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ABSTRACT

Temporal lobe epilepsy (TLE) is a chronic neurological disorder characterisedussergc
seizures arising frortemporal lobe structures. Medical treatmhis effectivdor the majority

but for the remainderseizure control remains difficult to achieve. Epilepsy surgery
however has proved an effective treatment. Following TLE surgery psychiatric symptoms
can develop for the first time (de noy@nd preexisting symptoms may worsehaving a
detrimental impact on patiedtsquality of life. Yet, research data on psychiatric
complications following TLE surgery is limited, in sharp contrast to the continuing emphasis
on neuropsychological and nelagical sequelae.The central aims of thithesiswereto
increase our understanding of the psychiatric swaftgsmtients with intractable TLE prand

postoperativelyand toidentify risk factors associated with peopostoperative outcomes.

This thesis is divided into 2 main sections. Section 1 (Chapt&jsplovide aliterature
review that demonstratepre and postoperative psychopathology TLE is common,
unrecognised, and undegeated Emerging evidence suggests that-guegical psghiatric
morbidity is associated with more widespread cerebral pathology, but stiiithg lack of
attention toits relationship tocognitive variables. Theentral hypothesis formulated and
explored here is that TLE patients with less localised cakrelysfunction, as supported by
electrophysiological, neurmadiological and cognitive indicators will be at risk for

psychiatric disturbance preoperatively and have poorer outcomes following TLE surgery.

Section 2 consists of 5 interlinked studigsorporating retrospective and prospective
methodologies. In Study 1 (Chapter the medical recordsf 280 TLE surgical cases were
reviewed and more than a third presented watignificant psychiatriamorbidity within 4
years following surgery. Fiftpnepatients (18%) developett novopsychopathology, half

within 6 monthsof surgery and for the majorityersistedfor more than6 months A



preoperative history of secondary generalised tolunic seizures SGTCS) was an
independent predictor of de novo psychopathology, but cognitive variabtesot. Patients
with a history of SGTCS and those with a preopeeatpsychiatric diagnosisvere

significantly less likelyto remain seizure free.

Using voxel based morphometr M), Study 2 (Chapter 8gxplored the preoperative
neural correlates of de novo depression in aggohp of patients (n=43) presented in Study
1. Gey matter (GM) reductions in the orbitofrontal cortices (OF@3jlateral cimulate
gyrus and ipsilatetahalamus wereassociated with the development of de novo depression

within 4 years postoperatively

In Study 3 (Chapter 9), a sudroup of patients from Study 1,itw a diagnosis of posttal
psychosis (TLE+PIR)were compared tagematched TLE patigs withoutany psychiatric
history (TLEonly; n=60), with respect to pigurgical clinical and cognitive variables.
TLE+PIP patients were significantly less likely to have localised ictal epileptiform activity
and more likely to have a positive family psyatric history than TLE controls. Other
clinical and cognitive variables did not distinguish between the groups. Patientsvaviti

more PIP episodes had significantly increased odds of developing de novo psychopathology
within 4 years of surgery, & controlling for comorbid preurgical psychiatric status and a
history of SGTCS. A history of PIP was not a predictor of seizure status or cognitive

outcome.

Study 4(Chapterll) investigated the relationship between executive function and concurrent
depression in TLE patients undergoing surgical evaluatioepressed mood in TLE patients
was associatedwith clinical, cognitive and behavioural indicators of more diffuse catebr

dysfunction.



Using multlevel modelling, 8dy 5 (Chapter 12)provides clinically relevant data
confirming that psychiatric disturbance is a significant complication following TLE surgery,

andis predictedby the presence gire-surgicalexecutivedysfunction.

The final chapter provides an overall summary of the findintpeir implications
methodological limitationgnd directions for future researclt.is argued that these studies
have provided clinically relevantata that will aidthe surgical decisiormakingprocessand

hopédully guide and improve posturgical care and support.
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Chapter 1. EPILEPSY: a common and severe neurological

disorder

1.1 Definitions

According to the International League Against Epilepsy (ILAE)gepiteptic seizureis i a
transient occurrence of signs and/or symptoms due to abnormal excessive or synchronous
neuronal& t i vi ty i(Rshetethak, 2005, @ #74)0 The phenotype of eselaure is
determined by the point of origin anide degree of propagatioof this pathological activity

(Elger & Schmidt, 2008

Epilepsy is not one condition, but is diverse family of disorders, having in common an
alteration in the brain that increases the likelihoodutdire seizures The ILAE defines
epilepsyas@ di sorder of the brain characterised
epileptic seizures andby the neurobiologic, cognitiyepsychological, and social

consequences (Ffshetehal 8005cm4vd).i t i ono

1.2 Epidemiology, morbidity & mortality

Epilepsyis one of the most common and serious neurological disorders worldiligker ét
al., 2008. Theincidenceof epilepsy inthe UK is approximately 5fper 100,000 people per
year(Joint Epilepsy Council, 2011). The incidence hasshaped curve as a function of age,
with a higker incidence for indnts and the elderly (Forsgren et &Q05. Childhood
incidencemay be a result of abnormal brain development, metabolic disordgueroratal

insults, whereas acquired brain lesions, neurodegenerative disorders, head trauma or alcohol
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abuse may increa the risk of epilepsy in the elderly (Dunczral.,2006). Approximately
600,000 people in the UK have a diagnosis of epilepsy, which is equivaleptrévadence

rate of9.7 per1,000 people peyear (Joint Epilepsy Council, 2011).

Stigma and prefice demarcate epilepsy fromostother neurological conditionslgcoby,
2002). Epilepsy is associated witlicreased psychiatric morbidjtgognitive impairment,
scholastic difficulties, unemployment, lower rates of marriage, reduced leisure opportunities
and greater social isolation and family dysfunction tharsehwithout the conditio(Baker,

2002). Furthermore, pilepsy patients have an increased risk ofnatire death that tsvo

times higher than the general population, especiallthe first few years after diagnes
(Lhatoo et al.,2001). Common auses of deatimclude seizurgelated death (e.g. status
epilepticus, Sudeh Unexplained Death in Epilep8atients, SUDEP) and accidents (e.g.
drowningor burns) Pati & Alexopoulos, 201D Patients with epilepsy also have a higher

risk of suicide particularly in the first twgears after onset (Hersdorffer et al., 2012

1.3 Epileptic seizures &epileptic syndromes

Once a diagnosis of epilepsy has been established, the next ste&ure classification, and

if possible, identification of theepilepsy syndrome (Brodie & French, 2000). The
classification of epileptic seizures and syndromesoigticually evolving (Olafssoret al.,

2000 and is recognised as a nwoFoktheilastfortyr ogr e s
years the ILAE has been engaged in formulating an accepted system of classification
(Gastaut, 1970Commission,1981;Commission1989 Berg et al., 2010 The main reason

for this preoccupation is that a universally employed classification schemlel facilitate
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communication among clinicians, but also establish a taxonomic foundation for consistent

clinical researchEngel, 2001).

Unt i | recently, the | LAE standardised cl assi
of 1981 and ARepi |l epsi es and epil eptic synec
framework for organising and differentiating the epilepsies gkiatopoulos, 2011).

However, a revision of these classificatidrassbeen mandated by recent technolagend

scientific advances, particularly in neuroimaging and genetics (Berg et al., 2Bib@e the

new scheme &as only published in 2010, and hagtmvith dissent(see Panayiotopoulos,

2017% Luders et al., 201Zpr discussion)theterminology employed in this é3s is based on

the preexisting nomenclature of the previous ILAE classifications that is still widely used.

1.3.11981 Classification of epileptic seizures

The 1981 classification scheme revised the 1970 proposal (Gastaut, &8¥@yas based
purposely orthe observation of characterissigns andsymptoms during the seizure (ictal

semiology) together with the associated EE@angegEngel, 2001)

A seizure is first classified gsartial/focal, whereby the clinical and EEG changes indicate
activation of a system of neurohsnited to part ofonecerebral hemispherey generalised

where clinical and EEG changemdicate initial involvement ofboth hemispheres The
second level of classification is based on the clinical manifestations of a seizure (seizure
semiology): focal seizures are divided irgimnple partial seizures(awareness preserved)

and complex partial seizures(awareness altered or lasgnd further categorised &%)

motor, (2) somatosensory, (3) spedeahsory (visual, auditory, olfactory, gustatory,
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vertiginous), (4) autonomic or (5) psychié partial sézure may prgress to disecondary

generalied seizuré.

Generalised seizuregan be(1) absence, (2) toniclonic, (3) myoclonic, (4)clonic, (5) tonic
or (6) atonic in type. For seizures that cannot be classified due to inadequate or incomplete
data(e.g. neonatal seizures) t hi rd sei zure category @duncl a

included.

1.3.21989 Classification of epileptic syndromes

The revised classification of epilepsies and epileptic syndromes (@88juced two major

classes: he first separated epilepsies with generalised seizures (generalised epilepsy) from
epilepsies with partial or focal seizures (localisatielated, partial or focal epilepsiesjhe

second divided epilepsies knownae t i ol ogy ( Aisy mpt epiepsied)ftom or s
thosewith no identified causefidiopathi@®) or whereby docal origin is suspctedbut the

cause is unknown (fAcryptogenico)

In 2001, the ILAE Task Force recognised ttiesedichotomies were overly simplistic and
often difficult to apply Engel, 2005 Consequentlychanges in terminology (e.fpcal
seizures and syndromeeplacel the terms partial seizures and localisationrelated
syndromesrespectivelyand the mtroduction ofa diagnostic scheme, across five hierarchical
axes((1) ictal semiology, (2seizure type, (3) syndrome, (4) aetiology and (5) impairjment

describingthe available knowledge of the condition (Engel, 2001)
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Focal epilepsies are further categorised according to the affeeteisphere (i.e. right/left)
and lobe frontaltemporal/parietal/occipital). Sublobar classification associated with
specific ictal semiology and EEG abnormalities canflréher detailed (e.gmedial and

lateral temporal lobe epilepsy).

1.4 Temporal Lobe Epilepsy

Temporal lobe epilepsyis the most common form of focal epilepsy in adults, accogritin
60% of cases (Shorvon, 2010 A number of sullassifications exist regarding the
neuroanatomical rin of the seizures, with the distinctiobetween mesial temporal and

lateraltemporalseizure onsets being onktbe most widely used

1.4.1 Mesial Temporal Lobe Epilepsy(mTLE)

The commonest pathology underlying mesial temporal lobe epilepdyipgocampal
sclerosis(Kim & Spencer, 2001).This condition is often associatedth a historyof febrile
seizures in infancy.Other aetiologies include dysembryoplastic neuroepithelioma (DNETS)
and other benign tumours, cavernous angiomas, glioma, malformations of cortical

development, or gliosis as a result of encephalitis or rgéisn

Seizures originating in the mesial temporal lobay besimple or complex partial in form.
Secondary generalisationay occur A simple partial seizure has a short duration, lasting for

a matter of second#A complex partial seizure evolves dually, developing oveminutes.
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More than 90% of patients with mesial temporal lobe epilépsiLE) report a visceral aura,

most commonly an epigastric sensation that has a rising character (Elger et al., 2008). Other
auras maybe characterised by an abnormal sense of taste, an aversive smell, déja vu or a
dreamy sensation. Fear is the most reportéectafe symptom, although other complex
emotional symptoms may also occur. Autonomic symptoms include changes in skin colour,

blood pressure, heart radad piloerection (Shorvon, 2010

An aura can occur in isolation or it can be the initial manifiestadf a complex partial
seizure. The latter is characterised by promirmsitavioural changesften a motionless
stare. Speech usually ceases or is sevemibruptedif the seizure involves thenguage
dominant temporal lobénormally the left) If the seizure onset is in theonlanguage
dominanthemisphergspeech may be retained throughout the seizure, gaherallymarked

by meaningless repétie vocalisations (Shorvon, 2010

Behaviouralautomatisms which demarcate a seizure focus as driggnia mesial temporal

lobe structures are usually oroalimentary (e.g-shipacking, chewing, swallowing) or
gestural (e.g. fumbling, fidgeting, repetitive motor action, undressing, walking, running or
sexually directed actionsand are often prolonge&lgorvon, 201 Limb automatisms are
usually ipsilateral to the epileptogenic focus, with contralateral dystonic posturing.
Following a temporal lobe complex partial seizure, confusion and headache are common.
Postictal noserubbingmay occur and nsifrequentlyoccursipsilateral to the epileptogenic

zone (Geyeet al.,1999).

EEG correlates of MLE often show anterior and migmporal spikes. Further changes
include intermittent or persisting slow activity over the temporal lobes, which can be
unilateral or bilateral. With advances inmagnetic resonance imagin§IRI), structural
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abnormalites are &ten identified inmesial temporal brain structuréshorvon, 201)

1.4.2Lateral (neocortical) Temporal Lobe Epilepsy

Lateral temporal lobe epilepsy is often associated with detectable underlying structural
pathology, the most common being a glioma, angioma, cavernoma, hamabDbiBa,
neuronal migration defect and pdsdumatic change. Unlike TiLE, this condition is nb

associated with faile convulsions (Shorvon, 2010

Unaurprisingly, there is considerable enap between the clinical andeetrophysiological
features of mesial and lateral temporal lobe epilepsy, due presumably to the rapid spread of
discharges beteen these two neighbouring anatomical areas. However, subtle differences
between lateral and mesial temporal lobe epilepsiesliacernible For example, during a
lateral temporal lobe seizure auras include hallucinations that are often struatbregual,
auditory, gustatory or olfactory forms, which can be crude or elaborate in natwighor
illusions of size, shape, weight, distance or souddmpared to MLE, affective, visceral or
psychic auras are far less frequent. Moreover, lateral tenpbe seizures typically involve

more motor activity; automatisms are unilateral and have more prominent motor
manifestations. However, from a pastal perspective, mesial and lateral temporal lobe

epilepsies ardifficult to distinguish.

The electrophysiologicalpattern between seizures (interictal pattern) shows spikes over the
temporal region, maximal over the posterior or lateral temporal rather than inferomesial
electrodes. In contrast t@TLE, hippocampal volumes and, Theasuregfluid attenuaed

inversion recovery; FLAIRdn MRI are usually normal (Shorvon, 2010
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1.5 Management

1.5.1 Pharmacological herapy

Antiepileptic drugs (AEDs) are the mainstay of epilepsy treatment (Duncan et al., 2006).
AEDs increase inhibition, decrease excitation or pretreaberrant burstiring of neurons

They are a symptomatic treatmestippressig the seizures and have no influence on the
long-term natural course of the disease (epileptogenesis) (Dunedn 2006). At preant,

over 20 AEDB have been licensed worldwide, each associated with adverseffsitis
(Table 3. The primary goals of pharmacological treatment are to achieve complete seizure
freedom, ideally without adverse side effects, to redowrbidity and mortality and to

improve quality of life (Sisodiya & Sander, 2004).

Conventionally, AE are divided into new or old agents, depending upon whether they were
available before or after the 1990s. Despite vigorous debate, therveeisdence that new
drugs are more effective, although they maybeéer toleratedhan old drugs (McCorry,
Chadwick & Marson, 2004; Duncan et al., 2006). A number of agents are used-lasefirst
treatment and are selected on the basis of their eféeetss for the seizutgpe (Table2) or
epileptic syndrome.In addition, the tolerability, safety, ease of use, pharmacokinetics and
cost of AEDs are also considered before commencing treatment (Schmidt, 2009). This
patienttailored approach to treatmeiststrongly recommended in existing NICE guidelines

(NICE, 2013.
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Antiepileptic agent  Usual starting dose in adults (mg) Recommended daily maintenance dose for adults (mg)Side effects

Acetazolamide (1952) 250

Carbamazepine (1963)00-200

Clobazam (1986) 10
Clonazepam (1975) 0.5
Diazepam (1965) 44105
Ethosuximide (1953) 250

Felbamate (1993) 400
Gabapentin (1993) 300
Lamotrigine (1991) 50

(10 if taking

Valproate)
Levetiracetam (1991) 250

Lorazepam (1972) 41366
Phenobarbital (1912) 30

Phenytoin (1938) 200

Pregabalin (2004) 50
Primidone (1952) 125

Oxcarbazepine (1990)150-300
Tiagabine (1996) 5
Topiramate (1995) 25
Valproic acid (1968) 200

Vigabatrin (1989) 500
Zonisamide (1990) 50-100

500-1000

400-1800

11232
41426
N/A
500-1500

1800-3600
1800-3600
100-400

750-3000
N/A
30-180

200-400

100-600
500-1500

900-2400

30-45

75-200

400-2000

1000-2000
200-600

Idiosyncratic rash; rarely Stevens-Johnson
syndrome and toxic epidermal necrolysis;
aplastic anaemia

Idiosyncratic reactions; rarely Stevens-Johnson
syndrome; aplastic anaemia, hepatotoxicity
Rarely idiosyncratic rash

Rarely idiosyncratic rash, thrombocytopenia
Respiratory depression

Rarely idiosyncratic rash, Stevens-Johnston
syndrome, aplastic anaemia

Hepatic failure, aplastic anaemia
Paradoxical increase in seizures
Idiosyncratic rashes, rarely Stevens-
Johnson syndrome, toxic epidermal
necrolysis, liver faiure, aplastic anaemia,
multi-organ failure

Behavioural problems

Respiratory depression

Idiosyncratic rash; rarely toxic epidermal
necrolysis; hepatotoxicity; osteomalacia;
Dupuytren's contracture

Idiosyncratic rash; rarely pseudolymphoma;
peripheral neuropathy; Stevens-Johnson
syndrome; Dupuytren's contracture; hepatotoxic
Osteomalacia

Weight gain; rarely increased seizures
Idiosyncratic rash; rarely agranulocytosis;
thrombocytopenia; lupus-like syndrome
Idiosyncratic rash; hyponatraemia
Increased seizures; non-convulsive status
Weight loss; kidney stones; impaired
Cognition

Teratogenicity; rarely acute pancreatitis;
hepatotoxicity; thrombocytpenia; encephalopath
polycystic ovarian syndrome

Visual fields defects, increased seizures
Rash; rarely blood dyscrasias

Tablel. Antiepileptic drugs in present use (year of introductioAapted from Duncan et §d2006)



Generalised tonic-clonicCarbamazepine Clobazam Acetazolamide Tiagabine
Lamotrigine Levetiracetam Clonazepam Vigabatrin
Sodium Valproate Oxcarbazepine Phenobarbital
Topiramate Phenytoin
Primidone

Myoclonic Sodium Valproate Clobazam Carbamazepine
Topiramate Clonazepam Gabapentin
Lamotrigine Oxcarbazepine
Levetiracetam Tiagabine
Piracetam Vigabatrin

Topiramate

Atonic Lamotrigine Clobazam Acetazolamide Carbamazepine
Sodium Valproate Clonazepam Phenobarbital Oxcarbazepine
Levetiracetam Primidone Phenytoin

Topiramate

Table2. Antiepileptic drug optionby seizure typeAdapted from NICE (2®)



Monotherapy is the treatment of choice, as it avoids -ohtggactions and reduces
teratogenicity, longerm toxic effectsand provides a simpler regimen that may improve
compliance(Leppik, 2000. Despite the good response to monotherapy in a large proportion
of patients, up to 50% will be managed with combination therBpy¢an et b, 2009. For
example, in a Scottish epilepsy unit database, 21% of 1,617 seizure free patients were taking

more than ondrug with 14% of those receiving three or more (Stephen & Brodie, 2002).

1.5.2 Pharmacoresistance &epilepsy surgery

Despite the existence of numeroA&D drugs, 30% of patients who develop epilepsy
continue to experience seizures (Duncan et al., 200&an and Brodie (2000) demonstrated
in a prospective study that 47% of patients with toewset epilepsy becanseizurefree on

the first AED 32% on the second AED, and 9% on the third ABErth and subsequent
AEDs ha at most a 5% chance of bringing seizure remission. Althdbghe is no
uniformly accepted definition gfharmaco-resistance(Patiet al.,2010, those continuing to
have seizuresafter trying three different AEDs are recommendedb# considered for
surgical treatmentDuncan, 2007). nl the UK, there is a median interval between diagnosis
and surgical interventioaf between % to 20 years (Dunca2007 Engel et al., 2012 This
referral delay is subptimal for a number of reasong:irst, throughout thigeriod patients
have an increased risk of mortality and severe disability due to unremitting seizure activity
(Langfitt & Wiebe, 2008 Secondthe earlier TLE surgery is performed the better the-long
term surgical (seizure) outcoméaqszkyet al.,2005. Finally, earlier surgical intervention
may also reduce the deleterigosychological, cognitive and psychosocial consequences of

phamacaresistant epilepsy (Hermann, Wyler & Somes, 1992).
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1.5.3Epilepsy surgery

For a subset of individuals with medically refractory epilepsy, neurosurgery represents the
optimal treatment option (Spencer & Huh, 2008). A range of surtgchhiques have been
developed(see Table3), which can be divided into two major categories: functional or

resectivesurgeries.

It is beyond the scope of this work to review the variant forms of functional epilepsy surgery
(for further details see Spencer et al., 2008).heT objective offunctional surgery is to
palliate rather than cure the epilepsy. Consequently, such procedures rarely result in seizure

freedom (Elger et al., 2008).
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Surgical Procedure Method Clinical Use

Functional:

Multiple subpial transection Selective vertical incisions are made in grey matter of the Epileptogenic zone lies in eloquent
eloguent cortex at 4mm intervals. Theoretically, this procedure cortex (e.g. Motor cortex, speech area
prevents the propagation of epileptic activity within the eloquent

cortex, without disturbing functional integrity

Resective:
Anterior temporal lobe resectiorResection of a large amount of the temporal neocortex, along Willesial hippocampal sclerosis
resection of the medial temporal structures

Lesionectomy Resection of small epileptogenic lesions Cavernomas, focal cortical dysplasia,
indolent tumours (e.g. Dysembryo-
plastic neuroepithelial tumours)

Functional hemispherectomy  Resection of the temporal lobe and central cortex folowed by Diffuse cortical dysplasia
disconnection of frontal and occipital neocortex from the Rasmussen's encephalitis
subcortical structures and corpus callosum Sturge-Weber syndrome

Table 3 Surgical treatmers for epilepsy. Adapted from Duncan et al. (2007)
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In contrast to palliative surgical treatments, the ainreskctive surgery is to remover
disconnect thebrain region identified asresponsible for generating seizurethe(
epileptogenic zone) without creating a new unacceptable handicap; rendering a patient
seizure free (Duncan, 2007). In order to satisfy this aim,oeotigh and extensive pre

surgcal evaluation is necessary.

1.6 Pre-surgical evaluation

Information from the investigations described below are utlised to formulate

recommendations for surgical intervention.

1.6.1 Clinical history

The cornerstone of the pseur gi c all evaluation involves a
epilepsy history including detailsregarding past seizure frequency and current seizure
semiology(Ryvlin & Rheims, 2008).Questions regarding birth history, febrile convulsions,
head injuries, central nervous system infectiand afamily historyof epilepsy may identify
possible causesf the epilepsyMorris, Najm & Kahane, 2008)A seizure descriptiomill

yield cluesas to the location of the symptomatogenic z¢see Tablet), and in addition,

indicate whether there is evidence of multifocal or diffuse epileptogenicity.
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Terminolo Definition

Irritative zone The cortical area that generates interictal epileptiform activity.
It is estimated by scalp EEGIEG or intracranial EEG.

Area of brain tissue that is hecessary to generate the seizures and which needs to be surgically removed to obtain se

Epileptogenic zone freedom.
It is estimated by a combination of all the above zones estimated duriegrgreal evaluation.

Eloquent cortex Cortical region that is identified as crucial feeurological or cognitive functions (i.e. motornsery, visual, language cortex)
Table 4 Terminology used in the desciint of focal epileptic activity Adapted fronrRosenow et a{2001)
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1.6.2 Electrophysiological nvestigations

Video-EEG (VEEG) monitoring involves an inpatient stay with continuous EEG and
simultaneous video monitoring oveeveral days The aim is to record ictal (seizure related)

and interictal epileptic activity ffom the irritative zone) and demonstrate the correlation
between the signs and symptoms of seizures and their corresponding EEG pattern (Olson,
2002). Consistent electralinical patterns, over a number of habitual seizuresgdaesned

necessary to ensure that the seizure déesasdunifocal.

Ictal scalp recordinglso provides valuable information in lateralising thealcbnset zone
(Kilpatric et al, 2003). Salp EEG surface electrodes are located at a relatively large distance
from the cortex and are separated from Hwain by a series of barriers (scalp, bone,
meninges) that interfere significantly with the transmission of the electrical signals,
consequentlyhe localisationof the ictal onset zone must be inferred with caution (Rosenow

et al.,2001; Olson, 2002).

Intracranial electrode implantation (SEEG/depth electrodes)s indicated when there is a
lack of a potentially epileptogenic structural lesion, multiple putative epileptogenic lesions
(zones), scalp EEG with multifocal or no interictal epileptiform disgbsyrindeterminate or
multifocal ictal onset zone(s), discordant Aiomasive findings, or if the ictal onset zone is in

close proximity or overlapaith eloquent cortexSiegel, 2004).

Magnetoencephalography (MEG)is a noninvasive neurophysiological iaging technique
that detects interictal epileptiform discharges and therefore aids in the identification of the

irritative zone (Carren& Luders 2001). The advantage of MEG over scalp EEG isithat
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has greater resolution owing to the lack of distortbbthe magnetic signal e meninges

or skull. However, MEG also has notable limitations. Firstly, it has a small d@naise

ratio due to the low amplitude of the magnetic signal generated by electrical brain activity.
Secondly, the static reabn ng device | imits the patiento:!
possibility of prolonged recordings (Carreno et al., 2001). Finally, the main shortcoming of

MEG remains its lack of availability in the majority of epilepsy surgery centres (Ryvlin et al.,

2008), such that itexact role and clinical potency in the evaluation of patients for epilepsy

surgery remais undetermined (Morris et al., 2008).

1.6.3Brain imaging

Crucial to the presurgical evaluation is the acquisition ohgh quality MRI brain scan

(Duncan, 2007). The principal pathologiesdentified are hippocama sclerosis,
malformations of cortical developmestich as focal cortical dysplasia (FCRavernomas,
DNETs low-grade tumours gliomag, arteriovenous malformations and focezgrebral

damage (Ryvlin et al., 2008).

Rapid advances in MRI resolutidB Tesla)and techniquege.g. FLAIR) have resulted in
patients who were previoushegarded asi MR | n e logeeng reevaduated for surgical
intervention as more subtle abnormalitiescomemore easily detected (Duncan, 2010 he

ILAE has published guidelines and technical recommendations to opt¥iEscanning for

detectingfocal epileptogenic abnormaliti€tLAE, 2005).

Quantitative MRI assessment of the hippocampus (volumetry) can be helpful in determining

uni- or bilateral hippocampal atrophyDuncan, 201Q) This can be achieved by visual
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inspectionand manual segmentation of the hippocampi biyamed radiologist or with
automated segmentatiotechniques(Bonilha et al., 2009). Volumetrys particularly

important in the preurgical workup to ensure the coalateral hippocampus is intact.

Positron emission tomography (PET)s used to map ggonal cerebral glucose metabolism
using the radioactive tractiF-deoxyglucose’FDG) (Duncan, 1997). In the interictal state,

the hallmark of an epileptogenic focus is an area of reduced glucose metabolism
(hypometabolism). In contrast, focal seizi@e associated with an increase in regional
cerebral glucose metabolism (hypermetabolism) in the region of the epileptogenic focus
(Duncan, 1997). Thmle of **FDG-PET as a tool for localising an epileptogenic focus in the
pre-surgical workugs beingreplaced by newer MRI techniques. récent metanalysishas
shown that®FDG-PET failed tohaveany additional preoperative decision making value in
TLE patients with well localised ictal scalp EEG and concordant MRI (Willetal., D07).
However, inthe 2025% of patients with refractory focal seizures with normal or-non
definitive MRI scans, the findings of focal hypometabolism can provide useful data towards a

decision to conduct an invasive intracranial EEG recording (Duncan, 2009).

For the presurgical assessmentingle photon emission computerised tomography
(SPECT) is employed to localise the ictahset zone by administeringtacer during or
immediately following a seizure (ictal SPECT). An injectiof®8iTc-HMPAO at the time of

a seizureresults in an image of the distribution of CBF21minutes after tracer
administration, which is then stable for several hours, permitting the patient to be imaged
once the seizure has terminated (Duncan, 19T ring the ictal state, the general paites

of localised ictal increased CBKhyperperfusion), with surrounding decreased CBF
(hypoperfusion), followed by accentuated hypoperfusion in the region of the focus, which

gradually returns to the tierictal state (Duncan, 1997%imultaneous vide&EG is essential
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to determine the relationship between the onset of a seizure and the tracer delivery; without

this precaution, there is a risk of blurring the ictal and-pxat data.

Functional MRI (fMRI) techniques detect changes in the blood oxygenation and flow that
occur in response to neural activity (Duncan, 1997). During neuronal activity, there is an
increase cerebral blood flow to the active area(s) of the cerebrum, resulting in higher
concentrabns of oxyhaemoglobin relative to deoxyhaemoglobin (Baxendale, 2002). The
subtle bloodoxygenrleveldependent (BOLD) differences in magnetic state result in a larger
BOLD signal from the active region. In order to infer whether the Hd&lved activatia is

related to a particular mental function, it is necessary to compare the activation during two
experimental conditions that are as similar as possible except for the mental function or

process of interest (Desmond et al., 1995).

The main use of fMRIn pre-surgical evaluatios is the delineatiolof brain substrates for
specific functions, such as the motor cortag well as receptive and expressive language
areas and the identification of their anatomical relation to areas of planned oegicad

resection (Duncan, 1997

A number of studies have demonstrated that lateralising hemispheric language dominance is
achievable using fMRI (Desmond et al., 1995; Binder et al61M¥ertzPannier et al.,
1997) Goodconcordance ratelsave been recorded withe Intra -carotid Amobarbital

Procedure (IAP, see below).
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1.6.4 Neuropsychological evaluation

Neuropsychological testinghas becomean integral part of the prgurgical evaluation at

most surgical centrgglelmstaedter, 2004)Assessments involve the testing dfraadrange

of cognitive domains with an emphasis on memory functions in TLE candidafes.
neuropsychol ogi cal assessment provides a mea
zone and, in doing so, oftengwides supportive confirmatory information regarding the
location of the epileptogenic zond-or example, impairment of verbal memory suggests
involvement of thdanguagedominanthemisphere, whilelgbal memorydeficits may be an
indicator of bilateral temporal lobepathology and therefore a marker of pooutcome
following focal resection (Malmgren et &2008. Increasingly, he assessmefihdings are

used toestimate the risk opostoperativecognitive decline knowledgethat may prove

crucial for patients deciding’hetherto elect for surgical therap{Baxendaleet al.,2006)

Risk factors for postoperative cognitive deterioration include: intact preoperative verbal
memoryin left temporal lobe caseg®lder ageat surgeryand lower IQ (Baxendaleet al.,

2009. Despite seizure freedom being the obvious objective of epilepsy surgery, the gain of
seizure control must be weighed against the attendant risks of cognitive deficits that may be

associated with the procedure (Noacletaal., 2009).

ThelAP has been used to determine language dominanc® asdes$or the risk of a post
operative amnesic syndrome in TLE surgical candidates since its inception in the mid
twentieth century (Baxendale, ThompsonD&ncan, 2008). Indeed, in 1993 over 95% of
epilepsy surgery centres worldwide reported using the IAP, pgtyntr assess language
dominance (94%) and memory capacity (98%) (Rlawcal.,1993). However, in recent

years the deployment of the IAP haxid@sednarkedly Baxendale et al. (2008) surveyed
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the clinical practice of 92 epilepsy surgical centres in 31 countries and found that only 12%

of centresperformedan IAP on every TLE surgical candidate.

One explanation for theedreased reliance ohe IAP isthe developmenbf high definition
structural MRIsallows detailed examination of ipsilateral and contralateral structuresin pre
surgical candidates (Duncan, 1997). A numbeswfical epilepsyentresuse data from
these imagesoupled withdetailed baseline neuropsychological détaassess the structure
and functional capacity of the contralateral mesial temporal lobe in surgical candi@iaies
affords anassessment ofthe risk of a posbperative amnesic syndrome and prediciof

pog-operative changes in memory function (Baxendale e2@0.8)

1.6 Psychiatric assessment

Until recently, psychiatricassessment hast beenconsidered an integral part of the pre
surgical evaluation (Foong & Flugel, 2007However, i$ importanceand potential values

increasingly recognisedlhe evidence will be discussed in detail in Chapter 2.

1.7 Postoperative outcome

1.7.1 Seizure control

Anterior temporal lobe resectiofATLR) for mTLE is the most common resective surgical
proceduren adult practican the UK (Neligan et al.2013), leathg to seizure freedom in up
to 70% of patients atwo yeass follow-up (Engel, 1998 Longer follow-upsindicate that

seizure outcomes are not static (Jette & Wiebe, 2013te seizure recurrence is not
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uncommon (de Tisi et al., 2011yith seizurefreedom rates decreasing over time to
approximately 41% ad 10 year followup (Mcintoshet al.,2004). Two randonmsed control
trials of surgery have established the siemnn benefits (i.e. seizure freedom and enhanced
quality of life) of ATLR compared with medical treatment for refractory dtH and 2 year

follow-up, respectivelyWiebe et al., 2001; Engel et al., 2012).

1.7.2. Medical and Neurological

Hader et al. (2013)eportedminor medicalpostoperativeeomplications(lasting <3 months)
in 5.4% patientsundergoing TLE resections anchajor medical complaintsn 1.6%. The
most common minor medical complicatioras cerebrospinafluid (CFS) lealage with an
intracranial hematoma being the shofrequent major medical complication Minor
neurologicalsequelaeoccurred in 12% of TLE patients, whereas major complaints were
recorded in 4.1%. The risk and seriousness of a neurological complisaisaiependent @

the site and extent tfieresection

1.7.3. Neuropsychological

The neuropsychologicatomplications of TLE surgeryparticularly memory decline have
been extensively researchadd arewell establishedBell et al.,2011). Up to 60% of
patients who undergo keft (languagedominant) ATLR experiencea decline in verbal
memory (Spencer et al., 2008ell et al., 2011 Non-verbal (figural) memory decline is

associated with right ATLR, althoughisis not an invariable findinHelmstaedter, 2004).
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Determinants of better cognitive outcomeclude: surgery within the nowlominant
hemisphere younger age at surgery, better baseline performance/intellectual capacity,
absence of FCD arsliccessful seizure control (Helmstaed®04; Baxendale et al., 2006
Studieswith greater than 5 years folleup suggest that, although memory deficits develop
early after surgery, the degree of decline stabilises affeydars elmstaedter et al., 20P3

with progressivepostsurgical declines in memory function associated with @oseizure

control Baxendale, Thompson & Dunc&z)12).

1.8 Conclusion

Epilepsy surgery can be a life changimgerventionin patients with pharmaergesistant
epilepsy, but iremainsunderutilised Greatadvancesre being achieved in the psargical
evaluation and planning for epilepsy surgery, including fundameptalgress in
neuroimaging and neurophysiologyThe majority of complicationgmedical/neurologic)
after TLE surgery & minor or tansient and mortality in the modern era is rare.
Neuropsychological outcome and predictofsnemory declindhave beerwell researched
Less studied are the ymshiatric complications. Thesse considered in the next chapter and

are the shject of this thesis.
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Chapter 2. PSYCHOPATHOLOGY IN TLE

2.1 Temporal relationship with seizures

Psychiatric symptoms can be classified according to their temporal relationship with seizure
occurrence into peictal (related to the seizure itself) or interictal (independent of the
seizure) symptoms. As demonstratedFigure 1, pertictal symptoms ray precede the
seizure (practal), be clinical manifestations of the seizure itself (ictal state) and may follow
the seizure directly (posttal) (Swinkels et al.,2005. Most research has focussed on

interictal psychiatric morbidity.

PREICTA

INTERCTAL

Figure 1.Timing of psychiatric disturbances in epilepsy.
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2.2 Common, undertreated and multifactorial

Rates of pychiatric comorbidityn epilepsy have been varied and in a review article ranged
from 19-80% GSwinkelset al., 200% Higher rates of psychopathology are observed in
people with epilepsy compared with the genprgulation, other neurological control groups
andpeople withchronic norneurological disorders (Torta & Keller, 1999; Teléantenoet

al., 2007; Raiet al.,2012). A recent populatiofbased study in England found that almost
onethird of people with epilepsy had a psychiatric condition compared to one in gilepeo
without epilepsy, according to the International Classification of Diseasesl(@C[Rai et

al., 2012). Psychiatriccomorbidity has beenrelated to the chronicity and severity of
epilepsy In highly selected clinical populationsicluding thosewith medically refractory
TLE the prevalence is highest, compareda@onmunitybased and primary care cohorts (see
Gaitatzis, Trimble & Sander, 2004, for reviewMood disorders are the most common
psychiatric diagnoses, particularly depression, followgdanxiety disorders and psychoses

(Gaitatzis et al.2004).

Individuals with epilepsy must endusaidden, unpredictable seizureghich significantly
impair theirpsychosociafunctioning and publically disclose the presence of their disorder
Consequentlynterictal psychiatric symptomsamely mood disturbanckeave beemegarded
asamunderstandabl ed reaction to difficult
Balabanov, 2002). Accordingly, patiemgy notdisclose these symptonasd cliniciansdo

not inquireor screen for themThus,psychiatric morbidityin epilepsyis often unrecognised
or overlooked in routin@eurological consultations amemainsundettreated Kanner Kozak

& Frey, 2000;Paradiso et al., 200Boylan et al. 2004 Kanner, 201& Rai et al., 201p
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Although interictal psychiatricdisturbancesave been conceptualised as a complication of
the underlying seizure disordéKanner, 2008), ecent epidemiological studies suggest a
more compledidirectiona relationship Forsgren and Nystrom (1990) in a populatimased
study found tha& history of depressiopreceding the onset of epilepsgs seven times more
common amon@n epilepsy grouphanage and gendermatchedcontrols When analyse
were limited to cases witlocal epilepsy,a history of depression was 17 times mawenmon
thanamongthe controls Hesdorffer et al. (2000) instudycarried out among adults aged 55
or over with newonset epilepsy, found that compa® controlsthose with epilepsyere
almost 4times more likely to have a diagnosis of depresgi@tedingtheir initial seizure.

A third populationbased study included 324 patients aged 10syaad olderwith a first
unprovoked seizure/newly diagnosed epilepsy @4d controls Klesdorfferet al., 2006)
They found that anajor depressive episode, according to DBMcriteria, was associated

with a 1.7#fold increased odd#or developing epilepsy

More recently, a longitudinal cohort study conduatadthe UK General Practice Research
Database reportedtao-way relationshipbetween psychiatric disorders (depression, anxiety
and psychosis)suicidality and epilepsy (Hesdorffegt al.,2012). These findings indicate

that epilepsy is associated with arcreasedlikelihood psychiatric disorders and suicide
present bottbefore and afteepilepsy diagnosigHesdorffer et al., 2012) Adeléw and ce
workers (2012) investigated the risk of developing unprovoked seizures/epilepsy among
patients who had been $mtalised for psychiatric disorders (n8&5). Compared to
matched control individuals who were selected randomly from the Stockholm County
population registefn=15,080) the ageadjusted odds ratio (OR) fdhe development of
unprovoked seizures wassgnificantly increasedfor patients with any psychiatric disorder

(OR: 2.7, 95%CI: 2.48.6). Specifically, 2.5 (95%CI: 1:8.7) for depression, 2.7 (95%ClI:
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1.4-5.3) for bipolar disorder, 2.3 (95%CI: 1%5) for psychosis, 2.7 (95%CI: 1468) for
anxiey disorders, and 2.6 (95%Cl1.7-4.1) for suicide attemptsThe odds of developing
unprovoked epilejc seizures was highest in less than two years before and up to two years
after a first psychiatric diagnosiparticularly for depression and psycho@sleléw et al.,
2012). Psychiatricmorbidity has also been reported jasedictive of seizure recurrence in
newlytreatedpatients (Petrovslet al.,2010) anchas been associated with a poorer response
to antiepileptic medicatior{Hitiris et al.,2007)andepilepsy surgery (Anhourgt al., 2000;

Guarnieriet al., 2009Kanneret al., 2009)

The relationship betweegpilepsyand interictal psychopathology is compleRsychosocial
stressors includingtigma, unemployment, loss of control, lower ratésnarriage and
greater social isolatioare relevani{see, Baker, 2002; Wrenddt al., 2011a, for reviews).
However, tle aforementioned epidemiologic and clinicasearch haked to the hypothesis
that commonneurobiological pathogenicmechanismsboth lower seizure threshold and

increase the risk for psychiatric disorders (Kanner, 012

2.3Psychopathology and TLE

A wide rangeof risk factors have been proposed to explain the high incidence of psychiatric

disorder in epilepsyandcan be ategorised into clinical, biological and psychosocial factors

(see Table p

62



Clinical factors
Age at onset of epiepsy
Duration of disorder
Type and frequency of seizures
Hemisphere of cerebral dysfunction (if present)
Interictal and ictal EEG abnormalities
Family history of epilepsy or psychiatric disorder

Biological factors
Neuropathological damage to areas connected with psyc
functioning (i.e. amygdala, limbic system, frontal cortex)
Emotional and cognitive side effects of antiepileptic drugs
Adapted fromTorta et al. (1999)

There is general agreement within the literatheg patients with TLE are at increased risk of
developingpsychiatric disorders (Gaitatzis, et al., 2008gveral investigators have reported
that psychiatric disturbance is more prevaleniLE compared to extrdLE andor primary
generalised epilepsi€éBond & Bidwell, 1960; Gureje, 1991; Perini et 4996). Perini et al.
(1996) reported that patients with TLE (n=20) had higher ratpsyathiatricdisordes (80%)
than patients with juvenile myocloniepilepsy (22%) and patients witfiype | diabetes
(10%). These findings suggest that psychopathologyTLE is notonly an adjustment

reaction to a chmc disease, but ratharay be related tbmbic dysfunction.
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The limbic system is situated in the medial parts of the temporal lobes and is involved in the
regulation of emotional/psychiatric functionlt has beenhypothesisedthat psychiatric
disturbances, in particular mood disorders, are more likely to be found in patients with an
epileptic focus in these parts of the br@ie. TLE), especially in the context abncomitant
frontal lobe dysfunctionOtherpotentially importanteterminants of psychiatric comorbidity

in TLE are presented in Table 5

The psychiatric outcome of TLE surgery is of particular interest given the high overall
prevalence of psychiatric conditions persons with TLERKeriniet al., 1996; Altshuleet al.,
1999; Quiske et al., 2000; Glosser et &#2000; Gaitatziset al., 2004; TellezZenteno &
Wiebe, 2008; GarciMorales, de la Pefia Mayor &anner, 2008; Ertekin et al., 2009;
Bragatti et al, 2010; de Oliveira et al., 20M@ench, Rayner & Wilson, 2011; Adams et al.,

2012; Filho et al., 2012; Engman & Malmgren, 20d2;Conceicaet al., 2013)

2.4 Psychiatric morbidity in TLE : Surgical Impact

For many temporal lobsurgicalpatients, the longerm psychosocial gains are significantly
more favourable thathosemedically treated (Jonest al.,2002; Mikati, Comair & Rahi,
2006) Following TLE surgery however, psychiatric symptoms can develop for the first time
(de novo)or preexisting symptoms may worsen. Accordingly, psychiatric complications
may tarnish an otherwise good surgical outcome, resulting in significant disirgsstients

and their familiegMoss et al.2009) Research data on psychiatric complications following
TLE surgery is limited, in sharp contrast to the continuing emphasis on neuropsycdiolog
and neurological sequeladlthough recognition of psychiac complications following TLE

surgery can be traced back to the 1984 et al.,1953;Hill et al.,1957) it is only in the
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last 15 years that there has been increased research into thikenmer et al, 2002 The
focus of recent studies has been to clarify- med postoperative psychopathology and

importantly, to identify risk factors for poor psychiatric outcome.

2.5 Systematic literature review

A literature search was conducted using Medline, Embasd®aychINFOuntil Juy 2013

with the following search terms: temporal lobe epilepsy, neurosurgical procedures and mental
disorders (e.g., mood and anxiety disorders, psychosis, adjustment disordezpjleytic
seizues and personality disordg seeFigure 3. Previousliterature reviews were excluded
(Foong et al., 2007Macrodimitris et al., 2011, althoughreference lists were checked to
ensure no additional studies had been missdte search yielded 4,1%rticles relating to

TLE surgey. Of these, less that4 (n=13) reported psychiatric comorbidity as an outcome

of surgery. Studies on palliative neurosurgicaigedures, stimulation studies, case reports,
child/adolesceronly and studies not published peer reviewed English language journals
were excluded.Forty-six studies met thenclusion criteria. These studies are summarised in

Table6.
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Medline General Search

Embase General Search

PsychINFO General Searq

2343 1355 493

Psychiatric Psychiatric Psychiatric Removed duplicates &
Hand search of
_ _ Outcome Outcome Outcome articles not meeting the
included review

—p
_ — inclusion criteria
articles for other 35
56 48
relevant articles
46 articles

Figure?2. Literature review search resulisGeneral Search referstorars fit empor all | obe epil epsyo, fiegs

iment al

dAdapted fbrdviagodimitriset al (2011).




Jensen et al.

(1979)

Roberts et al.

(1990)

Retrospective;
uncontrolled

Retrospective;
uncontrolled

74 temporal
Age range: 4-54 yrs
14 pts <15yrs

249 temporal
Mean age: 26.1yrs

Follow-up

Unknown

Assessment

type

Overall outcome Outcome related
(preapl/postop) to seizure freedom?

Preop: case-notes  Behavioural disturbance - 54/33

Postop: clinical assessment,
hased on Mayer-Gross criteria

Clinical diagnosis of SLP
derived from pt case-notes;
pathological data

SLP-11/20
Neurosis - 7/5
6 pts attempted suicide
on01 occasion
during FIU

SLP: 16/25

Other predictors of
psychiatric outconfe

1. Gangliogliomas were
associated with
de novoSLP

Number of
de novocases

SLP: 9 (12%)
6/9de novoSLP pts
pts were seizure
free prior to the
onset of SLP

SLP:9 (4%)




Study Study Sample Follow-up Assessment Overall outcome Outcome related Other predictors of Number of
type (n)a'b type (preop/postop) to seizure freedom? psychiatric outconfe de novocases

Naylor et al. Retrospective; 47 = 38 SAH/9 "other" Mean: 1.9 yrs Structured clinical interview 38 SAH - 38 SAH:
(1994) uncontrolled 9 "other"; (PSE) & review of case-notes;  Mood disorder; 2/5 Mood disorder: 5 (13%)
2 pts: intially treated with SAH ICD 10 diagnosis Anxiety disorder: 0/2 Anxiety disorder: 2 (5%)

underwent ATLRs Personality disorder: 2/5 Personality disorder; 1 (3%)

1 pt: intially treated with SAH SLP: 1/1 9 "other"

had an extra-TL resection Organic delusional disorder; 2/2 Mood disorder: 1 (11%)
3 pts: TL lesionectomy Delirium: 1/0
2 pts: ATLR Eating disorder; 1/1

1 pt: previous ATLR had a
frontal & re-tailored TL
resection
Mean age: 29.0 £ 8.9 yrs

Altshuler et al.
(1999)

Retrospective; 62 = 49 ATLR (2/49 had two T
controlled  surgeries; the second were
lateral neocortical extensions
of a previous ATLR);
13 non-surgical group
Mean age:
Surgical group: 40.0 + 5.3 yrs
Non-surgical group: 38.9 £ 9.9 yrs

Cannabis dependent syndrome: 1/0
Alcohol dependent syndrome; 2/1
9 "other"
Mood disorder: 1/1
Acute & transcient psychosis: 1/0

Mean: 10.9yrs  Structured interview (SCID);

DSM:-III-R diagnosis

Depression; 17/14
depression recurrence

postsurgery were sz free

Yes - 7/8 (88%) pts without

1. Surgical group had a
higher lifetime history
of depression than

controls

Depression; 5 (10%)
4/5de novocases
developed within 1 yr




31 (28.4%) had treatment
for their psychopathology.
10 (9.2%) required psychiatric
admission

Study Study Sample Follow-up Assessment Overall outcome Outcome related Other predictors of Number of
type (n)*"b type (preop/postop) to seizure freedom? psychiatric outconfe de novocases
Anhoury et al. Retrospective; 109 temporal 12m Case-notes Mood disorder: 16/35 No, but seizure freedom was 1. Poor psychiatric outcome ~ Mood disorder: 19 (17%)
(2000) uncontrolled Mean age: 30.1+ 7.4 yrs Anxiety disorder: 12/17 significantly reducecby the  was associated with preop  Anxiety disorder: 5 (5%)
SLP: 3/3 presence of a preop diag psychiatric history & Emotional lability: 7 (6%)
Emotional lability: 5/12 of anxiety bilateral interictal EEG NES: 4 (4%)
NES: 0/4 discharges

2. Bilateral interictal
EEG abnormalities
related tade novo
psychopathology
3. Postop emotional lability
positively related to size
of resection
4. History of affective disorders
associated with postop anxiety

Inoue et al.
(2001)

Retrospective; 226 = 196 temporal (166 ATLF

uncontrolled

25 SAH); 20 FLE; 10 other
Age range: 15-55 yrs
(mean: 26.9 yrs)

>2yrs Case-notes; 78 (T4 TLE) pts had a
ICD-10 diagnosis psychiatric diagnosis before
&/ after surgery; 22 preop
psychiatric diagnosis only;
39 psychiatric disorders
persisted after surgery;
17 de novopsychiatric
disorders

Affective disorder: 9 (4%) -
resolved within 1-2 months.
SLP: 5 (2%) - onset within 2
2 postoperative years
PIP: 1 (0.4%)
Adjustment disorder: 1 (0.4%
Personality disorder: 1 (0.4%




Follow-up Assessment Overall outcome QOutcome related Other predictors of
type (preop/postop) to seizure freedom? psychiatric outconfe

Guarnieri et al. Retrospective; 186 = TLE+HS 1-105yrs Clinical interview, Preop (%) only reported: /A focus of this study was
(2009) uncontrolled Mean age: 35.8 yrs (Mean F/U: 6.1 yrs) DSM-IV diagnosis Axis | diagnosis: 41 identifying predictors of seizure
(8 (4%): bilateral HS) Mood disorder. 19/ outcome: seizure freedom
Anxiety disorder: 5/ during F/U wagiot associated
IDD: 6/ with preop Axis | disorders.
IP: 8% However, pts with preop anxiety
PIP: 3% disorder or Axis Il disorders
Axis Il diag: 12 were significantly less likely
to be rendered seizure free

Lackmayer et al. Retrospective; A5 TLEAMTS 12,24, 36m BDI (adapted German version) Preop (%) only reported:  N/A focus of this study was
(2013) uncontrolled Age range: 25-49 yrs (BDI < 11 = non-depressed; BDI 0 1 1 :identififig predictors of seizure
BDI O 11 = depBBbs@d). 18 outcdrie¥seizure freedomat 12,
Further analysis: BDI O 18 ( moddoracmevasotesignifieastly i on)
was used to assess prognostic impact of moderate depressive reduced by the presence of
symptoms on seizure outcome preoperative depressive symptoms
(BDI O 11 or 18) in TLE+MTS pts

Number of
de novocases
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Follow-up Assessment Overall outcome QOutcome related Other predictors of Number of
type (preop/postop) {0 seizure freedom? psychiatric outconfe de novocases

Hermann et Prospective; 97 temporal 6-8m Self report: MMPL, WPSI - N/A - The focus of this study Yes - total sz freedom predicted  Preoperative total
(1992) uncontrolled  Mean age: 30.51 9.4 yrs & GHQ was on the predictors of overall postoperative psychological adjustment
psychosocial adjustment  psychological adjustment

Blumer et al. Prospective;  50=44 temporal & 6 frontal ~ 3m&6monthly ~ Semi-structured interview; IDD: 25/28 Yes - poor seizure outcome - IDD: 8 (18%)
(1998) uncontrolled  Age Range (mean): thereafter; epilepsy questionnaire 28 (64%) pts required ~ associated with psychiatric 2/8 with concomitant psycholi
TLE pts: 12-59 yrs (36 yrs) mean: 2yrs  &neurobehavioural inventory  psychiatric medication morbidity features; onset within 8 mont|

FLE pts: 37-46 yrs (41 yrs) SLP: unclear/ SLP: 6 (12%) - all TLE pts;
onset within 6 months posto




Follow-up Assessment Overall outcome Outcome related Other predictors of Number of
type (preop/postop) to seizure freedom? psychiatric outconfe de novocases

Suchy et al. Prospective; 60 = 30 temporal & 30 frontal Mean: 7.3m Self report: BDI Temporal pts: No - change in BDI scores 1. Males reported lower
(2001) uncontrolled Mean age: (O 10 BDI = de kearRDk 8.80/6.07 unrelatedto postoperative sz postsurgical BDI scores
TLE pts: 28.3 £6.3 yrs Frontal pts: status 2. Frontal pts were more likely
FLE pts: 27.9+ 8.9 yrs Mean BDI: 8.80/7.47 to experiencextremechanges
in mood compared
to temporal pts

Malmgren et al. Prospective; 70 =54 temporal; 3,12 & 24m Clinical interview; Preop/within 24m postop - Postop anxiety/depression Not specified,
(2002) uncontrolled 16 extra-TL DSM-III-R & Linqvist-Malmgrer  Affective disorder: 4/16 associated with preop history  despite clear occurrence
Age range: 18.3-62.2 yrs diagnosis Anxiety disorder: 1/12 of anxiety/depression or of de novocases
(mean: 35.1 yrs) SLP: 11 AE disorder
AE disorder: 16/34
Frontal lobe syndrome: 11/11

Quigg et al. Prospective; 107 = 90 temporal; 12m Clinical interview (CDI) & Depression (%): 33/44 - 1. Presurgical depressive Not specified,
(2003) uncontrolled 17 extra-TL MMPI-2 4 pts attempted suicide within morbidity predicted higher ~ despite clear occurrence
Mean age: 32.5 1 1.4 yrs 12m of FIU; postop depression scores of de novocases
3/4 pts completed suicide; 2. Right sided surgery associated
all patients wersz free with increased postop
depression scores
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Overall outcome
(preop/postop)

Assessment

type

Sample Follow-up

(n)**

Reuber et al. Prospective; 94 =76 surgical (60% SAH, 12m (surgical) Self report: BDI & SRAS  Surgical group: Preop/12m (%,
(2004) controlled  15% ATLR & 25% extended 16m (medical) (> 12 BDI = probably depressed; BDI > 12: 29/16 of depression with better depression scores 3 (4%)
temporal lesionectomy); > 35 SRAS = abnormal anxiety) ~ SRAS > 35: 48/39 sz control regardless of demonstrated most Anxiety (surgical group):
18 medical treatment; Started antidepressant treatment (surgical/medical)  improvement in depression 10 (13%)
therapy postop: 3 mode if they were sz free Depression (medical group):
6 (35%)

Mean age:
Surgical group: 35.0 £ 9.0 yrs
Medical group: 35.8 + 10.1 yrs

Started anxiolytic
therapy postop: 17
Medical group: Preop/16m (%)
BDI > 12: 18/41
SRAS > 35: 39/56
Started antidepressant

therapy postop: 5
Started anxiolytic
therapy postop: 5

Preop/3m/ém
Psychiatric dignosis (SCID-I):
6 (27%)/7 (32%)/2 (9%):
Depression: 2/4/2
Anxiety: 4/2/0
Adjustment disorder: 0/1/0
Self-report measures: Preop/3m/6m (mean)
BPRS: 6.0/8.3/4.0
HDRS: 5.3/8.0/4.1
HARS: 6.5/9.5/4.7
Psychiatric meds required in 4 (18%)
pts at 3m F/U and 7 (32%) at 6m F/U

Clinical interview (SCID-I);
DSM - IV diagnosis;
BPRS, HDRS & HARS

22 temporal 3&6m

Age range: 18-49 yrs
(mean: 30.0 £ 9.1 yrs)

Prospective;
uncontrolled

Cankurtaran et al.
(2005)

Outcome related
to seizure freedom?

Yes - improved symptoms

Number of
de novocases

Other predictors of
psychiatric outconfe

1. Pts with higher presurgical Depression (surgical group):

postsurgery
2. Increase in anxiety scores  Anxiety (medical group):

only for pts that experienced 4 (22%)
<50% improvement in sz frequency

3 months
Depression: 4 (18.2%)
Anxiety: 2 (9%)
Adjustment disorder: 1 (5%)
6 months
Depression: 1 (5%)
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Follow-up Assessment Overall outcome Outcome related Other predictors of Number of
type (preop/postop) to seizure freedom? psychiatric outconte de novocases

Pintor et al. Prospective; 70 =59 ATLR/11 SAH 1,6&12m Clinical interview (SCID-IV);  Preop/Im/6m/12m (%) No 1. Any (lifetime/during ~ Psychiatric diagnosis: 3 (4.3Y
(2007) uncontrolled ~ Mean age: 31.1+8.3yrs DSM - IV diagnosis Psychiatric disorder: (Additionally, no significant ~ presurgical evaluation) (no further details given)
47143132125 difference in sz outcome &  psychiatric history related
presence of a preop psychiatric  to psychiatric disorders
diagnosis) post-surgery

2. Gender. females more
likely to have postoperative
psychiatric diagnoses

Witt et al. Prospective; 151 = 125 temporal; 12m Self report: BDI, FPZ Mean score: Preop/12m Yes - significantly lower  Right sided surgery associateBepression: 13 (8.6%), of whi
(2008) uncontrolled 26 extra-TL (BDI O 17= clinic®D:9#agr es s ineunjicism, organic psych-  with decreased postop 6 pts were sz free
Mean age: FPZ: syndrome & BDI scores in sz depression scores
TLE pts: 37.9£12.2 yrs Extraversion: 52.7/52.5 free group
extra-TL pts: 33£9.9yrs Neuroticism: 80.6/74.2
Organic Psycho-
Syndrome; 71.4/65.5
Addiction: 17.1/16.6




Study Study Sample Follow-up Assessment Overall outcome QOutcome related Other predictors of Number of
type (n)a’b type (preop/postop) to seizure freedom? psychiatric outconte de novocases
Guangming et al. Prospective; 62 temporal (all CAH) 12&24m Self report: SCL-90-R  Preop/12m/24m (mean score)  Yes - significantly lower -
(2009) uncontrolled Age range: 16-46 yrs SCL-90-R: 2.18/1.95/1.79 SCL-90-R scores attained at 1
(mean: 28.8 £ 7.6 yrs) & 24m FIU for pts with Engel |
outcome

Barbieri et al. Prospective; 12 =8 temporal; 2 FLE; 6 &12m Clinical interview; Mean preop/6m/12m scores  Small n precluded statistical
(2012) uncontrolled 1 occipital; 1 temporo-frontal DSM-IV-TR diagn. SANS: 33/39/34.4 analysis
Mean age: 36.3£ 8.2 yrs SANS; SAPS SAPS: 31/34/28.5

Hellwig et al. Prospective; 84 =55temporal; 21 extra-TL; ~ 3&12m Clinical interview; Preop/3m (n) Yes, significant association - 3month FU
(2011) uncontrolled 8 temporal & extra-TL ~ (N.B. 12m F/U data wa#CD-10 & ILAE neuropsychiatr ~ Psychiatric diag: 48/46 ~ between the remission of Psychiatric diag: 14 (17%)
Age range: 23.8-49.2yrs  only avaliable on 67pts classification Affective disorder. 29/27  affective disorder and Engel | Affective disorder. 12 (14%)
Mean age: 36.5£ 12.7yrs  which is not clearly Irrespective of surgical  or Il seiuzre outcome at 3m. 3 pts (25%) had a preoperati
reported) intervention, 9 (11%) were However, no sigificant difference personality disorder diagnosis
prescribed psychotrophic - between Engel I and II-IV were 6 pts showed remission of
medication. observed at 3 or 12m affective disorder within 12m
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Follow-up Assessment Overall outcome Outcome related Other predictors of Number of
type (preop/postop) to seizure freedom? psychiatric outconfe de novocases

Filho et al. Prospective; 115 = TLE+MTS Within the first year Clinical interview; Lifetime preop/postop (%) N/A - -
(2012a) uncontrolled ~ Mean age: 36.9+ 10.7 yrs  following surgery DSM-IV (Axis ) Psychiatric diag: 41/27  The preop psychiatric & MDD 27 (54%) of preop cases
(same sample as 2012 paper) MD: 23/12 groups had significantlpoorer reported complete remissior
Anxiety: 10/9 postop sz outcome of psychopathology postop
PIP: 3/?
IP: 3/7

da Conceicéo et al. Prospective; 145 TLE+MTS 0 24m Clinical interview; Preop (%) only reported: N/A focus of this study was - -
(2013) controlled (8 (6%) = bilateral MTS) DSM-IV Psychiatric diag: 42 identifying the surgical outcome
Age range: 18-63 yrs MD: 61 of pts with a lifetime psych
Mean age: 37.8 + 10.3 yrs Anxiety: 13 history: Seizure outcome did
PIP: 12 not significantly differ between
IP: 8 pts with/without preoperative
psychiatric morhidity (n=94)

ATLR, anterior temporal lobe resection; AE disorder, AsthEnmtional disorder; Austin CEP, Austin Comprehensive Epilepsy Program; BAI, Beck Anxiety Inventory; BDI, Beck DepressimmyinB®RS, Brief Psychiatric Rating Scalg
CAH, corticoamygdalohippmampectomy; CDI, clinical depression index; GBSCentre for Epidemiological Studies Depression Scale; CIDI, Composite International Diagnostic Interview; Diagn, d2§MsBiagnostic and Statistica
Manual for Mental Disorders; DSWV/-TR, Diagnosticand Statistical Manual of Mental Disorder§ext Revision; ETL, extrdemporal; F/U, followup; FLE, frontal lobe epilepsy; FPEBragebogen zur Personlichkeit bei zerebralen Erkrankun
GHQ, General Health Questionnaire; HADS, Hospital anxiety ancedsipn scale; HARS, Hamilton Anxiety Rating Scale; HDRS, Hamilton Depression Rating Scale; HS, hippocampal sclerogisni&tnt Classification of Disease; IDO
interictal dysphoric disorder; IP, interictal psychosis; KSP, Karolinska Scales ohBEng LesX, lesionectomies; m, months; MD, mood disorder; MHI, Mental Health Inventory; MMPI, Minnesota MultiphasialRgrsaentory; MMP12,
Minnesota Multiphasic Personality Inventory, scale 2; MSE, mental state examination; MTR, mesial teesgotain; MTS, mesial temporal sclerosis; n, sample size; NMTR, nonmesial temporal resection; PD, personality disorq
Preoperative Expectations Questionnaire; PIP, postictal psychosis; PSE, Present State Examination; PLCQ, Postoperlsivgnbif@u@stionnaire; Pts, patients; QOI3E, quality of life questionnaire; RCI, reliable change index; SA
selective amygdalohippocampectomy; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assesitimer8yohptosns; SCID, Stictured Clinical Interview for DSM; SGRO-R, SelfReport Symptom Inventory;
SLP, schizophreniike psychosis; SRAS, SeRating Anxiety Scale; STAI, Spielberger Stdtait Anxiety Inventory; STAXI, Spielberger Staleait Anger Expression Inventory; &, seizures; TL, temporal lobe; TLE, temporal lobe epilep
WPSI, Washington Psychosocial Seizure Inventdry. §ample size that was used in statistical analysis. Thus, sample size may not always equal the size reported indeséarcipartiata as reported in artidle; only listed if statistically
significant predictor).
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Twenty-sevenstudies were prospective but uncontrolléoirteenwere retrospectivéut
uncontrolled;three were retrospectiveand controlled and two prospectiveand controlled.
Control groups consisted of patients deemed not eligible for su¢géshuler et al., 1999
da Conceicaet al., 2013 continued on medical treatmefhtendtet al.,2000;Reuberet al.,
2009 or who did not developa postoperative mood disordgtanemoto Kawasaki& Mori,
1998. The majority of retrospectivstudies(n=10 had a followup of more than 1 year
(range 3 months 30 years). Howevegneretrospective study did not report their follays
duration (Robertset al., 1990. Unsurprisingly, prospective studies in caripon had a

shorter followup ranging fron2 weekgo 8 years

Depression (twentypine studies),anxiety fwenty-three studies)and interictal psychosis
(seventeenstudie3 were the most frequent outcomes explored. These outcomes were
assessed mainly through reviewing eae&es, via structured clinical interview and/or self
report measuresOther outcomes received less attentipostictal psychosisn{ne studie}
persaality disorders geven studies), non-epileptic seizuregthree studie3, psychosocial
adjustment ¢ne study, behavioural problemsfe study and interictal dysphoric disorder

(IDD; one study.

2.5Depression

The prevalence of preoperatigepressive symptoms in TLE patients was highly variable
owing to divergent methodologies and diagiho classifications (range-&1%) (Naylor, et

al., 1994; Ring, Moriarty & Trimble, 1998Altshuler et al., 1999Derry, Rose & McLachlan,
2000; Kohleret al, 2001;Wrench, Wilson & Bladin, 2004Cankurtararet al., 2005Kanner

et al.,2009;Guarnieri et al., 2009Vrench et al., 20L11Adams et al., 201 ZFilho et al., 2012
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da Conceicacet al., 2013 Lackmayer et al., 20)3 Cases of attempted armbmpleted
suicide have been reported, paradoxically in patients who have been rendered seizure free

(Jensen & Larsen, 1979; Quigyal.,2003).

There wereinconsistent findings comparing depression before and after temporal lobe
surgery. A number of stlies repoed improvements in depression after surgery, defined
either as a reduction in the number of patients meeting the clinical criteria for depression
(Ring et al., 1998; Altshuler et al., 1990anner etal., 2009; Wrench et al., 20]1&ilho et al,

2012, or significant improvements in rating scales measuring depressive symptomatology

(Derry etal., 2000; Reuber et al., 2004; Hamid et al., 2011).

In contrast, Anhoury and colleagué2000) found no change in prevalence rates of mood
disorders preand postsurgery. In two studies it was unclear whether depression prevalence
rates had improved or worsened after surgery, as the frequency of patients that developed de

novo depression was not repor{®ing et al., 1998; Kohler et al., 2001).

Although depression improved in some patients, de novo cases (including IDD) were
reported in a minority of casddlaylor et al., 1994; Blumer et all998; Altshuler et al.,
1999; Anhoury et al.2000; Derryet al., 2000; Reuber et al., 2004; Wrench et2404;
Cankurtaran et al., 2005; Devinsky et al., 2005; Witt, Hollmann & Helmstaedter, 2008;

Wrench et al., 2011; Hamid et al., 20Fllho et al., 201

In studies that only included temporal loférgicalpatients, de novo depression prevalence
rates ranged from 4YReuberet al., 2004}o0 18%(Cankurtararet al., 2005) The research
findings reviewedsuggesthatde novodepression frequently occurs withifl2 months after

surgery(Altshuler et al., 1999; Cankurtaran et al., 2085y tend to persist (range-11
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months; Wrench et al., 2011) However, determining the evolutioof depression is
challenging, owindo the varied and limited timgames in which psychiatrisymptomshave

beenassessed.

Regarding predictors of pesurgica depression, ten studies demonstrated that improvements
in depression after surgery were related to significant gains in seizure ¢@&htraker etal.,
1998; Altshuler et al., 1999; Derry et al., 200Ghler etal., 2001; Reuber et al2004;
Devinsky ¢ al., 2005;Witt et al., 2008;Metternich etal., 2009; Hamid et al., 2011)This,
howeverwas not a consistent findiluchy & Chelune, 2001; Spencaral., 2003Wrench

et al., 2004Meldolesi et al., 200AVrench et al., 203IEngman et al., 20)2

There is little evidence to suggest that pmstgical depression is associated with the
laterality of the surgical resection. Only one study found that patients undergoing a right
temporal lobe resectiowere at greater risk(Quigg et al., 2003)put this has not been
confirmed by othergRing et al., 1998; Blumer et al., 1998; Altshuler et al., 1999; Derry et
al., 2000; Kohler et al., 2001; Wrench et al., 2004; Devinsky et al., 2005; Wrench et al., 2011;

Hamidet al., 201}

Significant preopetive risk factors for postoperative depression includeepigting history
of affective disorders (depression or anxiefy)almgrenet al., 2002; Quigg et al., 2003;
Devinsky et al., 2005; Wrench et al., 20Hilho et al., 201p fear auragKohler etal.,

2001) temporal versus extt@mporal surgeryWrench et al., 2004and within this group,
mesial versus lateral resectiofWrench et al., 2011) Femalegender(Suchy et al., 2001)
poor psychosocial adjustmefiderry et al., 2000; Wrench et al., @) andnegative family

dynamics(Wrench et al., 2011)ave also been found pdace patientat higher risk.
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2.6 Anxiety

The prevalence of preoperative anxiety symptoms was also extremely variable, ranging from
0-48% (Naylor et al., 1994; Ring et al., 1998; Anhoury et al., 2000; Kohler et al., 2001;
Malmgren et al., 2002Spencer et al., 200Reuber et al., 2004; Wrench et al., 2004;
Cankurtaran et al., 2005; Devinsky et al., 2005; Kanner et al., Z2@@mnieri ¢ al., 2009;
Salgado & Cendes, 200Bilho et al., 2012da Conceicaet al., 2013 and as for depression,

this islikely to bedue to differentdiagnostic and psychopathological measures .udear
instance, Devinsky et al2005) reported that preoperatively a quarter of patients had
moderate to severe anxiety accordingrating scale data, whereas 17% met the clinical
criteria for an anxiety disorder following a structured clinical intervienwoni@osite

International Diagnostikerview, GDI).

The majority of studies demonstrated reduced prevalence of anxiety postoperatively when
assessed between 3 monihd?2 years after surgergTaylor, 1972;Jensen et al., 1979;
Spencer et al.,, 2003; Cankurtaran et al., 2005; Devinsky,,e2(f)5; Kanner et al., 2009;
Salgado et al., 2009) Two studieshoweverhave suggested that anxiety symptoms may
present early and resolve within the first few weeks following sur{fenyg et al., 1998;
Kohler et al., 2001) Ring and ceworkers (1998) reported that anxiety symptoms rose 6
weeks after TLE surgery in their surgical cohort, and reduced to about half tkergical
prevalence rate by 3 morsthSimilarly, Wrench et a[2004)found anxiety diagnoses peaked

4 weeks after temporal lobe gery, remitting to presurgical levels 3 months later.
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Four studies found an increase in the prevalence of anxiety disorders postop€(fdtykdy
et al., 1994Anhoury etal., 2000; Kohler et al., 2001; Malmgren et al., 2082) one study

demonstraté no significant change in sakported anxiety symptonfReuber et al., 2004)

Seven studies reported de novo anxiety cases, ranging f#26%38Taylor, 1972; Naylor et
al., 1994;Anhoury etal., 2000; Reuber et al., 2004/rench etal., 2004; Cankudaran et al.,
2005; Hamid et al., 2011Filho et al., 2012 The highest prevalence rate was noted one

month after temporal lobe surgery (26@8jrenchetal., 2004)

Evidence for predictors of pestrgical anxiety indicates patients with a previous history of
affective disorders (depression/anxie@nhoury et al., 2000;Malmgren et al., 2002are
more susceptible to postoperative anxiety. As with depression, Tatents with
preoperative fear auras were identified in one study as at greater risk-stipgsal anxiety

disorders despite becoming seizure fileehler et al., 2001)

Data relating to the predictive value of other clinical characteristics is umoomy. Some
authors have reported an association between temporal lobe (versuterapwaal lobe)
surgery and postoperative anxigi/rench et al., 2004)but this has not been replicated
(Devinsky et al., 2005) There is conflicting evidence as to ether postoperative anxiety is
influenced by seizure outcome. Two studies reported that anxiety disorders/symptoms were
more common in patients with persistent seizreshler et al., 2001)or less than50%
reduction(Kanemoto et al., 1998but anothedid not support such an associat{@evinsky

et al., 2005) Of those studies considering surgical lateratihly one reported an association
between left temporal lobe resection and the development of depogtaperative anxiety

(Ring et al., 1998)
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2.7 Interictal p sychosis

Reported preoperative prevalence ratesvidely divergent (616%) (Taylor, 1972; Jensen et

al., 1979; Roberts et al., 199Deinonen, Tuunainen & Lepola, 199M¥aylor et al., 1994;
Anhoury et al., 2000Guarnieri et al., 208 Malmgren et al., 2002Barbieri et al., 2011

Filho et al., 2012da Conceicaet al., 2013 Arguably, the high baseline prevalence of
interictal psychosis may have been inflated by earlier retrospective studies that included
patients directlyeferred for surgery from psychiatric institutiofisaylor, 1972; Jensen et al.,

1979)

Patients with prexisting interictal psychosis are often unlikely to be considered for surgical
intervention for their seizuregTaylor, 1972; Jensen et al., 1979olferts et al., 1990;
Anhoury et al., 2000; Malmgren et al., 2002; Foong et al., 206l0wever, a recent small
prospective studybut the largest reportedBarbieri et al.,, 2011 found that positive
symptoms (hallucinations/delusions) worsened for arsuipgof patients (n=4/12) in the first

6 months and later improved to preoperative levels aimbath follow-up. Negative
symptoms (social withdrawal/emotional blunting) either persisted or remained unchanged in
the majority of their piéents at one yeaollow-up. No patients with worsening psychotic

symptoms required hospitalisation.

There are a number of reports of an interictal psychosis presenting for the first time following
TLE surgery(Jensen et al., 1979; Roberts et al., 1990; Stevens et al., 1990; Leinonen et al.,
1994; Blumer et al., 1998; Inoue & Mihara, 2001; Devinsky et al., 200%)o prospective
studies reviewed reported de nawmterictal psychosis cas€Blumer et al., 1998; Bvinsky

et al.,, 2005) Bl u me (1998 studyadf temmoral and frontdbbe resectios
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demonstrated a 12% prevalence ratdefovo interictal psychosis at 6 months gsgery.
Notably, all de novo cases had undergone a temporal lobe resdgteow. i n s k (2008)t a |
uncontrolled study of temporal and frontal resections reported a much lower rate of de novo
interictal psychosis (1.1%) at 24 months folloy. It is possible that the de novo interictal
psychosis prevalence rate may have beenrestimated due to the high attrition rate of this

study.

There is no clear evidence of a relationship between the development of psychotic symptoms
and postoperative seizure cont(densen et al., 1979; Leinonen et al., 1994; Blumer et al.,
1998; Inoueet al., 2001) or that surgical laterality is a risk factor. The pathological
mechanisms mediating the development of de novo psychotic symptoms have not been
clarified. Steveng1990)proposes that aberrant reinnervation with axonal sprouting in the
projection sites of the surgical area explains the latene34(2nonths) between surgical
resection and the development of de novo cases. However, a histopathological study
(Roberts et al., 1990jound a significant association between developmental lesions
(gangliogliomas) in the temporal lobe and de novo interictal psychosis. In contrast, Anhoury
et al. (2000) failed to find that de novo interictal psychosis patients had developmental
pathological abnormalitiesThe authors highlight, howevdhat vey few patients included

i n debhelpméntal patholo§group had gangliogliomas.

2.8 Postictal psychosigPIP)

Given the limited research on PlPase studiewvill be reviewed, although they amot

presented in Table 6
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PIP is a recognised psychiatric complication of temporal lobe epilepsy (TLE); usually
manifesting after a cluster of complex partial or generalised seizures (Lo§sdaibne
1988). Psychotic symptoms tend to emerge following a symfieen(lucid) perid ranging

from 12 to 72 hours (Kanneat al, 1996) and are transient; typically lasting several days

(Leutmezeet al.,2003), butmay be up to weeks (Devinsky et al., 1995).

Incidence rates of PIP in studies of patients undergoing \atsstroencephalogphy
recordings (VEEG) are ~7% (Kanner al.,1996; Alper et al., 2001)Patients who have a
recurrent PIP may be at risk of developing cheanterictal psychosis (Tarulli, Devinsky &
Alper, 2001). The clinical risk factors reported are diverséthough widespread cerebral
disturbancénas been consistently report@ebrguson et al., 1969; So et 4990;Devinsky et
al., 1995;Mathern et al., 1995; Kanemotiawasaki& Kawai, 1996; Kanner et al., 1996;
Seeck et al.1999; Takeda et al., 2001; Christodoulou et al., 2802er et al., 2008Kanner
& Ostrovskaya,2008; Falipet al.,, 2009; SchulzBonhage& van Elst 2010; Oshima

Motooka& Kanemotoet al., 2011; Kuba, Brazdil &ektoret al., 2012)

There is limited dat of postsurgical outcome of patients with PIP in relation to psychiatric
status (Kanemotet d, 1998; Kanemotet al.,2001) orseizureoutcome (Alper et al., 2008;
Kanner et al., 2008 Falip et al., 2009). Two studies suggest that a history of PIP is
associated with postsurgical de novo psychopathology, particularly mood disorders

(Kanemoto etlg 1998; Kanemoto et al., 20p1
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2.9 Methodological limitations

The literature review higlghts a number of methodological problems timatke it difficult

to draw definite conclusions and undoubtedly contribute to the conflicting findirigstly,

many studiesprovide little or no information regarding prgurgical psychiatric status
(Chovazet al.,1994; Kanemotoet al., 1998 Kanemotoet al., 2001 Mayanagiet al.,2001;

Mosset al., 2009) Even when reported, piairgical psychiatric evaluations are usually only
sought if there is a positive psychiatric history or if patients reportgpeniative psychiatric
symptomgMalmgrenet al., 2002Metternichet al., 2009) If a neuropsychiatricssessment

is not part of the prsurgical evaluation, cases and symptoms may be m{Bssthn et al.,

2004 Kanner et al., 2008) Patients and families oftemnderreport psychiatric
symptomatol ogy, Vviewing t hi s ciraumstancegkanaer,ur a l
2008) Some surgical candidates may not disclose past or current psychopathology in the
fear that it would disqualify them from surgical consideratigtanrer et al., 2000)
Moreover, psychiatric comorbidities in TLE patients are often unrecognised or overlooked in
routine neurological consultations and go untreated despite persisting symptoms severe
enough to warrant pharmacothergpyanneretal., 2000;Boylanet al., 200 The lack of a
psychiatric evaluation preoperatively, as part of standard clinical care, may in turn inflate the

reporting of de novo figures postoperatively (type | error).

Another important consideration is the thiname during which mental health assessed.
Psychiatric comorbidity rates may differ depending on whether the evaluation focuses on
lifetime prevalencef psychiatric dysfunctiofAnhoury et al., 2000; Guarnieri et al., 2009;
Kanner et al., 2009Qdams et al., 201 Filho et al., 201Por setsa specific period (e.g. the 6

montrs immediately before surgery). Conceivably, psychiatric status in the months
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preceding surgery, when patients are undergoing complicated assessments that include
anxietyprovoking measures (sleep deprivationdioation reduction, continuous Vid&EG
recording) that could lead to |H&ltering neurosurgery may not represent stable mood states

(Glosseret al., 2000)

Several studies had short follawp peri ods (O 6 months) which
podoperative psychopathology. It may be erroneously concluded that patients are no longer
at risk of de novo psychiatric morbidity or an exacerbation of symptoms after thifraime

(Herman et al.1989;Ring et al., 19981 endtet al., 2000Wrenchet al, 2004;Cankurtaran

et al., 2005). Conversely, other studies where follm commenced after 6 months
(Hermannet al., 1992Anhouryet al., 2000Metternichet al., 2009 Salgadcet al., 2009)or

even several years after surgdmaylor et al., 1972;Stevens1990; Naylor et al., 1994;
Altshuleret al., 1999Derry et al., 2000Suchyet al., 2001]noueet al., 2001; Mattssoat

al., 2005),will miss the emergence of early psychiatric complications. For example, Wrench

et al.(2011)foundthe majorityof clinically depressed patients (70%) were diagnosed within

3 months postoperatively and in 65% of diagnosed cases, the depression persisted for at least

6 months.

The application of diverse diagnostic criteria, instruments and clinical cut offssessing
psychiatric status complicates comparison across studies-refetted measures are not
comparable with results of psychiatric diagnostic procedures usingsseitiured interviews

of patients and families, or rating scales completed by aopswychiatrist(Glosseret al.,

2000) A thorough psychiatric evaluation does not only consider transient mood states
reflected by selfeported indices, but the full context of the presenting symptoms; including
the history, other behavioural charactecstand corroborative information from the family

or carer(s). Although no single method is ideal to assess psychiatric functioniog post
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surgery(Guangminget al.,2009) a composite of measures may be the best approach. Even
when standardisedassification systems are adopted, for example the DSM or ICD, many
argue that neither has been validated on patients with neurological confliosseret al.,
2000;Anhouryet al., 2000) Furthermore, the clinical constellation of symptoms evident i
patients with epilepsy may not conform to a single diagnostic catéGdogseret al., 2000;

Meldolesiet al., 2007)

Few studies had a control gro(fbanemoto et al., 199&ltshuleret al., 19991 endtet al.,
2000;Reuberetal., 2004 da Conceicéaet al., 2013andgiven the high psychiatric morbidity

in patients with epilepsy, it is difficult to determine whether surgery per se is a risk factor.
Control groups were restricted to patients who were denied suf8ishuler et al., 1999
Lendtet al.,200Q da Conceicéet al., 2013 did notdevelop a postoperative mood disorder
(Kanemoto et al., 1998)r whodid not go on to have surgemresumablydue to high risks

of neuropsychological impairment and low odds of seizure freedRenberet al., 2004)
Furthermore, a number of studies used heterogeneous sampliesltidgdtemporal, extra

temporal and palliative procedurgelding limited data regarding temporal lobe surgery

Regarding postictal psychosis, few studies havestigated the relationshijgtweerPIP and
postsurgical psyclatric outcome Of these, the relationship between the number of PIP
episodeqi.e. PIP severityand postoperativpsychiatric morbidity has not been examined.
No study has systematically dmped the association of PIP witheuropsychological test
performanceapart from studies reportingnspecified btemporal memory dysfunction (So
et al., 1990;Mathern et al., 1995Christodoulou et al., 2002; Faligt al., 2009) or the

relationship withpostoperativaneuropsychological/seizure outcome

87



2.10Statistical analysis

Statistical approaches employed are also open to criticism. Research oedictors of
postoperative psychopathology dominated byChi-squared (X) or Fisher exacanalyses
(see,Naylor et al., 1994Kanemoto et al., 1998Ring et al., 1998 Kohler et al., 2001
Malmgrenet al., 2002Wrenchet al., 2004Devinskyet al., 2005; Pintor et al., 200Witt et
al.,, 2008, for examples)as the outcome varialsle are normally categorical if.

presence/absence of psychopathology).

Although exploratory univariable analyses (i.e. multiple X* tests) are sufficient for
identifying possiblepreoperative predictors of postoperative psychiatrarbidity, they fail

to quantifyor adjustfor the associatiobetween variables of interastthe presence aifther
preoperative factors Moreover,the performance ohumerous umariable analysesalso
increases the chance of finding significant respliely by chancetype | erroj. A further
disadvantage of this ngmarametric test is that all predictor(s) variables are required to be

categorical

These difficulties can be avoided by using multivariable analgselssome studies have
adopted thispproach(Blumer et al., 1998Anhoury et al., 2000; Wrench et al., 2011; Filho

et al.,, 2012; Filho et al., 2012a, fexamples) Logistic regression is a multivariable
statistical technique with th@dvantagethat predictor variables can be continuoos
categorical. Therefore,the relationship between a continuous independent variable (e.g.
years of epilepsy) and the outcome (e.g. de novo psychopathology) does not need to be
partitioned into arbitrary categoriegpér 10 yead increase in epilepsy duran). This

approachalsoenables theuantification of associatioa between variables and examines the
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odds of the outcome (de novo psychopatholqmgr) unitincrease/decrease in the predictor

(per yearof epilepsy duration).

Following the igentification of significant umariableassociationsn the primary analysjsa
multivariable logistic regressioanalyss can be performed to idefytiany independent
associationswhilst controlling for other preoperative factors; thereby minimisingriie of

a type | error.

Reducingthe chance of a type | error can also be achieved by includingwlestpossible
predctors in a multvariable model The suggested guideline is a ratio of 1 predictor per 10
positive cases (of postoperatipsychopathology) (Field, 2009 Apart from the number of
predictors, he method(e.g. hierarchical/forced/stepwise) in whistedictorsare entered into

a modelcan also reduce the type | error ratdowever, smeinvestigatorshave exceeded
this ratioand notspecifiedthe methodised in theipredictive analysi¢seeFilho et al., 2012

for example.

The majority ofself-reportlongitudinal data collected in psychiatric research has some form
of hierarchical structure, with repeated measurements (at Levele$jedclusteredwithin

individuals(at Level 3 (see Figure 3)
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LEVEL 2

\ 4

LEVEL 1 PreoprativeBDI score BDI scoreat 6 months BDI scoreat 12 months

Figure 3.An example of a-Bvel hierarchical data structure, where level 1 is a repeated medBek Depression Inventory

(BDI) score) nested within a patient at level 2.
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This inherent hierarchical structure therefore should be reflected in the statistical models that
areused to analyse such data (Paterson & Goldstein, 1991). Howelfgeportdata from
longitudinal research is usually analysed using a conventionaraesed linear model

(GLM), such as repeatadeasures analysis of variance (rANOVA) (sBachy et al., 2001,
Spenceret al., 2003; Quigg et al.,, 2003; Reuber et al., 2004; Cankurtaran et al., 2005;
Meldolesi et al., 2007; Witt et al., 2008; Metternichaét 2009, for examples)However
rANOVA has a number of assumptions that whe

including:

1. Complete/balanced datagetqual number of patients echpostsurgical followup

2. Sphericity i The variances in aharacteristic of interest (e.@eck Depression

Inventory; BD)) for eachfollow-up time aresqual

3. Independence of observatioris No correlation between residual scores in a

characteristic of interest (e.g. BDI) between folloprtimes

Due to samplettrition data sets may be unbalanced, violating assumption 1. To eecim

this problem, subjects with missing values may be removed from analysis reducing statistical
power and introducing sample bias (e.g. listwise deletion; all subjects with misduefsy

for a characteristic of interest are deleted from the dataset) or imputation techniques
employed (e.g. last observation carried forward), resulting in biased treastiemates (see

Gueorguieva & Krystal, 2004, for furthdrscussion).

The assmption of sphericity is often violated in longitudinal research designs as consecutive

observations on theamesubject tend to be correlated more highly than observations on the
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same subjectaken further away in time (Gueorguieva et al., 2004). Whenatgurs,
standard errors of the parameter estimates are reduced, inflating the type | error rate, leading

to spuriously significant results.

Similarly, each subjectds residual scores
likely to be autecorrelated as theamesubject is measured on several occasions. Thus, any
unexplained subjedpecific timeinvariant effect in the residuals will create a correlation
across measurement occasions (Singer & Willet, 2003). This problem results in a dbwnwa
bias in the estimation of standard errors, leading to an increased familywise error rate (Heck,

Thomas & Tabata, 2010).

Only one prospective study reviewed (see, Hamid et al., 2011) has accounted for the
hierarchicalstructure mherent inself-reportlongitudinal designs, by employing a multilevel
mode| specifically individual growth curve (IGC) modeling This form of statistical
modeling is necessary to describe the development/change of a variable of interest (e.g. BDI)
over time. A mitilevel model decomposes the variance in a characteristic of interest (e.g.
BDI) and models whethahe variability and rate of change varies across individuals in a
systematiavay, according betweesubject predictors of interest (e.g. epilepsy lateatios,

history of psychopathology etc.)Therefore, it should be applied to longitudinal data where
the primary mterest ism modeling thestructure and predictors of change over tifheke,

2004).
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Chapter 3. NEUROIMAGING CORRELATES OF

PSYCHOPATHOLOGY IN TLE

3.1 Neuroimaging in TLE

Neuroimaging techniques haugeen exhaustively applied to the investigation of TLE,
resulting in a wealth of scientific data and clinical applications (Duncan,; 19@ican,
2010. Structural MRI studies in mTLE show atrophy of the hippocampus, in addition to
other mesial (enthorinal cortex, perirhinal cortex, amygdalaiform gyru3 and extra
temporalregions (striatumgingulate gyrusfrontal/parietal neocortex and bilateral thalamus)
(seeKeller & Roberts 2008 Li, Zhang & Shang, 2012or reviews). Using dffusion tensor
imaging (DTI), which captures the direction and integrity of white mgWévl) tracts,the
connectiondetweenhese regions have been found to be abnonaatiaularly in the limbic

and transdéosal WM (see Otte et al., 2012, for medaalysis).

These structural abnormalities are paralleled in the functional neuroimaging literature. FDG
PET studies typicallydentify interictal regions of reduced glucose metabolism in the mesial
temporal lobe and adjacent neocortex, insular cortex, putamen and thalatmeisnterictal

state During seizures captured withtal SPECT increased perfusion s&een reportedh

the ipsilateral mesial and lateral temporal lobe, striatum and bilateral thalamus. Decreased
perfusion is seen in the frontal cortex gwdcuneus (Richardson, 2Q1ar review& Figure

4).
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Ictal SPECT
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Figure 4.A schematic summary tife widespread abnormalities reported in neuroimag
studies of mTLE patientgA) coronal (B) medial view of glateral right hemisphere
(C) axial section (D) lateral view of ipsilateral right hemisere. Adapted fron

Richardson2012



As outlined in Chapter 1, imaging methods are wsddnsivelyfor TLE surgical planning.
Integration of structural and functional data into surgical ifg@gdance systems is currently
underway, with the aim of improving seizure freed rates and reducing postoperative

neurologicaldeficits (Duncan, 2010, for review).

Over the last two decades, a cumulative literature has linked structural and functional
neuroimaging abnormalities with cognitive impairment in TLE. More recentlygimga
studies have attempted foredict the impact of TLE surgery on neuropsychological

(memorylanguage) outcome (see Bell et 2D11, for review).

Less attention has beenctssed on delineating the neuroimagaugrelates of psychiatric
comorbiditiesin TLE, or identifying preoperative cerebral markers that increase the risk of

postoperative psychopathology. These studiesarsidered in this chapter.

3.2 Systematic literature review

A literature search was conducted using MedlEmbase andPsychINFO until Jun€013
with the following search terms: temporal lobe epilepsy, neuroimaging $&uggctural and
functional),neurosurgical procedures and meuwliabrders (e.g., mooalixiety disordersand
psychosis). Previousliterature reviews were exclude@nner et al., 2002; Kanner, 2004;
Theodore 2004; Gilliam, 2005; Charytoret al., 2010Kanner et al., 2012a; Li, Zhang &
Shang 2012; Valente &Filho, 2013),although reference lists were checked to ensure no
additioral studies had been missed.The search yielded2,547 articles relating to
neuroimaging andr'LE. Of these,7% (n=179) investigated psychiatric comorbidity pre

and/or postoperatively Studies onMEG, restingstate,palliative neurosurgical procedures,
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stimulation studies, and studies not publishedbeer reviewed English language journals
were excluded.Fifty one studies met these inclusion criteria and therefore were ingluded

summarisedn Appendix 1

3.2.1Depression

Structuralimagingstudies

Preoperative studieseport increased depressive morbidity in TIfE association with
enlarged amygdala volumeTdbartz van Elst, Woermann, Lemieux & Trimble, 1999;
Richardson et al.2007) or presered contralateral amygdala, relaxometry(Briellmann,
Hopwood & Jackson, 2007 The syndromenTLE has also beeassociated with depression
(Quiske et al.2000; Salgado, Yasuda & Cendes, 2010), but this is not a consistent finding
(Adams et al., 2008; Wrencdt al., 2009; Shamim et al.0@9). Left-sided mTLEhas been
suggested as a risk fact@algadoet al.,2010), but this has not been confirmed by others
(Quiskeet al., 2000Baxendale, Thompso& Duncan, 2005Paparrigopoulos et al2008;

Shamimet al.,2009 Finegerstlet al.,2011; Butler et al., 2012)

Reduced ippocampal volume has been variably associated with greater depressive
symptomatology. An early study by Quiske et al. (2000) reported that patients with
hippocampalsclerosis(mTLE-HS) had higher BDI scores than neocortical TLE patients,
independent of the lateralisation of the lesidwotably, the mean BDI scores in the mFLE

HS group were in thémildérange. This finding has been replicated, although the atrophy
was specific to the hippocampuentralateralto the seizure onset (Baxendateal., 2005

Shamim et al., 2009). A subsequent study using 3D surface mapping, also found
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significantly increased contralateral hippocampal atrophy in depressed GBDImMTLE
patients Finegershet al., 2011). Othershoweverhave not found an associati®etween
hippocampal volumetry and depressidRichardsonet al., 2007; Briellmann et al., 2007

Wrench et al.2009).

Alternativeimaging modalities have offered insights into the relationshigpileptogenicity

of the limhlc structures and depression (Kanner et al., 2012a3tudy of MRspectroscopy

in 31 TLE patients found that the extentwaixelsin the hippocampi with decreas®&hA
(creatineN-acetylaspartate metabolite ratibiomarker of hippocampal dysfunctionvas
linearly associated witthe severity of depression symptongil{iam et al., 2007). No other
variable was associated with depression, including seizure rate, number of AEDs; or self
assessed social and vocational disabilitihe extent of hippocapal dysfunction(NAA)
explained57% of the variance in mood statdDecreasg NAA has beerassociated with
cerebral regions of interictal spiking and seizure o(Garcia et al., 1997 suggesting that
chronic hypetexcitability of the hippocampus may negatively influence the limbic network

toward a depressed std@illiam et al., 2007)

Studies investigating@xtralimbic structural correlatesf depressive morbidity in TLE are
limited in contrastwith the primarydepression literatures¢e Drevets & Price2012, for
review). Butler and colleagues (2012) usetheasure otortical thickness (FreeSurfer) and
demonstratedbilateral orbito-frontal cortex QFC) thickening in mTLE patients with
increasing depressive symptormempared to healthy controlsHowever, the role and
morphological changes of the OFC in TLE patients with depressive symptomseésr due

to the lack of a TLEonly control group.
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Only onestructuralneuroimagingtudyhas investigatecheuroanatomicaharkes of de novo
depression following TLE surgeryln an a priori regiofof-interest (ROI) analysis, Wrench

and colleagues (2009) manually segmented the hippocampi and found that reduced
preoperative contralateral hippocampal volume was a significant risk factor in the

development of de novo depression within the first year of surgery in mTLE patients.

Functionalimagingstudies

Decreased serotonergic function has been identifieal @gotal pathogenic mechanism of
depressionevidenced by the efficacy of serotonin reuptake inhibitors (SSRIS) in treating
depression (Kanner et al., 2002\ number of studies using serotonin receptor ligands for
PET have yielded important insights irttee neurobiology of depression TLE (Kanner et

al., 2012a). Investgations in TLE patientdave reporteda significant inverse relation
between BDI score andeduced ipsilateral hippocampal binding after partial volume

correction(Giovacchini et al.2005 Theodore et al., 200.7

Serotonergic abnormalitiehave also beendemonstratedin extratemporal structures
including theanterior cingulate cortefACC) (Savic et al.2004; Hasler et al., 200TZothe et

al., 2009, insularcortex (Lothe et al2008; Martinez et al., 2013ndipsilateral (Salzberg et
al., 2006) andvilateral Bromfield et al., 1992L othe et al., 2008) frontaiegions (Salzberg et

al., 2006).

Schmitz and colleagueq1997) found a negative relationship between BDI score and
contralateral temporal and bilateral frontal perfusion in-da&fed focal patients using

interictal SPECT.A similar study of TLE patients meeting tdegnostic criteridor a major
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depressive episode failed to findyacerebral areas of hygmerfusion compared to healthy

controls Ring et al., 1999.

The majority of studies have reported that epile@dgted variablesfor example seizure
laterality (Victoroff et al.,1994; Theodore et al., 200Hasler et al., 2007), age of epilepsy
onsetduration (Savic et al., 2004; Salzberg et al., 2006; Theodore et al., 2007) or pathology
(Salzberg et al., 2006; Theodore et al., 2007; Hasler et al., 2007) are unrelated to preoperative

depressive morbidity

An FDG-PET studysuggested thapsilateral OFC metabolism may be a predisposing factor
for developing depression in TLE and aktlowing TLE surgery(Salzberg et al., 2006).
However,it is unclearwhether reduced metabolism in this region is a ppazling factor for

de novadepression; particularly as hypeetabolism was found in the same area in depressed

patientspreoperativelySalzberg et al., 2006).

3.2.2Anxiety

Structuralimagingstudies

In a crosssectional studyrelative preservation of the right amygdala was found in patients
with refractory partial epilepsy and associatgdte anxiety (Satishchandra et al., 2003).
Interestingly, patients witlhigh anxiety scorebad a significantly earlier onsand longer
duration of epilepsy, suggesting neurobiological and/or psychological processes may explain
and contribute to this associatiorHowever, n a longitudinal study of surgical epilepsy
patients, no relationship between amygdalar volume and a preoperative history of anxiety

was reported Halley et al.,2010. This discrepancy maye due to methodological
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differences between studieSatishchandra ell. (2003) selected a homogenous glenof 16
patients with or without comorbid anxiesymptomsdefinedusingthe Schedules for Clinical
Assessment in Neuropsychia(i§CAN). Halley et al. (2010) included patients who met the
diagnostic criteriafor anxiety disorders (DSNV). Additionaly, patients with comorbid
anxietysymptomsassessed b§atishchandra et al. (2008howed a significantly earlier onset
and longer duration of epilepsy, potentially increasing the chance of structural plasticity
effects. Pat i ent gr oups (2010) stitlg did retydiffer statistidally @rs these

variables.

One preliminary study has investigated @hrelationship between amygdalalume and
postoperative anxietyHalley et al.,2010). Relativao healthy volunteersgegection of an
ipsilateral amygdala of normal volumevas significantly associated with postoperative
anxiety in patients who underwent mesial tempdoae resectionsregardless of seizure
outcome. There waso association between amygdat@ume and anxiety in patients with
non-mesial resections or between contralateral amgdala velanteanxiety in patients with

mesial temporal resections.

Functionalimagingstudies

Similar to depressionfew studiesof the functional neurobiological markers of de novo
anxiety have been publishe®Bonelli et al. (2009) used fMRI to investigate the role of the
amygdala in processing emotions in FHS patientsand whether this was a potential
biomarker for emotional disturbance followjirsurgery. They found thatostoperatively

right TLE patients demonstrated significant correlations between preoperative ipsilateral
amygdala activation on viewing fearful faces and postoperative change in anxiety and
depression levelswith greater preogrative activation being related with worsenseyerity
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of anxiety (and depressignfollowing ATLR. There was no association between

postoperative mood disturbance and seizure outcome at 4 monthsdpllow

3.2.3Interictal Psychosis

Structuralimaging studies

Early MRI studies concentrated on whethegross structural abnormalities in primary
schizophrenia were also found epilepsy patients with interictal psychosi€onlon &

Trimble, 1988) putthesewere limited in terms aimagingsensitivity andspecificity.

More recently, advances in imaging techniques coupled wilumetric findings in
idiopathic schizophrenia has led to investigatof hippocampal and amygdahnormalities

in patients with epilepsy and interictal psychosis, with variadelts. Some have reported
bilateral amygdalanlargemen{Tebartz van Elst et al., 2002gft-sided (Marchetti et al.,
2003 or bilateral (Maier et al., 20QGundram et al., 201@plumelossin the temporal lobes
of patientswith interictal psychosisbut these are inconsistent findin@darshet al.,2001;
Flugelet al., 205; Flugelet al.,2006 Flugel et al., 2006a A sub-group analysis however,
revealed significant reductions in theagnetization transfer ratio (MTR; an index of signal
loss/macromoleculastructural integrity) in the left superior and middle temporal gyri in
MRI-negative TLE psychotic patients the absence of any volumetric differeniélsigel et

al., 2005) Furthermore, MTR imaging has been usefuinvestigating structural correlates
of cognitive impairment (Flugel et al. 2006). Fo@ample, lower vocabulary test scores were
correlated with MTR reductions in the fusiform gyrus of the left temporal lobe in- TLE

interictal psychosis patien(slugel et al. 2006)

101



Frontal cortical thinning (Gutierre@alve et al., 2012) and more widespread cortical and
subcortical abnormalities have been reported in epilepsy patients with psychosis, suggesting
pathogenic similaties with primary schizophrenid@rshet al.,2001; Sundram et al., 2010).
However, others dve failed to finddiffuse cortical pathology and propodhat interictal

psychosis is a hosological entity distinct from schizophrenia (Retsah,2004)

In contrast to theschizophrenia literatureé={tzsimmons, Kubicki & Shenton, 20}, 3imited
research has examined WM abnormalities in patients with TLE and interictal psydnsis.
study using dfusion tensor imaging(DTI; norrinvasive information regding the
microstructure of WM) and a ROI approach has demonstrated subtle abnormalities in the
fronto-temporal WM of patients with interictalsychosis (Flugel et al., 2006&ppecifically,
fractional anisotropy (FA; directionality and coherence of axdibaés) was significantly
reduced in bilateral frontal and temporal regions, with significantly increased mean
diffusivity (MD; quantitative measurement of the diffusion of water molecules) in frontal
regionsbilaterally, comparedio nonpsychotic TLE patients.Furthermore, Hesestructural
abnormalities were significantly related to clinical and neuropsychologicpairmens
(Flugel et al., 2006a).A small whole brain VBM studyhas alsofound pronouncedWM
reductiors in bilateral temporaland extratemporal regionsin patients with TLE and

comorbid psychosi€Sundram et al., 2010)

Functionalimagingstudies

Few functional imaging studies have directly compared psychotic angsyzhotic epilepsy
patients(Gallhofer et al., 1985; Marshallet al.,1993; Mellerset al.,1998. Mellers et al.

(1998)reported reductions in cerebral blood flas measured b$PECT in the left superior
temporal gyrusassociated with performanoa averbal fluency task Marshall et al. (1993)
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found hypemetabolism in thdeft medial temporal regignwhile a third study highlighted
lower regional oxygen extraction in the froriemporal regionsisingPET (Gallhoferet al.,

1985). These studies involved small and hegenoous samples.

3.2.4Postictal PsychosigPIP)

Neuroimaging studies of pegital psychosis (PIP) are rare (Butler et al., 201Results

from structural imaging studies have reported bilateral pathology, generalised cerebral
atrophy(Morrow et al.,2006) preserved ipsilateral anterior hippocampal volume (Briellman
et al., 2000)and cortical abnormalities in PIP patiefBuBois et al., 2011) In the largest

MRI study to dateright rostral thickening and thinning of the right angular gyand left
temporal gyrus distinguishd@IP patients from epilepsynly and healthy control@uBois et

al., 2011).

Results from functionalmaging studies have indicatdtat widespread or diffuse brain
dysfunctionmay be key factors Case reports using EET during an acute episode have
found increased perfusion gontralateral basal ganglia (Fong et a000); bitemporal and
bi-frontal areas (Leutmezer et al., 2003); and widespread ipsilateral-feonpmral networks
(Nishida et al., 2006). Interictdlitemporal hypometabolism has also been documented in

single case studies (Seeck et al., 1999; Kulah ,2012).

3.2.5Conclusion

Depression was the most common psychiatric comorballoredin the brain imaging

studies reviewed The experimental findings describaddicate hat similar structures
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involved in primary depression (amygdaigpocamps, OFQ (Drevets et al., 201re also
alnormal in patients with TLEand cemorbid depression. However, theterogeneityof
epilepsy syndromes, diagnostic methodologies (DSM/BDI), scanning techniques
(ROI/VBM/partial volume correction), radioactive ligandsuration of psychopathology,
possibledrug confounds (psychiatric/AEQsImall sample sizes, cressctionaldesigrs and
lack of adequateontols, impedes the establishment of firrand consistent conclusiorand

comparisonsvith the primary depression literature

Only one structural ROI studyhas investigated neuroanatomical markersf de novo
depression following TLE surgerywWrench et al(2009) repored preoperativecontralateral
hippocampal volumdoss was a significant risk factor in the development of de novo
depression within the first year of surgery in mTLE patieritarther research is warranted
into the structural neuroanatomicaharkersof de novo depression following TLE surgery
using awhole brain fully automated computerised volumetriethod (e.g. VBM). The
advantage of VBM is that is not restricted to the study of one brain region at a time (Keller &
Roberts, 2008)and theeforecan examine thpossiblerole of extralimbic structuressuch as

the OFC,n the deelopment of de novo depression.

Anxiety disorders havbeendescribed asthe f or gott en psychiatric col
(Kanner, 2011p. 99. Thisview is supported by the lack of neuroimagiresearch into the

condition (n=3/51; seeTables7 & 10). Both structural studiesSétishchandra et al., 2003

Halley et al., 2010) used ROI analyses of the mesial temporal structures, but found

contrasting resultsvhich maybe dwe to methodological differences.

One study investigated the relationship between amygdala volume and postoperative anxiety
(Halley et al., 2010). Relativi® healthy volunteers, resection of an ipsilateral amygdala of
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normal volume wasssociated with postoperative anxiety in patients who underwent mesial
temporal surgeries. Howevethe sample size was smalFigher exact analyses were

performed) and requisgeplicationwith larger cohorts

Thelow prevalence of interand posictal psychosigprohibitswell-poweredimagingstudies
into the underlying pathophysiological mechanisms of the psycludsesilepsy(Foong et
al.,, 2007). Somesuggest that interictal psychosand primary schizophrenighare
pathogenic correlates (Marsét al., 2001; Sundram et al.,, 2010), but the literature is
unconvincing (Ruscket al., D04). Patientswith interictal psychosis rarely undergo surgical
intervention and de novo cases are rare (Foong et al., 20M&refore predictive

neuroimagingstudeshave not been conducted.

The majority of PIP studies are dominated by single/multiple case studies following
intracranial electrode implantation for different epilepsy syndromes (Morrow et al., 2006;
Fong et al., 2000;eutmezer et ak003; Seeck ail., 1999;Kuba et al2012). Collectively,
intracranialandfunctional imaging researdmasimplicated widespread brain dysfunction in

PIP patients (Fong et al,. 2000; Leutmezer et al., 2003; Nishida et al., 2006; Seeck et al.,
1999; Kuba et al., 20)2 Despite diffusecortical abnormalities patients with a history of

PIP are not excluded frosurgical considerationna it has been argued that there may be an
indication to consider resective surgery in order to prevent the evolution into chronic
(interictal) psychosis (Kanner, 2009).To date, no study has investigated whether the
preoperative neuroimagingcorrelates of PIP arepredictive of poor surgical

(psychiatri¢seizurg outcome.
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Overall, eidence fom structural and functional imaging studies date indicates that
abnormalities extending beyond the epileptogenic temporal lobe may have a role in the

development and maintenance of psychiatric symptoms.
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Chapter 4. PSYCHOPATHOLOGY & RELATIONSHIP TO

COGNITIVE FUNCTION

4.1 Memory Function in TLE

There has beerextensiveresearch regarding memory functioning in Ti(lHamberger &

Drake, 2006Hoppe, Elger & Helmstaedter, 2007; Hermann et al., 28@4; et al., 2011).
Helmstaedter and Kockelman@006 reported pproximately 70% of TLEpatients have

declarative memory dysfunctipand memory impairment has been viewed atlsei gnat ur e ¢
cognitive deficit in TLE(Bell et al., 2011 However, it is increasingly recognised that TLE
patientsmay exhibit cognitive difficulties indicating merwidespread cerebral disruptjon

extending beyond the epileptogenic temporal lobe.

4.2 Cognitive Function in TLE

Hermann and colleagues (1997) examinedraadrange of cognitive abilities arfdund that
neurgpathologically confirmed TLEHS (n=66) patients demonstrateda pattern of
generalised cognitive disruptiocompared to TLE patients without HS (n=41). Weaker
performance was noteworthy fointelligence, language, and visspatial functions.
Academic undenchievement was a feature of theEMHS group.More recently, atudy by

the same groupeported diffuse cognitive morbidity in TLE patier{fts=96) compared with
healthy controls(n=82) (Oyegbile et al., 2004) TLE patients exhibited not onlpoorer
memory function, but pogrerformance across measures of intelligence, language, executive

function and motor speesee Figre 5) Somecognitive abilities namely confrontation
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naming and speeded motor dexteritgre affectecht least as severely as memory function
This patten was confirmed in patients with unilateral left and right TLEhe degree of
cognitive morbidity was positively associated with the chronicityepflepsy and this
relationship remained significant after controlling for A& istory of status epileptis,
initial precipitation injury and number of lifetim®@GTCS but was more evident in patients

with less than 12 years formadlucationOyegbile et al., 2004)
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Similarly, a crosssectional studyof TLE patients reportec largeproportion (86%) had
cognitive impairmentompared to normativeestdata(Wang et al., 2011). Ghese, 78%
demonstrated neuropsychological morbidity in at least one dommaorder of magnitude:
semantic memory87%), language(78%) psychemotor speed(69%) verbal episodic

memory(64%)and executive functio(65%)

4.3 Executivefunction in TLE

The frontal lobes play a crucial role in higHevel cognitive processeand are a key
substrate foexecutivefunction (Gilbert & Burgess 2008. Executive factionrefers to the
ability to maintain an appropriate problem solving set for the attainment of future godls,
encompasseslecision making, response inhibition, concept formation, cognitive flexibility,
planning, sustained attentiodgmarian et al., 2031 Lesbon and neuroimaging evidence has
consistently reinforced the role of the ffrental cortex(PFC)in executivefunction Alvarez

& Emory, 2006). More recently, however, studies have shown that executive fursction
sustained by a distributed neural circuit compodechwtiple sectors of the PF@teractng
with other cortical and subcortical regiotimt arethemselvesichly intercnnectedClark,
Chamberlain & Sahakian, 2009)For example, atients with focallesiors in the basal
ganglia exhibit cognitive switching difficul
in the caudate nucleusavebeen shown tde associated withmpaired executive function

(Nys et al., 2006).

There arenumeroudirectreciprocal connections between the PFC and the medial temporal
lobe (Simmons & Spier, 2003), and neuropsychological studies indicate that executive

dysfunction in TLE is not uncommdistretton et al., 2012)In a seminal study, Hermann et
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al. (1988) usedhe Wisconsin Card Sorting Task (WCSm)35 TLE patients. Th&VCST is

a wellestablisheexecutive function measure that taganning, organisation and the use of
environmentafeedback to shift cognitive set. Fi#seven per cent of the TLE group (1352
performed in a manner suggestive of froitdle pathology (increased preservative
responses)compared to 17% o& primary generalised epilepsy contigloup Consistent
with these findingsCorcoran and Upton (1993) used the modiié@STin TLE+HS, TLE-
only and FLE patients. TLE+HS patients togignificantly longer to complete the task and
made more perseverative errors than the-dhly and FLE groupsBased on the number of
perseveration errors/5% of TLE+HS patients were categorised as hawvifrgntal lobe
damagé compared t®28% of the FLE group. Similarly, Strauss, Hunter and Wada (1993)
assessed 77 pathologically heterogeneous unilateral TLE patients with the WCST.
Perseveration errors were significantly greatereitt TLE patients but oy if TLE onset
occurred before the age of oywar Setshifting ability in right TLE patients was less severe,
but occurredndependently of age of onseSubsequergtudies have alsportedexecutive
impairment (ncreased perseveration errors on WEST) in TLE patients (Horner et al.,
1996 Oddo et al., 2003Qyegbile et al., 2004; Kim et al., 200Zamarian et al., 20}1

particularly those with HSGiovagnoli et al., 2001

There is limited research using other measures of executivednnotiTLE (Stretton et al.,
2012). Labudda et al. (2009ssessed decisianaking in 20 unilateral esial TLE patients

using a computerised version of the lowa Gambling Task (IGT). This test is designed to
examine how feedback moderates ithecisionmaking process. Compared to healthy
controls, mTLE patients were significantly impaired in their decision makmith a

preference for increased disadvantageous decisiSudgroup analysis revealed that those
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patients with the poorest decisimaking performed less well on other tests of executive

function.

Zamarian et al. (2011) used a battery of neuropsychological tests to assess different aspects of
executive function in mTLE. Relative to healthy contr@gis20) unilateral TLE patients

(n=28) performedpoorly on tests of working memoryD{git Span Backwards) cognitive
flexibility (Trail Making Test) categorical verbal fluency, sehifting (WCST; perseveration

errors), categorisation (WCST; completed categories) and planning.

One postble explanation for the observeaecutive skills weakness insagiation withTLE

is thatstructuratfunctional abnormalities may extenbleyondthe temporal lobe, and these
extratemporal abnormalities may have additional cognitgasequences (Bell at., 2011).

Few neuroimaging studies have examined the relationship between executive function and
TLE (Stretton et al., 2012).An FDG-PET study demonstrated that pgmetabolism in
prefrontal structures were related to executive impairment in patiethtsiiv (Jokeit et al.,

1997). A neuropsychological test battery tapping executive function was administered to 96
TLE patients within 3 months of scanning. Prefrohigbometabolism was reportéd 28%

of patients. Patients with prefrontahypometabolism(versus those withoutperformed
significantly more poorly omeasures of frontal lobe functioiime degree of hypometabolism

was positively related to poorer performance

Keller and colleagues (2009) investigated executive functiorLi Using quantitative MRI
(VBM) in 43 unilateral TLE patients and 30 health controRelativeto healthy controls,
patients with TLE had atrophy in the ipsilateral hippocampus and bilateral PFC. Executive
functionas measured by phonemic fluenegts pogively correlatedwith theleft dorsal PFC

and left hippocampal volumes.
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The range of cognitive impairmenbbservedn TLE has led to attempts to identify cognitive
phenotypes (Hermann et al.,, 2007; Dabbs et al., 2009). Hermann et al. (2007) applied a
cluster analysis to the test scores 96 chronic TLE patients and 82 healthy controls. Three
cognitive profile types weridentified: (1) minimally impaired (47%); (2) memory impaired
(24%); and (3) memory, executive and speed impaired (29%). The latter subset presented
with reduced cortical thickness in temporal and etéraporal structures, compared to
healthy controlsandthe less cognitively compromised TLE patients (Hermann et al., 2007,
Dabbs et al., 2009). hRE clinical and demographic features betweercthster groupsvere

not strikingly different given the divergent nature of the cognitive and imaging resalt®$D

et al., 2009) Notably, the authors did natonsiderpossiblepsychopthologicaldifferences

between thgroups

The mechanism responsible for frontal lobe dysfunction in fld&ains unclear (Devinsky et

al., 2005). Suggestions includeore widespread brain pathology as discussed albge,
secondary spread of epileptic activity frontal brain circuitry and the propagation of
temporal lobe hypmnetabolism to the thalamus, secondarily affecting the frontal lobes
(Hermann et al., 1988Bell et al., 2011 More research is needed to understand the
widespread cognitive sequelae of TLE, including whether psychopathology and cognition are
associated, and what could be the potential mechanisms underlying such an association

(Gilliam, Alberton & Driscoll, 2011; Wilson, 2011).
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4.4 Relationship between Psychopathology and Cognitive

Function in TLE

Evidence from both neuropsychological and neuroimagtadies suggeshat temporal and
extrartemporal cognitive function may mpromised in TLE $tretton et al., 2092 It is
also recognised thateurocognitiveimpairment, includingcompromisedexecutive function,
attention and concentratiomemory and processing spemctur in primary major depressive
disorder (MDD)(seeAustin, Mitchell & Goodwin 2001Clark et al.,2009; McClintock et

al., 2010.

Gorwood et al. (2008assessedhemory functionin a large primary care cohor(n=8,229)

who fulfilled the DSMIV criteria for MDD. Using structural equation modellingpety found

that proserecall was negativelyassociated with the number of past depressive episodes.
Memory performance was cumulatively impaired b8% for each depressive episode up to
four episodes. The authors suggest that depression is direetlved in hippocampal
atrophy, a hypothesisupported by consistent neuroimaging evidence of hippocampal
atrophy in MDD (Cambell et al., 2004); the most common Hkistilnological substrate of

TLE (Kim et al.,2001).

In parallel toneuropsychological evidende TLE, executive dysfunctiom MDD is evident
across a range of paradigrfRogers et al., 2004)Martin et al. (1991Yound that MDD
patients performed significantly less well on Digit Span subtest of the WAIR compared

to dysthymic and healthy bjects Additionally, depressive symptom severity as measured
by BDI score was found to be an independent predictor of total errors, perseverative
responses and failure to maintain set onW/@ST. In a larger studyGrant et al. (2001)

administeredthe WCST to 123 noAmedicateddepressedutpatients. Relative to healthy
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controls,depressed patients completeder categorieandexhibitedincreased persevera

errois. Stordal et al. (2004) compared the performance of 45 recurrent MDD patients to
healthy controls on aeuropsychological test battery tapping ®omponents of executive
function. MDD patients performed significantly less well on 80% of the tasks, indudin

measures of verbal fluency, inhibition, working memory anghbk#ting.

Despite the prevalence of depression amdespreacheuropsychological morbidityn TLE,
and the historical association of depression diffdse cognitive dysfunctionlark et al.,
2009; McClintock et al., 201)) few studies havedirectly investigatedthe possible
relationship between depressed mood and cognition in .TLE is clear that to fully
understandhe cognitiveand psychiatriccomorbiditiesin TLE, theyshouldnot bestudiedin

isolation (Gilliamet al.,2011).

In an earlyinvestigation Hermann and cavorkers (991) examinedhe relationship between
WCST performance and depressive symptoms in 64 unildteEapatients. Overall, 45% of

TLE patients obtained in excess of 19 perseveration responses, indicating clinically
significant frontal lobe dysfunction. As predictederte was a positiveelationship between
frontal lobe function (perseverative responses) and dyspimmod state, partidarly for left-

sided patients.

Corcoran ancolleagueq1993) explored the determining factor$ memory complaints in
epilepsy patientaand included indicators of moodThose reporting significant memory
difficulties were significantly more depressed and anxious compared tocongolainers. A
relationship between depressive morbidity and diminisketbal and visualmemory
performancewas also observed. This lattending possibly suggests that Hemporal

cognitive functions may be compromised in epilepsy patients with comorbid
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psychopathology. Consistent with this hypothesis, Wishart et al. (1993) reported that
depressie symptoms wereelated to performance defigiin attentic/concentration, verbal

and visualmemoryin a heterogeneous epilepsy cohort.

In the only study to specifically investigate the relationship between cognitiom@odistate

in newly diagnosed epilepsy patienfis=51), Pulliainen et al(2000 found no association
betweenemotional stateand cognitive function. However, the variability of depressive
symptoms was within the normal rangadnone of the patients had major depression. Thus,
this negative findingnly relate to epilepsy ptients with sukclinical depressiveymptoms

It may also indicate that a longer duration of epilepsy with poorer controlled seizures may be

a pertinent variable.

Paradis et al. (2001found thatafter controlling for seizure frequenagljnically depressed
psychotropienaive TLE+HS patients(n=24) exhibited poorer performance oneasuref
IQ, language, visugpatial skils, memory and executive function, compared to Jdrity
controls(n=46) Subgroup analyses revealed that the tleus impact of depression was

accentuated in patients with I¢ft=15)compared to right TLEn=9).

In a retrospective analysis of 84 medically refractory TLE patients, Dulay et al. (2004)
examined the relationship betwetre severity odepressiorand performance on measures

of auditorymemory ad learning. They found théte severity of depressive symptoms was
inversely associatedith auditory memory tegpberformanceparticularly for leftsided TLE
patients. Although suggestive of an interamt, the authors warrant caution due to limited
statistical power.In a wellpowered prospective studdelmstaedter et al. (2004) examined
the interaction of depressive mod8DI >12) and memory, as a function of seizure
lateralisation and localisatiofmesial/lateral, left/right). They found a main effect of
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laterality with left-sided TLE patients demonstratingrbal learning deficitandright-sided
patients exhibiting visual learning deficits. Furthermore, compared to lateral TLE patients,
mesialpatients perforrad more poorly Correlational analyses revealed interactions between
memoryand mood only for the left lateral TLE group, and this was present for both measures
of verbal and nonverbal memorylhe authors propose thapileptic activity from the left
temporolateral lobe may establish a pathological circuit that includes the frontal brain

regions, resultingi both memory and mood dysfunction

Tracy et al. (2007) investigated whetllepressed LE patientsexhibitedincreased cognitive
deficits relative to nomepressed epilepsy controlSontradicting previous reports (Corcoran

et al., 1993; Wikart et al.1993 Parasido et al., 2001; Dulay et al., 2004; Helmstaedter et al.,
2004) they foundd e pr e s s i o nwashd@ Elated@o nfe@ory performance, nor did it
mediate the cognitive presentation of left or right TLEHowever, the overall level of
depressive morbidity in this study was low for both the left (mean BDI=9, SD=7) and right
(mean BDI=7, SD=7) TLE grqs. Furthermore, weak statistical power may have precluded
the determination of interaction effects. These factors may have mitigated any possible effect

of depressive morbity on cognition to be detected.

4.5 Relationship between Preoperative Psychiaic Status and

Cognitive Outcome Following TLE Surgery

Sincethe case of H.Mwho underwent a bilateral temporal lobe resection for the relief of
epilepsy andubsequentlgeveloped a densennesigCorkin, 2013, a voluminous literature
has focussed on memory outcofolbowing temporal lobesurgery(see, Helmsidter, 2004;

TéllezZenter et al., 2007; Baxendale, 2Q@axendale, Thompson & Sandg013.
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Sherman and colleagues (2011) conducted a systematic revieé® rafuropsychological
studiesusingsingle pooled estimatef gains and losses for each cognitive domain (memory,
language, executivdunction and attention) using a random effects modelVeighted
estimates indicated thvésk to verbal memory with lefsided TLE surgery (44%) was twice

as high as the rate for righided surgery (20%). Naming was reduced in 34% ofsidid

TLE patients, with few patients showing gains (4%). Pooled dat®paxecutive function

and attention indicated few patients show declines postoperatively, but a substantial rate of
improvement in verbal fluency with lefided TLE surgery was found (27%}.he authors

however did not subgroup their analyses accordmgreoperativgpsychiatric status

To date, therelationshipbetweenpre-surgical psychopathology and cognitigckangehas

received little attention. One retrospective study reported that patients with a poer pre
surgi cal mood status (BDI @Jréater dedinm memod/e r we n t
test performance (auditory delayestal) compared to nedepressed patienéd the 7 month

follow-up (Busch et al., 2011) Differences in seizure outcomengel 1A: seizure freedom

or 1B: continued auragnd postsurgical mood change could not account for the observed
memory decline. The authors hypothesiddhat the greater decline in auditory memory

capacity observed in depressed patients following surgery may be related to limited

functional cognitive reserve.

Cognitive reserve refers the proposalthat individuals with neurological impairmeuatilise

the cognitive capacity of undamaged brainioag to compensate for existing cognitive
deficits. The higher the cognitive reserve capacity, as evinced by good cognitive test
performance on tests subserved by intact brain regions, the better the cognitive outcomes.
Previous euroimaging evidence, amtlined in Chapter 3ndicatedthat patients with TLE

and comorbid psychopathology show additional widespread functional brain abnormalities.

Busch et al. (2011) accordingly suggesthat depressed moochay be a biomarker of
118



reduced cognitive reserv@his studyhoweverwas limited by the relatively short followp,
the failure to account for the diagnosisdepression on postoperative memory deglamel
the inclusionof auras (Engel 1B), indicative of epileptic activity and limbic dysfunction,

which may have confounded the primary finding.

4.6 Conclusion

Unt i | recentl vy, epi sodic memory i mpairment
in TLE (Bell et al., 2011). The studies reviewed here suggest that the cognitive
complications of TLEcan be heterogeneowdgleteriouslyaffecting diverse abilities such as

language, attention aricbntal lobe éxecutivg function

The mechanism(s) responsible for executive dysfunction in TLE remains unc@ar.
understandingf this associatiormay be increased byesearchinvestigatingthe possible
relationship between psyatpathology and cognition in TLEparticularly aswidespread
neuropsychological morbidity is evident in primary depressive disqsger Figure 6) It is

clear that to fully undrstand the cognitive and psychiatric comorbidities in TLE, they should
not be considered in isolation. Further research is warranted into the relationship between

pre-surgical psychopathology and cognitive change
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Figure 6.A schematic summary of work reviewed. A) Epidemiological evidence suggests a bidrectional relationship between
psychopathology (Forsgen et al., 1990; Hesdorffer et al., 2000; 2006; 2012; Adelow et al., 2012). B) TLE issdsgiticisg@mporal and
extratemporal (executive) cognitive dysfunction (Hermann et al., 1988; Corcoran et al., 1993; Strauss et aljdt@8Bet al., 1996;
Hermann et al., 1997; Drake et al., 200Bjovagnoli et al., 2001©ddo et al., 2003; Oyegbile et al.,@0) Kim et al., 2007; Wang et al
2011; Zamarian et al., 2011); with limited evidence that cognitive morbidity is more pronounced in TLE patientsmatbidadepressior
(Hermann et al., 1991Corcoran et al., 1993; Wishart et al., 1993; Parasido et 2001; Dulay et al., 2004, Helmstaedter et al., 20@)).
Similarly, MDD has been associated with diffuse neurocognitive impairment (Martin et al., 1991; Austin et al., 2001; tRdge260e!;
Stordal et al., 2004Clark et al., 2009; McClintock et al., 2010). D) Few Studies have directly investigated the possible relation } 5q
cognitive and psychiatric morbidity in TLE. While memory decline is an established risk of TLE surgery, its assogia¢curgical

psychiatric status remains unclear.



Chapter 5. HYPOTHESES AND APPROACH

Epilepsy surgery is considered an effective treatment for refra¢ldey and carries &0

70% chance of seizure freedom (Engel, 2996or many surgical patients, the letegm
psychosocial gains with respect to employment and independent living can be significantly
more favourable than for patients who are medically treated (Mikati et al., 2BOE)wing

TLE surgeryhowever psychiatic symptomamnaydevelop for the first timede novq or pre
existing symptomsnay beexacerbated. Understandably, this may tarnish an otherwise good
surgical outcome, resulting in significant distress for patients and their families (Moss et al.,

2009).

Evidence from the reviewed literature (see Chapter 2) indicates there is a high prevalence of
psychiatric disturbance in medically refractory TLEespite this,less than 3% of TLE
surgical outcome studies have investigated the psychiatric sequela®dndityyassociated

with surgery. This is disproportionate to the extent of the problem. Variable rates have been
reported for possurgical depression, anxiety, interict@ind postctal psychoses. Until
recently, very few studies distinguished de mopostoperative presentations from -pre
existing conditions, making it difficult to accurately assess the impact of TLE surgery on

psychiatric morbidity.

Whilst it is well documented that psargical psychiatric conditions such as affective
disorders (Devisky et al., 2005; Wrench et al., 2011), increase the risk ofspogical
psychiatric morbidity, it is less clear whether there are risk factors for the development of
postoperativede novo psychiatric disorders (Spencet al., 2008). The pathogenic
mechanisrmaand identification of surgical candidates at mglde novo depressiaepreserd

a current challenge in the practice of TLE surgery (Wresicil.,2011a). Previous research

has indicated thatepression following TLE surgery i&kely to be multi-factorial including
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psychosocial adjustment difficulties (Wilsast al.,2004), but few studies have investigated
the neuroanatomical substrates of de novo depreg¢semChapter3). This is of interest
given thecurrentevidence of structural anfdnctional abnormalities iprimary depression,
implicating abital and medial prefrontal cortices and anatomically related structures within

the limbic, striatal, thalamic and basal forebrain structures (seedPate2012for review).

As outlined in Chapter 4, hte relationship betweegognitive functionand psychiatric
outcomefollowing TLE surgery has not been systematically studied to datbth the
excepion of IQ (Hermann et al., 199Aey et al., 1998; Blumer et al., 1998; Quigg et al.,
2003),no study hagxamined whether prsurgical memory deficits or the existence of more
extensive cognitive disturbance is predictive of ymsgical psychopathology. This is of
interest given the evidence of an interaction between depression arntivedigimction (see
Figure 6) Neuropsychological and neuroimaging studies in primary depression have
reported executive and memory deficits (Austin et al., 2001), and frontal volumetric
abnormalities (Bremner et al., 2002). A PET study has implicated-texnporal or frontal
dysfunction, including the inferior dorsolateral frontaftea bilaterally, in TLE-HS patients

with preoperative conorbid depressive symptoms and no prior exposure to antidepressant
treatment (Lothe et al., 2008). Salzberg et (2D06) demonstrated that preoperative
ipsilateral orbitofrontal hypometabolism in surgical TLE patients is a significant risk factor
for the developmenbf depression postoperatively. Preoperative bilateral independent spike
discharges are significanthssociated with poor pestirgical psychiatric outcome (Anhoury

et al., 2000) and more recently, Wrench et (2D09) found that patients with reduced
preoperative contralateral hippocampal volume are at significantly greater risk for the
developmenbf postoperative depression. Collectively, these studies suggest that patients
with more diffuse epileptogenicity and more widespread cognitive disturbance maybe at

greater risk of developinde novopsychopathology.
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The relationship between preoperative psirit status and postoperatigeizureoutcome
warrants further investigation. It has been suggested by some that a lifetime psychiatric
history may predict a poor seizure outcome following TLE surgery (Anhoury et al., 2000;

Kanner et al., 2009 uarnieri et al., 2009).

Further exploration of the aforementioned topisuld contribute to the surgical decision

making process and enhance postoperative care.

5.1 Hypotheses

The main hypothesis formulated and explored here is that TLE patients with less localised
cerebral dysfunction, as supported by electrophysiological, wradrological and cognitive
indicators, will be at risk for psychiatric disturbance preoperatively and hawesrpo

outcomes following TLE surgerySpecifically:

Hypothesis 1: Patients with TLE under consideration for surgical treatment will have
significant psychiatric comorbidity, with major depression as the most prevalent diagnostic

category.

Hypothesis 2: Surgical candidates with psychopathology will have evidence of -extra

temporal lobe dsfunction as measured by clinical asagnitive parameters.

Hypothesis 3:A lifetime psychiatric history will be associated with poorer surgical outcomes

in terms of seizte control, cognitive and psychiatric status.

Hypothesis 4: Preoperative indicators of more widespread cerebral pathology will be risk

factors for psychiatric morbidity following surgery.
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5.2 Approach

These hypotheses were explored firstly using dataveld from a retrospective surveyth
methods and findings presented in chaptei® @nd secondly vigorospectivestudies
presentedn chaptersll and 12. The final chapter provides amverall summary of the
findings, their implications, and discusses methodological limitations and directions for

future research.
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SECTION 2:

RETROSPECTIVE AND

PROSEPCTIVE STUDIES
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Chapter 6. RETROSPECTIVE STUDY METHODOLOGY

This chapter describes common methods that were used ftuthes detailed in i@apters 7
9. Methods used specifically for one study are describetherrelevant chapters. All
research studies wespproved by the Research Ethics Committee of the UGtitute of

Neurology and UCL Hospitals.
6.1 Sample

Patients who had undergone epilepsy surgery at the National Hospital for Neurology and
Neurosurgery between 1997 and 2007 were identified from a surgical database. Of the 384
patients identified, 10&ere excluded from the study due to extemporal surgeries (n=31),
palliative procedures (n=12), previous neurosurgery (n=16) or incomplete psychiatric data
(n=45); the latter determined by the absence of a routine postoperative neuropsychiatric clinic
letter (see Figur@). A single coder (RAPsystematically collated information from cdbke

notes of the remaining 280 temporal lobe surgiedientsover a fourteen year period (1997
2011). However, due d sample attrition (seeidgure § and therefore reducestatisical

power, analyses were based on-gehr follow-up.
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Figure 8 Sample attrition of the TLE patients (n=280) wirmlerwent surgery between 1997 &0@7. Data analyses based otydar followup (red line).
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6.2 Epilepsy

Seizure related variables were recorded from a standardised template completed during the
pre-surgical evaluation The following seizure related variables were recorded; a history of
febrile convulsion(s), secondary generalised tofdonic seizures FGTCY, status
epilepticus, head trauma, CN8fection (menngitis/encephalitis) and familhistory of
epilepsy. Postoperative seizure outcome was taken from a surgical fajodatabase and
classified according to the International League Against Epilepsy (ILAE) surgical

classification scheme (Wieser et al., 206de Table )/

Completely seizure free; no auras

3 One to three seizures per year = aura

5 Less than 50% reduction of baseline

seizure days to 100% increase of bas
Seizure days + auras

Table 7 ILAE surgical classification scheme. Adapted from Wieser et al., 2001
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6.3 Neuropsychiatric classification

All patients were assessed bhyneuropsychiatrist as part of their gergical evaluation.
Psychiatric dignoses preand postoperativelweremade by a neuropsychiatrist following a
clinical interviewas described previously (Anhoury et al., 2QG0)d written documentation
of psychiatric treatment (CBT/psychotherapy/psychiatric medication) was recofidezie
were a few cases (n=5) of méyatric ambiguity, for example a psychiatric medication was
mentioned ina neurological clinical letter without prior introduction in the neuropsychiatry

notes In such instanceslarificationwas soughfrom the treating neurologist

The presence @bsence of diagnosed family psychopathol@ggt-degree relativejvasalso
documented. Psychiatric conditions were categorised according to the\DVAXis |
diagnoses, namely mood and anxiety disorders. The presence of postictal psychosis (PIP),
interictal psychosis (IP) and napileptic seizures (NES) was also reaatd For comorbid
psychopathology, a positive entry was made into each diagnostic category. Medication
related psychiatric symptoms diagnosed byrtéeropsychiatrisdefined as psychopathology
temporally related to AED change(s) that resolved followhip titration/discontinuation,

were excluded.

Psychiatric outcome was derived from neuropsychiatry clinic letters and documentation of
psychiatric treatment. The emergence or continuation of postoperative psychopathology was
recorded according to wherformal diagnosis was documented by the neuropsychiatrist, and
classified according to the DSMW-R presurgicaly, but with the addition of adjustment

disorders.
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6.4 De novo neuropsychiatric cases

De novopsychopathology was only coded if a patient hagireoperative psychiatric history
and could only be termed as suchoat mutually exclusive possurgical timeframe. All
patients had a clinical neuropsychiatric evaluation at 3 and 6 monthsysggally.
Psychiatric symptomatology emerging after this would be identified by the general
practitioner or the treating neurologi st
neuropsychiatrist. Subsequentigocumented psychiatric disorders weten coded as

appropriate into the following postoperative thfn@mes: 12, 24, 36 and 48 months.

6.5Neuropsychological tests

Cognitive data was derived from neuropsychological assessments routinely performed pre

operatively andbetweerthreeandsix andtwelve months posbperatively.

General ability:

Intellectual level was measured using theedhsler Adult Intelligence Scake (WAIS-
R/WAIS-III). Patients also underwent thelstn Adult Reading Test (NARTNelson,1982)
preoperatively. Thisneasure reading competencend has been validated as a measure of
intellectual potential Bright et al., 2002McGurn et al., 2004). A discrepancy between
NART predicted 1Q and assessed itQfavour of the former measure indicates intellectual

decline andserves as a indicator of extraemporalcerebral disturbance.
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Memory

Scores from thé.ist and Design Learning subtests from the Adult Memory and Information
Processing BatteryAMIPB; Coughlan & Hollows, 1985) were used. The learning
paradigms in particular have been demonstrated as sensitive to mesial temporal lobe

pathology and surgical treatment (Baxendale et al., 2008).

List Learning Task

The patient is read a list of 15 hiffequency word®n five occasions. He patienthas to
recall as manywords as possible after each trial. The total number of words leelca
recorded (List Al5; max=/5). A second list of 15 distractor words is then presented. The
patient is required to recall as many as possible fronsékend list (List Bmax=15 and

thenfrom theoriginal list (A6, max=19.

Design Learning Task

The format parallels that of the Liktarning task.The patient is presented with a 9 element
abstract design (Design A) and askeddproduce it frommemoryon a 4 x 4 dot grid oves
trials. A distractor desigriDesign B)is then presented.The patient isthen asked to
reproduce the original design without further exposurghe total number of elements
recalledover the5 trials is recorded (Desighl-5; max=45. Thedelayed recall of Design A

(Design A6 max=9), isalso recorded.

Performancdevels forList- and Design Learning were translated intscores and used as

measures of hippocampal integrity.
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Executive Functions

Sufficient data was available foonly one measure considered sensitive to frontal lobe
pathology, namely phonemituency Robinson et al.,, 2012) The performance indicator
employed was the total number of words beginmngt h A" S0 pr odumames i n 6 (

of people, places and repetitions are not permitted.
6.6 Aetiology

The aetiologyfor each cas¢n=280)was identified as eithgfl) hippocampal sclerosis, (2)
developmental pathology (encompassing dysembryoplastic neuroepithelial tumours
[DNETs], mcrodysgenesis, cortical dysplasias and angiomas), (3) vascular pathology
(encompassing cavernous mal formation and ar
pathology (encompassing gliosis, gliomas, hamartoma and nonspecific pathology). For
instances © more than one pathology, most usually hippocampal sclerosis and

microdysgenesis, a positive entry was made in both diagnostic categories.
6.7 MRI & video-EEG data

Temporal lobdaterality was determined using preoperative MRI scans and VEEG reports.
Preoperative telemetry reports were used to classify cases regarding the presence or absence
of discordantinterictal EEG abnormalities.Discordantinterictal EEG was based on any
epileptiform discharges thabnflicted with neureradiological findings (e.g. independent bi
temporalor contralaterakpikes/multifocal spikes/fronttemporal discharges in the presence

of unilateral HS) as defined by VEEG reports.
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6.8 Statistical Analyses Retrospective and Prospective Studies

For Chapters 711, all statistical analyses were conducted with SPSS for Windows (Inc,

Chicago, lL, U.S.A.), and a criterion | evel

6.8.1 Kolmogorov-Smirnov ted

For parametric testing a key assumptisnthat the sampling distribution isommally
distributed(Field, 2009). For continuous variables, the KolmogofSmirnov tesi{K-S test)

was usedto assess the assumption of normaliffhe K-S test compares the&cores in the
sample to a normally distributed set of scores with the same mean and standard deviation.
When the KS test was nosignificant (p > 0.05), indicating that the sample is not
significantly different from a normal distribution, parametridsesere employed. However,

if this test wa s-pasamefriandlysesvereconductéd 0. 05) , non

6.8.2 Mann-Whitney U test

If the assumtion of normality washot metand there were two sampleébe Mann-Whitney
U testwas employed This testranks the data (lowest to highe&i)y each sample, and then
calculates whether the difference in ranks betweesdh®leds greater than expectédhe

null hypothesis were corre(field, 2009).
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6.8.3 Chi-squared test (X)

For categorical vasbles the Xtest was used. This test examines whethefrétiencies
observedn certain categories would lexpectedy chance. For small samples, Fisher Exact

Test (FET was employedHield, 2009.

6.8.4 Logistic Regression

As discussed irChapter 2.10, logistic regression is a preferable and multivariable
technique compared to?Xas predictor variables can be continuous and/or categorical, and
the association between predictor(s) and the categorical outcome variable can be quantified.
Although there are many similarities between linear and logistic regression, the former
assumes that there idiaear relationship between the variablg®. the mean values of the
outcome variable for each increment of the predictor(s) lie alesigaaght line) However,

when the outcome islichotomous this assumption wolated (Miles & Shevlin, 2011).
Therefore, in logistic regression the raw data is transformed usiaglogarithmic

transformation and therel®xpresesa nonlinear relationkip in a linear way.

For any mathematical modelling approach, equation 1 applies, where Y denotes the

dependent variable as a functidhdf independent/predictor variables(s), X.
(Equation 1)

Y = (X)
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In logistic regression, Y will be equal to the logfam/logit (In) of the odds (the probability

of an event occurring (p) divided by the event not occurring)),las described below:

(Equation 2)

Ln(p/1-p) =f (X)

Crucial to the interpretation of logistic regression is the odds ratio (OR), whichnsiaator
of the changecp)in odds (the probability of an event occurring divided by the event not

occurring), resulting from one unit change in the predictor.

(Equation 3)

® odds = odds after a wunit change in t

If the valueis greater than 1, it indicates that as the predictor increases, the odds of the
outcome occurring increase. Conversely, a value less than 1 indicates that as the predictor

increases, the odds of the outcome decrease.

For the studies outlined irthapers 7 and 9the logit transformatiorwas inverted by
exponentiting (exp) (taking the antiogarithm of both sides of equation &)the odds of the

event(Field, 2009)

(Equation 4)

p/1-p = exp (X))
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p = (1-p) exp (X))

p(1+exp € (X)) = exp € (X))

p =exp € (X)) /[1+exp ¢ (X)]

This permitted the probabilitghance of the eventto be calculated. In addition, the
contribution of each predictor and their combined effect on the chance (rather than odds) of

an outcomeould be assessed.

6.85Spear manodos (@efficienel ati on C

The Spear mands c o4 was lsadtto invastigat® thef correlatiore betiveen r
nortnormally distributed data (Field, 2009). For significant correlationsyas squared
(coefficient of determination, & giving a measure of the proportion of shared variance

between the two ranked variables.
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Chapter 7.

Study 1. Predictors of Psychiatric and Seizure Outcome following

Temporal Lobe Epilepsy Surgery

7.1 Study Aims

The aims of this study werfl) to investigatepsychiatric morbidity in presurgical TLE
patients, and to asseafether depression was the most prevatkagnostic category. (2)
Examire whether TLE patients with lifetime psychopathologlyad evidence of extra
temporal lobe dyfsinction. @) To assess whether lifetime psychopathology was associated
with poorer surgical outcomes in terms of seizure contognitiveand sychiatric status

(4) To explore whethgoreoperativendicators of diffuse cerebral pathology weisk factors

for psychiatric (de novo) morbidity following surgery.
7.2 Methods

The study sample consisted of 28&ientswho had undergone TLE surgery at the National
Hospital for Neurology and Neurosurgery between 1997 and 2007 (see Figure 7).
Demographic and clioal characteristicaccording to seizure lateraligre summarised in
Table 8 and these were comparable to those report@devious surgical series (Anhoury et

al., 2000; Wrench et al., 2009)
Neuropsychological tests

Poor test performance dooththe List- and Design learningestswas taken as one indicator
of more widespread brain dysfunction. It was anticipated that lifetime psychopathology

would be associated with verbal and visuatt@mporal) memory deficits and this cognitive
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profile would place patients at greater risk of de novo psychopatholbgy the purposes of

X? andlogistic regression analyses, patients were dichotomised into those who demonstrated
preoperative btemporalmemorydeficits (globally weak memonyand those who didat.
Globally weakmemory was based on a preoperative score of at least 1.5 standard deviations
below the mean foboth verbal andnonverbal memory (se€igure 9a & bfor distribution

statistics and justification).

Postoperative memory decline was defd as a performance decline of at least one standard

deviation on the List and Design Learning tests.

Executive skills deficits werealso hypothesised to be associated with preoperative
psychopathologyandconsidered a pertinent rig&ctor of developinga de novopsychiatric
disorder postoperatively. Phonemic fluency performanceas used as the indicator of

executive function.
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Age of seizure onset, y,‘? 11.8(9.6) 10.1(9.2) 10.9(9.4)
Epilepsy duration, y,2 24 (16, 32) 25(18.33) 24 (17.32)
- Predisoposing Factost
History of febrile convulsions 62 (46%) 74 (51%) 136 (49%)
Family history of epilepsy 34 (25%) 30(21%) 64 (23%)
History of status epilepticus 20 (15%) 17(12%) 37 (13%)
History of head trauma 19 (14%) 21 (15%) 40 (14%0)
History of CN'S infection 8 (6%) 9 (6%) 17 (6%)
- Presurgical Seizure Typet>
Simple partial 95 (70%) 109 (76%) 204 (73%)
Complex partial 131 (96%) 144 (100%) 275 (98%0)
Secondary generalised 95 (70%) 102 (71%) 197 (70%)
~ Medication
Total mumber of AEDs trialled preoperativelyI 4 (2) 502 4.5 )
Monotherapy at the time of surgeryt 22 (16%) 12 (8%0) 34 (12%)
Polytherapy at the time of surgery’ 114 (84%) 132 (92%) 246 (88%0)
Age at surgery, y,‘T 354(9.4) 34.7(9.5) 35(9.4)
~ Histopathological Findings*
Hippocampal sclerosis 101 (74%) 125 (87%) 226 (81%)
Developmental pathology 29 (21%) 21(15%) 50 (18%o)
Vascular pathology 9 (7%) 4 (3%) 13 (5%)
Other 7 (5%0) 9 (6%0) 16 (6%0)
Dual pathology 10 (7%0) 15 (10%a) 25 (9%o)
- Coganitive variables™
Verbal IQ 94.7 (14.6) 90.6 (12.2) 92.6 (13.6)
Performance IQ 954 (18.2) 95.5(14) 954 (16.2)
Preoperative verbal learning 452 (10.1) 41.7(10.1) 43.4(10.2)
Preoperative visual learning 29.7(8.3) 32.1(8.3) 309(8.4)
Postoperative verbal learning 45.5(8.4) 37.9(10) 41.4(Q0)
(at 12-month follow-up)
Postoperative visual learning 29.6(7.7) 31.3(8) 30.5(7.9

(at 12-month follow-up)
T Values are number of patients (%0)
* May have =1 seizure type
! Mean (SD)
Z Median IQR)
AFED=anti-epileptic drugs
? For avaliable data

Table 8 Demographic and clinical characteristics of 280 patients who underwent
surgery
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7.3 Statistical Analyses

Chi-squae (X% analysis was used to examine whether 1) lifetime psychopathology was
associated with widespread cerebral dysfunctas,measured byglinical and cognitive
parametersand 2) whetherde novo psychiatric disorders were related to postoperative

cognitive decline or the presence of seizure freedom within either 12 or 48 monthdpllow
Logistic Regression

The variables ented into the logistic regression analyses were selected on the basis of

previous literature and those which had not previously been explored.

In univariable and multivariable logistic regression analyses, the independesurgical
variables to predicthe odds of ale novopsychiatric diagnosis within four years follewp
were: globally weakmemory (i.e. brtemporalmemory deficits) phonemicfluency score
discordant interictaEEG abnormalities; history of generalised seizures (SGTCS); history of

status epilepticus; epilepsy duration; side of resection; family history of psychopathology.

The same independent variables were used to predict the odds of seizure freedom at one and
four years with the exception that gergical psychiatric diagnosisplaced family history

of psychopathology.
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7.4 Results

Psychiatric History

Preoperatively, 29% of TLE patients were diagnosed as having a current or past history of a
psychiatric disorder (n=81), with some individuals meeting the criteria for thare one
disorder (n=1/80; 5%. The most prevalent preoperative psychiatric diagnosis was mood
disorders %1/280; 18%), particularly depression (n=43/280; 15%ith lower rates for
postictal psychosisnE20/280;7%), anxiety disordersn€13/208;5%), NES (=9/280;3%)

and interictal psychosi®£2/280;0.7%).

A positive family psychiatric histor{25% vs 11%; X(1)=8.4, p=0.005) and history of head
trauma (21% vs 1%; X*(1)=4.7, p=003) wereassociated with lifetime psychopathology in
TLE patients Multivariable analysis revealed thahe presence of both factomsere
independently associated with increased odds of lifetime psychopathology (head @&uma:
2.2, 95%CI: 1.14.4, p=0.@; family psychiatric history: OR: 2.7, 95%CI: 152, p=0.004).
There were notherstatistical associations between lifetime psychopathology and clinical or

cognitive factors (see Tables 9 &,T@spectively.
Postoperative Bychopathology

One hundred and five patients (38%; n=280) had clinically significant mental health
difficulties within four years following temporal lobe surgery. Siggven per cent of
patients (n=54/81) with a preoperative psychiatric history continued to expesigndeant
psychiatric symptoms of diagnostic severity within four years following TLE surgery. Of
these patients, 61% (n=49/81) continued to receive psychiatric treatment (pharmacological

and/or psychological); 12% (n=10/81) required psychiatric hdsateon and one patient
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committed suicide within 3 months postoperatively. Patients with a preoperative psychiatric
history had over six times the odds of developing a postopenasychiatric disorder (OR:

6.12, 95%CI: 349-10.76, p<(01).

For patiens with pre and postoperative psychopathology (n=54), the most frequent
psychiatric condition was mood disorder (depression, n=38; bipolar Il disorder, n=1;
dysthymia, n=1), followed by anxiety disorders (not otherwise specified, n=6; generalised
anxiety dsorder, n=4; social phobia, n=1) and interictal psychosis (n=4). A few patients
developed postoperative NES (n=2), postictal psychosis and adjustment disorder (n=1,

respectively). Five patien{a=5/54; 9%had comorbid psychopathologies.
De Novo Bychgathology

Fifty-one patients (18%; n=51/280) developediea novopsychiatric condition within 48
months postoperativelfsee Table 1 & Figure ). Of these, nine patients (n=9/518%)
developed two diagnosed psychiatric disorders during fellpwTalde 11 presents the point
prevalence ofle novopsychopathologies at specific tinmgervals following TLE surgery.
Forty-nine per cent of cases (n=25/51) presented within 6 months and 90% (n=46/89%&) had

novo psychopathology that persisted for at least 6 months (IQR0XRonths).

Overall, the most prevalent postoperatil@&novopsychiatric conditions were mood disorder

(all depression, n=33), followed by anxiety disorders (not otherwise specified, n36; pan
disorder without agoraphobia, n=3; generalised anxiety disorder, n=2; posttraumatic stress
disorder, n=1; obsessh@mmpulsive disorder, n=1), interictal psychosis, adjustment disorder
(n=4, respectively) NES (n=3) and adjustment disorders (n=3)orty patients (78%,
n=40/51) required psychiatric treatment (pharmacological and/or psychological) within four

year followup.
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Predictors of De Novo Bychopathology

In univariable analyses, a history of SGTCS was a significant predictordefnovo
psychgathology within 4 years (OR: 2.53, 95%CI: 1iGB82, p=004). In the multivariable
analysis, a history SGTCS remained a significant predictde afovopsychopathology after
adjusting for preoperative cognitive statdsscordant interictaEEG abnormalitis, side of
resection, epilepsy duration, and a history of statusfamdial psychopathology (OR: 2.73,

95%Cl: 1.146.57, p9.02)(see Tabled2 & 13).
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Age of seizure onset,y, 9 (3, 15.5) 9 (3, 16)

Epilepsy duration, f] 24 (17, 34) 24 (16.5, 30)
History of febrile convulsions 36 (44%) 100 (50%)
Family history of epilepsy 19 (24%) 45 (22%)
History of status epilepticus 15 (19%) 22 (11%)
History of head trauma 17 (21%) 22 (11%)
History of CNS infection 3 (4%) 14 (7%)
Side of seizure focus (L/R) 42/39 (52%/48%) 102/97 (51%/49%)
Family history of psychopathology 20 (25%) 22 (11%)
Simple partial 61 (75%) 143 (72%)
Complex partial 81 (100%) 195 (98%)
Secondary generalised 57 (70%) 140 (70%)

Total number of AEDs trialled preoperati\?ely 5 (3, 6) 4 (3, 6)
Monot herapy at the 10{128@€ of 24UI2%er vy
Polytherapy at the 7X(88%¢ of 13588k r y

Age at surgery, v, 33 (28, 41) 33 (28, 40)

Discordant interictal EEG 41 (50%) 84 (44%)

Hippocampal sclerosis 66 (81%) 160 (80%)
Developmental pathology 14 (17%) 36 (18%)
Vascular pathology 4 (5%) 9 (5%)

Other 6 (7%) 10 (5%)
Dual pathology 9 (11%) 16 (8%)

A Values are number of patients ( %)
* May have >1 seizure type

! Median (IQR)

> Mean (SD)
AED=anti-epileptic drugs
* For avaliable data

Table 9 Demographic and clinical characteristics of patients with (n=81) and without (n=1

a lifetime psychiatric diagnosis who underwent TLE surgery



General ability

VIQ?

PIQ?

NART?

NART and VIQ discrepanéy
Memory

Verbal learning: triafs

92 (83,104) 91 (82, 99)
94 (15) 96 (17)
99 (13) 99 (13)

-5 (-14, 2.25) -5 (-13, -1)

-1.4 (-2.4, -0.3) -1.2 (-2.3, -0.3)

delay 1.5 (-2.4, -0.3) -1.1 (-2.3, -0.3)
Visual learning: triafs -0.41 (-1.4,0.4) -0.1 (-1.2, 0.6)

deldy 0.4 (-1.2,0.6) 0.1 (-1.0, 0.6)
Bi-temporal (global) memory weaknéss 17 (22%) 27 (15%)

Executive functions

Phonemic fluency ("'S" onfy)

14 (11, 16) 13 (11, 16)

! For avaiable data
2 Median (IQR)

3 Mean (SD)

*Yes cases, n (%)

Table D. Cognitive characteristics of patients with (n=81) and without (n=199) a lifet

psychiatric dagnosis who underwent TLE surgery
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Mood disorder 3.6(10) 1.8(5) 29(8) 226 0(©0) 1.6(4) 12(33)

0 (0) 0 (0)

0 (0)

Adjustment disorder 1.1 (3) 0 (0) 0.4 (1) 1.4 (4)

Postictal psychosis 0.4 (1) 0.4 (1) 0 (0) 0.4 (1) 0 (0) 0 (0) 1.1 (3)

Table 11. Point prevalence of diagnosed de novo psychopathology following TLE surgery (frequency of de novo diagnostic categone

parentheses)
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Figure 9c Histogram of point prevalence of patients (pts) diagnosed de novo psychopathologies following TLE surgery.
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Pre-op cognitive deficits:

Verbal ﬂuency(n:247f 14 (10, 17) 12 (10, 18) 14 (10, 17)

Discordant interictal EEG (n=274)* 97 (43.3) 27 (54.0) 124 (45.3)

History of SGTCS (n=280)* 155 (67.7%) 42 (82.4%) 197 (70.4%)

Epiepsy duration (n=288f 24 (16.75, 33) 24 (17, 29) 24 (17, 32)

Right TL resection (n=136) 110 (48.0%) 26 (51.0%) 136 (48.6%)

Family history of diagnosed 32 (14.0%) 10 (19.6%) 42 (15.0%)
psychopathology (n=280)*

* = yes cases

1_ Vs

2= median (IQR)

Table 12 Characteristics of TLE patients (pts) who developed a de novo psychiatric diagnosis within four postopexatiye=pd ), versus those who did n
(n=229).
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Pre-op cognitive deficits:

Verbal fluency 0.99 (0.93-1.10) 0.70 0.93 (0.66-1.30) 0.70

Discordant interictal EEG (Yes vs NO) 1.54 (0.83-2.85) 0.17 1.31 (0.66-2.60) 0.44

History of SGTCS (Yes vs NO) 2.53 (1.03-4.82) 0.04 2.73 (1.14-6.57) 0.02

Epilepsy duratioh 0.93 (0.80-1.07)

0.29 0.90 (0.77-1.06)

0.23

Side of resection (L vs R) 0.89 (0.48-1.63) 0.70 0.87 (0.44-1.41) 0.67

! = for each 5 word increase

? = for each 5 year increase

Table 13 Uni- and multivariable logistic regression analyses examining whether preoperative factors are predictive of patients whoddenelop
psychopathology (n=51) versus those who do not (n=229) within 4 years following TLE surgery.
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Cognitive Outcome

A decline in memory test performance of at least one standard deviation was recofiied for
patients for verbal memorys4 patients for visual memory witt24 declining on both
measures We found no relationship between postoperathamory declingat 12 month
follow-up) anda lifetime psychiatridistory,or the development of de novo psychopathology

or within 12 or 48 month followup (p&0.05).

SeizureOQutcome

From patients with available seizure outcome data, 170 (61%; n=170/278) were seizure free
(ILAE 1) 12 months following surgery and 127 (49%; n=127/258) remained seizure free
during four years followup. There was no relationship between seizure outcdmME (1 vs

2-6) andde novopsychiatric disorders within 12 or 48 months postoperativeffl{X= 0.29,

p=061; X*(1) = 0.36, p=063, respectively, see Tablel for further breakdown).

Predictors of Seizure Feedom

The odds ratio (OR) of being seizure free at 12 months, and during four years following TLE
surgery, was significantlpwer for patients with a history SGTCS (OR: 0.52, 95%CI:10.28
0.98, p=0.04; OR: 0.47, 95%CI: 0i2590, p=0.02, respectively) aralso those with a
preoperative psychiatric diagnosis (OR: 0.46, 95%CIl.1@&2, p=0.009; OR: 0.53, 95%CI:
0.28 0.98, p=004, respectively).Both SGTCS and a preoperative psychiatric diagnosis were
independent predictors of seizure outconfdwus, compareavith patients without a history

of SGTCS, those with preoperative SGTCS had less than half the odds @JR:00
remaining seizure free the four year folleyy period (see Tables 1B3). Thepresence of a

lifetime psychiatric disorder remained a strongdp®r of a poor surgical outcome:
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compared to patients without a prior history of psychopathology, those with a psgchiatri
history had nearly half (OR 88) the odds of attaining seizure freedom during the four year
follow-up interval (see Figurg0). For clinical translation, we assessed the contribution of

each predictor and their combined effect ondhance(rather than odds) of seizure freedom

at 12 months, and remaining seizure free duringndBth followup (see Figurdl).
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12 months de novo 61 13 10 14 2 0
no psych 61 13 12 13 1 0

36 months de novo 65 6 8 17 4 0
no psych 67 6 10 11

(@)
o

Table14. ILAE seizure outcome for patients who developed de novo psychopathology versus those who did not (no psych)

intervals following TLE surgery.
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Pre-op cognitive deficits:

Verbal fluency (n:2477) 14 (10, 17) 13 (10, 17) 14 (10, 17)

Discordant interictal EEG (n=272)* 50 (47. 2%) 73 (44.0%) 124 (45.3%)

History of SGTCS (n=278)* 83 (76.9%) 113 (66.5%) 197 (70.5%)

Epiepsy duratiofn=280) 23 (17, 32) 24 (16.4, 31) 24 (17, 31.4)

Right TL resection (n=136) 48 (44.4%) 88 (51.8%) 136 (48.9%)
Preoperative psychiatric diagnosis (n=278)* 40 (37.0%) 40 (23.5%) 80 (28.8%)
* = yes cases

1 =yrs

?= median (IQR)

Table 15 Characteristics of TLE patients (pts) who remairssizure free (ILAE=1) (n=170) versus those who did not (n=108) after TLE surgery at 12 |
follow-up.
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Pre-op cognitive deficits:

Verbal ﬂuenc§7 0.94 (0.73,1.19) 0.62 0.91 (0.68,1.19) 0.50

Discordant interictal EEG (Yes vs No0) 0.87 (0.53,1.43) 0.60 0.89 (0.51,1.55) 0.68

History of SGTCS (Yes vs No) 0.59 (0.34,1.03) 0.06 0.52 (0.28,0.98) 0.04

Epilepsy duratioh 0.98 (0.88,1.09) 0.77  1.00(0.88,1.13) 0.99

Side of resection (L vs R) 0.74 (0.45,1.21) 0.23 0.82 (0.47-1.43) 0.49

1 = for each 5 word increase
® = for each 5 year increase

Table 16 Uni- and multivariable logistic regression analyses examining whether preoperative factors are predictive of seizure freedel) &fte&xETLE

surgery at 12 month followp.
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Pre-op cognitive deficits:

Verbal fluency (n:22§) 14 (10, 18.5) 14 (10, 17) 14 (10, 17.3)

Discordant interictal EEG (n=253)* 58 (44.6%) 55 (44.7%) 113 (44.7%)

History of SGTCS (n=258) 101 (77.0%) 82 (64.6%) 183 (70.9%)

23.3 (15, 30) 24 (17, 31.1)

24 (17, 32)

Epiepsy duratiofn=258}*

Right TL resection (n=136) 57 (43.5%) 66 (52%) 123 (47.7%)

Preoperative psychiatric diagnosis (n=258)* 44 (33.6%) 27 (21.3%) 72 (27.5%)

* = yes cases

1_ yIs

2= median (IQR)

Table 17 Characteristics of TLE patients (pts) who remained seizwge (LAE=1) (n=127) versus those who did not (n=131) after TLE surderyng four

years followup.
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Pre-op cognitive deficits:

Verbal fluency

0.90 (0.70- 1.15) 0.42 0.83 (0.62-1.10) 0.20

Discordant interictal EEG (Yes vs No0) 1.00 (0.61-1.64) 0.98 1.00 (0.56-1.77) 0.99

History of SGTCS (Yes vs NO) 0.54 (0.31-0.93) 0.03 0.47 (0.25-0.90) 0.02

Epiepsy duratioh 0.98 (0.96-1.00) 0.14 0.90 (0.79-1.03) 0.14

Side of resection (L vs R) 0.71(0.43-1.16) 0.17 0.82(0.46-1.47) 0.51

1 = for each 5 word increase
? = for each 5 year increase

Table 18 Uni- and multivariable logistic regression analyses examining whether preoperative factors are predictive of seizure freeddh qluAtg four
years after TLE surgery.
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Figurel0. Clustered boxplot depicting the odds seizure freedom (ILAE=1) at 12 and during 48 month after TLE surgery, as a furenijoerafiye clinical
characteristics. Red boxes indicate that a history of SGTCS and/or a preoperative psychiatric diagnbsantigreduced the odds of seizure freedon

12 and during 48 month followp for TLE patients. 129
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SGTCS psychopathology SGTCS &
psychopathology

Figure 1. The modi fying effect of preoperative clinical f act ongseizoreree:

during 48 monthsfter TLE surgery
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7.5Discussion

Theresults are in keeping with previous reports fHaE patients araffected by psychiatric
problems(Gaitatzis, et al., 2004Swinkels et al., 2005).As predicted anatonsistent with
earlier reports, depression was the mamstvalent preoperative psychiatric comorbidity in
TLE patients (Ring et al., 199&nhoury et al., 2000; Kohler et al., 2001; Wrench et al.,
2004; Devinsky et al., 2005; Kanner et al., 2009; Guareteal., 2009; Adams et al., 2012;
Filho et al., 2012da Conceicaet al., 2013). This study also found that psychopathology
was prevalent following TLE surgery. Almosb0% (n=51/105) of patients with
postoperative psychopathology presented with de poesentationgarticularly in the first
two postsurgical years. De novo psychiatric morbidity persisted for at least 6 months and
the majority of patients (78%; n=40/51) required psychiatric treatme@bntrary to
expectations, preoperative cognitivariables indicative of diffuse cerebral pathology were

not associated with prer postoperative (de novo) psychopathology.

TLE patients areonsideredat high risk of psychopathologparticularly depressiodue to
limbic and/or frontal lobe dysfunction (Swinkels et al., 200%he significantrelationship
between a history of head trauraad preoperative psychopathologynds some support to
the role ofextratemporal pathology. Traumatic brain injury (TBl)predominantly causes
damage to the fronttemporal regions (Stuss et al., 201dndis associated witkexecutive
function impairmens (Manly & Murphy, 2012, for reviejv Although the currentstudy
failed toidentify executive dysfunction imLE patientswith comorbid psychopathologthis
may be due to methodologicalkeaknesses Earlier investigators reportinthis association
used attention and/or sshifting tasks namely, the Trail Making TeBafadiso et al., 2001
or Wisconsin Card Sorting TegHermann et al., 1991; Paradiso et al., 200However,

owing to the retrospective nature of this studgta available with respect to executive skills
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was limited, with reliance on only one measure (phonemic fluen€gnceivably, TBI may
result in wicespread disruption of frordombic pathways, resulting ifess focal cognitive
pathology which in turn mayincreag the likelihood ofpsychiatric morbidity in TLE

patients.

The study found preoperative psychiatric history was predictive of tppsrative
psychopathology consistent with previous studies (Anhourgl.et2000; Wrench et al.,
201]1). Those with a psychiatric history in our series had over six times the odds of a post
surgical psychiatric condition. Similar to previous reports @iy etal., 2000; Kanner et
al., 2009), the most common postoperative psychiatric disorders were mood disorders,

namely depression (25%; n=71/280)jowed byanxietydisorderg9%; n=24/280).

Replicating the primary psychiatric literature (Dean et al., 2010), a positive psychiatric family
history independently increased the odds of a lifetime psychiatric diagnosis in TLE patients.
Closer examinatiorof the datarevealedthat nearly half of paents (n=9/20; 45%) had
differentpsychopathologies compared to their filsgree relaties). This is a novel finding

in TLE and is consistent with a recenetaanalysisthat reportedamilial psychiatric risk can
extend across diagnostic boundaries and can be heterotypic (different from parental
diagnosis) (Rasic et al., 2013). e&lmechanistic link ofieterotypic familial transmissiamay

be explained byindings from molecular geniet studies indicating thatmany psychiatric
disorders share a substantial proportion of their genetic susceptibility (Smoller et al., 2013;
Serretti et al., 2013) Whethergeneticpleiotropy isresponsible for the observed divergent

relation between fartial-offspring psychopathology remains speculative.

Regarding whether preoperative indicators of cerebral pathology were risk factors for
psychiatric (de novo) morbidity, laistory of SGTCS was the only indemkent preoperative

predictor Additionally, the studyconfirmed previous findings that seizure remission
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following resective TLE surgery is significantly reduced for patients with asyngical
history of SGTCS (Jansky et al., 2005). More widespread interictal cerebral hypometabolism
on PET has ln demonstrated in TLE patients with a history of SGTCS compared to those
with focalonly seizures (Savic et al., 1997). Similarly, patients who deve®movo
psychopathology have widespread frontal (Salzberg et al.,, 2006) ateimporal
abnormalities (Anhoury et al., 2000). Taken together, our findings suggest that a history of
SGTCS may reflect more widespread epileptogenicity, and thereby is a negadieéoprfer

seizure and psychiatric outcome of TLE surgery.

None of theother seizure related factaslected predictede novopostsurgical psychiatric
morbidity. Previous studies examining risk factors for poor psychiatric outcome have
reported corlicting findings (Foong et al., 2007; Spencer et al., 2008). Some have suggested
that the risk factors for poor psychiatric outcome include localisation of surgery (temporal vs
extratemporal) (Wrench et al., 2000), laterality of resection (Ring et@8)1 bilateral EEG
abnormalities (Anhoury et al., 2000), or seizure outcome (Blumer et al, 1998; Devinsky et al.,

2005; Hamid et al., 2011).

Regarding laterality of resection, some studies have delineatetypgb®f postoperative
psychiatric diagnosis their analyses suggesting that defied temporal lobe surgery was
associated with the development of anxiety (Ring et al., 1998) or thasragd surgery was
associated with postoperative depression (Quigg et al., 2003). However, for the regressio
analyses irthis study, all types ofde novopostsurgical psychiatric conditionsere pooled

which may have decreaséde ability to detect an effect of lateralisation (i.e. increase the

chance of a type Il error).

In this study, postoperative de nowvgsychopathology was not associated with seizure

outcome. It could be argued that the use of asghared analysis which did not allow for
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subtyping postoperativale novo psychiatric morbidity, may account for this result.
However, a number of studieBat have subtyped pestirgical psychiatric disorders have
also failed to find an association with seizure outcome (Wrenah,&ét011 Anhoury et al.,

2000).

Paradoxicallythe majority ofde novopsychopathologies (66%) occurred in the context of

seizue freedom ILAE 1, seeTable 2(. A possible explanation is that this may due to the

wel | descri bed Abur dedn &Saling) B00IM Adcdrding t thi6 Wi | s o
model, posturgical seizure freedom may provoke -ifeanging and profound psychosocial
adjustment; a lack of preparedness and skills to cope with these new challenges may render
the patient at greater risk to significant postopeeatpsychopathology (Wilson, Bladin,

Saling, 2004).Evidencerelatingto this concept, andstlink to de novo psychopathology, is

still limited and requires further research.

This investigatiordid not replicate the finding that bilateral EEG abnormalities were related
to poor psychiatric outcome (Anhoury et al., 2000). However, a caveat of this research was
that epileptic spike counts were not performed in a uniform manner over time precluding
guantification of interictal spike ratios. Prospective studégploring this would be

beneficial

The presurgical cognitive variables used in this study, namely preoperative memory and
executive skills weakness, did not predict those individuals at increased risk of developing a
de novopsychiatric diagnosis Howeveras previously statedlata availale with respect to
executive skills was limited, with reliance on only one measure (phonemic fluedeynce,

the degree of widespread cerebral dysfunction in this surgical cohort could not be
exhaustively examined. It would be valuable for prospectuglies to explore the

relationship of execut i v e-tenmpdal hdurepsycheldgicat i t s ,
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profiled (Keller et al, 2009), to psychiatr.i

important cognitive domain.

An important findirg was that a lifetim@sychiatric diagnosis significantly lowered the odds

of attaining seizure freedom in the 4 years following TLE surg@&tys lends further support

to the findings of three previous studies with smaller cohdmsdury et al., 2000Kanner et

al., 2009; Guarnieri et al., 2008)at have reported a strong association between a lifetime
psychiatric history and the failure to achieve seizure freedom. In the earliest study, the case
notes of 109 patients TLE surgical patients were resibwne year following surgery
(Anhoury et al., 200Q)and another series of 100 consecutive temporal lobectomy patients
were reviewed 2 years postoperatively (Kanner et al., 2009). In a larger series of 186 TLE
cases, it was reported that those diagnegdda preoperative anxiety or personality disorder
were significantly less likely to attain seizure freeddBudrnieri et al., 2009) This study
employed aclinical diagnosisof pre and postoperative psychopathology rather than self
report measures. Nsingle method is ideal to assess psychiatric functioning qor@ost
surgery (Guangming et al., 2009), but the merit of a psychiatric evaluation is that it not only
consider transient mood states reflected by-reglbrted indices, but the full context the
presenting symptoms includinghe history, other behavioural characteristics, and
corroborative information from the family or carer(sThis is supported by evidence that
TLE+HS patients with high depressiggmptomslid not have poor seizure outoe within

three possurgical years (Lackmayer et al., 2013).

Although explanations for poor seizure outcome associated witsupgecal psychiatric
history could include poor AED compliance, gronvulsant psychotropic medication and/or
that persishg seizures are neepileptic, these explanations are unlikely. Patients were under
regular postoperative neurological review whereby AED compliance was monitored by

inquiry of patients and relatives, supplemented with anticonvulsant drug levels. Pro
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convulsant psychiatric medications were purposively avoided. Based on discordardre
postoperative seizure semiology, thrée novoNES cases were diagnosed clinically. Where
there was doubt concerning the nature of postoperative seizures (n=1éjtspatere

referred for VEEG monitoring; 93% (n=14) of cases were confirmed as epileptic events.

The findings do not imply that TLE patients with a preoperativentwbid psychiatric
diagnosis should be excluded from surgical consideration, rather they suggest that a
psychiatric history is a pertinent risk factor for seizure freedom. In agreementavitteKet

al. (2009) it is possible that a psychiatric history may be a biomarker of a more severe
seizure disorder or indicative of more diffuse cerebral pathology. Support for this hypothesis
comes from a retrospective study of 780 patients with-oesst epilepsy, which found
patients with psychiatric comorbidity, particularly depression, had more than twice the odds
of developing pharmacoresistance (Hitiris et al., 2007). Similarly, a prospective study of 138
patients with newly diagnosed epilepsy dsomes prior to AED treatment reported that
greater neuropsychiatric symptomatology was independently predictive of AED non
responsiveness (Petrovski et al., 2010). Whereas Adams et al. (2008) found that patients with
refractory nordesional (versus lesial) epilepsy are more than twice as likely to have a
psychiatric diagnosis, particularly depression. Thus, a possible explanation for our findings
is that these putative diffuse epileptogenic

temporal ictafocus is resected, resulting in seizure recurrence postoperatively.

As reviewed in Chapter 3t has also been suggested that TLE and depression may share
common widespread neusmatomical substrates. Extemporal or frontal abnormalities
have been imated in neuroimaging studies in patients with primary depression (Sheline,
2003 Price et al., 2002and those with TLE and emorbid depression (Salzberg et al., 2006;
Lothe et al., 2008). One study found that a smaller contralateral hippocampakwohsn

related tode novodepression following mesial TLE surgery (Wrench et al., 2009). Clearly,
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prospective studies utilising in vivo imaging techniques with neuropsychological and
psychiatric measures to further elucidate the neural correlatele afovo postoperative

psychopathology is warranted.

There were several limitations this study due to its retrospective nature. Missing and
incomplete preoperative data may have introduced sample biagias not possiblg¢o
statistically investigate longaerm follow-up due to steep sample attrition after 4 years. This
was due to patients being referred back to local services and that 4 years was the maximum
follow-up time available given the end point of our study in 2007. However(@R: 164,

95%Clt 0.89 3.04, p=012) or postoperative psychiatric morbiditPR: 1.32, 95%CI: 0.69

2.55, p=040) did not predict sample attrition.The limited neuropsychological data did not
allow us to explore the relationship between-guggical executive deficits angre- or
postoperativédde novq psychiatric morbidity in greater detail. Although all patients in this
study had clinical preandpostsurgical neuropsychiatric evaluations at 3 and 6 months, it is
possible that psychiatric symptoms may have emergédr routine postsurgical
neuropsychiatric screening. Research indicates that psychiatric morbidity in TLE patients is
often unrecogised or overlooked in routine neurological consultations (Kanner, Kozak &
Frey, 2000; Kanner, 2003). Therefore, the reported postoperative psychopathology
prevalence rates may represent an underestimation. In addition, a lack of statistical power
precluded the subtyping opreoperate psychopathology. Finally, due to a lack of
systematic recording of psychopathology onset, it m@spossiblgo delineate whether en

going (versus a history) of psychopathology at the time of surgery modifies thensigtio

with seizure outcome.

In summarythis study provides support for the hypotheses outlindgk datasuggests that a
lifetime history of psychopathology is related to diffuserebral pathology and genetic

factors. The finding thatpostsurgicalde novopsychiatric disorders are a significant and
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persisting complication, particularly in the first 2 years, following TLE surgesclinical
implications Hence it is imperative that patients, especially those with a history of SGTCS,
and their fanlies are counselled about the possible development or exacerbation of
psychiatric symptoms following surgery. However, a recent survey found that only 16% of
adult epileptologists and 13% of adult neurosurgeons discussed the possible psychiatric
complicatons of TLE surgery during their preperative consultation (Demase et al., 2009).
The data suggests thie identification and treatment of preoperative psychopathology may
lead to substantial gains in postoperative seizure outcaitieough he mechanisms
mediatingpoorerpostoperative seizure outcome in patients with presurgical psychopathology
are unknowrat this time, tidies in animal models of epilepsy and humans with TLE (with
and without depression) have suggested the exis@hcemmam serotinergicpathogenic
mechanisms operant in psychopathology and epilepsy (see Kanner et al., 2005, for review).
Thus, it is speculated thaerotinergic agents (e.g. SSRIs) faesurgical mood/anxiety
disorders may also improvpostoperativeseizure outcome. Finally, the finding thata
preoperative psychiatric histqryn surgical sampleleemed comparable to other surgical
cohorts(Anhoury et al., 2000; Wrench et al., 2008ignificantlylowers the odds of seizure
freedom 4 years following TLE sumge undescores the importance of a gmergical
psychiatric evaluation. The inclusion of neuropsychiatric assessments in tbergical
evaluation may lead to an increase in the power of prognostic models used to predict the

neurological outcome of TLE surgery.
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Chapter 8.

Study 2. Neural Correlates of De novo Depression Following Left
Temporal Lobe Epilepsy Surgery: A Voxel Based Morphometry

Study of Pre-surgical Structural MRI

8.1 Study Aims

As outlined in Chapter 31euroimagindhas revolutionised the investigation and treatment of
TLE, and has enabled significant advances towards elucidating the pathophysiology of mood
disorders. It also provides a means torther explore the hypothesis thatore widespread
cerebral pathology plasdLE patients at increased risk of psychiatrie ftbvo) morbidity
following surgery To date, only a stereological regioftinterest (ROI) analysis has

addressed this

The aim of this study was to investigateether pre-surgical abnormalities in cerebral

volume are associated with de novo deprestitiowing mTLE surgery.
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8.2 Methods

Study Sample

Eighty-sevenTLE+HS (43 left, 44 right) patientsad preoperativ®IRI imagingavailableto

which voxetbased morphometry (VBM; Ashburner & Frston, 2000) had been applied

In the right TLEgroup, 14 (32%; nt4/44) had a lifetime psychiatric history and only two
(5%; n=2/44) patients developed de novo depression. The small number of de novo
depression cases in the right TLE group precluded meaningful comparisons, and enly left

sided TLE paents were2xamined in this study

In the left TLE group, 12 patient28%; n=12/43) had a lifetime psychiatric histor{see
Figure 2, for diagnostic categoripsand 1patient (2%; n=1/43)eveloped de nov®IP.

These 13 (30%; n=13/43) patiemisreexcluded from the analysis as the studgus was on
de novo depressionOf the remaining 30 left TLE patients, 283%; n=25/30) had neither
pre- nor postoperative psychopathology (TFcBntrol group)and 5 (17%; n5/30) developed

de novo depressiorDemographic and clinical characteristics are summaiis@able19.

Neuropsychiatric evaluation (including de novo cases), epilepsy related variables,
neuropsychological assessment, aetiological and MRIMdEG classification data have

been described prmwusly (see Chapter 6.3, 6.4, 6.2, 6.5 & 6.6, 6.7 respectively).
Magnetic Resonance Imaging

All subjects underwent an MRI scan on a-I.%E Signa scanner (GE Medical Systems,
Milwaukee, Wisconsin). A T1-weighted inversion recovery threlgmensional fast spoiled
gradient echo (SPGR) (TE = 4.2 msec, TR = 15.5 msec, inversion time = 450 msec, flip angle

= 20°, matrix = 256 x 192, FOV = 24 x 18 dmvere obtained for each subject. All images
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were acquied in the coronal plane with 28 contiguousmbrthick slices. Images were
processed and analysed using Statistical Parametric Mapping software (SPM8)

(www. fil.ion.ucl.ac.uk).

Segmentation of the T1 i mages was jfherof or med
SPM8. The grey matter (GM), white matter (WM) and CSF tissue maps where normalized to

MNI space using thdiffeomorphicanatomicalregistration througkexponentiatedié¢ algebra

(DARTELD toolbox GM segmentations were modulated by the Jacobian determinants
derived from the registration step, in orde
warping. Finally, images were smoothed by amr@ full width at half maximum isotropic

Gaussian keml.

Voxel-wise grey matter volume (GMV) differences between patients that developed de novo
postsurgical depression and patients with no- pye postoperative psychiatric diagnoses

were investigated, using independent sampliests. To account for défences in brain
sizes, i mages were globally normalizad usi n¢
genderwere used asegressors of no interest (Takahash et al., 2044 well asSGTCS

which has been reported as a confound (see Chapter 7fferddces at a threshold of

p<0.001, uncorrected for multiple comparisar®e reportedvith a cut off of 50 contiguous

voxels of activation. This threshold was chosen in order to avoid type Il errors (false
negatives), while ensuring a desirable balanch Wpe | errors (false positivefliberman

& Cunningham, 2009)This approactwasjustified giventhe small sample size.
Neuropsychological Measures

It was anticipated that de novo depression would be assoeiitedxtratemporal cerebral
dysfunctionas indicated by largerdiscrepancy between NART predictadd assessed IQ,

and reduced phonemic fluency
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Figure 2. Preoperative lifetime psychiatric history of the 12 (28%) left TLE patients (pts) excluded from the VBM analysis.

Personality disorder = emotionally unstable.
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Gender (femalé) 2 (40%) 14 (56%) 0.64
Age of seizure onset, ye?;xrs 2 (0.7-9.3) 5 (1.2-9.5) 0.40
TLE duration, years 26 (20-33) 30 (19.5-35.1) 0.71
Predisposing Factord
History of FC 4 (80%) 13 (52%) 0.40
Family history of epilepsy 0 (0%) 6 (24%) 0.60
Family histoy of psychopathology 1 (20%) 3 (12%) 0.54
History of status epilepticus 0 (0%) 1 (4%) 1.00
History of CNS infection 0 (0%) 1 (4%) 1.00
History of head trauma 1 (20%) 2 (8%) 0.43
Presurgical seizure ypét
Simple partial 3 (60%) 9 (64%) 1.00
Complex partial 5 (100%) 25 (100%) n/a
SGTCS 5 (100%) 19 (76%) 0.60
Medicaton
Lifetime number of AEDs 6 (2) 5(©2) 0.38
trialled preoperatively

Monotherapy at the time of 0 (0%) 5 (20%) 0.60
surgery

Polytherapy at the time of 5 (100%) 20 (80%) 0.60
surgery

Age at surgery, yeefrs 29 (5.4) 35.1 (9)

Discordant interictal EEG

Hippocampal sclerosis 5 (100%) 25 (100%) n/a
Developmental pathology 2 (40%) 3 (12%) 0.18
Vascular pathology 0 (0%) 1 (4%) n/a
Other 0 (0%) 0 (0%) n/a
Dual pathology 2 (40%) 4 (16%) 0.25
Preoperative cognitive variable8
viQ*! 86 (17) 92 (12) 0.33
NART? 89 (73-100) 100 (89-107) 0.17
NARTNIQ discrepancy -13 (-5, -3) -5 (-9, -2) 0.58
Verbal learning: triaks -2.08 (0.97) -1.21 (1.07) 0.11
Visual learning: trias -1.07 (2.09) -0.39 (1.32) 0.34
Phonemic ﬂuenc’y -0.21 (-2.31, 1.17) -0.21 (-1.48, 0.85) 0.73

&/alues are number of patients (%)

®For available data

'Mean (SD)

’Median (range)

AMay have >1 seizure type
AEDs, anti-epileptic drugs

CNS, central nervous system

FC, febrile convulsions

SGTCS, secondary generalised tonic-clonic seizures

Table 19. Clinical and demographic characteristics of patients who developed dedepression
(n=5) compared to those who did Hot=25) following TLE surgery

172



Memory Decline

Postoperative memory declings described in Chapterwas defined as a performance drop

of at least 1 SD on the List and Design learning tests.
8.3 Statistical Analyses

Chi-square (% with Fisher Exact Test (FET) when warranted) was used to evaluate
comparisons between patients who developed de novo depression compared to those who did
not (TLE-controls), and to explore whether memory decline was associated with de novo
depression. [ferences between continuous variables were evaluated using the independent
samples-test, with the exception of variables that were-normally distributed as defined

by the KolmogorovSmirnov test (Field, 2009), for which MaWihitney U tests were

empoyed.

8.4 Results

De Novo Depression

Five TLE patients (17%; n=5/30) developed de novo depression within fows fakowing
surgery. Sixty percent (n=3/5) presented within 12 months, all cases (100%; n=5/5)
persisted for at least 6 months (rangeB06months), and required psychiatric medication.
One patient (20%; n=1/5) attempted suicide on two separate occasions, necessitating
hospitalisatioradmissios within the 4year followup. All patients were prescribed selective

serotonin reuptake inhibiters (SSRIs: paroxetine, fluoxetine or citalopram) in isolation.
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Clinical Characteristics

The two groups did not differ in terms of age of seizureetrepilepsy duration, history of
febrile convulsionsstatus epilepticus, head trauma or CNS infectimgguency ofliscordant
interictal EEG abnormalitieoor family history of epilepsy or psychopathology. No
differences in the frequency of simple et complex partial or history of SGTCBere

determinedsee Tabl€l9).
VBM Findings

Presurgical MRI revealed significant areas of atrophy withitateral OFC, and left
cingulate gyrus and left thalamus in TLE patients that developed de novo depression

following anATLR (see Figure 3).
SeizureOutcome

Forty three per cent (n=13/30) remained seiftge (ILAE=1) during four years followp.
There was no retenship between seizure outcome (ILAE 1 v8)2and de novo depression

within 48 months postoperatively (FET; p=1.0).
Cognitive Outcome

From patients with available cognitive outcome data, a decline in memory test performance
of at least 1 SD was recad in 6 (n=6/26; 61%) patients for verbal memory and 5 (n=5/25;
58%) patients for visual memory. We found no relationship between postoperative memory

decline and the development of de novo depression vitikib2 month followup (p >0.05).
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Figure B. Bilateral OFC (slice:20) and ipsilateral cingulate gyrus (slice:10) and thalamic atrophy (slkzs! & 10) in leftsided TLE+HS
patients who developed de novo depression (n=5) compared to patients with oogastoperative psychopathology (n=25) (p<.001, un

controlling for age, gender and SGTCS 175



