common sequence is initial swelling, increased T2 weighted signal intensity and then 

noted atrophy consistent with HS at a later date.  

 

Pre existing hippocampal atrophy may also show progression with seizures on 

subsequent scans [584, 585] although again, not all studies detect this [55, 586]. In 

studies of patients with chronic FE, some report no hippocampal change [51, 59] while 
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another study found progressive hippocampal volume reduction in nine patients with 

medically refractory TLE with recurrent seizures, but no change in three patients with 

good seizure control [53]). In summary, there are only a small number of studies 

looking at longitudinal imaging change, these studies have small cohorts, relatively 

brief interscan intervals (generally less than 3.5 years in a disease often present for 

decades) and the findings have been conflicting. 

 

There is potential that generalised rather than focal seizures may make a key 

contribution to the development of progression. However, studies either show no 

reduction in temporal lobes with seizures initiated extratemporally or a low incidence 

of dual pathology [193], suggesting that abnormal temporal lobe pathology is affected 

by rather than created by generalised seizures. 

 

There are several MRS functional studies showing evidence of cerebral damage. 

Increased lactate [587], decreased NAA [55, 582, 588] and focal increases in 

glutamate and glutamine [589] have been reported in the context of acute seizures. 

Lowered NAA has been reported in the context of atrophy associated with a cohort 

with medically intractable epilepsy. Ipsilateral and contralateral NAA/Cr was 

negatively correlated with duration of epilepsy as were ipsilateral hippocampal 

volumes [55]. This is suggestive of permanent damage if not ongoing dysfunction.  

 

There is limited functional imaging data looking at progression. The most common 

PET finding in patients with focal epilepsy is a reduction in interictal metabolism 

ipsilaterally, which may extend well beyond the actual focus [590]. There are a few 

prospective imaging studies using fluorodeoxyglucose PET and volumetric MRI that 

show less hypometablism in those subjects with more recent seizure onset [591].  

 

Otherwise functional imaging has been used to look at psychiatric aspects often 

linked to progression. It has been suggested that frontal lobe dysfunction may play a 

role in the development of depression in patients with TLE. This idea is supported by 

increased perseveration on the Wisconsin Card Sorting test in patients with dysphoric 

mood and TLE [592] and the bilateral reduction in inferior frontal lobe glucose 

metabolism in depressed patients with complex partial seizures [21]. Similar 

reductions in the inferior frontal regions have been reported in patients with 
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depression and no history of a neurological disorder [21, 86]. In addition greater 

temporal lobe hypometabolism on PET have been associated with a history of a major 

depressive episode [32]. This data supports global impact from seizures on the brain 

without being specific as to the degree of impact associated with clinical aspects of 

progression. 

 

2.3.3 Is mesial temporal lobe epilepsy (MTLE) a distinctly progressive cohort? 

 

It is likely that patients with MTLE have a particular vulnerability to progressive 

neuropathological damage, as other forms of TLE usually show no hippocampal 

atrophy on MRI and minimal histopathological evidence of cell loss despite similar 

durations of illness [60, 572, 593-595]. Studies of newly diagnosed patients have 

included heterogeneous pathologies [52, 576, 596, 597] and too few patients to allow 

comparisons with other FE subgroups. Some studies of patients with MTLE [53, 59] 

have not compared them to other FE patients. Two studies by the same group have 

examined a moderate number of chronic FE patients [51, 598] (n=179, 66 TLE, 51 

ETLE, 62 GE, interscan duration 3.5 years) and do not see overt cerebral damage as a 

consequence of seizures. They did find significant individual volume reductions that 

predated the first image, mostly in TLE. They also described mild volume reductions 

over time that they concluded were global age related changes. However another 

smaller study (n=18) documented reductions in pharmacoresistant temporal lobe 

epilepsy over 2.5 years that they interpreted as seizure induced damage greater than 

expected for normal ageing. 

 

There is additional neuropsychological data to support progression of cognitive 

changes, some of which also correlates with other factors. It is well recognised that 

the medial temporal lobe has an important role in memory functioning and this is 

reflected in cognitive deficits noted in newly diagnosed and untreated epilepsy [127, 

599], a strong relationship between the severity of hippocampal atrophy and memory 

function [600] and in memory loss reported post temporal lobectomy [6, 128] for 

MTLE patients.  
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2.3.4 Key Findings in progression 

 

In summary the literature on progression is limited by the low numbers of studies that 

have been undertaken, by the small cohorts studied and by the relatively brief time 

periods between repeat assessments. Nevertheless there is sufficient data to conclude 

that MTLE may have a proclivity for progression clinically as well as on imaging. For 

some subjects clinical progression has concomitant progression in other modalities. 

Further attempts should be made to quantify the time frames needed to document 

progression and identify those factors that may be clinically associated.  
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2.4 Overall Issues from Literature Review 

 

Given the breadth of the literature and the multifactorial nature of the associations 

between neuropsychiatric disorders and focal epilepsy, there is as yet no integrated 

understanding of their relationship and underlying pathology, nor a means to identify 

those most at risk or clarity around which factors are important for the experience of 

living with epilepsy over time. 

 

To a psychiatrist working in this field for over a decade, there are numerous key 

unanswered questions that would make a difference to the neuropsychiatric 

management of people with epilepsy. These include questions regarding clinical 

factors such as focal site that may predispose to psychiatric comorbidity, imaging 

variables that may clarify the underlying nature of the relationship from an 

aetiopathological position, whether epilepsy is progressive and if so does progression 

clinically have an underlying biological basis, the nature of the clinical presentation of 

psychiatric disorder in people with epilepsy and the questions of atypical 

presentations potentially requiring different management strategies and the impact of 

epilepsy on an individual’s life experience and quality of life. 

 

To date there is no systematic large cohort study looking specifically at the 

relationships between neuropsychiatric disorders in people living with epilepsy. There 

is no integration of a range of clinical and imaging factors with gold standard 

psychiatric and epileptic data. Without a broad examination of multiple factors, the 

questions above will remain unanswered. 

 

The studies reported in this thesis have both breadth and depth to address the questions 

listed above. This thesis has examined a large single site cohort over a 14 year period 

with gold standard neurological and psychiatric assessments. These included 

comprehensive 5 day video telemetry multidisciplinary team assessment informed by 

clinical, telemetry and imaging modalities and both clinical psychiatric assessments 

and for a significant number a longitudinal formal Structured Clinical Interview for 

DSM diagnoses (SCID) as well as both qualitative and quantitative psychosocial data 

and validated quality of life in epilepsy instruments. This study will attempt to 
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integrate a range of high quality and intensive data to address the questions raised by 

the literature review. 

  



 103 

 

CHAPTER 3. AIMS AND HYPOTHESES 

 

The literature on focal epilepsy and neuropsychiatric disorders is extensive and 

unwieldy. It fails to be distilled to any simple single holistic relationship. Meanwhile 

the needs of people with these comorbidities are managed on an ad hoc basis without 

a clear literature to guide identification or monitoring. 

 

This study intends to address the complex knowledge base around epilepsy and 

comorbid psychiatric disorders through an extensive review of the known literature 

and broad investigation into the nature of the relationships. It will attempt to 

coordinate this into a more holistic understanding of the various contributions to 

clinical experience with a concomitant investigation into clinical, imaging and 

psychiatric factors related to the comorbidity of these conditions. In doing so it is 

intended that the nature of these relationships become better defined.  

 

Aims 

 

1. To document accurate prevalence rates for neuropsychiatric disorder in people 

with focal epilepsy in a tertiary treatment service using a large cohort 

2. To examine clinical factors for evidence that they increase the risks of having 

a neuropsychiatric disorder 

3. To determine if temporal lobe foci are associated with either depression or 

psychosis in epilepsy 

4. To explore imaging factors in people with depression and psychosis to look 

for evidence in the hippocampi and amygdalae of changes specific to these conditions 

and to compare for volumetric changes between PWE, people with epilepsy and 

neuropsychiatric disorders and normal controls 

5. To look for evidence of progression on imaging 

6. To provide additional clinical information from in depth psychiatric 

assessment to understand the clinical presentation of neuropsychiatric disorders in 

people with focal epilepsy 

7. To examine the psychosocial and quality of life presentations of PWE and see 

if it is affected by neuropsychiatric disorders. 
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Hypotheses 

 

1. That the rates of neuropsychiatric illness will be greater than previously 

documented in equivalent services when directly assessed for with formal structured 

psychiatric clinical interview 

2. That there will be clinical factors associated with higher risks for depression 

or psychosis: bilaterality, the presence of lesions, higher seizure frequency or longer 

duration of epilepsy 

3. That temporal lobe foci will not be a risk factor for the co-occurrence of either 

depression or psychosis 

4. That imaging analysis will reveal hippocampal volumetric reductions and 

amygdalae enlargement for people with depression and epilepsy and hippocampal 

volume and amygdalae volume reductions for people with psychosis but that these 

may be different presentations for mesial temporal sclerosis compared to other types 

of epilepsy 

5. That there will be progressive change over time on the temporal lobe volumes 

for those with epilepsy and this will be greater for those with neuropsychiatric illness 

6. That neuropsychiatric illness in people with focal epilepsy will be 

indistinguishable from people without epilepsy in terms of psychiatric symptoms 

7. That neuropsychiatric disorder will uniformly worsen psychosocial 

functioning and reduce quality of life consistently. 
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 CHAPTER 4. METHODS 

 

The study was undertaken over 12 years, due to the author’s part time study, 3 

children and 2 periods of maternity leave and the author’s ongoing clinical and 

leadership roles in NorthWestern Mental Health. The author was the sole initiator of 

the study, identified the cohort, investigated MRI written databases over the time 

period, coordinated equipment to read out of date technology to source MRIs, 

undertook the cross sectional audit and formally diagnosed all subjects according to 

accepted psychiatric criteria and undertook the prospective cohort, interviewed all 

subjects, undertook volumetric tracing of all MRIs, the analysis and discussion. Over 

the lengthy time period, there were several small amounts of assistance as identified 

in the initial pages of this PhD to obtain non core data. 

 

The Phd comprises a series of cross sectional and longitudinal studies examining 

relationships between demographic, epileptic, psychiatric and imaging factors. 

 

This study was undertaken at a tertiary treating hospital. Patients are gnenerally 

admitted to the Video EEG Monitoring Unit for either treatment resistance or 

consideration of surgery. For this reason, this is a cohort with poorly responsive 

seizures. Although direct relationships between severity and comorbidity remain 

undemonstrated, it is likely that this cohort may have higher rates of psychiatric co 

morbidity than people with epilepsy in the community generally. It is also likely that 

their quality of life may be greater impacted by recurrent seizures and the 

psychosocial impacts of living with this. This is an enriched cohort for high severity 

epilepsy. Enriched cohorts may allow associations to be seen that are less easily 

identified in general community samples due to lower sample sizes for comorbid 

conditions. Enriched cohorts may also not be fully generalisable to people with focal 

epilepsy in the community with good seizure control. 
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Figure 1. List of studies 
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4.1 Identification of total cohort and initial data collection 

 

All focal epilepsy patients admitted to the Comprehensive Epilepsy Programme at 

The Royal Melbourne Hospital between 1993 and 2004 were identified by me and 

then surveyed for this study. Ethics approval was obtained from the Melbourne Health 

Clinical Ethics committee, initially for a cross sectional file review with imaging 

analysis, and subsequently for the longitudinal arm of this study. 

 

Initial identification of subjects was undertaken by reviewing all the admissions to the 

Epilepsy Unit within the time frame for an epilepsy diagnosis as per the Video EEG 

Monitoring (VEM) weekly meeting notes or discharge letters from VEM. This 

information had been contemporaneously collected and stored in the Unit. Those with 

possible focal epilepsy (FE) were identified and their files reviewed. Of the total 

group reviewed, 428 individuals were clearly identified as having FE. This group 

underwent a comprehensive file review to obtain detailed demographic and clinical 

data and a file review pro forma completed. Demographic information obtained where 

available included: age and date of birth, gender and handedness, schooling and 

employment history, and family history of epilepsy and psychiatry. Clinical data 

obtained included epilepsy semiology, age and date of onset of epilepsy, seizure 

types, seizure frequencies at assessment and in the past, medication data, and details 

of any EEG, and imaging or psychiatric evaluations.  

 

4.1.1 Epilepsy diagnostic issues 

 

The file review allowed determination of the focal epilepsy subtype by site and 

laterality using semiology, EEG and imaging results. The focal epilepsy subtype was 

then confirmed by review of the documented diagnosis on the discharge summary and 

the weekly meeting notes. The weekly meeting is a multidisciplinary comprehensive 

evaluation for each subject. It is attended by 2-5 epilepsy specialist neurologists, 1-2 

neuropsychiatrists, a neuropsychologist, a neuroradiologist, epilepsy scientists and 

research staff and students.  At this meeting, each subject is clinically presented, their 

results reviewed and the diagnosis and treatment plans discussed at length. At the 

conclusion of the discussion, a consensus opinion is agreed on with respect to the best 

diagnosis for the subject. Epilepsy diagnoses recorded conformed generally to the 
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accepted ILAE categories. Where the diagnosis was unclear from this review, 

discussion with the Head of the Epilepsy Unit was undertaken with the results 

available. In most cases, further developments post index admission in outpatients 

allowed a diagnosis to be reached during the time of this study. 

 

Epilepsy diagnoses were coded by laterality and by focal site. The focal sites were 

grouped as according to the lobe, temporal or extratemporal, whether they had 

findings on MRI and the lateralisation according to EEG. The following diagnostic 

groups were used: mesial temporal lobe epilepsy (MTLE), non-lesional temporal lobe 

epilepsy (NLTLE), other temporal lobe epilepsy (OTLE), lesional extratemporal lobe 

epilepsy (LETLE) and non lesional extratemporal lobe epilepsy (NL ETLE). Mesial 

temporal lobe epilepsy (MTLE) was defined as having mesial temporal lobe sclerosis, 

with mesial temporal (hippocampal and or amygdalae) atrophy and disturbance of 

internal architecture consistent with the clinical radiological diagnosis of mesial 

temporal sclerosis and associated with a temporal lobe focus on EEG. Non-lesional 

temporal lobe epilepsy (NLTLE) is non-lesional temporal lobe epilepsy in which EEG 

records a seizure initiating in the temporal lobes but no anomaly is seen on MRI. 

Other temporal lobe epilepsy (OTLE) was defined as EEG confirmed temporal foci 

and another temporal lobe lesion other than MTS. Lesions recorded included 

encephalomalacia, benign tumors and DNETs, cavernomas and in a handful, 

malignant brain tumors. Lesional extratemporal lobe epilepsy (LETLE) was defined 

as having the identified focal site outside the temporal lobe where there is a 

concurrent abnormality seen on MRI in that area. Non-lesional extratemporal lobe 

epilepsy (NLETLE) has a recorded extratemporal foci and no abnormality on MRI. 

There were a small number of subjects with clear extratemporal lobe foci clinically 

without an MRI and some subjects for whom laterality could not be adequately 

determined during VEM.  For the purposes of analysis, these subgroups were 

investigated as individual groups and as temporal or extratemporal and as lesional or 

non-lesional. There were a small number with multiple abnormalities across the 

temporal and extratemporal lobes. These were coded as lesional extratemporal lobe 

epilepsy. 
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Figure 2. Focal epilepsy cohort 

 
 

4.1.2 Psychiatric diagnostic issues 

 

Psychiatric diagnoses were determined by an educated file review of psychiatric 

formulation assessments. As part of normal procedure on the unit, a psychiatric 

assessment and formulation had been provided for the majority of patients. These did 

not commonly have formal psychiatric diagnoses given but were intended to be 

helpful in understanding the patient clinically. Primarily one practitioner, Dr John 

Lloyd, who had during this time been the Head of the Neuropsychiatry service at The 

Royal Melbourne Hospital, undertook the assessments.  A minority of assessments 

were undertaken by psychiatric consultants trained by the predominant assessor and 

covering his leave and by myself as the Epilepsy Registrar. At my file review each 

psychiatric assessment was reviewed by myself using a DSM-IV informed criteria to 

identify symptoms from the formulation consistent with major mental illness. I then 

formally assigned a DSM informed psychiatric diagnosis to each subject. Comparison 

between those subjects assessed at baseline and those not assessed at baseline from a 

demographic and epilepsy diagnostic point of view was undertaken using chi-squared 

analysis. 
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Each subject was then coded as having a major mental illness or not and if present a 

diagnosis of depression, psychosis or other psychiatric disorder was assigned. These 

categories were further recorded under the following subgroups: Major Depression, 

with or without psychosis, Mixed depression and Anxiety, Interictal Dysphoric 

Disorder, Adjustment Disorder, Bipolar Affective Disorder, with or without 

psychosis, Schizophrenia like Psychosis of Epilepsy (SLPE), Non SLPE Psychosis of 

epilepsy (POE), anxiety, somatisation, personality disorder, substance abuse disorder 

and multiple psychiatric disorders. Where more than 1 diagnosis was present, the 

subject was coded as having the more severe condition. Those with psychosis were 

coded in the psychotic group, rather than the depressed or other group. Those with 

psychotic depression were therefore included in the non SLPE group. Those with 

depression and another psychiatric non-psychotic disorder were coded as depression. 

Where there were multiple non-psychotic, non-depression diagnoses, the subject was 

coded as multiple.   

 

These diagnostic groups were thought to be heterogeneous as are most psychiatric 

disorders in terms of aetiology. It is unclear if traditional diagnostic categories are 

meaningful in epilepsy and there is a literature to suggest that psychiatric symptoms 

may present atypically in epilepsy subjects. Also some subjects had active symptoms 

at the time of assessment and some described past symptoms. Therefore these groups 

were subsequently reorganized to allow for comparisons into different broader 

subcategories based on having sufficient psychiatric symptoms to interfere with 

functioning as determined by the evidence from the file review. Subjects were coded 

as having or not having had any psychiatric diagnosis, ever having had psychotic or 

depressive symptoms or other psychiatric symptoms.  

 

4.2 Subcohort selection  

 

428 subjects were identified with focal epilepsy from all subjects admitted to the 

Comprehensive Epilepsy Programme at RMH between 1993 and 2004. The total 

database consisted of subjects with one or none of the following: a psychiatric 

baseline assessment, a prospective psychiatric assessment, a baseline MRI and in 

some cases a prospective MRI.  
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Because of the nature of clinical assessments, some patients had baseline measures of 

epilepsy severity such as seizure duration and an estimate of frequency but many did 

not. In the interests of using the greatest possible numbers for each analysis, not all 

analyses could be undertaken with the same cohort. In the results which subgroup of 

the component was utilized is outlined for each analysis and how many subjects were 

not included in any particular analysis due to insufficient data. 

Figure 3. Relationships between psychiatric evaluation and MRI availability 

  

 

Only 319 of this group had an available neuropsychiatric assessment. This group of 

319 were analysed prior to the obtaining of MRI data and published [23]. 

 

Of the 428 subjects, 314 of this FE group also had at least one MRI of sufficient 

quality that it could be used for volumetric analysis. For the purpose of all analysis in 

this PhD, this subgroup of 314 subjects with focal epilepsy and an available MRI 

were analysed as the cross sectional FE subgroup. 33 normal controls were available 

for comparison. This cohort was age and gender matched to the original 428 patients 

and compared for the volumetric analyses. 
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4.2.1 Cross sectional cohort 

 

Of this cohort of 314 subjects, 241 had an available neuropsychiatric interview at 

baseline undertaken as part of their initial epilepsy assessment at the Royal 

Melbourne Hospital. Of this 241, 185 had no other psychiatric assessment, 56 were re 

interviewed. I later interviewed 13 subjects, who did not have a baseline 

neuropsychiatric assessment. The total number of subjects with at least 1 psychiatric 

assessment and at least 1 MRI was 254. The group used in this chapter is the 241 with 

baseline psychiatric assessment (See Figure 2). 

 

Figure 4. Baseline psychiatry cohort 

 
 

This group overlaps significantly with but is not a subset of the n=319 group. Of this 

314, variable demographic and epilepsy data was obtainable as is expected with 

clinical retrospective data.  
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4.2.2 Baseline imaging cohort 

 

There are 2 imaging chapters, looking for temporal lobe structure volumetric 

associations for depressive and psychotic symptoms respectively. The cohort used in 

these analyses were enriched cohorts with the data from subsequent prospective 

assessment included to identify those with a known history of depressive or psychotic 

symptoms sufficient to interfere with functioning. 

 

Of the 314 with an available MRI, 78 at baseline had a history of depressive 

symptoms but 102 had a confirmed history of depression either at baseline assessment 

or identified subsequently (See Figure 3). This depressive cohort consisted of people 

diagnosed with characteristic Major Depressive episodes as well as those with more 

atypical presentations, including mixed anxiety and depression and chronic dysphoric 

and dysthymic disorders. The intention was to be inclusive of all significant mood 

disorders that had had an impact on daily functioning. It is possible that this is still an 

underestimation of the number of subjects who have ever had depressive symptoms 

given the limitations of cross sectional assessment in an inpatient setting, the 

possibility of underreporting of psychiatric symptoms in general and the fact that only 

a small subset of subjects had a longitudinal comprehensive standardised assessment 

(n=89). 

 

In order to obtain appropriate groups for comparison, the cohort of 102 people with 

depression with epilepsy (PWED) were age, gender and epilepsy subtyped matched to 

a group of 50 people with epilepsy (PWENP) but without a known history of 

psychiatric disorder. 33 age and gender matched normal controls (NC) were obtained 

from the MNC database of normal subjects. Subjects all had basic demographic data, 

epilepsy subtyping and MRI volume data available. 
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Figure 5. Cohort selection for people with depressive symptoms and matched 

cohorts 

 
 

Of the cohort with available MRI scans, 21 had a history of psychosis either at 

baseline or identified subsequently, either at prospective assessment or in a few cases 

(n= 2) by clinicians and reported to me during the time of study investigation. This 

cohort consisted of people diagnosed with symptoms characteristic of schizophrenia, 

individuals with psychotic depression or schizoaffective disorder and people with 

psychosis-NOS. The latter group did not meet either DSM IV criteria for a more 

specific psychosis group, such as schizophrenia, and often had various additional 

symptoms such as mood, confusion or visual hallucinations that are more commonly 

thought to be associated with organic psychoses. The psychotic symptoms were 

sustained and significant to the extent that they were not thought to be due to 

delirium, generally lasting more than days.  
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For the purpose of numbers, POE subjects were analysed as a single group. Later 

review of the different subjective phenomenological diagnoses was undertaken to see 

if these distinctions could be separated diagnostically by other factors and specific 

volumetric comparisons were made between those with schizophrenia like and non-

schizophrenia like psychoses. 

 

For comparison, the cohort of psychosis of epilepsy (POE) was age, gender and 

epilepsy subtyped matched to a group of 21 people with epilepsy who had undergone 

psychiatric assessment and had no known history of psychiatric disorder (PWENP). A 

normal control group (NC) of 21 was obtained from the MNC database of normal 

subjects who were also age, gender and epilepsy subtyped matched.  

 

The group identified as having psychosis also had a further later file review 

undertaken to obtain data regarding the nature of the symptoms, whether transient or 

chronic or both, the nature of the psychotic symptoms including the presence of 

delusions, hallucinations and other atypical symptoms and cognitive impairment and 

where possible, measures of epilepsy severity and a family history of epilepsy or 

psychosis.  
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Figure 6. Cohort selection for people with psychotic symptoms and matched 

cohorts 

 

 

 

4.2.3 Prospective Imaging cohort 

 

This cohort consisted of all subjects with two available serial scans meeting basic 

requirements for tracing and analysis. Some subjects had serial scanning over time, 

although most only had one other scan. Many of the serial scans were not of sufficient 

quality to allow inclusion as they were undertaken to monitor a specific abnormality, 

such as a tumor, and did not meet standard epilepsy scanning protocols. Given the 

limited number with includable serial scans, the decision was made to analyse the two 

scans most distant in time for as many subjects as possible rather than to look at serial 

change.  

 

Two MRI scans of sufficient quality were identified for 121 subjects. The data was 

scatter plotted and one outlier excluded on the grounds that one hippocampal volume 

was grossly unusual. One of the hippocampi in this subject appeared to have tripled in 

size over a few years with an initial volume less than half that expected. This subject 

had had serial scans for tumors with large interslice distances that may have resulted 

in an abnormal estimation of size in the first scan. In addition it is likely that the 
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hippocampus in this case enlarged secondary to tumour progression rather than the 

impact of epilepsy. This subject was excluded from further analysis.  

 

This left 120 sets of scans for inclusion in the longitudinal analysis. Of this 120, only 

89 subjects had not had neurosurgery and had a psychiatric assessment. Of those with 

MRIs at time 1 and time 2, 69 had intact ipsilateral temporal lobes and 93 had intact 

contralateral temporal lobes.   

 

4.2.4 Prospective psychiatric cohort 

 

Of the 341 subjects with at least one psychiatric assessment, baseline, prospective or 

both, 89 had a prospective psychiatric assessment. One longitudinal subject provided 

all the prospective data but did not complete the psychiatric assessment.  

 

There are 2 prospective psychiatric cohorts. The first consists of the prospective 

psychiatric assessment cohort. The second an enriched overall dataset including all 

subjects with a psychiatric assessment, either baseline, prospective or both (n=341). 

This is a separate subset to those who had an available MRI in previous chapters (69 

subjects had an MRI and a prospective psychiatric assessment compared to 89 in this 

dataset). The overall cohort is an enriched cohort as nearly a third had additional 

diagnostic assessment. 
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Figure 7. Baseline and prospective psychiatric evaluation cohorts 

   
 

4.3 Prospective clinical recruitment and data collection 

 

Patients from the total epilepsy cohort admitted between 1993 and 2004 were 

contacted by mail according to their last known address on the RMH patient database.  

The mail out was followed by a phone call to request participation. The 

Comprehensive Epilepsy Programme had believed that a majority of patients had 

remained in contact with either the hospital outpatients or the neurologists’ practice 

due to the nature for ongoing management, medication review and the chronicity of 

the disorder. In a prior postal survey performed on a subset of the cohort, those who 

had had surgery for MTLE, a response rate of 92% was obtained [58].  

 

However, the initial response rate to the mail out was about 10%. The majority of 

these had participated in the previous study and were well engaged with the service 

post neurosurgery for epilepsy. However the response rate for those who had not had 

neurosurgery was very low and many had not had contact with the service for many 

years. Many mail outs were returned to sender by the postal service.  
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In order to access more patients and to establish more accurate contact details, a more 

intensive patient tracing effort was agreed to by our Ethics committee. The last known 

address in the file was checked as well as in other hospital databases. These included 

the hospital registration and appointment and pathology databases. In addition, where 

the treating neurologist was known or referred to in the hospital file, they were 

contacted for an address. In addition, the White telephone pages were reviewed for 

contact details where subjects could be identified. For those not identified using these 

methods, the following telephone calls were made: to the last known contact phone 

number and if no answer or no longer available, the next of kin identified in the 

hospital database. The National Electoral roll was reviewed in a small number of cases 

where none of the above yielded a known address or contact. Those subjects with 

additionally identified addresses received an additional mail out. Subjects where an 

address was identifiable without a telephone call did not receive a call and were able to 

opt in to the study using information in the mail out. 

 

The mail out included a clear language explanation of the study and information about 

why we were interested in learning more about people with epilepsy’s mental health, 

consent and withdrawal form and several surveys to be completed if possible before an 

interview. The surveys included were a focal epilepsy questionnaire assessment form 

developed by myself to obtain a fuller epilepsy and psychiatric history alongside 

questions about risk issues and psychosocial stressors, a handedness assessment and 

the QOLIE-89, a quality of life tool developed specifically for people living with 

epilepsy [601]. 

 

If the subject made contact, they were invited in to undertake an interview. I sent out 

420 mail outs originally, received 25 back return to sender, had contact with 121 and 

90 agreed to participate in the longitudinal interview process. Apart from not being 

able to locate subjects, the main reasons for not participating were not agreeing to a 

psychiatric interview potentially because of possible results, reporting that 

participating would require too much time or effort or, in a handful of cases, too 

significant a mental illness to understand the request or to be able to attend. One 

subject was a long-term inpatient in a mental health bed with psychosis, unable to give 

consent and his family declined his participation, another was too paranoid to leave his 

caravan and a third became very angry and suspicious on the phone and refused further 
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contact. It became apparent during the file review and address search that at least 10 

subjects were deceased. 

 

4.3.1 Prospective Interviews 

 

Interviews were undertaken across several years from 2006 to 2009. They consisted of 

an explanation of the purpose of the assessment for consent, review of the surveys and 

a semi structured SCID psychiatric interview.  

 

In order to deliver the semi structured psychiatric interview to an objective standard, I 

attended an education session with another SCID peer interviewer working with MNC 

and was provided with the SCID and instruction manual. The SCID is a semi-

structured way of delivering a psychiatric assessment, which as a psychiatrist, I have 

received significant education to perform to a high level. Prior to undertaking the 

SCID interviews, I had successfully completed my training for my Fellowship of the 

Royal Australian and New Zealand College of Psychiatrists.  

 

The interviews generally took 1-2 hours to complete depending on the capacity of the 

subject. Some subjects needed considerable help understanding the instructions for the 

surveys and needed assistance to complete them. Where a current psychiatric diagnosis 

or related issue was detected, I sought permission from the subject to write a letter to 

communicate this back to their treating clinician to which all agreed.  

 

The psychiatric interviews were all coded according to current and past psychiatric 

diagnoses as per the SCID in a DSM IV informed style. In addition, I wrote a brief 

summary and formulation for each subject to add detail and depth to the assessment 

and for the purposes of having a more qualitative understanding of the cohort. As 

mentioned I originally used distinct DSM IV diagnoses but for more meaningful 

interpretation I later regrouped these into broader categories. 

 

4.3.2 Additional information collected prospectively 

 

Data for epilepsy duration, epilepsy severity and QOL were collected at interview and 

through completion of questionnaires prior to interview.  The questionnaires included 
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individual medical and epilepsy histories (severity, duration, AEDs) as well as 

questions about impacts of epilepsy on normal functioning (such as employment, a 

history of accidents), an estimation of the GAF at the end of the full psychiatric 

assessment and the QOLIE-89 [602, 603].  

 

The GAF is an objective holistic measure scored by the psychiatrist according to a 

specific scale looking at social and occupational functioning. It is a numeric scale that 

was included as part of the DSM-IV [604]. It is objective and is based on the whole 

interview rather than on any one measure.  

 

The QOLIE-89 is an epilepsy specific quality of life tool with 17 multi item measures 

looking at different aspects of functioning and an overall score indicating the degree 

of impact of epilepsy on quality of life. It is a subjective self reported measure of how 

much the subject perceives that these areas are impaired compared to their 

expectations of quality of life. Weighing and summing the scale scores to represent 

the overall impairment derive the overall QOLIE score. Interpretation of what 

constitutes a clinically important score on the QOL data can be difficult. An minimum 

change of 10.1 over time for the QOLIE-89 has been suggested using a comparable 

epilepsy group to my subjects [605]. The range of score is from 0-100 with higher 

scores being considered good QOL. It is reported in the QOLIE-89 scoring 

information that mean scores for PWE in studies generally range between 55 and 75 

depending on the subset [603]. 
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4.4 Imaging collection and volumetric analysis 

 

MRI data was obtained on as many of the FE epilepsy patients as could be found 

using two search methods. MRIs scanned from 2000 onwards could be obtained 

through electronic searches of KESTRAL (KPACS), the Radiology Department 

software system using the subject’s names and UR. Earlier and baseline MRIs could 

not be searched for electronically. MRIs from 1993 to 2000 were recorded by date of 

scan, subject name and date of birth in MRI log books subsequently kept in the 

Radiology Department at RMH. MRI technicians recorded the details by hand at the 

time of scanning. The logbooks for these years were obtained and manually read 

through. Names recorded were compared to the full list of patients with FE for 

matches. The logbooks contained identifying information allowing the correct DAT 

tape to be found for that subject. As this process was based on visual identification of 

handwritten names, there was potential for some MRIs to be missed. In addition, 

although every patient would usually have a clinical MRI as part of his or her initial 

work up, not all patients had an MRI undertaken on site.  

 

More than 80% of the patients in the cohort had their baseline MRI acquired on the 

same 1.5 Tesla clinical scanner that was in clinical use at the Royal Melbourne 

Hospital over the same time period (Sigma Horizon SE120, GE medical systems, 

Milwaukee, USA). The majority of patients with adequate scans were scanned using 

an identical standardized clinical epilepsy protocol, including a T1-weighted sagittal 

localizer, a coronal T1-weighted “whole brain” volumetric series, and axial and 

coronal T2 weighted images. The “whole brain” volumetric series was acquired using 

a fast spoiled gradient echo technique (FSPGR) with a slice 1.5 mm thickness, zero 

interslice gap, a 11/2 msecs (TR/TE) pulse sequence, a 22x22 cm field of view and a 

256x256 matrix size. Repeat MRI studies were obtained on the same machine with the 

same protocol. Images were collected on CD, transferred to an SGI Origin 200 Unix 

workstation and archived on DAT initially and later electronically in the KESTRAL 

software.  

 

The DAT tapes were translated to a compatible format and copied to CDs using a 

DAT reader machine that was provided by the RMH Bioinformatics team. Some MRI 
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DAT tape data on which early MRIs had been stored were unable to be used due to 

corruption over time in storage cupboards.  

 

MRIs were collected, collated and given unique identifying numbers within the 

Melbourne Neuropsychiatry Centre (MNC) MRI library. Although 800 MRIs were 

obtained in this way, only 314 cross sectional MRIs were identified due to a range of 

factors that included: multiple scans of the same person (earliest and latest scans 

possible were traced), poor quality images so that the key objects of interest, the 

hippocampus and amygdalae, were not identifiable or did not have sufficient slices to 

be comparable, scans not taken in correct sequence for tracing purposes or scans 

missing parts of the brain. In order to trace the objects of interest, we required a 

FSPGR T1 scan with sufficient slices of the amygdalae and hippocampus. As images 

had been obtained clinically, there was variability in the quality of the images and the 

number of slices, or fine detail for each brain. The established practice at MNC was to 

only use scans that had 512 slices per brain or more. 

 

One scan was identified for each patient for undertaking an intracranial volume (ICV) 

as a comparison to the objects of interest. In some cases this could not be the same 

MRI as the one used to trace the hippocampi and amygdale. This was because it was 

common clinical practice in the Radiology department in the early 1990s to crop 

brains to focus on the temporal lobes. The early FE protocol at RMH did not routinely 

include the coronal and sagittal images or the anterior and post poles of the brain. 

Where possible another scan with the full brain in sagittal section was obtained and 

traced for ICV. It is assumed that ICV and skull size do not change over time and thus 

tracing a different scan from the same patient should be equivalent to tracing the full 

ICV for the same scan as the objects of interest. 

 

All useful MRIs were translated into ANALYZE images using MRIConvert. These 

image and header files were then opened in the software ANALYZE. Images in 

ANALYZE are traced in slices, one at a time using the software package.  Selecting 

the ‘Region of Interest’ option in ANALYZE opens up the loaded image for analysis. 

The boundaries of the hippocampi and amygdalae were determined according to 

already established MNC protocols. Boundaries were established and compared with 

a reference neuroanatomical atlas of the human brain [606]. The region of interest 
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(ROI) is manually traced and edited to conform with the established boundaries, and 

then copied forward to the next slice. The tracing is  continued in contiguous slices 

until the ROI is no longer visible. This produces a three-dimensional object map of 

the object of interest. This is saved and analysed using the summation tool within the 

ANALYZE software which adds the volumes of each slice and uses the distance 

between traces to calculate the volume of the object of interest in mm3. 

 

In this study, the hippocampi and amygdale were traced in accordance with the 

authentification process extensively used by the MNC and published. This entails an 

initial teaching of the procedure by another MNC clinician who has published in 

tracing that object, followed by extensive practise on a set of 1.5T practise MRIs. I 

undertook tracing education of the hippocampi from Dr Stephen Wood [495] and 

tracing of the amygdalae from Dr Sarah Whittle [607].  

 

When the tracer has been trained they are given a new set of double MRIs, uniquely 

labeled so that the doubles are not identifiable. These 10 MRIs are then traced twice 

by two practitioners, to enable inter and intra rater concordance for tracing the 

hippocampi and amygdalae by determining an intra class coefficient (ICC). Inter rater 

reliability between the double MRIs for the student and the 2 tracers must be at least 

0.8.  

 

Initial testing was strongly concordant for intra rater reliability (left hippocampi 0.94, 

right hippocampi 0.94, left amygdalae 0.90, right amygdalae 0.90) but not concordant 

enough for inter rater reliability (left hippocampi 0.73, right hippocampi 0.80, left 

amygdalae 0.44, right amygdalae 0.58). This suggested that there was consistent 

mistracing of part of the object map. Review of traces compared to the other 

established tracer’s object maps revealed consistent over estimation of size, especially 

in the boundary between the amygdalae and the hippocampi. Hippocampi were 

consistently overestimated and amygdalae underestimated. Further review of the 

boundaries with the trainer and with review to the Atlas was undertaken and a further 

set of 10 new double MRIs traced. 

 

The second satisfactory testing resulted in an inter rater reliability as determined by 

independent assessment at MNC of 0.95 for the left hippocampi and 0.95 for the right 
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with an intra rater reliability of 0.98 on the left and 0.99 on the right.  The inter rater 

reliability for the amygdalae was 0.84 on the left and 0.94 on the right while the intra 

rater reliability was 0.85 on the left and 0.99 on the right. 

 

Initial tracing was undertaken slowly and over a few years. I then had a break due to 

maternity leave. On my return to the data, I re did the 80 scans I had previously traced 

and completed the rest of the cohort over a year. This enabled greater consistency and 

reliability in the tracing. 

 

ICV tracing for the cohort was undertaken by another student doing a Masters project 

(Z. Miazoi). She was also trained by MNC according to the following criteria as 

outlined by Eritaia[608] and underwent practice and inter and intra rater reliability 

using 10 doubled MRI scans. She obtained an intraclass correlation coefficient of 1.00 

intra rater and 0.92 inter rater reliability for ICV tracing. Images were loaded in 

sagittal format of original coronal dataset with forced cubic voxel dimensions of 

1x1x1 and delineated according specific boundaries as per the described optimised 

manual tracing protocol. Tracing was initiated at the fifth slice in which the cranial 

cavity appeared and subsequently, every tenth slice until the brain matter was no 

longer visible as per the established MNC protocol. The measured volume of the sum 

of the traced slices was then multiplied by 10.  

 

Intracranial (ICV) volumes were converted to an adjusted ratio of structure 

volume/ICV volume to account for differences in head size.  However ICV data was 

only available for less than half the cohort (44 of 102 people with depressive 

symptoms). Clinical epilepsy MRI volumetric sequences did not routinely include the 

whole brain over the first 5 years of this study. Comparison of volumes was 

undertaken between those subjects with and without ICV using chi squared analysis 

for both depressive and psychotic cohorts. There was no statistical difference between 

the mean volumes of these groups by age and gender or by hippocampal or 

amygdalae volumes. Therefore for the purpose of maintaining sufficient numbers for 

analysis, all subjects with hippocampal and amygdalae volumetric data with POE 

were included in this part of the study and ICV adjusted ratios were not used. 
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Control subjects for comparison to the epilepsy subjects imaging data were obtained 

from the MNC imaging library. As part of the MNC schizophrenia research, control 

subjects had been recruited for MRI and neuropsychological studies (1995-2000) using 

the same RMH scanner as the epilepsy cohort. Inclusion criteria, demographic details, 

neuropsychological and volumetric data have been reported in cross sectional and 

longitudinal MNC studies [191]. 35 control subjects were identified to match the 

epilepsy cohort on age and gender (Mean: Age 37.2).  

 

Once the object maps were completed, the volumes were summated and entered into 

an excel database with the Unique MNC identifier number. This database was at the 

end merged with the database of epilepsy and psychiatric data using the unique MNC 

MRI identifier and the patients UR, hospital ID to match the correct data, prior to 

fuller analysis. 

 

Epilepsy data and psychiatric data were merged with the MRI data for each obtainable 

MRI created a database for 428 patients with FE seen at RMH between 1993 and 

2004. This database was analysed in a variety of ways in order to develop a good 

understanding of the data and the relationships between major mental illness and all 

other epilepsy and imaging factors. 

 

4.4.1 Longitudinal MRI assessments 

 

In order to look for evidence of change over time or progression related to epilepsy or 

psychiatric disorder, repeat MRIs were collected. They were obtained in a number of 

ways. A large number of subjects had had 2 or more MRIs over time for clinical 

reasons that were available using the same detection methods as for the cross sectional 

MRIs. Where these were identified, the earliest and latest MRIs were obtained for 

analysis. Some subjects had not had a second MRI at our institution.  Those 

subsequently interviewed were asked if they had had a recent MRI and this was then 

searched for. A small number had a clinical MRI at RMH after being seen for 

psychiatric interview and these were identified by reviewing KESTRAL Radiology 

software in 2009 for the total cohort. About 40 additional MRIs were identified at that 

time, downloaded, transported to the MNC library, given unique identifiers and 

included in the cohort for tracing. 
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Thus it is important to note that the majority of these subjects had a baseline MRI at 

the time of first presentation to the Epilepsy Programme at RMH, during the period 

1993-2004. It was generally within a month or 2 of the initial psychiatric baseline 

assessment as they were both undertaken as part of the comprehensive epilepsy 

assessment. Some subjects then had additional MRIs over the next 16 years. The total 

number of longitudinal MRIs traced was 173. The latest MRI was not temporally 

related to the prospective psychiatric assessment. However the majority of them 

occurred during the time frame of the interviews from 2005-2009. 

 

4.5 Statistical Analysis 

 

4.5.1 Cross Sectional statistical analysis 

 

The baseline file review demographic, clinical, epileptic and psychiatric diagnoses for 

the entire cohort were databased into SPSS Statistical software. This large cross 

sectional database including was collated and cleaned over several years.  

 

The psychiatric categories were expanded into broader categories once it became 

apparent that the wide ranges of individual diagnoses as per DSM IV were too small 

once divided into epilepsy subgroups for meaningful comparison. Furthermore this 

data was reliant on diagnosing from clinical formulations, so it is possible that many 

specific diagnoses may not have been identified. It is also well recognized that 

psychiatric diagnoses do not consist of discrete aetiological categories and are likely 

heterogeneous. Broader distinctions between depressive and psychotic symptoms are 

generally more consistent for diagnostic purposes and for the degree of severity and 

impact on functioning. It seemed more meaningful to use the more defendable broader 

categories for the statistical analysis. 

 

In addition, as most of the epilepsy diagnoses are similarly heterogeneous, it was 

decided to analyse these in several ways. In addition to the standard focal site 

diagnoses, the cohort were divided into the broader pathological categories of lesional 

and non lesional and temporal and extratemporal for different analyses in order to 
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explore whether these local pathological and focal site factors may have more 

relevance that the more traditional epilepsy definitions. 

 

The MRI data, individual left and right hippocampi and amygdalae and ICV volumes 

for the baseline MRIs were separately entered into SPSS Software using the unique 

identifiers and basic demographic data for the cohort. In order to be further analysed 

each volume was converted to a ratio of the object map volume over the ICV volume, 

thus minimising the impact of potential different head sizes on the relative volume of 

the individual objects of interest. These ratios were then available for all further 

analysis. However, as discussed in later chapters, the raw numbers were generally used 

due to limited numbers with available ICVs. Separate comparisons of volumes for 

those with and without ICVs revealed no statistical differences between them. 

 

Specific analysis for each chapter is outlined for each subcohort in later chapters under 

methods for this chapter. Each chapter seeks to address a specific set of questions 

about people with epilepsy and in order to maximize numbers, consisted of a separate 

subcohort within the available data. For example for baseline data to be meaningful 

and to be used to understand the cross sectional MRI data, I included all the people 

with both baseline data and a baseline MRI in the cross sectional demographic and 

clinical analyses. However for review of the prospective psychiatric assessments, I 

included all the individuals who had undertaken them regardless of whether there was 

an available MRI or not. For the longitudinal MRI analysis, I could use only those 

subjects with 2 MRIs over time, most of which had baseline psychiatric data but only a 

subset that were enriched with a prospective psychiatric assessment. 

 

In general for each cross sectional chapter, basic demographic factors such as gender, 

employment, marital status were analysed using Chi squared analysis to identify 

relationships with psychiatric outcomes (any psychiatric outcome or depression or 

psychosis). These and more specific clinical factors such as epileptic foci, laterality, 

duration of illness, seizure frequency were then analysed using multivariate logistic 

regression analyses for the dependent variables of any psychiatric disorder or 

depression or psychosis in order to determine if any of these factors were associated 

with a psychiatric diagnosis.  

 



 129 

Initial analyses investigated hippocampal and amygdalae volumes by laterality. 

Previous literature and baseline analyses suggest that laterality is not associated with 

the prevalence of psychiatric disorders, and in particular, depression. However, given 

that focal epilepsy is a local pathology the potential volumetric impact needs to be 

integrated into the analysis. It is recognized that MTLE is associated with reduced 

volumes in the affected temporal lobes and in limbic linked thalamic nuclei beyond 

the temporal lobe [609]. Temporal lobe epilepsy is also associated with reduced 

ipsilateral temporal lobes [610] and more broadly, reductions in total brain volumes 

and grey and white matter extending extratemporally [611]. This cohort does not have 

an even division in terms of laterality. Therefore the data was examined looking for 

effects ipsilateral and contralaterally rather than solely by laterality. The subjects MRI 

data was recoded as ipsilateral and contralateral. 

 

Bilateral epileptic foci or normal controls could not be coded in this format. For these 

groups, the left side was designated as ipsilateral and the right designated 

contralateral. This assumes that the impact of epilepsy with bilateral foci is generally 

equally distributed and that normal controls have relative intracranial symmetry. Chi 

squared analysis between the left and ride sides of the NC group showed no 

difference in the means between these groups supporting this assumption. 

 

MRI volumes by laterality and then by focal site were compared using MANOVA 

analysis using the psychiatric outcomes as dependent variables. MANOVAs were 

employed, rather than separate ANOVAs, to minimize type 1 error. MANOVA takes 

into account possible intercorrelations among dependent variables and allows for 

multiple comparisons. Independent separate ANOVA analyses would not identify 

influence between the variables. As clinically, psychiatric categories are not fully 

independent constructs and the volumes of different temporal lobe structures are 

possibly influenced by adjacent structures, consideration of intercorrelations is 

indicated. 

 

For each MANOVA undertaken, the required assumptions for MANOVAs were 

assessed: including the requirements for normal distribution, review of the 

homogeneity of variance and independence of observations. MRI volumes were box 

plotted and examined for significant outliers. On scatter plot matrices for each 
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temporal structure, there were predominantly linear relationships between MRI 

volumes and a normal distribution. As MRI data consisted of separate sections of the 

same brains, the independent components were assumed to be moderately correlated. 

The correlation coefficients for Spearman’s rho were used as a conservative non 

parametric test and were generally good. In general amygdalae demonstrated higher 

correlation coefficients than hippocampi potentially due to the smaller size of the 

amygdalae and lack of shape differences in population amygdalae and in this cohort, 

the relatively minimal differences in amygdalae values overall. In both the depressive 

and psychotic symptoms analyses, Box’s M test and Levene’s test were significant for 

several structures in each separate MANOVA, indicating that there was insufficient 

homogeneity of variance within those groups. However the relatively large sample 

size allows for the test to proceed, balanced against the lack of homogeneity of 

variance in interpreting the results. Amygdala volumes have greater homogenous 

variance in keeping with their relatively limited differences in shape and size. 

Hippocampi were more varied in volume and less consistently varied. Hippocampi 

and amygdala volumes are differently varied making the overall homogeneity less 

consistent. MANOVAs can proceed with insufficient homogeneity of variance as long 

as this is a recognized as a limitation. Separate MANOVA analyses looking at 

hippocampi and amygdalae independently did not differ markedly from analysis of 

the four groups together. For this reason the four groups were considered together and 

reported together. 

 

Analysis was undertaken using SPSS, General Linear models, multivariate analysis. 

Additional post hoc tests were undertaken using separate ANOVAs to identify which 

differences between variables within the MANOVA were significant. Tamhanes test 

was used, as it is conservative. In order to avoid Type 1 error, a Bonferroni adjustment 

was made for the significant alpha (p) value by setting a more stringent alpha value at 

0.05/4, or 0.0125. The alpha value was divided by 4 as we undertook 4 separate 

ANOVAs in each MANOVA, one for each of the separate structures as dependent 

variables, ipsilateral and contralateral hippocampi and ipsilateral and contralateral 

amygdalae.  Calculations of the separate ANOVA subsets of the MANOVA were 

compared graphically to identify between groups volumetric differences. These use 

estimated marginal means that are unweighted, unlike the overall ANOVA result, they 

do not take the different proportions in each group into account. 
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4.5.2 Prospective statistical analysis 

 

Prospective clinical assessments were undertaken over 3 years. They included a SCID 

for accurate psychiatric diagnoses, along with an epilepsy questionnaire documenting 

demographic and epilepsy history data, severity and duration data, related adverse 

events and quality of life data. The prospective clinical data was added to the existing 

database alongside hippocampi and amygdala object map volumes for prospective 

MRIs.  

 

The prospective psychiatric data was analysed for clinical associations as for the 

baseline data using chi squared analysis and logistic regression. It was also possible to 

look at the concurrence of diagnoses across time. The prospective data was examined 

for severity and duration factors and quality of life information. 

 

The interval change data for MRI structural information was compared to the clinical 

and demographic features using chi squared analysis looking for relationships. 

Longitudinal MRI assessments of ipsilateral and contralateral hippocampi and 

amygdalae were compared in relationship to psychiatric outcomes and epilepsy type 

and severity using a repeated measures analysis or mixed model analysis of variance 

(MANOVA) applied to determine whether there was significant change over time and 

whether this differed according to psychiatric outcome or other clinical and 

demographic features. Potential confounders, such as sex, age, and differences 

between patients in follow-up intervals, were incorporated into the model as co-

variates. Supplementary analyses were performed to establish if patients not re-

scanned are significantly different on diagnostic or imaging characteristics to those 

who had both a baseline and a longitudinal MRI. 

 

Given the known relationship between MTS and hippocampal size, this group had to 

be considered separately. The analysis was performed for the entire FE cohort, and for 

the 3 primary epilepsy subgroups MTLE, other TLE and extratemporal lobe epilepsy. 

It was also undertaken for lesional and non lesional subgroups. Other subgroups were 

too small to be analysed in this way. 
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The magnitude of the change in the hippocampi and amygdalae measures over time 

was compared between the three primary FE subgroups using repeated measures 

MANOVA analysis. Those subjects with a psychiatric disorder were compared to 

those that did not comparing the interval changes in the imaging measures. 
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CHAPTER 5.  RESULTS: CROSS SECTIONAL COMPARISON OF DEMOGRAPHICS, 

EPILEPSY AND PSYCHIATRIC VARIABLES 

 

5.1 Introduction 

 

This chapter provides a cross sectional analysis of the key aims of the study, 

investigating clinical prevalence of neuropsychiatric disorders and looking for 

associations between clinical factors and the presence of neuropsychiatric disorders. 

This chapter analyses as large a cohort as could be included with both a psychiatric 

disorder and an available MRI such that the same cohort may be used to understand 

later imaging analyses (See Figure 2). Subsequent analyses use subsets of this total 

cohort to look more specifically at imaging characteristics and prospective clinical 

and imaging data. 

 

5.2 Methods specific to this chapter 

 

5.2.1 Cohort selection 

 

For the purposes of this chapter, only those with a baseline psychiatric assessment 

were analysed (n=241) for psychiatric diagnoses.  

 

5.2.2 Data collection 

 

In this cross sectional cohort, all files were reviewed by myself and coded in a DSM 

IV informed manner using a standardised pro forma to record information and 

diagnoses. Diagnosis focused on the identification of past or current depressive or 

psychotic symptoms. Psychosis included post ictal and interictal psychoses but 

excluded peri ictal psychotic symptoms that were temporally related to the occurrence 

of seizures. Other minor psychiatric phenomena occurring post ictally were also not 

included. Demographic and clinical data was compared between the baseline 

neuropsychiatric assessments undertaken by Dr John Lloyd and those baseline 

assessments done by other psychiatrists (the majority undertaken by myself) were 

very high (95%). Eleven of these baseline neuropsychiatric assessments were 
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randomly selected and re diagnosed blind by a third neuropsychiatrist, Dr Simon 

Jones, using the same criteria with 88% concordance in these diagnoses. Ten 

neuropsychiatric assessments were re- examined 12 months after the original file 

review by the third neuropsychiatrist with a diagnostic concordance of 100%. 

 

As a significant number of patients with POE also had affective symptoms, this 

analysis was undertaken twice depending on whether those subjects with both 

psychotic and depressive symptoms were coded as POE or as depressive symptoms. 

The number of subjects with both was small overall but a higher proportion of those 

with psychotic symptoms (7/18). The first POE Group, A consisted of those where 

psychosis was considered to outrank depression and depression to outrank other 

psychiatric symptoms. In the second Group, B, those with both psychotic and 

depressive symptoms were coded as depression. This alternative model was examined 

to determine where psychosis plus depressive symptoms was best analysed.  

 

5.2.2 Statistical Analyses 

 

In order to ascertain the relationship between psychiatric diagnoses and epilepsy 

groups the following analyses were undertaken: 

1. Prevalence of psychiatric disorders (depressive, psychotic symptoms and other 

psychiatric symptoms sufficient to impair functioning) within the total group and 

within the epilepsy subgroups. 

2.Tests of association (chi squared test) comparing demographic and epilepsy data 

between those subjects who received a baseline psychiatric assessment and those that 

did not. 

3. Tests of association (chi squared test) between the psychiatric diagnosis and the 

epilepsy subgroups, using psychiatric data coded for Group A (all psychosis included 

in psychosis group even if other psychiatric diagnoses including depression).  

These analyses compared psychiatric diagnoses for:  

i. TLE versus ETLE 

ii. Non-lesional focal epilepsy (NLTLE+ NLETLE) versus lesional focal epilepsy 

(MTS + LTLE+ LETLE)  
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iii. Non-lesional focal epilepsy (NLTLE+NLETLE) versus MTS and non-MTS focal 

epilepsy (LTLE+LETLE). 

iv. MTLE versus LTLE 

3. Redo of tests for association with Group B 

5. A logistic regression analysis using the epilepsy subgroups as independent 

variables to predict the odds of having the diagnosis was undertaken for the groups:  

i.  any psychiatric diagnosis,  

ii. a history of depressive symptoms  

iii. a history of psychotic symptoms and  

iv. a history of a personality disorder. 

 

5.3 Results 

 

5.3.1 General demographic data and epilepsy categories  

 

108 (34.4%) of the cohort were diagnosed with MTLE (mesial temporal lobe 

epilepsy), 73 (23.2%) with NLTLE (non-lesional temporal lobe epilepsy), 59 (18.8%) 

with OTLE (other lesional temporal lobe epilepsy, not MTS), 26 (8.3%) with LETLE 

(lesional extratemporal lobe epilepsy), 16 (5.1%) with NLETLE (non-lesional 

extratemporal lobe epilepsy), 32 (10.2%) with other ETLE (unknown focal site, 

presumed extratemporal or multiple ETLE and TLE).  

 

Of those with psychiatric assessments (n=241), 80.8% had TLE (n=194) and 19.2% 

ETLE (n=46). One subject had both TLE and ETLE having multifocal abnormalities 

and as such was not included in some later analyses due to difficulties determining 

which group to include them in. 

 

As these groups are diagnostic groups but not necessarily aetiological groups, we also 

divided the total cohort into those with lesional epilepsy (with MTLE or a variety of 

other lesions identifiable on MRI) and non-lesional epilepsy (with MRIs reported to 

be normal). In the total cohort of subjects with epilepsy and psychiatric assessments, 

65.4% were classified as lesional (n=158) and 34.6% were classified as non-lesional 

(n=83). 
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The lateralisation of seizures focus was left sided in 50%, right sided in 41.1% and 

bilateral in 8%. In 3 subjects the lateralisation of seizure focus could not be 

determined.  

 

The basic demographic and clinical details for each of the primary diagnostic epilepsy 

syndrome diagnoses are given in Figure 7. There were no significant differences 

between groups in age, gender, or employment status. Additional between epilepsy 

group comparison was undertaken for epilepsy variables: laterality, estimates of 

epilepsy severity (worst seizure frequency), duration (age of seizure onset) and 

estimates of functioning (employment). There were no between group differences in 

these parameters across the six epilepsy subgroups.  

Figure 8. Descriptive demographics of epilepsy subgroups 

 

Epilepsy groups All 

epilepsy 

MTLE NLTLE OTLE LETLE NL 

ETLE 

Other 

ETLE 

N 314 108 73 59 26 16 32 

Average Age at MRI 

N=314 

36.27 37.26 35.15 37.01 36.85 37.75 34.05 

Unemployed 

N=71 

49.2% 44.4% 66.6% 20% 62.5% 50% 60% 

Right/left/bilateral 

N=311 

129/157/25 46/56/6 30/37/3 24/31/4 12/10/4 6/7/3 11/16/5 

Ever psychiatric 

diagnosis 

N=241 

139  

(57.7%) 

49  

(53.2%) 

43 

(74.1%) 

19 

(42.2%) 

10 

(47.6%) 

9 

(69.2%) 

9 

(81.8%) 

Ever had a psychotic 

symptoms 

18 

(7.5%) 

9 

(9.8%) 

3 

(5.2%) 

2 

(4.4%) 

2 

(9.5%) 

1 

(7.7%) 

1 

(9.1%) 

Ever had a depressive 

symptoms 

78 

(32.4%) 

24 

(26.1%) 

26 

(44.8%) 

11 

(24.4%) 

5 

(23.8%) 

6 

(46.2%) 

6 

(54.5%) 

Psychiatric assessment  241 92 58 45 21 13 11 
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Figure 9. No significant differences between the six epilepsy subgroups and 

seizure variables 

 χ2 None significant 

 

Non-MTS lesions were detected on the MRI in 85/314 cases where lesionality could 

be determined. The natures of these lesions were tumours, benign, malignant and 

DNET (~30%), encephalomalacia (~20%), cavernomas (~5%), dysplasias and other 

developmental abnormalities (~25%) and others (~20%) including dermoid and 

epidermoid cysts and AVMs.  

 

The demographic data was examined by lesion type. There were no statistical 

differences between lesional and non-lesional epilepsies for gender, age, age at onset 

of epilepsy, employment, laterality or worst seizure frequency. See Figure 10 for the 

details of the chi-squared between group analyses for comparison across the lesion 

groups for estimates of epilepsy severity and functioning. 

  Gender Age at Onset 

seizures 

Age at 

psychiatric 

assessment 

Employ 

ment 

Worst 

seizure 

frequency 

Laterality 

χ
2
 4.08 226.82 337.23 10.82 234.28 20.16 

p 0.67 0.20 0.07 0.54 0.27 0.06 
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Figure 10. Descriptive demographics for epilepsy by lesion type 

 

Figure 11. No significant differences in comparison between epilepsy lesion type 

(lesional and non-lesional) and seizure variables  

χ2 None significant 

 

All patients with FE admitted to RMH were routinely referred for a neuropsychiatric 

assessment. However due to time limitations and neuropsychiatrist leave, not all 

patients were assessed. This cross sectional analysis involves those with an MRI, 

most of who were assessed. In order to test concordance between those assessed at 

baseline and those not assessed at baseline we undertook a chi-squared analysis of 

Epilepsy groups All epilepsy Lesional Non-lesional 

N 241 158 83 

Average Age at psychiatric assessment  

=241 

36.6 36.65 36.59 

Gender M: F 

M: F % 

137:177 

44%: 56% 

80:114 

41%: 59% 

57:63 

49%: 51% 

Unemployed 

=54 

55.5% 51.4% 63.2% 

Age of epilepsy onset  

=70 

19.21 16.39 24.4 

Worst seizure frequency mean/year  

=70 

582.12 432.09 820.82 

Right/left/bilateral 129/157/25 82/97/15 47/60/10 

  Gender Age at Onset 

seizures 

Age at 

psychiatric 

assessment 

Employ 

ment 

Worst 

seizure 

frequency 

Laterality 

χ
2
 1.42 38.85 40.89 3.2 40.122 0.16 

p 0.17 0.3 0.82 0.2 0.33 0.92 
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difference between these groups according to demographic details and epilepsy 

subtype. This analysis found no differences between those who had received a 

baseline assessment and those who had not for gender (p=0.42), age at onset of 

epilepsy (p =0.78), age at MRI (p =0.33), worst reported seizure frequency (χ2=0.34), 

employment (p =0.15) or laterality of focus (p =0.9). There were a statistically 

significant greater number of subjects with ETLE in the group not seen at baseline. 

MTLE was more common in the baseline assessment group. These differences likely 

reflect an increased clinical focus on seeing patients who were due to go for 

neurosurgery. 81% of subjects with a baseline assessment had TLE whilst only 62% 

of patients without a baseline assessment had TLE. Epilepsy surgery is most 

commonly delivered to subjects with TLE in our service, predominantly MTLE and 

all of these patients need a psychiatric assessment prior to epilepsy surgery. Subjects 

with an unclear focal site are not candidates for epilepsy surgery and would not 

require a psychiatric assessment with the same urgency. 

 

Figure 12. Similar percentages of baseline psychiatric evaluation for epilepsy 

subgroups. Significant difference between groups (χ2 p<0.000) 

 

 

5.3.2 Results data for any psychiatric diagnoses 

 

5.3.2.1 Basic demographic description 

 

Of the 241 with a psychiatric assessment, 57.7% had a past or current psychiatric 

diagnosis, consistent with our previously published figures. The natures of these 

psychiatric diagnoses were past or current depressive symptoms (32.4%), psychotic 

  
MTLE NLTLE OTLE LETLE NL ETLE Unknown 

ETLE 

No baseline assessment 23.3% 19.2% 19.2% 6.8% 4.1% 27.4% 

Baseline psychiatric assessment 37.8% 24.5% 18.7% 8.7% 5.3% 4.9% 
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symptoms (7.5%) and other psychiatric disorders (36.1%). Other psychiatric disorders 

included anxiety (5%), substance abuse or dependence (5%), somatoform disorders 

(5%), personality disorders (13.7%) and other less common and multiple disorders 

(8.7%).  

 

Within the cohort with a psychiatric diagnosis, some subjects had multiple conditions. 

Six subjects had both depressive and psychotic symptoms either at the time or prior to 

the cross sectional assessment. Of these six, three had further psychiatric diagnoses 

reflecting the severity of their psychiatric conditions.   

 

5.3.2.2 Tests of Association for any psychiatric diagnoses 

 

Rates for depressive symptoms, psychotic symptoms and other psychiatric diagnoses 

did not differ significantly between males and females. There was no statistically 

significant difference between epilepsy diagnostic groups for subjects with depressive 

symptoms (χ2=11.1, p=0.09), psychotic symptoms (χ2=1.59, p=0.95) or in the other 

psychiatric disorders (χ2=31.3, p=0.69). The trend for depressive symptoms suggests 

that the relationship between epilepsy groups for depressive symptoms needed to be 

more fully explored. 

 

There were no significant differences in the prevalence of any psychiatric disorder 

between patients with TLE (56.29%) versus ETLE (62.2%) (χ2=0.57, p=0.46) for 

those who had a psychiatric assessment. There were also no significant differences by 

laterality (right 52.5%, left 61.3% and bilateral 70%) (χ2=2.9, p=0.23), although the 

pattern was towards higher rates of psychiatric diagnoses in bilateral epilepsies.  

 

However, subjects with non-lesional epilepsy (NLTLE and NLETLE combined) had a 

statistically significantly higher prevalence of psychiatric disorders (74.7%) than 

those with lesional epilepsy (MTLE, OTLE and LETLE combined) (48.7%) (χ2= 

15.03, p=0.00). 
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Figure 13. Rates of psychiatric disorder by lesion status 

 

These tests for association with any psychiatric diagnosis were redone for Group B in 

which the six subjects with both depression and psychosis were considered to have 

depression. The results did not change. The rate of statistically significant association 

between lesionality and the rate of psychiatric diagnoses (χ2=15.9, p=0.001) 

remained. For the rest of the analyses in this thesis, unless otherwise specified, Group 

A was used as clinically more meaningful. The underlying assumption is that 

psychotic illness, whether mood congruent or incongruent, represents a more severe 

form of mental disorder. 

 

When the lesional patients were subdivided into those with MTS (MTLE, 37.8% of 

cohort) and non-MTS lesions (LTLE+LETLE, 27.8%) and the groups compared with 

the non-lesional group (NLTLE+NLETLE, 34.4%), both lesional groups had a lower 

prevalence of psychiatric disorders (MTLE, 53.2% and LTLE +LETLE, 42.2%) than 

the non-lesional focal epilepsy patients (NLTLE+NLETLE, 73.2%) and this was 

statistically different (χ2=16.44, p=0.000). The prevalence of psychiatric disorders in 

Epilepsy groups All epilepsy Lesional Non-lesional 

N with a psychiatric assessment 241 158 83 

Average Age at psychiatric assessment  

N=241 

36.6 36.65 36.59 

Baseline psychiatric assessment 241 158 83 

Ever psychiatric diagnosis 139  

57.7% 

77 

48.7% 

62 

74.7% 

Ever depressive symptoms 78 

32.4% 

40  

25.3% 

38  

45.8% 

Ever psychotic symptoms 18 

7.5% 

12  

7.6% 

6  

7.2% 
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MTLE whilst not statistically different from the other lesional epilepsies had a rate in 

between those for lesional and non-lesional epilepsies. Lesional epilepsy has the 

lowest rates of psychiatric disorder, followed by MTLE followed by non-lesional 

epilepsy. Separate Chi-squared comparison does not find a statistically significant 

difference between the rates of psychiatric disorder in MTLE (53.2%) compared to 

that in OTLE(42.2%) (χ2=1.6, p=0.3).  

 

These analyses indicated that a psychiatric diagnosis of any type was significantly 

more likely in patients with non-lesional focal epilepsy, whether it was temporal or 

extratemporal, whether the lesion was MTS or another focal lesion, and was 

independent of laterality of focus.  

 

5.3.2.3 Logistic regression for any psychiatric diagnoses  

 

Logistic regression analysis was undertaken using any psychiatric diagnosis as the 

dependent variable and the following clinical variables: gender, age at psychiatric 

assessment, seizure frequency estimate (estimated worst seizure frequency), duration 

of epilepsy (age of onset of epilepsy), epilepsy diagnosis, laterality of seizures, 

lesionality and whether the epileptic site was temporal or non temporal. As only a 

subset of the data had some clinical epilepsy variables (worst seizure frequency as a 

seizure frequency estimate and age of onset of epilepsy as a duration estimate, n=42), 

the clinical data was analysed separately from the epilepsy diagnostic data (epilepsy 

subgroups, TLE or ETLE, lesion present or absent and laterality). In order to not bias 

the results, the smallest category (n=1) where a single subject had both TLE and 

ETLE and lesions was removed from the dataset. 

 

Logistic analysis was undertaken using the ENTER format in which all variables are 

assessed in single step. Stepwise regression over calculates the coefficients to fit the 

data and may not be truly representative of the greater population. As ENTER is not a 

step wise regression analysis it gives a more conservative estimate of the coefficients 

and is the preferred conservative model for logistic regression. 
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The first ENTER logistic regression resulted in the exclusion of the key group 

lesional vs. non-lesional due to co-linearity with the non-lesional TLE group. As this 

was the topic of interest, I undertook a further regression comparing the epilepsy 

subgroups with the lesional/non-lesional categories. In this model, the lesional/non-

lesional category (p=0.08) was more significant than the epilepsy subgroup categories 

(p=0.77) at predicting whether there was a psychiatric diagnosis. Therefore in the 

subsequent larger regression comparing all the independent variables, the 

lesional/non-lesional group was included and the epilepsy subgroups categories were 

not. 

 

These logistic regression analyses identified lesionality as the only independent 

variable to be related statistically to the diagnosis of a psychiatric diagnosis (B=1.32, 

Exp (B)=3.74, p=0.000) (See Figure 14 and 15). The odds of any psychiatric 

diagnosis for those with non-lesional focal epilepsy are nearly 4 times the odds for 

patients with lesional focal epilepsy (OR 3.74, CI 1.99-7.1). 

 

Figure 14. No significant differences using logistic regression between epilepsy 

variables for a history of a psychiatric diagnosis 

 

  

  B Wald p Exp(B) CI 

Gender -0.95 1.69 0.19 0.39 0.93-1.62 

Age at psychiatric diagnosis 0.25 0.47 0.5 0.03 0.95-1.11 

Age at onset epilepsy 0.40 1.76 0.18 1.04 0.98-1.1 

Worst seizure frequency 0.001 0.92 0.34 1.001 0.99-1.00 
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Figure 15. Non lesional epilepsy has a higher rate of any psychiatric diagnosis on 

logistic regression for epilepsy diagnostic categories  

 

Figure 16. Non lesional epilepsy has a higher rate of psychiatric disorders and 

depressive symptoms on logistic regression for epilepsy diagnostic categories  

 

5.3.2.4 Tests of Association for any depressive symptoms 

 

The results of both association and logistic regression undertaken with the subgroup 

of subjects with depression were consistent with the results obtained for the greater 

group, all subjects with any psychiatric diagnosis. For the purpose of these analyses, 

  B Wald p Exp(B) CI 

Lesional/Non-lesional 1.32 16.8 0.000 3.74 1.99-7.09 

TLE/ETLE -0.28 0.56 0.46 0.76 0.37-1.56 

Laterality Overall   3.49 0.18     

Laterality: Left compared to Right 0.34 1.41 0.24 1.41 0.8-2.47 

  Any Psychiatric 

Diagnosis 

Ever depressive 

symptoms 

Ever psychotic 

symptoms 

Ever Personality 

disorder diagnosis 

Independent 

Variables 

p             OR(CI) p OR(CI) p OR(CI) p OR(CI) 

TLE/ETLE 0.46                0.76  

(0.4-1.6) 

0.81 0.92  

(0.5-1.9) 

0.93 1.06  

(0.3-3.6) 

0.92 0.96  

(0.4-2.4) 

Lesional/  

Non-lesional 

0.00 3.74  

(2.0-7.1) 

0.001 2.64  

(1.5-4.7) 

0.94 0.96  

(0.3- 2.7) 

0.29 1.5  

(0.7-3.1) 

Laterality 

Overall 

0.18   0.27   0.42   0.57   
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any subject with depressive symptoms (Group B), whether psychotic or not, was 

investigated. 

 

There were no statistically significant differences in the prevalence of depression 

between the different epilepsy subgroups in general (χ2=11.1, p=0.086), TLE (31.6%) 

and ETLE (36.9%) subjects (χ2 =0.97, p=0.62) nor between patients with right 

(28.3%), left (34.7%) or bilateral (45%) sided laterality of their seizure focus 

(χ2=2.64, p=0.29). Patients with non-lesional focal epilepsy exhibited a higher 

prevalence of depression (45.8%) compared to patients with a lesion on MRI (MTLE 

+ LTLE + LETLE)(25.5%)(χ2 =10.2, p=0.02). There was no significant difference in 

the rate of depression between patients with MTS (MTLE)(36.3%%), non-lesional 

(NLTLE+NLETLE)(45.8%) and those with other types of focal lesions in the 

temporal lobe (LTLE)(23.8%)(χ2=10.34, p=0.06) although there was a trend. This 

may be due to the comparison between lesional and non-lesional in itself or represent 

that these are distinct risk groups.  

 

5.3.2.5 Logistic regression for depressive symptoms  

 

Logistic regression analyses for depression as the independent variable and clinical 

variables and epilepsy category variables as independent variables confirmed that a 

diagnosis of depression was best predicted by non-lesionality (B=0.97, Exp (B)=2.64, 

p=0.001). Logistic regression for seizure variables was undertaken by psychiatric 

diagnosis. The odds of a diagnosis of depression for those with non-lesional focal 

epilepsy were nearly three times the odds for those with lesional focal epilepsy (OR 

2.64, 95%CI 1.48-4.73) A diagnosis of depression was not predicted by whether the 

focus was temporal or extratemporal, by site of laterality nor by site of seizure onset. 
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Figure 17. There are no significant differences in rates of depression on logistic 

regression using duration and severity variables  

 

Figure 18. Non lesional but not other epilepsy clinical factors has a higher rates 

of depressive symptoms on logistic regression for epilepsy diagnostic categories  

 

To highlight the degree to which depression was the key factor in the association 

between lesion status and having any psychiatric diagnosis, the analyses were 

repeated with the depressive cohort excluded. This sub analysis did not show any 

association between any of the independent variables, and no longer showed any 

significant difference for non-lesionality. This suggests that the major contributor to 

the pattern of results in the first set of analyses, was a history of current or past 

depressive symptoms. 

  B Wald p Exp(B) CI 

Gender -0.79 1.2 0.27 0.46 0.1-1.9 

Age at psychiatric diagnosis -0.01 0.04 0.85 0.99 0.9-1.1 

Age at onset epilepsy 0.04 1.88 0.17 1.04 1.0-1.1 

Worst seizure frequency 0.001 2.49 0.12 1.00 1.0-1.002 

  B Wald p Exp(B) CI 

Lesional/Non-lesional 0.97 10.68 0.001 2.64 1.48-4.73 

TLE/ETLE -0.89 0.06 0.81 0.92 0.45-1.88 

Laterality Overall   2.62 0.27     

Laterality: Left compared to Right 0.27 0.8 0.37 1.31 0.73-2.37 
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5.3.2.6 Tests of Association for any psychotic symptoms 

 

There were no statistically significant relationships between any of the epilepsy 

variables and a past or current history of psychotic symptoms. The analyses 

comparing epilepsy subgroups (χ2=1.11, p=0.98), TLE to ETLE (χ2=0.2, p=0.91), 

lesion positive compared to non-lesional focal epilepsy (χ2=0.01, p=1.00), MTS 

compared to other lesional and non-lesional focal epilepsy (χ2=0.46, p=0.8) and the 

laterality of the seizure focus (χ2=1.74, p=0.42), revealed no associations on 

univariate χ2 analysis.  

 

5.3.2.7 Logistic regression for any psychotic symptoms  

 

Logistic regression for clinical variables could not be undertaken as so few of these 

patients had this data available. This reflects the systems issues in obtaining complete 

epilepsy histories from individuals with significant and pervasive mental disorders. 

However there was sufficient data to undertake logistic regression for the epilepsy 

categories. Consistent with tests of correlation, this showed no significant association 

for any of the variables 

. 

Figure 19. There is no relationship between psychotic symptoms and epilepsy 

variable using logistic regression 

  B Wald p Exp(B) CI 

Lesional/Non-lesional -0.04 0.01 0.94 0.96 0.34-2.73 

TLE/ETLE 0.06 0.01 0.93 1.06 0.31-3.59 

Laterality Overall   1.73 0.42     

Laterality: Left compared to Right -0.05 0.01 0.92 0.95 0.33-2.72 

Laterality: Bilateral compared to Right 0.89 1.38 0.24 2.44 0.55-10.74 
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5.3.2.8 Prevalence of Personality Disorders and other psychiatric disorders 

 

Neither the univariate χ2 nor multivariate logistic regression analyses show any 

statistical associations between any of the epilepsy variables and the presence of a 

personality disorder or other psychiatric diagnosis.  

 

In particular there were no statistically significant relationships between a history of 

past or current other psychiatric symptoms and epilepsy subgroups (χ2=31.3, p=0.69), 

TLE with ETLE (χ2=3.4, p=0.99), lesional compared to non-lesional focal epilepsy 

(χ2=8.1, p=0.23), MTS compared to other lesional and non-lesional focal epilepsy 

(χ2=14.2, p=0.29) nor the laterality of the seizure focus (χ2=13.7, p=0.32).  

 

This analysis was limited by the relatively small numbers of patients with other 

psychiatric diagnoses (n=87 other psychiatric disorders including, n=33 personality 

disorders). 

 

Logistic regression analysis was undertaken for completeness with the largest other 

psychiatric category, any personality disorder diagnosis. This found no statistical 

association with neither clinical components nor whether the epilepsy was lesional or 

non-lesional, in the temporal lobe or extratemporal or by laterality. 
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Figure 20. There is no relationship between personality disorder symptoms and 

epilepsy variable using logistic regression 

  

  B Wald p Exp(B) CI 

Gender 1.01 1.22 0.27 2.74 0.46-16.34 

Age of psychiatric assessment 0.03 0.53 0.47 1.03 0.95-1.12 

Age at onset of epilepsy -0.02 0.39 0.53 0.98 0.92-1.05 

Worst seizure frequency 0.00 0.36 0.55 1.00 0.99-1.001 

Lesional/Non-lesional 0.40 1.13 0.29 1.49 0.71-3.14 

TLE/ETLE -0.46 0.01 0.92 0.96 0.38-2.42 

Laterality Overall   1.11 0.57     

Laterality: Left compared to Right 0.33 0.76 0.39 1.40 0.66-2.960. 

Laterality: Bilateral compared to Right -0.26 0.10 0.75 0.77 0.16-3.79 
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5.4 Key Findings Chapter 5 

 

This analysis confirms the hypothesis that the prevalence of neuropsychiatric disorders 

in patients with focal epilepsy is high and finds relative rates in this tertiary cohort to 

be in the mid to high range compared to the literature more generally. The rates for any 

psychiatric disorder is 58%, those with a history of depressive disorders sufficient to 

impair functioning 32%, psychotic disorders 7.5% and personality disorder 14%. The 

prevalence rates are not different between common epilepsy subtypes or related to 

laterality. Nor could they confirm the hypothesis that rate were relatable to epilepsy 

severity or duration estimates. This data demonstrates that contrary to common 

medical perception but consistent with my hypothesis, epileptic foci in the temporal 

lobe are not specifically associated with a higher rate of mental illness. This data 

demonstrates the novel finding that non-lesional epilepsy has higher rates of 

depressive symptoms at an odds ratio of 2.6, suggesting that this cohort may be 

distinct from the more commonly studied MTLE cohorts. 
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CHAPTER 6.  RESULTS: IMAGING COMPARISON OF DEPRESSIVE SYMPTOMS IN 

EPILEPSY 

 

6.1 Introduction 

 
Depressive symptoms are commonly reported in people with epilepsy regardless of 

the diagnostic classification system employed, up to 74% in some modern studies [4]. 

As discussed in the background, much of the literature in this area is defined 

according to diagnostic fashion, but there is consensus that depressive symptoms not 

strictly meeting criteria for a Major Depressive episode still have a large impact on 

functioning and quality of life in people living with epilepsy [102].  

 

This chapter explores the relationship between depressive symptoms and temporal 

lobe structures. In the previous chapter, using logistic regression, non- lesional 

subjects had significantly higher rates of depression. In this chapter, I further explore 

the relationships between brain structure and volume and the presence of depressive 

symptoms. 

 

6.2 Methods specific to this chapter 

 

6.2.1 Cohort 

 

This cohort is enriched in terms of psychiatric symptoms and includes all those with 

identifiable depressive symptoms on baseline and prospective assessment (PWED), 

and an age, gender and epilepsy matched cohort of people with epilepsy and no 

psychiatric disorder (PWENP) and age and gender matched normal controls (NCs).  

 

6.2.2 Demographic analysis  

 

Initial demographic analysis of frequency and distribution was undertaken to compare 

three groups: people with epilepsy and depression (PWED), people with epilepsy and 

no psychiatric illness (PWENP) and normal controls (NCs). Chi squared analysis was 

used to compare groups. The purpose of re analyzing the demographic factors was for 
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comparison with the greater cross sectional group and to demonstrate the quality of 

the matching as a basis for interpreting the results. 

 

6.2.3 Hippocampal and amygdala volumetric analyses  

 

A MANOVA was undertaken for each of the three groups, people with epilepsy and 

depression (PWED), people with epilepsy and no psychiatric illness (PWENP) and 

normal controls (NCs) to investigate the hippocampi and amygdalae volumes as 

independent continuous variables to determine any differences in volumes between 

the three groups.  

  

Of the 185 subjects, eleven did not have sufficient volumetric data in all fields and 

were excluded from subsequent MANOVA analysis. These eleven subjects had all 

had lobectomy as part of their epilepsy treatment. The final cohort with complete data 

sets for volumetric analysis were: PWED= 95, PWENP= 46, Normal controls= 33. 

 

The independent variables, in this case the four MRI traced volumes (hippocampi and 

amygdalae), are continuous variables with normal distributions and the three groups, 

PWED, PWENP and normal controls are categorical dependent groups. None of the 

participants was counted in more than one of these groups so there was independence 

of observations. There was a reasonable sample size in each group, although there 

were more subjects in the PWED group than the other two groups.  The limitation 

was the number of controls available that matched the PWED group.  

 

6.2.4 Additional analyses  

 

Mesial temporal sclerosis (MTS) or its subset hippocampal sclerosis (HS) is a well-

defined pathological entity. It may be a more homogenous epilepsy group in terms of 

pathology than other cohorts. The degree of MTS can be significant and differ in 

extent between subjects [612]. Mesial temporal sclerosis (MTS) is a possible 

confounder in any volumetric analysis of epilepsy patients despite epilepsy subtype 

matching across groups due to the lack of matching for severity specific to the degree 

of sclerosis and the lack of consensus that this matches severity of illness. There has 

been one study that reports higher rates of depression in those with MTS [28]. 
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In order to explore the possible impact of MTS of these analyses, I repeated the 

MANOVA excluding all MTLE subjects and then undertook a separate MTLE 

analysis. The lesion subtypes were compared using independent samples t tests. 

 

6.3 Results 

 

6.3.1 Demographic and clinical data 

 

The demographic data was compared between the three groups, PWED, PWENP and 

NC prior to exclusion of post lobectomy subjects. There were no significant 

differences between the matched groups for age, gender and epilepsy subtypes. 

Comparison of the subset with more clinically definite Major Depressive disorder 

compared to those with depressive symptoms insufficient to meet full DSM criteria 

for depression, did not find any demographic or clinical difference between the 

subsets. Chi squared comparison between these subsets did not find any significant 

differences for hippocampal or amgydala volumes. 

 

Figure 21. Demographic data for PWED, PWENP and Normal Controls 

No statistically significant differences between groups for demographics or between PWED and 

PWENP for epilepsy characteristics 

  PWED n= 102 PWENP n= 50 NC n= 33 

Gender M/F 38/64 

38%/62%  

20/30 

40%/60% 

13/20 

40%/60%  

Mean age 37.96 37.30 35.94 

Range 14-71 15-74 16-60 

MTLE 34 (33%) 17 (34%) 0 

NLTLE 32 (31%) 14 (28%) 0 
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Matching: The initial groups were 102 subjects with depressive symptoms and 

epilepsy (PWED), 50 people with epilepsy but no identified mental illness (PWENP) 

and 33 normal controls (NC). Each group had approximately 60% women, reflecting 

a relative preponderance of women in the depression group and in people living with 

depression more generally.  Mean ages ranged from 35.9 to 37.9 with a range from 

14-74 years across the groups. 

 

The epilepsy subtypes for PWED and PWENP were similarly spread with MTLE the 

most common diagnosis (PWED: PWENP =33%: 34%) followed by NLTLE (31%: 

28%) OTLE (14%: 16%) and other epilepsy subtypes between 4-12%. Approximately 

50% had left sided epilepsy and 35% right-sided focal laterality. There were 11% 

with bilateral foci in the PWED and 6% in the PWENP. 

 

Age of onset: For the PWED group, age of onset data was available for 47 of the 102 

subjects. For PWED the age of onset of epilepsy was between 0 and 61 with a mean 

of 21.0 years. For the PWENP, there were only 8 subjects with this data, the age of 

onset of epilepsy ranged from 1 to 34 with a mean of 13.13 years. These ages of onset 

are not statistically different (F=1.8, p=0.1, t=-1.78, CI -17.4-1.7) within the 

limitation of a small PWENP cohort.  

 

OTLE 14 (14%) 8 (16%) 0 

NL ETLE 7 (7%) 3 (6%) 0 

L ETLE 7 (7%) 6 (12%) 0 

ETLE Unknown 8 (8%) 02 (4%) 0 

Right 38 (37%) 17 (34%) 0 

Left 53 (52%) 27 (54%) 0 

Bilateral 11 (11%) 3 (6%) 0 
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Epilepsy severity: The best estimate of epilepsy severity available was an estimate of 

the worst seizure frequency in one year based on subject recall at clinical assessment. 

For the PWED group (n=40), the worst seizure frequency in one year ranged from 3 

to 11,000 seizures in a year with a mean of 737.5 seizures in a year.  For the PWENP 

group (n=6), the worst seizure frequency estimates ranged from 1 to 1000 with a 

mean of 288 seizures in a year. These rates were not significantly difference (F=0.8, 

p=0.11, t=-1.62, CI -1198.5-1134.2). 

 

While reviews suggests that people with depression may develop seizures and those 

with depression may have more seizures overall [613], the sample size in this cohort 

was insufficient to draw conclusions. Due to the lack of evidence in this dataset that 

duration and severity are related to the development of depression, neither variable 

was factored into comparisons of MRI volumes. 

 

6.3.2 Multivariate analyses of MRI volumes 

 

6.3.2.1 Comparison of right and left hippocampi and amygdalae  

 

Examining for MANOVA requirements demonstrated minimal outliers, a 

predominantly linear relationship between MRI volumes and a normal distribution 

and correlation coefficients for Spearman’s rho for right and left hippocampal and 

amygdalae volumes ranging from 0.37 to 0.68. The higher correlations were for 

amygdalae as is consistent with all the data.  Box’s M test (66.72, F 3.195, p=0.00) 

and Levene’s test were significant (for all groups except the right amygdalae) 

indicating insufficient homogeneity of variance within those groups. This was 

balanced against the large sample size.  

 

The overall MANOVA revealed a significant multivariate main effect difference 

between the three groups (Wilks lambda 0.002, F=3.216, partial eta squared 0.072 

with an observed power of 0.969). Univariate main effects were examined and 

significant effects were obtained for tests between subjects for the left (F=6.3, 

p=0.002, partial eta squared= 0.07, power=0.89) (PWED=PWENP< NC) and right 

hippocampi (F= 6.9, p=0.001, partial eta squared= 0.75, power=0.92)  

(PWED=PWENP< NC) and the left amygdala (F= 7.0,p=0.001, partial eta squared=-
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.076, power=0.92) (PWED=PWENP< NC) using an acceptable p value of 0.0125 

(0.05/4) for the four separate ANOVA tests. This was only a trend for the right 

amygdala (p=0.016).  

 

Figure 22. Between group differences using MANOVA: hippocampal and 

amygdalae volumes by laterality 

Overall Wilks Lambda=0.86, F test=3.2 p value= 0.02, Partial ETA sqd=0.72, power= 0.969  

  group mean Std 

dev 

Univariate 

bw 

subjects 

corrected  

Post hoc 

Tamhanes 

comparison 

Significance 

Left 

hippocampi 

PWED 

=95 

2068.0 539.2 0.002 PWED – 

PWENP 

1.00 

  PWENP 

=46 

2131.4 413.53   PWED - 

NC 

0.002 

  NC  

=33 

2408.0 275.88   PWENP - 

NC 

0.037 

Right 

hippocampi 

PWED  2299.6 531.1 0.001 PWED - 

PWENP 

0.68 

  PWENP 2233.9 440.1   PWED- 

NC 

0.001 

  NC 2617.1 325.1   PWENP - 

NC 

0.001 

Left  

amygdalae 

PWED 1394.0 365.8 0.001 PWED - 

PWENP 

1.00 

  PWENP 1400.4 361.0   PWED- 

NC 

0.00 

  NC 1648.0 204.0   PWENP - 

NC 

0.001 

Right  

amygdalae 

PWED 1394.2 318.2 0.016 PWED-  

PWENP 

.457 
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The differences in estimated means between PWED, PWENP and NC are 

demonstrated graphically below. Mean volumes of both hippocampi and amygdalae 

for PWED are more similar to PWENP than to NC. In all but the right amygdala there 

is a clear statistical difference between the three groups. In all categories there are no 

  PWENP 1334.1 298.2   PWED- 

NC 

0.064 

  NC 1537.4 271.3   PWENP -

NC 

0.005 
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individual statistical differences between the estimated means of the PWED and 

PWENP groups. 

 

Figure 23. Individual ANOVA graphs: left and right hippocampi and 

amygdalae. PWED, PWENP and Normal Controls  
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6.3.2.2 Comparison of hippocampi and amygdalae by focal site 

 

The data was examined by focal side, ipsilateral and contralateral. Tests for the 

MANOVA model were repeated satisfactorily although Box’s M (100.12, F 4.79, 

p=0.00) and Levene’s tests were significant (for all groups except the contralateral 

hippocampi). These tests indicate that there was insufficient homogeneity of variance. 

The distribution on scatter plot comparing hippocampi and amygdalae to each other 

suggest moderate homogeneity within these groups with amygdalae having a more 

homogenous distribution than hippocampi.  

 

Figure 24. Scatterplot comparison of ipsilateral to contralateral volumes: 

hippocampi and amygdalae 
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Figure 25. Boxplots: hippocampi and amygdalae volumes by diagnosis 

  

 
 
The overall MANOVA revealed a significant multivariate main effect difference 

between the three groups (Wilks lambda 0.87, p=0.003, F=3.019, partial eta squared 

0.067 with an observed power of 0.958). The hypothesis that there are differences in 

brain volumes between the group with depression, those with epilepsy and normal 

controls is confirmed. Univariate main effects were examined and significant effects 

were obtained for tests between subjects for the ipsilateral (F=7.5, p=0.001, partial eta 

squared= 0.08, power=0.942) and contralateral hippocampi (F= 7.9, p=0.001, partial 

eta squared= 0.85, power=0.95) and the ipsilateral amygdalae (F= 9.4,p=0.00, partial 

eta squared=0.099, power=0.98) and contralateral amygdalae (F=6.26, p=0.002, 

partial eta squared =0.68, power 0.89) using a conservative p value of 0.0125(0.05/4) 

for the separate ANOVA tests.    
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Figure 26. Between group differences using MANOVA: Ipsilateral and 

contralateral hippocampi and amygdalae volumes  

Overall Wilks lambda 0.003, F=3.019, partial eta squared 0.067 with observed power of 0.96 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  group mean Std 

dev 

Univa

riate 

p 

Post hoc 
Tamhanes 

 

Significance 

Ipsilateral 

hippocampi 

PWED 

=95 

2056.0 584.4 0.001 PWED- 

PWENP 

0.54 

  PWENP 

=46 

1916.1 670.5   PWED- 

NC 

0.00 

  NC    

=33 

2408.0 275.9   PWENP - 

NC 

0.00 

Contralateral 

hippocampi 

PWED 2311.6 474.8 0.001 PWED- 

PWENP 

0.40 

  PWENP 2149.4 690.2   PWED  - 

NC 

0.00 

  NC 2617.1 325.1   PWENP - 

NC 

0.00 

Ipsilateral 

amygdalae 

PWED 1389.9 393.1 0.000 PWED - 

PWENP 

0.35 

  PWENP 1269.2 467.6   PWED- 

NC 

0.00 

  NC 1648.0 204.0   PWENP  

- NC 

0.00 

Contralateral 

amygdalae 

PWED 1404.2 278.4 0.002 PWED-  

PWENP 

0.2 

  PWENP 1266.4 471.0   PWED- 

NC 

0.056 

  NC 1537.4 271.3   PWENP  

- NC 

0.006 
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In order to reduce any possible confounding due to the inherent differences between 

the hippocampi and amygdalae, separate MANOVAs per structure were undertaken. 

MANOVA for the ipsilateral and contralateral hippocampi remained positive (Wilks 

lambda 0.903, F=4.44, p=0.002, partial eta squared 0.05 power 0.94) although Box’s 

M (Box’s M 53.3, F=8.7, p=0.00) remained significant. Levene’s’ remained 

significant for the ipsilateral hippocampi (p=0.001) but not the contralateral 

(p=0.088).  MANOVA for ipsilateral and contralateral amygdalae also remained 

positive (Wilks lambda 0.89, F=5.1, p=0.001, partial eta squared 0.06 power 0.97). 

Box’s M remained significant (Box’s M 48.8, F=8.0, p=0.00) and Levene’s for both 

ipsilateral (p=0.004) and contralateral amygdalae (p=0.002). The statistical 

significances for effect sizes between the three groups for each structure were not 

significantly changed. These separate analyses confirmed that despite limited 

homogeneity of variance between hippocampi and amygdalae as separate but adjacent 

structures in the temporal lobe, that the four structures can reasonably be compared in 

the same analysis.  
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Figure 27. Between group differences using MANOVA: Ipsilateral and 

contralateral hippocampi 

Overall Wilks lambda 0.002, F=4.44, partial eta squared 0.050 with an observed power of 0.94 

(p< 0.0125) 

 

  
  group mean Std 

dev 

Univar

iate  

p 

Post hoc 
Tamhanes 

 

Significance 

Ipsilateral 

hippocampi 

PWED 

=95 

2056.0 584.39 0.001 PWED - 

PWENP 

0.54 

  PWENP 

=46 

1916.1 670.5   PWED- 

NC 

0.00 

  NC    

=33 

2408.0 275.9   PWENP 

- NC 

0.00 

Contralateral 

hippocampi 

PWED 2311.6 474.8 0.001 PWED - 

PWENP 

0.40 

  PWENP 2149.4 690.2   PWED - 

NC 

0.00 

  NC 2617.1 325.1   PWENP 

- NC 

0.00 



 164 

 

Figure 28. Between group differences using MANOVA: Ipsilateral and 

contralateral amygdalae  

Overall Wilks lambda 0.89, F=5.1, p=0.001, partial eta squared 0.06 power 0.97 (p< 0.0125) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Difference in estimated means between PWED, PWENP and NC are demonstrated 

graphically in Figure 28. Mean volumes of both hippocampi and amygdalae with 

PWED are more similar to PWENP than to NCs. PWED has higher mean volumes 

than PWENP in all categories (PWENP<PWED<NC). This is consistent with the 

laterality analysis. PWED and PWENP are not statistically different from each other. 

Both are statistically different to NCs in all but the contralateral amygdalae. In the 

contralateral amygdalae, the PWED group is midway between the PWENP and NCs 

and is no longer statistically different from NCs.  

  

  group mean Std 

dev 

Univa

riate  

p 

Post hoc 

Tamhanes 

 

Significance 

Ipsilateral 

amygdalae 

PWED 

=95 

1389.9 393.1 0.000 PWED - 

PWENP 

0.35 

  PWENP 

=46 

1269.2 467.6   PWED- 

NC 

0.00 

  NC 

=33 

1648.0 204.0   PWENP 

- NC 

0.00 

Contralateral 

amygdalae 

PWED 1404.2 278.4 0.002 PWED -  

PWENP 

0.2 

  PWENP 1266.4 471.0   PWED- 

NC 

0.056 

  NC 1537.4 271.3   PWENP 

- NC 

0.006 
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Figure 29. Individual ANOVA graphs: Ipsilateral and contralateral hippocampi 

and amygdalae. PWED, PWENP and Normal Controls

 

 
 

 

6.3.2.3 Reanalysis to exclude impact of mesial temporal lobe sclerosis 

 

When the MTS cohort is removed from the MANOVA, the pattern of the prior results 

are mostly maintained, with overall MANOVA p value of 0.00 (Wilks lambda Value= 

0.8, F test 4.1, Partial ETA sqd 0.12, power 0.99).  The ipsilateral hippocampi 

individual ANOVAs are no longer significant, using conservative p values for 

multiple analyses. In this non-MTS cohort, the volumes for all structures for PWED 

are higher than in the previous analysis but the relative between group pattern remains 

the same (PWENP<PWED<NC). 
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Figure 30. Between group differences using MANOVA: Ipsilateral and 

contralateral hippocampi and amygdalae volumes without MTLE 

Overall Wilks lambda Value= 0.78, F test 4.1 p value= 0.00, Partial ETA sqd 0.12, power 0.99 (p< 

0.0125) 

    group mean Std 

dev 

Univariate  

p 

Post hoc 
Tamhanes 

 

Significance 

Ipsilateral 

hippocampi 

PWED 

=95 

2224.2 555.3 0.023 PWED - 

PWENP 

0.5 

  PWENP 

=46 

2018.2 762.1   PWED- 

NC 

0.09 

  NC   

=33 

2408.0 275.9   PWENP - 

NC 

0.32 

Contralateral 

hippocampi 

PWED 2301.3 439.2 0.00 PWED - 

PWENP 

0.2 

  PWENP 2019.4 791.4   PWED  - 

NC 

0.00 

  NC 2617.1 325.1   PWENP - 

NC 

0.001 

Ipsilateral 

amygdalae 

PWED 1468.1 388.6 0.00 PWED - 

PWENP 

0.05 

  PWENP 1202.6 530.9   PWED- 

NC 

0.011 

  NC 1648.0 204.0   PWENP - 

NC 

0.00 

Contralateral 

amygdalae 

PWED 1417.6 269.5 0.00 PWED -  

PWENP 

0.017 

  PWENP 1138.7 495.0   PWED- 

NC 

0.12 

  NC 1537.4 271.3   PWENP  - 

NC 

0.001 
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Figure 31. Individual ANOVA graphs: Ipsilateral and contralateral hippocampi 

and amygdalae volumes without MTLE 

 

 
 

 

When the MTLE group are analysed independently, there are statistically significant 

differences between groups for the ipsilateral hippocampi and amygdalae but not for 

the contralateral side. The differences continue to be between those with epilepsy 

(PWED and PWENP) and NCs. Of note the pattern is different compared to the 

previous analyses. For the MTLE cohort, the general pattern is PWED<PWENP<NC. 

The subjects with depression and epilepsy have smaller volumes than those with 

epilepsy alone, except for the ipsilateral hippocampi where they are equivalent.  
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Figure 32. Between group differences using MANOVA: Ipsilateral and 

contralateral hippocampi and amygdalae volumes with MTLE 

Overall Wilks lambda Value= 0.38, F test 11.3 p value= 0.00, Partial ETA sqd 0.38 (p< 0.0125) 

 

  
  group mean Std 

dev 

Univariate 

bw 

subjects 

corrected 

Post hoc 

Tamhanes 

comparison 

Significance 

Ipsilateral 

hippocampi 

PWED 

=31 

1708.7 487.2 0.00 PWED - 

PWENP 

1.00 

  PWENP 

=15 

1705 360.2   PWED - 

NC 

0.00 

  NC   

=33 

2408 275.9   PWENP - 

NC 

0.00 

Contralateral 

hippocampi 

PWED 2332.8 548.2 0.027 PWED  - 

PWENP 

0.87 

  PWENP 2418.1 272.2   PWED - 

NC 

0.05 

  NC 2617.1 325.1   PWENP - 

NC 

0.1 

Ipsilateral 

amygdalae 

PWED 1228.3 356.2 0.00 PWED  - 

PWENP 

0.18 

  PWENP 1406.9 262   PWED  - 

NC 

0.00 

  NC 1648 204   PWENP  - 

NC 

0.01 

Contralateral 

amygdalae 

PWED 1376.5 298.5 0.06 PWED -  

PWENP 

0.26 

  PWENP 1530.3 278.1   PWED- 

NC 

0.08 

  NC 1537.4 271.3   PWENP  - 

NC 

1.00 
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Figure 33. Individual ANOVA graphs: Ipsilateral and contralateral hippocampi 

amygdalae volumes with MTLE 

 

  

 

6.3.2.4 Comparison of MRI volumes changes by lesion status 

 

Independent t tests were undertaken and interpreted assuming non-equal variances for 

lesion status. No between group difference was seen between PWED and PWENP for 

hippocampi in the lesion cohort. Contralateral amygdala have a between group 

difference. Those with depressive symptoms have greater volumes than those with no 

psychiatric diagnosis. For subjects with non-lesional epilepsy, those with depression 

had statistically greater mean volumes, especially in the amygdalae. These differences 

are well demonstrated in the following bar graphs. 
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Figure 34. Differences in contralateral amygdala mean volumes for subjects with 

a lesion on MRI using Independent T tests between PWE and depressive 

symptoms and PWE and no psychiatric disorder  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

  group mean t F Significance Standard 

error 

difference 

Ipsilateral 

hippocampi 

PWED 

=94 

2052.5 -1.1 0.12 0.74 114.5 

  PWENP  

= 47 

1926.1         

Contralateral 

hippocampi 

PWED 

=46 

2333.1 -1.5 0.36 0.55 107.1 

  PWENP 

=18 

2173.0         

  group mean t F Significance Standard 

error 

difference 

Ipsilateral 

amygdala 

PWED 

=94 

1392.2 -1.6 0.57 0.45 78.8 

  PWENP 

=18 

1267.1         

Contralateral 

amygdala 

PWED 

=46 

1420.9 -2.2 8.3 0.004 70.4 

  PWENP 

=18 

1267.8         
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Figure 35. Differences in all structures for mean volumes for subjects with no 

lesion on MRI using Independent T tests between PWE and depressive 

symptoms and PWE and no psychiatric disorder  

 

 

  

  group mean t F Significance Standard 

error 

difference 

Ipsilateral 

hippocampi 

PWED  

=43 

2268.5 -1.8 8.3 0.006 230.7 

  PWENP 

= 18 

1834.1         

Contralateral 

hippocampi 

PWED  

=46 

2338.2 -2.0 11.3 0.001 242.2 

  PWENP 

=18 

1852.3         

  group mean t F Significance Standard 

error 

difference 

Ipsilateral 

amygdala 

PWED 

=43 

1463.3 -2.2 9.6 0.003 149.8 

  PWENP 

=18 

1134.6         

Contralateral 

amygdala 

PWED 

=46 

1446.4 -2.7 12.3 0.001 140.6 

  PWENP 

=18 

1066.2         
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Figure 36. Mean volumes of hippocampi and amygdalae by lesion status. PWED 

and PWENP
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6.4 Key Findings Chapter 6 

 

This analysis confirms the hypothesis that there are clinical factors associated with 

higher risk of depression but does not unequivocally confirm the hypothesis that those 

with depression will have smaller hippocampi and greater amygdalae volumes.  

 

There is a consistent pattern, not statistically significant in all analyses, that those with 

depression have both relatively larger hippocampi and amygdalae compared to those 

with no psychiatric diagnosis. These differences are small compared to those between 

both epilepsy cohorts and normal controls. Those with epilepsy consistently have 

smaller temporal lobe volumes than normal controls.  

 

The data also highlights that those with no lesion on MRI, documented to have a 

higher risk of depression, have a different pattern of impact on temporal lobe volumes 

compared to the large and better investigated cohort with MTLE or an abnormal 

lesion. Those with no lesion have relatively greater volumes in both hippocampi and 

amygdalae than those with epilepsy and no psychiatric diagnosis whereas those with a 

lesion have more equivalent temporal lobe structures regardless of psychiatric status. 

The pattern of relative temporal lobe sparing is specifically not seen in those with 

MTLE where those with depression have generally smaller hippocampi and amygdala, 

especially the latter. 

 

This supports the literature suggesting that depression may be relatively volume 

sparing in PWE. The presence of depression may increase volumes due to localized 

oedema or inflammation secondary to increase functional needs of aberrant emotional 

processing. It may be secondary to neuronal aborisation and the development of 

compensatory neural networks. Alternatively, depending on developmental time 

course, the development of depression may be more likely where there is less atrophy 

and more capacity for abnormal functioning through the temporal limbic pathways. 
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CHAPTER 7.  RESULTS: IMAGING COMPARISON OF PSYCHOTIC SYMPTOMS IN 

EPILEPSY 

 

7.1 Introduction 

Psychotic disorders in people with epilepsy have been well recognized over the 

centuries [249], occur in up to 10%[4] and many attempts to define them have been 

undertaken [29]. The general consensus is that there are many unresolved questions 

[249]. Volumetric differences in the brains of people with psychosis have been well 

documented over many years [614]. The presence of a lesion may increase or 

decrease the volume of a brain structure and may have impacts on other structures 

through both space occupying and potentially through the effects of recurrent seizures 

locally and globally. In the previous baseline data, there was no clear relationship 

between the presence of a lesion and the presence of psychosis although this has been 

reported in the literature [67]. It is unknown if the presence of a lesion and psychosis 

is related to temporal lobe volume structures. This chapter explores the relationship 

between psychotic symptoms in people with epilepsy and temporal lobe structures.  

 

7.2 Methods specific to this chapter 

 

7.2.1 Cohort 

 

Of the total cohort with available MRI scans, twenty-one had a history of psychosis. 

This cohort is enriched in terms of psychiatric symptoms and includes all those with 

identifiable psychotic symptoms on baseline and prospective assessment (POE), and 

an age, gender and epilepsy matched cohort of people with epilepsy and no 

psychiatric disorder (PWENP) and age and gender matched normal controls (NCs).  

 

There were a variety of clinical presentations but in order to be included the psychotic 

symptoms had to be sustained and significant to the extent that they were not thought 

to be due to delirium. For the purpose of numbers, all POE subjects were analysed 

together. Subgroup analysis was undertaken but is limited by sample size. 
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The POE group underwent an additional qualitative file review to obtain data 

regarding the nature of the symptoms, whether transient or chronic or both, evidence 

for cognitive impairment, the nature of the psychotic symptoms including the 

presence of delusions, hallucinations and other atypical symptoms and where 

possible, measures of epilepsy severity and a family history of epilepsy or psychosis.  

 

7.2.2 Demographic analysis  

 

Initial demographic analysis of frequency and distribution was undertaken to compare 

three groups: people with epilepsy and psychosis (POE), people with epilepsy and no 

psychiatric illness (PWENP) and normal controls (NCs). Chi squared analysis was 

used to compare groups. The purpose of re analyzing the demographic factors was for 

comparison with the greater cross sectional group and to demonstrate the quality of 

the matching as a basis for interpreting the results. 

 

7.2.4 Hippocampal and amygdala volumes analyses  

 

A MANOVA was undertaken for each of the three groups, people with epilepsy and 

psychosis (POE), people with epilepsy and no psychiatric illness (PWENP) and 

normal controls (NCs) to investigate the hippocampi and amygdalae volumes as 

independent continuous variables to determine any differences in volumes between 

the three groups.  

  

The independent variables, in this case the four MRI traced volumes (hippocampi and 

amygdalae), are continuous variables with normal distributions and the three groups, 

POE, PWENP and normal controls are categorical dependent groups. None of the 

participants was counted in more than one of these groups so there was independence 

of observations. There was a sample size of twenty-one in each group.  

 

7.2.5 Additional analyses  

 

Separate MANOVA analyses excluding the MTLE cohort were undertaken as for the 

PWED cohort. Specific additional analyses were then undertaken looking at psychosis 
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category and lesion status on mean structural volumes. Lesion subtypes were 

compared using independent samples t tests. 

 

7.3 Results 

 

7.3.1 Demographic and clinical data 

 

The demographic data was compared between the three groups, POE, PWE and NC 

and confirmed that accurate matching had been undertaken for age, gender and 

epilepsy subtypes.  

 

The total cohort (n=63) has an even gender balance, similar average mean ages from 

36.7 to 38 years and a similar age range from 18-58 years. MTLE is the most 

common epilepsy subtype at approximately 50%, followed by 20% NLTLE, and other 

epilepsy subtypes between 5-10%. Approximately laterality is evenly shared with 2-3 

subjects with bilateral foci in each group. Notably a higher number in the POE group 

had clinically evident cognitive deficits. The normal control group did not have 

epilepsy or cognitive impairment, as these were exclusion criteria from the cohort 

originally. 
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Figure 37. Demographic data for POE, PWENP and Normal Controls 

 

 

In the POE group, all twenty-one subjects had interictal psychoses. Eighteen had a 

chronic course with relapses. Eleven had a clinical picture consistent with 

schizophrenia like psychoses of epilepsy (SLPE), two had primary mood disorders 

with mood congruent psychotic features but one of these also has SLPE 

independently without mood symptoms. This subject was categorised as SLPE. Eight 

  POE n=21 PWENP n=21 NC n=21 

Gender M/F 10/11 11/10 10/11 

Mean age at review 37.4 38 36.7 

Range 22-56 19-58 18-54 

MTLE 10 10 0 

NLTLE 4 5 0 

OTLE 2 2 0 

NL ETLE 1 0 0 

L ETLE 2 4 0 

ETLE Unknown 2 0 0 

Right 9 9 0 

Left 9 10 0 

Bilateral 3 2 0 

Low IQ 11 4 0 



 178 

had atypical psychosis classified as psychosis- NOS. Five of these atypical 

presentations had brief episodes. Of the total group, nine had additional documented 

post ictal psychosis. In all cases, PIP was an initial presentation, with a more chronic 

picture emerging later. In this cohort there were no pure PIP diagnoses. None of the 

primary mood disorders presented with a prior briefer post ictal psychotic event, but 

four of the PIP group went on to a diagnosis of SLPE group and all psychosis-NOS 

had a documented PIP episode.  

 

In terms of clinical symptoms, the identification was reliant on detail in the clinical 

notes and as such was limited. Delusions were commented on routinely potentially 

because they were often seen to confirm a psychotic diagnosis. All were described as 

having delusions, commonly persecutory (n=16) and referential (n=5), although there 

were a small number of bizarre delusions, such as the patient’s family coming from 

outer space (n=2). Passivity phenomena were uncommonly described (n=1), as were 

other first rank schneiderian symptoms [615]. Sixteen had documented hallucinations, 

the vast majority of which were auditory, generally command. Fourteen had a range 

of atypical symptoms as well as more common psychotic symptoms. These included 

affective symptoms; confusion and a pleomorphic pattern, in some cases with a range 

of more fleeting delusions rather than complex sustained ones. Fewer negative 

symptoms were described than would commonly be noted for schizophrenia. 

However these were clinical assessments documented at the time of positive 

psychotic symptoms, making accurate identification of negative symptoms more 

difficult. 

 

Although the file review attempted to review for evidence of both a family history of 

psychosis and a family history of epilepsy, neither risk factor was well documented in 

the clinical notes. One subject had a documented family history of psychosis and 

another, a documented history of epilepsy. Trauma was documented in six. This may 

reflect a bias in clinically documenting this information more than a lack of family 

history. During the decade that these notes were recorded, a trauma history and a 

family history of epilepsy were known associations for epilepsy but a family history 

of epilepsy was not known to be associated with psychosis. Nor was a family history 

of psychosis thought related to the presence of epilepsy. This may have meant that 

this data was not viewed as clinically important and thus not documented. 
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It was interesting to note that clinically evident cognitive deficits were routinely 

documented. Eleven had cognitive difficulties; either noted as borderline or low IQ, 

acquired brain damage or significant cognitive decline. Chi squared analysis of this 

association was significant between the POE and PWE (χ 2= 16.3, p < 0.000). 

 

It was difficult to exclude epilepsy duration and severity as confounding factors 

because estimates of epilepsy severity were lacking from most clinical files. This data 

is more routinely collected in outpatient and private neurologist’s files than in 

inpatient files. Additional information regarding severity and duration were collected 

from private files where possible and at prospective assessment where available. For 

this cohort, eleven subjects had epilepsy duration data. The age of onset of epilepsy 

was between 4 and 40 with a mean of 19.46 years (n=13, range 4-40, SD 13.1). For 

the total cohort with this data (n=122), the age of onset of epilepsy ranged from 0 to 

72 with a mean of 18.9 years. These ages of onset are not statistically different. 

People with POE did not develop epilepsy at a different age than all people with 

epilepsy in this study.  

 

For the POE group, the mean age of onset of psychosis was 25.55 years (n=11, range 

13-50, SD 12.36) and the mean duration of epilepsy when the patient became 

psychotic was 13.45 years (n=11, range -9 to 39, SD 14.7). There was no statistical 

relationship between the age of onset of epilepsy or psychosis or the duration of 

epilepsy when the individual became psychotic with either the type of psychosis 

presentation (SLPE, mood or NOS) or the clinically noted presence of postictal 

psychosis (PIP).  

 

The best estimate of epilepsy severity obtained was a self rated estimated recall of 

their worst seizure frequency in one year. For the POE group (n=13), the worst 

seizure frequency in one year ranged from 0.5 to 365 seizures in a year with a mean 

of 83.35 seizures in a year.  For the larger cohort (n=143), the worst seizure frequency 

estimates ranged from 1 to 18250 with a mean of 636.1 seizures in a year. Although 

the total cohort was higher, there was no statistical association between epilepsy 
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subtype and seizure frequency (χ2=216.9,df 213,p=0.41) nor between the presence of 

psychosis and seizure frequency (χ2=35.7,df 59, p=0.993).  

There is insufficient evidence to demonstrate any impact of disease severity or 

duration on the development of POE.  

 

7.3.2 Multivariate analyses for MRI volumes 

 

7.3.2.1 Comparison of right and left hippocampi and amygdalae  

 

Analysing the data for the required assumptions for MANOVA was important in this 

subset due to the smaller sample size. The data met assumptions of independence, 

minimal outliers and linear relationship between dependent variables and had a 

normal distribution. The independent components were assumed to be moderately 

correlated as components of the same brains. The correlation coefficient for 

Spearman’s rho for right and left hippocampi and amygdalae volumes ranged from 

0.45 to 0.8 and for ipsilateral and contralateral volumes ranged from 0. 55 to 0.82. 

The higher correlations were for amygdalae consistent with other assessments. Box’s 

M test and Levene’s test were significant for many of the analyses, indicating that 

there was insufficient homogeneity of variance within some of the groups. This was 

consistent with other analyses. 

 

MANOVA results showed significant between group differences for both 

hippocampal and amygdalae volumes. The initial MANOVA compared the groups 

POE, PWENP and NC by lateral volumes, right and left. The overall MANOVA 

identified differences between these groups with a p value of 0.003 (Wilks Lambda= 

0.66, F test= 3.1, Partial ETA sqd 0.19, observed power 0.96). Despite a significant 

Box’s M (Box’s M=54.77, F=2.5, p=000), suggesting limited homogeneity of 

variance, the Levene’s test of equality of error variances was only significant for the 

left hippocampus (p=0.001) and not the other structures suggesting more 

homogeneity than in prior analyses. Tamhanes post hoc analysis was still undertaken, 

as homogeneity cannot be confirmed for the full analysis.   
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Figure 38. Between group differences using MANOVA: hippocampal and 

amygdalae volumes by laterality. POE, PWENP and Normal Controls 

Overall Wilks lambda= 0.66 F test 3.1 p value= 0.003, Partial ETA sqd 0.19, observed power 0.96 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  group mean Std 

dev 

Univariate 

bw 

subjects 

corrected 

sig 

Post hoc 

Tamhanes 

comparison 

Significance 

Left 

hippocampi 

POE 

n=18 

1923.1 655.2 0.007 POE  - 

PWENP 

0.68 

  PWENP 

n=21 

2106.9 420.9   POE  - NC 0.022 

  NC 

n=21 

2415.7 305.2   PWENP  - 

NC 

0.029 

Right 

hippocampi 

POE 2239.5 603.5 0.004 POE  - 

PWENP 

1.00 

  PWENP 2244.4 439.2   POE  - NC 0.03 

  NC 2672.0 309.6   PWENP  - 

NC 

0.003 

Left 

amygdalae 

POE 1432.12 330.0 0.006 POE  - 

PWENP 

0.87 

  PWENP 1362.8 283.2   POE  - NC 0.086 

  NC 1638.5 207.3   PWENP  - 

NC 

0.003 

Right 

amygdalae 

POE 1361.7 262.7 0.001 POE -  

PWENP 

0.99 

  PWENP 1343.0 233.2   POE  - NC 0.011 

  NC 1598.5 201.2   PWENP  - 

NC 

0.001 
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The individual ANOVAs which comprised the MANOVA, all documented a 

significant difference for left hippocampi (p=0.007), right hippocampi(p=0.004), left 

amygdalae (p=0.006) and right amygdalae (p=0.001) using a conservative Bonferroni 

p value of p<0.0125.  

 

The difference in estimated volume means demonstrate that the mean volumes of both 

hippocampi and amygdalae for POE are more similar to PWENP generally than to 

NC as for the previous analysis of PWED. POE have smaller left hippocampi 

volumes but larger other temporal structures than PWENP but these are not 

statistically different. 
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Figure 39. Individual ANOVA graphs: left and right hippocampi and amygdalae 

volumes. POE, PWENP and Normal Controls  
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7.3.2.2 Comparison of hippocampi and amygdalae by focal site 

 

Overall MANOVA by focal site was statistically significant and not dissimilar to the 

laterality analysis with p=0.004 (Wilks lambda= 0.66, F =3.0, partial ETA sqd 0.18, 

observed power 0.95). Each of the individual ANOVAs demonstrated significant 

differences for ipsilateral hippocampi (p=0.008), contralateral hippocampi (p=0.001), 

ipsilateral amygdalae (p=0.001) and contralateral amygdalae (p=0.015). Tamhanes 

post hoc comparisons suggest that significant differences are between PWENP and 

normal controls. The mean volumes of POE subjects are slightly higher than those for 

PWENP in all but the contralateral hippocampi but these differences do not reach 

significance. 
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Figure 40. Between group differences using MANOVA: ipsilateral and 

contralateral hippocampi and amygdalae volumes. POE, PWENP and Normal 

Controls  

Overall Wilks lambda= 0.66, F= 3.04, p value= 0.004, Partial ETA sqd 0.18, observed power 0.95  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  group mean Std 

dev 

Univariate 

bw 

subjects 

corrected 

Post hoc 

Tamhanes 

comparison 

Significance 

Ipsilateral 

hippocampi 

POE 

=18 

1982.9 691.5 0.008 POE  - 

PWENP 

1.00 

  PWENP 

=21 

1966.5 470.3   POE  - NC 0.065 

  NC   

=21 

2415.7 305.2   PWENP  - 

NC 

0.002 

Contralateral 

hippocampi 

POE 2179.7 589.8 0.001 POE  - 

PWENP 

0.46 

  PWENP 2384.8 258.7   POE  - NC 0.012 

  NC 2672.0 309.6   PWENP  - 

NC 

0.007 

Ipsilateral 

amygdalae 

POE 1378.4 268.8 0.001 POE  - 

PWENP 

0.92 

  PWENP 1327.3 291.6   POE  - NC 0.006 

  NC 1638.5 207.3   PWENP  - 

NC 

0.001 

Contralateral 

amygdalae 

POE 1415.4 327.9 0.015 POE -  

PWENP 

0.97 

  PWENP 1378.5 220.0   POE  - NC 0.14 

  NC 1598.5 201.2   PWENP  - 

NC 

0.005 
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Figure 41. Individual ANOVA graphs: ipsilateral and contralateral hippocampi 

and amygdalae. POE, PWENP, Normal Controls
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7.3.2.3 Reanalysis to exclude impact of mesial temporal lobe sclerosis 

 

Without the MTLE cohort, the overall MANOVA was not statistically significant, 

with a p value of 0.064 (Wilks lambda= 0.67, F= 2.0, partial eta sqd 0.18, 

power=0.77). Three of the individual ANOVAs did not show significant differences: 

ipsilateral hippocampi (p=0.037), ipsilateral amygdalae (p=0.03) and non-ipsilateral 

amygdalae (p=0.13) using a p value of 0.0125. The contralateral hippocampi 

remained statistically different (p=0.004). The pattern of relationships between groups 

has a different pattern, in the hippocampi bilaterally, the POE volumes are lower than 

PWENP, although not significantly and the amygdala bilaterally are mildly enlarged.  

 

Figure 42. Between group differences using MANOVA: ipsilateral and 

contralateral hippocampi and amygdalae volumes without MTLE. POE, 

PWENP and Normal Controls 

Overall Wilks lambda= 0.67, F=2.0, p value= 0.064, partial eta sqd 0.18, observed power 0.77  

  group mean Std 

dev 

Univariate 

bw 

subjects 

corrected 

Post hoc 

Tamhanes 

comparison 

Significance 

Ipsilateral 

hippocampi 

POE 

=10 

2220.8 732.1 0.48 POE  - 

PWENP 

0.997 

  PWENP 

=11 

2266.9 400.0   POE  - NC 0.82 

  NC   

=21 

2415.7 305.3   PWENP  - 

NC 

0.65 

Contralateral 

hippocampi 

POE 2211.4 461.5 0.004 POE  - 

PWENP 

0.58 

  PWENP 2416.3 304.7   POE  - NC 0.39 

  NC 2672.0 309.6   PWENP  - 

NC 

0.10 

Ipsilateral POE 1461.9 295.5 0.034 POE  - 0.99 
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amygdalae PWENP 

  PWENP 1424.7 228.1   POE  - NC 0.3 

  NC 1638.5 207.3   PWENP  - 

NC 

0.052 

Contralateral 

amygdalae 

POE 1460.7 405.0 0.13 POE -  

PWENP 

0.98 

  PWENP 1415.6 168.0   POE  - NC 0.7 

  NC 1598.5 201.2   PWENP  - 

NC 

0.04 
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Figure 43. ANOVA graphs: ipsilateral and contralateral hippocampi and 

amygdalae volumes without MTLE 

 

 

Reductions in significance are probably accounted for by the reduced sample size 

(POE=10, PWENP=11, NC=21).  Box’s M was not significant suggesting that the 

cohort minus MTLE has improved homogeneity of variance (Box’s M=42.5, F=1.8, 

p=0.021). 
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7.3.2.4 Comparison of MRI volume changes by diagnosis 

 

It is likely that the psychosis sample is heterogeneous psychiatrically. There were 

three potential psychosis diagnoses identifiable in this cohort. There are only low 

numbers for affective psychosis. For the purpose of this analysis, SLPE and non 

schizophrenia-like psychoses were compared. The latter cohort includes both 

affective and psychosis NOS subjects but does not include the subject with past 

histories of both SLPE and depression who was coded as SLPE. Of the total cohort 

(n=21), only eleven of twelve SLPE and seven of nine non-SLPE had both temporal 

lobes for overall analyses. 

 

Specific between psychosis subcategory testing cannot confirm a significant 

difference between the mean volumes.  There was no statistical differences between 

mean volumes for the SLPE, non SLPE and PWENP and NC groups by psychosis 

diagnosis (Wilks lambda 0.81, p= 0.17, F =1.5, partial eta squared 0.1, observed 

power 0.65, with non significant Box’s M) despite previous identification of a 

between group difference between PWENP and NCs. Two separate analyses were 

undertaken: a MANOVA to compare just SLPE and non-SLPE alone and a 

MANOVA to compare SLPE, non-SLPE and PWENP. The former MANOVA was 

non significant (Wilks lambda 0.82, p= 0.58, F =7.4 partial eta squared 0.19, observed 

power 0.18, with non significant Box’s M). The latter was also non significant (Wilks 

lambda 0.82, F =0.69, p= 0.7, partial eta squared 0.08, observed power 0.29, with non 

significant Box’s M).  

 

Direct comparison between mean volumes of these structures and normal controls is 

demonstrated in bar graphs. All PWE have smaller temporal lobe structures than the 

normal controls. There is no statistically significant difference between the volumes 

of those with the different ways of diagnosing POE.  
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Figure 44. Between group differences using MANOVA: ipsilateral and 

contralateral hippocampi and amygdale volumes by psychosis subtype. SLPE, 

non-SLPE and PWENP 

Overall Wilks lambda= 0.82, F=0.69, p value= 0.7, partial eta sqd 0.08, observed power 0.29  

 

  group mean Std 

dev 

Univariate bw 

subjects 

95% Confidence 

Intervals 

Ipsilateral 

hippocampi 

PWENP 

=21 

1966.5 470.3 1.0 1705.1-2227.8 

  SLPE 

=11 

1981.4 582.7   1620.3-2342.4 

  Non 

SLPE 

= 7 

1985.4 888.2   1705.1-2227.8 

Contralateral 

hippocampi 

PWENP 2384.8 258.7 0.37 2186.2-2583.3 

  SLPE 2168.1 605.5   1893.7-2442.4 

  Non 

SLPE 

2198.0 611.4   1854-2542 

Ipsilateral amygdala PWENP 1327.3 291.6 0.78 1201.5-1453.2 

  SLPE 1402.3 234.2   1228.3-1576.2 

  Non 

SLPE 

1341.0 332.7   1122.9-1559 

Contralateral 

amygdala 

PWENP 1378.5 220.0 0.63 1256.4-1500.5 

  SLPE 1370.2 295.7   1201.6-1538.8 

  Non 

SLPE 

1486.4 386.4   1275-1697.8 
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Figure 45. Individual ANOVA: ipsilateral and contralateral hippocampi and 

amygdalae. SLPE, non-SLPE and PWENP  
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Figure 46. Epilepsy groups have lower mean volumes than Normal Controls and 
are more similar regardless of psychiatric diagnosis. Direct bar graph 
comparison for POE subtypes. POE, PWENP and Normal Controls 

 

  

 

7.3.2.5 Comparison of MRI Volume changes by lesion status 

 

On independent t tests there are minimal differences between mean volumes in POE 

compared to PWENP by lesion status. Those with psychosis and a lesion on MRI do 

not have significantly different mean temporal lobe volumes than those without a 

lesion. Contralateral hippocampi are the only structure with a statistically significant 

difference (t=-2.1F=0.95, p=0.048, mean difference of 371.2, CI 738.2-4.2) with 

greater volume means in the non-lesional PWENP than the POE. For both POE and 

PWENP, those without lesions have slightly larger mean hippocampal volumes than 

those with lesions, more prominent for PWENP. For those with psychosis, there is no 
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statistical difference between volume means comparing those who have a lesion and 

those who do not (t=-0.63, F=0.31, p=0.54, mean difference of 319.4, CI 898.8-

498.3). 

 

Multivariate analysis comparing volume means for hippocampi and amygdalae with 

the presence of a lesion co-varied for psychosis group shows no statistical 

significance (Wilks lambda 0.81, p= 0.14, F =1.9, partial eta squared 0.19, observed 

power 0.51, with non significant Box’s M). The evidence that lesion status impacts 

significantly on temporal lobe volume size in POE is minimal. 

 

Figure 47. Minimal differences in mean volumes by lesion status. POE and 
PWENP
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7.4 Key Findings Chapter 7 

 

This analysis highlights the complexity of POE, both clinically in terms of diagnosis 

and demonstrates the limitations of investigation into POE with issues around sample 

size reducing the ability to compare psychosis subcategories. This cohort is a chronic 

one and a high number of relapsing psychotic episodes. Nearly half had a prior PIP 

occurring prior to the development of IIP as classically described. The 

phenomenological data suggests high levels of referential delusions, atypical 

symptoms and cognitive impairment. It could not find evidence for bilaterality or the 

presence of a lesion being neither a specific risk factor for POE, nor that there is an 

association with estimations of seizure severity or duration. The POE cohort had a 

mean age of onset of psychosis at 25.6 years with a mean duration of epilepsy at that 

time of 13.5 years consistent with the Slater and Beard’s study, which reported 29.8 

years age of onset at 14.1 years duration of illness [31].  

 

This chapter does not find substantial evidence that POE specifically associates with 

hippocampal and amygdalae volumes changes. In particular, it does not find 

consistent evidence for POE being associated with a reduction in hippocampi and 

increasing amygdalae as suggested by other studies. The data confirms again that 

people with a psychiatric disorder and epilepsy have hippocampal and amygdalae 

volumes more consistent with PWE than with normal controls. Epilepsy appears to be 

the most significant factor in reductions in volumes in temporal lobe structures. There 

is a suggestion from the pattern that POE has a bigger impact on the contralateral 

hippocampi with POE having lower hippocampal volumes than PWENP and that 

there may be relative amygdalae sparing. The POE contralateral hippocampi have a 

greater mean volume than the ipsilateral ones. However no consistent statistical 

difference between POE and PWENP can be identified. 

 

In the cohort without MTLE, the volumes for POE ipsilateral and contralateral are 

equivalent and the contralateral hippocampi is the only structure for which there 

remains a statistical difference between groups. This suggests that for those without 

MTLE the impact of epilepsy and psychosis is equivalent bilaterally. For the MTLE 
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cohort the degree of ipsilateral reduction is not impacted by psychosis but potentially 

the contralateral volume is, suggesting a bilateral impact form psychosis except where 

the pre existing atrophy does not allow further reductions. 

 

It is not possible to distinguish on volumetric grounds between different clinical 

presentations of psychosis although numbers limit conclusions that can be drawn from 

this data. 

 

While the presence of a lesion is not associated with psychosis in this cohort, there is 

also no clear impact from the presence of a lesion on temporal lobe volumes for 

people with POE. The effects of lesion status appear to be consistent across PWE, 

with those with no lesion tending to have slightly larger temporal lobe structures than 

those with lesions with no specific difference for those with psychosis.  

 

This chapter does not find a definate imaging difference between patients with POE 

and those with epilepsy and no psychiatric diagnosis, except potentially in the 

contralateral hippocampus where there is a suggestion of a more bilateral global 

impact on hippocampal volumes with bilateral reduction compared to more ipsilateral 

reductions in PWE more generally. The data does not convincingly support an 

association with amygdalae enlargement, although there is a general non-significant 

pattern showing mild amygdala volume sparing. 
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CHAPTER 8.  RESULTS: LONGITUDINAL IMAGING ANALYSES 

 

8.1 Introduction 

 

The concept of focal epilepsy as a potentially progressive clinical disorder is now 

generally recognised [45]. It is highly likely that to differing degrees in some cases, 

that the disorder may clinically evolve over time. Focal epilepsy has the potential for 

concomitant neurological, neuropsychological, neuropsychiatric, functional and 

quality of life changes over time [245, 616]. Whether this clinical progression may be 

correlated with a clear neuropathological progression has not been fully established. 

This literature suggests that for most change may be relatively minor whilst for some 

individuals dramatic change is possible [49]. 

 

Although the cross sectional analyses do not find correlations between temporal lobe 

volumes and estimates of seizure frequency and duration, this data is limited in 

mumbers and analyses. Only a subset had adequate seizure severity data. In addition, 

progression may have occurred for individuals within the dataset without population 

level identification. Individual subjects may be at different points in the evolution of 

disease. A chronic cohort may show less evidence for evolution if the majority has 

reached steady state. In addition, time may not be the only active factor. 

Heterogeneous epilepsy aetiologies may evolve at different rates, the timing of onset 

developmentally may change the impact, poorer seizure control may result in more 

significant repetitive traumas, the time for recovery between seizures may be relevant 

and the effects of medications may all be relevant to the time course of progression.  

 

In this chapter, I will follow up those subjects who had available longitudinal MRIs to 

investigate whether neuropathological change detectable by MRI is present in this 

subcohort. I will look at the various clinical factors to see if there are differences over 

time between epilepsy diagnoses and psychiatric symptoms and seek to establish 

whether there are any clinical factors that may be associated with temporal lobe 

volumetric change over time. 
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8.2 Methods specific to this chapter 

 

8.2.1. Cohort  

 

This cohort consisted of 120 subjects with two serial scans meeting basic 

requirements for tracing, only 89 of which had not had any neurosurgery and had at 

least an available baseline psychiatric assessment. Of those with a psychiatric 

assessment as well as MRIs at time 1 and time 2, 69 had both ipsilateral temporal 

lobes and 93 had both for contralateral temporal lobes intact.  In the final analyses the 

89 fully intact subjects were investigated. 

 

8.2.2 Demographic analysis 

 

Demographic and clinical features by epilepsy subtype for this cohort were 

documented. Depressive and psychotic symptoms were coded as independent factors. 

In cases with both disorders, the diagnosis of psychosis was given. The other 

psychiatric diagnoses group in this chapter did not meet criteria for depression or 

psychosis but met criteria for a range of other psychiatric disorders, most commonly 

anxiety and personality disorders. Additional demographic analysis was undertaken 

for the subset of 89 with intact brains who had both ipsilateral and contralateral 

temporal lobes for comparison. 

 

Chi squared analysis was undertaken between all the epilepsy subgroups and 

demographic and clinical factors.  Additional chi squared analysis compared the 

demographic and clinical factors by laterality, by lesion status and TLE or ETLE foci.  

 

8.2.3 Hippocampal and amygdala volumes analyses 

 

Analyses of change in volumetric means over time were undertaken for the 4 

temporal lobe structures. For the whole cohort of people with epilepsy, volumetric 

means between time 1 and time 2 were compared using paired t tests. For this analysis 

only those with all 4 structures were used (n=89). 
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For the analyses of MRI volumetric changes over time by psychiatric disorder, all 

subjects were included who had longitudinal MRI data for that structure and a 

psychiatric assessment. For ipsilateral hippocampi 69 subjects had two MRIs and for 

contralateral hippocampi, 93 were intact.  

 

The volume means were compared between times 1 and time 2 using the repeated 

measures ANOVA model. Standard repeated measures ANOVAs were co-varied for 

time between scans. Then, estimated marginal volume means for the four temporal 

lobe structures were analysed for each structure for the following subcohorts: any 

psychiatric disorder overall, depressive and psychotic symptoms. Independent t tests 

comparing by lesion status and by temporal or extratemporal foci were undertaken. 

 

8.2.4 Additional analyses 

 

Standard repeated measures ANOVA is most accurate for a fixed time interval. The 

follow up interval in this study was varied, 0.2-4.2 years. Scatterplot of volume 

change over time was obtained. The MRIs of six subjects with more significant 

change were reviewed for protocol anomalies.  To address both the limitations of 

standard repeated ANOVA measures and the degree of change noted in individual 

cases on scatter plot, an evaluation of percentage volume change was then 

undertaken.  

 

Percentage change over time data gives an alternative way of identifying direction of 

change over time. Longitudinal data previously published by MNC for normal 

controls using the same control group used in this study suggests a 5% variance with a 

mean change close to zero and a small range (approximately 0-6% left hippocampi 

and 0-10% right hippocampi) for change in temporal lobe structures over a year 

[495]. As the control change over time is minimal, there appears to be potential for 

greater variability in change over time in the epilepsy cohort than the control data. 

This control dataset was traced and analysed by the rater with whom the author was 

compared for inter rater reliabilities. This data is only available for hippocampi and 

not amygdalae.  
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Percentage volume change was calculated for each subject as (time 2 volume-time 

1volume)/time 1 volume x100. This was then adjusted using the time between scans 

to calculate the percentage change per month. The mean, standard deviation and 

variance of these percentage changes per month were compared to known previous 

estimates undertaken on normal controls taken from the same MNC database.  

 

8.3 Results 

 

8.3.1. Demographic and clinical data 

 

The time between scans ranged from 2 months to 10.5 years with a median of 3.9 

years. Within this data, the average age at the time of the first MRI was 35, 47% were 

male and 46% were unemployed. 89 had a baseline psychiatric assessment, 36 (30%) 

had undergone longitudinal psychiatric assessment with a total of 94(78%) with at 

least one type of psychiatric assessment. 26 of this cohort had no psychiatric 

assessment.  

 

The psychiatric diagnoses are roughly in keeping with the overall data set. 56(60%) of 

the 94 with a psychiatric assessment had a diagnosis of a psychiatric disorder 

sufficient to interfere with functioning. Of this 56, 31(33% of those with a psychiatric 

assessment) had a history of depressive symptoms, 5(5%) had psychotic symptoms 

and 20(21%) had other psychiatric diagnoses.  

 

The epilepsy subtypes show a similar pattern but have a greater proportion of subjects 

with OTLE than other cohorts. This reflects the common clinical practice of recurrent 

scanning of subjects with lesions monitored for the development of malignancy. 

There were 79 subjects with a lesion (includes OTLE, LETLE and MTLE) and 41 

with no lesion (NLTLE and NLETLE). 92 subjects had TLE and 27, extratemporal 

lobe epilepsy; one subject had TLE and ETLE and was included in the group ETLE, 

multiple abnormalities.  
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Figure 48. Clinical demographic characteristics of PWE and longitudinal scans 

 

There were no statistical differences using chi-squared analysis between all the 

clinical demographic epilepsy groups except, psychiatric diagnoses(χ 2= 51.8, df 7, 

p<0.00) and laterality(χ 2=187.8, df 21, p<0.000). Psychiatric diagnoses appear more 

commonly in NLTLE than other subgroups and in those with left sided foci. 

Psychiatric disorders occur more commonly in people with non-lesional epilepsy 

overall than lesional epilepsy(χ 2=46.3, df 2, p=0.00)(and in 2 small cohorts of 
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abnormalities 
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 48.8% 

15 

 88.9% 

8 

36.4% 

5 

83.3% 

4 

100% 

4 

100% 

History of depressive 

symptoms 

31 

32.6% 

11 

 26.8% 

9 

 50% 

4 

19% 

3 

50% 

2 

50% 

2 

50% 

History of psychotic 

symptoms 

5 

5.3% 

3 

 7.3% 

0 

 0% 

1 

4.8% 

1 

16.7% 

0 

0% 

0 

0% 

History of other 

psychiatric diagnoses 

20 

 21.3% 

6 

 14.6% 

6 

 33.3% 

3 

14.3% 

1 

16.7% 

2 

50% 

2 

50% 
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NLETLE and ETLE multiple abnormalities). This is consistent with our findings in 

the cross sectional analysis chapter. The significance of laterality is presumed to be 

due to the relatively small subgroups within the epilepsy subtypes as it was not found 

in the larger data set. No statistical difference is identified for the occurrence of 

psychiatric disorders between TLE and ETLE.  

 

8.3.2 Comparison of hippocampal and amygdala volumes over two time points 

 

Overall comparison of means was undertaken for the whole epilepsy group. Paired t 

tests comparing volumes at time 1 and time 2 measures showed no significant change 

over time for people with epilepsy as a whole. This analysis was redone for those with 

time between scans of 4 or more years, for those with MTLE alone and for those with 

no lesion alone. There was no statistical change for any of these groups for mean 

volumes over time.  

 

Figure 49. There are no significant between group differences in mean volumes 

over time for the whole epilepsy cohort using paired t tests  

n=89. Average time between scans 3.9 years 

 

The longitudinal repeated measures ANOVA analyses comparing PWENP to those 

with any psychiatric disorder(PWEP), inclusive of depression or psychosis (co-varied 

for time between scans) did not show statistical changes between volumes over time 

using a conservative Bonferroni p value of 0.0025. Nor did the analyses comparing 

  

  

Baseline mean 

volume 

Longitudinal 

mean volume 

Mean  

change 

Std error 

mean 

T 

  

df Sig 

ipsilateral 

hippocampi 

2190 

  

2155 

  

34.6 

  

48.11 

  

0.7 

  

88 0.5 

contralateral 

hippocampi 

2335 

  

2303 

  

32.5 

  

43.8 

  

0.7 

  

88 0.5 

ipsilateral  

amygdalae 

1436 

  

1370 

  

65.3 

  

37.4 

  

1.8 

  

88 0.9 

contralateral 

amygdalae 

1420 

  

1423 

  

-2.8 

  

32.2 

  

-.09 

  

88 0.9 
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PWENP to any of the psychiatric subcohorts: PWED, POE or POE subtypes. In 

general the pattern is for hippocampi and amygdalae to reduce in volume over time 

but not significantly, except for ipsilateral hippocampi in PWENP and contralateral 

hippocampi with POE. Note between time values vary depending on the specific 

subcohort analysed. 

 

Figure 50. There are no significant between group differences in mean volumes 

over times for those with any psychiatric diagnosis compared to those without 

using repeated measures ANOVA 

 

  

  group Wilks lambda F Sig 

ipsilateral 

hippocampi 

PWENP n=25 

PWEP=44 

1.0 0.26 0.61 

contralateral 

hippocampi 

PWENP n=38 

PWEP=55 

0.99 0.08 0.78 

ipsilateral  

amygdalae 

PWENP=24 

PWEP=45 

0.97 1.73 0.19 

contralateral 

amygdalae 

PWENP=37 

PWEP=55 

1.00 0.001 0.97 
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Figure 51. Repeated measures ANOVA graphs: ipsilateral and contralateral 

hippocampi and amygdala mean volume change for any psychiatric diagnosis 
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Figure 52. There are no between group significant differences in mean volumes 

over times for those with depressive symptoms compared to those without using 

repeated measures ANOVA  

 

  

  group Wilks lambda F Sig 

ipsilateral 

hippocampi 

PWENP =47 

PWED =19 

0.98 1.3 0.26 

contralateral 

hippocampi 

PWENP =66 

PWED =22 

0.99 0.55 0.46 

ipsilateral  

amygdalae 

PWENP=46 

PWED =20 

0.96 2.5 0.12 

contralateral 

amygdalae 

PWENP=65 

PWED =22 

1.00 0.05 0.82 
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Figure 53. Repeated measures ANOVA graphs: ipsilateral and contralateral 

hippocampi and amygdalae. PWENP and PWED 
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Figure 54. There is a significant between group difference but only for ipsilateral 

hippocampi in mean volumes over times for those with psychotic symptoms 

compared to those without using repeated measures ANOVA  

 

  

  group Wilks lambda F Sig 

ipsilateral 

hippocampi 

PWENP=63 

POE=5 

0.9 4.6 0.04 

contralateral 

hippocampi 

PWENP=86 

POE=5 

1.0 0.1 0.2 

ipsilateral  

amygdalae 

PWENP=63 

POE=5 

1.0 1.8 0.12 

contralateral 

amygdalae 

PWENP=86 

POE=5 

1.00 0.6 0.4 
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Figure 55. Repeated measures ANOVA graphs: ipsilateral and contralateral 

hippocampi and amygdalae. PWENP and POE 

 

 
 

 

POE is not necessarily homogenous. Therefore, repeated measures ANOVA were 

undertaken with the epilepsy cohorts split into schizophrenia like psychosis of 

epilepsy (SLPE) and non-SLPE. The numbers in these groups were extremely small 

(ipsilateral hippocampi SLPE n=2 and non SLPE n=3). The results were again non 

significant. The pattern showed non-SLPE both hippocampi and amygdalae 

increasing in volume over time but other PWE including SLPE reducing across all 

structures. 
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Figure 56. There is a significant between group difference but only for ipsilateral 

hippocampi in mean volumes over times for those with different psychotic 

symptoms compared to those without using repeated measures ANOVA  

 

  

  group Wilks lambda F Sig 

ipsilateral 

hippocampi 

PWENP =63 

SLPE=2 

nonSLPE=3 

1.9 3.4 0.07 

contralateral 

hippocampi 

PWENP =87 

SLPE=2 

nonSLPE=3 

1.0 0.03 0.9 

ipsilateral  

amygdalae 

PWENP =63 

SLPE=2 

nonSLPE=3 

1.0 1.7 0.2 

contralateral 

amygdalae 

PWENP =87 

SLPE=2 

nonSLPE=3 

1.0 0.6 0.5 
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Figure 57. Repeated measures ANOVA graphs: ipsilateral and contralateral 

hippocampi and amygdalae. SLPE, non-SLPE and PWENP 

 

 

 

 

 

The analyses were retaken co-varied for epilepsy duration and seizure frequency data. 

There was no significant impact on the results. These volumes also did not show any 

statistically significant differences over time. However the numbers in these analyses 

of estimated severity (e.g.. ipsilateral hippocampus, PWENP=3, Any psychiatric 

diagnosis=16) were small. 
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Figure 58. There is no significant between group differences in mean volumes 

over times for those with any psychiatric diagnosis compared to those without 

using repeated measures ANOVA co-varied for severity and duration data 

 

  

  group Wilks lambda F Sig 

ipsilateral 

hippocampi 

PWENP =3 

PWEP=16 

0.86 2.4 0.15 

contralateral 

hippocampi 

PWENP =3 

PWEP=23 

1.0 0.11 0.74 

ipsilateral  

amygdalae 

PWENP=3 

PWEP=16 

0.99 0.22 0.65 

contralateral 

amygdalae 

PWENP=3 

PWEP=23 

0.94 1.3 0.26 
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Figure 59. Repeated measures ANOVA graphs: ipsilateral and contralateral 

hippocampi and amygdalae co-varied for severity and duration data

 
 

These analyses show population change over time but cannot demonstrate individual 

differences. Alternative examination of the data was undertaken to explore the 

potential for differential impacts in individuals or subcohorts using scatter plot and 

percentage change over time. Scatterplot comparison suggested a relationship 

between volumes over time but shows expected variability. It does not demonstrate an 

obvious difference in spread between those with and without a psychiatric diagnosis. 

The spread of volumes for amygdalae change appear to be relatively wider than the 

range for hippocampi.  
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Figure 60. Scatterplot comparisons of volumetric changes over time: any 

psychiatric diagnosis 

 

 

 

Initial review of the dataset looking for degree of change, revealed greater volumetric 

changes in those with short between time scans. The five subjects with the greatest 

change had interscan intervals of 6 months or less. This suggested the possibility of 

short term variability that may resolve over time. Rapid change may be related to 

more acute impacts of seizures but not be detected in longer term analyses.  

 

Much of the greater change in our dataset is for periods less than a year between 

scans. Rounding up this data to a year, may distort the amount of change. It is not 

possible to predict that change in 3 months will continue in the same direction and at 
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the same rate. Change in normal controls is small and assumed to be evenly spread 

across the year. 

 

Both the longitudinal epilepsy dataset and the longitudinal control dataset were 

divided into change per month. A month was chosen as there were scans in the 

epilepsy set with as little as 2 months between scans. The means, range, standard 

variation and variance between the epilepsy and control cohorts overall do not show a 

significantly greater variance than the epilepsy cohorts for the hippocampal lobes 

(ANOVA, p=0.7) although the degree of change is consistently greater. Note there is 

not specific comparative amygdala data available for the controls and that the 

amygdala data shows more variability in change. 

 

Figure 61. Percentage change per month: PWE and Normal Controls 

ANOVA comparing percent hippocampal volumes between epilepsy and controls is non significant 

(F=0.487, p=0.692) 

 

The percentage mean changes per month were then calculated for the epilepsy 

psychiatric subgroups: PWENP, PWED and POE. The differences were not 

statistically significant. The degree of change or variance in people with mental 

illness is less than for people with epilepsy without a psychiatric diagnosis for the 

  N Minimum Maximum Mean Standard deviation Variance 

Ipsilateral hippocampi 89 -3.34 8.02 0.22 1.43 2.06 

Contralateral hippocampi 89 -4.64 8.22 0.15 1.58 2.51 

Ipsilateral amygdale 89 -7.78 28.65 0.21 3.57 12.77 

Contralateral amygdalae 89 -5.91 34.37 0.51 4.19 17.59 

              

L hippocampi Normal 

Control 

64 -0.86 0.84 0.02 0.31 0.09 

R hippocampi Normal 

Control 

64 -1.13 0.73 -0.10 0.34 0.11 
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ipsilateral hippocampi but greater for people with depression on the contralateral 

hippocampi. In both amygdalae variance in size over a month is less for POE subjects 

but the contralateral amygdala in depression appears to have much greater variance 

than for other subjects. 
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Figure 62. Percentage change per month: ipsilateral hippocampi by psychiatric 

diagnoses  

ANOVA non significant, F=0.66, p=0.52  

 

Figure 63. Percentage change per month: contralateral hippocampi by 

psychiatric diagnoses   

ANOVA non significant, F=1.15, p=0.32  

 

Figure 64. Percentage change per month: ipsilateral amygdalae by psychiatric 

diagnoses  

ANOVA non significant, F= 0.19, p=0.83  

 

  N Minimum  Maximum Mean Standard deviation Variance 

PWENP 24 -2.91 4.35 0.38 1.46 2.13 

PWED 22 -1.16 1.17 0.02 0.48 0.23 

POE 5 -0.96 0.78 0.10 0.70 0.49 

  N Minimum  Maximum Mean Standard deviation Variance 

PWENP 24 -3.87 3.35 -0.21 1.26 1.58 

PWED 22 -1.14 4.92 -0.38 1.47 2.15 

POE 5 -0.74 0.82 0.04 0.57 0.32 

  N Minimum  Maximum Mean Standard deviation Variance 

PWENP 24 -5.57 3.59 -0.25 1.88 3.54 

PWED 22 -2.24 6.42 -0.04 1.6 2.58 

POE 5 -1.03 0.46 -0.28 0.53 0.28 
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Figure 65. Percentage change per month: contralateral amygdalae by psychiatric 

diagnoses  

ANOVA non significant, F=0.79, p=0.46 

 

Figure 66. Mean temporal lobe volumes. PWENP, PWED and Normal Controls 

  

  N Minimum  Maximum Mean Standard deviation Variance 

PWENP 24 -4.11 1.79 -0.32 1.35 1.82 

PWED 22 -3.93 14.23 0.54 3.19 10.2 

POE 5 -0.89 1.2 0.03 0.75 0.56 

  Temporal lobe 

structure 

PWENP 

volume 

PWED 

volume 

Normal control 

volume 

MTLE Ipsilateral hippocampi 1705 1708 2000 

  Contralateral 

hippocampi 

2418 2332 2467 

  Ipsilateral amygdalae 1406   1228 1437 

  Contralateral 

amygdalae 

1530  1376 1537 

Non 

MTLE 

Ipsilateral hippocampi 2018  2224 2408 

  Contralateral 

hippocampi 

2019  2301 2617 

  Ipsilateral amygdalae 1202  1468 1647 

  Contralateral 

amygdalae 

1138  1417 1537 
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8.4 Key Findings Chapter 8 

 

This chapter addresses the aim to investigate for evidence of progression in imaging 

over time. It does not fulfill the hypothesis that there will be progressive change over 

time, nor that this may potentially be greater for those with neuropsychiatric illness. 

This dataset supports the higher prevalence of psychiatric disorder in people with no 

lesion on MRI. 

 

The median time for the whole epilepsy cohort was 3.9 years but the range was from 

0.2-4.2 years. This is a relatively short time period in the span of the natural history of 

epilepsy. No evidence for progression could be seen for the whole epilepsy cohort, by 

epilepsy subtype, by psychiatric diagnosis nor by other category including those with 

longer between scan times above 4 years, those with MTLE nor those with no lesion. 

This did not change when retaken co-varied for epilepsy duration and seizure 

frequency data. 

 

Scatter plotted data and percentage change over month are suggestive that in short 

time periods, change may be seen in individuals. There is a greater range of 

percentage change per month in epileptic hippocampi compared to normal controls 

and there is more change again for amygdalae but no control data to compare it to.  

However, ANOVA analysis at population level does not find a statistically significant 

difference between psychiatric cohorts. 
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CHAPTER 9.  RESULTS: PROSPECTIVE PSYCHIATRIC AND QUALITY OF LIFE 

ANALYSES 

 

9.1 Introduction 

 

A key limitation of the epilepsy literature is the lack of gold standard psychiatric 

assessment utilized in the majority of studies. This results in conclusions being drawn 

from rating scales and subjective report, known to be likely underestimations. There 

is data that highlights the lack of specific enquiry into psychiatric symptoms by 

neurologists generally and that finds higher rates of mental illness when specifically 

looked for [2]. This limited literature suggests that in order to identify those with 

psychiatric comorbidities, more formal psychiatric assessment is indicated. 

 

This chapter outlines the prospective assessment of psychiatric and quality of life 

data in some detail. It confirms the high rates of psychiatric disorder in the total 

cohort and outlines the impact on QOL. This cohort has more comprehensive 

epilepsy diagnostic data, quality of life data and accurate prospective and 

comprehensive psychiatric data.  

 

9.2 Methods specific to this chapter 

 

The cohort in this part of the thesis is not confined to those with an available MRI 

and uses all subjects with psychiatric assessment, baseline, prospective or both from 

the complete cohort (n=428). Prospective assessments were undertaken between the 

years of 2006 and 2009. There are two cohorts looked at in this chapter. The first 

consists of the 89 subjects who underwent a prospective SCID psychiatric assessment 

in person. The second cohort is the first plus all other subjects with a baseline 

psychiatric assessment, creating an enriched dataset.  
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9.3 Results 

 

9.3.1 Prospective assessments 

 

89 subjects received a prospective assessment. For the 70 with both assessments, the 

mean period between assessments was 7.5 years with a range between 2 and 15 years.  

 

The characteristics of the prospective cohort (n=89) by epilepsy subtype are 

documented below. None of the clinical factors correlate with specific epilepsy 

subtypes; in particular there were no significant associations for psychiatric 

diagnoses by epilepsy subtype. Overall the cohort was 48% male, had an average age 

at assessment of 37.4 years (range 18-74), an average GAF of 68(range 20-100), 19.6 

years duration of epilepsy at assessment, an average of 660 seizures per year as worst 

seizure frequency and had used 6.5 different AEDs. 11% were left handed and 3% 

ambidextrous. 44 % had right-sided seizures and 45% left, with 11 % bilateral.37 % 

had MTLE, 74% TLE and 30% had no lesion.  

 

This prospective cohort has higher levels of psychiatric illness than the baseline 

study. 82% have a history of a psychiatric disorder. 64% had a history of depressive 

symptoms and nearly 8% have a history of psychosis. There was no correlation on 

chi-squared analysis between having a psychiatric disorder and gender (p=0.27), age 

of prospective assessment (p=0.19), age of onset of epilepsy (p=0.06) or whether the 

foci was temporal or extratemporal (p=0.37). There was also no correlation on chi-

squared analysis for those who had a history of depression and lesion status (p=0.33) 

although 20/27 non-lesional epilepsy subjects had depression. 

 

35% had at least one recalled injury due to epilepsy in their life. 5% had 5 or more 

injuries. 20% had had a car accident potentially due to epilepsy and only 33% were 

currently driving. 53% were unemployed and only 27% were in full time 

employment. This represents a cohort of significant chronicity and comorbidity with 

substantial psychosocial impact. 
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Figure 67. Prospective psychiatric cohort: demographics and clinical factors 

 

  

  

  

  

FE 

  

  

MTLE 

  

  

NLTLE 

  

  

OTLE L 

ETLE 

NL 

ETLE 

L ETLE 

&Multiple 

N 

89 in cohort, 1 

incomplete psych 

89 

 

33 

37.1% 

18 

20.2% 

15 

16.9% 

13 

14.6% 

9 

10.1% 

1 

1.1% 

Average age at 

first review years 

37.4 36.9 40.2 35.3 40.2 33.3 34 

Male 41 

47.7% 

13 

39.4% 

7 

36.8% 

10 

66.7% 

8 

61.5% 

3 

33.3% 

0 

0% 

Unemployed 

  

47 

52.8% 

14 

42.4% 

12 

66.7% 

6 

40% 

9 

69.2% 

5 

55.6% 

1 

100% 

GAF 68 73.75 66.2 65.3 60.4 69.4 40 

Duration epilepsy 

years 

19.6 22.9 16.2 17.3 19.5 17.9 32 

Worst seizure 

frequency per year 

660 575 447.8 585.4 611.9 1534.1 1095 

Recalled number 

of AEDs 

6.5 6.1 6.1 5.5 7.5 8.8 9 

History of MVAs 18 7 4 4 3 0 0 

Currently driving 30 12 6 4 4 4 0 

Right/left/bilateral 39/40/10 12/20/1 7/8/3 9/5/1 7/3/3 4/4/1 0/0/1 

Any psychiatric 

history 

73 

82% 

28 

84.8% 

17 

94.4% 

11 

73.3% 

9 

69.2% 

7 

77.8% 

1 

100% 
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Epilepsy subtypes in the prospective cohort are in similar proportions to the cross 

sectional data incorporated into the enriched cohort. In both cohorts there are slightly 

more left than right foci, although this difference is not significant. There are about 

10% bilateral foci. Equivalently high levels of unemployment (53%) in both cohorts 

suggest psychosocial impairment is consistent across all subjects.  

 

Figure 68. Prospective psychiatric cohort: psychiatric diagnoses  
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33 
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18 
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15 
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13 
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1.1% 

History of depressive 

symptoms n=88 

57 

64.8% 

22 
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14 

77.8% 
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60% 
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38.5% 

6 

66.7% 

1 

100% 

History of psychotic 

symptoms n=88 
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7.9% 
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6.1% 

1 

5.6% 

2 

13.3% 

2 

15.4% 

0 

0% 

0 

0% 

Anxiety  

 

12 

13.6% 

4 

12.1% 

4 

22.2% 

0 

0% 

2 

15.4% 

2 

22.2% 

0 

0% 

Somatoform 1 

1.1% 

0 

0% 

0 

0% 

1 

6.7% 

0 

0% 

0 

0% 

0 

0% 

Personality disorderr 11 

12.5% 

3 

9.1% 

3 

16.7% 

3 

20% 

1 

7.7% 

1 

11.1% 

0 

0% 

Substance use 

disorder 

6 

6.8% 

3 

9.1% 

2 

11.1% 

1 

6.7% 

0 

0% 

0 

0% 

0 

0% 

Other psychiatric 

disorder 

6 

6.8% 

3 

9.1% 

1 

5.6% 

0 

0% 

2 

15.4% 

0 

0% 

0 

0% 

Multiple additional 

psychiatric disorders 

10 

11.4% 

6 

18.2% 

2 

11.1% 

1 

6.7% 

1 

7.7% 

0 

0% 

0 

0% 
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Subjects with a prospective assessment have higher rates of psychiatric symptoms 

than the baseline cohort (χ 2 =23.2, df=2, p=0.00).  Otherwise the groups are not 

statistically different by age at first presentation, gender, epilepsy subtype or 

laterality.  

 

For those with both a baseline and a prospective assessment, the correlation between 

the baseline and subsequent psychiatric assessment is strong (χ 2 =57.1, p=0.00)). 

There is progression in terms of the development of mental illness. Review of the 

prospective cohorts original baseline data demonstrates that of those with depression 

at baseline (n=32), thirty had depression at prospective assessment and two had 

psychosis. Eleven who did not have depressive symptoms at baseline, developed 

them. Nine who had other psychiatric disorders including anxiety and personality 

disorders, developed depression in the interval. One of those with another psychiatric 

disorder developed psychosis. 
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Figure 69. Comparison between baseline and prospective psychiatric cohorts 

 

 

  

 

Baseline 

psychiatric 

assessment 

 

Prospective 

psychiatric 

assessment 

χ 2   p 

N 

  

252 89 

(1 incomplete) 

    

Average age at first presentation 

(years) 

36.3 

(0-74) 

37.4 

(14-71) 

    

Male % 

 

40% 46% 1.9 0.38 

No Psychiatric history  

(PWENP) 

112 

44.4% 

16 

18.6% 

23.2 0.00 

Any psychiatric history 

(PWEP) 

140 

55.6% 

73 

82% 

23.2 0.00 

History of depressive symptoms 

(PWED) 

67 

26.6% 

57 

64.8% 

34.8 0.00 

History of psychotic symptoms 

(POE) 

19 

7.5% 

7 

7.9% 

3.3 0.51 

Right/left/bilateral  

 

99/123/22 39/40/10 1.4 0.84 

Epilepsy subtype     6.6 0.76 

MTLE 94 

37.3% 

33 

37% 

    

NLTLE 59 

23.4% 

18 

20.2% 

    

OTLE 47 

18.7% 

15 

16.9% 

    

L ETLE 37 

14.7% 

13 

14.6% 

    

NL ETLE 14 

5.6% 

9 

3.5% 

    

Multiple ETLE 0 

0% 

1 

1% 
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9.3.2 Enriched cohort results 

 

As a result of between assessment progressions, the enriched cohort has higher rates 

of psychiatric disorder than the original baseline cohort. 63% have a history of 

psychiatric problems sufficient to impair function, with 39% depressive and 7% 

psychotic symptoms. 41% have reported additional psychiatric diagnoses. The 

additional psychiatric diagnosis cohort overlaps with the depressive and psychosis 

cohorts. The most common additional diagnosis after depression and psychosis was 

14% personality disorder followed by 8% anxiety. 7% presented with multiple 

additional psychiatric diagnoses.  

  



 226 

 

Figure 70. Enriched psychiatric cohort: clinical demographic details 

 

  

  

  

  

FE 

  

  

MTLE 

  

  

NLTLE 

  

  

OTLE L 

ETLE 

NL 

ETLE 

L ETLE 

&Multiple  

N 

 

341 

 

127 

 37.2 

77 

 22.6% 

62 

18.2% 

50 

14.7% 

23 

6.7% 

2 

0.6% 

Average age at 

first review years 
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41% 

53 

41.7% 

32 

41.6% 

23 

37.1% 

22 

44% 

10 

43.5% 

1 

50% 

Unemployed % 

N=90 

53% 44% 67% 40% 69% 56% 100% 

Right/left/bilateral 138/163/

32 

50/69/8 26/39/7 30/27/
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Figure 71. Enriched psychiatric cohort: psychiatric diagnoses 

 

Logistic regression was undertaken for the enriched cohort as for the baseline data 

set. This analysis confirmed a higher rate of depression for non-lesional epilepsy than 

epilepsy with an identifiable lesion. The rate of depression in non-lesional epilepsy in 

the overall cohort was 47% compared to 46% in the original baseline analysis. 

However the odds ratio for a subject with non-lesional epilepsy having depression 
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4 

6.5% 

4 

8% 

1 

4.3% 

0 

0% 

Anxiety  

  

26 

7.6% 

6 

 4.7% 

8 

10.4% 

4 

 6.5% 

6 

12%  

2 

8.7% 

0 

0% 

Somatoform 

  

14 

4.1% 

3 

2.4% 

5 

 6.5% 

2 

3.2% 

3 

6% 

1 

8.3% 

0 

0% 

Personality 

disorder 

47 

13.8% 

19 

 15% 

12 

15.6% 

7 

11.3% 

6 

12% 

3 

13% 

0 

0% 

Substance use 

disorder 

12 

3.5% 

5 

3.9% 

4 

 5.2% 

1 

1.6% 

1 

2% 

1 

8.3% 

0 

0% 

Other psychiatric 

disorder 

14 

 4.1% 

7 

5.5% 

2 

 2.6% 

2 

3.2% 

2 

4% 

1 

8.3% 

0 

0% 

Multiple other 

psychiatric 

disorders 

22 

6.5% 

9 

 7.1% 

8 

10.4% 

3 

4.8% 

1 

2% 

1 

8.3% 

0 

0% 
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was 2.6 times in the baseline cohort but only 1.8 times in this cohort with more data 

collected over time.  

Figure 72. Non lesional epilepsy has a higher rate of any psychiatric diagnosis on 

logistic regression in enriched cohort  

 

Figure 73. Non lesional epilepsy has a higher rate of depressive symptoms on 

logistic regression in enriched cohort  

 

 

9.3.3 The impacts of epilepsy severity and QOL factors 

 

This data compares those with (PWEP) and without a history of psychiatric illness 

(PWENP) in the prospective cohort. This data demonstrates that all PWE in this 

study have longstanding chronic epilepsy with high levels of psychosocial impact. 

Epilepsy duration at time of presentation, estimates of worst seizure frequency, age at 

epilepsy onset, history of MVAs, years epilepsy has prevented driving and injuries 

associated with seizures are all of clinical concern but do not differ between people 

  B  Wald  p  Exp(B)  CI  

Lesional /Non- les ional  0.9 10 .4  0.001  2.5 1 .4-4 .3  

TLE/ETLE  -21 .1  0 .00  1 .0  0 .0  0  

Lateral i ty  -0 .3  0 .68  0 .41  1 .4  0 .6-3 .2  

  B  Wald  p  Exp(B)  CI  

Lesional /Non- les ional  -0.6 5 .3  0.02  1.8 1 .1-2 .9  

TLE/ETLE  -21 .1  0 .00  1 .0  0 .0  0  

Lateral i ty  -0 .3  0 .4  0 .82  0 .78  0 .4-1 .7  
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with and without psychiatric histories. PWENP recall significantly higher numbers of 

past AED medications than PWEP. 

 

Figure 74. Minimal difference between psychiatric groups for estimates epilepsy 

severity, impact and QOL using Chi squared analysis 

 

The overall psychiatric assessment of Global functioning (GAF) for subjects with and 

without epilepsy is suggestive of ongoing social difficulties for both cohorts(PWENP 

  

  

PWENP 

  

PWEP 

  

T 

score 

df p 

N=88 

 

15  

17% 

73  

83%  

      

Epilepsy duration at first presentation 

 

19.5 

  

19.7 

  

0.062 85 0.95 

Worst seizure frequency/year 680.93 655.3 0.06 75 0.95 

Age at epilepsy onset 

  

15.6 

  

18.7 

  

-0.57 52 0.6 

GAF 

 

71.1 

  

67.2 

  

-0.83 84 0.41 

Currently employed 

  

9 

  

32 

  

1.4 86 0.32 

Years epilepsy stopped work 

  

7.5 

  

10.2 

  

-0.85 86 0.40 

Average number of injuries due to 

seizures 

1 

  

1.6 

  

-0.38 86 0.70 

MVAs 

 

3 

  

15 

  

0.039 86 0.97 

Years epilepsy prevented driving 

 

7.5 

  

10.2 

  

-0.85 86 0.40 

Number of epilepsy medications tried 

 

9.2 

  

6.1 

  

3.3 84 0.001 
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mean GAF= 71.1, PWEP mean GAF=67.2). When this data is split by psychiatric 

diagnosis, the GAF of POE(52.1) is significantly lower than PWENP (71.1)(T 

test=2.5, df=19, p=0.02).  

 

Figure 75. Global Assessment of Functioning (GAF) by psychiatric diagnosis 

  

Figure 76. Lifetime Anti Epileptic Drug use by psychiatric diagnosis 

 
 

The Overall QOLIE scores for the prospective cohort range between 60 and 75 

consistent with expected scores for PWE [603]. There is a significant difference 

between PWENP and PWEP (T test= 2.3, df=83, p=0.02) and this difference of mean 
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values is greatest between PWENP (74.7) and PWED (60.1)(T test 2.7, df=67, 

p=0.01). 

 

Figure 77. Overall QOLIE by psychiatric diagnosis 

 
 

MANOVA was undertaken for all the subcomponents of the QOLIE compared to the 

fixed variable of any psychiatric diagnosis. Mean values for the study’s subjects 

(PWENP and PWEP) are compared here to the reported mean values for PWE 

reported by the QOLIE developers [603]. Although the overall MANOVA is not 

significant, there are significant between group differences for the different QOLIE 

subcomponents. Overall PWEP had lower QOLIE scores for all subsets of the 

QOLIE-89 than the quoted RAND mean values, except for seizure worry which is 

almost equivalent and medication effects which were not reported to be as 

problematic. All PWEP also have lower QOLIE scores on all subsets than the 

PWENP group who generally have higher QOLIE scores across the board compared 

to those expected for PWE by the developers of the questionnaire. Larger differences 

for PWEP are noted compared to the RAND PWE comparison group for those subsets 

with a face value association with mental health parameters: emotional role 

limitations, emotional well being, attention and concentration and perceived social 

supports. Significant between group effects comparing PWENP and PWEP, on the 

individual ANOVAs are found for physical functioning, pain, health discouragement, 

memory, language, medication effects and social isolation. 
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Figure 78. Range of between group differences using MANOVA: QOLIE for 

population PWE (RAND), PWENP and PWEP 

Overall Wilks lambda 0.705, F=1.25, p=0.24, partial eta squared=0.295, observed power=0.79 

  Mean 

RAND 

PWE 

PWENP PWEP Total 

mean 

Between subject 

effects 

p<0.0125  

QOLIE Overall   74.70 62.53 64.54 0.06 

Health perception 68.26 72.0 59.98 61.96 0.04 

Overall QOL 67.17 71.61 58.57 60.72 0.06 

Physical function  85.27 81.07 79.51 79.76 0.001 

Role limitations physical 67.81 81.43 61.41 64.71 0.04 

Role limitations emotional 69.29 90.00 61.27 66.00 0.07 

Pain 75.56 76.07 70.81 71.68 0.005 

Impacts on work, driving and 

social  

66.91 70.92 60.22 61.99 0.03 

Energy and fatigue 55.30 61.78 46.58 49.09 0.06 

Emotional well being 67.20 81.42 58.92 62.64 0.127 

Attention/concentration 69.98 74.21 64.80 66.36 0.03 
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MANOVA was then undertaken between the different psychiatric categories: 

PWENP, PWED, POE and those with other psychiatric disorders. There was a 

significant difference in the overall MANOVA between the groups(Wilks lambda 

0.27, F=1.6,p=0.009, partial eta squared=0.35, observed power=1) with individual 

statistically significant differences for the following subcomponents: QOLIE Overall 

p=0.025, health perceptions p=0.026, physical role limitations p=0.019, emotional 

role limitations p=0.001, pain p=0.02, energy and fatigue p=0.004, and emotional 

well being p=0.00. 

  

Health discouragement 69.87 74.29 66.48 67.76 0.01 

Seizure worry 58.29 74.08 58.74 61.26 0.03 

Memory 54.34 55.78 51.30 52.04 0.004 

Language 74.57 72.09 70.82 71.04 0.00 

Medication effects 55.34 63.90 60.37 60.95 0.002 

Social supports 72.47 80.10 61.80 64.82 0.07 

Social isolation 76.78 77.86 71.87 72.85 0.006 

Overall Health score 67.90 68.96 61.48 62.71 0.02 
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Figure 79. MANOVA graphs: QOLIE subscales for prospective psychiatric 

cohort  

Overall Wilks lambda 0.27, F=1.6,p=0.009, partial eta squared=0.35, observed power=1
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9.4 Key Findings Chapter 9 

 

This chapter provides additional depth to the psychiatric clinical data by addressing 

one of the key limitations of the epilepsy literature: the lack of gold standard 

psychiatric assessment. It also examines the psychosocial and quality of life issues 

related to both epilepsy and psychiatric comorbidity. 

 

The prospective clinical analysis demonstrates a cohort with chronic epilepsy, 

significant psychiatric comorbidity and functional impacts with a quality of life 

consistent with that expected for PWE but with differential impacts of psychiatric 

disorders. Consistent with the earlier analyses and the hypothesis, this data finds no 

evidence for psychiatric comorbidity being significantly related to epilepsy diagnosis, 

laterality or temporal lobe foci. There is confirmation that non-lesional epilepsy may 

have a higher risk for depression, although the odds ratio prospectively is reduced to 

2.6. 

 

This cohort has high rates of psychosocial adversity with 35% reporting at least one 

injury due to epilepsy, 20% a car accident potentially due to epilepsy and 53% 

unemployment rate. Only 33% were currently driving and 27% were in full time 

employment.  

 

There is some evidence for a small amount of progression of psychiatric symptoms 

over the 7.5 years between psychiatric assessments. The prospective cohort has high 

levels of psychiatric illness than the baseline study, 82% have a history of a 

psychiatric disorder and a small number of subjects have documented progression of 

psychiatric disorder from anxiety of personality disorder diagnoses to depression or 

psychosis. However less than 10% psychiatric progression is also suggestive that the 

higher rates in the prospective cohort confirm that the lack of specific enquiry or a 

comprehensive assessment into psychiatric symptoms clinically underestimates rates 

of comorbidity. 

 

The data describes significant QOL and functioning limitations, generally worse in 

those with psychiatric disorders. However, the data does not confirm the original 
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hypothesis the neuropsychiatric disorder will uniformly worsen psychosocial 

functioning and quality of life. QOLIE responses for those with a history of 

psychiatric illness are generally consistent with PWE generally except for a few key 

areas where those with depressive symptoms rate their QOL significantly more 

poorly: QOLIE Overall, health perceptions, physical role limitations, emotional role 

limitations, pain, energy and fatigue, and emotional well-being. Despite lower 

objective GAF scores, those with psychosis generally report QOL equivalent to those 

without psychiatric conditions except for 3 areas that they rate non-significantly lower 

than other cohorts: impacts on work, driving and social functioning, language 

difficulties and sexual relationship difficulties.  

 

Discrepancy between the QOLIE scales and the more objective but limited in breadth 

GAF, highlights the impacts on functioning and the important role of insight into self 

reported quality of life measures. The key differences between PWED and POE 

demonstrate that depression tends to increase self reporting of psychosocial impacts 

even where objective assessment does not rate the impact so highly. 
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CHAPTER 10.  DISCUSSION 

 

 

From the background review, it is evident that the study of the neuropsychiatry of 

epilepsy is in its infancy despite a large literature, predominantly because of the 

heterogeneity of the conditions. There are thousands of studies but few linking 

concepts across multiple domains. Each individual study addresses limited questions. 

It has not been possible to date to link them into a cohesive understanding of the 

relationship between epilepsy and psychiatric symptoms, let alone make sense of the 

likely causative factors. It is recognised that psychiatric symptoms are generally more 

common in people with epilepsy, that this is likely to be biopsychosocial in nature and 

that the developmental trajectory of different aspects of brain function are likely to 

impact for each individual in different ways. Various risk factors have been identified, 

but only some have been consistently demonstrated. Many are reported as both 

positive and negative findings in different studies. There remains an accepted 

literature suggesting that temporal lobe epilepsy is a unique risk factor for the 

development of psychiatric disorders in epilepsy, despite a large literature that refutes 

this. The impacts on people living with epilepsy are only partly documented. The 

issue of progression over time and what factors may be protective remains 

unresolved. This study is the largest cohort looking at the widest range of factors that 

has been reported on. That it can draw only limited conclusions is a testament to the 

complexity of the area. 

 

10.1 General cohort and Methods discussion  

 

While a number of studies have examined relationships between focal epilepsy and 

psychiatric illness, this study is unique in terms of the size of the cohort, the 

combination of rigorous epilepsy syndrome classification and psychiatric diagnoses, 

the inclusion of a large imaging cohort as well as a large consecutive cohort of 

medically refractory focal epilepsy patients. Most epilepsy research is conducted with 

cohorts in the tens rather than hundreds and much of the imaging reported on in the 

peer reviewed literature investigates cohorts of less than 30 subjects. 
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Whilst there are longstanding difficulties assembling large epilepsy cohorts and by 

nature, much of this data is retrospective, there are a number of overall strengths to 

this study. The cross sectional analysis looks at one of the largest cohorts in the 

known literature. It is additionally unique in dividing subjects with focal epilepsy into 

groups based according to both the epilepsy syndrome and the presence of known 

underlying pathology. This enables the relative roles of these characteristics to be 

examined within the same cohort. The epilepsy diagnoses in this cohort are robust 

because they have been reached by consensus neurological opinion based on VEM 

findings, multiple imaging modalities and the clinical acumen of several experienced 

clinicians.  

 

In addition, clinical psychiatric diagnoses at baseline and semi structured standardised 

psychiatric interviews prospectively provide a higher level of evidence for psychiatric 

disorder than many comparable studies. The one senior neuropsychiatrist made the 

vast majority of the baseline psychiatric assessments over a ten year period, providing 

a degree of homogeneity in the psychiatric assessment and diagnostic process. Such 

clinical psychiatric diagnoses have an advantage over self report or rating scales and 

provide a high level of evidence for the presence of clinically relevant psychiatric 

disorders. Prospective use of the SCID as well as consultant level psychiatric 

assessment is a far higher standard for psychiatric assessment than most published 

studies.  

 

The QOLIE-89 tool for quality of life is a well validated tool recognised in the 

epilepsy field as a comprehensive and reliable way to assess various domains of QOL 

for people living with epilepsy. The ranges for the domains for people with epilepsy 

are known. It does have limitations in interpretation due to the wide range of domains 

and the overlapping nature of the domains. It is a long questionnaire, which is a 

hurdle to completion. Many of the questions may be interpreted in similar ways. 

Many of the subjects in this cohort needed help and explanations to complete the tool 

and could not complete it independent of clinical support. Some needed examples of 

the types of problems being described. Others needed prompting and exploration to be 

able to identify specific domains in their everyday life. There are recognised floor and 

ceiling effects of QOL tools and their subjective nature makes between subject 

comparison imperfect. What is a major quality issue for one subject may not be 
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perceived by another subject as equally problematic. Utilising a known quality of life 

tool and comparison to a more objective means of clinician rating, the Global 

Assessment of Functioning tool allows comparison of both subjective and objective 

functioning in people living with epilepsy. 

 

Subsequent prospective diagnoses were included with the baseline cohort in the 

imaging chapters in order to investigate an enriched sample looking at lifetime known 

psychiatric symptoms. Such an enriched sample increases the chance that 

relationships can be identified in smaller epilepsy subgroups for which sufficient data 

is routinely not obtained. The identified rates of psychiatric disorder in these chapters 

are not estimates of prevalence. Firstly, the cohort does not represent a community 

sample and as a tertiary teaching hospital the cohort is likely to have higher rates of 

both epilepsy and psychiatric severity. Secondly, there are still the limitations of cross 

sectional clinical assessment in the ¾ of the cohort who did not receive a prospective 

assessment. As a consequence, the imaging results reflect meaningful associations 

rather than of true prevalence.  

 

The MRI methods used have been well validated with the Melbourne 

Neuropsychiatry Centre and published widely [192] and this study has high inter and 

intra rater reliability. The consistency of having most MRIs taken on the same scanner 

allows reasonable comparison to be made. The high standard for inclusion of MRIs in 

the study is strength. However the clinical nature of the MRIs is a relative weakness. 

The lack of standard epilepsy protocols used especially in the earlier scans meant that 

the numbers of MRIs, for which an ICV could be traced, were low. Although there 

were no statistical differences between the clinical factors or volumes for those with 

and without ICVs, this prevented ratios (the gold standard for imaging analysis) being 

used for these analyses. 

 

There are several overall limitations in this study that are inherent in retrospective 

studies of clinical populations. First, despite studying a large cohort, the numbers in 

some individual subgroups, both epileptic and psychiatric are still relatively small. 

The numbers of subjects with psychosis were particularly small once further divided 

into epilepsy groups. This limits the conclusions that can be drawn regarding these 
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associations and potentially limits the statistical power. Most studies investigating 

POE have equivalent or lower numbers.  

 

Secondly, the retrospective design of the study did not fully allow the assessment of 

potential variables previously associated with psychiatric co-morbidity that were 

variably recorded in the medical record, such as the effects of antiepileptic 

medication, the duration of illness, the presence of febrile convulsions, or the 

frequency and clustering of seizures relative to the timing of imaging. Where data was 

available, duration of illness, estimated number of AEDs used and worst seizure 

frequency were utilised as markers of illness severity. This data was only available for 

a subset of the cohort due to clinical record keeping. This made estimates of seizure 

duration and severity limited in scope. 

 

Thirdly, different data was obtainable for each subject and not all subjects were 

included in each chapter’s separate analyses. Some subjects had psychiatric 

assessments, some had MRIs and some more or less clinical information. This meant 

that in order to maximise addressing specific questions, the separate analyses look at 

slightly different cohorts. For example the total cohort was 428, the baseline data 

cohort was 314 and the longitudinal MRI cohort with both temporal lobes intact and 2 

comparable MRIs was 89. This makes comparison of the chapter findings imperfect 

as they are not repeated analyses on the exact same subjects. However the total cohort 

is large and at various times comparisons between subjects included and not included 

in the specific analysis revealed no statistical differences. This is supportive that the 

subcohorts are generally clinically relatable. 

 

It is possible that there was some selection bias in those patients who received a 

psychiatric assessment. All patients admitted for VEM were referred for psychiatric 

assessment but not all were seen due to clinical workload challenges. On the 

occasions where there were time limitations, those cases identified as potentially 

having ‘psychiatric’ issues or meriting consideration for surgery by neurology staff, 

may have been seen preferentially. The psychiatric assessment was made prior to the 

VEM meeting in which the patients’ epilepsy syndromes were classified and therefore 

there was no selection bias favouring any particular epilepsy syndrome. In keeping 

with clinical psychiatric assessments, the baseline psychiatric assessment will have 
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identified only those cases with clearly diagnosable psychiatric syndromes and thus 

may have underestimated the true prevalence of psychiatric disorders. While clinical 

interview for psychiatric diagnosis is common practice, research generally relies on 

standardised interviews to determine DSM based diagnoses. It may be that clinical 

interview by an experienced clinician may be a more efficacious way of diagnosing in 

this population given the atypical nature of psychiatric presentations and the 

documented possibility that the use of DSM diagnostic criteria may be insufficient to 

detect psychopathology [102]. 

 

Those patients who received a second formal prospective assessment underwent a 

formal semi structured SCID psychiatric assessment. In addition, they received a 

more comprehensive holistic overview from a psychiatrist. The concordance between 

the baseline assessments and those undertaken through the SCID was very good as 

described in the prospective analysis. There was an overall increase in rates of mental 

illness, easily attributable to the natural history of these conditions and improved 

specificity of diagnosis. 

 

10.2 Clinical demographics, epilepsy and psychiatric factors discussion 

 

The large number of patients in this study allowed us to re-evaluate many of the 

previously reported associations for subjects with psychiatric disorders and focal 

epilepsy. Using more homogeneous focal epilepsy groups allows for a better 

comparison between the prevalence of psychiatric disorders in patients with other 

forms of focal epilepsy than TLE. Much of the existing literature looks specifically at 

TLE due to longstanding assumptions of its uniqueness. This does not allow 

identification of other potentially relevant clinical factors. This study divided subjects 

by both focal site and lesion using neurological multidisciplinary consensus in order 

to identify specific risks of localised pathology. 

 

The study refutes previous conclusions of a relationship between psychiatric disorders 

and temporal lobe epilepsy specifically and it undermines data suggesting various 

associations with other epilepsy factors, such as laterality. Our cohort is sufficiently 

large compared to previous analyses to substantially conclude that there is no real 

difference for psychiatric prevalence for the standard epilepsy diagnostic categories, 
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nor for laterality or other measures of demographics or epilepsy severity. This cohort 

has been reviewed twice using different subsets of the total cohort [23] and neither 

demonstrate the uniqueness of temporal lobe foci.  

 

The majority of studies that have identified higher prevalence rates of 

psychopathology in TLE were undertaken decades ago and did not employ MRI and 

VEM for epilepsy diagnosis and had smaller numbers of subjects than our study [132, 

269, 347, 348]. The earliest study in this field by Slater and Beard was responsible for 

much of the subsequent dogma around TLE despite being subsequently plausibly 

refuted on statistical grounds. Stevens et al. reanalysed the original Slater and Beard 

data and concluded that the association between TLE and psychiatric disorders was 

due to statistical bias [617]. As TLE, and MTLE in particular, is significantly more 

common than other epilepsy diagnoses, the associations between it and psychiatric 

disorder were artificially biased by the relative size of the MTLE group. Nevertheless, 

the belief that temporal lobe epilepsy has specific psychiatric risks survives in modern 

day textbooks of psychiatry and neurology. In order to be comprehensive about this 

non association, I investigated the data in several ways. I utilised both chi squared and 

logistic regression analyses and utilised the most conservative method for regression, 

the ENTER format. 

 

The analysis also did not confirm the findings of Quiske and colleagues who found 

significantly higher depression scores on the Beck Depression Inventory in patients 

with MTS compared to those with lesions in other temporal neocortical regions[28]. 

Their paper excluded patients with ETLE and non-lesional temporal lobe epilepsy. 

However when we performed the equivalent analysis on our cohort, MTLE versus 

OTLE, we found no statistical differences in the rates of psychiatric disorders, 

although the rates of psychiatric disorder in MTLE were mildly higher. 

 

There are a number of differences in the studies that may account for this discrepancy. 

This cross sectional sample size is larger (i.e. 314 subjects, 254 with psychiatric 

assessments of which with 108 had MTLE and 48 other lesions, LTLE) than that of 

the previous study (i.e. 60 with 43 MTS and 16 other neocortical temporal lesions), 

making the chance of a Type II error less likely in this study. The age distribution of 

subjects in the two studies and in epilepsy subgroups may also help explain the 
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different findings. The MTS group in the Quiske study had a statistically significant 

earlier seizure onset and longer duration of illness than their neocortical lesion group. 

Our measure for epilepsy onset is not statistically different between any of the 

epilepsy groups, although this was only available for a subset of the population 

(n=70). It is possible that a longer duration of illness may have a higher lifetime 

prevalence of psychiatric disorder. This is supported by the greater prevalence found 

in the longitudinal arm of this study. It has been repeatedly postulated that MTS may 

be a progressive disorder [64] and if this is so, then psychiatric progression may 

explain the increased incidence. The MTS group in the Quiske cohort may have 

higher rates of mental illness secondary to duration of illness and not the type of 

lesion. 

 

This study’s novel finding was of increased rates of depression in non-lesional focal 

epilepsy, independent of the lobe of seizure focus. This was a consistent finding on t 

testing, chi squared analysis and logistic regression using depression as the dependent 

variable. No other clinical factor was identified. Only one previous study by Roberts 

has looked at the prevalence of psychiatric disorders (in this case psychosis) by 

lesionality [67] and they documented increased psychosis in those with lesions. There 

are several compelling reasons to do so. Firstly, such an approach classifies the 

patients according to the nature of the underlying epileptogenic pathology. 

Concentrating on focal site alone is only one clinical variable. Secondly, Roberts has 

identified differences between groups of epilepsy patients with psychosis, reporting a 

positive association between the presence of neuropathological focal lesions and the 

risk for psychosis. Previous studies have failed to investigate the associations between 

lesional status and psychopathology because the majority of studies have investigated 

by focal site. The results of this study suggest that the nature of the underlying 

pathological abnormality causing the epilepsy may be of greater significance than its 

localisation.  

 

The neurobiological basis of this remains speculative. One hypothesis is that non-

lesional epilepsy has a more diffuse underlying epileptogenic pathogenic process as 

has been demonstrated in a small number of functional studies [452] and that this 

greater functional impairment has greater potential impacts on mood. Recent 

speculation that depression may be a non specific response to brain injury support this 
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[618]. People without an MRI identifiable lesion may have underlying subtle diffuse 

changes and/or lesions not detectable on MRI (due to the limitations of image 

resolution). More widespread PET hypometabolism in TLE patients without an MRI 

lesion compared to those with MTS [619] has been documented. Furthermore, there is 

emerging literature suggesting that more extensive functional impairment is 

associated with the presence of psychiatric disorders. Epileptic patients with 

depression [21] and psychosis [452], compared to epileptic patients without 

psychiatric comorbidity, have more extensive functional imaging changes in cerebral 

regions such as the frontal lobes. While focal lesions may result in the complete 

interruption of neuronal connections at the site of the lesion, it may be that diffuse 

pathology may result in larger numbers of damaged neurons being interconnected, 

leading to widespread disruption of frontolimbic pathways [67]. If patients with non-

lesional epilepsy have more extensive functional cerebral impairment than those with 

lesional focal epilepsy, this may account for the increased rates of depression. 

 

In this non-lesional cohort the finding is robust, occurs in both the cross sectional and 

longitudinal datasets and has a 2-3 times odds ratio depending on the enrichment of 

the cohort. This finding demonstrates that much of the literature spent analysing and 

reanalysing subjects by temporal lobe status has been missing the importance of other 

pathological aspects. It indicates that a greater focus on functional studies should be 

employed to understand the extent of impact. Potentially the extent of functional 

impairment may be relevant to the risk of developing psychiatric disorders for PWE. 

Imaging data that suggests that those with depression may have larger temporal lobe 

volumes than PWE alone is suggestive that the relationship is more complex than 

focal site or visual lesion size. MRI cannot determine the relative degree of functional 

impact. Larger temporal lobes may be a precursor or a consequence of functional 

changes and/or psychopathy. Smaller or atrophic temporal lobes may have 

insufficient function to present with psychopathy. That severe hippocampal atrophy is 

not associated with depression in TLE has been recently demonstrated [207]. It may 

be the part function of these lobes and the extent with abnormal processing capacity 

that results in psychiatric symptoms. 

 

This study does not identify any statistically significant associations between any 

epilepsy diagnostic subgroups and the prevalence of psychosis. Nor does it replicate 
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the previously reported findings of increased rates of psychosis in patients with 

lesions despite investigating similar numbers of subjects [67]. This study has a 

similarly sourced cohort to the Roberts study investigating 300 consecutive patients at 

a tertiary epilepsy centre. The key difference is that the Roberts cohort were all post 

lobectomy, potentially selecting for surgically remedial epilepsy and likely increasing 

the relative number of subjects with lesions. Of the 25 SLPE subjects in the Roberts 

study, only 4 were non-lesional increasing the random chance of a type 1 error. In the 

greater cohort (n=300) only 15% were non-lesional compared to 33% of the POE 

group and 38.5% of the larger cross sectional cohort in this thesis. The low incidence 

of psychosis in general makes any study in this area subject to a range of clinical 

biases in terms of who attends the service, who is imaged and who is selected or 

agrees to participate in research. 

 

This analysis did not identify an excess of personality disorders in any epilepsy 

subgroup, diagnostic or pathological. While this finding is consistent with the 

majority of studies that have not identified an association [280], standard personality 

disorder diagnoses may not be appropriate for identifying personality pathology in 

epilepsy. In addition personality diagnoses for clinical purposes are less likely to be 

fully comprehensive. This study uses only clinically identified personality disorders, 

representing those with the most significant impairments. Given longstanding clinical 

beliefs around epilepsy and personality, it is hard to conclude substantively from this 

data that there is no associated personality pathology. Nor can the existing literature 

be seen as conclusive using tools designed for different populations [620-622]. Future 

investigation using other forms of personality assessment may identify specific traits 

rather than diagnoses that may be more common in people with epilepsy. I 

hypothesise that traits that have been identified as ‘epileptic’ may be due to subtle 

damage to neural networks given the clinical associations with rigidity to cope with 

memory loss and the emerging relationship between depression and functional 

impairment of frontotemporal networks rather than a set of characteristics meeting 

criteria for a personality disorder. 
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10.3 The imaging relationships between depression and epilepsy 

 

This depression imaging data demonstrates some known impacts of epilepsy and 

depression and highlights gaps in knowledge regarding how the epileptic brain 

responds to both stress and seizures. Overall as expected, epilepsy is associated with 

reduced hippocampi and amygdalae volumes, preferentially more on the ipsilateral 

side to seizure initiation. What was less expected was that those with comorbid 

depressive symptoms and epilepsy consistently have lesser reductions than those with 

epilepsy alone and that these lesser reductions would appear to be either a relative 

sparing or an increase in volume of the temporal lobes in non-lesional epilepsy 

groups. However as these differences are not consistently statistically significant 

between PWENP and PWED, potentially due to the relatively small volumetric 

differences and small cohorts, this remains a pattern rather than a confirmed 

difference. 

 

This specific cohort analysed for depression have been age, gender and epilepsy 

subtyped matched to the epilepsy cohort without depression in order to compare 

volumes. The quality of the matching between the PWED, PWENP and NC groups 

was high. Matching reduces the impact of heterogeneity when comparing between 

psychiatric groups, although it is acknowledged that even the epilepsy subgroups are 

likely to be far from homogenous. The overall demographic characteristics of these 

matched groups reflect those in the initial cross sectional dataset. That data showed 

relatively higher rates of depression in non-lesional epilepsy. As the imaging data is 

epilepsy subtype matched it cannot comment specifically on the relationship between 

non-lesional epilepsy and depression, but does demonstrate differences in volumetric 

structure that may be related to comorbidity.  

 

Overall this dataset has relatively fewer MTLE subjects and greater OTLE subjects 

than the baseline cohort. The PWED group has relatively higher rates of bilaterality 

(11% to 6%) than the whole cohort, although these differences are not statistically 

significant. The PWED cohort has a history of depressive symptoms sufficient to 

interfere objectively with functioning. They may or may not have had active 

depressive symptoms at the time of imaging. 
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The right and left volumetric analysis confirms hippocampal and amygdalae volumes 

reductions that differ statistically between the groups. People with epilepsy and no 

comorbidity (PWENP) and those with epilepsy and comorbid depression (PWED) 

have smaller temporal lobe volumes compared to normal controls (NC). Although the 

epilepsy groups are not statistically different from each other, the pattern is consistent 

across all the analyses: people with epilepsy generally have significantly lower 

volume temporal lobes compared to normal controls and PWED have slightly larger 

volumes than PWENP. This suggests that epilepsy is likely to have had the primary 

impact on temporal lobe volumes. The impact of mood disorder may modify but has a 

lesser impact in terms of gross anatomic structures, especially the hippocampi that are 

much closer in volume than the amygdalae. In this right and left sided analysis, there 

is no clear association between laterality and depression. There are more left sided 

focal seizures in the PWE group overall. This type of analysis by lateral side does not 

account for focal site and its potential impact on temporal lobe structures. 

 

Once the seizure foci are taken into account, the ipsilateral and contralateral analyses 

also find lower temporal lobe volumes in PWE whether they have depression 

(PWED) or no psychiatric illness (PWENP), than normal controls (NCs). The data 

again suggests a pattern of PWED being mildly larger than PWENP, with both 

substantially (and statistically) smaller than normal controls. It is interesting to note 

that the range of volumes for PWE was much greater than for the normal controls, 

especially for the PWED group in the hippocampi and ipsilateral amygdalae. This 

suggests that the impact of epilepsy causes volume change but it may not be 

consistent. 

 

In the initial ANOVA analyses there are no statistical differences for the between 

group comparisons between PWED and PWENP, in part possibly affected by the 

differences in subject numbers between the epilepsy groups and the normal control 

group. There is a greater difference between both epilepsy groups and normal 

controls. Additional t tests comparing volume means between PWED and PWENP 

were undertaken for the four temporal structures, showing significant volume 

differences between them for the contralateral amygdalae but not the other three 

structures. When this comparison was made for those with non-lesional epilepsy 
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alone, it was significant for all four structures, although only the confidence intervals 

for the amygdalae did not cross the midline. This is suggestive that the differences 

between PWED and PWENP may be due to changes in non-lesional subjects. 

 

The most consistent finding is that PWE have smaller temporal lobe volumes than 

normal controls. In addition, there is a consistent pattern with variable significance 

across multiple forms of analysis in the relationship between PWENP and PWED. 

This pattern is not seen for the MTLE cohort. One interpretation of this data is that the 

impact of a mood disorder is small compared to the impact of epilepsy and that it is 

coincidence that PWED values are greater than PWENP values across multiple 

comparisons.  However given the repeated demonstration of the same pattern with 

significance in some cohorts, it suggests that comorbid depression is relatively 

volume sparing in both hippocampi and amygdalae. There appears to be relative 

enlargement of both temporal lobes regardless of the impact of seizures on volumes in 

people with epilepsy and a history of depression. In those with no lesion, the impact 

on amygdalae appears to be greater, with statistically greater mean volumes for those 

with PWED compared to those with PWENP. The volumes of PWED appear to be 

midway between PWENP and NCs with the emergence of a trend for a statistical 

difference between PWED and PWENP on ANOVA. That these do not consistently 

reach significance may be due to the strict p values used to account for multiple 

comparisons and to the comparative differences in subject numbers. The differences 

remain small and the range of change seen in the boxplots for PWE needs to be 

considered. It is possible that localised change is happening constantly, related to 

seizure timing and recovery creating noise effects that flaw population level 

comparisons. 

 

The impact of removing MTLE subjects does not change the significance greatly on 

MANOVA, although both amygdalae start to see lower p values for the contralateral 

amygdalae, significantly different between PWENP and PWED. However the PWED 

volume in this analysis is no longer statistically different to NCs, being mid way 

between PWENP and NCs. In this analysis, the relative volume differences between 

PWED and PWENP are emphasised and highlight a potential volume sparing impact 

of depression. The relationship between the larger temporal lobe structures in the non-

lesional groups and depression may be related to functional changes. Such changes in 
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function are unable be determined by MRI and require functional imaging studies for 

confirmation.  

 

Examining the MTLE group, reduces the between group volume changes on the 

contralateral temporal lobes, although this is the one sub analysis where the PWED 

group have the smallest volumes. For the MTLE group, the potential for relative 

sparing with depression does not appear to occur, not on the focal side, which may be 

too atrophied to get relative function related increases in size, but also not on the 

contralateral side which should be relatively unaffected, at least by gross pathology.  

 

There is general recognition that chronic mental illness is associated generally with 

atrophy of the temporal lobes [516]. This is usually hippocampal reduction and 

reductions in the size and connectivity of the amygdala [623, 624].  In depression, 

imaging data supports the association between major depressive disorders and 

reductions in hippocampal volumes [162, 625]. Furthermore in people with 

depression, reduced hippocampal volumes have been shown to be restored to normal 

volumes with antidepressant treatment [625]. A history of depression alone may not 

necessarily be associated with hippocampal atrophy. 

There is some suggestion in the imaging literature on progression of epilepsy that in 

individuals scanned over time documented to develop MTS after febrile seizures that 

the natural development of MTS may be acute enlargement followed by more chronic 

atrophy[46, 626]. This suggests that MTS is a final outcome of significant seizure 

related trauma. Trajectory hypotheses include initial volume increases due to 

inflammation or blood flow with reduced capacity for function at a cellular level, 

followed by direct neurotoxicity associated with severe inflammation and subsequent 

death of cells and reduction in synapses. This is not an inevitable result of a single 

seizure. Potentially it is a response to more severe or more frequent seizures causing 

cumulative effects. With repeated seizures the balance where inflammation leads to 

recovery is prevented by additional trauma, either at the time or shortly afterward 

such that the cumulative toll progresses atrophy[12].  

 

The graphical comparison of means for lesional and non-lesional epilepsy subjects by 

volumes demonstrates that the majority of difference in volumes are in the non-

lesional group PWED subjects. Non-lesional PWED has consistently larger 
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hippocampal and amygdalae volumes compared to subjects with a lesion, which is 

why removing the MTLE subjects results in a relatively greater temporal volume size. 

It is suggestive that the presence of a lesion differentiates the anatomic impact of 

depressive comorbidity.  MTLE appears to have different characteristics and may be a 

separate cohort and pathology.   

 

The MTLE cohort in this study, do not have other identifiable clinical characteristics 

that would account for this difference. They are age and gender matched to other 

cohorts, and are not statistically different from the other epilepsy subtypes by age at 

onset of epilepsy or worst seizure frequency.  Potentially the lower temporal lobe 

baseline volumes reflect a greater degree of previous damage associated with a unique 

pathological process. The average volumes for those with MTLE compared to other 

groups are smaller ipsilateral hippocampi and slightly larger ipsilateral amygdala but 

only by about 200mm3 (See Figure 65). The MTLE group in PWENP have relatively 

larger contralateral volumes by about the same amount. This suggests the ipsilateral 

temporal lobe is significantly affected compared to the contralateral one, as expected 

for MTLE. IN PWENP, the contralateral structures for those with MTLE are larger 

than other epilepsy subgroups, perhaps due to the displacement of processing tasks 

from an atrophied ipsilateral lobe. Common definitions of MTS include the 

identification of relative reductions in hippocampi compared to the contralateral side, 

associated with disturbance of internal architecture and signal changes that support 

the ipsilateral pathology being primary. However it is possible that seizures, known to 

travel to the contralateral hippocampus faster than to most other parts of the brain, 

have concomitant effects on the contralateral temporal lobe. The increased 

contralateral temporal lobes are only evident for PWENP but not for those with 

PWED. A hypothesis could be that depression is consistently associated with smaller 

temporal lobes bilaterally but MTS specific pathology has significant lateralised 

effects that mask this. 

 

In contrast to ipsilateral volumes, PWED contralateral hippocampal lobe volumes are 

equivalent between MTLE and non-MTLE cohorts. The presence of MTS may 

prevent relative sparing due to depression ipsilaterally. Or the degree of MTS could 

mask such sparing. Or the limited function of that lobe may result in the majority of 

processing contralaterally, leaving only the contralateral side with the potential for 
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change as a result of increased demands. If MTS already has a pre existing greater 

contralateral temporal lobe then a small degree of relative sparing may not be seen. 

There may be a ceiling effect to potential volume increase within the hippocampi in 

response to increased processing tasks. 

 

Of note, both amygdalae in the MTLE group are larger than in the non MTLE group 

and equivalent to NCs. There are smaller amygdalae in PWED for MTLE and larger 

amygdalae for non-MTLE bilaterally. It could be that relative increases in non 

affected amygdalae are also a result of pre existing increased emotional processing in 

MTLE where the ipsilateral hippocampi are atrophied and do not function. This may 

be separate from any impact from depression. Those with PWED and MTS have 

smaller amygdalae. Perhaps there is additive burden and a later stage in which the 

amygdalae become atrophied with excessive use or trauma. Although both MTLE and 

non-MTLE cohorts have similar severity and duration data, MTS may represent either 

a unique cohort or a later stage of illness. Early requirements for emotional processing 

and/or response to seizure trauma result in increases in temporal lobe volumes, but 

later or more damaged areas reduce over time as capacity to respond to trauma 

reduces and atrophy progresses.  
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Although MTLE or HS is a diagnostic term used clinically, even this most common 

epilepsy diagnosis represents a complex and heterogeneous group. This heterogeneity 

complicates conclusions. Whilst it is clear that there is a coherent set of characteristics 

in the development of HS from the natural history of changes starting in childhood or 

adolescence, with a clinical course of increasing frequency and severity and the 

development over time of treatment resistance, there are a range of associated factors 

that may not apply to all. People with MTS generally have focal seizures with 

impaired awareness but may also have generalised tonic-clonic seizures with 

differential impacts locally and globally.  

 

The neuropathology is not always straightforward. Whilst the most common 

neuropathology for those identified by MRI as having HS is hippocampal sclerosis, 

about 30% at surgery also have foreign tissues lesions such as cortical dysplasias or 

gangliogliomas with or without HS [627]. Furthermore, in many subjects, additional 

evidence of the impact of seizures can be detected outside the temporal lobe, 

including abnormalities in the contralateral temporal lobe, the thalamus and other 

sites [205]. There is also a conflicting literature of pathological changes that may not 

occur in all, including mossy fibre sprouting and concomitant amygdala changes 

[624].  

 

The existing literature on the impact of depression identifies does not clarify why 

depression may result in relative volume sparing in epilepsy. There is a large 

literature looking at the volumes of temporal lobes in people with affective disorders 

alone that suggests hippocampal volumes are reduced [628]. The literature for 

amygdala volumes is less clear, though there are multiple reports that amygdalae 

volumes may be increased [629-631] or that there may be amygdalae asymmetry 

[632] in depression. Altshuler [190] reported increased amygdala volumes in 12 cases 

of bipolar affective disorder associated with hippocampal reductions. Sheline found 

no differences in amygdala volumes but reported reductions in several amygdalae 

nuclei in people with recurrent major depression [633]. Drevets [87] and Ho [634] 

have both reported increased amygdala blood flow in depressed subjects.  Meta 

analysis suggests that amygdala enlargement may occur in medicated subjects and 
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that in those untreated for depression, amygdalae volumes may in fact also be 

reduced[635].  

 

The most common theory for volumetric change in amygdalae volumes is that 

increased emotional processing results in changes in blood flow and small relative 

volume changes [204]. It is possible that impacts on amygdalae may be time course 

dependent. Early impacts increasing volumes with increasing emotional processing 

needs, with concomitant changes in blood flow. Later or more chronic impacts result 

in decreasing volumes with trauma and damage over time. This could account for 

various findings in different studies. The duration and severity of illness data is 

insufficient in these studies to address whether there is a pattern of developmental 

change related to these types of factors.  

 

There are very limited imaging studies looking at the amygdala in people with 

epilepsy. These studies are all small cohort studies and it is not possible to draw any 

clear consensus from them. Terbatz van Elst undertook 2 volumetric studies of the 

amygdalae in epilepsy [200, 513]. One study describes amygdalae enlargement in 

POE and provides some evidence for the unique character of POE having possible 

affective dimensions [513]. The other is a volumetric study looking at amygdala 

volumes in people with epilepsy, dysthymia and depression [200] reporting enlarged 

amygdalae in dysthymia but not for depression.  

 

Van Elst also undertook a study investigating intermittent explosive disorder (IED) 

[636] conceptualising it as another affective disorder in epilepsy. This study excluded 

subjects with a history of meeting full criteria for Major Depressive disorder, only 

including subjects with dysthymia. Although this study was undertaken in a tertiary 

setting, and the cohorts did have an average age of 30-32 with a duration of illness 

between 22 and 24 years, they had relatively low numbers of seizures, only 12-19 a 

month.  This study found no specific volumetric differences for IED but did report 

enlarged amygdala in the 11 TLE patients with dysthymia compared to the 39 without 

mood issues and to 25 healthy controls.  This was replicated in a separate article 

looking at these factors specifically but using the same cohort [199]. There is no 

change to the hippocampi in this study between any of the groups. This study 

hypothesizes that the enlargement may be due to increased processing of emotional 
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information leading to greater blood flow and potentially cell proliferation but 

acknowledges that the increased amygdala sizes may predate the dysthymia and it is 

possible, predispose individuals to dysthymia. The low level depressive symptoms are 

relevant for interpreting this data. 11/39 in the TLE cohort were described as having 

dysthymia and met criteria for mild depression according to DSM III. They had mean 

scores on the Beck Depression Inventory of 6.33 which is represents a low score, 

midway through the minimal depression range (0-13) and below mild depression (14-

19). Such mild depressive symptoms would not be detected in the majority of studies 

and are not likely to be representative of depression generally. The lack of evidence 

for hippocampal volumetric changes between groups, not even the TLE group 

suggests that this evidence is not fully applicable more generally. It is possible that 

lower grade early depressive disorders are associated with initial amygdala 

enlargement without outruling that they may then be at risk of atrophy with the 

development of more significant mental illness. Hippocampal atrophy may also be a 

later feature. There is a literature on amygdala enlargement being more consistent 

with anxiety than depression and may be a marker of anxiety temperament and 

predate specific symptoms [637]. The relationship between depression and anxiety is 

complex but highly related [638]. Amygdala volume decreases may correspond to 

increased fMRI functional activation in PTSD [639] making it possible that 

overactivity precedes eventual atrophy.  It is also possible that the cohort was too 

small and had too few seizures to be representative more generally. The lack of 

hippocampal change and the mild dysthmia is suggestive that this is not the definitive 

study. 

 

A more dimensional attempt looking at depressive diagnoses in a large cohort found 

amygdala reductions in people with dysphoric disorder of epilepsy and a correlation 

between the degree of volume reduction to the core symptoms of dysphoria [516]. 

More recently, it has also emerged that pre existing amygdala enlargement (AE) with 

non-lesional temporal lobe epilepsy may be a distinct nosological entity. A recent 

study explored this further by looking at those with TLE and AE over time, found that 

AE resolved where treatment resulted in seizure control. The AE remained where 

seizure control was not achieved. AE may be a response to trauma. This new 

knowledge suggests that many of the aberrant results in this area may in fact be due to 

the sheer heterogeneity of our subcategories and the relatively different responses in 
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different nosological entities, the stage and severity of illness and the effects of 

treatment [196]. 

 

In this study there is an overall reduction of amygdala volumes in PWE consistent 

with most of the literature but a relative sparing in those with a history of depressive 

symptoms compared to those with epilepsy alone. Like the hippocampal changes, this 

is most prominent in non-lesional subjects and not apparent in MTLE. Only some of 

these differences are consistently statistically significant.  

 

Increased emotional processing due to dysthymia may increase blood flow in the 

amygdalae specifically [204]. The key role of the amygdalae in frontotemporal 

networks and limbic emotional processing supports the possibility that increased 

emotional processing would require additional functional reserve in the amygdalae, 

especially where hippocampi may have less reserve to respond. Other potential 

hypotheses include that the increase in size reflects an increase in neural connections 

via proliferation as an adaptive overgrowth response to repetitive trauma of seizures 

plus neurotoxic effects of psychiatric disorders or a redistribution of brain function or 

resources to cope with the evolving mental illness. Enlargement could reflect poorer 

metabolic functioning with greater inflammation and localised oedema or that mental 

illness is a result of abnormally developing amygdalae in early life with altered 

connectivity in frontotemporal  circuits resulting in greater connectivity in amygdalae 

instead of hippocampi. There may yet be a common underlying abnormality that 

predisposes to both epilepsy and psychiatric illness. 

 

This data does not suggest that relative sparing is amygdalae specific. Rather both 

hippocampi and amygdalae in depressed non-lesional subjects appear to have 

relatively less reduced volumes. Neither have volumes in any way equivalent to 

normal controls, implying that the inherent damage due to epilepsy is primary.  

 

The global nature of the patterns across epilepsy subtypes even on contralateral sides 

of the brain to epileptic foci suggest that there is a holistic response to depression 

rather than the more localised effects of epilepsy. This cohort given the severity data 

would have high rates of generalisation and whole brain seizure activity. Perhaps the 
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global impact of epilepsy represents the chronicity of the cohort. More studies need to 

be undertaken looking at adjacent structures. 

 

It is commonly believed that stress can be a trigger for depression, anxiety and 

seizures. The likely mechanism for this link is through the effects of the 

hypothalamic-pituitary-adrenal axis (HPA) axis. Both depression and epilepsy have 

been associated with dysregulation of the HPA axis. There is evidence that 

hypercortisolemia has adverse effects on the structure and function of the 

hippocampus and amygdala and it is hypothesized that chronic stress contributes to a 

range of pathological neural responses [640]. The bidirectional relationship between 

epilepsy and depression [79] may be as simple as the fact that both conditions 

contribute to dysregulation of the HPA axis. The link between the HPA axis and our 

findings is difficult to quantify. Given what is known about the likely impacts of both 

epilepsy and stress on temporal lobe volumes, it could be expected that subjects with 

both would have additive reductions in temporal lobe volumes. However this pattern 

is not seen, suggesting a more complex relationship. 

 

The hippocampus and amygdala are key components of stress circuitry but they do 

not have the same functions within this framework. In fact, on a simplistic 

understanding, they have competing functions. The hippocampi and amygdalae are 

involved in feedback loops between the body and the mind generally and as part of 

the initiation of the fight or flight response. The hippocampus and prefrontal cortex 

primarily inhibit the activity of the HPA axis and act to reduce arousal via feedback to 

the hypothalamus and pituitary. If the hippocampal feedback is not received, the HPA 

axis will be more stimulated, although the system is far more multifaceted than this. 

The amygdala however acts as a direct pathway to the frontal lobes as well as 

activating glucocorticoid secretion. It acts as an alarm centre for the brain, initiating 

the cascade of responses to fear. The limbic regions of the brain have high 

concentrations of glucocorticoid and mineralocorticoid receptors and are inevitably 

affected by any changes in circulating glucocorticoids.  High dose cortisol is well 

documented to damage nerve cells in animals, especially those in the hippocampus 

which are uniquely vulnerable due to their capacity for neurogenesis [641]. Animal 

research describes both generative and destructive roles for cortisol in the brain and 

there is a growing area of knowledge trying to make sense of how the association 
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between chronic stress, mental illness and temporal lobe structure and function 

changes with HPA axis responsivity [642].  

 

Localised inflammation may be a component of atrophy. Experimental studies in 

rodents show that inflammatory reactions in the brain can enhance neuronal 

excitability, impair cell survival, and increase the permeability of the blood-brain 

barrier to blood-borne molecules and cells [542]. This potentially increases the 

amount of cells and fluid at the site sufficient for macroscopic detection during the 

period of inflammation. Resolution may result in return to original volumes or in 

some, underlying damaged atrophic tissue. This could be consistent with our data 

showing a range of volumetric changes in PWE and the different patterns seen in the 

MTLE cohort. 

 

It may be that the size of the temporal structures changes more dynamically under 

stress than recognised. The neurodevelopmental timing of stress may be important. 

The confusing amygdalae volume literature may reflect differences in timing of the 

collection of images over the course of either a stressful period of mental illness or a 

lifetime of coping with stress. Early life stress may result in a different response to 

subsequent stressors. Early life stress is well documented to predispose older children 

and adults to more reactive stress responses [643, 644]. Increased epileptogenesis is 

now documented in epilepsy stress animal studies [165, 645]. Similar relationships 

between stress and epilepsy are also emerging in adults but this data on resilience, 

early life experiences and current stressors is not entirely consistent [554, 646, 647]. It 

does however provide a possible explanation for why cross sectional cohorts may 

show inconsistent volumetric changes depending on the nature of the individual’s 

developmental trajectory and the differential responses to both stress and seizures. 

 

This is a relatively severe cohort undergoing review generally for poor seizure 

control. This cohort is likely to be a mixture of those with previous seizure control, 

those with recurrent periods of poor seizure control and those with chronic disability 

and impairment. From clinical experience with this cohort, there will be low numbers 

of individuals early in their epilepsy trajectory and the majority has some degree of 

chronic functional or social impairment. Those with early onset epilepsy or good 

seizure control do not routinely get admitted to hospital and are generally well 
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managed in outpatient settings. Perhaps the exacerbation of stress in middle age, year 

post onset of epilepsy has a different impact on temporal lobes than stress at other 

developmental times. Perhaps those in mid trajectory have less resilient temporal 

lobes, balanced against the expected variations in individual responses to stress. Less 

reserve may result in a greater likelihood of exceeding capacity to respond to 

increased metabolic demand for emotional processing. At the same time, it may be 

that the inflammatory response is different or impaired by previous damage.  More 

scarred temporal lobes may not respond in the same way as those without damage. 

The evidence that non-lesional subjects have greater temporal lobe sparing with 

depression than those with more atrophied temporal lobes, for whom such an adaptive 

response may not be possible, would support this.  

 

Fundamentally the data in this study reflects the known associations with 

hippocampal reductions in both epilepsy and depression. However it highlights global 

sparing of temporal lobe structures in people with depression and epilepsy relative to 

people with epilepsy alone. This suggests that there may be underlying responses to 

mental illness in people with epilepsy that are additional to the impacts of seizures. 

 

10.4 The imaging relationships between psychosis and epilepsy 

 

The study of the psychoses of epilepsy is generally limited by the relatively small 

number of subjects in studies, the difficulty in identifying them clinically and 

engaging them for research and then the challenge of assessing them with enough 

specificity that the information can be meaningfully analysed. The intention was to 

use this large cohort to identify sufficient subjects to explore potential associated 

brain changes with the intention of clarifying some of the hypotheses regarding the 

aetiopathology of this comorbid condition. Despite the 11 year time span, the POE 

cohort identified in this study was still relatively small.  

 

This study utilised both cross sectional and prospective recall to identify suitable 

subjects and create an enriched sample for investigation. It remains likely that the 

identified cohort still represents a subset of those who developed psychotic symptoms 

alongside epilepsy.  This is for a number of reasons. Milder presentations may not be 

well recognised clinically. Most assessments were one off clinical assessments during 
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a 5 day inpatient stay. Psychotic symptoms occurring prior to the admission may not 

have been recognized and reported by the subjects. Of those that potentially 

developed post discharge, there is only a small chance that they either sort medical 

help or consented to a prospective assessment. In seeking participants it was apparent 

that several subjects with long standing mental health histories did not consent to 

follow up and were not captured by the baseline review. The recognised natural 

history with development of POE over time suggests that some of these subjects may 

have or be going to develop psychosis in the future.  

 

Nevertheless, all clinical studies are limited by identification and this cohort was 

obtained in a more modern but similar manner to the original large cohort studied by 

Slater and Beard [31]. This cohort has more comprehensive epilepsy and psychiatric 

diagnostic approaches than the earlier study. Like the cross sectional depressive 

analyses, this POE cohort were age, gender and epilepsy matched to equivalent 

cohorts of people with epilepsy but no psychiatric disorder (PWENP) and normal 

controls (NC). This means prevalence rates cannot be compared between groups but 

differences in volumes reflect between psychiatric diagnosis differences. The cohort 

assembled had a history of psychotic symptoms sufficient to interfere with 

functioning but they were not necessarily psychotic at the time of imaging. 

 

This analysis found similar psychosis presentation time frames relative to epilepsy 

onset as Slater and Beard [31]. They reported a mean onset of psychosis at 29.8 years 

with a mean duration of epilepsy of 14.1 years at that time. For this cohort, the mean 

age of onset of psychosis was 25.55 years (n=11, range 13-50, SD 12.36) and the 

mean duration of epilepsy when the patient became psychotic was 13.45 years (n=11, 

range -9 to 39, SD 14.7). These ages are surprisingly similar considering the mean age 

of onset of schizophrenia is 18 in men and 25 in women which should be closer to 

21.5 years in our evenly split cohort. The consistently older age of onset of POE is 

evidence for it being a distinct form of psychosis. 

 

The severity estimates for this cohort are more limited than for other cohorts with 

only half the POE subjects having clinical data that would allow an estimate of 

severity or duration. This is likely a reflection of the difficulties in clinical 

engagement in people living with psychosis. However there were no statistical 
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difference between groups and the consistency between our data and the original 

study by Slater and Beard, is supportive that this cohort is representative and 

comparable to other tertiary centre cohorts. 

 

This cohort had 50% MTLE and lower percentages of the other epilepsy subtypes. 

Clinically, no new factor emerges to potentially explain the development of POE in 

this cohort. Importantly there is no specific association between temporal lobe 

epilepsy and POE. There appears to be no impact from epilepsy subtype, whether the 

foci is temporal or extratemporal nor from the laterality of focal site. The percentage 

of TLE in this cohort was 76%. In the discussion broadly in the literature this could be 

seen as evidence for the uniqueness of the temporal lobe. In a more recent study by 

Kanemoto [249] the percentages of TLE in collated psychosis groups has been 

offered as evidence of a special relationship between TLE and psychosis. However 

this ignores the relative rates of TLE in the epilepsy population generally (about 2/3 

depending on selection site, higher in more treatment resistant tertiary cohorts than 

community samples [648]) and does not acknowledge that many of these cohorts 

were collected in services that would have enriched TLE cohorts due to being tertiary 

centres where treatment resistance is addressed. The natural history of MTS over time 

with the development of treatment resistance compared to other forms of epilepsy 

means that hospital samples will be enriched for TLE. The percentage of TLE in a 

cohort alone can be used to estimate the naturally occurring rates compared to other 

epilepsy types if there is a possibility that other epilepsy types either are not relatively 

present in the cohorts selected and if TLE is the generally the most common form of 

epilepsy. Figure 78 is based on similar ones by Trimble [649] and Kanemoto [249]. 

The percentage of TLE in POE cohorts differs widely but the majority of data in the 

studies is based on highly enriched cohorts of help seeking people many of whom 

have medically refractory epilepsy. As TLE is more likely to progress than other 

epilepsies [12], and certainly than generalised epilepsy, treatment resistant cohorts 

will have high rates of TLE and will be systematically medically reviewed looking for 

treatable comorbidities. The chance that POE will be recognised in help seeking 

cohorts is far higher than for those in the community generally. 
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Figure 80. Incidence of TLE in POE (Studies in English) 

Lead 

author 

Year n % TLE Cohort derived from: 

Gastaut 1956 83 63 Marseilles Hospital Neurobiological 

Laboratories 

Bartlet 1957 8 88% Bethlehem Royal and Royal Maudsley 

Hospitals 

Slater and 

Beard 

1963 69 80% Maudsley Hospital 

Bruens 1971 16 94% Dutch Hospital 

Shukla 1979 14 79% Epilepsy clinic, Banaras Hindu 

University  

Perez and 

Trimble 

1980 24 71% Epilepsy clinic, Queens Square 

Parnas 1982 29 86% Epileptic hospital for those requiring 

chronic care 

Garryfallos 1988 9 100% Multiple sources: University Neurology 

clinic 

Epilepsy centre at psychiatric hospital  

Neurology private practice 

Adachi 2000 246 65% Multiple Tokyo University hospitals 

with epilepsy centres 

Kanemoto 2001 132 56% Kansai Regional Epilepsy Centre 

Matsuura 2004 58 53% Multiple Tokyo University hospitals 

with epilepsy centres and a psychiatric 

clinic 

Qin 2005 2.27 

million 

(epilepsy 

subtype 

unclassified 

in 2/3) 

27% 

(but lots of missing 

epilepsy data, 180 

POE cases with 

unknown epilepsy 

diagnosis) 

Whole population of Denmark 
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In a review article [249], looking for evidence that POE is more common in people 

with TLE than other epilepsies, only two sets of significant data out of seven studies 

could be identified. These studies were older with a high likelihood of more 

heterogeneous diagnostic groups. These positive papers both report especially high 

incidences of POE in TLE, 14% and 18% respectively and only 4% in FE or GE. The 

18% study is so old epilepsy was diagnosed using skull X-rays and compares rates to 

GE [228]. Another study [269] suggests POE is statistically more common in GE, 

although it is likely the GE cohort consists of all secondarily generalised seizures, and 

this includes a large number of focal epilepsies.  

 

The 14% study was undertaken by the review authors and is a large modern era study 

that compared 132 POE with 2773 epilepsy outpatients [324]. The POE numbers are 

relatively high and the multiple hypotheses are tested with modifications for small 

numbers. This study actually has quite a low rate of TLE compared to most tertiary 

epilepsy centres, 455 of 2773 (74 of whom had POE) but 732 do not have determined 

epilepsy subtypes (11 of whom had POE). In addition, the POE clinical presentations 

are not comparable to this thesis cohort. Over 50% of POE subjects in the Kanemoto 

cohort had no recurrence of psychotic symptoms and many had brief primary 

episodes lasting less than 6 months. This is not characteristic of the POE subjects seen 

clinically in this thesis, the high majority of who had chronic relapsing psychotic 

illnesses. This suggests that there are cultural differences in terms of presentation to 

epilepsy clinics in Japan compared to other modern medical nations amongst the 

known differences in health systems. In Japan stable epilepsy clients are more likely 

to be seen in the clinic than in other countries with more comprehensive primary care 

medical services. It is also likely that the Japanese comprehensive assessment system 

(which is not thoroughly described in this article) is detecting earlier and briefer 

psychotic symptoms, potentially by increased clinical screening using diagnostic 

tools. They describe DSM IV diagnoses which most epilepsy centres would not be 

able to produce for a retrospective file review unless the SCID diagnostic tool was 

part of normal clinical care. This may account for the especially high prevalence of 

psychosis in the study. There are many good reasons clinically why using a rigid 

diagnostic tool may not be indicated or helpful clinically. Briefer psychotic 
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experiences are more likely to be ictal and hence greater numbers may be found in 

TLE as the temporal lobes produce these types of symptoms ictally. Taken together 

this data is insufficient to confirm a true difference. 

 

Qualitative analysis of the clinical psychopathology of POE cohorts suggests that 

there may be two types of POE: schizophrenia-like and other (commonly with more 

normal affect, briefer episodes and possible mood symptoms). It is also possible that 

there is a third co-occurring pure affective group but the numbers are insufficient to 

establish this. Some have suggested that POE can be divided into epilepsy related 

POE and coexisting schizophrenia, although it is hard to see evidence for this in the 

cohort we had. All of them presented with chronic illness, just under half had had pre-

existing PIP and the types of positive symptoms did not fall neatly into distinct 

subcohorts. The lack of common first rank schneiderian symptoms does support the 

idea that psychosis in epilepsy is distinct from schizophrenia as formally historically 

diagnosed. Even those subjects who fell into a schizophrenia-like category with 

persecutory delusions often had lower levels of identifiable negative symptoms. This 

is in keeping with previous work, which specifically identified a lower incidence of 

negative symptoms in people with POE [650]. 

 

The high rate of clinically noted borderline or low IQ does suggest that the POE 

cohort is a poorer functioning group cognitively. This is in keeping with the chronic 

nature of most of the psychotic presentations and the severity of epilepsy in the 

cohort. Cognitive impairment identified in clinical notes suggests chronic and 

reasonably significant impairment rather than the more subtle cognitive impairments 

that develop over time in PWE, nor the types of low-grade impairment characteristic 

of longstanding schizophrenia. The latter two may be suspected clinically but 

generally require cognitive testing to identify and document severity. IQ detectable at 

clinical interview has generally previously been formally diagnosed and is substantial. 

IQs less than 70 that would fall into the intellectual disability range are generally 

clinically detectable whereas milder cognitive impairments are harder to detect at one 

off clinical interview.  

 

Cognitive impairment may be a risk factor for psychosis. The rates of mental illness 

in people with low IQ are reported to be higher [651, 652]. This relationship may be 
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due to underlying genetic or neuroanatomical impairment, additional impacts of 

psychosocial stress or difficulties help seeking early with a pre-existing intellectual 

disability. It is possible that more limited ways of interpreting the world or cognitive 

rigidity are risk components for developing unusual or paranoid beliefs. Cognitive 

impairment could also be a result of psychosis [653] or it could be a co morbid 

outcome of the underlying issues that contribute to both epilepsy and psychosis. For 

example damaged neurons and networks may be associated with epileptic foci, 

misinterpreting and cognitive slowness. The nature of this relationship remains 

speculative in the literature at this time. However in this context, it is suggestive that 

the cohort reflects its tertiary site and has significant and enduring cognitive issues. 

This may mean that conclusions drawn from this data are not fully transferable to 

PWE in the community and reflect late end stage outcomes of having severe epilepsy 

over time. 

 

Imaging data in both epilepsy and schizophrenia literatures routinely describe reduced 

volumes for both hippocampi and amygdalae. It could be predicted then that those 

with POE would have additive impacts and additional reductions in volume. In fact in 

this study, POE and PWE have quite similar mean volumes across all 4 structures, 

suggesting any cumulative reductions from psychosis and seizures are not identifiable 

at the population level. If anything psychosis is volume sparing. Counter intuitively, 

this data demonstrates a non-statistically significant pattern of reduced or neutral 

hippocampi and relatively larger amygdalae in POE compared to PWENP, especially 

ipsilateral. This pattern is more in line with an affective psychosis picture and 

supports previous studies suggesting amygdalae volume increases in POE[513]. It 

supports again the idea that POE is a distinct clinical entity. 

 

Several alternate comparisons of this data have been undertaken in an attempt to 

reduce heterogeneity in different ways as it remains unclear how distinct both the 

epileptic and psychiatric diagnostic categories are. It may be that some psychosis is 

independent of comorbid epilepsy and some related to it. In all comparisons, PWE 

and POE are closer in volume size than either is to NC and in nearly all cases there is 

significance only between NC and both PWENP and POE but not between POE and 

PWENP. Epilepsy is the factor that appears to have the greatest impact on temporal 

lobe volume size.  
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In many comparisons, the POE group has slightly larger amygdalae lobe volumes 

than the PWENP group suggesting a volume sparing impact of both psychosis and 

epilepsy, albeit less than for depression. POE ipsilateral hippocampi are generally the 

closest in size to PWENP hippocampi or, in the cohort without MTLE, smaller than 

PWENP. Potentially this is because the neuropathological impact of the MTS has 

already reduced the ipsilateral hippocampi to a minimum for that subject. 

Contralateral hippocampi are smaller across the board for POE than for PWENP, and 

both are significantly smaller than for NC. The impact of psychosis appears to spare 

both amygdalae but has negative impact on the contralateral hippocampi. If the major 

neuropathological insult of the impact of seizures is localised focally but psychosis 

impacts more globally, this would be consistent with the contralateral hippocampi 

demonstrating additional reduction with psychosis and preservation bilaterally of the 

amygdalae. This would be in keeping with the bilateral hippocampal specific impact 

of psychosis in the schizophrenia literature and the preservation or enlargement of the 

amygdala in the POE literature. 

 

Epilepsy alone reduces hippocampi on the ipsilateral side preferentially. However, 

lesser global impacts of epilepsy in this study can be seen, with bilateral reductions in 

hippocampal volumes compared to NC regardless of the way in which the data is 

analysed. In comparison, the relative negative impact of psychosis appears to be 

greater on the contralateral hippocampal side. The cumulative reduction of 

contralateral hippocampi in POE compared to PWENP becomes more apparent when 

epilepsy with known temporal volume reductions (MTLE) are excluded. Removal of 

the MTLE group does not affect the mean volumes of the POE group not the overall 

significance of between group differences but does change the mean volumes of the 

PWENP cohort, making their volumes closer to the NCs. This results in non-

significant differences between the specific subgroups whilst retaining significance 

overall. Perhaps this reveals the consistent impact of psychosis but the variable impact 

of different epilepsy pathologies. 

 

There are previous reports of larger amygdalae in POE but not hippocampi[513]. This 

pattern of impact of psychosis on amygdala volumes is also seen in this data and is 

greatest on the contralateral side. It may be that the impact of seizures is not wholly 
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localised to the hippocampi and has some lesser impact on the ipsilateral amygdalae 

too.  

 

This impact of POE is unlikely to be due predominantly to the impact of pure 

affective psychoses as our numbers of these are very small and the clinical qualitative 

data does not suggest underlying affective states. Whilst the psychotic 

symptomatology has been collected clinically, it was undertaken for the purpose of 

accurate psychiatric diagnosis and for the purposes of treatment planning. Due 

consideration of any affective symptoms is likely as these would alter psychiatric 

treatment plans. Given the high levels of positive psychotic symptoms and especially 

underlying paranoia, I feel confident that the predominant features of POE were not 

affective in this cohort, although some atypical dysphoric symptoms cannot be 

excluded. This supports the idea that POE in this cohort is a unique entity and not 

pathologically equivalent to schizophrenia. Whilst individuals within the cohort may 

have a more classical schizophrenia neuropathological impact, the majority shows 

both hippocampal volume loss and relative amygdala increases.  

 

The Tebartz van Elst study is of equivalent size to this study with 26 POE subjects but 

of these, only 11 with chronic psychosis and 15 with PIP [513]. This study found 

between group difference for amygdalae between POE and PWENP as well as with 

NCs. There was no between group variation for hippocampi but the POE group had 

smaller total brain volumes. Of note they used right and left volumes and did not 

analyse covarying for focal site although there were relatively equal numbers. It is not 

possible to know from the article if the volume loss coincided with seizures ipsilateral 

or contralateral to focal site. In addition, this study has a less severe and less chronic 

psychosis cohort than this thesis. It may be that the initial response to psychosis of 

epilepsy is amygdala enlargement then via increased utilisation, emotional processing 

or inflammatory reaction, is followed over time by reductions in hippocampi and to a 

lesser extent amygdala such that the POE and PWENP groups are much closer in 

volume than normal controls. 

 

The overall pattern with greater contralateral amygdalae in POE compared to PWENP 

may suggest a number of potential mechanisms many equivalent to postulated 

mechanisms for the impact of depression. It is possible that chronic excessive 
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processing or neural activity via seizures enhances blood flow and inflammation to 

the temporal structures. As with the presence of depression, this may be an evolving 

condition and need longitudinal assessment to capture good evidence for evolution 

over time.  

 

It may be that there is long term redistribution of the functions of temporal lobe 

structures resulting from damage caused by focal seizures and associated with 

changes in function on the opposite side of the brain in compensation. It is known that 

this occurs with chronic epilepsy for other functions and is noted on surgical excision 

that some cerebral functions are not affected by excision as expected[654]. Such 

functions are therefore preserved despite resection of their usual biologically 

associated site. How this may be related to the development of psychosis remains 

unclear. It is possible redistribution of function impacts on appropriate allocation of 

salience or impairs the efficiency of emotion regulation and cognitive perception that 

are required for efficient and rational thought. Potentially other sites without the 

unique functions of the temporal lobes are unable to perform some features well 

enough to result in totally normal psychic functioning. Imperfect memory may affect 

salience and lead to paranoia about missing details. Potentially damage to ipsilateral 

temporal lobes puts additional demand onto contralateral sites, especially the 

amygdala which may be less directly affected by seizures than the contralateral 

hippocampi due has large cross hemispheric connections, requiring the contralateral 

amygdala to take on emotional processing and salience roles that it can only 

imperfectly provide due to natural resource limitations, resulting in increases in size 

whilst at the same time partial failures in these tasks. 

 

Fundamentally this data reflects the known associations with hippocampal reductions 

in both epilepsy and psychosis and the associated cognitive deficits. However it 

highlights relative sparing, particularly of the contralateral amygdalae that is in 

keeping with other published data in a less severe cohort. The relative sparing in POE 

suggests that there may be underlying distinct pathological processes occurring here 

that cannot be fully explained by known mechanisms. This further supports the idea 

of POE as a distinct condition related to but not defined by both epilepsy and 

schizophrenia. 
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The nature of the relationship between epilepsy and psychosis remains uncertain. 

Whether there is a causal relationship, a shared susceptibility or an underlying 

pathophysiology leading to either clinical presentation remains unknown. Epilepsy 

has been described as a syndrome of sensory-limbic hyperconnection as early as the 

1970s [655]. This is mirrored in the description of schizophrenia as a disturbance of 

frontolimbic connectivity. Seizures and trauma in the temporal lobes variably situated 

for each individual depending on the exact focal site, may well interfere with different 

frontotemporal pathways through the amygdala, resulting in a unique pattern of 

damage to each individual and potentially differential clinical presentations depending 

on the degree and site of impairment in those pathways. It is likely that there are a 

variety of pathologies leading to a final common pathway. It is also likely that the 

trauma of epilepsy results in a unique signature for each subject and that the clinical 

manifestations are an echo of the underlying and unique damage to each brain, 

making between group comparisons confusing and flawed in terms of making overall 

global conclusions. 

 

The various neurodevelopmental models for the development of schizophrenia are 

difficult to address with the data obtained in this thesis. The associations with the 

kindling of the VTA leading to surround inhibition with increased dopaminergic drive 

may well co exist with changes to the frontotemporal limbic system connectivity and 

be reflected in increased amygdala processing and size. The latency period between 

underlying abnormal development and then clinical presentation of psychosis is 

analogous to the situation in POE where there is latency between the traumatic effects 

of seizures, occurring over time and contributing to the clinical presentation 15 years 

later.   This suggests a picture of increasing neural demands over time until reserve is 

exhausted and then subsequent impairment in brain functioning at the point of 

exhaustion, many years after the initial trauma or need for adaptation. 

 

Possible other specific exacerbating mechanisms for psychosis in focal epilepsy 

which may tip the balance to impaired functioning include the side effects of 

antiepileptic drugs (AEDs), prior specific or additional global brain damage early in 

development or during the course of illness, propagation of seizure activity to distant 

sites over time with cumulative kindling effects, ongoing deep ictal activity not 

detected with scalp electrodes adding to cumulative traumatic or functional load and 
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later specific brain damage due to the traumatic effects of seizures. None of these can 

be specifically addressed in this study and will require prospective data collection and 

functional imaging studies. 

 

In general it is accepted that psychosis, while a possible side effect of AEDs, is 

unlikely to be primarily due to the effects of medication in the majority of cases. 

Studies have looked at other possible factors including folate deficiency, but to date 

this data is inconclusive [656] and insufficient to explain the prevalence. Only a 

subgroup of patients develops psychosis in temporal relationship to the 

commencement of AED and most recover when that medication is removed. A small 

subset clinically has recurrences but most do not become chronic [657]. Potentially 

those with AED related psychotic symptoms had less cerebral reserve and the 

medication effects extended beyond that reserve for the period of use.  

 

The potential for organic damage to underlie the epiphenomena of epilepsy and 

psychosis is supported by the similarity of metabolic findings affecting the same parts 

of the limbic system in both conditions independently and the data in this study 

linking psychotic symptoms to temporal lobe structural change. This links with the 

data on direct stimulation of parts of the temporal lobes leading to psychotic like 

experiences[370] and data showing psychotic subjects have more clinical evidence of 

cognitive impairment than PWE in this study and more generally [658]. 

 

In terms of our data, it is hard to relate the changes seen in psychotic patients to any 

of the previously discussed aetiological theories specifically. It is possible that there 

are components of all these neuropathological processes occurring at once, each 

contributing a relative risk for psychosis. Our data suggests that the greatest impacts 

are related to seizures in the ipsilateral hippocampi in terms of volume reduction due 

primarily to epilepsy rather than to psychosis. However contralaterally, the 

hippocampi are less reduced and in both amygdalae there is a pattern, more prominent 

in the non-MTLE group for psychosis to be relatively amygdalae sparing.  

 

This is in a severe and chronic cohort who has had epilepsy for many years at 

imaging. This may mean that the degree of damage over time represents epileptic 

chronicity. Generally the period of psychosis was short in this cohort at the time of 
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imaging. Any impact from psychosis has only been present for around five years 

rather than the approximately twenty year impact from epilepsy. It is therefore 

understandable that the greater impact on volumes appears to be related to the impact 

of epilepsy such that POE and PWENP have almost equivalent temporal lobe 

structure volumes. However the clear pattern of relative sparing, plus the supportive 

literature, do suggest that there is an additional and perhaps more global impact from 

psychosis and that this affects not only the hippocampi bilaterally as seen in the 

schizophrenia literature, but also the amygdalae. The preservation of amygdala may 

be less in this cohort than in other literature because our cohort has both longer 

epilepsy and psychosis periods and all of them had a chronic interictal psychosis form 

of POE. It is possible that volumes may fluctuate over the trajectory of illness.  

 

The pattern of response in this chronic cohort combined with the functional data 

supports the idea that psychosis in epilepsy is likely to be related to seizures because 

it has a preferential impact on local and adjacent structures, has a broader impact in 

the extended local area and may well be associated with a range of localised 

inhibitory neurochemical, neuroendocrine and receptor changes as well as interfering 

in the balance of dopaminergic transmission and frontotemporal circuits. In short, a 

final common pathway of multiple brain dysfunctions, worsened by clusters of 

seizures that do not allow homeostatic balance to be restored, resulting over time in 

neuropathological visible changes in size to the sites in the brain most sensitive to 

damage, most likely to initiate seizures, but also most needed to function well to 

avoid psychotic symptoms from developing. Psychosis may be as simple as a 

common end presentation of a series of events leading to frontotemporal 

disconnectivity.  

 

Frontal disconnectivity may develop from any interference to or functional 

disconnection of adjacent cortical regions and possibly abnormal potentiation of some 

pathways such as dopaminergic ones, over others providing unbalanced input. In the 

same way as depression appears to be less common in those with more severe 

atrophy, it is likely that an imbalance in these circuits is required for psychotic 

symptoms rather than the absence of them. Interference in some but not all of the 

circuits between the temporal and frontal lobe may present in clinically diverse ways. 

For example damage to circuits that enable a theory of mind and sense of self may 
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lead to an increase in alienation from self generated ideas. Delusions of control may 

take different forms depending on the individual experience of the person, the degree 

of damage and the geography of the damage in relation to the sub components that 

generally allow us to recognise out thoughts as our own. 

 

The relationship between the medical diagnosis of focal epilepsy and the development 

of psychosis remains complex and likely to have risks at many levels of function, 

from the genetic to the cellular, to circuits and connections between brain regions. It 

is likely to be a multifactorial process with neurodevelopmental, environmental and 

psychological processes resulting in the heterogeneous development of abnormal 

mental states and complicated by the symptoms of seizures, effects of treatment and 

psychosocial milieu. This data confirms a focus on the limbic system and suggests 

that the neuropathological changes may be variable depending on the trajectory of 

illness and developmental stage of impact. 

 

10.5 The longitudinal impact of epilepsy on temporal lobe volumes 

 

Existing data suggests that MTLE is likely to be progressive, but there is insufficient 

data to draw similar conclusions for other types of focal epilepsy [17]. Although the 

literature on MTLE is very complex and it is difficult to draw a clear working 

causative model, it is recognized that there is likely to be a multi stepped progression 

towards poorer seizure control. Seizures may be the clinical expression of an 

underlying disease process. Seizures themselves may create ongoing cerebral insult, 

resulting in changes in structure and function over time [41]. The literature report that 

those with MTS have higher rates of childhood febrile convulsions though the nature 

of the relationship is uncertain. They may be an early traumatic precipitant or 

epiphenomena of underlying biological abnormality [659].  

 

Current expert opinion tends to conclude that in some individual patients over time 

progression may occur but that this is not an inevitable outcome [49, 591, 659]. 

Population based studies over time do not document volume changes [576]. But there 

is a range of more individual data that describes volume change over time.  The 

following support the trauma hypothesis: case series describing progression over time, 

from childhood febrile convulsion with early signs of hippocampal change [221, 582, 
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660, 661], animal data showing damage from status epilpeticus [16, 56], human case 

series [46, 584, 662-664] to longitudinal studies [665] and functional studies [666]. 

The case series literature suggests that more severe prolonged seizures may have the 

capacity to cause macroscopic change on an individual level. Documented temporal 

lobe swelling over months in individuals occurs with the subsequent development of 

MTS post severe seizure episodes [56, 575, 584, 591, 616, 626, 667].  

 

On of the potential reasons why progression remains unconfirmed is that it is ethically 

difficult to observe the natural history of epilepsy without treatment. Those presenting 

with poor seizure control generally receive multiple treatments until seizure control is 

established. The untreated tend not to be in contact with medical services and do not 

submit clinically for repeated MRIs. Differences due to psychiatric heterogeneity may 

contribute to difficulties identifying volumetric differences between psychiatric 

subtypes seen here, and in the literature more broadly. In particular, it is clear that 

some PWE present with atypical psychiatric symptoms, for both depression and 

psychosis. If the cohorts have differing aetiological processes between the atypical 

and typical psychiatric presentations, then this could account for difficulties 

identifying differences in volumetric change by psychiatric diagnosis. For example 

the POE groups analysed in this cohort may have had different ratios of SLPE/non-

SLPE compared to other cohorts published in the literature.  If those with non-SLPE 

have a more affective aetiology, then the affects on temporal lobe volumes may be 

more similar to those seen with depressive symptoms. Likewise in depression, those 

with IDD may or may not present in similar ways to those with more typical 

symptoms of depression. 

 

In addition the tools of population level analyses such as MANOVA do not detect 

individual variation but compare means over time between groups. These would only 

document population progression if the majority of subjects in this cohort at the same 

point in disease progression changed volume in the same direction. One hypothesis is 

that that pathological progression occurs only in a stepwise fashion at unpredictable 

intervals due to severe seizure events.  If the subjects in a specific cohort are at 

different stages with respect to seizures or seizure control or very different stages in 

disease progression and more change is likely at different stages, then population-
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based studies will not identify a cohort change. This does not prevent that significant 

change may have occurred at an individual level. 

 

The data in this thesis does not provide convincing evidence for progressive 

reductions in temporal lobe structures over time in the population of PWE generally. 

There is no statistically significant difference over time for either hippocampi or 

amygdala in any cohort. 3.9 years may not be sufficient duration to see macroscopic 

change visible on imaging. Even comparing means of those with greater between scan 

times, did not detect significant change. In fact, more change was seen between scans 

for subjects who had less than 6 month interscan intervals more consistent with the 

theory that individual change may occur.  

 

This data suggests that temporal lobe volumes in people with epilepsy are reasonably 

stable over time for the majority, at least over a few years when looked at collectively. 

Recurrent seizures do not routinely result in permanent macroscopic change in the 

epilepsy population. At the same time, individual subjects did have short-term 

detectable changes.  This includes both those with MTLE and those with non-lesional 

epilepsies.  

 

Most of this cohort by nature of referral to a tertiary service were in regular 

neurological monitoring, with prescribed antiepileptic medication and would be at 

reduced risk of recurrent or prolonged catastrophic seizure events during the period of 

active medical management. Perhaps the active medical management of this cohort 

makes imaging progression harder to identify. Given the time period for clinical 

progression is decades, the appropriate time frame for data collection required to 

capture population change, may be over several decades. 

 

Despite the lack of demonstrably significant volumetric change, the trends from the 

ANOVA analyses remain of interest in looking for insight into the impact of 

psychiatric disorders in PWE. It is interesting that there is a pattern that consistently 

shows that PWENP have greater volumetric differences from NC than those with 

comorbid mental illness. Overall temporal lobe structures did reduce over time if not 

to a significant degree and not significantly differently between the groups compared. 

This was consistent across all epilepsy subtypes. There was what has been called in 
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other articles relative sparing of volume reductions in those with psychiatric disorders 

[199, 513].  For subjects with depression compared to PWENP, the PWED cohort had 

greater reductions in temporal lobe volume. Over time, those with POE appeared to 

have relative increases in hippocampal size with reductions to amygdalae compared to 

PWENP. This pattern also occurred in those with non-SLPE. Those with SLPE 

showed decreases in all four temporal lobe structures. This supports the idea that 

SLPE and non-SLPE are separate conditions, although the numbers involved in these 

comparisons are too small for any conclusion to be drawn.  

 

It is possible that having a comorbid mental illness may affect the temporal lobe 

structures in similar ways to epilepsy, through trauma or inflammation or increased 

blood flow secondary to increased utilisation via rumination or overthinking. Or 

trauma and inflammation may predispose to mental illness though imperfect neural 

functioning. Or it may be that the cohort with lesser neural damage with slightly less 

volume reduction due to seizures are more likely to present with psychiatric 

symptoms.  Kanner documented more psychiatric illness in those with less severe 

atrophy and has theorized that severe atrophy to the temporal lobes prohibits the 

development of diagnosable mental illness [173]. Partial damage may affect different 

networks differentially, interfering with emotional processing enough to produce 

psychiatric symptoms. In this thesis the psychiatric cohorts do tend to have mildly 

higher temporal lobe volumes than the PWE cohorts. Whilst it is only variably 

significant, it occurs across all analyses. Whilst it could be evidence for the impact of 

over-utilization, it could also be that those with lesser volume reductions due to 

epilepsy are at greater risk of psychiatric disorder. The volumes may then be static 

risk factors rather than ones likely to progress over time. The data in this thesis 

demonstrates only small non-statistically significant patterns with some non-statistical 

change over time and cannot confirm relative sparing through use or pre existing risk 

or elements of both. 

 

This data suggests that those with depression may have relatively more change over 

time that does not align with the idea that depression may result in a relative sparing 

of volume in those with epilepsy and depression. It is possible that baseline MRIs 

were more likely to be taken during periods of more trauma with relative oedema and 

that subsequent scanning demonstrates resolution of that oedema or the progression of 
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atrophy. Subjects are generally admitted for epilepsy investigation at a time of poor 

seizure control, so may be more likely at baseline to have had recent excess seizures. 

 

In order to take into account epilepsy duration and severity, the ANOVAs were 

repeated covarying for time between scans, epilepsy duration and worst seizure 

frequency.  These analyses are limited by the sample size overall and in the sub 

categories. Of those subjects with longitudinal MRIs, there were only 19 subjects with 

available severity and duration of epilepsy data. They were weighted towards those 

with a psychiatric disorder (n=16) perhaps reflecting the clinical practice of more 

fully exploring and documenting details of severity in those with comorbid illness. 

This analysis was also non-significant but shows the same general pattern, with mild 

reductions in volumes over time except for the hippocampi in subjects without a 

psychiatric diagnosis. This data is very limited by its uneven groups and cannot be 

seen as conclusive evidence that the duration of epilepsy or severity does not 

contribute significantly to volume change over time. 

 

In addition to comparing population means, alternative analyses are employed to look 

for evidence that some subjects do have change over time even if the population 

means do not significantly change. Scatter plotted data can demonstrate this 

individual change better than population level analyses. Scatterplot graphs for people 

with epilepsy with and without a history of psychiatric illness suggest at best, mild- 

moderate correlation between baseline and longitudinal hippocampi (R2 = 0.47 CH) 

and poorer correlation for amygdalae (R2=0.27 CH).  There is only low aggregation 

around the goodness of fit line with quite a degree of variance. The wide spread of 

data above and below the line suggest an amount of change in volume not reflected in 

the comparison of means. Change is in either direction. The range of change in some 

subjects, is greater in those with epilepsy than would be expected in normal controls 

considerable in both directions. This would be in keeping with epilepsy as a dynamic 

state affecting macroscopic volume depending on a variety of internal and external, 

biological, psychological and social factors. It may be hypothesised that some severe 

seizures may result in initial volume increases through inflammation that generally 

resolves. But there remains capacity for potentially more chronic reduction over time 

secondary to neural death where inflammation occurs repeatedly within the time 

required for normal healing and recovery. 
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There is potentially too much noise with multiple individual trajectories to see 

evidence for this in the population data. A degree of noise is expected in re tracing a 

different scan even in the normal population due to differential slicing of the brain 

and human tracing error. As the scans were deliberately traced randomly, there should 

be no systematic bias for any one subgroup. With good inter and intra rater reliability 

according to previous published investigations of the control data undertaken by the 

second rater, change should be limited to a range of 5% change/year [495].  

 

Unfortunately I had not collected contemporaneous longitudinal normal control data 

for comparison but this data had been previously collected and analysed by a fellow 

MNC researcher, Dr Stephen Wood [495]. The control group was a subset of a greater 

MNC database, generally collected on the same scanners but a few years earlier. My 

inter rater reliabilities on an MNC datasets against Dr Stephen Wood, were high. 

Longitudinal control data from the greater group has been analysed with a mean time 

between scan interval of 2.2 years and published. This study reports a 5% percentage 

volume change with a mean change close to zero and a small range (approximately 0-

6% left hippocampi and 0-10% right hippocampi) in control normal brains. These 

parameters were determined using the same process from the same lab on the same 

MRIs as my study.  

 

For the purpose of clarifying the degree of change, I analysed the data in the same 

way as Wood, looking at percentage change between the volumes at baseline and 

follow up.  Instead of percentage change per year, I looked at percentage change per 

month. This fitted my data better as some subjects had only brief interscan periods but 

evidence of high change in this time. This in itself is suggestive of a degree of 

potential rapid change. Wood’s data was converted to per month for comparison. The 

percentage change tables demonstrate that there are greater differences in terms of 

range and variance in the epilepsy data than the normal control data. For example, the 

percentage change for mean IH volumes in PWE is only 0.22 with a range of -3.3 to 8 

while Wood’s cohort left hippocampi had a mean of 0.02 with a range from -0.9 to 

0.8. However these differences are not statistically different. There is more variance 

in the amygdala cohort (CA mean percent change 0.5, range  -6 to +34.4) but this 
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could not be compared to the control dataset, as amygdala volumes were not available 

for the control cohort. 

 

The internal comparison did not find evidence for significant differences between 

psychiatric groups (NC, PWED and POE) for percentage change but the variance for 

the epilepsy cohorts remains consistently greater than for normal controls. The PWED 

cohort exhibits the highest variability, with a mean percent volume change of 0.54 

and a range of -4 to +14.2 with a variance of 10 that is far higher than other groups. 

However the lack of statistical significance between means prevents the identification 

of any true difference at population level using this form of analysis.  

 

Both amygdalae have greater variance again in percent volume changes but similar 

mean percent volume changes. This probably represents in part, the additional 

challenges in tracing amygdalae that have been previously recognised. The amygdalae 

itself is easy to trace and its landmarks and boundaries relatively well defined. 

However even in high quality scans there are far fewer slices intersecting the structure 

such that the relationship between the first slice and the start of the amygdala may 

misrepresent the total size in the between slice distance.  

 

It is also possible that amygdalae change size more as a result of their role in the 

emotional processing of fear and trauma. The amygdalae have a unique role in 

kindling and in initiating emotional responses, especially fear [668]. It has also been 

recognised in recent years that there may be a distinct nosological subtype of imaging 

negative temporal lobe epilepsy with amygdalae enlargement [196], potentially 

related to chronic inflammatory processes. It is unknown how many in this study may 

fall into that category and affect the between group comparisons. There are few 

studies looking at amygdalae volume change over time, most documenting functional 

changes [669]. There is limited evidence that the amygdalae is reduced but relatively 

stable in volume over time in anxiety disorders such as PTSD [670], depression and 

bipolar disorders [671, 672].  The point of when amygdalae volume reduction in 

mood subjects occurs is unknown. It may be a pre existing risk factor, a precipitant or 

occur during the early stages of illness as a result of the mood disorder. There is very 

limited normal control data although it is assumed that there is no longitudinal change 

in the amygdalae over time in these studies. There is no data on the range of 
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percentage change over time for the amygdala so it cannot be determined if the 

amount seen in this thesis is reasonable. The evidence from mood disorders makes it 

less likely that amygdala volume variability reflects the increased functional demands 

of emotional processing in this short time frame but cannot fully outrule it. If those 

studied in these early mood papers were later in illness, and volume reductions do 

occur early in illness after a period of change, then it may be stage of illness 

dependent and not be identifiable large cohorts of chronic disorders.  

 

The lack of evidence for change over time in this cohort supports the hypothesis that 

between group differences in volume cross sectionally may be related to either early 

impacts of epilepsy, very slow progression over decades or the underlying pathology 

predisposing to both epilepsy and psychiatric disorders. Volumetric differences may 

pre-exist either condition. The more dramatic changes seen in some subjects with 

evolving MTS may be due to sudden and severe traumatic seizure events but not due 

to the normal impact of seizures. Poor seizure control may increase the likelihood of a 

catastrophic and damaging insult without being intrinsically linked to inevitable 

volumetric changes. 

 

This data suggests that there are idiosyncratic brain changes in PWE even in the span 

of a few years but that overall there is no significant change in volume. The epileptic 

brain is potentially dynamic and any cross sectional review is limited. It may be the 

timing of seizure onset and psychiatric disorders to each other and to other factors that 

determines the impact on the brain. It is possible that frequency of seizures and 

recovery periods are important in terms of pathological adaption. Even for those with 

individual volumetric change, the underlying pathology for this change is not clear. 

Individual volumetric increases may indicate oedema and inflammation but may also 

indicate increased dendritic connections and neurogenesis. Volumetric reductions 

may be due to neuronal loss and atrophy, or resolution of oedema. It is clear that this 

is a complex heterogeneous collection of potential cerebral impacts that are difficult 

to analyse with existing tools and the existing knowledge base.  

 

Taking the baseline and longitudinal data together, these results suggest that there 

may be a relationship between temporal lobe volumes and comorbid psychiatric 

illness but that this may pre exist investigation at the time of admission to a tertiary 
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treatment centre, probably with poor seizure control. Changes may be more related to 

the impact of epilepsy than psychiatric disorder. Disturbance to frontolimbic 

pathways may underlie the comorbidity but require additional investigation. PWE 

alone tend to have smaller temporal lobes potentially supporting the hypothesis that 

atrophy is less associated with psychiatric disorder. Alternatively, those with larger 

temporal lobes have a greater predisposition to psychiatric disorder through other 

mechanisms, potentially abnormal functioning. 

 

What is also apparent is that while the temporal lobes may be intrinsic to the 

development of both epilepsy and mental illness and uniquely seizure and trauma 

prone, it is not necessary for a subject to have a temporal lobe focal site in order to 

present with psychiatric disorder in epilepsy. This may be because the temporal lobes 

are uniquely sensitive and any generalised or even marginally localised seizures are 

likely to rapidly travel to the temporal lobes and cause similar responses than those 

directly originating there. It may also be because the networks in the brain involved in 

the manifestation of psychiatric illness are more global than local and that interruption 

in these in any site will influence frontotemporal and limbic functioning with 

volumetric change predisposing or as a downstream associated effect. 

 

10.6 The longitudinal impact of epilepsy looking at psychiatric and quality of life 

associations�  

 

The data looking at this cohort was another subset of the total cohort. Although all 

comparable subgroups were compared without statistical differences in clinical 

factors, it would have been preferable for all subjects to be able to be included in all 

analyses. Despite extensive efforts over 5 years, only 89 subjects completed a 

prospective assessment. This data has limitations due to the clinical nature of the 

baseline reviews and imaging data and the relatively limited number of prospective 

interviews as a proportion of the total cohort. Alternatively, a study looking at 89 

subjects prospectively is generally considered large and the data obtained in this way 

is both comprehensive, standardised and broad, allowing a good sense of the 

psychiatric impacts on those subjects, keeping in mind that they represent a chronic 

and severe cohort of people with focal epilepsy attending a tertiary treatment centre. 
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Baseline psychiatric assessment data was obtained by file review. All psychiatric 

symptoms sufficient to impair day to day functioning were considered relevant. 

However clinical notes are written for the purpose of communication and were not 

undertaken with the intention of providing a comprehensive diagnostic classification. 

The prospective assessments were comprehensive and involved a full SCID for 

current psychiatric diagnoses and an additional informed clinical interview looking 

for past history and qualitative details regarding the subject’s lived experience of 

epilepsy.  

 

In terms of the representativeness, there is likely to have been some positive bias in 

subjects agreeing to undertake the psychiatric assessment, often some years after their 

initial contact with the service. For those struggling, the opportunity for psychiatric 

input may have been attractive. It may be that the high rates of identified mental 

illness in the longitudinal psychiatric assessment and the significant impact on quality 

of life are the result of self-selection bias. Such individuals had not moved house, 

were organised enough to respond and attend and motivated altruistically to 

participate in research. 

 

Much of this data requires the subject’s accurate recall and as such is a relative 

estimate. There is good evidence that studies based on recall have limitations [673]. 

The thesis findings suggest that the PWE cohort have chronic epilepsy impacting on 

their lives with significant associated psychosocial effects. The overall psychiatric 

assessment of Global Assessment of Functioning (GAF) for both subjects with and 

without epilepsy has means suggestive of ongoing social difficulties with the POE 

group having the lowest value at 52.1 as would be consistent with the impact of 

psychosis in general. However mean GAF scores in a modern study of people with 

schizophrenia were even lower at 32.5, indicating that our cohort may be functioning 

better than a comparable chronic schizophrenia cohort [674]. 

 

The prospective psychiatric data is not statistically different in demographic and 

clinical factors from those analysed in the baseline dataset. There were high rates of 

unemployment suggesting significant impacts on life trajectory. This dataset again 

confirmed an association between non-lesional epilepsy and depression. It failed to 
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confirm any special relationship with seizures originating in the temporal lobe and 

mental illness, nor any relationship with any other epilepsy subtype. 

 

The prospective cohort demonstrate higher rates of psychiatric disorder, either 

evidence for progression over time or greater identification when specifically 

assessing in a standardised manner, or elements of both. This was true for psychiatric 

disorders generally and specifically for depression but not for psychosis. It is likely 

psychosis is more readily identified in clinical assessments due to the prominent and 

bizarre symptoms drawing attention as compared to the ability to diagnose 

depression without asking specific questions. The relative stability of psychosis over 

time suggests that the greater numbers are more likely to be secondary to improved 

quality of assessment.  

 

The atypical clinical presentations of psychiatric disorders in epilepsy are supported 

by the qualitative components of the prospective psychiatric assessments. There was 

no clinical distinction between depressive diagnoses, such that in the final analyses 

included in this thesis, all depressive syndromes were analysed together. There was 

also no clear clinical distinction between SLPE and non-SLPE forms of POE. Both 

had overlapping non-specific clinical symptoms and a tendency to delusions without 

formal thought disorder or disorganization as would be expected with schizophrenia. 

The relationship with obvious cognitive impairment raises speculation about potential 

psychological mechanisms towards delusions that may in some represent partial 

attempts to integrate misunderstood perceptions. 

 

The prospective cohort has significant associated comorbidity and disability. The 

MTLE cohort has a higher GAF and mildly longer duration of illness but these 

differences are not statistically significant. The total cohort has high rates of injury 

due to epilepsy, 35% had at least one injury and 5% had 5 or more injuries. 20% had 

had a car accident potentially due to epilepsy and only 33% were currently driving. 

53% were unemployed and only 27% were in full time employment. These 

demographics suggest severe impacts associated with the diagnosis. In contrast, the 

average GAF is 68 which is only moderately impaired. This suggests that the social 

impacts may be greater than the QOL data suggests. Somehow people to some degree 

adjust to these limitations and manage to subjectively experience reasonable QOL. 
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The overall MANOVA looking for differences between the QOLIE subsets is 

significantly different between the psychiatric categories. The results consistently 

qualitatively support the impact of mental health issues on PWE. Many of the QOLIE 

factors are components of everyday life directly affected by the symptoms of mental 

illness. Social isolation from seizure worry and fear of having a seizure in public may 

clinically be linked to poorer self esteem, lack of interest in others, anhedonia and the 

development of depressed mood and isolating behaviours that both reinforce the 

initial behaviour and decrease the chance of normal functioning. However our 

demographic data suggests that the social differences between PWENP and those 

with psychiatric disorders are clinically relatively minimal. It is also not possible to 

distinguish between those with mental illness and those without on the grounds of the 

social factors we obtained data on, nor on factors related to epilepsy duration and 

severity.  

 

This is at odds with clinical assumptions about psychiatric progression of epilepsy.  

The common clinical scenario is of psychiatric symptoms temporally related to 

seizures or clusters of seizures. The progression literature suggests that mental illness 

may be more likely in those who have had epilepsy for longer [675]. Perhaps the 

results are not supportive because of the limitations of data collection, the reduced 

sample size for which we obtained the severity and duration data or perhaps the 

retrospective nature of the information, even when collected prospectively. In 

addition, we used retrospective estimates for these assessments, recall of the worst 

frequency of seizures per year and duration as known. Or perhaps it suggests that 

epilepsy factors in terms of duration and severity may vary across a population with 

more inter-individual variation than broad investigation of risk factors can identify. If 

the relationship is more complex, such that some people are inherently more 

vulnerable than others due to multifactorial biological, psychological and social 

factors, then for those people, epilepsy duration and severity may be individually 

relevant to the development of mental illness even if not apparent in the population 

overall. 

 

Whilst this dataset is not able to comment on the likelihood of QOL deterioration 

related to neither the onset of mental illness nor the possible alternative relationship, 
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it does highlight the highly correlated relationship between mental illness and poorer 

QOL. It demonstrates a range of factors that are significantly poorer in PWE and 

psychiatric disorders (PWEP). Although causality cannot be determined in this 

dataset, the nature is such that considering the recognised impact of mental illness on 

QOL, the data supports assertively treating mental illness with the aspiration of 

improving QOL.  QOL should be part of holistic routine epilepsy assessment and 

those issues identified, actively addressed. People with psychiatric disorders have 

poorer physical functioning, more pain and health discouragement, more memory 

and language problems, more medication side effects and more social isolation than 

PWENP. The data identifies targets that may have greater impact on QOL for 

management purposes including physical and emotional impacts on roles, energy 

levels, memory issues, seizure worry and social isolation. For these targets, good 

epilepsy management may be able to address physical effects, energy can be affected 

by judicious AED use, good psychiatric care can address emotional impacts and 

potentially seizure anxiety and good social care may address social isolation and 

advocacy, including the response of the outside world. 

 

The data also supports the additional objective impact of POE on QOL, with 

significantly greater and distinct impacts on the GAF. This contrasts with the more 

subjective QOLIE results for this cohort. POE subjects self report relatively higher 

QOLIE ratings across the board than other people with epilepsy and mental illness, 

including a perception of overall health equivalent to the PWE group, despite the 

more objective GAF measure being statistically lower.  This may represent a gap in 

insight related to psychosis and relative lack of self awareness. Prioritising normal 

functioning may be distorted by the illness and preoccupation with other matters. 

Those with psychosis report higher QOLIE values in all components except 

perceived impacts on work, driving and social functioning, language difficulties and 

sexual relationship difficulties. These impacts are reported to be worse by POE 

cohorts compared to the PWED cohort. Attention and concentration and perception 

of the negative effects of medication, POE and PWED perceive as equivalent. POE 

subjects report lesser impacts to perceived changes in health that may be a measure 

of the degree of impact of psychosis on insight. 
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The PWED group report the most limitations on the QOLIE measures generally even 

though overall on the GAF, they are not much more impaired than the PWE. Whilst 

PWE have impairments, these are subjectively worse if you also have depression. 

Depression exacerbates perception of poorer QOL even where functioning is 

indistinguishable more objectively from others in similar medical circumstances. 

This highlights the need to assess proactively for depression as this significantly 

influences experience of epilepsy and self report. Objective review may not reveal 

the extent of the QOL impact or the impact symptoms have on day to day 

functioning. Identifying and treating depression in this cohort may have higher value 

gains subjectively than other treatments. 

 

The self report of higher lifetime AED use in PWENP is surprising, given that the 

impact of mental illness may be alleviated with seizure control. Seizure control is 

generally first line therapy for psychiatric illness in PWE and it would be expected 

that the cohort with psychiatric disorders would have trialed more medications to 

address this important aspect of management. It is not clear if lower AED use 

precedes the development of psychiatric disorder or is a result of it. Potentially 

poorer seizure control through less proactive epilepsy management predisposes to 

psychiatric illness. Alternatively lower rates of AEDs in PWEP may simply reflect 

limitations in engagement in this cohort, lack of proactive management due to 

specialist perceptions or the impact of mental illness on proactive seeking of medical 

management. Those with psychiatric disorders may have less contact with the 

medical system due to lack of motivation or organisation, resulting in fewer trials of 

medications. Additional medication trials may have reduced their rates of mental 

illness. It is possible that this group are more challenging for treating clinicians and 

as a result are less encouraged to return frequently due to unconscious biases.  

 

There is no difference between psychiatric groups for duration of epilepsy. Taken in 

keeping with the consistent lack of relationship with duration across the whole study, 

this is suggestive that duration of illness in epilepsy may not be a relevant factor in 

the development of psychiatric illness at a population level. However, this may 

reflect the nature of the cohort, being a treatment resistant group with similar 

durations of illness in all groups related to the clinical point at which admission was 

indicated, generally at the point of poor seizure control. If poor seizure control is a 
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component of risk for the development of a psychiatric illness, then this should 

enrich the cohort with those with mental illness without necessarily impacting on the 

duration of illness data if duration is related to factors found equally across groups. It 

does not outrule that progression psychiatrically may occur over time and may still 

be affected by seizure control. 
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10.7 Discussion Summary 

 

Whilst this thesis covers a broad range of factors looking at the relationships between 

focal epilepsy and psychiatric disorders, it raises more questions than it can answer. 

This is a large study with a well diagnosed cohort and has a high rate of clinical and 

imaging data to utilize. It has the largest prospective epilepsy cohort assessed 

comprehensively for psychiatric disorder and reveals a very high rate of mental 

illness in this chronic epilepsy cohort. 

 

The thesis confirms that there is no relationship between psychiatric illness in focal 

epilepsy and the focal site or laterality. It does find a relationship for lesion status, 

with non-lesional epilepsy being more likely to be associated with depression in both 

the baseline and prospective cohorts.  

 

The imaging data suggests that there are patterns of small differences between those 

with psychiatric illness and hippocampal and amygdala volumes in those with 

epilepsy, but that the impact of epilepsy on temporal lobe volume is primary. 

Although these changes are not consistently statistically significant, there is a 

recurrent pattern of relative temporal lobe structure sparing for subjects with 

depression seen in all cohorts except those with MTS. In psychosis, contralateral 

hippocampal volumes are reduced suggesting that psychosis has a global impact even 

where epilepsy impact is preferentially ipsilateral. There is a suggestion of amygdala 

sparing in POE but this was not consistent and cannot confirm the previous reports of 

amygdalae enlargement in POE, nor linking of POE to mood disorders. 

 

The progression data does not provide good evidence for volumetric progression over 

4 years, even though the data suggests a wide range of individual dynamic change 

over smaller time periods. This is congruent with the existing literature that does not 

show population level progression but does describe convincing individual 

progression in case series cohorts. 

 

The psychiatric prospective assessments identify far higher rates of mental illness in 

the cohort when specifically and comprehensively assessed suggesting that even 

routine clinical psychiatric assessment is insufficient to identify all psychiatric 
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symptoms and that many go unrecognized. The quality of life data highlights in 

congruency between subjective self report and objective assessment impacted by the 

biases of the specific psychiatric illness. It also emphasizes the importance of holistic 

psychosocial management to minimize the significant QOL impacts associated with 

focal epilepsy and exacerbated by psychiatric disorders. 
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CHAPTER 11.  FUTURE DIRECTIONS 

 

This study raises many questions that would benefit from future investigation. Whilst 

the question of the temporal lobe is addressed and the novel relationship between 

depressive symptoms and non-lesional epilepsy identified, there are many unresolved 

issues regarding the imaging impacts of epilepsy and comorbid psychiatric disorders, 

the possibility of change over time and whether it is static or dynamic and the impact 

on people living with psychiatric comorbidities.  

 

Studies looking at psychiatric disorders in epilepsy need to have high standard 

comprehensive psychiatric evaluations as well as comprehensive epilepsy diagnoses 

as these are commonly lacking in the epilepsy literature. Clinical or rating scales are 

insufficient to identify psychiatric disorders in this complex cohort. Even cross 

sectional studies undertaken with concomitant assessments at the same time for 

research purposes with improved clinical data not limited by retrospective recall 

would be helpful to understand the relationships identified here and outrule an 

unrecognized impact from epilepsy severity and duration. 

 

Cross sectional imaging data needs more comprehensive assessment of adjacent 

structures to the temporal lobes as it is likely that the impacts of seizures are not as 

localised as presumed. Functional scanning cross sectionally with comprehensive 

psychiatric assessments may allow better identification of the extent of functional 

impairments associated with psychiatric comorbidities. This may potentially identify 

which parts of the frontolimbic circuits are impaired in those with different 

psychiatric symptoms.  

 

The additional impact of the HPA axis could be monitored with cortisol testing at the 

time of each scan to determine any pattern between individual HPA axis functioning 

and volumes. This would be especially interesting if collected contemporaneously to 

the development of mental illness.  

 

It is clear that longer prospective studies are required to conclude that there is no 

overall progression on imaging in people living with epilepsy and to ensure that there 
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is no additive impact over time in people with epilepsy and mental illness. Data over a 

decade would be better able to conclude that there is no consistent change. Longer-

term data could investigate for psychiatric subgroups and look for additional evidence 

for dynamic change. Longitudinal scanning at briefer intervals but over a longer 

period of time to observe for dynamic change may be able to look for direct impacts 

associated with seizure severity or seizure clusters and psychiatric symptoms. Data 

looking at subjects with documented current psychiatric symptoms would be helpful 

in understanding if dynamic change were more likely during periods of comorbidity. 

 

Longitudinal functional studies would also be helpful in terms of understanding if 

changes in function over time occur and if they are related to epilepsy, psychiatric or 

volumetric differences over time. There may be detectable patterns to change 

preceding the development of psychiatric illness that could represent an identifiable 

risk period in which early treatment may reduce the development and potential impact 

of dysfunction. 

 

Larger well designed prospective trials with high standard psychiatric diagnoses plus 

more comprehensive seizure duration and severity data over time would enable a 

better sense of the relationships between the conditions. It would be useful to monitor 

QOL prospectively over time as well as psychiatric symptoms and to be better able to 

relate these to clinical factors especially seizure control, severity and duration and the 

impact of AEDs. 

 

The comorbidity of psychiatric disorders in people with focal epilepsy represents a 

significantly under investigated area with great potential to aid our understanding of 

the underlying pathology of both disorders given the strength of their relationship. In 

addition, a greater understanding of the relationships has the potential to allow for 

earlier identification and potentially identify targets for the development of more 

successful treatments to minimise the impacts on the quality of life of people living 

with these conditions.  
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