An exploration of semantic memory in the temporal lobe epilepsy population
following unilateral resection

Sheeba Ehsan

Thesis submitted in partial fulfilment of the requirements of
Staffordshire and Keele Universities for the jointly awarded degree of
Doctorate in Clinical Psychology

May 2014



Acknowledgment Page

| am extremely thankful to my supervisors, Professor Matthew Lambon Ralph and
Professor David Clark-Carter, whose encouragement, guidance and support enabled
me to develop an understanding of a subject which is highly complex. | offer my thanks
to all of those who supported me by providing vital input and patience during the
completion of the thesis. A special thank you, to Dr Helena Priest and Dr Katherine
Gerrard for proof reading the original papers. | am grateful for all the support my family
provided. | especially thank my parents, Ehsan-ul Haq and Gulrez Anjuman, who have
provided me with the moral support | required to complete this thesis. Finally, | would

like to thank my friends whom have been extremely supportive in my endeavours.



Table of Contents

TRESIS ADSIIACT e 6
Paper 1: A Systematic Review of Studies Investigating Semantic Memory Post Surgery for
Unilateral Temporal LoD EPIEPSY .....uuuuiiiii i 7
Y 01 1 = T 8
LLO INrOAUCTION ...ttt 9
1oL EPIEPSY ..o 9
1.1.2 Temporal 10D EPIIEPSY ....cceiiieeeiicee e e 9
1.2 Semantic memory and epiSOdIC MEMOIY ......ccoiiiiiiieiieeiee e 10
1.2.1 Neuropsychology Of SM ... e e 11
O I 1= To ) 1= TS o S 12
1.2.3 Role of the anterior temporal l1obe in SM ..., 13
B2 0 N 0L 15
3.0 DBSIGN .ttt s 15
0 YT 1 o o 15
4.1 SEAICKH SIITALEQY ....veeereeereerreeteeteeeeeeeee bbb 15
I A [ T (W] T T (o (W ] o I o 1 (] = 16
S 1= Y= 1ol o I 11 | o o] o T 16
4.2.2. Figure 1: Flow diagram of search outcome..............cccoovviiiiiii e, 17
4.3 Characteristics of included publiCations..............coiieiiiii e 19
4.4 QUANILY ASSESSIMENT ... .cciiiiiiiiiii e e e e e e e e e e e e e et e e e e e e e 19
O R == W =1 - o 1 T o 20
N @ VT 114 V=T o] o] = 117 | U 20
4.4.3 DAta SYNNESIS....eeiiiiiiiiiiiiiiieietii s 20
4.4.4 SYNtheSIS Of TESUILS ....coeviiiii e 21
4.4.5. Table 1. Checklist results: Quality Of StUAIES ...........evvieiiiiiiiiiiiiiiiiiiis 23
4.4.6. Table 2. Sample characteristics of the twelve studies...............cooovviiiiiiiiiiieeiiinnnn, 58
4.4.7 Subjective and 0bJjECHIVE MEASUIES .....cciieeeiiieiie e e e e e eaeaas 25
4.4.8 Memory & [anguage OULCOME..........uuuueiiereiiiiiiiiiiieiibbbbeesbbbesbbbeebe bbb beeeeeeeeneenenee 29
e e =0 [0 1)Y= = Tod (0 30
L0 S o U 11 o) o 31
R L=V {1 o 1o TR 33
5.2 Suggestions fOr fULUIE rESEAICI..........uvviiiiiiiiiiiieiieee e 34
5.3 Clinical IMPIICALIONS ......i it e e e e e s e e e aeeaaanes 35
Lo I 1011 = [0 ) L 37
L O @o] g [od 8130 K F 37
] (=] €= o = P 39
Y o] 01T Lo [ A 50
EBSCO host example of subject heading mapping for CINAHL ..., 50
Y o] 01T 1o [ At I = 51



EMBASE example of search combination strategy............cccceeeiiiiiiiiiiiiiii e, 51

Y 0] 01T T | At 52
SArCh reSUILS TOI TEVIEW ......oiiiiiiiiiiiiiiiiiieiiee et sbeaenannee 52
APPENAIX: LD e 53
RefWOrks e@Xact dUPIICALES ........coiiiiiiicce e 53
APPENAIX: LE ... e a e 54
15 Item quality CRECKIIST .......ui i e 54
Y o] 01T 1o [ X 55
EXIraction ProtOCOI .........cooiiiiiiiii i 55
F Y o] 01T Lo [t K 56
YU (0[] N 3 PP 56
Y o] 01T T 13 A X 57
SUMMANY FOF fIQUIE L..ooiiiiiiiiiiiiiiiee ettt 57
Appendix 1I: Summary of TLE patient characteristics for the twelve studies ................... 61
Appendix 1J: Journal QUIdEIINES. ... ... e e e e 80
Appendix 1K: Cochrane library search resultS..........cccooiieiiiiiiiiii e, .81
Paper 2: Empirical research report Semantic memory in temporal lobe epilepsy following
unilateral resection: A tailored neuropsychological profile with self-report.....
............................................................................................................... 82
Y 01 1 =T 83
0 O [ 0 To 1§ [ox 1T o RO PP PPPPPPPPPPPPPPRPRRN 84
1.1.1. Temporal I0be EPIEPSY ...coeveeiiiiiii e e 85
1.1.2. IMPACt Of TLE SUIGEIY ... 86
1.1.3. Possible explanations for the inconsistency of findings regarding SM ................... 87
000 O Y o PRSPPI 88
1.1.5. Hypothesis: SM deficits will be apparent across both objective and subjective
1T U [T TP PPTRPPN 88
1.2 METNOM ...ttt 89
R B B 1= (o | PP PP PP PP PP PP PPPPPPPPPPPPRRRPN 89
1.2.2. PArtiCIPANTS .. .coiiiiiiiie i e e e e e e e e e e e e e e e e et aaaaanan 89
e T |V o (T = | PSPPSR 89
1.2.4. Subjective measures of neuropsychological functioning..............cccccceviiiiiin. 90
R ST o (0Tt =T o [0 = PSPPSR 91
1.2.6. DAt@ @NaAIYSIS.....ccoe i 91
1.2.7 Coding Of CONENE CALEGONIES ....vvvuiiii e e 91
1.2.8. Table 1: Sample CharaCteriStiCS.........cooviiiiiiiiiiiieee e 92
1.3. NeuropsychologiCal aSSESSMENT ......ciieeeiiiiiiieee e 94
1.3.1 Objective measures of neuropsychological functioning.............cccooeeeeeeeieeeieeeeeeeeen 94
1.3.2. Measure of emotioNal StAtUS..........cooeeiiiiiiiii 95
R R T @] 11 o] = R 95



1.3.4. Table 2: ObJeCtiVE tESE FESUILS ...vuuii i e 96
1.3.5. Table 3: Objective test purpose and utilisation in comparison with subjective

0 [T S] (0 - 97
L4 RESUIS ... 99
O R T o) F= L = L 99
1.4.2 Correlational @nalySiS ..........couuiiiiiii e 100
1.4.3 Correlational MatriX ..........coieeeeiiii e e e e e e e e e e e 101
1.4.4. Results of correlational @nalySES ..........ouuuuiiiiiiiiiiie e 102
1.4.5. Effect size and COMEIation ............coooiiiiiiiiiii e e 102
1.5 Results of self-report analySis ........coiieeiiiieiiiie e 103
1.5.1 Figure 1. Histogram showing group % of self-reported difficulty for the six

0 [ =53 (0 g - 104
1.5.2 Table 5: Percentage of perceived problem for each content category .................. 105
1.5.3 Quantitative content analySiS...........oooiiiiiiiiiiiiii 106
1.5.4 Figure 2. Histogram of the % occurrences of category difficulties by participants

who have undergone left and right temporal lobe surgery..............coooiiiiiiiii i, 106
1.5.5 Table 6: Results of Chi-square test & Cramer’s V for category reports by surgery
][ P 107
1.5.6. Qualitative CONteNt @nalYSIS ........cooiiiiiiiiei e 107
1.5.7. Table 7: Themes based on content analysis of all participant transcripts............. 108
G 1o 1] T o 110
1.6.1 Summary of aims & Key findinNgs .......ccoovriiiiii i 110
1.6.2 Possible explanations for the findiNgsS..........coooiiiiiii 110
1.6.2 Naming as a Measure Of SM .......coii i e 112
1.6.3 Clinical IMPICALIONS ......coiiiieeee e 112
1.6.5 Factors beyond MEMOIY ..........ouuiiiii e e 113
1.6.6 M0Od and TLE SUIQEIY .....oooiieieeeee e 114
1.7 LIMITALIONS .o 114
1.7.1 Use of non-validated MEaSUIES .........cooieiiiiiiiei e 115
S T 1 ] o] [ TR 115
1.8 CONCIUSIONS. ...t 115
1.8.1CHNICAI PraCliCe ....ceeeeeeee e 115
1.8.2 OVerall CONCIUSION .....ccoeeieiecceeee e 116
L] (=] €= o = 117
Appendix 2A:Self-report TLE surgery qUeSIONNAINe...........ccoeeuviuieiieeeeeeeiiiiee e 128
Appendix 2B: Background checks of the data ..., 129
Appendix 2C: Checks for running correlational design ...........ccveeiiieeeiiieciiiei e 147
Appendix 2D: Letter to chair of ethics panel at Staffordshire University................... ... 165

Appendix 2E: for response approval letter from Staffordshire University ethics panel 166
Appendix 2F: NRES Letter from ManCheSter......... ..o 167



Appendix 2G: Information Sheet for Participants.............cccoeviiiiiiiiiice e, 168

Appendix 2H: Consent form for PartiCipantS..............ooii i 170
APPENTIX 21: MREC [EHEN ....cvviiiii e e e e e e e s 171
Appendix 2J: First paper, Lambon Ralph et al., 2012............coooiiiiiiii e, 183
Appendix 2K. Journal guidelines for Epilepsy & Behaviour................cccccevvviiiiiieeeeeeennnn, 183
Paper 3: A reflexive review on thesis WIitiNg..........coovvii i e 203
PaPEr B: A S ACT. ..ottt e e e 204

IO I o o [ Tox 1 o o 205
1.1. The development of my interests in NEUrOPSYChOIOgY .....ccooeeevvviviiiiiiiiieeeeee, 205
2.0. Selecting @ reSEarCh PrOJECT ... ...t i e 206
2.1. DeVveloping @S @ MESEAICNET ... ...ccii i ee e e e e 206
2.2. Developing the researCh idea..........oooov oo 207
3.0. The choice of a literature reVieW tOPIC .......c.eeviiieiiiiiiiis e e e e eeaees 208
3.1, LIterature reVIEW CIILIQUE ..........uuueeeeeeeereneeneeeeessenessssssssssssssessenee e 208
4.0. Critical appraisal of empirical research study...........ccccooovviiiiiiii e 209
4. L. DSIGN ..ttt s 209
4.2, INtEIVIEW QUESTIONNAINE. ......uiiiiii e e ee et e e e e e e e e e e e e e e e e e e e ae e s e eaaeaeenne 209
G T o (o o =T [ = T 210
Y- 11 0] o] L= 210
4.5, ANAIYSIS. ..ttt s 210
5.0. Reflections on working with existing data ...............ccviiiiiiieiiiiiiic e, 211
6.0. Research implications and appliCatioNS............ccevviiiiiiiiii e 211
6.1. Reflection on working with epilepsy and personal impact ............cccccvvvvvvvvviiiineennn. 212
6.2. Self-reflection and CONCIUSIONS ..........ouviiiiiiiiiiiiiiiiiiiiiiiii i 212
L] (=] €= o = 213
Appendix 3a: PEEr reVIeW approval ..........cccii i 214



Thesis Abstract

Objectives: The aim of this thesis is to add to the knowledge base on semantic
memory (SM) in temporal lobe epilepsy (TLE) following unilateral resection. Method:
A systematically informed literature review was completed to identify existing literature.
By reviewing the literature, a shortage of studies evaluating SM in this patient group
was identified. It also highlighted disparity in objective measurement of SM. An under
representation of subjective measurement via self-report was discovered, no apparent
reason for this was identified. This literature review informed and provided the
rationale behind a correlational study between objective and subjective assessment of
SM. Using a case series methodology, SM was reviewed in a sample of 20 people
with TLE who had undergone surgery. The aim was to compare self-reported SM
difficulties with a standardised SM assessment. Self-report was also explored using
content analysis to look at quality of life. Results: There was one significant finding
with respect to self-report and neuropsychological tests, this was between self-
reported problems with ‘understanding conversations’ and The 64-Naming Test, taken
from the Cambridge Semantic Battery (Bozeat et al., 2000). Sensitive measures and
sensitive questioning of SM were found to aid identification of changes in SM. In
general, self-report ratings of memory were not significantly correlated with objective
neuropsychological testing. Exploration of self-report data highlighted that an equal
number of left (78%) and right TLE (73%) patients reported problems with SM. Five
key themes were identified representing positive and negative factors post-surgery;
emotional issues (65%) and adjustment issues (55%) predominated. Psychological
issues seemed to reflect reports of depression more than anxiety. Discussion:
Participants post-surgery were more sensitive to naming impairments than other forms
of SM impairments. Self-report of naming impairments may indicate semantic
processing difficulties, and therefore may be a valuable method to aid clinical
assessment. Conclusions: Supplementing objective measurement with sensitive self-

report assessment is useful in clinical practice.



Paper 1: A Systematic Review of Studies Investigating
Semantic Memory Post Surgery for Unilateral Temporal
Lobe Epilepsy

This review has been written for submission of publication to
Neuropsychologia (see Appendix 1J for author guidelines) The journal was
selected as the most appropriate means of disseminating the findings from
this research as it attracts a broad audience.

Word count: 8687

KEY WORDS: Temporal lobe epilepsy, Surgery, Semantic Memory,
Neuropsychological assessment.



Abstract

Semantic memory (SM) refers broadly to our knowledge about the world and other
concept-based knowledge. Deficits in SM are widely regarded as one of the key
defining features in semantic dementia, characterised by progressive aphasia and
associated with bilateral atrophy of the anterior temporal lobes. Anterior temporal
lobectomy is the standard treatment for medically refractory temporal lobe epilepsy
(TLE). Deficits in episodic memory (EM) following surgery are well documented,
whereas SM is often reported as intact. This is inconsistent with the theoretical
standing of the role of the anterior temporal lobe in SM. Itis of clinical importance to
determine whether post-surgery SM difficulties do occur, as this aspect of memory
plays a crucial role in everyday functioning. This paper aimed to review the literature
regarding the effects of surgical intervention on SM in adults with intractable TLE. A
secondary aim was to explore the use of subjective and objective measures to inform
clinical practice. Searches were conducted on EBSCO Host, PsycINFO, Embase,
MEDLINE, CINAHL, Web of Science, Clinical Evidence and The Cochrane Library.
Twelve studies investigating SM in post-surgical resection TLE patients were
identified. SM was assessed using various test materials and was not commonly
reported as impaired. Possible reasons for this are discussed, including common
representation of word finding difficulties and anomia which may mask SM
impairments, resulting in under-representation of SM impairment. The studies in this
review do not present a uniform picture and evidence for impairment is presented

cautiously.



1.0 Introduction
1.1 Epilepsy

Epilepsy is a common neurological disorder, with an incidence of 2-5% and an
estimated 50 million people worldwide being affected (World Health Organisation,
2001). The International League Against Epilepsy (ILAE) state that epilepsy refers to a
group of conditions characterised by enduring seizures in the brain, with an epileptic
seizure being defined as a transient occurrence of signs and/or symptoms due to
abnormal excessive or synchronous neuronal activity in the brain (Fisher et al., 2005).
It is not a single condition, with the All-Party Parliamentary Group on Epilepsy (2007)
noting 30 different epileptic syndromes and over 38 different types of seizures. There
are severe cognitive, psychological and social consequences of this condition (Fisher
et al., 2000); including on the individual’s education, employment, social life and
mental health (Hermann & Jacoby, 2009). Temporal lobe epilepsy is a type of epilepsy
which has a significant impact on cognitive, social and psychiatric functioning
(Hermann, Seidenberg, & Jones, 2008). Lack of seizure control is debilitating for the
individual and can significantly interfere with everyday functioning. Treatment usually
consists of antiepileptic drugs (AEDs), however up to a third of individuals are resistant
or refractory to AEDs (Schuele & Luders, 2008). For these individuals, epilepsy
surgery can be an effective alternative (Engel et al., 2003). The aim of surgery is to
remove the seizure generating region; the areas usually removed in an ‘en bloc’
resection are part of or all of the anterior temporal lobe of the affected side. Surgery
has a good outcome, with 70% of patients becoming seizure-free and 95% reaching a
reduction of seizure frequency of at least 90% (Engel, Cascino, & Shields, 1998,
p.1687).

1.1.2 Temporal lobe epilepsy

Temporal lobe epilepsy (TLE) is a type of focal epilepsy which originates in the
temporal lobes in the brain. It was defined in 1985 by the ILAE as a condition
characterised by recurrent, unprovoked seizures originating from the medial or lateral
temporal lobe (Commission on Classification and Terminology of the ILAE, 1989).
AEDs are the preferred course of treatment; however seizure control is not achieved

by AEDs in a third of patients with focal epilepsy (Kwan & Brodie, 2000).
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The temporal lobes are common sites for the onset of seizures, and surgical
resection of these areas is usually offered as a treatment option for refractory epilepsy
(Ojemann & Valiante, 2006). Seizures in TLE usually originate from the mesial-basal
temporal lobe structures, including the hippocampus, amygdala, and para
hippocampal gyrus (Spencer & Burchiel, 2012). The hippocampal region is central to

memory function (Eichenbaum, 2000).

Memory complaints are common in epilepsy; these are dependent on the
laterality of the epileptic focus (Thompson, 1997, p.37), with left TLE causing more
pronounced deficits in verbal EM, and, less consistently, right TLE affecting non-verbal

memory (Hermann, Seidenberg, Schofield & Davies, 1997).

Surgery poses risks which require careful evaluation by the patient and the
multi-disciplinary team (MDT). Prior to surgery, cognitive and behavioural out-comes
are clinically assessed during the decision making process. Hippocampal sclerosis
(neuronal cell loss and gliosis) in both left and right TLE patients has been associated
with impaired aspects of semantic knowledge (Messas, Mansur & Castro, 2008). Post-
surgical cognitive difficulties such as memory and language impairments pose the
greatest risk, particularly verbal memory decline (Frisk & Milner 1990) and anomia
(Bell, Davies, Hermann & Walters, 2000). Some studies report improvements in verbal
memory and full scale 1Q after resection of the non-dominant hemisphere (Hermann,
Wyler & Somes, 1991). Other research suggests that no comprehension difficulties are
present (Kho et al., 2008) and no generalised SM impairment exists (Simmons &
Martin, 2009). Changes in language have not been reported consistently (Spencer &
Huh, 2008).

1.2 Semantic memory and episodic memory

Over the past 20 years SM has received increased attention, facilitated by the
rapid influx of imaging technology which enables mapping of behaviour and function.
SM is a term coined and first documented in the title of Quillian’s (1966) Ph.D. thesis,
which led to a paper on the proposed structure of SM (Collins & Quillian 1969). SM
was further distinguished from EM by Tulving (1972) and defined as a sub-system of
long term memory. EM is defined as the memory store for personal events and the
spatial relations in time amongst these, whereas SM is the memory necessary for the

use of language (Tulving, 1972). SM represents ‘organised knowledge that a person
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possesses about words and other verbal symbols, one’s concepts and relations’
(Tulving, 1972, p.385). Examples (adapted from Tulving,1972, p.386) of individual
memory statements for EM include ‘I have an appointment tomorrow at 4pm to see my
hygienist’ and ‘I was with friends when | heard the news of Princess Diana passing
away’. As such, EM is closely linked to autobiographical events (times, places,
associated emotions and other contextual knowledge) that can be retrieved and
stated. In a memory test it may also encompass the knowledge required to remember
the words presented in a list, and the order or pairing of words.

In contrast, examples of SM (adapted from Tulving,1972, p.386) include, for
example, the knowledge that a) cats are furry animals, they have four legs and a tail;
b) chairs can come in different shapes and sizes and are associated with tables; c)
London is the capital city of the United Kingdom. All of these statements are subject to
individual conceptual knowledge and depend upon the memory being acquired, but do
not rely on personal experience in order to recall or use this information. Picture-
picture matching tasks dependent on SM may require an individual to associate two
objects such as a bottle of wine with a wine glass over a distractor item (champagne
flute), or object naming, word-picture matching and the generation of exemplars on
category fluency tests (e.g. animals, vegetables etc.) (Hodges,Patterson, Oxbury &
Funnell, 1992). Overall, SM is the part of our long term memory which represents
one’s knowledge of objects, facts, and concepts and their inter-relationship (Tulving,
1972, 1983). The EM and SM systems have been described as distinct in function
(Tulving, 1972); these findings have been advanced by clinical studies and the

emergence of theoretical models of SM leading to anatomical insights (Shallice, 1988).

1.2.1 Neuropsychology of SM

SM is a critical factor in all aspects of everyday lives, therefore SM impairments
can be highly debilitating. Neuropsychological evidence from disease processes that
involve loss of SM facilitates an understanding of brain structures playing key features
in SM. This can assist clinicians and researchers to have a greater understanding of
clients and inform clinical interventions. Clinical psychologists, play a crucial role in the
assessment of language and memory problems. In addition, working with epilepsy and

other neurological conditions requires an understanding of the wider impact, for
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example, on mental health, social, and societal factors. in order to provide appropriate
support for the patient. There have been substantial advances in imaging technology
which has led to a deeper understanding of the neural basis of SM and the causes of
progressive disorders such as dementia. Dementia affects the brain, resulting in
disturbance of multiple functions including memory (Scott & Barrett, 2007). The role of
the clinical psychologist across neurologic populations includes, providing support to
both the individual and their carers who may also struggle with the challenges posed
by loss of memory and language abilities.

1.2.2 Theories of SM

Studies in the past led to the proposal that a structure-function relationship may
exist in the brain, with specific areas of the brain being associated with particular
functions (Galton, 1883). However, with advances in neuroscience, it has become
easier to conclude that the brain is much more complex than this and that ascription of
specific functions to discrete areas of the brain is flawed (Kanwisher, 2010). Although
as a system many areas of the brain may be involved in processing of SM, there is
growing evidence to suggest that the function of the anterior temporal lobe is
significant. Over the years, many theories of SM have been proposed in efforts to
encapsulate and understand its function. Whilst original theories suggested that SM
arose from a central homogenous system in the brain with a distributed neural
architecture (Fodor, 1983), these theories have been challenged by insights from
neurological diseases which produce selective impairments, e.g. stroke (Berthier,
2001), herpes simplex virus encephalitis (HSVE) (Kapur et al., 1994), Alzheimer’s
disease (Giffard et al., 2001) and semantic dementia (SD) (Patterson, Nestor &
Rogers, 2007). Evidence from degenerative brain disease has been associated with
distinct patterns of neuropsychological deficit that correlate with the distribution of
pathology (Neary et al., 1986).

Warrington (1975) first described selective SM impairment in three patients
with semantic deficits across all modalities; however, limited neuroanatomical
information was available. Perhaps the most striking evidence comes from

neuropsychological studies of the neurodegenerative disorder of semantic dementia,
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the temporal lobe variant of frontotemporal dementia (Snowden, Goulding & Neary,
1989). These patients present with relatively circumscribed progressive bilateral
atrophy of the anterior temporal lobes, with correlating severity of atrophy in the
inferior and lateral aspects of the anterior temporal lobe (ATL) (Nestor et al., 2006;
Boxer, Rankin, & Miller 2003; Grossman, 2002; Mummery et al., 2000). On formal
testing they fail on tests of SM across all modalities and concepts: receptive,
expressive, verbal and non-verbal domains, with a striking preserved ability on other
aspects of cognition and language, for example, perceptual and spatial skills,
orientation, non-verbal problem solving, day to day memory, syntactic and
phonological processing (Lambon Ralph, McClelland, Patterson, Galton & Hodges,
2001; Bozeat, Lambon Ralph, Patterson, Garrard & Hodges, 2000; Hodges et al.,
1992). SD is progressive in nature and a typical presenting feature of patients is
naming impairment (anomia), although comprehension difficulties can also be
apparent (Lambon Ralph et al., 2001; Hodges, Graham & Patterson, 1995). As such,
SD is highly debilitating, necessitating further exploration of its underlying
mechanisms. Evidence from a range of SD patient studies using advanced
techniques to assess the brain, for example magnetic resonance imaging (MRI),
manual tracing methods and automated voxel-based morphometry (VBM) have shown
atrophy of the temporal lobe (Williams, Nestor & Hodges, 2005; Mummary et al.,
2000). Evidence from post mortem studies of SD patients has found widespread
volume loss relative to controls, with ATL regions most affected (Davies, Halliday,
Xuereb,Krill & Hodges , 2009). These findings suggest that SM is implicated in the
ATL, and that the breakdown in knowledge is linked to ATL damage thus leading to

dysfunction.

1.2.3 Role of the anterior temporal lobe in SM

Many theoretical models have been proposed to assist an understanding of the
role of the ATL in SM. Relevant evidence comes from studies investigating
semantically impaired patients, which also provide details on locus of their brain
lesions. As such, studies of SD patients show impairment independent of task and are
consistent across modalities (Bozeat et al., 2000), leading to the theory of a single
store of amodal semantic knowledge or a semantic ‘hub’ (Rogers et al., 2004). The
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semantic ‘hub’ theory has been replicated in studies utilising computational parallel-
processing models (Rogers et al., 2004). There is growing evidence for the role of the
ATL encompassing the semantic hub, which is central in semantic cognition (Patterson
et al., 2007). The amodal model enables an understanding of a complex system that is
known to receive input from many modalities, e.g. sensory, motor and language, and
is able to generalise across concepts that have similar semantic significance, for
example, two items may appear dissimilar but belong to the same category (Patterson
et al., 2007). Damage to this area should result in a gradual decline in SM as evident
in SD (Rogers et al., 2004; Lambon Ralph & Patterson, 2008). Another theory
proposed by Damasio et al., (2004) suggests a similar function for specific brain
regions acting as “convergence zones” to bring together sensory and motor output.
The temporal lobe has connections with the prefrontal cortex and the three temporal
gyri which receive input from the crucial areas of the brain, for example, the ventral
visual processing stream, somatosensory, visual and auditory processing streams and
speech perception areas, assumed as ideal for amodal semantic representations
(Rogers et al., 2004; Patterson et al., 2007).

Converging evidence for the role of the ATL in SM has also been provided in
healthy participants using transcranial magnetic stimulation (TMS) of the lateral
anterior temporal lobe (Pobric, Lambon Ralph & Jefferies, 2007). In addition, evidence
from imaging studies mainly using positron emission tractography (PET) and tasks
involving semantic processing have shown significant left ATL activation (Mummery,
Patterson, Wise, Price & Hodges, 1999) or bilateral activation (Rogers et al., 2006) in
healthy participants.

The role of the ATL in SM is clearly supported by the above patient and non-
patient groups. Unilateral temporal lobe epilepsy (TLE) is another condition which may
contribute to the understanding of the function of the ATL in SM. A review of the
existing evidence in TLE and SM to determine whether it is consistent with the

evidence discussed above would therefore be beneficial.

This investigation aims to systematically review the existing literature regarding

TLE and SM; a review of existing literature shows that this does not appear to have
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been previously carried out (Appendix 1J). If SM is located in the ATL, removal of this

area should provide further insights into the role of the ATL.

2.0 Aims

The aim of this review is to assess the effects of surgical intervention on SM in
adults with intractable TLE. A secondary aim is to explore the use of subjective and

objective measures to inform clinical practice.

3.0 Design

The literature was systematically reviewed according to guidelines published by
the Cochrane Collaboration (2011). In order to achieve as comprehensive a search as
possible, searches of several electronic databases were conducted as recommended
by Whiting (2008).

4.0 Method
4.1 Search strategy

Relevant studies were identified by a comprehensive, systematic search of
electronic databases EBSCO Host, PsycINFO, Embase, MEDLINE, CINAHL, Web of
Science, Clinical Evidence and The Cochrane Library. Information was obtained on
the subject terms using the information function in the database. This provided date of
inception, e.g. Database: PsyclInfo, term: epilepsy, date: 1967 to May 2012. This date
was utilised in the search criteria. The review used a subject search strategy with
temporal lobe epilepsies and semantic memory as the main search terms. The main
subject headings were exploded to include terms that mapped onto the search
strategy, e.g. epilepsy or temporal lobe epilepsy; semantic memory or memory or
semantics (Appendix 1A). Keywords were searched in all fields: surgery was searched
separately then a search for the terms operation OR lobectomy OR resection OR
excision was conducted using truncation. Once the search string was built these
results were combined (Appendix 1B). Further to a complete search of all the
databases (Appendix 1C), the results were combined using the bibliographic software
RefWorks and duplicates were eliminated (Appendix 1D).
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4.1.1 Inclusion/Exclusion criteria

Titles and abstracts were screened and studies were included if they met a
number of criteria (see below). Studies were not excluded on the basis of

methodology; however studies utilising quantitative methodology were the main focus.

The inclusion criteria were as follows:

(1) Published in English.

(2) Adult participants with a diagnosis of unilateral TLE who had undergone surgery for
seizures refractory to antiepileptic drug treatment.

(3) Presentation of original data including neuropsychological reports for this sample
pre and or post-surgery.

(4) The neuropsychological battery included a measure of SM and clearly stated this.

(5) The paper presented psychometric findings and exploration of the relationship

between TLE and SM post-surgery.

The exclusion criteria were as follows:

(1) Studies involving child participants, as epilepsy surgery in children has additional
complicating factors including differing age groups, unique surgical
considerations, detrimental effects of seizures on the developing brain, the
capacity for functional plasticity in younger brains, memory and, develop- mental
stages (Spencer & Huh, 2008).

(2) Studies not employing standard en bloc resection.

(3) Studies of late onset epilepsy secondary to other factors, for example, brain

injury.

The research to date in this area remains sparse; therefore any study that mentioned
semantics and temporal lobe epilepsy was obtained. No studies exploring SM and
surgery from a qualitative perspective were identified by the search.

4.2 Search outcome
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The search strategy produced 1,443 papers (Appendix 1C). A hand search of
Epilepsy and Behaviour and Epilepsia was carried out from April 2012 to Feb 2005 to
identify publications that may not have been identified during the search. A Google
search was conducted to identify unpublished literature, which identified one poster
which was included. The initial search output was screened by the author and 50%
was screened by the academic supervisor. Agreement on studies to include/exclude

was arrived at through discussion.

The papers were filtered as shown in Figure 1 (see Appendix 1H). Twelve studies

were reviewed
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4.3 Characteristics of included publications

In relation to study design, the twelve studies selected consisted of eight pre -
and -post-surgery assessments (Martin, Loring, Meador & Lee,1990; Hermann, Wyler,
Somes, Dohan & Clement, 1994; Hermann, Seidenberg, Haltiner & Wyler, 1995;
Martin et al., 1998; Drane et al., 2008; Koylu, Walser, Ischebeck, Ortler & Benke,
2008; Schwarz & Pauli, 2009; Kim et al., 2010), two case series designs (Wilkins &
Moscovitch, 1978; Lambon Ralph, Ehsan, Baker & Rogers, 2012), one cross sectional
study (Schmolck et al., 2005) and one single case study (Ellis, Young & Critchley,
1989). All studies reported using neuropsychological measures; some measures were
reported to be specifically selected for that study whilst others were part of a screening
battery for surgery. There was a small overlap between the tests employed. One study
used subjective questionnaires (Ellis et al., 1989). Two studies reported using
measures in another language (see table 3) (Koylu et al., 2008; Kim et al., 2010).
Participants were reported as having TLE, anterior temporal lobectomy (ATL), or
medial TLE with or without hippocampal sclerosis. All studies reported patients
undergoing standard resection (ATL) or selective amygdalo-hippocampectomy (SAH)
(Appendix 1G). Four studies stated exploration of SM as a main aim (see table 3).
Three reported exploring semantics as connected to language, e.g. fluency. One
explored the effects of hippocampal sclerosis and surgery on different aspects of
memory; three studies looked at solely verbal or verbal and visual memory, and one

explored general memory change post-surgery.

4.4 Quality assessment

The term methodological quality is often used to refer to “internal validity”
which is the extent to which a study is free from major methodological biases
(Petticrew & Roberts, 2006). The quality of studies was assessed using a 15-item
checklist devised by the author (Appendix 1E). The checklist was based on the
premise that the studies mainly represented case control studies and they were
quantitative in nature. The Critical Appraisal Skills Programme (CASP) tool (Public

Health Resource Unit, 2006) for case studies was explored using guidelines
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derived from a number of sources (Greenhalgh 2001; Kitchenham 2004) on
developing quality instruments. Checklists are usually based on attention to factors
that could bias study results, including both generic and specific items. For each
item, a study received a score of one if the criterion was met and a score of zero if
it was not. A rating of ‘not applicable’ was given if the question was not appropriate
for that study.

The quality assessment was completed independently by the author and by
the academic supervisor. Further to this, scores were compared and a consensus

was reached where disagreements arose.

4.4.1 Data extraction

Data extraction sheets were used to highlight key aspects of each study
(see Appendix 1F). The following information was extracted and recorded from
each paper: title; author(s); year of publication; study objectives; design; measures

of memory used; sample size and key findings.

4.4.2 Quality appraisal

As research into the area of SM and TLE is still in its infancy, all studies
explicitly testing for semantics, including semantic fluency, were included. Table 1
shows that all of the studies clearly defined their target population, defined their
objectives, used an appropriate design to address the study question, defined their
outcomes, used subjective/objective measures across all their participants, used
an appropriate analysis and gave a description of this, and addressed limitations

where appropriate.

4.4.3 Data synthesis

A systematic review and synthesis of the research findings is provided to
help summarise and identify key strengths and limitations from the included

studies. This method was considered most appropriate given that there was
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limited data that could be pooled because of heterogeneity in study designs and

outcome measures.

4.4.4 Synthesis of results

(Please refer to Table 1 and Table 2)

The studies scored between 9-14 out of a possible 14 or 15 on the quality
checklist. The samples were primarily from epilepsy clinics; eight studies provided
details on the selection process of participants. All of the studies defined the target
population, but none provided details of the power analysis used to determine
sample sizes and therefore it is not possible to comment on this aspect. All studies
provided clear objectives and a rationale for their study design choice. All the
studies addressed the study question and used subjective or objective measures
(see Table 2). Only two studies made any reference to the reliability or validity of
the tests used (Drane et al., 2008; Lambon Ralph et al., 2012); the measurements
were used across groups as appropriate. Seven studies used a control group
(Wilkins & Moscovitch, 1978; Ellis et al., 1989; Martin et al., 1990; Drane et al.,
2008; Kim et al., 2010; Lambon Ralph et al., 2012; Schmolck et al., 2005). Two of
the studies did not make any explicit reference to possible confounding factors
(Wilkins & Moscovitch, 1978; Schmolck et al., 2005). Only one study (Koylu et al.,
2008) included a follow up design. The analysis was described appropriately for all
the studies. All studies addressed study limitations except one (Wilkins &
Moscovitch, 1978).

For the purpose of this review, attention was paid to the following: sample
size, interval between surgery and post-operative testing, measures used to
assess semantic memory, semantic memory outcome, findings in line with the

current literature, and predictive factors (see Appendix I).

The sample size of the studies ranged from 1-101 (mean = 42, SD = 32). The
single case-study (Ellis et al., 1989) reported a right temporal lobectomy patient,

with no selection justification.

All patients were split according to right or left seizure onset (See Appendix
[). Eight studies employed a pre and post study design; time to post-surgical re-
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test varied with one study re-testing one week after surgery (Martin et al., 1990).
The impact of testing at the acute stage of resection was discussed and
justification offered by the authors. The acute stress of surgery and anaesthesia
on cognitive performance is well documented (Hanning, 2005); a gap of at least
one year is reported as ideal (Hermann et al., 1999). Three studies reported
testing at six months post-surgery (Hermann et al., 1994; Hermann et al., 1995;
Schwarz & Pauli, 2009), two studies reported testing up to 12 months after surgery
(Martin et al., 1998; Koylu et al., 2008) and two reported testing at one year post
surgery (Drane et al., 2008; Kim et al., 2010). In one of the studies (Ellis et al.,
1989), a single patient was tested 14 years post-surgery with no pre surgical
testing reports. Wilkins and Moscovitch (1978) tested between one and 21 years
post-surgery. Post-surgical testing was reported at least one year later in the
remaining studies (Lambon Ralph et al., 2012; Schmoilck et al., 2005) with no pre
surgical testing reports. Two of the studies consisted of data, which was in-part

from the same sample (Hermann et al., 1994; Hermann et al., 1995).
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4.4.5. Table 1. Checklist results: Quality of studies

Criteria Wilkins & Elliset Martin Hermann Hermann Martin Drane Koylu Schwarz Kimet Lambon Schmolck
Moskovitch al(1989) etal et al et al et al etal. et al & Pauli  al(2010) Ralph et al
(1978) (1990) (1994 (1995)  (1998) (2008) (2008) (2009) etal (2005)
(2012)
Is the population clearly v v v v v v v v v v v v
defined?
Is the selection process of x x x v v v v v v v x v

participants described?

Are the objectives of the v v v v v v v v v v v v
study defined?

Is the design appropriate? v v v v v v v v v v v v
Did it address the study v v v v v v v v v v v v
guestion?

Are the outcomes clearly v v v v v v v 4 v v v v
defined?

Did they use subjective or v v v v v v v 4 v v v v
objective measurement?

Justification of x x x x x x 4 x x x v x
validity/reliability of

measures?

Are the measurement v N/A v v v v v 4 4 v v v
methods similar across

groups?

Was a control group used? v v v x x x v x x v v v
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Have the authors identified x v v v 4 v v v v v v x

possible confounding

factors in the sample or

design?

Was there a follow-up? N/A x x x x x x v N/A N/A N/A N/A

Is the analysis described? v v v v v v v v v v v v

Is the analysis appropriate? v v v v v v v 4 4 v v v

Are any limitations of the x v v v v v v v v v v v

study addressed?

Percentage of maximum 10/14 11/14 12/15 12/15 12/15 12/15 14/15 13/15 12/14 13/14 13/14 12/14 Mean

quality of score 71% 78.5% 80% 80% 80% 80% 93% 86.6% 85.7% 93% 93% 85.7%  84%

Marks lost 4 3 3 3 3 3 1 2 2 1 1 4 Mean
25

v'Present; x absent; N/A, not appropriate.
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4.4.6 Subjective and objective measures
(Please refer to Table 2)

The 12 studies utilised various standardised neuropsychological tests, to
measure different aspects of memory including SM. The number used ranged from
three to 13 and consisted of pre-surgical and post-surgical assessments. Eight
studies reported pre surgical assessment data (Martin et al 1990, 1998; Hermann
et al, 1994, 1995; Drane et al., 2008; Koylu et al., 2008; Schwarz & Pauli, 2009;
Kim et al., 2010); four studies reported 1Q scores using a version of the Wechsler
Adult Intelligence Scale (WAIS or WAIS revised; Wechsler 1981, 2008) (Ellis et al,
1989; Hermann et al, 1994; 1995; Martin et al, 1998). One study reported using
the German multiple choice vocabulary intelligence tests (Mehrfachwahl
Wortschatz-Intelligenz test) (Schwarz & Pauli, 2009); for the three remaining
studies it was not possible to ascertain which measures of IQ were employed. One
study reported post surgically on 1Q utilising the WAIS (Wilkins & Moskovitch,
1978). The findings of the studies reported depended on a number of validated

measures to assess SM and other aspects of memory.
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4.4.7. Table 2. Overall methodology and results summary for twelve articles on SM

Study Participants Objectives n Design Measures Results/conclusion
Wilkins & TLE SM impairment after 22  Case- Wechsler-Bellevue intelligence, cued-naming, Left impaired at naming
Moscovitch, temporal lobectomy series Living/man-made drawings, un-cued naming,  un-cued
(1978) larger/smaller drawings, living, man- made drawings, also classifying
words, larger/smaller words as living or
man-made. Selective
impairment in SM
Ellis et TLE Explore memory 1 Case WAIS, WMS, NART, Rey figure, faces line-up Loss of biographical
al.(1989) impairment further study test, names line-up test, Famous voices test,  knowledge. No generalised
to surgery The Famous personalities test, Dead-or-Alive  SM deficits for living things
test, Object naming, Category membership
decisions for living & non-living , Famous
animals, Famous buildings, monuments, old
product names, QA
Martinetal. TLE Testing word 32 Pre/Post  Controlled oral word association test (MAE) & Language dominant
(1990) fluency in TLE both Semantic fluency task, 1Q resection
formal and semantic associated with
postsurgical language
deficit
Hermannet TLE Testing word 62 Pre/Post WAIS-R, CVLT, MAE FRT, Line Orientation, No effect of hippocampal
al.(1994) fluency in TLE both Snellen eye chart pathology on immediate or
formal and semantic SM. No SM impairment.
Hermannet TLE Age at onset, 101 Pre/Post WAIS-R, CVLT, WMS, MAE (visual naming) Left ATL decrease in EM
al. (1995) chronological age indices but
and pre and post not on SM
verbal memory
Martinetal.  ATL Characterise 101 Pre/Post WMS (logical memory, visual reproduction) Decline in verbal semantic
(1998) patterns of base WAIS-R, CVLT,BNT & episodic

rate change on

memory tasks in left ATL,
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measures of verbal
& visual memory

decline in immediate &
delayed episodic in right

after ATL ATL
Drane etal. ATL Category-specific 22 Pre/Post  BNT, Category-specific famous faces, Category-specific naming
(2008) naming and animals, objects, naming, recognition, MAE, and
recognition deficits Fluency, FRT, Line Judgement recognition deficits in ATL,
missed by
BNT. No general SM
impairment. Anomia may
reflect SM problems
Koylu et al. TLE Relationship 26 Pre/Post 1Q, CVLT (German version), Adapted version-  Correlations between MTL
(2008) between MTL Semantic decision & tone decision task activation
activation and (Binder et al, 1997), fMRI and both preoperative and
verbal memory postoperative verbal
performance memory.
Lateralisation of SM
Schwarz & TLE Functional 58 Pre/Post  BNT, Auditory & visual speech comprehension Naming decline post-
Pauli (2009) relationship test for word meaning, Auditory surgery in left TLE,
between post - comprehension test for words, Word association between post-
operative object production test, Verbal intelligence operative
naming & semantic (Mehrfachwahl-Wortschatz-Intelligenztest) naming decline & impaired
phonological speech semantic
functions
Kim et al. MTLE with Brain plasticity 19 Pre/Post Language tasks ( Korean); sentence reading, No difference was noticed
(2010) HS associated with pseudo-word reading, word generation, fMRI in activations
semantic aspects of pre surgery. Surgery did
language function not alter the phonological-
associated activations.
Reorganisation of SM
network
Lambon TLE Test SM directly in 20 Case- Camden Recognition memory Battery Evidence of semantic
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Ralph et al. TLE following series (words/faces), digit span (forward/backwards), memory impairment
(2012) surgery Rey Figure, Raven'’s coloured progressive

matrices, Cambridge Semantic Battery 64

picture naming, Object action-to-picture

matching task, word-picture matching, GNT,

GFT, 96 Synonym judgement, Number-

decision task

Schmolck et  TLE(Pre/Post) Compare SMinleft 40 Cross- Naming to picture, naming to definition, Naming to picture
al. (2005) & right TLE & the sectional  definition to picture, 1Q impacted by surgery
impact of surgery study in dominant ATL, pre and
post ATL difficulty with

definition task

Temporal Lobe Epilepsy (TLE); SM (SM); Anterior Temporal Lobe (ATL); Medial Temporal Lobe (MTL); Medial Temporal Lobe Epilepsy (mTLE);
Hippocampal Sclerosis (HS); Episodic Memory (EM); California Verbal Learning Test (CVLT); Wechsler Adult Intelligence Scale (WAIS; WAIS-R is
revised); Wechsler Memory Scale (WMS); Boston Naming Test (BNT); Graded Naming Test (GNT); Graded Faces Test (GFT); National Adult
Reading test (NART); Facial Recognition Test (FRT); Multilingual Aphasia Examination (MAE); Questionnaire (QA)
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4.4.8 Memory & language outcome

Two studies reported no change in SM following surgery (Herman et al.,
1994, 1995). Two studies utilising fMRI reported change but in the semantic
language network, indicative of compensation or functional recovery and
reorganisation following surgery (Koylu et al., 2008; Kim et al., 2010). Schmolck et
al. (2005) reported findings on SM as incomplete; however, they suggest that
patients’ ability on SM tasks decreased further to dominant ATL resection. Five of
the studies provided some indication of SM impairment. Martin et al. (1990)
reported that formal and semantic based word fluency performance was affected
regardless of language laterality; language dominant resection is associated with
postsurgical language decrease. Martin et al. (1998) reported no change in SM in
the right resected TLE group, but found a decrease in the left resected group.
Three studies found category specific deficits including category differentiation of
semantically related objects (Schwarz & Pauli, 2009), and category specific
deficits for naming animals and famous faces (Drane et al., 2008) implicating SM

decrease.

One study concluded that their participant had generally good memory and
did not have generalised SM impairment, but this was decreased when retrieving
specific knowledge, for example, regarding famous people and famous animals
(Ellis et al., 1989). The authors were inconclusive regarding the nature of the
deficit between a semantic store impairment versus impaired access to the store
itself, concluding that their participant had suffered damage to the SM system with
the synthesis of episodic and autobiographical memories. The authors also used
two subjective questionnaires that showed good agreement with the formal test
results. Significant decrease in SM post-surgery was reported by two studies.
Wilkins and Moskovitch (1978) found that patients who underwent left temporal
lobe resection exhibited selective SM decrease involving the classification of
figures and names, and Lambon Ralph et al. (2012) reported that all participants
had decreased SM compared with performance on non-semantic tasks. Overall
the studies in this review utilise different measures and are not comparable due to

heterogeneity.
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The studies reported in this review are generally consistent with the existing
literature regarding the outcome of surgery in TLE, which report naming deficits
(Wilkins & Moskovitch 1978; Martin et al., 1998; Drane et al., 2008; Schwarz &
Pauli, 2009; Lambon Ralph et al., 2012; Schmolck et al., 2005). Perhaps naming
impairments are generally more consistently assessed rather than SM. It has also
been suggested that naming impairments are probably more prevalent and often
missed by standard clinical measures, and that classic anomia seen post-
surgically in TLE may in fact disguise SM problems (Drane et al., 2008). Speech
production requires both knowledge of the meaning of words and phonology, and
anomia may reflect damage to the underlying semantic system (Lambon Ralph,
Sage, Roberts, 2000). Therefore, further clinical exploration is required to
investigate the cause of anomia, i.e. whether this is due to an underlying access
problem rather than storage. Two studies described reorganisation of memory
function as a result of surgery; semantic activations became more bilateral in left
TLE and more left lateralised in right TLE (Kim et al., 2010). In the other study, SM
processing caused bilateral activations in both left and right TLE (Koylu et al.,
2008). These studies provide evidence for brain plasticity and perhaps functional

recovery of memory.

4.4.9 Predictive factors

Of the 12 studies reviewed, five researched predictive factors of memory
decline. Martin et al. (1990) measured blood levels of antiepileptic medication and
reported no significant difference post-surgery. Herman et al. (1994) carried out
detailed analysis of hippocampal sclerosis and concluded that no/mild
hippocampal sclerosis was a predictor for post-operative EM decline mainly in left
TLE. Another study found that factors such as later age of onset of epilepsy and
older chronological age at time of surgery were significant predictors of EM decline
in left TLE (Herman et al.,, 1995). One study (Martin et al., 1998) utilised
regression based methodology to look at the predictive utility of baseline memory
measures on postoperative memory outcome. The authors reported that individual
prediction from group-level analyses is difficult as it may disguise individual

outcomes by combining the proportion of patients who improved, declined, and
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showed no change post-surgically. Koylu et al. (2008) reported correlations
between medial temporal lobe activation and both pre and post-operative verbal
memory, finding that activation in the right medial temporal lobe of left TLE
patients was predictive of better memory outcome post-surgically.

5.0 Discussion

This review aimed to assess the effects of surgical intervention on SM in
adults with TLE. Another aim was to explore the use of standardised and self-
report measures to inform clinical practice. In this review, SM impairments were
not frequently reported. Eight studies provide evidence for a role of the temporal
lobe in SM functions (Wilkins & Moscovitch 1978; Ellis et al., 1989; Matrtin et al.,
1990; 1998; Koylu et al., 2008; Schwarz & Pauli, 2009; Kim et al., 2010; Lambon
Ralph et al., 2012); however, only two studies reported decline in SM across
measures (Wilkins & Mocovitch, 1978; Lambon Ralph et al., 2012). While these
findings are difficult to reconcile due to the heterogeneity of the studies sampled,
few studies have been undertaken to directly assess the question of SM
impairment in post-surgical TLE. The studies that have directly looked at this
aspect have probed SM using a variety of tests. Overall, 12 studies were included
and the quality of the studies reviewed was found to be good. Whilst reviewing the
studies it became apparent that a huge disparity exists in the literature between

design and methodology including sample size and measures of SM.

The studies reviewed did not provide justification for the sample sizes and
no power calculations were provided, therefore limiting generalizability. Real world
research presents the challenge of recruiting from discrete populations, limiting
how many people may be recruited over a short period of time, a limitation that
was not acknowledged by the studies in this review. A variety of methodologies
were used, with pre/post-surgery designs allowing greater control to discern
whether any change is due to the surgery versus the impact of epilepsy. Evidence
from other brain surgery populations suggests a certain amount of recovery
ensuing brain surgery indicative of plasticity (Daffau et al., 2003); highlighting
implications for testing soon after surgery.
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The measures used to evaluate SM are diverse and only one of the studies
used self-report measures (Ellis et al., 1989). Memory problems are generally part
of the epilepsy sequelae and epilepsy surgery is a highly invasive procedure.
Bridging the gap between day-to-day memory problems and those reported on
objective measures and a measure of self-report could be crucial. Especially as
our memories define us, and impairment can impact on self-image and in turn self-

esteem.

The studies which utilised specific measures to assess SM showed that
when using tests that are more specific, i.e. utilising specific level concepts such
as lower frequency/more abstract items or measuring reaction times on SM tasks,
all participants were impaired compared with their performance on non-semantic
tasks (Lambon Ralph et al., 2012). Even on simple concept tests, the patients had
reaction times that were twice that of controls (Wilkins & Moscovitch, 1978;
Lambon Ralph et al., 2012). However, a limitation of these studies is that no pre-

surgery data was available as a comparison.

Only two studies in this review provide evidence for SM impairments post-
surgery. This finding could be due to differences in testing materials and a paucity
in the evidence base. It may also be due to lack of sensitivity across measures to
semantic impairment. EM and naming are routinely assessed in TLE using
structured neuropsychological batteries (Jones-Gotman, Harnadek, & Kuba,
2000). Generally comprehension and semantic memory is not assessed in TLE
(Giovagnoli et al., 2005). In the literature there is an opinion that naming
impairments may reflect SM impairments (Mayeux, Brandt, Rosen & Benson,1980;
Giovagnoli et al., 2005; Drane et al., 2008); however only one study has probed
this directly (Lambon Ralph et al., 2012).

Of the 12 studies reviewed, two studies were only tangentially relevant to
this review as the researchers did not actually report memory impairment but
change in activations as imaging technology (fMRI; functional Magnetic
Resonance Imaging) was employed to assess functional activations (Koylu et al.,
20008; Kim et al., 2010). However, they were included based on the inclusion
criteria and provided theoretical insights into the semantic system. The authors
concluded that fMRI of SM tasks may be useful in predicting postoperative verbal
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memory in TLE, as activations are associated with several memory modalities.
These studies provide evidence for the role of the temporal lobe in SM and for

functional reorganisation.

The complexity of epilepsy presents a challenge for researchers; therefore
many factors need to be considered when drawing any inferences. Overall, the
above studies have contributed to an area that is vital, the quality is generally
robust though the outcome is varied. Drawing firm conclusions based on these
results and the application of these results to the population of retractable TLE are
discussed.

5.1 Key findings

This review has highlighted key papers that address the effects of surgical
intervention on SM in adults with TLE. From the 12 studies identified, two studies
found no evidence of semantic memory impairment and two provided evidence for
reorganisation of SM networks; one study was inconclusive, and five studies
looked at attributes of SM, for example, category naming and fluency. Two studies
found an association between surgery for TLE and SM impairment post surgically.
The results of this review are difficult to conclude as a whole, as only two studies
provided firm evidence for SM impairment post-surgical resection for TLE. These
two studies were good quality studies which received over 70% on the quality
score, and addressed SM directly. Overall, the findings of this review support the
literature regarding the role of the anterior temporal lobes in SM. The review found
that few studies assessed SM impairment directly, with the majority of studies
focusing on the broader context of the declarative memory system and specific
semantic processing concepts. It also found that SM was assessed using different
components of conceptual knowledge, such as naming and fluency; only one
study looked across a range to gain a global picture (Lambon Ralph et al., 2012).
The aim of this review was not to focus on individual concepts such as naming
difficulties, as such impairments are already established in the literature (Ives-
Deliperi & Butler, 2012). This review highlights that certain tests used in research
studies (Jefferies & Lambon Ralph, 2006; Lambon Ralph et al., 2012) may be
more appropriate as tests of SM, and can assist identification of impairments
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which are missed by standard clinical measures. However these tests need to be
further standardised to make the transition from research to practice. A number of
methodological limitations were highlighted. There was no consistency in the use
of subjective and objective measures for assessing SM. Studies did not routinely
use subjective measures, and only one study validated their findings with self-
report measures (Ellis et al., 1989). As a whole, the results of this review suggest
that surgery in TLE may be as important a risk factor for SM as it is considered to
be for EM.

5.2 Suggestions for future research

Appraisal of the current literature into the effects of surgical resection on SM
highlighted some key papers with strengths and limitations. Firstly as there is a
lack of cohesiveness in the evidence presented, more studies are needed to
determine the impact of surgery on SM in TLE. This would add to the small body
of research that has appeared as a result of the growing evidence base from other
neurological conditions and neuroscience studies. It provides the opportunity to
study a homogenous sample, with an identifiable anatomical structure subject to
en-block resection. It would be crucial to account for sclerosis pre and post-
surgery as the greatest risk to memory is posed to those with non-sclerotic tissue

removal (Hermann et al., 1994; Davies et al., 1998).

One of the important limitations of most of the studies in this review is the
lack of a treatment as usual arm in order to compare the effects of SM. In this
review, half of the studies employed a pre-and-post-surgical design. It is
recommended that these studies include longer follow-up periods, ruling out
disparities due to fundamental specifics versus reorganisation of the language
system in intractable epilepsy (Devinsky et al., 1993). Future research could also
determine the differential effects on memory based on the tests employed and
other factors that are intrinsic to surgery of anatomical structures, for example, the
type of surgery, the volume resected, and the structures resected, all factors that
were perhaps more difficult to ascertain prior to modern brain imaging. Secondly,
studies need to consider the long-term impact of epilepsy on the brain which may

have already reduced the contribution of these structures. Other considerations
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may be related to the recruitment process. Most of the reviewed studies recruited
their samples from specialist clinics, which may not be representative of the total

pharmacoresistant TLE population suitable for surgery.

Some of the lack of cohesive evidence can be attributed to the field of
neuropsychology and the disparity in testing. Although memory tests have been
developed over the years for specific groups, the measures most consistently
employed are standardised measures such as the Boston Naming Test (BNT) and
the Californian Verbal Learning Test (CVLT). This is mainly because these tests
are widely available and a wide range of norms is available. However, there are
tests which utilise a broader range of stimuli and need to make the transition from

research tool to clinical use.

Some of the studies in this review focused on SM using measures that
ranged across both clinical and research practice (Lambon Ralph et al., 2012); the
test/stimuli choice of other studies was less broad and perhaps less sensitive.
Future studies should justify their choice of test material clearly when selecting test
batteries for clinical studies. Tests developed in SM research in other neurological
conditions could increase diagnostic accuracy (Bozeat et al., 2000; Adlam et al.,

2006; Jefferies & Lambon Ralph, 2006) and monitor progression.

In the literature, anomia has been described as a mild form of SM
impairment (Lambon Ralph, McClelland, Patterson, Galton & Hodges, 2001). In
non-aphasic TLE patients, anomia has been suggested as a marker for SM
impairment (Davies et al., 1998; Antonucci, Beeson, Labiner & Rapcsak, 2008). In
clinical practice, utilising measures of naming is recommended as a useful tool in

measuring SM (Sawrie et al., 2000) this can lead to further exploration.

In this review there was limited use of self-report measures; a recommendation
would be for more studies to employ self-report as well as objective measures, to

enable corroboration of results.

5.3 Clinical implications
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Overall the findings of this review are mixed, with two studies suggesting
that SM is impaired post resection in TLE, and others indicating semantic
processing deficits post-surgery. Conceptual knowledge (SM) is an important
factor in an individuals’ identity and sense of self (Patterson, Nestor & Rogers,
2007), therefore patients should be fully informed of the risks of post-surgical SM
impairment as part of the current protocol to aid informed choice. This
recommendation is made with caution as the measures used in the two studies
are comprehensive and perhaps more sensitive to SM. However, given the
consequences of SM impairment, it seems that a careful approach should be
adopted. It appears that typical neuropsychological assessment in epilepsy
surgery may not be capturing aspects of conceptual knowledge supported by the
ATL. Disturbances in memory can be varied and may include subtle, but

important, changes for the patient’s daily functioning.

An important point for clinical practice is that, standardised measures should
be used in conjunction with self-reports both pre-and-post surgically. Clinically the
outcome of epilepsy surgery is typically measured on the merit of seizure
reduction. For some patients this may outweigh the risks. Clinical interviews are
part of the pre and post-surgical process along with other standard assessments
which inform language lateralisation. It is suggested that clinicians should aim to
incorporate results from standard measures and self-report when offering clients
feedback pre and post surgically. However, a possible difficulty with this is that
some patients’ need for seizure control may outweigh concerns about risks, which

could lead to under reporting of symptoms.

A role for the neurosurgeon and neuropsychology may also be to provide a
discussion and a brochure describing temporary and long term neuropsychological
consequences, to assist informed consent. As part of the epilepsy surgery
pathway in hospitals, consultation should be multidisciplinary and personalised to
the individual. Evidence suggests that risk to memory is based on a host of other
factors and that surgery may need to be tailored to the individual. In accordance
with the Epilepsy National Institute for Health and Care Excellence (NICE)
Guidelines (2004), follow up at structured periods assists in the tracking of
memory problems. This would enable review and implementation of any

structured interventions that may be needed from clinical psychology. Examples of
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interventions may include memory rehabilitation by using external aids such as
diaries and calendars or other cognitive strategies (Koorenhof, Baxendale, Smith
& Thompson, 2011). Often mood issues may also contribute to memory problems
(Paradiso, Hermann, Blumer, Davies & Robinson, 2001) and utilising
psychological therapies such as cognitive behavioural therapy (CBT) might be
beneficial (Mehndiratta & Sajatovic, 2013). Working collaboratively with speech
and language therapists who have formal training in language breakdown and
rehabilitation would complement the role of the clinical psychologist. However,
clinical experience of the author suggests that this is often difficult due to service
priorities. There remains the challenge to use appropriate testing material during

standard assessment and functional imaging to guide surgery.

5.4. Limitations

A major limitation of this review is the sparse number of studies identified.
The limitations of the systematic review largely reflect the shortcomings of the
studies reviewed. For example, the studies utilised different approaches to
assessment of SM therefore pooling of the data was not feasible.

6.0 Conclusions

There is growing evidence regarding the role of the temporal lobe in SM
(conceptual knowledge) from studies across patient groups. This has provided
more comprehensive ways of studying the neural basis of SM by examining word
comprehension, categorisation, naming, definition, and word retrieval (Bayles &
Tomoeda, 1990; Jefferies & Lambon Ralph, 2006) across modalities including
spoken and written words, pictures, environmental sounds, smells and touch
(Bozeat et al., 2000; Jefferies & Lambon Ralph, 2006). This knowledge is
important in order to predict the effect of temporal lobe resection in TLE on
memory and cognition. Temporal lobe epilepsy patients undergoing unilateral
surgical resection, provide a unique opportunity into understanding the underlying
role of the anterior temporal lobe in memory. The current literature on the effects
of temporal lobectomy on SM in TLE is sparse and the studies available are
limited; nevertheless some of the studies are of good quality. Under the label of
SM studies were found which focused on one aspect of a complex system. The

neuropsychological testing variation may represent the spectrum along which SM
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may be assessed. In order to treat the person in a holistic manner it would be
imperative to obtain corroboration with their self-reported memory difficulties. This
review has added to the literature aiming to determine the role of the temporal
lobes in SM in TLE. Further studies need to be conducted which employ a
randomised controlled design and take into account important variables from the
current literature. This includes designing studies with neuropsychological tests
that are both standardised and self-report in nature, with a clear rationale for

choice of measures.
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Appendix: 1B

EMBASE example of search combination strategy

g hreadcrumbpages addlimits

4 Faverites

1S Evidence Health Info 5w B v em e Piges Sy Teokw @

1iH5 Evcience Cantent » Journais And Databases » Meathcare Oatabases Advarced Search » Search And Limis

HEALTHCARE DATABASES ADVANCED SEARCH

Search History
[ Database  Eewchimm Hils
1 EUBASE | EMLEFSY) OR TUMPORAL LOUL EFILLPSY! O INTRACT AL LPREPST!
[Liminto’ Fiuman and (Humias Ag# Greugs ANR 16 4 64 j#aes) and Engéan
Languagel g
2 EMDASE | SEMANTIC NEMORYT OR MEMORY/ OR SEMANTICS
3 EURASE | SURGERY)
EUBASE | ioseciomn DR reasct OR macision: OR operathal
EVEAZE TN 3 (Human Age Gioups AGUN 1816 64 years) and 2
[ EWEATE Atk G % g
[; EURASE ]
8 EURASE
9 FURASE

7 Viaw vour cheboard 91

Step 1: Search for TLE mapped to subject heading (limited to adults and English
language)

Step 2: Search for SM mapped to subject heading

Step 3: Search for surgery as key word

Step 4: Search for lobectomy or resection or excision or operation in all fields
Step 5: Combination of epilepsy results and surgery

Step 6: Combination of epilepsy and other types of surgery

Step 7: Then combined with SM results

Step 8: Checked for duplicates
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Appendix: 1C

Search results for review

Database Results (Total no of papers)
Psycinfo 199

Embase 176

MEDLINE 311

CINAHL 423

COCHRANE 27

Web of Science 506

TOTAL 1443
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Appendix: 1D

RefWorks exact duplicates

Step 1

/& RefWorks Web Based Bibliographic Management
e i’

E]| hitp://www.refworks.com/refworks2/default. aspx?r=references|MainLayoutzinit®

Ladd

| {& RefWorks Web Based Bibliographic Management

¢ Favorites  © < [ Suggested Sites v ) Web Slice Gallery »

_g New Folder

| Create Bibliography

(@ New Reference

References > [Finalpapers MAY > Exact Duplicates

References \ [ Qrganize & Share Folders 1 123 Mext Last
References 1o Use Sortby Change View
rage ! @anmua t |87 | @ % |& 8] Duplicate [=] Full View [
RefID 5347 Joumal Arficle Reference 1 of 427 NEE IS

Ref Type Joumal Article

Source Type Print(0)

Output Language Unknown(0}
Authors. ETO; Yilmaz.A.; Sovkan.A.
Folders CINAHL Finalpapers MAY;
Title A case presenting with obsessive compulsive disorder following tempaoral lobectomy [Turkish)
Periodical, Full Archives of I Moropsikiatri Arsivi
Periodical, Abbrev ARCH NEUROPSYCHIATRY
Pub Year 2009
Pub Date Free Form 09
Volume 46
Issue 3
startPage 115
Other Pages 117
s Epilepsy — Surgery; Ob Complications; Temporal Lobe
— Surgery; Adult; Obsessive-Compulsive Disorder — Drug Therapy; Serotonin Uptake Inhibitors

Abstract Psychialric disorders are common in palients with temporal lobe epilepsy. Obsessive compulsive

symploms are also frequentin these patients. Longitudinal studies highlighted that psychiatric

&
&
»
| .

Resources

v Support Center
b Webinars

LT]&)

Folders
EMBASE_May (176)
final papers for literature
Finalpapers_MAY (144
mediine_May (311)
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science direct search_1(
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webofscience_may (50
Quick Access
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1 Import

J Export

Il Nt Diklinaranhs
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Step 2

Close duplicates checked by hand = 35
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Appendix: 1E

15 Item quality checklist

Question to ask of the paper

(1) Is the population clearly defined?

(2) Is the selection process of
participants described?

(3) Are the objectives of the study
defined?

(4) Is the design appropriate?

(5) Did it address the study question?

(6) Are the outcomes clearly defined?

(7) Did they use subjective or objective
measurement?

(8) Justification of validity/reliability of
measures?

(9) Are the measurement methods
similar across groups?

(10)Was a control group used?

(11)Have the authors identified possible
confounding factors in the sample or
design?

(12)Was there a follow-up?

(13) Is the analysis described?

(14) Is the analysis appropriate?

(15) Are any limitations of the study
addressed?

Criteria

Score of 1 or 0 or N/A if not applicable
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Appendix: 1F

Extraction protocol

Title

Author

Year of publication

Study objectives

Design

Measures of memory

Sample size

Key findings

55




Appendix: 1G

Surgery type

Comparison of anterior temporal lobectomy and selective
amygdalohippocampectomy surgery; (Figure taken from Spencer & Burchiel,
2011).

Surgery type Resection
Standard anterior temporal lobectomy Hippocampus and parahippocampal
(ATL) gyrus (Mesial structures), limited

excision of lateral neocortex

Selective amygdalo-hippocampectomy | Mesial structures without neocortical
(SAH) resection
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Appendix: 1H

Summary for figure 1

(1) 1443 papers were screened using the bibliographic software Refworks for
duplicates (Appendix 4) and 462 duplicates were removed. (2) The 981
remaining studies contained a broad range of papers looking at memory,
epilepsy and surgery (see Figure 1 for details of selection process). The
titles of these 981 studies were then searched in order to exclude any
studies that clearly did not fit the inclusion/exclusion criteria broadly,
excluding 536 studies. (3) The initial elimination process left 445 studies
which were screened by reading the titles and abstracts. Papers which
focused on epilepsy in general or as a result of other factors e.g. tumours,
and the impact of type of surgery or medication on memory (172 studies)
were eliminated. (4) For the remaining 273 studies, articles in full were
obtained, screened and separated according to the type of memory
reported. At this stage only studies that focused on semantics, SM or
verbal memory in TLE were retained, eliminating 247 studies. (5) The
remaining 26 studies were read in full, and papers not explicitly testing for
and not reporting semantic memory (17 studies) were excluded. (6) Finally,
nine studies could be used for the present review (for details of the studies
see Table 1). The reference sections of the selected papers were inspected
and two further papers were obtained. These 11 studies plus one poster
identified from the grey literature meant that a total of twelve studies were
selected and are presented. The final outcome was 12 studies (11 papers
and 1 poster).
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Appendix 1I: Summary of TLE patient characteristics for the twelve studies

Study Hippocampal Sclerosis AEDs Years Resection Seizure  Lateralisation
report post- outcome
surgery

Wilkins & No No 1-21 years  Partial or complete removal of Heschl's No Left=13
Moscovitch, gyrus (13), amygdala (20), hippocampus Right =9
(1978) (18)
Ellis et al.(1989) No No 14 years 6.5cm anterior, sylvian fissure, Yes

hippocampus, amygdala Right =1
Hermann et Yes pathology after surgery No 6 months 4.5cm of temporal neocortex, inc the No Left = 36
al.(1994) superior through to inferior temporal gyri Right = 24

and the fusiform gyrus, hippocampus and

parahippocampus removed enbloc to the

posterior margin of the cerebral peduncle
Hermann et al, Mesial Temporal Sclerosis No 6 months Standard resection Yes Left =50
1995 (MTS) Right = 51
Martin et al Yes reported as structural Anticonvulsant 1 week 4.3cm by 5.2cm by 4.9cm-left No Left=15
(1990) lesions blood levels Right = 17

obtained
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Martin et
al.(1998)

Drane et al.
(2008)

Koylu et al
(2008)

Schwarz & Pauli.
(2009)

Kim et al. (2010)

Schmolck et al.
(2005)

MTS IN 58%, 9% bilateral,
unilateral MTS plus unilateral
neocortical  atrophy  15%,
temporal lobe tumour 2 %,
MTS plus focal temporal
development malformation 5%,
exclusive focal temporal
dysplasia 3%, temporal lobe
AVM 1%, normal MRI 8%

Yes

Yes pathology after surgery

Yes

Yes pathology after surgery

No

No

NO difference
between
groups in
AEDs

No

No

No

No

6-12
months
post-
surgery

1 year

3-12

months

6 months

1 year

2 yrs

59

Neocorticectomy of the anterior 4.5-5.5
cm of the temporal lobe, amygdala & two
thirds of the hippocampus

Cortical resection ; table provided

SAH (12 Left/9 Right), standard 2/3"
temporal lobe resection (1 left/3 Right),
modified standard resection (1 left)

3cm middle & inferior temporal gyrus &
removal of two-thirds of the hippocampus.
Superior temporal gyrus was spared

En bloc ATL and SAH. Superior temporal
lobe included, amygdala & 3cm of the
head of the hippocampus

ATL

Yes

Yes

Yes

Yes

Yes

No

Left = 53
Right = 48

TLE: Left=10
Right = 6
Other-brain
regions:
Left=3

Right =3

Left=14
Right = 12

Left = 24
Right = 34

Left=12
Right =7

Left=9
Right =12



Lambon Ralph et Pre surgical scan report and No 1.5-5yrs Yes volume resected standard en bloc Yes Left=9
al (2012) pathology report Right = 11

Notes: Anterior temporal lobe (ATL), selective amygdala hippocampectomy (SAH), anti-epileptic drugs (AEDs), mesial temporal sclerosis (MTS), arteriovenous
malformation (AVM), magnetic resonance imaging (MRI).
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Appendix 1J: Journal Guidelines
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Abstract

Epilepsy surgery can cause a number of cognitive deficits, which can have a
detrimental impact on quality of life. These deficits can be measured by both self-
report measures and formal neuropsychological testing. The objective of this study
was to explore the correlation between self-reported semantic memory (SM)
difficulties and a standardised SM assessment, in a sample of 20 temporal lobe
epilepsy (TLE) post-surgery patients (nine left and 11 right). Self-report was also
explored using quantitative content analysis in order to understand patients’
experiences. In general, self-report ratings of memory were not significantly
correlated with objective neuropsychological testing. Scores on a test of naming
correlated with self-report. Exploration of self-report data highlighted that an
equal number of left and right TLE patients reported problems in the SM. Five key
themes were identified which provide an insight into participants’ broader quality of
life experience. Participants were more sensitive to naming impairments than
other forms of SM impairments post-surgery. Self-report of naming impairments
may indicate semantic processing difficulties, and therefore may be a valuable
method to aid clinical assessment. Clinical neuropsychologists are well placed to

offer these assessments.
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1.1. Introduction

Epilepsy is a chronic neurological disorder with an incidence rate of 50 per
100,000 per annum in the United Kingdom [1]. The prevalence figure for epilepsy
in the UK is 5-10 cases per 1,000 [2]. The term the ‘epilepsies’ is used in UK
guidance [3] to reflect that epilepsy is a symptom of an underlying neurological
disorder. The International League Against Epilepsy (ILAE) state that epilepsy
refers to a group of conditions characterised by enduring seizures in the brain; an
epileptic seizure is defined as a transient occurrence of signs and/or symptoms
due to abnormal, excessive or synchronous neuronal activity in the brain [4]. This
definition of epilepsy requires the occurrence of at least one epileptic seizure [5].
The ILAE [4, 5] classify epilepsy into seizure types and epilepsy syndromes on the
basis of focal seizures (localised to a particular area of the brain) or generalised

seizures which affect the whole brain.

Epilepsy can have many consequences for the individual, including a detrimental
impact on education, employment, relationships, psychosocial and psychological
difficulties including, anxiety, depression, social discrimination and misconceptions
or stigma about the disorder [2]. For example, individuals may experience anxiety
about activities due to the possibility of a seizure, and avoid disclosing their
difficulties to others due to perceived or actual societal stigma. Clinical psychology
can provide a vital role in the management of epilepsy, as recognised by the UK
NICE guidance [3]. Psychological interventions such as relaxation techniques and
cognitive behaviour therapy have been associated with an improved quality of life
[3]. Neuropsychological impairments in epilepsy are common due to an interplay of
various factors, including seizure frequency and severity, psychological difficulties,
medication and underlying pathology. This paper focuses on temporal lobe

epilepsy (TLE), which is the most frequent form of partial epilepsy in adults [6].

Anti-epileptic drugs (AED’s) are the primary treatment for epilepsy; however,
medication is ineffective in up to 30% of patients [7]. For some of these individuals,
surgery can be an effective treatment option [8, 9]. Epilepsy surgery is extremely
successful in the control of seizures in focal epilepsies [10]. However, there are
risks associated with surgery, including the possibility of memory decline, visual
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impairment, aphasia, motor deficits and sensory deficits [11, 9]. Potential risks to
behaviour and cognition are assessed pre and post-surgery by specialists in the
field of epilepsy, including clinical neuropsychologists. Assessment of language
laterality and the impact of surgery are predicted using various standardised

measures and medical procedures [12].

1.1.1. Temporal lobe epilepsy

Temporal lobe epilepsy (TLE) is a type of focal epilepsy that is characterised by
recurrent, unprovoked seizures originating in the medial or lateral temporal lobe
[4]. TLE can be associated with medial temporal sclerosis [14], and other structural
abnormalities within the temporal lobes. In TLE, memory abilities can be reduced
when mesiotemporal and associated neocortical structures are affected by lesions,
due to on-going epileptic activity, or as a side effect of surgical treatment [14].
Treatment for epilepsy presents various challenges and surgery is a viable option
in the treatment of TLE [15]. The primary goal of surgery is complete and
continuous seizure cessation, however the impact on the patient’s quality of life
must also be ascertained [16]. Behavioural changes, for example, lack of
independence as a result of role adjustment and cognitive changes such as
memory and language problems have been reported as a consequence of surgery
[17]. TLE patients with fewer abnormalities or without hippocampal atrophy on
magnetic resonance imaging (MRI) are reported to have poorer memory outcomes
following surgery [18], compared with those with greater abnormalities [19]. These
findings are consistent with the known functions of the anterior temporal lobe
(ATL) which encloses the hippocampus and medial structures that play a role in
memory encoding. The potential for resection of these structures to pose a risk to
cognitive functioning is therefore high [20]. Although temporal lobectomy is an
effective treatment for medication resistant epilepsy patients, the risk of cognitive
decline is high. Patients considering surgery must be fully informed of the potential
risks involved [21]. This includes risk to episodic memory (EM) and semantic
memory (SM). Episodic memory (EM) is defined as our memory for personal
events in time; it is normally accompanied by remembering, for example, what

happened, where and when [22]. Examples of EM include | have an appointment
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tomorrow at 9am with the dentist or during a cognitive assessment how many
words are recalled after hearing a list of words. Semantic memory (SM) is the
memory necessary for the use of language; it is not dependent on how or when
this knowledge was acquired [22]. It represents organised knowledge about words
and other verbal symbols, concepts and relations. An example of SM would be
that a Labrador is a type of domesticated animal called a dog, which barks and
has four legs. Overall, SM is the part of long term memory which represents
knowledge of objects, facts, and concepts and their inter-relationship [22, 23].

1.1.2. Impact of TLE surgery

The consequences of epilepsy surgery have long been documented, such as the
case of H.M. who developed a dense amnesia following bilateral temporal lobe
resection, which resulted in impaired capacity for learning new material, and
recalling events after a delay [24]. Such studies have been instrumental in
providing a strong evidence base for the underlying role of the hippocampal
structures in memory [25]. The hippocampus is implicated in the formation of all
aspects of conscious memory, including EM and SM. Post-operative amnesia
following unilateral temporal lobectomy is well documented in the literature [26, 27,
28] and surgery may pose more risks to memory than other treatments for
epilepsy [29]. Memory impairments in this population are often described as
unilateral and material-specific, i.e. verbal or visual depending on lateralising
factors for the individual [30]. Current research suggests that left TLE surgery is
associated with a decline in learning and retention of verbal material, and right or
non-dominant hemisphere surgery with a decline in non-verbal memory, although
this is not unequivocal [31]. Some studies evaluating general intelligence post-
surgery have reported no decline [32,33], whereas other studies have reported
improvement in memory and 1Q after TLE resection [34]. Language and
comprehension difficulties are not frequently reported after dominant temporal
lobectomy however subtle deficits in naming are common [35]. These word finding
difficulties are more typically seen following a dominant temporal lobe resection
and can persist 12 months post-surgery [28]. Despite this, patients do not usually

spontaneously complain about their word finding difficulties [21]. Generally, SM
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impairments are reported less consistently than EM [36] and some findings
suggest that SM is intact subsequent to surgical resection [37, 38, 39]. However, a
more recent study utilising sensitive measures of SM [40] found this to be
compromised post surgically [41]. Conflicting findings in the literature may relate to
the variability in neuropsychological measures used [31], or other factors, as

discussed below.

1.1.3. Possible explanations for the inconsistency of findings regarding SM

The key role of assessment in epilepsy surgery candidates is to assess language
functions and hippocampal integrity to sustain memory as essential language
areas may be situated within the borders of the typical anterior temporal lobe [42].
Classical cognitive assessment includes exploring functions such as memory,
problem solving, attention, concentration, and language function. Pre-and-post-
surgical patients often complain of EM problems, and SM difficulties such as
language disorders are rarely reported. However, anomia and verbal fluency
impairments may be present in dominant left TLE surgery [43]. There may be a
number of reasons why post-surgical reports of SM impairments in the literature
are rare; formal assessment may be lacking, or loss of general knowledge, non-
episodic information, and conceptual difficulties may be under played by the
patient as they are not vital to their everyday functioning. These factors may lead
to a tendency to focus on EM difficulties [44]. This suggests that if these aspects of
cognition and memory are not formally assessed, they may be overlooked. This is
of ethical importance because neuropsychologists preparing patients for surgery
are required to fully inform the patient and team of the potential impact on memory
and language. Subjective memory complaints often do not match objective
memory findings in this group [45]), which suggests that patients may lack insight
into their cognitive difficulties [46]. For example, Fargo et al., (2004) [47] found that
epilepsy patients were more likely to accurately rate their memory function, but
overestimate their language and attention abilities. It may be that patients do not
possess the neuropsychological language to label their memory difficulties,

highlighting a clinical challenge.
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Poor self-reported neurocognitive functioning has been related to anxiety and
depression and poor adjustment [47,45]. It has also been suggested that anxiety
and depression may distort the reporting of everyday memory difficulties [48], and
that memory complaints may be a reflection of adjustment and coping rather than
memory impairment per se [45]. One possibility is that tests of SM are not viewed
as a priority, as assessment is usually focused on EM [27, 49, 50]. This is also
evident in the literature comparing self-report and objective measures in this
population which has focused on EM [45]. However, few studies have formally
tested for SM using a self-report measure. It is also possible that patients are less
likely to report difficulties which do not affect them greatly on a daily basis. This is
important to investigate, as it is possible that there is greater change in
neurocognitive function and subsequently in quality of life than is predicted solely
on the basis of standard testing. The current study therefore aimed to determine
whether assessing SM via self-report (subjective assessment) would correspond

with neuropsychological assessment of SM (objective assessment) findings.

1.1.4. Aim

The aims of this study were to investigate the following in a sample of TLE
resection patients:

1. Compare subjective (self-reported) and objective (tailored
neuropsychological assessment) measures of SM.

2. Explore differences between left and right TLE patients’ self-report data.

3. ldentify key factors affecting post-surgery quality of life using qualitative
methodology.

1.1.5. Hypothesis: SM deficits will be apparent across both objective and
subjective measures.
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1.2. Method
1.2.1. Design

The project was funded by the Medical Research Council (MRC). Part funding was
also provided by a small grant from Epilepsy Action. This paper is the second
paper; the first paper provided theoretical insights into SM in this population (see
[41]). This study received ethical approval from the Multicentre Research Ethics
Committee (MREC). Research and Development approval was not required
(Appendix 2F).

1.2.2. Participants

Participants consisted of a retrospective series of 20 TLE patients (11 female, nine
male) with a broad age range (mean 36, min= 24, max= 55) who underwent
standard anterior temporal resection (nine left and 11 right) to treat their epilepsy.
They were recruited from a NHS specialist neuroscience centre in the UK [41].
The selection process involved searching through a clinical database of epilepsy
surgery records to identify suitable post-surgery candidates. All patients had
standard ‘en bloc’ resection for difficult-to-treat or medically refractory focal
epilepsy. Patients were thought to be in the post-acute phase at testing (months
post-surgery: mean = 35, range = 8 - 84, SD = 19.9) and had long-standing
epilepsy (age of diagnosis, years): mean = 13.1, range = 4-45, SD = 10.1). Volume
of resected (cm?) temporal lobe tissue was estimated from the histopathology
information (mean = 31.9, range = 0.144-92.0, SD= 24.2).

The recruitment process was exhaustive and all possible cases were explored.
Patients with epilepsy associated with other neurological disease e.g. head injury,
stroke, glioma and patients with psychiatric history and developmental disorders
were excluded. All participants gave informed consent to participate in the study.
Background characteristics of the sample are provided in Table 1. Pre-surgical
measures of anxiety and depression (The Hospital Anxiety and Depression Scale,
HADS [51]) were available for 75% of the sample.

1.2.3. Materials
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1.2.4. Subjective measures of neuropsychological functioning

A brief questionnaire was constructed in accordance with the study aims
(Appendix 2A). This measure was devised to evaluate the main aspects of SM and
areas of clinical interest. The questions were selected for their clinical relevance in

epilepsy and their theoretical interest.

Neuropsychologists working in the area of epilepsy surgery were consulted to
assist with phrasing the questions in a patient-friendly way. The questionnaire

included six questions:

1. Have you had any problems remembering things? This question provided the
participant the opportunity to describe any memory problems experienced,
which may include impaired personal EM [52]. Three of the questions focused
on comprehension of general knowledge or conceptual knowledge whilst
reading, during conversations or naming [53]:

Have you experienced any problems with understanding conversation?

Do you have any problems recognising or naming objects?

Have you had any problem with understanding written information?

o b~ 0N

Have you experienced any problems with your mood or behaviour? A general
guestion pertaining to mood and behaviour problems was also included.

6. Have you experienced any other problems since the surgery? This final
question provided the individual the opportunity to report any other problems

they may have experienced since surgery.

The questions were selected by neuropsychologists, and were considered to
correspond with the objective measures of SM employed. The administration of
the questionnaire consisted of two phases: six questions enabling a semi
structured interview and an opportunity for the individual to rate perceived severity
of their problems on a 10 -point Likert scale (Appendix 2A) ranging from ‘never’ to

‘always’.
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1.2.5. Procedure

Participants were contacted via telephone and letter (Appendix 2H) and invited to
take part in the study. They were visited in their homes and consenting
participants (Appendix 21) were assessed over one or two, two-hour testing
sessions. Demographic information and medical history were collected by
reviewing medical notes and self-report during a clinical interview. Participants
were administered a neuropsychological battery (objective assessment) and a

guestionnaire (subjective assessment).

1.2.6. Data analysis

A Kendall's Tau b, correlation analysis between subjective (questionnaire) and
objective (standard neuropsychological tests) measures was used. Quantitative
content analysis was also used to systematically evaluate participants’ self-report
to six questions from the questionnaire (Appendix 2A). Participants’ responses to
the six questions were coded and explored for emerging themes relating to quality
of life (QOL). The differences between self-report of SM problems for patients with
left or right sided temporal lobe surgery were explored [54].

1.2.7 Coding of content categories

In order to discover the type of cognitive problems reported, each of the patient’s
responses was coded for three categories (EM, SM, other). The SM category was
expanded further to explore aspects of SM (naming, word finding difficulties,
comprehension). The category system was driven by the research questions and
emerging themes [54]. Looking through the data for each patient, the categories
were coded for the presence or absence of that concept. This data was split
according to each patients ‘surgical side (left or right); and is represented as a
percentage of the self-reported difficulty being present or absent in Table 5. The
accuracy of coding was confirmed by an independent person, who rated a subset
(10) of the questionnaires (five left and five right). An overall mean agreement rate

of 95% was achieved on the six categories.
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1.2.8. Table 1: Sample characteristics

Patient no. Age Months Education Language Occupation Age at Pre MRI Pre-
post- (Years) dominance Diagnosis  surgery surgery
surgery (Years) HADS Seizure
(WADA) score Frequency
Left TLE - Anx Dep
resection
1 24 21 21 - University 7 - - - Weekly
student
2 49 17 18 - Senior 45 o* 8* Cavernoma Biannually
operations
manager
3 30 24 18 - Accounts 15 8* 4 - Weekly
assistant
4 25 17 21 - Volunteer 15 8* 4 Bilateral small Daily
hippocampi
5 28 8 16 - Packer 15 5 3 - Weekly
6 32 60 18 Left _ 15 13* 5 Reduced left Daily
hippocampal volume
and high T2 signal
7 46 60 16 Machinist 22 1 2 Reduced left Weekly
hippocampal volume
8 38 30 16 Left Shop 5 10* 4 Reduced left Monthly
assistant hippocampal volume
9 32 36 18 Left Accounts 13 7 4 Left hippocampal Weekly
assistant atrophy
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Right TLE

resection
10 24 48 22 Left Youth 10 1 2 - Daily
worker
11 55 36 21 Accountant 5 - - - Monthly
12 32 36 21 Left IT analyst 16 11+ 8* Reduced right Daily
hippocampal volume
13 27 74 16 Left Distribution 19 - - - Weekly
centre
assistant
14 39 17 18 Left Butcher 4 - - Right hippocampal Daily
atrophy
15 49 84 16 Left Store 7 14* 6 Hippocampal atrophy Daily
Keeper
16 21 36 16 - Shop 8 - - Right hippocampal Weekly
Manager atrophy
17 42 17 18 Bilateral Malil line 17 15* 7 Right hippocampus Daily
operator foreign tissue lesion
18 43 48 16 - Lab 6 18*  11* Hippocampal Weekly
technician asymmetry (right<left)
19 28 36 21 Left University 4 9* 1 Reduced right Daily
student hippocampal volume
20 32 41 16 Left Nursing 10 5 19* Hippocampal Weekly
assistant asymmetry

(right<left);hippocampal
abnormalities bilaterally

Note:* Score < 8 on either the Anxiety or Depression subscale of the Hospital Anxiety and Depression Scale; Education years = age when leaving

formal education.
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1.3. Neuropsychological assessment
1.3.1 Objective measures of neuropsychological functioning

Neuropsychological tests of general cognitive ability, memory and more selective
tests of SM were administered [55] (Table 3). The scores obtained on background
tests (Table 2) demonstrated a typical TLE sample (see 1.1.2). This study aimed
to explore tests corresponding with the self-report measure (Table 3) which are the

main focus of this paper.

Test material included tests from The Camden Memory Test (CMT) [56], which
consists of two short recognition memory tests for verbal (words) and non-verbal
(faces) stimuli. Adequate reliability has been demonstrated (Cronbach alpha; a =
.86 for words and a = .77 for faces) for the CMT [56]. There are 15 faces or words
in each test and the total score is out of 15. The digit-span subtest (WAIS V) was
administered; adequate reliability has been demonstrated (Cronbach alpha a =
.0.90) [64]. The longest number of digits a person can repeat back is noted, for
both forward and backward repetition. The Rey-Osterrieth Complex figure was
administered; adequate reliability has been demonstrated (Cronbach alpha; copy
or learning a = .0.79 and recall a = .0.77) [65]. For this test the individual makes an
exact copy of a complex figure which is then removed and they are requested to
replicate this from memory. The Raven’s Coloured Progressive Matrices test was
also administered, for which adequate reliability has been demonstrated
(Cronbach alpha; a = .90) [66]. This was delivered using a booklet, it is a
nonverbal test made up of 60 stimuli; the individual is asked to select which
drawing best fits into a matrix, administered in order of difficulty.

The semantic tasks were taken from a battery of tests that have been used to
assess SM impairment in other clinical patient groups [40, 55]. The 96-trial
Synonym Judgement Test requires the participant to match a target item with one
of three options presented in written and spoken forms. It has been demonstrated
to be a sensitive measure both clinically [40, 55] and in research using repetitive
transcranial magnetic stimulation (rTMS) [57, 58] and fMRI studies [59]. This test
has 96 trials and it was employed in its timed form; no reliability data is available

for this measure. The 64 Naming Test from The Cambridge Semantic Battery [60],

94



which consists of 64 line drawings of everyday objects and animals, was
administered [61]. No reliability data is available for this measure. The test was
presented in paper form and both test accuracy and speed were recorded. The
Graded Naming Test (GNT) [62], which consists of 30 psychometrically graded
line drawings of objects that the patient is required to name, was also
administered. Adequate reliability has been demonstrated for the GNT (Cronbach
alpha; a =.0.92) [62].

1.3.2. Measure of emotional status

The HADS is a brief (14-item), widely used self-report measure of anxiety and
depression [51]. Raw scores for both Anxiety and Depression sub-scales, can be
categorised into mild (8-10), moderate (11-15) and severe (16 or above) cases
[63].

1.3.3. Controls

Test performance of patients was compared against a control group [41]. The
control group selected was thought to be conservative (Appendix 2J). A matched
control group was thought to be unfeasible given the variability in sample
characteristics (Table 1).
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1.3.4. Table 2: Objective test results

Neuropsychological Max. Mean Cut- Left Patient No. Right Patient No.

Test score off TLE TLE

General test 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Camden Recognition

memory

Words (percentile) - - - 5 5 <% 5 5 <5 5 5 5 5 5 5 5 25 5 5 5§ 5 5 5
Faces (percentile) - - - 90 20 75 90 50 75 75 75 75 75 90 50 90 25 5 50 90 50 75 50
Digit span: forwards - 6.8 5 5 4 7 6 6 5 6 4 5 6 6 8 7 5 6 6 7 3 5 7
Digit span: - 4.7 23 4 4 5 5 6 3 5 3 2 5 4 6 3 3 4 4 4 2 2 3
Backwards

Rey figure copy 36 3103 31 36 31 31 34 34 33 35 36 30 36 26 36 36 33 23 34 31 33 36 34
Rey Immediate recall 36 18.3 9 24 19 5 17 17 18 17 17 12 31 15 21 24 17 9 23 235 12 16 1.5
RCPM (percentile) - - - 95 95 90 95 95 95 90 95 95 95 95 95 95 90 50 95 90 95 90 75
Semantic Memory

tests

Graded Naming test 30 221 135 16 17 14 13 13 10 14 13 7 16 26 22 19 21 17 21 15 16 13 14
(GNT)

64 naming test 64 623 591 62 60 59 63 61 59 60 64 53 62 62 63 64 62 61 61 63 63 61 60
Synonym judgement 96 944 92.05 86 84 84 83 80 78 74 71 69 90 90 88 88 88 87 87 86 81 79 75

Note: bold text = below cut-off performance.
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1.3.5. Table 3: Objective test purpose and utilisation in comparison with subjective questions

Tests (Objective) Measured Background Utilised in Corresponding
neurocognitive characteristic analysis guestionnaire
function guestion/No. (Subjective)
Digit span (WAIS IV) [64] STM/Working memory v N/A
Rey-Osterrieth Complex Visuospatial v N/A
Figure [65] constructional ability
and visual memory
Raven’s Coloured Non-verbal test of v N/A
Progressive Matrices intellectual ability
[66]
Camden Recognition Recognition memory v v 1.Problems remembering
Memory Test [56] test for words and
faces
Graded Naming Test Object naming ability v v 2. Problems understanding
[62] (language) conversations
3.Recognising objects
5. Understanding written
information
v v 2. Problems understanding

Cambridge 64 Naming
Test [60]

Object naming ability
(language) timed
version

conversations
3.Recognising objects
5. Understanding written
information
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96 Synonym Judgement  Semantic processing v v 2. Problems understanding
test [55] (timed version) conversations
3.Recognising objects
5. Understanding written
information
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1.4. Results

A brief summary taken from the earlier paper [41] is provided in Table 2. In
summary, the background neuropsychology testing data highlighted that the
sample selected was representative of the TLE post-surgery population as
informed by the literature (see 1.1.3). Most participants scored in the impaired
range on The Camden Memory Test (CMT), demonstrating anterograde amnesia
for word recognition but not for unfamiliar faces. One participant with right
temporal lobe (RTL) surgery was amnesic for both, and another one was at least
low average on both tests. Seventeen out of 20 participants demonstrated
performance above the control cut-off on digit span forwards and backwards.
Seventeen out of 20 participants demonstrated no difficulties with visuospatial
constructional abilities as measured by the Rey Figure Copy and 18 out of 20 on
immediate visual recall. All participants demonstrated performance in the average
range and above on the Raven’s Coloured Progressive Matrices. In comparison
with control data, performance on the semantic tasks was as follows: on the 64
Naming Test, three out of nine left TLE (LTLE) resection patients under performed.
Graded naming test scores were worse for the LTLE resection patients (5 out of 9
abnormal scores); all but one of the RTLE patients demonstrated no difficulties. All
participants’ scores were below control scores on the 96 Synonym Judgement

Test and decision time (4.6 sec) was over twice that of controls (1.99 sec).

1.4.1 Emotional status

In a non-clinical adult population the mean Anxiety score was 6.14 (SD =3.76) and
the mean Depression score was 3.68 (SD = 3.07) (Crawford et al., 2001). In the
current sample, the mean Anxiety score was 9.23 (SD = 4.54, median = 9) and the
mean Depression score was 7.00 (SD = 4.61, median = 6). Using a standard
equation for calculating one sample z scores (z score = sample mean-population
mean/standard error of the mean) the sample z scores on Anxiety (z= 2.97,
p>0.005) and Depression (z= 3.90, p>0.005), reflected significantly high levels as

a group, as compared to a normal population.
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1.4.2 Correlational analysis

All analyses were completed using IBM Statistical Package for the Social Sciences
software (SPSS) version 19.

This study aimed to determine whether participants’ objective scores as measured
by neuropsychological testing correlated with their self-reported difficulties. The
self-report questionnaire provided continuous ordinal level data. The normality of
the distribution was checked using histograms and measures of central tendency,
skewness and kurtosis were also noted (Appendix 2B). Statistical tests of
normality were also used to explore the distribution under investigation (Appendix
2B). Boxplots were created to identify univariate or multivariate outlier cases.
Visual review suggested some non-normality; the mean, mode, median were
dissimilar, skewness was apparent for some measures, and statistical tests of
normality demonstrated some statistical significance. It was concluded that the
data were not normally distributed, and also given the small sample size,

nonparametric tests were considered appropriate [67].

Scatter plots were produced between the variables of interest and assumptions for
running correlations checked (Appendix 2C). The data was checked for bivariate
outliers and linearity [68]. Any extreme data points were checked by carrying out a
sensitivity analysis to check for the extent of the outlier’s influence. No influence
was noted and the outliers remained in the final analysis. The data were analysed
using a correlational design to ascertain the degree to which individuals or cases
with high rankings on one variable were observed to have similar rankings on
another variable. The correlations were calculated using Kendall’s tau b, a rank
correlation measure. This provides a good estimate of the value that would have
been expected in the population and the approximation is accurate for smaller
sample sizes [69]. Correlations were calculated using a two tailed test between the
self-report measure and the standard neuropsychological tests; results are
presented in a correlation matrix (Table 4) and discussed below.
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1.4.3. Table 4: Correlation matrix

Kendall
Tau b
. - ) > > >
Correlations between the 5 subjective = S 2 £ o S o > e £ ™ @
questions on semantic memory (SM), mood 2 g8 2 4 5 3 Sc9 2 o 23 25 2 o]
and 7 objective measures of SM £ 23 2909 S-S 58T = EC EQ o g S0 g >
2 g 9o =8 stE & z3 z¢o >3 = o = =
S Q> §° ) =0 5 8 ) n S n o = =
04 = § ~ e > & © © o2 © % LE)
a & @ o
1). Remembering 1 A57*  .464* -.165 .392 .059 .200 .253 .084 158 -.020 -.206
2). Understanding conversations 1 .338 134 .829** 132 .422¢ .027 -.014 .013 .120 -.150
3). Recognising objects 1 -.232 372 .092 .280 -.008 0.16 -.089 -.265 -.172
4). Mood & behaviour 1 .050 .043 317 -.103 -.064 -.176 .285 126
5). Understanding written information 1 .043 .352 .007 -.099 -.007 -.015 -.094
GNT 1 .006 -.459** .704** -.334* .186 -.185
64 Naming (accuracy) 1 .028 -.187 .017 -.218 -.187
64 Naming (speed) 1 -.355* AT70** .073 -.095
96 Synonym (accuracy) 1 -.350* 194 .001
96 Synonym (speed) 1 101 -.279
CMT (Words) 1 .038
CMT (Faces) 1
** Correlation is significant at the 0.01 level (2-tailed). Note: Sample size: = 20

* Correlation is significant at the 0.05 level (2-tailed).

Graded Naming Test (GNT); Camden Memory Test (CMT)
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1.4.4. Results of correlational analyses

No significant correlations were observed between the CMT and any of the
subjective ratings or any of the other objective tests. The results of the SM
measures were as follows: naming accuracy on The Cambridge 64 Naming Test
was significantly correlated with the ‘problems understanding conversations’
question (r =.422, n = 20, p = .024). Naming speed on this test was significantly
correlated with the GNT (r = -.459, n = 20, p = .006) and both accuracy (r = -.355,
n=20,p=.031) and speed (r =.470, n =20, p =.004) on The 96 Synonym

Judgement Test.

The GNT was not significantly correlated to any of the subjective ratings. GNT was
significantly correlated with speed on The Cambridge 64 Naming Test (r = -.459, n
=20, p =.006), and both accuracy (r =.704, n = 20, p = .000) and speed (r = -
.334, n =20, p =.046) on The 96 Synonym Judgement task. Performance speed
on The 96 Synonym Judgement task was not significantly correlated with any of
the subjective ratings. Along with the above inter-measure correlations, accuracy

was significantly correlated with the speed (r = -.350, n = 20, p =.034) on this test.

There were significant correlations between some of the self-report questions. The
‘problems remembering’ question was significantly correlated with the ‘problems
understanding conversations’ question (r = .457, n = 20, p =.023) and the
‘problems with recognising objects’ question (r = .464, n = 20, p = .026). The
problems ‘understanding conversations’ was significantly correlated with the
‘problems understanding written information’ question (r = .829, n = 20, p = .000).
Pre-surgical scores on the HADS for depression but not anxiety were significantly

correlated to self-report of mood difficulties (p<0.05, r=.552).

1.4.5. Effect size and correlation

The likelihood of type Il errors can increase with a small sample size [68].
Therefore, it is recommended that a minimum level of power to aim for is .8, thus

reducing the probability of making a type Il error to .2 [68]. Correlation coefficients
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obtained can be observed to give an estimate of effect size (ES) [70]. According to
Cohen (1988) [70], r=.1 constitutes a small ES, r=.3 is a medium ES and r=5is a
large ES.

The ‘problems remembering’ question was approaching a medium ES with naming
accuracy and speed (64 Naming Test) and CMT faces. The ‘problems recognising
objects’ question reached a medium ES with naming accuracy (64 Naming Test)
and CMT words. Nonetheless, these do not achieve the level which would indicate
good convergent validity. A statistical power calculation adjusting for Kendall Tau-
b was calculated for a given effect size, an estimation of sample size to achieve
this was calculated. In order to achieve adequate power of .80 for a correlation
with a medium effect size (r=.3), a two-tailed test and an alpha-level of .05, a

sample size of 94 would be necessary.

1.5 Results of self-report analysis

An exploratory analysis was carried out on the self-report data available using
content analysis. Berelson (1952) [71], defined content analysis as “a research
technique for the objective, systematic and quantitative description of the manifest
content of communication”. This methodology can be used with a range of data
including micro level data [72]. Content analysis enables the researcher to
measure the frequency of different categories and themes in the data. The unit of
analysis was defined as text from the questionnaires. A coding scheme using a
predefined set of concepts based on the six questions from the questionnaire was
used [54]. Twenty people completed the self-report questionnaire and their
responses within each category were counted (Fig. 1). Eighteen (90%) of the
participants reported problems remembering, 14 (70%) reported problems with
understanding conversations, 14 (70%) with mood and/or behaviour, 11 (55%) had
problems understanding written information, 14 (70%) recorded a difficulty in the
‘other’ category and eight (40%) reported problems with recognising objects. The

‘other’ category was further explored for quality of life themes.
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1.5.1 Figure 1. Histogram showing group % of self-reported difficulty for the
six questions
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1.5.2 Table 5: Percentage of perceived problem for each content category

LTL LTL RTL RTL
Category Label Description present absent present absent
% % % %
Episodic memory References to memory difficulties in remembering tasks, temporal
1 78 22 82 18
[22, 23] related events
Semantic memory [22, References to language difficulties e.g. word finding, naming,
2 _ 78 22 73 27
23] comprehension
2a. Naming References to naming difficulties e.g. objects 67 33 36 64
2b. }/\\//\;);%;‘lndlng difficulties References to WFD e.g. during conversation 44 56 10 90
2. Comprehension References_ to cor_nprehensmn difficulties e.g. difficulty in 44 56 67 33
understanding written or spoken form of language
Other cognitive References to processing speed, attention, concentration e.g.
3 78 22 91 9

difficulties

slowed down, doing two things

Note: LTL (left temporal lobe); RTL (right temporal lobe)
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1.5.3 Quantitative content analysis
Figure 2 highlights the frequency of reports in the explored categories for patients

with left and right surgery.

1.5.4 Figure 2. Histogram of the % occurrences of cateqory difficulties by
participants who have undergone left and right temporal lobe surgery
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Chi square exact probabilities are reported (Table 6). The percentage of
participants that experienced EM (x2 = 0.51, p = 0.82, Cramer’s V =.050)
difficulties and SM (x2 = 0.67, p = 0.79, Cramer’s V =.058) difficulties did not differ
statistically by surgical side; the effect size value did not meet Cohen’s minimum
standard (= .20) to be called a small effect size. Semantic memory was further
broken down into naming (x2 = 1.82, p = 0.178, Cramer’s V =.302), word finding
difficulties (WFD) (x2 = 3.30, p = 0.69, Cramer’s V =.406) and comprehension
difficulties (x2 = 0.202, p = 0.653, Cramer’s V =.101). Reports of naming difficulties
did not differ by surgical side, a medium effect size (Cramer’s V =.302) was noted.
WFD did not differ by surgical side; a medium effect size (Cramer’s V =.406) was
noted. There was no statistical difference in reports of comprehension difficulties
by surgical side, a small effect size (Cramer’'s V =.101) was noted. Cognitive
difficulties were also explored by surgical side (x2 = 0.669, p = 0.413, Cramer's V
=.183). There was no statistical difference in reports of cognitive difficulties, by

surgical side; a small effect size (Cramer’s V =.183) was noted.
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1.5.5 Table 6: Results of Chi-square test & Cramer’s V for category reports
by surgery side

Surgical side

Category Left Right X2 p CramersV
SM 7/9 (78) 9/11 (82) 0.67 .79 .058
EM 7/9 (78) 8/11 (73) 0.51 .82 .050
Naming 6/9 (67) 4/11 (36) 1.82 .178 .302
WFD 4/9 (44) 1/11 (10) 3.30 .069 406
Comprehension 4/9 (44) 6/11 (67) .202 .653 101
Other cognitive 7/9 (78) 10/11 (91) .669 .413 183

Note: N=20, df = 1. Numbers in parentheses indicate percentages.
*p < .05

1.5.6. Qualitative content analysis

Content analysis of participant transcripts identified quality of life issues other than
memory and cognition, relating to epilepsy surgery. Table 7 outlines the key five
themes which outline the issues spontaneously expressed by patients, along with
quotes used to illustrate themes. A range of issues were raised, broadly
categorised under surgery outcome, adjustment and psychological issues. Some
of the descriptions highlight a negative evaluation and others a positive. Emotional
issues (65%) and adjustment issues (55%) predominated; psychological issues
seemed to reflect reports of depression more than anxiety. Other issues reported
by patients included identity and perception difficulties (40%) and post-operative
concerns (20%). Patients also reported positive benefits as measured by

accomplishments (40%).
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1.5.7. Table 7: Themes based on content analysis of all participant transcripts

Theme Description N (%) Patient (P) Quote
Identity & perception (seizures as Perceived success, 5 (25) P9: "No seizures, huge
part of life or not post-surgery) pleased underwent difference to my life
surgery since surgery”
P19: “Aura’s still
Perceived failure 2(10) present this is
frustrating, after going
through surgery”
Loss of identity or 1(5) P20: “Although | don't
missing seizures have fits anymore, 1 still
miss them, | feel as
though a part of me is
missing”
Post-operative issues Coping with other 4 (20) P11: “l have had
(acknowledging resultant other issues difficulties post-surgery difficulty sleeping since
post-surgery) including physical the surgery”
P19: “| suffer a lot with
headaches if it is too
cold or too hot, the
weather affects the side
of my head”
Adjustment & social stigma (impact Experience of on-going 11 (55) P10: “Had to leave work

on work or social life, social support,
perceived stigma and low confidence)

difficulties impacting on
life; coping with on-
going issues to do with
others and own
adjustment

108

due to memory
problems”

P20: “I find it hard to
mix with a group of
people”



Emotional difficulties (mood issues
that are causing an impact on quality
of life)

Psychological issues

including depression,

anxiety, anger, stress,
frustration

13 (65)

P19: “I hate the
ignorance of the
general public not
understanding the
condition”

P2:"Feel frustrated”
P4:”I can be moody”
P6:"Snap very easily
get angry and irritable”
P10: “Feel very
depressed”

P17:"I find | sometimes
worry too much”

Positive benefit in quality of life
e.g.
memory/mood/confidence/work
education (goal achievement since
surgery, positive impact on quality of
life)

Self-monitoring of
success,
gains/accomplishment
since surgery

8 (40)

P1:"My mood is better
since the surgery”

P9: “I have taken
further education and
been promoted on two
occasions”

P9: “My memory is
much better since the
surgery”
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1.6. Discussion

1.6.1 Summary of aims & key findings

This study aimed to add to the limited evidence base regarding SM impairments in
patients who have undergone unilateral resection for TLE. It is the first study to
evaluate SM using both subjective (self-report) and objective measures
(neuropsychological test performance) by utilising a tailored assessment. The
results from this study indicate that, in general, self-report ratings of SM are not
significantly correlated with objective neuropsychological testing in a sample of
post-surgical TLE patients. This finding replicates findings from previous studies
that highlight discrepancies between these two forms of evaluation [73, 74]. The
only significant finding with respect to self-report and neuropsychological tests was
between self-reported problems with ‘understanding conversations’ and The 64-
Naming Test, taken from the Cambridge Semantic Battery [60]. The amount of
variance accounted for between naming test accuracy and self-report reached a
large effect size. The results of the between group content analysis comparisons,
reached a medium effect size for both naming and word finding difficulties. Left
sided TLE surgery patients were more likely to report naming and word finding
difficulties. These results are in parallel with performance on the graded naming
test on which left surgery patients’ performance was inferior as compared to right
TLE. This finding is in line with the literature on difficulties experienced by patients
with speech dominance in the left hemisphere [28]. They are also supportive of the
role suggested for the left temporal neocortex in storing and retrieving semantic
knowledge [89].

1.6.2 Possible explanations for the findings

If SM impairments were present, one may have expected to find deficits across
modalities (i.e. in both naming and comprehension) and across both objective and

subjective measures. However, this was not the case which requires further
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explanation. One possibility is that the measures employed were not reliable,
however, these measures of SM have been utilised in various patient groups and
convergent validity was demonstrated in the current study (Table 4). It is also
possible that non-significant relationships between subjective memory tests and
objectively measured memory may represent under reporting of memory problems
on the self-report measure. This could suggest that the observed non-significant
relationship is due to factors such as sample size and statistical power. However,
given the nature of epilepsy, it may also demonstrate that participants did not
recall these difficulties due to problems with remembering or unawareness of
cognitive impairment (anosognosia). There were some significant correlations
between self-report questions, for example ‘problems understanding’ correlated
with ‘problems remembering’. This may indicate that when patients experience
difficulties with understanding information, it is less likely to be remembered, or
that some patients are more likely to report difficulties in more than one area. It
may also purely reflect the difference between patients’ and neuropsychologists’
concepts of neuropsychological impairment. There were no correlations between
the CMT and any self-report memory questions. It could be argued, therefore, that
neuropsychological tests may not detect and correspond to the functional
difficulties experienced on a daily basis by patients [75]. Exploration of patients’
data revealed that eight or more participants reported difficulties across areas of
self-report including SM and EM. This may suggest that patients are aware of their
difficulties; however, it could be that they have difficulties with labelling or
differentiating between SM and EM problems, as found by other studies (see [44]).
This was further explored by content analysis of reports in EM and SM domains;
no statistical difference within these categories was found between left and right
TLE surgery patients. Further exploration of SM (Table 5) revealed no statistically
significant difference in rates of self-report between left and right surgery patients.
However, a medium effect size was noted for both naming and word finding
difficulties. Left TLE surgery patients may report naming and word finding
difficulties more commonly than right TLE surgery patients, which would be
consistent with views on dominant temporal lobe resection and verbal memory

deficits [28]. Some of these factors are further explored.
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1.6.2 Naming as a measure of SM

Overall, SM impairments are not demonstrated on standard measures for
participants in this study; with the exception of more challenging tests such as the
Graded Naming Test and The 96 Synonym (Table 2). Naming tests are used in
standard epilepsy surgery assessments; they are sensitive in providing insight into
the quality of the underlying semantic system [76]. Both left and right TLE patients
in this study reported naming and word finding difficulties, however, these were
more prominent for left TLE surgery. In speech production, naming requires the
ability to move from meaning to speech, and difficulties can be seen to represent a
problem within the semantic system. The degree to which symptoms such as word
finding difficulties are experienced, has been noted to be analogous to underlying
brain pathology [77]. Distributed models of speech production suggest an arbitrary
relationship between semantic level activation and subsequent phonological
access required for speech. This is thought to be vulnerable to the level of
activation received and under activation of the system may result in symptoms
such as naming difficulties; furthermore, this can be improved by a prompt or
feedback from the environment [78]. Perhaps surgery impacts the level of
activation required within the semantic system. Comprehension abilities are less
sensitive to semantic impairment than expressive tasks, and assessment of
comprehension abilities needs to be enhanced by including a measure which
consists of conditions such as low frequency and more abstract words and
response timing [41]. This type of assessment method is more sensitive at

detecting semantic impairment [40].

1.6.3 Clinical implications

In clinical practice it is important to consider the relevance of level of SM
impairment to everyday life. Naming difficulties are more consistently reported
than, for example, comprehension difficulties. It is possible that sensitive level of
self-report on SM is reliant on feedback from the self or the environment (e.g.
incorrect naming being pointed out during conversation). During speech, an

individual may be more consistently exposed to feedback for naming difficulties,
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via self-correction or environmental feedback. In contrast, comprehension skills
may be less reliably exposed to feedback from the environment and therefore be
at a lower level of awareness. In contrast, impaired performance on sensitive
comprehension tests such as The 96 Synonyms (Table 2), demonstrates SM
impairment. In daily life, individuals are less likely to be exposed to this level of
manipulation (infrequent, abstract words etc.) reducing the possibility of feedback
at a sensitive level from the environment. It seems unlikely that individuals with
TLE resection are anosognosic or lacking in self-awareness, as based on this
study they report a range of problems. However the degree of perceived
impairment is perhaps analogous to the level of self-awareness, which

is strengthened by feedback. It is possible that subtle SM impairments do not
cause patients difficulties on a daily basis and therefore this may be less likely to
be scored highly on a self-report measure. In addition, the nature of memory
problems may mean that patients do not recall their difficulties, highlighting the
importance of corroborating information from various sources in clinical practice,
including with formal assessment and observations. The aim of surgery is seizure
control; however, factors such as memory, adjustment, mood, social stigma can all
have an impact on quality of life. Clinical psychologists working with this client
group need to complete a holistic assessment as the risks faced by each patient
are variable and can differ according to individual characteristics. For some the
adjustment process can involve a slow transition from a sick role to normal life; if
expectations of positive life are not met there can be disappointment [90]. A
patient-centred approach with a focus beyond seizure control is essential. Further
research exploring the benefits of therapy in this patient group is required;
however, Cognitive behavioural therapy (CBT) is a useful intervention for treating

depression and improving quality of life in patients with TLE [86].

1.6.5 Factors beyond memory

This exploration also demonstrated that both left and right TLE patients report
slowed processing, concentration and attention difficulties. This is consistent with
dysfunction associated with extra-temporal regions, and may reflect the
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multifactorial nature of cognitive impairment [14]. Perception of memory problems
can also be influenced by impairment of other cognitive functions, such as
attention and concentration [79], anti-epileptic medication, clinical, and

psychosocial factors [80].

Post-operative recovery does not seem to be limited to cognitive functioning; the
qualitative analysis highlighted that 65% of the sample reported emotional issues
and 55% reported adjustment issues post-surgery which may contribute to a
reduced quality of life. Factors such as perception of seizure control seemed to
play a crucial role in sense of identity (40%), as did post-surgery issues (20%).
However, at least 40% reported a positive impact on QOL due to improvement in

functioning at some level.

1.6.6 Mood and TLE surgery

The misperception of memory difficulties has been connected to mood problems
[81]. Scores on pre-surgical measures of depression were significantly correlated
with post-surgical self-report of mood difficulties; a large effect size was noted;
however, pre and post anxiety scores were not related. This may indicate that
participants experienced a reduction in anxiety due to better seizure control (as
found by [82]), whereas depression persists and surgery has little impact on mood.
Psychological factors including low mood have been reported to impact on
cognitive functioning [83]. TLE patients are thought to be generally more
vulnerable to depression for a multitude of reasons including temporal lobe
pathology [84] and adjustment post-surgery [85]. There is a lack of data regarding
treatment and management of patients with comorbid depression; one study
highlights the utility of CBT [86], however post-surgery data is scarce. CBT is
recommended by clinical practice guidelines [87] for treatment of depression, this
requires further consideration in patients with epilepsy.

1.7 Limitations

There are a number of limitations to this study, as discussed below.
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1.7.1 Use of non-validated measures

The guestionnaire used in this study met the research objectives; however, it was
not a validated measure. The questions selected adequately probed particular
issues of interest, however without sufficient piloting it is difficult to be certain as to
the concepts being measured. The questionnaire was worded to encourage
complete information, however this was constructed via clinicians rather than
patients. This study is a pilot of this tool and standardising it with control data or
another patient population would be a useful area for future research and
development.

1.7.2 Sample

The sample consisted only of post-surgical patients and a pre/post-surgery design
would have enabled a broader discussion of memory problems pre and post-
surgery. In addition, there was a marked variation between length of time post-
surgery, which may potentially impact on cognitive performance and perception of
this. Finally, the group size, while typical of similar studies in TLE surgery, was

underpowered, thus limiting the power of any analysis.

1.8 Conclusions
1.8.1Clinical practice

The findings from this study suggest that SM may be assessed more accurately by
utilising a tailored assessment approach. The results demonstrate that patients
who experience a change in their memory abilities are not accurate at reporting
post-surgical SM abilities, unless this is sensitively assessed using naming tests,
sensitive receptive tests and tailored self-report. Adapting a tailored
subjective/objective approach to assessment enhances the clinicians’ ability to
derive formulation and subsequent intervention. For example under reporting of
difficulties with low scores on objective measures may require a cognitive
rehabilitation of memory to raise awareness; whereas over reporting of difficulties
and low scores on objective measures, may indicate mood problems requiring a
therapeutic CBT based intervention. The questionnaire in this study adds to
clinical utility and can be validated through clinical feedback. It is important that

sensitive naming tests are available and utilised in clinical practice, and also that
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they are ecologically valid [88]. This research also adds to existing literature in
demonstrating that surgical intervention can be an effective treatment for seizure
relief, however psychological needs may persist following surgery. Patients should
be fully informed and adequately supported to aid their adjustment.

1.8.2 Overall conclusion

In conclusion, the present study adds to the body of research investigating self-
report and objective measures in TLE resection patients. The results concur with
the current literature in that there was a discrepancy between self-reported
difficulties and those measured by standardised tests. The results support the idea
that naming tests are good predictors of SM impairment. Sensitive measures and
self-report may provide a further framework for understanding SM impairment in
TLE. The need for adequate provision of psychological support, to aid adjustment

and build on positive outcomes post-surgery is emphasised.
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Appendix 2A:Self-report TLE surgery questionnaire

Please answer the following questions using a scale of 1-10 to signify whether you have
experienced these problems since your surgery?

Frequency: 0 — Never, 3 — Rarely, 5 —-Sometimes, 8- Often, 10 — Always

1) Have you experienced any problems remembering things?

Many Thanks

M iRU

128 Neuroscience & Aphasia Research Unit



Appendix 2B: Background checks of the data

Statistics
problems_un
problems_un derstanding_ problems_wit
namingaccur problems_re Synonymaccu derstanding_ | written_inform | Camden_wor | Camden_face h_recognisin mood_and_b
GNT acy namingRTs membering SynonymRTs | conversations ation ds 3 g_objects ehaviour

N Walid 20 20 20 20 20 20 20 20 20 20 20 16
Missing 0 0 0 1] 1] 0 0 0 0 0 0 4

Mean 15.8500 9386 2.4588 3.7500 8594 46134 1.6500 2.0500 20.2500 23.3000 9500 21250
Median 16.5000 9500 2.0617 5.0000 8750 4.2135 .0oo0 .0oo0 21.0000 24.0000 0000 .0000
Mode 13.00 .88 1.28° 5.00 92 7.58 .00 .00 22.00 23.00% .00 .00
Std. Deviation 436825 04802 1.01147 3.25850 06461 252127 2.32322 3.118497 229129 2250158 1.848490 3.03040
Skewness 407 -2.264 1.188 .288 - 779 1.821 883 1.254 -720 -2.849 1.746 1.359
Std. Error of Skewness 512 512 A12 A12 A12 512 512 512 A12 A12 A12 G564
Minimum 7.00 78 1.28 .00 72 1.91 .00 .00 15.00 15.00 .00 .00
Maxirmurm 26.00 .98 475 10.00 94 1257 6.00 10.00 24.00 25.00 5.00 10.00

a. Multiple modes exist. The smallestvalue is shown

Statistics
HADS_depre
HADS_anxiety ssion

N Valid 13 13
Missing 7 7

Mean 9.231 7.000
Median 9.000 6.000
Mode 5.0% 4.0
Std. Deviation 4.5489 4.6188
Skewness 269 1.559
Std. Error of Skewness 616 .616
Kurtosis 197 2.876
Std. Error of Kurtosis 1.191 1.191
Range 17.0 17.0
Minimum 1.0 2.0
Maximum 18.0 19.0
Sum 120.0 91.0

a. Multiple modes exist. The smallest value is

shown
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Appendix 2B: Background checks of the data

Descriptive Statistics
[+ Minimum | Maximum Mean Std. Deviation Skewness Kurtosis

Statistic Statistic Statistic Statistic Std. Error Statistic Statistic Std. Error | Statistic Std. Error
GMNT 2 7.00 26.00 16.8500 BTETT 4 36825 A7 A2 659 852
namingaccuracy 20 78 .8a 8386 010249 04602 -2.264 E12 7.021 852
namingRTs 20 1.28 475 24588 22817 1.01147 1.188 A2 369 852
Synonymaccuracy 20 J2 .64 8594 01445 06461 - 7789 A2 -.380 852
SynonymRTs 20 1.91 12.57 46134 EBE3TT 25212 1.821 A2 4272 852
Camden_waords 20 15.00 24.00 20.2500 E1235 2.29128 -720 A2 255 R=1=
Camden_faces 20 15.00 25.00 23.3000 E0315 2.25014 -2.8448 A2 10.066 8492
Walid M (listwise) 20

Descriptive Statistics
Ml Minimum | Maximum Mean Std. Deviation Skewness kurtosis
Statistic Statistic Statistic Statistic Std. Error Statistic Statistic Std. Error | Statistic Std. Error

problems_remembering 20 o0 10.00 3.7500 72864 3.258548 288 A12 -.611 G52
problems_understanding " o o o "
_conversations 20 o0 G.00 1.6500 A1945 232322 853 A12 -1.105 G52
problems_understanding - - - - -
_written_information 20 oo 10.00 2.0500 BATEA 31149487 1.254 A12 4493 A52
problems_with_recognisi o " o
ng_objects 20 .00 5.00 8500 41343 1.84850 1.746 A12 1.541 G52
mood_and_behaviour 16 o0 10.00 21250 .TATED 3.03040 1.358 A64 1.377 1.091
Walid M (listwise) 16
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Appendix 2B: Background checks of the data

GNT
- namingRTs namingaccuracy
Cumulative Cumulative
FI'E[]UEHC'}" Percent | Valid Percent Percent — Frequency | Percent | Valid Percent Percent Cumulative
ali 2 1 50 5.0 5.0 1 { i [ 1
Vaid 700 | 50 50 50 e : i i o — F|equenc13f Peweﬁn:] Valid Peu:znnt Pewentﬁu
alid . . . .
10,00 1] 50 0 00 o ] g i o
: : : - it 1 50 Al 100
1300 4 200 200 300 1.83 1 50 5.0 250
1400 1| 150 150 450 e 1 o5 o 20 ! 1 . ! 10
l l l l 1.91 1 5:0 5:[] 40:0 91 1 5[] 50 2[][]
15.00 1 50 50 50.0 2.01 1 50 5.0 450 g2 i 50 50 2410
2.05 1 5.0 5.0 50.0
16.00 3 150 1l 60 2.07 1 5.0 5.0 55.0 52 1 50 A0 300
o O It I Ed | I N N -1 B 1| I I I T
18.00 1 50 A0 80.0 238 " 50 50 70.0 95 4 200 200 650
P a 3.07 1 5.0 5.0 75.0
2100 ‘ 100 100 900 318 1 5.0 5.0 80.0 95 1 il 50 700
2200 1 5[] 5[] 95[] 322 1 50 5.0 85.0 QT 1 5[] 50 TE[]
422 1 5.0 5.0 90.0
26.00 i 5D 0 1000 4.41 1 50 50 95.0 98 ] 250 250 1000
A 475 1 5.0 5.0 100.0 5
Total 0] 1000 1000 Total 20 | 1000 1000 Total 20 1000 100.0
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Appendix 2B: Background checks of the data

problems_remembering

Cumulative
Frequency | Percent | Valid Percent Percent
Walid 0o 7 35.0 350 35.0
3.00 1 5.0 a0 40.0
5.00 4 45.0 450 85.0
7.00 1 5.0 a0 90.0
10.00 2 10.0 10.0 100.0
Total 20 100.0 100.0
Synonymaccuracy
Cumulative
Frequency | Percent | Valid Percent Percent
WValil 72 1 5.0 50 6.0
75 1 5.0 5.0 10.0
77 1 50 50 15.0
78 1 50 50 200
81 1 5.0 50 250
82 1 5.0 5.0 30.0
84 2 10.0 10.0 40.0
86 1 50 50 450
.88 2 10.0 10.0 55.0
.90 2 10.0 10.0 65.0
91 2 10.0 10.0 T5.0
42 3 15.0 15.0 90.0
94 2 10.0 10.0 100.0
Total 20 100.0 100.0
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Appendix 2B: Background checks of the data

SynonymRTs
Cumulative
Frequency | Percent | Valid Percent Percent
valid  1.91 1 5.0 5.0 5.0
2.03 1 5.0 50 10.0
2249 1 5.0 5.0 15.0
262 1 50 50 20.0
285 1 50 50 250
3.00 1 5.0 5.0 30.0
315 1 5.0 50 350
345 1 5.0 50 40.0
3.88 1 5.0 5.0 45.0
4.02 1 5.0 50 50.0
4.40 1 5.0 5.0 55.0
447 1 50 50 £0.0
4.60 1 5.0 5.0 65.0
465 1 5.0 50 70.0
4.71 1 5.0 50 75.0
5.34 1 5.0 5.0 80.0
7.05 1 5.0 50 85.0
7.58 2 10.0 10.0 95.0
12.57 1 5.0 5.0 100.0
Total 20 100.0 100.0
problems_understanding_comversations
Cumulative
Frequency | Percent | “alid Percent Percent
Walid .00 12 60.0 60.0 60.0
1.00 1 a0 5.0 65.0
2.00 1 a0 5.0 70.0
4.00 1 a0 5.0 75.0
5.00 4 200 200 95.0
6.00 1 5.0 5.0 100.0
Total 20 100.0 100.0
Camden_words
Cumulative
Frequency | Percent | Walid Percent Percant
Valid 1500 1 5.0 5.0 50
16.00 1 5.0 5.0 10.0
18.00 2 10.0 10.0 200
159.00 3 15.0 15.0 350
20.00 2 10.0 10.0 45.0
21.00 4 20.0 20,0 65.0
22.00 5 25.0 250 90.0
23.00 1 5.0 5.0 95.0
24.00 1 5.0 5.0 100.0
Total 20 100.0 100.0
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Appendix 2B: Background checks of the data

Camden_faces

Cumulative
Frequency | Percent | Walid Percent Percant
Valid  15.00 1 5.0 50 50
21.00 1 5.0 5.0 10.0
22.00 1 5.0 5.0 15.0
23.00 i 30.0 30.0 450
24.00 ] 250 250 70.0
25.00 i 30.0 30.0 100.0
Total 20 100.0 100.0
problems_with_recognising_objects
Cumulative
Frequency | Percent | Valid Percent Percent
Valid .00 16 78.0 7a.0 75.0
2.00 2 10.0 10.0 85.0
5.00 3 16.0 15.0 100.0
Total 20 100.0 100.0
mood_and_behaviour
Cumulative
Frequency | Percent | Walid Percent Percent
Yalid .00 g 450 5G.3 56.3
1.00 1 5.0 6.3 62.5
3.00 1 5.0 6.3 68.8
5.00 4 200 250 §3.8
10.00 1 5.0 6.3 100.0
Total 16 80.0 100.0
Missing  System 4 20.0
Total 20 100.0
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Appendix 2B: Background checks of the data Histograms

Frequency

Frequency

Frequency
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Appendix 2B: Background checks of the data

problems_understanding_conversations
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Appendix 2B: Background checks of the data

Camden_faces
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Appendix 2B: Background checks of the data

mood_and_behaviour

10—

Mean =213

Std. Dev. =3.03
MN=116

o
g e

2—//

° do D 500 .00 12/00

mood_and_behaviour
Tests of Normality
Kolmogorov-Smirnoy® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

GMT 182 16 65 943 16 388
namingaccuracy 218 16 041 JTd 16 .0o1
namingRTs 224 16 03 B84 16 0483
problems_remembering 2582 16 oo 838 16 o0&
Synonymaccuracy 150 16 200 Aa07 16 06
SynonymRTs 214 16 0445 BE1 16 020
problems_understanding_conversations 302 16 000 751 16 oo
problems_understanding_written_infarmation 343 16 000 7T 16 0o
Camden_words 153 16 200 840 16 3585
Camden_faces 202 16 001 65 16 .00o
problems_with_recognising_ohjects 410 16 .0oo 618 16 .000
mood_and_behaviour a2 16 .0oo 728 16 .00o

* This is a lower hound of the true significance.

a. Lilliefors Significance Correction
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Appendix 2B: Background checks of the data

Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
HADS_anxiety 136 13 200 975 13 947
*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
HADS_depression 204 13 44 8449 13 .028

Outliers

a. Lilliefors Significance Correction

Measure: Graded naming test

Naming AccuracyL |

T
GNT
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Appendix 2B: Background checks of the data

Naming Speed

T
namingRTs

Synonym Judgement task -accuracy

0.957

0.90-

0.857

0.80-]

0.757
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T
Synonymaccuracy
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Appendix 2B: Background checks of the data

Synonym Judgement task speed

12,54 o
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Appendix 2B: Background checks of the data

Camden Faces

25.0M
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Camden_faces

Questions from the Self-Report Measure
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Appendix 2B: Background checks of the data

Problems Understanding Conversations

2|

o

T
problems_understanding_conversations

Problems Understanding Written Information

e

T
problems_understanding_written_information
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Appendix 2B: Background checks of the data

Problems Recognising Objects

T
problems_with_recognising_objects

Mood or Behaviour

T
mood_and_behaviour
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Appendix 2B: Background checks of the data

Pre surgery Hospital Anxiety and Depression Scale
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Appendix 2B: Background checks of the data

Pre surgery Hospital Anxiety and Depression Scale
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Appendix 2C: Checks for running correlational design

Naming Accuracy & Self Report Measures
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Appendix 2C: Checks for running correlational design

R? Linear = 0.089
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Appendix 2C: Checks for running correlational design

Naming Speed & Self Report Measures

RZ Linear = 0.043
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Appendix 2C: Checks for running correlational design

RZ Linear = 5.589E-4
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Appendix 2C: Checks for running correlational design

RZ Linsar 5.063E-4
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Appendix 2C: Checks for running correlational design

R? Linear = 0.065
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Appendix 2C: Checks for running correlational design

R? Linear = 0.002
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Appendix 2C: Checks for running correlational design

RZ Linear = 0.004
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Appendix 2C: Checks for running correlational design

R2 Linear = 0.022
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Appendix 2C: Checks for running correlational design
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Appendix 2C: Checks for running correlational design
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Appendix 2C: Checks for running correlational design
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Appendix 2C: Checks for running correlational design
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Appendix 2C: Checks for running correlational design
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Appendix 2C: Checks for running correlational design
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Appendix 2C: Checks for running correlational design

R? Linear = 4,097E-4
25004 © [} o
o o
o o o o]
2250
o
wn
8 o
'El
c —
S 2000
o
E
o
[
17 50
15004 ©
T T T T T T
0o 200 400 600 8.00 10.00

problems_understanding_written_information

R Linear = 0.007
2500- © [}
o o
I e
2250
o
"
3 Q
‘.'!I
c -
$ 2000
©°
E
o
(&)
17.50
1500 ©
T T T T T T
0o 1.00 2.00 300 4.00 5.00

problems_with_recognising_objects

162



Appendix 2C: Checks for running correlational design
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Appendix 2C: Checks for running correlational design
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Appendix 2D: Letter to chair of ethics panel at Staffordshire University
Professor David Clark-Carter

Chair of the Faculties of Health and Sciences Ethics Panel

Staffordshire University

College road

Stoke-on-Trent

Dear Professor Clark-Carter

RE: Resection in TLE; A Cognitive Profile and Perceived Cognitive Functioning in Patients

with Epilepsy

Further to my thesis with Dr John Sorensen being withdrawn, | am writing to inform you that | will
be carrying out my thesis with existing data from The University of Manchester. | have attached
the appropriate paper work that | have been provided by my clinical supervisor (Professor
Matthew Lambon-Ralph).

In my previous role at The University of Manchester | helped design and obtain funding for this
study in collaboration with Professor Matthew Lambon-Ralph. | collected all the data for this
piece of work and would wish to write it up as part of the thesis component of my DClinPsy. This
study is part of a larger research programme at The Neuroscience Aphasia Research Unit at The
University of Manchester. A proposal for this has been sent to the research director (Dr Helena
Priest) and approved. | am proposing to do a comparative study looking at neuropsychological
data and self-report data collected from 20 patients who have gone through Epilepsy surgery as a
treatment option. | have attached my proposal as a guideline. If you have any further queries
please don’t hesitate to contact me.

Yours Sincerely

Sheeba Ehsan

(3rd Year Trainee Clinical Psychologist)
N
ey

STAFFORDSHIRE
UNIVERSITY
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Appendix 2E: for response approval letter from Staffordshire University

ethics panel

Faculty of Health/Faculty
of Sciences

APPLICATION FOR ETHICAL APPROVAL

Student Name

Sheeba Ehsan

Date of Panel

N/A

Status of
application:

Received for information

Thank you for informing the panel of the proposed changes to your research
project which were received by the Faculty Ethics and IPR panel chair on 22"

February 2012.

Signed: Mark Forshaw Date: 28" February 2012
Chair of the Faculty of Health/Faculty of Sciences Ethics

Panel
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Appendix 2F: NRES Letter from Manchester

National Research Ethics Service

North West 5 Research Ethics Committee - Haydock Park
Morth West Centre for Research Ethics Commiliees

3rd Floor - Barlow House

4 Minshull Street

Manchester

M1 3DZ

Telephona: 0161 625 7819
Facsimile: 0161 237 8427

03 March 2010

Professor Matthew A Lambon Ralph
Meuroscience and Aphasia Research Unit (NARU)
School of Psychological Sciences

Zochonis Building

Oxford Road

Manchester M13 9PL

Dear Profassor Lambon Ralph

Study title: Neuropsych igation of v and language
problems with patients with brain damage: programme of
research

REC reference: 01/8/094

Thank you for your letler of 23 February 2010, responding to the Committee’s request for
further information on the above research and submitting revised documentation.

The further information has been considered on behalf of the Committee by the Chair
(Dr D Manning — Consultant Paediatrician).

Mental Capacity Act 2006

The members of the committee present approved the supplementary application on the basis
described in the documentation submitted. | confirm that the committee has approved this
research project for the purposes of the Mental Capacity Act 2005. The committee is
satisfied that the requirements of section 31 of the Act will be met in relation to research
carried out as part of this project on, or in relation to, a parson who lacks capacity to consent
to taking part in the project.

Confirmation of ethical opinion

The research continues to have a favourable opinion from this committee. It should continue
to be conducted on the basis previously approved by the committee, as amended by this
supplementary application. The conditions of approval issued with the committee's original
favourable opinion continue to apply.

This Research Fthics Committee is an advisory committee to Morth West Strategic Health Authority

The National Research Ethics Service (NRES) represents the NRES Directorate within
the National Patient Safety Agency and Research Ethics Committees in England
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Appendix 2G: Information Sheet for Participants

NLANCI—IF" ER

Matthew A. LAMBON RALPH
Professor of Cognitive Neuroscience
Neuroscience and Aphasia Research Unit (NARU)
School of Psychological Sciences (Zochonis Building)
The University of Manchester,
Oxford Road,
Manchester M13 9PL
Tel: 0161 275 2551 (direct line)
0161 275 7348 (secretary)
Fax:0161 275 2873
Email: matt.lambon-ralph@manchester.ac.uk

The Um\{crgit /
of Manchester

Information Sheet for Participants
A STUDY INVESTIGATING LANGUAGE AND MEMORY IN PEOPLE WITH
BRAIN DAMAGE.

You are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it will
involve.

Please read this information carefully and discuss it with friends and relatives.
Please ask if there is anything that is not clear or if you would like more
information.

Take time to decide whether or not you wish to take part.

What is the study about?
The aim is o assess language and memory problems in people with brain damage
and to find out ways of helping these problems.

Why have | been chosen?

You have a problem with language and memory or both. Alternatively, you may
have been asked to take part to provide normative data for newly developed
assessments.

Do I have to take part in the study?

Taking part is voluntary. It is up to you whether you take part. If you do
decide to take part, you will be asked to sign a consent form. If you decide to
change your mind you are free to withdraw at any time and do not have to give
a reason.
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What will happen to me if | take part?

You will be asked to carry out some language and memory tests. These may use
words, pictures and symbols. This may happen over several months but for
only up to two hours at a time.

They will help us to gain a better understanding of these problems. They will
also help us to design better tests and treatment in the future.

You can stop at anytime.
There are no drugs or medical procedures involved.
There are no risks involved. You may find that some of it will help you.

The experimenter will be able to access your medical records.

Will | be tape or video recorded?

Sometimes it may be helpful to tape or video record your answers. This might
be that the researcher cannot write quickly enough or because they want to
look at the answers in more detail.

Will my part in the study be kept confidential?
All information about you, both medical and personal will be kept strictly
confidential by use of a coding system.

All tape recordings will be locked away in a cupboard by Prof. Lambon Ralph and
will be used for the research only. At the end of the study all tapes will be
destroyed.

What will happen with the results of the study?
The study will be published in academic and professional journals. It will also be
talked about at conferences.

Further Questions?
If you have any further questions please contact me. My contact details are
given at the top of the page.

Thank you

Version 2: 22.06.07
MREC ref: 01/8/94

Neuroscience & Aphasia Research Unit
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Appendix 2H: Consent form for Participants

ity

The UﬂI\IJCFSIT
of Manchester

Matthew A. LAMBON RALPH
Professor of Cognitive Neuroscience
Neuroscience and Aphasia Research Unit (NARU)
School of Psychological Sciences (Zochonis Building)
The University of Manchester,
Oxford Road,
Manchester M13 9PL
Tel: 0161 275 2551 (direct line)
0161 275 7348 (secretary)
Fax:0161 275 2873
Email: matt.lambon-ralph@manchester.ac.uk

PARTICIPANT CONSENT FORM
A STUDY INVESTIGATING LANGUAGE AND MEMORY IN PEOPLE WITH
BRAIN DAMAGE.

We would be grateful if you would sign this consent form.

T have read and understand the information sheet for the study.  YES / NO
T have had the opportunity to ask questions. YES / NO
T have received the answers I need to help me make my decision. ~ YES / NO
T understand that I am free to with draw from the study:

e Afany time

e Without giving a reason

e Without affecting future medical care. YES / NO
T agree for my doctor to be informed. YES / NO
I agree for the researcher to have access to my medical records if necessary.
YES / NO
I agree to take part in the study. YES / NO

Signed (Participant)

Name Date

Signed (Researcher)

Name Date

Version 3: 13/11/09
MREC ref: 01/8/94 AE

Neuroscience & Aphasia Research Unit
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Appendix 2I: MREC letter

The Um\{crgit /
of Manchester

13" January, 2010.

MREC: 01/8/094

Matthew A. LAMBON RALPH
Professor of Cognitive Neuroscience
Neuroscience and Aphasia Research Unit (NARU)
School of Psychological Sciences (Zochonis Building)
The University of Manchester,
Oxford Road,
Manchester M13 9PL
Tel: 0161 275 2551 (direct line)
0161 275 7348 (secretary)
Fax:0161 275 2873
Email: matt.lambon-ralph@manchester.ac.uk

Updated protocol (version 2) —to include amendments for Mental Capacity Act Section 30
Title: Neuropsychological investigation of memory and language problems with patients

with brain damage: a programme of research.
PI: Prof. M.A. LAMBON RALPH

Purpose:

Our research aim is: to improve our understanding of memory and language impairments after
brain damage; the neural basis of residual abilities; to improve clinical tools for diagnosis,
assessment and relearning. Research involves the neuropsychological and imaging methods
found in specialist clinical settings but each case is studied in greater depth. Patients are studied
in detail and individually, and compared to age- and education-matched healthy participants.
Data are published in international peer-reviewed journals (e.g., Brain, Neuropsychologia) either

as single case-studies or case-series.

Participants:

(1) Patients with memory or language deficits after brain damage (including semantic dementia,
frontotemporal dementia, Alzheimer’s disease, dementia with Lewy bodies, head injury,
neurosurgery, temporal lobe epilepsy, stroke, encephalitis/viral infection). Potential cases are
referred by speech and language therapists, neurologists, old-age psychiatrists, other medical

professions or from support groups.

(2) Healthy participants to provide control, comparative data on new assessments or imaging

measures.

Consent procedure:

(1) Mental Capacity Act, Section 30: (see associated MCA1-s30 form)

Background and need of including patients without capacity: The vast majority of our patients

have mild, specific impairments of memory or language, and have capacity to provide informed
consent. Some patients with severe aphasia or dementia no longer have the capacity to provide
informed consent. Given the purpose and aims of this study, it is important to include the fullest
severity spectrum that is practicable, otherwise the research will not mirror clinical practice.
With support and care, such participants are able to provide important and useful data.
Determining capacity: Either Prof. Lambon Ralph or Dr. Karen Sage will assess the ability of
patients to give informed consent. Lambon Ralph is a senior neuropsychologist and a fellow of
the Royal College of Speech and Language Therapists. Dr. Sage is a Senior Clinical Lecturer in
Speech and Language Therapy and has over 25 years of clinical experience. In the event of any
questionable cases, patients will be assessed for a second opinion by Dr. Sage if the patient was
first assessed by Prof. Lambon Ralph, or by Prof. Lambon Ralph if the patient was first assessed
by Dr. Sage. For patients with progressive disease, capacity will be determined on an annual

basis.
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by Dr. Sage. For patients with progressive disease, capacity will be determined on an annual
basis.

(2) Obtaining informed consent: (for participants who are able to provide informed consent).
Details of the study are provided in the information sheet. This will be provided to the patient
and their carers. The nature, aims and requirements of the study will also be discussed face-to-
face using aphasia-friendly materials as required. This involves discussing each section of the
information sheet. Questions and queries will be actively encouraged from the patient and their
carers. When the patient has had sufficient time to consider the information and discuss with
careers, s/he will be asked to complete the information sheet with the researcher. Each
section/question on the consent form is discussed in turn and any further queries are requested
for each element.

(3) Obtaining consultee declaration: (for participants who are unable to provide consent)

Details of the study are provided in the information sheet. This will be provided to the patient
and their nominated consultee. The patient will always be included in the discussion and
questions will be encouraged from both the patient and consultee, with the aim of involving the
patient as far as possible in the decision about whether to take part in the research. The nature,
aims and requirements of the study will be discussed face-to-face using aphasia-friendly
materials as required. This involves discussing each section of the information sheet. Questions
and queries will be actively encouraged from the patient and their consultee. When the consultee
has had sufficient time to consider the information and discuss with the patient and other carers,
s/he will be asked to complete the consultee declaration with the researcher. Each
section/question on the consent form is discussed with the consultee and patient, and any further
queries are requested for each element.

Assessment:

Patients are asked to complete a battery of neuropsychological assessments and in some cases
neuroimaging investigation. The exact form of these assessments is tailored to each individual
patient on the basis of their language/memory impairment. The battery is completed over a
series of sessions in order to avoid fatigue. We agree the length and number of test sessions in
advance with patients and their carers. We never test beyond two hours with any patient. Data
collected in the project are combined with the existing clinical information (so as to avoid
unnecessary duplication) and all newly-collected data are offered to referring clinicians.

Neuropsychological/aphasiological assessment: the nature of each patient’s impairment and
preserved skills is investigated using a battery of simple paper-and-pencil tests, or computerised
equivalents. These include the following type of assessment: naming or describing a series of
pictures; reading a list of words or repeating words spoken by the examiner. Sometimes we ask
the patients to complete these whilst also providing a cue (e.g., DOG — “it begins with “d””).
Patients are sometimes asked to point to a correct answer, given a spoken or written response.
Semantic memory is also tested by asking them to match a probe item (picture, written word,
etc) to an array of possible items. Other cognitive tests include their ability to recognise or recall
previously-seen objects or words, and to complete assessments of memory, attention and
executive, problem-solving skills (as found in most IQ test batteries), perform mental arithmetic
and other calculations. Basic perceptual processes are assessed by asking the patients to make
judgements about visual or auditory diagrams and stimuli. In some cases we also assess the
patient’s memory and language skills by asking them to try to relearn a set of items. This

(¥ 1RU

Neuroscience & Aphasia Research Unit
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typically involves repeated presentation and practice of an object’s name with assistance from
the examiner (e.g., through repetition of the item’s name or forms of cueing).

Neuroimaging: any relevant clinical neuroimaging is collected for each patient (typically a
clinical CT or sometime MRI scan). When this is missing, is no longer available, or of poor
guality, we may ask the patient to undertake a neuroimaging investigation. We do not do this in
all cases and so there are separate information and consent/declaration forms for the
neuropsychological and neuroimaging parts of the study. The neuroimaging protocol involves
MR structural scans (e.g., T1, T2, T2*, T2 flair, or DWI) and possibly a functional scan (fMRI).
In both cases, participants are asked to lie in the scanner whilst images of the brain are taken.
For the structural scan, the participants are asked to lie still. For the functional scan, the
participants are asked to look at visually-presented stimuli or listen to words/sounds and make a
response. These behavioural tasks are exactly the same as the neuropsychological assessments
noted above. The scanning allows us to understand which brain parts are damaged and which are
supporting the patient’s remaining language and memory skills. All participants are screened
with standard MRI safety questionnaires.

Data storage and analysis

All data in whatever form collected are stored in the patient’s file. This is stored in a locked and
dedicated filing room. Patient scans, videos and audio recordings are stored on CD, DVD and
placed in the patient file. For analyses (e.g., statistical analysis of behavioural data or analyses of
the MR data) anonymised data are placed onto computers. No identifiable datasets are held or
stored on any compulter.
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Appendix 2J: First paper, Lambon Ralph et al., 2012

daii:10.1098 MorginSawE 25 Beain 2012: 135; 242258 | 242

Semantic memory is impaired in patients with
unilateral anterior temporal lobe resection for
temporal lobe epilepsy

Matthew A. Lambon Ralph,” Sheeba Ehsan,” Gus A. Baker® and Timothy T. Rogers®

1 Meumscence and Aphasia Ressach Urit (MARL), Schodl of Pxychalogical Scienees, University of Manchesier, Manchesier W13 991, UK
2 Wakton Centre for Neumbgy 2nd M gery, University of Livemad, Livemaal L9 7L, UK
3 Depastment of Psychalogy, University of Mad: , W S3706-1611, USA

Comespondence b Prof. Matthew A Lambon Raliph,
Heunmscenas 2nd Aphasa Ressarch Unit (NARU),
School of Psycholbgial Sdences Zochonis Building),
Univemity of Manchester,

Brunzwick Steet,

Manchesier M13 200, UK

E-mai: mait lambon -iph@manchesterac uk

Contemporary clinical and basic neuroscience studies have increasingly implicated the anterior tem poral |obe regons, bilaterally,
in the formation of coherent concepts. Mounting convergent evidence for the importance of the anterior temporal lobe in
semantic memory & found in patients with bilateral anterior temporal lobe damage (e.g. semantic dementia), functional
newroimaging and repetitive transeranial magnetic stimulation studies. If this proposal s correct, then one might expect patients
with anterior temporal ldbe resection for long-standing temporal lobe epilepsy to be semantically impaired. Such patients,
however, do not present clinically with striking comprehension deficits but with amnesia and varishle anomia, leading some
to conclude that semantic memaory is intact in resection for temporal lobe epilepsy and thus casting doubt over the conclusions
drawn from semantic dementia and linked basic nevroscience studies. Whilst there is a considerable neuropsychological liters-
ture on temporal lobe epilepsy, few studies have probed semantic memony directly, with mixed results, and none have wnder-
taken the same type of systematic investigation of semantic processing that has been conducted with other patient groups. In
this study, therefore, we investigated the semantic performance of 20 patients with resection for chronic temporal lobe epilepsy
with & full battery of semantic assessments, including mome sensitive messures of semantic processing. The results provide &
bridge between the curent clinical observations about resection fior temporal lobe epilepsy and the expectations from semantic
dementia and other neuroscience findings. Specifically, we found that on simple semantic tasks, the patients' accwracy fell in the
normal range, with the exception that some patients with left resection for temporal lobe epilepsy had measurable anomia
Once the semantic assessments were made more challenging, by probing specific-level concepts, lower frequency’mone shetract
items or measuring reaction times on semantic tasks versus those on difficulty-matched non-semantic assessments, evidence of
& semantic impairment was found in all individueals. We conclude by describing a unified, com putationally inspired framework
for capturing the varishle degrees of semantic impairment found across different patient groups (semantic dementia, bemporal
lobe epilepsy, glioma and stroke) & well a5 semanic processing in newologically intact partici pants.

Keywords: language processing; memaory; semantic memory disorders; temporal bobe epilepsy
Abbreviations: TLE = temporal lobe epilepsy

Recsived Auguet 12, 3011, Revised Seplember 33, 2011 Accepled Ceiober 16, 2011
& The: Awihor {2012) . Published by Crefond Univessily Press on bebalf of She Guaranios of Smin. Al rights ressned.
For P i, please email joumalsg oo com
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Semante memody impanment n TLE

Introduction

Semante memory enmmpases a sch fund of genersl knowledge
about the wodd, including our understanding of words, pictuses,
objeck, sounds, faces and events Rogers ef al, 2004; Jefferie
and Lambon Ralph, 2006 Patterson f &, 2007). It plays & critical
rode in many everyday vedal and non-verbsl adivities. Distuplion
of semantic memory through neurdogical ditese or infury can,
therefom, have sdous comequences for patients” daily fves. The
degradstion of semantic memarny in semanBc dementia and herpes
simplex encephalls i ssocisted with bistersl damage kb and
hypometsbofiem of the antedor temporal lobes (Nestor of af,
2006; Noppeney &f &l , 2007; Rohrer of al, 200% Min of &,
2010). Consequently, behavioural data from these patients have
suggested a model in which concepts are formed through the
comergence of semmary, motor and verbsl experience via an an-
terior temparal bobe, trammadal representstional hub Rogers
el al, 2004), which beenses the formabon of mherent concepls
{Lambon Ralph af al, 20108).

Athaugh previously overlooked, there & now a grwing con-
sense that this transmodal antedor lemporal kobe hub contributes
onitically to semantic agntion (Patberson of al_, 2007). ThE emer-
ging view mfiects a convergence of the estabiiched dinical data on
semante dements, herpes Gmplex vins encephalitis, ete, with
contemporary base neumsciende shudies. The mulimodal, select-
we semantic impairment of semanBc dementis can be mimicked in
neurdogically intact particpants by applying repetitive transconial
rmagnedic dimulation i the Laberal anbedor temposl lobe (Pobei
el al., 2007; Lambon Ralph of al, X009 Pobrz of al, 20100a).
Indeed, by applying repetitive transcranial magnetic stimulstion to
edher the transmodal antesor emporal lobe or modality-specific
information-coding regions, it & postible to pobe different parts
of the ‘hub-and-spoke’ semantic architectus (Pobric eof af,
2010k). Likewite, when uting techniques that svad feg. PET or
magnetoence phalography) or correct for the vamnous methodo-
logeal dsuet smocisted with suecesshul maging of the anterior
temporal bbe (Deviin of af, 2000; Viser of af, 20100), shudies
find comidemble bilsteral anberior termporal bobe activation for
multimodal semante procesing (Vandenbenghe of al, 1996
Madnkovic ef al,, 2003; Shanp of al, X004; Bnney of al., 2010;
Wiser af al, 2010s; Visser and Lambon Ralph, 2011).

The resection for temporal lobe
epilepsy puzzle

Desple this amnddersble comvergent evidenee impBaating an im-
portant mle for the antedor temposl lobe in semantic cognition,
there remsing a3 key purse and polentil challenge to Bis view.
One trestment for long-standing eplepey with focal seirumsin the
temporal bobe B surgical resecBon. In standard en Wae® msection,
part or all of e anteror temporal lobe (unilaterally) i removed.
One example B shown in Fig. 1B, The rededed area overlaps
comsidembly with: (1) the core region of atraphy cbsenved in se-
martic dementia Fig 1A; abeil the atrophy B bilsleral, see
bedowd; (3 the amas adivaied by normal particpants when com-
pleting semantic s (example from Binney of &, 2010 and
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() the tamel regon in our previous mpelitive bandemnsl mag-
netie stimulstion studies (Rg. 1C; Pobric of al, 2007, 2070b;
Lambon Ralph el al, 2009). Clnicaly, patienks with resection
for temporal lobe epilepsy (TLE) do not report comprehendon
impairment but do complsin of significant anomia and amnesia.
Corsequently, it B somelimes concluded that semanfic processng
B entirely or largely spared following e section for TLE (Hackok and
Poeppel, 2004; kKho of al, 2008; Simmons and Martin, 2009); a
stance that could béng into question the necessty of the anterior
tempoal kibe in semanbe cognitipn and uld undermine the ex-
planation of semante impsirment in semantc demenBa, herpes
dmphin: vitid encephalits, el This condusion & premature, how-
ever, for thres ressons:

@) Lack of data: clinical sseswment tends bo fos on naming
and epmodic memory, and rarely on  comprehenson
{Gaovagnoll of al, 2005). The Zame & bue in the large
neurapsycholbgical published Berstuse on TLE with and
withoul resedion As noled shove, many patents with re-
sedion for TLE complain of word-finding difficullies, whidch
are mnfirmed by formal testing. The same i brue in wery
milld semantc dementia and previous studies have demon-
shrated thal i & deiven by semanbic impsirment (Lamibon
Raph of al, 2001). I & pomsble, themiore, that them &
measumble semanfic impaiment in reedion for TLE bt
there & a dearth of sudies that nvestigate semantic pro-
ceming in Fe Fhersture {see bebw). Conssquently resection
for TLE and semanfic impairment might be a e of ‘ab-
sence of evidende” rather than ‘evidence of sheence’.

(B Unilstersl versis bilstersl damage: sthough the sfeded
ares in resechon for TLE and semantic dementia overas,
one of the magor neurdogical differences B that semantc
dementia (o wel as herpes @Smplex vius endcephalils,
Alsheimer's disesse, ete) & & bibleal divame, whemas re-
sedion & only ever conduded unilsterally. Past investigs-
tons of semantic dementia have shown that the degree of
semanbc impaimment B mkied to the extent of blakeml a-
roghy in i eondBion [(Galten of &l , 2001; Lamben Ralgh
el al, 2001). A pevious study that compared patients with
semanbe dements agsimt thote with unilabersl bermporal
damage (of mixed setiology including a sulset of cames
with resectivn fior TLE) on the same standand semantic bat-
tery, found that unilstersl damage genersted minimal se-
mantic impairment (Lambon Ralpgh af al, 20104). These
results have motivated owr working hypothess that semante
memory & bilsterally distdbuted across left and right anterior
tempoml lobes. This (8) might mprove the robustnes of the
systern Lo damage ¥ there & some mdundancy in the bilst-
erally distributed represents tions; and (b} would gve a bess
for ptity-relsted rearpaniation Consslent with his
wiewi, recent work with computational models of a bilsbersl
semanbc system has suggested several ressons why unilat-
eral pathology might produce dramativally bes sevem im-
pairments than bilstersl damage (A C. Schagire &f al,
manustrpt under revison).

(H) Plasticly -relsted reorganization: the ulility of sudying msec-
tan for TLE for localiestion of funcBon needs to be trested
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M. A Lambon Ralph af al.

Figwre 1 The purzle of semantic memory in rese dion for TLE. (A} An example sdsl MR for 2 patient with semantic dementia, with cear
bilabera | ante oo tempaoral lebe atroghy foran ge anows) underg@nning the mitenls demons able semantse impinmient. (B) A comparshi
sl slive from a patient following antedor temparal lobe unilsteral resection for TLE (ed amow). The md regon on the Laberal view shows
the reseded ama This overlps with the anterior temporal bobe e gons (1 and 2 in C) activated by normal subjects in owr funcBonal MR
semantic shudies (Binney af af , 2010) and sho with the regibn 5) that we have simubied with repetive Fanscranisl magnetic stimu-
lation in normal pantidpants to produce & selective semantic effect (Pabric «f &l , 2007; 2010; Lambon Ralph of af |, 2009).

with caufion for vadous phsidtyrekied resom. A
long-standing seirure history amphaies atemp to gener-
slize findings fom paBents with ssection for TLE. This paint
B supparted by at least three findings: (2) post-opeafve
deficits of cognionAanguage tend bo be more sevem in
patierts with a later age of seiruwre omet (Hermann &f al,
1999); (b) them & a Smificant change in the pattern of
language-relsted white-matter pathways in patents with
kng-slanding epikpy (Powell &l al, 2007); and &) thare
B ggificant  aferstion in  neurokransmitter  functibn
(Hammers el al., 2003). In the face of these neunoanabom-
ieal changes, semanfic function may be shified sway from
the seirure-relsbed ®@on, sch that subsequent resection
will have o damate consequences han an acute neuro-
logical event. In the Gmil, theretore, it B possible that resec-
tin will el praduce any mamwable semankic mpanment
because the Ese & no longer supporting this fundion
Secondly, after acute brain damage of neusdsurgery (e
diroke, ghoms), patients End to demonshrate st e some
degree of recovery—agsin suggefing a rae of plasticly-
related mditribution of funcBon (Thiel f al, 2001, 2005;
Duffay ef al, 2008; Keidel of 21, 2010). In keeping with the
notion, one early study of sem antic performands in resectibn
for TLE found a negstive correlstion between time
post-surgery and compehengon impainment (Wiking and
Mosoowitch, T978).

As noted above, there & a sdecbie neumpiychaogicl -
erstuse on the status of TLE and patients with resection for TLE
bt the msjorly of Bis B cused upon the patienk’ episodic
memory impainment and on  their word-finding  difficules
(anomis). To date the semanfic status of patienk with resection
for TLE has rarely been systematically susewed using the type and
beadth of semante battery that has been adopted for other pa-
tiert grups (=g semante dementa, herpes Smplex vins enceph-
alitis, ete; Borest of af , 2000 Adlam of &, 2004 Lambon Ralbph
el al., 2007). A handful of shudies have smesied, however, spedfic
aspects of semante processing either direclly or indirectly, yielding
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sormewhat mied resits. Some dudies have probed semantic
memory in resection for TLE groups and found no evidence of
semantic impsinment on Smple naming or compehenson tesk
{Hermann ef al, 1994, 1995). Mot studies have found, however,
evidende of anomia after resection, which & more apparent in
late-omiet patienkt with TLE (Hesmamn &f al, 1999), & mos
amimon in patients after left anberior emporal lobe resecBon
{Marfin &f al, 1998; Sedenberg of al, 1998; Ghbater of al,
203}, and appears to reflect an underdying semantic weslnes
{Bedl el &f., 2007; Antonued ef &, 2008, Drane of al., 2008).
These reduchons in word-finding abo exiend o verbal fluency
tasks that have highlighted mild deficis after beft or dght anberior
temporal bobe resedion (Martin of al, 1990) and have detected
semantically based deficts in patients with beft and fght TLE grior
to resection {Trdster of al., 1995 N'Kaoua ef al, 2001). Four
imestigaBons have probed more demanding, specific-level con-
epls in the form of famow face recogniion and naming
Gheser eof al (2003) found that famous face naming wa impained
in bath left and rght TLE or paBents with resection for TLE, whilst
the ahiity to provide informaBon shout famow people became
impaired after msection in the rght resedion for TLE subgroup
alone (Gloster ef al, 2003} Three other shudies found that pa-
tents with left TLE were mpaired on famous face naming whilst
cased with dght TLE exhitited mduced shilily in familiarsly, den
fication and naming of famow people (Seidenberg ef al, 2002;
Wiskontas el al, 2002; Drane af al, 2008) Smilsr resulls wes
wbdsined in the kpe-sesle shidies reporled by Tened and col
leagues (2006, 2009) whote tempoml polar goup ontained a
msjodty of patients with beft versus right resecBon for TLE. One
large-scale study of (non-resected) patients with TLE probed se-
manfe funclon using a mulli-modal semanfe battery including
naming, wosd-pichure makhing and semantc ssocistion judge-
ments and olject decrbons (Giovagnoli ef al, 2005). The invest-
Bon found that patients with left TLE scomd sgnificantly worse
than controb on thede mesture, though the drop in pedormande
only amounted to a few test fdems that would be too small &
reduction bo be chinically refishle st the level of individual pafients.
Wiy similar terts and results wes uted in a shdy of sight patients
wiith left resection for TLE (Antonuee of al, 2008). In addition to
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the patients”’ anormia an confrontational naming and fluency tests,
Anfonuai ef al. (2008) found evidence of a mild underying se-
mantic impainment by using more challenging semanbic messures
(semanfc ssorisbon judgements and synonym  judgements
including lower frequency and maore ahetract iems).

The purpose of the present study wa to complele the first
syshematic and detasiled invesfigation of semantc memory in pa-
tients with resection for chronic TLE Owr semanfc battery
included varbus expresgve and receplive tads that heve been
used previbudy with semantic dementia, herpes simplex virus en-
cephalifs and other patient gougs (Bareat of al, 2000 Jefferis
and Lambon Ralph, 2006; Lambon Ralph of af, 2007, 20104),
alowing 1= to compare the paBents with resection for TLE disdly
to these other neurobgical groups. We were mindful, however,
that the standard semantic battery bests might not be sufficiently
sendifve given that ) pabients with TLE and patients with resec-
tion for TLE do not predent cinically with sbildng comprehendgion
impairments; and @) a previous study of patients with unilateral
temporal damage Gnchiding & subset of resecBon for TLE cates)
did not identify majpr semanfic impairment wing typical semantic
battery ssesmments (ndicating that semante memosy might be
supparted in & semi-redundant fashion through bilieral temparal
representation e shove and Lambon Ralph of ol , 20108 A. C
Schapiro el &l , manuserpt under revigion). Accordingly, we added
a st of taks that have proved b be more sendtive bo the mild
semante impairment dbeenved in very eardy cates of semanbc de-
mentia (Bareat of af , 2000; Adim of &, 2006) of in néeurdloge-
aly intact participants after kft or dght Lateral anterior temporal
lobe repetifive transcanial magnetic stimulstion (Pobeic of al.,
2007, 20108; Lambon Ralgh of al, 2009). In very asrdy semantic
dementia (ke resedion for TLE), patienk do nol necesarly am-
plain of impaied comprehensdon in e clinic (on the @e oocs-
sions that they pmsent so eady) but at this stage their
semanteally driven anomia & already apparent, especislly on
graded tesk of onfonistons naming (Bomat el af, 2000;
Lamban Ralph of af , 2001; Adlam ef af, 2006). Secondly, at al
stages of the duesse, the semanbc dementia patients’ semantic
impairment & most apparent for concepts that are: () bess famil-
iarffrequent; (H) more shetract and (H) mo spedfic (Warrngton,
1975; Fumedl, 1995; lefleres af 2/, 2009; Hoffman and Lambon
Ralph, 2011). As a result we probed shetract versus concrete oon-
cepls, high and bow frequency words, and also the comprehendon
and naming of 1pedfic-level concepls (both facesand general con-
cephi). Our previous investigations of repetitive transcranial mag-
netic shiruds Bon g Lebersl anberior bemporal lobe in neurdopially
intact partidpants confirmed this appeach; repetiive transcranisl
magnetic simulstion he a relstively shonger efled on specific-
level concepts, shatract concepts, ebe (Pabric of al, 2007, 2009)
and ako pmovided another important methoddogesl mght for
the arrent study. Speclically, the much wesker effect of repeti-
tive branscranisl magnetic stimulition shows fself  pémasly
through readion times rather than redudion in acouracy, w0 we
mesured the deciionfresponss limes of patients with resedion
for TLE in & number of the semanfc ss=sments. Previows repeti-
tive temoanial magnetic simuliBon studies were slbo useful be-
cause we had developed difficulty-maiched, non-semantic decibon
Lk b delineste generslired dowing of macton times from
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selechve dowing of semantic dedions. Again, we reused the
most difficult of these non-demantie, timed smesments in the
present sludy to investigale whether any showing of semantic per-
formance in the patients with resecBion for TLE refleched genersl,
dowed procesing of a more seleclive semantic nefficency. The
inchigon of reaction times a8 well 2 sccuracy in the current shudy
wizs albo prompled by one of he first yatematic nvesigation of
semanbc pooesing in patents with resection for TLE (Wilkins and
Moscovitdh, 1978). These authors found that semanic perform-
ance in resection for TLE was normal if the tek wa conduded
without fime Bmik bul scores for all patients wem outade of the
nodmal range when brial dusition was limited.

Materials and methods

Patients

Twenty patients with ‘sn bloc” resschon for TLE fnine keft 2nd 11
right} were mouited fiom the epiepsy serviee at the Viblton Cente
WHE Foundation Trust (Liverpoadl, UK) Patients with dewslopmental
dsowders, head impury, prychisiic history, shole o ghoma wes
excuded. Debiled background medical infosnation for each pafent
= summasized in Tabie 1. Al patients wes in the chonic phase
pust-surgery [months post-surgery: mean =35 {shnderd deviation =
199, min =8] a2nd had bng-siending eplepsy [2p= of dizgnosis
(yeask mean = 121 (sknderd devizfion = 1001, min = 4}]. There was
a mor-sgnificant trend for fhe left resedion for TLE o be Ewer
maonths postsugery #han the nght Jeft mean = 303 {skendard
deviation =188) wesus rght: mean= 4220 Glandasd  deviation =
208 H18) =143, P=017] Estimating fom the hsbpethobgy
smples, fhe volume of reseced temporal bbe tiue varied aonos
the msex [wolume of reecion (ot mean=319 {shnderd
deviation =242, max = 920} The patenk with Efft 2nd right esec-
tion for TLE had equialent wolume ressdion D=ft: mean = 28 9 on?
{standard deviation =20.7) verns night: mean = 353 on? {shendard
deviation =240% £18) < 1]. In the mapity of patients, analyss of
these samples evealed ghoss and neumnal bws o the hippoempal
region, conastent with 2 dizgnosis of mesial tempaoral sclensk . In fins
with the cument neumpsychobgicd erat all patient plained
of mpeired episodic memory, wosd-finding difficulfes and significent
lethargy 2t the end of the day. Mo patient reposed comprehenson
pmbiems, even when ashed direcly, 2nd the vast majority of patents
had returned io fulkH-time work or ofher oooupations.

Controls

The peformance of patients with ressciion for TLE on the neumpsy-
cobgal memment was mmpased with the published normadve
datz, whee availbe. For fhe remaining tesk and the fmed asmems-
ments, fher perf WS pard with 2 group of 16 contral
patidpant. Given fhat the pafienk valied comidenhly aoms the
came-peres i beens of age fmean = 360, min= 24, max = 55 year)
and eduction {age 2t leaving ful-tme sductionr mean =145,
min =16, max = 32 years], there is no sngle obviows contral group
to compare them agzinst and it would be logstially prohibifve to
calledt 2 mntol group for sach petient. Comequenfy, we opbed for
a oore ervative method of oympasing the patients with 2n dder group
of contral parbcpants e mean =578, min =62, max = 5 years;
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ape at leaving full-fme sducatinm mean = 16,4, min =10, max = 22
yeas) This choice wes mmervativs in fhe semee that we ould be
mnfident that 2ny mpaired or siowed pefosnance in fhe resechion
for TLE group wes dinially sgnifient {(hough it might educe e
semtinity to suble mpaiments—ie. 2 type | ood. As eporied
beliow, the latler potential problem did not aiee (2l patients wers
mildly impaired). In addition, for the timed synonym jud gement tet,
we @n compare fhe pafients 2nd obder onbrols with the data from
our pevious epeftve tensocenal magnetic stmulbtion expliorafions
(=g Pobric of 2., 2007), which uileed exacly fesame tasds. Ths is
imporiznt became we know that voabulary 2nd generall experience
incezees wih age, which might boost ssmantic performance. The
older mntok mesn dedgon tmes on this task wes 2x, wheress
the younger mpefitive tensoranial magnetic shmulaton  parbcpants
were sgnifi@nfy Bster in both the non-tramscenal magnetc stmu-
lzfion condiion {1.62s) and even afier anterior emporal bbe repeti-
tive framcranial magnetic smulafion {1.785), which had significantly
showed their dedsion times.

Assessment

The newapsychalngical battery was designed to 2mes varws apeds
of genemd mgnitive perfommance 25 well 25 semantic p ang. Both

M. A Lambon Ralph of al

§i} in s timsd foem, it = 2 semive ame=oment for deteding the
effects of Eft or nght latend antesor temporal lobe repetifve framors-
nial magnetc stmulation in neudogiclly ntct parfcpants Pobec
et al., 2007, 2009; Lamban Ralph =t al, 2009%; 2nd (i} when wsed in
funcional MA], it adivales varios regons within the anteror tem-
poed lobe g 1C 2nd Bnney =t 2., 2010). The mwechon for TLE 2nd
mntml parfidpants mmpleted the timed wemion of ths 2ssemment
Lpecifically, they were ashed o indicate their chaics, by way of button
s, 2x quiddy and acourately 23 possible. In omder to 2sses peneral
speed of preeming on @omplex fnon-semaniic) pdgements, we also
adminisiered fhe diffiouty-matched, number-decision task from owr
previne  repetifve  tonsoanial magnetc  stimulation  expbotions
{Pobic =f al_, X007} The format of this test i= the =me 2= the gmo-
nym jud gement task and patidpants ane asked to pck which of the
e adiemative, double-digt numbers = dosest in value o 2 probe
numiber.

As an zsemment of fmed onfontzfonal naming, we aso asked
fhe parficpants o complete 2 picture naming fest containing 64 black
and white pichures of sweryday obiscts and animals flambon Ralph
et al, 1998b) The pichuies were presented on 2 compuber somsen
sSmulzneowsly with 2 besp. The paricipant were 2sked to provide
fhe name of the pichure 2x quickly 2nd aoouraiely 25 posshle Their

e ded digitally. Ths econding was analysed offine

sSmplie 2nd more challenging s=mantic 2ssemments wene nduded {s==
‘Introduckion’ sschon). Most patients wes ahi= o ompletes the enfre
hattery within one or two 2-h testing sewions. In ferms of general
mgnitive festing, we nduded the word and fae substests from e
Camden Recognifion Memory Battery (Wamington, 1996}, forsasd
and eversed digitel spen, @py and immediate el of the Rey com-
plex figure (Osiemeth, 1944) and the Rawven's Colousd Pogressive
Matrioes {Raven, 1962).

Theee sdatively simple s=manfic tasies were induded to aliow 2 dirsd:
mmpasson with semantic dementiz. Two 2sseccments picture nzming:

in order o devive hoth the acoumcy and speed of naming. In past
studies, we have found that this method allows 1= o colled refizble
naming'eading times from patenk of 2l sewestes n 2 much more
nztural manner fhan fough the we of 2 voioe-key trigger beuse
parfcipants are able to wespond feedy.

Our final ass=mments of semantic procesing wilized spedficlend
mncepts o probe the integrity of finer semanfic definctiomns, wihich
iend o be vulheshls to ealy ssmanfic degradation n semandic de-
menfa §Warington, 1975; Adlam =t al, 2006, Specific-bvel mnoepls
from a vasety of different etepofes were ssected o emue that fhe

and spoken word-gichure matching with 10 within-caiegory chai
were dewn from the Cambrdge Semanfc Battery (Bozmat =t al,
00, We 2ko induded 2 nonverhel zeeement of ohjed
adion-fo-picuse matching in which the paricpant is 2sked to ssed
which of the fhee semanticlly rdaded fods & wsed with 2n ackon
demonstrated by the (Bezeat of al., 2002). Together, the
three zmemments mvered vesbal 2nd non-wedhal mmpeshemion 2
well 25 smple expeeve zhiity. All pafients with mild o severe se-
mantic dementia tend to perform beibw the normal rangs on fhes=
asecsments (Bozeat of al, 2000; Adlam o al., 2008). Six addifonal,
more sermitve semanfic sl wes ako ncduded. Confontatonal
naming was 2mesmed futher through the Graded Maming Test
(Warrington, 1997) and the Graded Faces Test (Thompson ef al,
00} both of which contain 30 psychometscaly graded idems pmbing:
the ahility to name k== famiiar general chipck or femous individuak .
We included this famows face assemment becanms & requires identsfi-
ction of spedficlevel conepts {specific Individuals) and beause Boe
recognition defidk are sometimes 2zodaied with nght temporad
pathalogy.

We also adminisiersd 2 96-bial synomym judgement test. This
three-abernative, forced-choice fesk nequires participants to match 2
probe item to one of fhess afemotives that ae pressnted smultan-
eousy in both weitien 2nd spoben forms Jefenes =f 2l 2008). The
test tials vary both fequency thigh wermes low) and mageshility
(high, medum, bw)} othogonally (with 16 tiak in exch condifion).
1t was 2 wseful zssesment to indude in the qment shdy for 2 varety
of ezsons: (i} i has proved to be 2 dinically semifve et for semantic
impairment aoee 2 vasiety of differsnt patent groups (efieres and
Lambaon Raph, 2004 Lambon Ralph of al, 2007, lefenis of al, 2009);
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jarity of | pariicpants were zhie to neme and remgnize exch
item. The picture namin g version of these tesk @ntains 22 bems (each
of which could be acowately named by =75% of the contral partic-

jpanis) and the d-pictur matching et contained 46 fials.

Results

The patienks’ performance on the general cognitive besfing & sum-
marized in Table 2. As woull be expected in resection for TLE, all
pberts demonsirated evidene of arterograde amnesda st beast
for verdal materals; 1920 patient ehibited shnormal word me-
ognifon whikt recognibon memary for unfamilisr faces was within
the normal mnge exeept for one paBent (Patient LL). The patients
erealy had good foreard and backward digh span (except for
PaBerts Dk, MF and BB in the forward digit span and Patients
MM, BB and PA in the backwards digt span). Smilardy the pa-
tents demonstrated good perlrmance on the Rey figure copy
{enccept for Patients MM, RC and LL) and the mmedaie recall
of the same figure (excepl for Patients DL and ME). All patients
exhibited excelert pedormane on the Raven’s Coloured
Progesive Matries

In lne with he expectation defived from the current Blesture,
the mection for TLE group's accumey on the thee @mpler se-
manfic txds (naming wosl-pichire mabching and object
activn-matching) wes generally good; sl patienk with right resec-
ton for TLE performed in the normal @nge on these thiee
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Table 2 Background neuropsychological data
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i sparc Backvea s 8 47 13 4 4 5 § 6 3 S5 3 2 5 4 6 3 3 4 4 4 T 3 3
Ry Tiguee oopy 3 @ N 3 3 I M4 34 33 35 35 30 IE M IS I B XF M I 33 36 M
Ry imamedate racal E 73 9 M4 19 517 W 18 17 7 12 A 15 M M 7 313 135 12 16 15
RIOPM | pne emillie) . . 55 55 50 5% 55 55 50 55 55 595 55 95 55 50 50 55 50 55 50 75
Semartic taks
Blarsing ] 23 51 6 &0 55 & & 5 &0 HMOE aa a8 a 8 &8 &8 & & &8l
‘WWoad-pidtune: matdhing L] g8 & Mo as 8 & 2 a8 #8838 @8 & 3256 @
Ot e o lon-mairHing 35 ! 1 33 B ¥ 30 B N N 30 13 34 32 18 33 D W I E MK HE XK
Graded Fares Ted 0 HE 131 1 15 1@ 7 4N 15 18 4 M X 128 B 15 17 14 19 5 186
Craded Maming Test 0 1 135 16 17 14 13 © 18 14 1 7 48 X 23 1% H 1F H 15 158 13 14
Sy jud gt S M4 S2F B B B4 B3 2 TE T4 M & 50 50 B B B O K OB M T TS
ROPM = Ravers Coloamed Progescve Mablce figumes in Bodd Gl baow S ool oui-oft.

e, Same wesknes wa demonstaied by a minodty of e
cates with left msection for TLE (Patient DL falled naming and
wosl-picture matching, Patient PW fiilked naming, Patierd MF
falled word-piclure makhing and Patent MM fikd al three
L)

In contrast, the more chalenging semantic tadks reveshed clear
evidence for sbnormalty acros all cases. First, on the more de-
manding naming s (Graded Naming Test, Graded Fames Test),
the patiens with lefl resectibn b TLE exhibited plobally sup-
presed acouracy with 709 sooring bebow the normal cd-off on
one or bath tests. Replicating past studies (e.g. patients with TLE
with uniateal temporal damage or beft > right asymmetric seman-
e dementia: Martin of af, 1998; Sedenberg of &f_, 1998; Lambaon
Ralph of al., 2001, 20108; Gloster &f al, 2003), there was bess
pronounced anamis in the rght resecBon cates (only Patient PA
fedl bedow the normal range). A 2 (face vesws object naming) x 2
(left veras right resecBon) ANOVA confirmed the overall gresber
degree of anomia n EBR versus dght cates [F1,18) =9.88,
P =000 but found no effed of materal type [R1,18 <1] o
interactin [F1,18) < 1].

The 96-fem synonym judgement lest revesled abnormal se-
marnkic poceming in all 20 patients. As can be sean in Tabe 1
and Fig. 2, all 20 cates fell below the contra cut-off for accuracy
on ths test. In addition, dediinn times for the comect trisk were
ako conddersbly and shnormally slowed: the patents’ mean de-
cidon time @615 wa over twice that of the obler controk
{1.994). The same patlern wa found at the indiidual kvel; al
extept thres patients’ correct deciSon times fell outsde the contral
range. Thid does nol appesr b reflect a generic effect o
non-speclic sbhwing; al 20 patenk performed within e
nofmal aceuracy @nge on the difficulty-makched number decibon
task and 17720 genersted number decibon times within the
nonmal (ober) control range.
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Ae noted in the “Inbroduction”, this asmesment wa inchuded in
part because it containg conditions with low fequency and more
ahstract words, which tend to be more sensitive to the presence of
semanbc impaiment (lefferies of al, 2009). Rgue 3 confirms this
pattern in the current resedion for TLE goup, in both acouracy
and dedsibn Bmes. In terms of acauracy (Fg. 3), the patients anly
mmatched the contra paticiparts performance on the esbes ibers
(high frequency, medium or high imageshiity femg). For the
loweer fequenty or least imageshle words, the patients” perform-
ance reduced (b 50%; per tial chanoe = 33%). A similar patiem
wizs dhserved i the decison Bmes for mrect trak, though even
on the emed condion (high frequency, high imageshifty) the
patients we e consdeably shwer than the dder mntiol. To con-
firm these patterns, the data wem emtemd into a 2 (paridpant:
patients wersus  conbrol) x 2 frequency) x 3 (magesbility)
ANOVA In fems of deciion Bmes (Rg. 3), the ANOVA ocon-
firmed & gpmifcant  Bree-way nkodien [FML58 =121,
P < 0.001]. Follow-up two-wey ANDOVA on each grous separstely
found that the contra group demorstrated a main effect of ima-
geshilily [F218)=862, P<000] bt not of frequency
[A19)=203, F=02] o an interacion [F2180=297,
P = 0.08], wheres: the paents exhibled condderable imageabiity
[F238)= 24 4, P < 0.001] and frequency effeck 1,19 =215,
P2 0.001] & well a3 an interadtinn FRIAB) =244, P <0001 A
wery @milar patiern was found for the acauracy data: them was a
@gnificant three-way interaction [group = frequency x imageakil-
ity: FR56) =124, P <0.001], which stemmed fram the contrad
patients exhititing an efled of imageskilly anly [F2, 10 =137,
P 0001 feqency H19)<1, inleradion FE,18)=186,
P=024), whit the paBents were influenced substantislly by
both factos [fequency F1,19) =308 P« 0U00; imageshiity
H238)=75.7, P < 0.00; interaction A2 38) =342, P <0.0011

Given that the paerts demonsirated considerably yet select-
el sbhwed semantic performance on the synonym but not

umsgydiy wag pepropua

) spm ey oy Sy w Shos

ir) 2y, “dmsgry

TI0T ‘0 Lamarn) uo sassapanyy po



M. A Lambon Ralph af al.

250 | Brain 2012 135 24-258

Doemdoaded from bt pr s n codbrdpoamal s ogg' o The Jobhn Ryl ands Ui

Libeary, The LU

of Manchesieron Janmary 30, 2012

(poads soy 05

T+ Uiel ponuod s0 ORN00R sy 05 I— LR s paem) souiuoped jpgued o LS punog sy spousp sauy pese g queaEiipnl Squnu snise wisowls peus o wasdieesy ¢ amifyy

ey wpr g usln gy

F|A|E = |E|3

LEEwed g EdeaLr)

-

H mu_1wM

| Jm g g -

auy iy FEEY [E N e ]

1| T|E|H|E|la|R 8 H

Juzpol sy

.n

3

¥

0

nxy

| r==

[
_- .
E

E

ey 3

B0 o e

o e g

i F B ilwE

ouzdpnl wiuenis

(RS SRR B o]

L e e gy

o}

ETELUE]
S[ELY 10 J0f praadg

W W W om oW oW W
L | e |
AN

182



E & & -
,

— A
z s
E -
Foe -
& o
5 0 {‘
o
E
LI
ol
"l
: (= [ High
g e
LR wcILL (L )
T T —
1= il Ty
=k ey
i
3 \\.\
5 9
H .
H “hy
E s Sy
-+
3 T '":ih__' i
3 —_— e
[
L | Lirciaen T
bty

Figure 3 Influence of frequency and imageshilly on synonym
jud gement performance. rTLE = mection for TLE.

number judgement s (mirroing e pattern found in neus-
logeally intad parBeipants after left or dght anbenior bermporal labe
repetitive Fansoranial magnetic simulation: Pobric of al, 2007;
Lambon Ralph of af, 2009), we revided standard confrontation
naming of baicdevel mneepl, nedead meaaring both accuracy
and naming times (he Smple naming test summadred in Table 2
used acuracy messutes slone). The results are shown in Fig. 4
{accuscy in upper panel, naming speed for commect briak in bower
paned). In terms of accusey, this test mphcated the eadier redulls
{and those found in the current Herature) of anomia in a minodty
of patients with resecBon for TILE (Patients SM, 55, MM and NA).
In contrast, ke the synomym judgement resulls, naming tires
wiere substantislly and shoormally shw overall (mean =254 in
comparson  with the ober contrd goup [mesn=1.1%
28 =413, P<000], and asbnormally dow naming times
were obsenved in all bar three individual patients (Patients RC,
HA and DA In berms of leterslly, the Graded Maming Test
and Geaded Faces Test ssewments had revesled grester anomia
in the kft than right patients with msection for TLE (see abowve).
This ptberm we repbested on this basedevel naming best in lerms
of reaction times Deft resedion for TLE mean = 2955 (standard
deviafon =120 veras rfght resection for TLE mean = 2064
(standard devistion= 0.&E); [18) =213, P =0.05].

The weskened wemante performance in paents with resection
for TLE was abo evident on the two (untimed) tests that tapped
spedfic-level concepts. Figure 5 shows that anly five indhiduals
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accuraty i naming speclic onepls fell into the normal contra
range (Pabients SM, DL, AW, RT and RO and, even on the re-
ceplive vertion of the tsk fwosd-—picture matehing), only half of
the patients fell into the normal range (Patients SM, AW, PW,
MEW, RT, RC, P, MD, SW and BB). In summary, therefos, the
semanbc performanee of patients with resedion for TLE only ap-
pears to be ‘normal’ if ekively essy tads, probing familar con-
cepls that we accumdy mesioes, are wed Ad soon as one of
these swmesiment dimensons & changed (leis Bmilar/imageshle
e, mare specific concepls and/for reaction fimes) then semante
impainment in the mafordy, i not al, ndividusl i revesled.

Finaly, we expgored the potenBal relstionship betwesn the
degree of semanbe impiment olserved (synonym jud gement,
speed of naming, Graded Faces Test and Graded Maming Tesf)
in each patient and the volume of resection (Table 1) The differ-
ent mesures of semantic performanee comeliied sgrificantly with
each other acros the patient cate-sedes (synonym jud gement and
naming speed r= -051, P=002 synomym udgement and
Graded Maming Test: r=077, P< 0001, Graded Faces Test
and Graded Maming Test: r= 050, P=002). i all patients were
inchided in #he anahyss, none of these tess cormbted with
volume msected (all P > 0.14). Them were, however, bwo patients
[Patients DK {left) and C5 {right}] who had very minimal reseched
wolurmes noted in their histopathobygy repods, which may have
skewed the data When these two patients wem exchuded from
the analyses, dgrificant coselafons were found with synonym
judgement accumey (p=0604, F=0004 oe-bikd), Goaded
Maming Test {p = 0606 P=0004 ane-tied) and naming spead
{p= =040, F =005 one-taild).

Discussion

The purpose of this shudy wes to provide one of the first sy sbem-
abic cme-sedes invesfigations of semantic protessng in patients
with resection for TLE. The shudy had both cinical and base eci-
ente molivabons. The conddersbl sccumulated database on the
stabs of semantic memorny n semantic dementia, hepes Smplex
wirus encephalitis and other paBent groups with bilateral anterior
tempoal lobe damage indicabes 2 pervaive mulimodsl semante
impainment (Boreat of al, 2000; Cooda of al, X008 Lurs of al,
2007, Premica-Worme af al, 2010, The ancuSon that the an-
terior temporal bobe & a cudal component for semantic memorny
hat been bokiered by confemporary base neumscience shidies
ulilizing magnetosncephalography, distortion-correcied functional
MR, PET o mpeftive bramcanisl magnetic  sBmulstion
(Vandenberghe el al, 1996 Marirkove of al, 2003; Shap
al al, 200d; Pabeic ef al, 2007, 20100; Birney of al, 2000;
Wiger af al, 20104 Viser and Lambon Ralph, 2011). Despite
the overlip in ksion bocation (g 1), patents with resection for
TLE generally do not complain of compehengion difficulties in the
clinic but tend to nobe their amnesia and anomia (particulady fol-
lowing left temporal lobe resectibn). These clinical obsenations
have bed some to conchude that patients with resedion for TLE
do not have & semante impairment (Hickok and Poeppel, 2004;
kho el &, 2008; Simmons and Martin, 2009). The reality, how-
ever, i that the current Herature ontain a paudly of information
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on the dahe of semantic processing in patients with TLE with or
without msection and the handful of studies that have paobed
semantic processing using a sightly more demanding assessment
{eg. specific @neplaindvidusk or Bme-Emited semantic ded-
Sors) have found indications that semantic memony may be dis-
rupled OAVEldn and Matawilch, 1978 Cloker af al, 2003;
Antorued el al, 2008). Indesd, three studies have sugpested
that the anomis in patients with resection for TLE may fself reflect
a semantc weaknes (Bell of af., 2001, Arntonucd ef af., 2008
Drvane &f al,, 2008), which would align directly with semantic de-
mentia where the patients’ profound anomia & deary Enked to
the underying depradation of conesptudl knowkdge [Lamben
Ralph &f al, 2001).

The cusent shudy provides a bridge between the onclibon

for TLE and the establshed pesiBon for the cucil mle of anterior
temporal bobe in semantic processing arkdng from investigations of
semantic dementa, herpes Smphex vius encephalis and contem-
porary newrostience studies. The pedormanee of the 20 patients
wiith resection for TLE directly mirros the current resection for TLE
Rerature ¥ we forus upon standasl neuropsychological wodk-up,
incduding smple cdinical mesures of semantic memany.
Speclically, the patients present with amnesia for vedbal maberisl,
anamia in some patients (espedaly the cases with kft resecBon
for TLE} but no obviows comprehension impairment, through
either dinical mports or formal tesfing. Lkewise, these resulls
by el nvestpation of patients with urilstersl anberior tem-
poral lobe damage of mived sstidogy—where naming impairment
B dbsewved following left anteror temporal lobe damage with

arzang from the mited Ferature on semantic memarny in resectipn minimal compehendon impaiment (Tanel 2009, Lambon
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Ralph af al, 2010&; Kemmeres of al, 2011). By trantlerdng in-
sights fom semantic dementia and e peflive transes rial magnetic
smulstion investgations, T & possble to derive mare Largeied
and sengfve smessments. This B achieved by mesturing either
speed of semantic prodesing on the more Smple e sments
{e.g probing betic-lvel familiar coneepls) or extending the ma-
teriak o inclide bes familiar, more specific of more sbatract con-
cepls. The resulls of these targeied semanfic smesments cleardy
demonstrate that semantic processing & sbnormal and nefficient
in patients with resection for TLE, atthough not to the same extent
as most patients with semantic dementia Eee below). 5pediically,
even on simple basic-level famiisr concepls, the patienk with
resection for TLE demonstrated resction times that wes around
twice that of much older nfrol paticipants—an obaevation that
replicates Willins and Moscoviteh's (1978) finding that semant
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impairment B moch mone apparent in Gre-irited ek As s
& & semantic asmessment inchides mos chalenging maberial
(more specific, mom shalract or bess familiar) then the patienk”
reaction times dow even further and accuracy beging bo decline—
indicating that future, more semsilive dincal sisesment of seman-
tie procesing in TLE fresection for TLE can be adhieved by includ-
ing these types of materisl (Antonued ef al., 2008) We should
nofe here that the dowed demantc procsisng in patients with
resechon for TLE appears to be specific to semantic cogrition
given that the vast maority performed within normal Brits on a
demanding number deciion btk In fad, the data from the re-
sedion for TLE group slign very dosely with the sekdive semante
procesgng resulls found in previous studies of repetitive transers-
nisl magnetic stimulaBon to kit o right antedor tempoal lobe
(Pabric ef al, 2007; Lambon Ralph af af, 2009
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One final, important result from the current shudy was that we
found a sgrificant relstionship between the valume of reected
trssue and resultant semante impsinment. Again this fits with the
expectations arking from the dinical and baie neursdence re-
ssamh on the contribution that the anfedor tempol lobe makes
to semante cognition, noted shove. [t abo repheates the smilar
findings from a recent shudy of patients with semantic impairment
fallowang temporsl lobe stroke (Tephini &f al, 2011) and the
relationship betwesn the degree of blakml anterior temporal
labe atrophy/hy pometabolem and semantic impainment obs erved
in semantic dementia (Galton of al, 2001; Mion e &l , 2010).

We should ako note that in this investigation we only studied
the patients with resecBon for TLE post-surgery. One previous
sudy of (non-msected) pabents with TLE, which used a semantic
smestment battery, found some mildl semanBe impairments
(Ghovagmoli of al, 2005), suggesting that semantic pedormance
may not be entirely normal even before msection. Given
long-danding epilepiy with resultant comnectivity and neuroten-
miter aleabon (Hammers el al, 2003; Powell & al, 2007), it
ciould be posible that some or all of the paBients’ semantic deficit
B present prior to resectibn becase e seimire-affected part of
the anterior tempaoral lobe fystem hat been unable o contdbute
to the development of normal, detailed semantic representations,
with the bulk of semantic memory being suppoded by the un-
affected remainder of the termporal lobes, bilsterally.  correct,
then the resectin Belf might not be the sole fador when con-
adering the nature of semantic processdng in patients with TLE
with and without redection. These hypotheses eould be tested in
future sudies by adapting the cument senstive semantic test bat-
tery in a axmparson of pre- versus poit-sungical patients with TILE.

We finish by conidering the imphcations of the present findings
for theories of the neural batis of semanBc memosy and, in par-
tieular, the role of the left and right anterior te mporal lobe. Given
the recent sumge of studies on the anterior bemporal lobe wilizing
clinical and neurcscence methods, we start with a beief Bt of the
key findings and then offer a unifying explinaBon for al these
results, nchuding those callected in the cument shudy:

1) One varbus methodobwgical BEsues are taken into account
(viser of af, 20108, functional neumimaging sudies of
newrologically intact partidpants find bilaleml parficulady
inferolsteral, anterior tempoal lobe achvativn for semantic
tads across different modallies and types of concept
(andenbeqghe of al, 1996 Marinkovic of al, 2003;
Sharp ef al, 2004; Roges of af, 2006 Bimney of al,
2010 Viser ef al, 2010s; Visser and Lambon Ralph, 201 1)

() Patients with bilsteo] anbedior temporal bbe pathology (=g
semantic dementi, herpes dmplex vins encephalitis, ele)
hawe an eady and clesr pan-modal semantic mpainment
leading to reduced amuracy on ey and hard semantic -
smgments unbes the patient are extremely mild Bomat
of ol 2000 Adam af al, 2006). Irespectve of devesty,
all patienk” performance & graded by fequencyfamiladly,
imageshifty and specificity (Warrngton, 1975 Lambon
Ralph af af, 1998s; Jefferies of &, 2009; Hoffran and
Lambon Ralph, 2011).
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(@) Pabents with urilstersl termposl damage, even thate with
andderabl letins, can perfanm within the nosmal accusacy
@mnge on standasml semantic battery amessments though
many will show mestureshle anomis, especaly after left
femporal bbe damage and ¥ probed with lower frequency
tems (Anbonued af al., 2008 Trans, 2009; Lambon Ralgh
ef al , 2010a; Kemmener of al, 20101; Tsaplini efal, 2011).

(W) Large-sesle voxel-based legon symplom mapping dudies of
sroke-relsted aphase patents have demonstaied that le-
ams inchiding the left superior, Laberal anterior temporal
Ibbe {centred on anterior superion temporal sulcus) are sEo-
daled with the producBon of semantic naming emors, and
that this correlstion pergsts even when performance on
challenging compehenGon et are partisly out [Schwarte
af al, 2009; Walker of al., 2011).

{v) PaBents with unilstersl resection for TLE can abo demon-
srate very good accuracy on sandasd semantic tads but, i
e maenments extend to more demanding concepls {dang
the same dimenson that sffect semantic dementa perfarm-
ance) or probe semantc procesing speed then impairments
beawme apparent (curent study; Antoruce ef al, 2008
Drane el al, 2008). In addiion, it should be noted that
the level of impaisment in patients with unilateral resecBon
for TLE only matches that observed in very mild semantic
dementia and i not avmparable with the degree of semantic
deficit olserved in most patients with semantic dementia

(v} Meusdogeally intsct parbicpants thow a vewy Smilsr, slbest
miler, patiem to the curent patients with unilsbersl resec-
Bon for TLE—namely, seledive yet mild pan-madal recepBve
and expressve semanfic procesgng impainm ents—afler left
a right anterie lemporal lobe mpeBlive bansanil map-
nefic stimulation (measred primarily in terms of dowed re-
acon tames: Pobeic ef al, 2007, 20104, b; Lambon Ralph
af al., 2009)

(v} Some pafents with unilaberal anferr Eemporal bobe resec-
Bon for bow-grade (e dow-growing) ghoma can perform
wedl an & full range of semanfic tasks, even thate asemed
wing resction times (Campanels ef al, 200% B ef &,
2011). In contmst, thete with high-grade (fst-growing) tu-
mours exhibit reduced semantic accumey (Campanedls of al.,
2005,

[vill} Viedal compehernbon in paBerds with unilatersl left tem-
poral bbe ks sfter sroke reflects nat anly the level of
Emaning anfedor mporal kbe adivation (Crinion el al.,
2003} and the volime of damage (Taaplani ef &/, 2011) but
ahio the inte grity of functional connectivily bebween k# and
dight anteriar temporal lobe (Wamen of af , 2009).

() There & at besst one sngle-case study of extensve unilaberal
femporal damage beading to significant mulmodal semantic
impairment, makching that cbierved in modeate semantic
dementia (Patient MP: Bub of &, 1988). Patient MP wes
nitially studied for her surface dysdeda and became a stand-
ard and highly cited e esie for computational modek
of reading. Her 'pure’ suface dyslesia was accompanied
by sgnificant verbal and non-verbal semantic impairment
w owell s anomia (Bub el al, 1988; Palterson and
Bebwrmann, 1997). Indeed, it & inkiguing thal Patient MP's
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set of impairments were Smilar to thase cbeerved in seman-
tic dementia (mulfimodal semanBc impairment, anomiia and
surface dydexi: Patberson and Hodges, 1992; Woollams
elal, 2007). Whiki her data provide an important example
for current consderation, the information needs bo be tres-
ted with some cauion in that (2) only CT scan was sval-
able; (b) her left temporal lobe damage extended to
subcortical and padetal regions (Bub el af, 1988
Patterson and Behrmann, 1997), and thus her semantic im-
pairment may have been exscerbated by additional impair-
ments of emporopanetsl semanbe contrd mechanisms (a2
observed in semantic aphadis: Head, 1926; Jefferies and
Lambon Ralph, 2006); and (c) the damage was ansequent
on head njusy and haematoma, which may have generated
damage to ather regions including the right temporal lobe.

Our warking hypothess and potenBal unifying explanation for
thit @ange of findings & informed by four computational models.
First, the ‘hubrand-spoke’ model of semantic repretentation -
sumes that mnepls are formed from the interaction of various
modality-specific sources of infosmation with an anterior temporal
lobe temmaodal representational hub (Roges ef al., 2004). This
representational hub alows the vamus soures of specific infor-
mabon o be ditiled inbo coherent concepls Patterson ef &l
JKT; Lambon Ralgh of al, 2010b). The Rogers of al. (2004
midel wet able to demonstrate how this famework functions
and, when the anterior tempoal lobe hub i impaied, how fhe
model ean reproduce the pan-modal semanbe impaisment
obierved in semante dementia Like previous model of semantic
processng (Farah and MecClelland, 1991), the hub-and-spoke
framework exhibiled ‘gaefu’ degadstion (2 non-near relstion-
ship between amount of damage and msullant semantic Fmpair-
ment, such that low Evels of damage generate minimal decline in
amuracy on semantic tadk) and ils performance under damage
was modulated by inbiinsic charackersfics such as frequency and
spedficly (because the int Iy weaker reg tativng for bow
frequency and specific knowledge are bes robust to e effect of
darma gl

Secondly, the ‘no rght to spesk’ model was, perhaps, one of
the fist to smsume sl e semanbe representsdinal hub might
be functionally unitary yet underginned by the anterior bemporal
lobe bikiemly (Lambon Ralph el al, 2001). In addiion, this
model ssumed that comectivity to lefi-laterslimd speech produc-
tion systems B stronger from the left anterior temporal lobe than
from the right. Consequently, the degree of anomia for any level
of semantic damage was much geater folbwing left rather than
right anterior fmporal lobe damage. 1f one coneives of & hybrid
of thete two models, T & skaghtiorsard to imagine that a dusl
anterior bemporal libe hub would result in some representational
redundancy between left and right components of the hub (A. C.
Schapito el 2, mansaipt under mvigon). As a mal, he effects
of urilstersl damage might be partislly compensated for by the
intact contralateml repredentaional syshem, wheneas bilsberal
damage might degrade both repesentstionsl systems o that -
mantic impainment B inescapable.

The importance of annedivity patterms has been further under-
Bned by a recent newoanatomically consteined compuistionsl

Brain 2012: 135; M42-758 | 255

model of normal and aphasic language performance Ueno
el al, 2011). Whist stsining the imsights from varsow computs-
tional framewodks of language, Ueno af al. (2011) abo incorpo-
rated neuroanakmical information to the models anchitechire
sch that it conformed o the malemporary newoscens: data
in favour of dusl language pathways Paker of af, 2005;
Hickok and Poeppel, 2007; Saur of &l , 2008 Rawchecker and
Seott, 2009). The model therelore, provides a formal method
for exploring e Enk between behaviour and newoansbomy —
Boensing the smulstion of aphasc dats, voxekhased beion symp-
tom mappng resulls and functivnal neurdimaging data. Indeed,
the vooel-bated betion sympbom mapping dats sssodating seman-
tic naming erors with beions exdending to anberior sup tesm-
poal sk noled shove (Schwarke of al, 2000, Walker of al,
2011) were formally simulsted in this model.

The fourth and final obtervation fom computationsl maodeling
B the demonstration that e time courie of damage modulsbes
the level of resultant impairment §eidel of &l , 2010). Bated on
impartant dinical studies of bow- and high-graded ghoma (Thial
af &, 2001, 2006; Duffau ef &, 2003), Keide o &f. (2010
investigated the behaviour of 8 model in which aming procesded
amultanecwdy with Smulsted damage that incresed either dowly
(s in bow-geade ghoma) or rapidly (= in high-gade glioma). Wit
dowly inmeating damage, te model compensated better for the
redudion in overall @emputafional resources. In antes, when the
same level of damage was appled mudh maore rapidly (ke high-
grade ghoma) or instantaneoudy (ke skoke or other acute newro-
logeal inddent) then, even with podt-damage recovery/leaming,
the model was only sble to compendste parially and never
re-attained the level of performanee found in e low-grade
ghioma smulstions.

With these observaBons in mind, the bilbieral hub-and-spoke
semante framewark might acoount for the dinical and neusc-
ence findings Ebed above in the folbwing manner. Under normal
dirqumstances both antedor temporsl bbe hubs work colabora-
tively to suppordt pan-modal semanfe prodesing and thus both
regions are adivated by neuslogically intact partiripants in fune-
tional newoimagng studies. Mild levek of unilstersl damager
interlemnce (tameranial magnetic stimulstion) reduce the overall
level of computational effidency and thus resction times for se-
mantic tasks become dowed. Padisl mdundancy in the repeesen-
tational srudure coded in left and right hubs mesns that the
effects of unilstersl damage can be compensaied, in part, by
the normal inleracBon with the @ntmbiersl hub.  damage &
bilsteral or if the connedivily between the = gons has aho been
compromissed by brain damage, then no sudh compensaion can
oowr and much more dramabe imparments are observed. |t
seerms unliely that Rt and right anterior temposl lobe represen-
tations are completely redundant given that, with sufficient uni-
latersl damage, accuracy on infringcally more demanding concepts
(ow frequency, sbilract, specific leveld becomes impained. These
pattens are found if the damage fMeural intedesnce & nsdantan-
eous of relfvely fast. In contrast, if the damage & much more
gradual in form (eg. bow-grade ghoma), then plesticity -relsbed,
small Rerative adjustments in the remaining bilstesl system can
maintain ‘nosmal’ performance and reseclon of the infillrated
region generates no behavioural impainment.
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Finally, we nots that the comitent, sous-ssbobypry finding that
left temporal damage generstes much greater bevek of anomia
than right temporal lesons, folbws for the same resomn as
those noted in the orgind mmputstional simulstions (Lambon
Ralph af &l , 2001). Given the grester eonnectivily from the left
than the rght anterior temporal lobe to left-laemized speech
production systers, naming ability (unike other semanBe tadks)
i much more refiant upon the inbe ity of the left antesor tem-
poral bobe. Thes even small levels of unilstersl damage generate
soime degree of anomia. Because the anomia stems from damage
to ke semantic system, such patients are either unable to gener-
ate wtfident semantic input i drve suceesshul speech production
(hus generasting omission or dreumlocution enmos), or they make
semantically relsted naming errors (Anlonucd ef al, 2008
Lamibon Ralph af al, 20104). The fact that these patienk often
pesent & desgesl anomics fe. can provide good infosmation
abiut unnamed Bemd) unleis thoroughly tested with sendfve
comprehension tests (Antonucd of al, 2008) may follow, in
part, from the interactive support within the dual anterior bem-
poral bobe hub: Labersl support from the intact right anterior tem-
poral bobe hub may improve the qualty of the activated semantic
repmsentation owerall (thus erhancing performance on semantic
tads or geremfing betber, partial droumiscuBions) but with itk
improvement in naming performance becase it B primarnly the
(damaged) Eft antedor tempoal bobe semantic region that can
imervale speech producBon. These computstinal insights abo
povide an explanation for the msodafon between sphasic se-
mantic naming emors and kbons in the ki anberor superior bem-
poral subous (Schwartz ef al, 2009, Walker af al, 2011) and,
when comnsfrained by neurcanaibmical information, eomputs Bonal
miodels are shle b repoduce these important voxel- besed letinn

symplom mapping resuls Uene 2l al, 2011).
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Epilepsy Research provides for publication of high quality articles in both experimental and dinical
epilepsy ressarch, with a special emphasis on translational research that ultimately relates to
epilepsy as a human condition. The joumnal is intended to provide a forum for reporting the best
and most rigorous epilepsy research from all disciplines ranging from biophysics and molecular
biology to epidemiological and psychosocial research. As such the journal will publish original
papers relevant to epilepsy from any scientific discipline and also studies of a multidisciplinary
nature. Clinical and experimental research papers adopting fresh conceptual approaches to the study
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Benefits to authors
We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
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Please see our Guide for Authors for information on article submission. If you require any further
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GUIDE FOR AUTHORS

The journal will publish full-length original artides, full-length feature reviews or mini-reviews and
short communications. In general, it the policy of Epilepsy Resesarch to not publish case reports. Our
focus is on the publication of hypothesis driven empirical quantitative research data. Letters to the
Editor will be published at the Editors discration.

Every effort will be made to notify authors about acceptance or rejection within 4 to 6 weeks.
Categories of manuscripts include:

1) Full-length Papers: giving findings of original basic or clinical research in any area of epilepsy within
the scope of the journal.

2) Short Communications: 1,500 words plus noe more than 3 figures or tables in total 20 references.

3) Review Articles: on specialised topics within the scope of the journal. Prospective authors should
contact the Editor-in-Chief or one of the Associate Editors beforehand.

Language (usage and editing servicas)
Please see the section below for full details here.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http:/fwnw. elsevier.com/publishingethics and http:/ fwww.elsevier.com/fjournal-authors/ethics.

If the work involves the wse of animal or human subjects, the author sheould ensure
that the work descoibed has been carried out in accordance with The Cede of Ethics of
the World Medical Asscciation (Declaration of Helsinki) for experiments invelving humans
hitp://www.wma.net/en/30publications/ 10policies/b3/index.html; BU Directive 2010/63/EU for
animal experiments http:/{ec.europa.eu/environment/chemicalsflab_animals/legislation_en.htm;
Uniform Requirements for manuscripts submitted to Biomedical jourmals http://www.icmje.org.
Authors should incdude a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimoeny, patent applications/
registrations, and grants or other funding. See also hitp://www.elsevierncom/conflictsofinterest.
Further information and an example of a Conflit of Interest form can be found at:
http://help.elseviern.com/app/answers/ detail/a_id/236/p/7323.

Submission of an article implies that the work described has not been published previcusly (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see hitp://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remowve an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, remaoval or rearrangement. In the case of addition or removal of authors,
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this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

Aftar the accepted manuscript is published in an enline issue: Any requests to add, delete, or rearrange
author names in an article published in an online issus will follow the same policies as noted above
and result in a corrigendum.

This journal is part of our Artide Transfer Service. This means that if the Editor feels your
article is more suitable in one of our other participating journals, then you may be asked to
consider transferring the article to one of those. If you agree, your artide will be transferred
automatically on your behalf with no need to reformat. More information about this can be found
here: http://vwww.elsevier.com/authors/article-transfer-service.

This journal offers authors a choice in publishing their research: Open access and Subscription.

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement’ (for
more information on this and copyright, see hittp://www.elseviencom/copyright). An e-mail will be
sent to the corresponding author confirming receipt of the manuscript together with a "Journal
Publishing Agreement’ form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles incdluding abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
{please consult http: //www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author{s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://wwnw. elsevier.com/ permissions.

For open access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement’ (for more information see hittp://www.elsevier.com/OAauthoragreement). Permitted
reuse of open access articles is determined by the author's choice of user license (see
http://wwnw. elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information on
author rights for:

Subscription articles please see
http:/ /v, elsevier.com/journal-authors/author-rights-and-responsibilities.

Open access articles please see http://www.elseviencom/OAauthoragreement.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design: in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Elsavier has established agreements and developed policies to allow authors whose articles appear in
jourmnals published by Elsevier, to comply with potential manusoript archiving requirements as spedfied
as conditions of their grant awards. To leam more about existing agreements and policies please visit
http://www. elsevierncom/ fundingbodies.

This journal offers authors a choice in publishing their research:

Open access
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+ Articles are freely available to both subscribers and the wider public with permitted reuse

# A open access publication fee is payable by authors or their research funder

Subscription

# Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http: //www.elseviencom/access)

s No open access publication fee

All articles published open access will be immediately and permanently free for everyone to read
and download. Permitted reuse is defined by your choice of one of the following Creative Commons
user licenses:

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts and
other revised versions, adaptations or derivative works of or from an article (such as a translation),
to include in a collective work [such as an anthology), to text and data mine the article, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, do
not modify the article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective work
(such as an anthology), as long as they credit the author(s) and provided they do not alter or modify
the article.

Elsevier has established agreements with funding bodies, http:/{www.elseviercom/fundingbodies.
This ensures authors can comply with funding body open access requirements, including specific user
licenses, such as CC BY. Some authors may also be reimbursed for associated publication fees. If
you need to comply with your funding body policy, you can apply for the CC BY license after your
manuscript is accepted for publication.

To provide open access, this journal has a publication fee which needs to be met by the authors or
their research funders for each article published open access.

Your publication choice will have no effect on the peer review process or acceptance of submitted
articles.

The open access publication fee for this journal is $2500, excluding taxes. Learn more about Elsevier's
pricing policy: http://vwww.elseviercom/openaccesspricing.

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling emors and to conform to comrect sdentific
English may wish to use the English Language Editing service available from Elsevier's
WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http:/fsupport.elsevierncom) for more information.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Please submit your article via http://ees.elseviencom/epires
PREPARATION

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words, However, do use bold face, italics, subscripts,
superscripts etc, When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
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The electronic text should be prepared in a way wery similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork,

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and "grammar-check'
functions of your word processor

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...}, 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsaction may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should ba described.

Results

Results should be clear and concise.

Di .

This should explore the significance of the results of the work, not repeat them. A combined Results

and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion saction.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulaes and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

# Title. Concise and informative. Titles are often uwsed in information-retrieval systems. Avoid
abbreviations and formulae where possible.

s Author names and affiliations. Where the family name may be ambiguous (e.g., a double nams),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of referesing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

* Present)/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address’ (or 'Permanent address’) may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the prindpal results and major conclusions. An abstract is often presented separately from
the artide, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then dte the auther(s) and year{s). Also, non-standard or uncommen abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.
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A Graphical abstract is optional and should summarize the contents of the article in a condse, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images
that clearly represent the work described in the article. Graphical abstracts should be submitted as a
saparate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h ® w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular sareen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http ://www.elseviercom/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustration Service.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
systemn. Please wse 'Highlights® in the file name and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Immediately after the abstract, provide a maximum of & keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and’, "of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unawvoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Caollate acknowledgements in a separate section at the end of the artide before the references and do
not, therefore, include them on the tile page, as a footnote to the tide or otherwise. List here those
individuals who provided help during the research ([e.g., providing language help, writing assistance
or proof reading the article, etc.).

Follow internationally accepted rules and conventions: use the intemational system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Present simple formulae in the line of normal text where possible and use the solidus (/) instead of
a horizontzal line for small fractional terms, e.g.. %/Y. In principle, variables are to be presented in
italics. Powers of & are often more convenienty denoted by exp. Number consecutively any equations
that have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the artide. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a supersaript lowercase letter.

Elactronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

» Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times Mew Roman, Symbal, or
use fonts that look similar

# Number the illustrations according to their sequence in the text.

Use a logical naming convention for your artwork files.

Provide captions to illustrations separately.

Size the illustrations close to the desired dimensions of the printed version.

Submit each illustration as a separate file.
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A detailed guide on electronic artwork is available on our website:

http://vwww.elsevier.comy artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please "Sawe as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 200 dpi.

TIFF {or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF {or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these bypically have a
low number of pixels and limited set of colors;

* Supply files that are too low in resolution;
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Abstract

This paper presents an account of the valuable experiences gained throughout
the process of completing a piece of research for the Doctorate in Clinical
Psychology. The first paper within this thesis is a systematic review of studies
investigating semantic memory (SM) problems in post-resection temporal lobe
epilepsy patients. The second paper reports an empirical investigation into SM
problems in this client group using standardised and self-report measures.
Valuable learning experiences are highlighted in this paper. An exploration of

process and reflective issues will also be offered throughout.
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1.0 Introduction

In this thesis three papers are presented. Paper 1 summarises the
systematic search for, and review of, studies examining the effects of surgical
intervention for semantic memory (SM) in adults with temporal lobe epilepsy
(TLE). Paper 2 provides an empirical report of an investigation into SM impairment
using standardised neuropsychological (objective) and self-report (subjective)
measures. This final paper offers a first-person reflective account of the process
of completing this thesis and of writing the literature review and research report

papers.

1.1. The development of my interests in neuropsychology

| have always been interested in the interplay between brain and behaviour
and psychology as a means of understanding. Whilst studying for a degree in
psychology, my introduction to the discipline of cognitive neuroscience, which aims
to understand how “brain function gives rise to mental activity” (Kosslyn & Shinn.,
1992, p.146), was instrumental. During this period | volunteered in a stroke
rehabilitation ward with a dedicated clinical neuropsychologist. During my
experience as a volunteer, | learnt about the significance of clinical
neuropsychology in relation to its aims of assessment and rehabilitation of people
with altered function as a result of brain injury and illness trauma. | realised how
brain injury infiltrates thorough to behaviour and emotion, and the impact of this on
individuals and their families. | have since gained experience working in a
research capacity with some very prominent and passionate people in the area

who have encouraged my journey.

As a trainee clinical psychologist, | have worked with various clients with a
range of neurological presentations and associated deficits that can be highly
debilitating and distressing. These experiences have fostered my interest in how

psychological knowledge can be drawn on to assess and rehabilitate people.
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2.0. Selecting a research project

The process of selecting a research topic for the doctorate thesis (DClinPsy)
is never straightforward. For me, this journey began with a research project in
bipolar disorder and validating a psycho-educational tool. | will share my
experience of NHS ethical committees and the research and development process
before my third year at which point this thesis became no longer feasible for

various reasons and as a result my research path changed.

2.1. Developing as a researcher

Initially I met with a project supervisor who was teaching on the DClinPsy. |
agreed to commence a project that would require recruitment of individuals with
bipolar disorder in order to validate an interview tool. | felt that conducting such a
study would clinically benefit clients by providing psycho-education and
consequently raising awareness regarding their disorder. University peer review
approval was obtained and an application for NHS ethical approval was submitted
online, via the National Research Ethics Service (NRES). | was invited to an ethics
panel review meeting to answer questions about the research, which led to
suggestions being made and approval being granted (Appendix 3a). Further to
this, | submitted my project to the local NHS Trust for Research and Development
(R & D) approval. On reflection, | did not anticipate this stage of the process
requiring the length of time which ensued. The unpredictability generated a sense
of ‘feeling out of control’ as a student. An update meeting was arranged with my
clinical supervisor, at which | was advised that the project was no longer feasible,
due to time commitments. Perturbed by the whole situation, | contacted the
DCIlinPsy department and shared my concerns. Following this, | arranged a
meeting with my research colleagues in Manchester with whom | had worked as a
researcher prior to my clinical doctorate; this led to a discussion regarding data
that was already available for analysis. | then embarked on a thesis attached to my

original interest in neuropsychology.

Thinking through the available options, | realised that working with existing
data had a number of benefits at this stage. Not having to collect data would have
pragmatic advantages, given the short-time scale that was ahead. Specifically, |
thought about my contribution to the dataset that | was planning to utilise. My
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contribution in my research role had been from study design to grant application,
all the way through to data collection, analysis and write up, subsequent to which |
commenced the clinical doctorate. The data represented the field of
neuropsychology with a population of epilepsy surgery patients. This research
would provide a learning opportunity on working with data representing a unique

clinical group.

2.2. Developing the research idea

My situation dictated my thesis options and my research idea was a by-
product of my predicament. | had been instrumental in the conception of the
research idea in a conversation with my then supervisor, however this was prior to
commencing the DCIinPsy. In a way this assisted me to rationalise working with an
existing data set, which was an option that | had not previously considered.

| was curious about the broader research programme at The University of
Manchester which was assessing language and memory, specifically SM, across
patient groups. | had seen a variety of clinical presentations in my role which
involved assessing cognition using standardised and novel neuropsychological
test batteries. On reflection, my clinical intuition at the time highlighted that
patients often reported different impairments to those highlighted on standardised
tests. For example, patients may report that they found certain items difficult or
disagreed with results of neuropsychological tests. A conversation at the time with
my research colleague at Manchester University led to a question around self-
report versus standardised assessment in SM. At the time, these conversations
had led to developing a self-report questionnaire measure of SM, which was used
alongside the standardised neuropsychological test battery (subjective versus
objective measures). During my doctorate, | reflected on this experience and
discussed this with my academic supervisor and research director on the
DCIlinPsy. This led to my decision to work with existing data comparing SM via
questionnaire (subjective) and neuropsychological test (objective) data, in

individuals who have undergone unilateral temporal lobe epilepsy (TLE) resection.
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3.0. The choice of a literature review topic

Following consultation with my academic course supervisor, | realised that it
would be necessary to find out more about SM in TLE surgery patients. | was
aware of the course requirements of producing work of a publishable standard. My
supervisor suggested that | carry out a systematic review, a process that would
pose many learning opportunities and challenges. Firstly | familiarised myself with
this area of research and the process of systematic review. | had some prior
experience which was enhanced by using training available at the library and
within the NHS. | found no literature reviews on SM post resection in TLE. |

realised this would be a good opportunity to fill this gap.

Initially having a broad research focus provided me with information which
was vital for me to understand TLE. What was striking was the disparity in
measurement of aspects of SM (through expressive and receptive language
measures). A broad scooping exercise enabled a more focused review by allowing
me to reflect on my reading and my experience of the field. A key piece of
research formed an integral part of the research report (Lambon Ralph, Ehsan,
Baker & Rogers, 2012); this paper uses the same dataset that my thesis later
utilised. | was aware that as | am a co-author with my previous supervisor on this
paper; this would mean reviewing my own paper as part of the review process. |
pondered on some of the challenges this may present, and not having previous
experience of this, accepted that this was an important learning point. | discussed
this with my current academic supervisor who was encouraging and was

instrumental in assisting me to be objective in my review.

3.1. Literature review critique

The literature review was not without challenges; because | already had my
data available, | had made some assumptions regarding the research area.
However, | felt that this assisted me to take a more methodical and meticulous
approach with assistance from my supervisor. One of the key strengths of the
literature review was that it was conducted in accordance with guidelines for

systematic reviews, making it replicable (Cochrane Collaboration, 2011). This
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helped to focus my thinking around defining the review question and also
developing criteria for the inclusion of studies. On reflection, in order to shift my
thinking from a mental health project and to embrace the new study question, |
searched multiple resources such as published and unpublished work. This both
assisted me to adjust to my thesis topic and formed a crucial step in the review

process.

A limitation of the review and perhaps inevitable in research is the variation
in study designs brought together. | was disappointed by this; however | knew that
| was limited by the findings of the review.

4.0. Critical appraisal of empirical research study
4.1. Design

The design of the original study was a case series design, described as an
observational study reporting on data from a select group, without a comparison
population (Gordis, 2004). This was a key strength of this dataset as it enabled a
select group, with characteristics of interest, undergoing a novel treatment, to be
followed up. A key advantage of a case series design is that it is thought to be a
feasible design requiring fewer resources than, for example, randomised

controlled trials (Bhandari & Joensson, 2009).

4.2. Interview questionnaire

Working with a data set meant that | was required to find out more about the
measures utilised in the original study. | decided to find out more about people
with epilepsy; fortunately, | was on placement in a neuropsychology department. |
learnt that a key challenge for neuropsychologists working with individuals with
epilepsy is the measurement of cognitive functioning. My clinical experience has
demonstrated that there can be fluctuations in function caused by seizure
experience, however even healthy people can also have a certain number of low
scores when large test batteries are used. The questionnaire from which |
retrieved data, was semi structured, including open ended questions with a rating
scale. Developing a questionnaire requires conceptualisation of the construct to be

measured, and test validity is often a challenge faced when developing novel
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measures. Self-report can be seen as a measure of what the person wishes the
researcher to know, and this can be influenced by many factors. Construct validity
via self-report of a ‘real’ variable such as SM is not well established and poses a
challenge.

4.3. Procedure

Even though | worked with an existing dataset, | was aware from the original
data collection that the study procedure placed significant demands on the
participants and the researcher. The test battery which subsequently resulted in
the first published paper (Lambon Ralph, Ehsan, Baker & Rogers, 2012) required
testing durations of up to four hours over two sessions, and fatigue may have

impacted on individual performance levels.

4.4. Sample

On reflection, a group of resected TLE patients are a unique population, as
surgery is only appropriate for individuals for whom drugs have failed and/or
whose seizures originate from a localised area of the brain (amounting to
approximately 3% of those who develop epilepsy) (All Party Parliamentary Group
on Epilepsy, 2007). This presents its own challenges for this research, as
obtaining a larger sample size would require a multi-centre study on a national
level which would have larger costs. However, the current study was under-

powered and this was reflected in the findings.

4.5. Analysis

The data analysis chosen for this research was correlational analysis, which
was appropriate given the research question (David Clark-Carter, 2010). The
research aim was to explore whether self-report (subjective) SM problems of post-
surgery TLE patients are associated with their performance on neuropsychological
test (objective) performance. The questionnaire data was also analysed using
content analysis in order to compare right and left surgery, and also explore any

other themes important to participants in their post-surgery adjustment.
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5.0. Reflections on working with existing data

Although there were advantages of working with existing data for my clinical
thesis, it was difficult to reacquaint myself with data that | had previously collected.
The process of research can be viewed as a journey in which one is immersed
from start to finish, and any gaps in this process can cause a feeling of
detachment. This was difficult and frustrating at times as | was required to spend
significant lengths of time reviewing and re-reviewing my data. Supervision was
beneficial in understanding and exploring my own skills and self-belief in this

process.

6.0. Research implications and applications

The findings of this piece of research have implications for the clinical
practice of clinical psychologists working with epilepsy patients. The literature
review also has research implications, as it has highlighted an area of insufficient
research and perhaps a discrepancy in the ways in which patients are clinically
assessed for SM. One ethical implication to arise from this piece of work is that
using tests which are widely available yet not sensitive may not allow clinicians to
fully inform patients of cognitive risks pre-surgery. My understanding of this study
is that, firstly, various neuropsychological tests are available and used clinically,
and it is important that these are validated and standardised. However, it is equally
important for tests to have strong ecological validity. Self-report measures of
memory are less utilised, which is perhaps due to availability. Secondly, problems
outside of the focus of memory are very much present post-surgery, including
mood and adjustment issues which would also impact on memory. Naming tests
appear to provide a good measure of SM and there are a number of published
tests available, including the Graded Naming Test (GNT) (Warrington, 1980) and
the Boston Naming Test (BNT) (Kaplan, Goodglass & Weintraub, 1983). However,
it was The 64 Naming Test from The Cambridge Semantic Battery (Bozeat et al.,

2000) that provided most relevance to self-reported problems. The BNT and GNT
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are tests that have been used over many years, and my clinical reflection would be
that they are perhaps used out of practice and other suitable measures are not
available. Perhaps the 64 Naming test is less clinically utilised as it belongs to a
larger battery of tests and has yet to make the transition into clinical practice.

6.1. Reflection on working with epilepsy and personal impact

This piece of research has provided me with many unique learning
opportunities. The most significant of these has been learning about a condition
that holds an enormous amount of stigma, even in the 21% century. Reflecting on
my clinical experience in epilepsy services, patients are not referred for stigma and
coping with epilepsy, but for treatment assessment i.e. surgery. My research led
me to reflect upon the reasons why stigma may still surround epilepsy. One
possibility is that society responds with fear to what may be perceived as loss of

control.

6.2. Self-reflection and conclusions

On reflection | have struggled somewhat to meet the challenges of
completing time limited research. | have always had an organised proactive
approach towards my work, however due to the change in thesis topic | found it
difficult to re-gain my momentum. My ability to cope was also reduced by the fact
that | was no longer part of my cohort, who provided a vital support system during
training. | acknowledge the value of having supervisors to guide you when
completing research. The clinical psychologist’s role is one of scientist practitioner,
which requires a host of attributes including dedication, motivation and resources.
My thesis has allowed me to consider whether a balance between research and
clinical practice would be possible, which is something | would endeavour to
achieve once qualified. As a result of my learning throughout this thesis, my
interest in epilepsy has continued to grow, and | am fortunate to work with this
client group clinically. | feel motivated to further consider measures with ecological
and cultural validity within this population, and ways in which to improve my clinical
practice and develop the service within which | am employed.
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approval is required. You must submit a request for a clinical trial authorisation under the
Medicines for Human Use (Clinical Trials) Regulations 2004. Further details can be found at
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http://www.mhra.gov.uk/home/groups/I-unitl/documents/websiteresources/con2022633.pdf

If you have any queries, please do not hesitate to contact Nicola Leighton on 01782
733306. Yours sincerely

Professor Shaughn O’Brien % .

Chair — Independent Peer Review ( y I

Committee CC R&D Office, ‘

Combined Healthcare

Chair

NHS Research Ethics Committee
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http://www.mhra.gov.uk/home/groups/l-unit1/documents/websiteresources/con2022633.pdf

Dear Sir/Madam

Investigator : Sheeba Ehsan

Name of study : lliness related knowledge amongst bipolar affective disorder (BAD)
patients; validation of an assessment tool

Please find attached the peer review of the above
project.

The project was initially awarded a grade 2 (minor revisions were required. Clarification and
more information was requested regarding:-

1. Why the impact of psycho-education on care-givers was not considered?
2. Why are measures of self-efficacy not included?

3. Analysis for phase 1

4. And a copy of BAD was requested

The Independent Peer Review Committee are satisfied that the issues raised have been
answered and that the project can now be awarded a grade 1 and therefore can proceed
for ethical review without any revision.

We have informed the applicant that although this project has been deemed appropriate
based on scientific merit, they wish to incorporate the reviewer's constructive comments to
strengthen their protocol.

We have also stressed to the applicant that the Independent Peer Review Committee is NOT

linked to or a Sub-Committee of the Local Research Ethics Committee and that you may
identify ethical issues of your own.

Yours sincerely

Professor Shaughn O’Brien
Chair - Independent Peer Review Committee

Enc

CC R&D Office Combined Health Care
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PEER REVIEWER’S PROFORMA

Research Project Details

Project title lliness related knowledge amongst bipolar affective

disorder (BAD) patients; validation of an assessment

Name of principal investigator Sheeba Ehsan
Institution of principal Student

The important or relevance of the problem to be

addressed in relation to either or both of:

5. The particular field of research as a whole

BAD causes a lot of psychological distress to service-users
and carer givers/family members, and so developing an
educational tool with the potential to alleviate some of this
distress is an important research area.

6. The value of this research for health or social care
Increasing understanding of the condition amongst service-
users and family member/care- givers will provide a stronger
therapeutic environment where service-users are more
compliant with treatment, and caregivers will have greater
understanding of the needs and plight of the service-users.

The quality and relevance of the background
information provided

The literature review is thorough, detailed, knowledgeable,
relevant and well written. The context for the proposed study is
set by description of a pilot (incidentally, conducted by the
supervisor) where validity of the Bipolar Affective Disorder
Interview [BADI] was assessed in 1 assistant psychologist and
3 service-users.
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The design and methods are appropriate to the aim of evaluating the clinical utility of the
Bipolar Affective Disorder Interview [BADI].

The study is divided into 2 phases:

Phase 1 - content validity of the assessment tool performed using an expert panel
consisting of 5 experts, phase 2 - administration of the BADI to 34 service-users pre
and post an educational package.

Analysis

Phase 1 - qualitative feedback and

ratings. Phase 2 - repeated measures

t-test

However, | have a number of queries which 1I’m sure the applicant can easily address.

It appears that the impact of psychoeducation on carer-givers is not being assessed.
Please explain why.

Other measures of self-efficacy etc are not included. Please explain
why. A copy of BADI was not included in paperwork. Please
provide.

Details of specifics of analyses for phase 1 qualitative feedback and ratings omitted.
Please specify.

If the research presents ethical concerns, does the plan of investigation/scientific

background address these concerns?
NB - The final decision about ethics rests with the Local Research Ethics Committee

Main ethical issue is the blurring of boundary between research and clinical care. Letter of
invitation for example, doesn’t make explicit that the service-user is being invited to
participate in a research project.

The quality of analysis provided (statistical or qualitative, as appropriate)

Good as far as it goes. More detail required (see earlier section detailing
strengths/limitations.
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The capacity and expertise of the research team in the context of the

proposed study

Appropriate

Appropriateness of resource requirements

Seems fine
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General feedback (indicate major areas where changes will be required, indicate

whether any weaknesses indicated in any of the above categories are major or minor
areas of concern)

Assessment of Merit

Grading Description Please tick
1 Proceed without any revision. Project may be submitted for
appropriate NHS/University approval and then to either the
Local or the Multi-Centre Research Ethics Committee.

2 Minor amendments or Further information required. Revise X
project according to reviewer(s) recommendations.
Document to be checked by Internal Committee Member
prior to Chairman’s approval to proceed.

3 Complete major revision required. Principal Investigator to
discuss outcome with Centre/Programme Director and agree
plan to complete substantive revision of the project (with
support as agreed). Resubmission will need to be reviewed
and approved by Internal Committee Member, prior to
Chairman’s approval to proceed.

4 Reject on the basis that the project has major scientific flaws

Please e-mail completed form to Nicola Leighton, Research Governance

Administrator (n.leighton@uso.keele.ac.uk) with a paper copy being sent
with your signature.

231



	Appendix 1J: Journal guidelines…………………………………………………………………...80
	Thesis Abstract
	Paper 1: A Systematic Review of Studies Investigating Semantic Memory Post Surgery for Unilateral Temporal Lobe Epilepsy
	Abstract
	1.0 Introduction
	1.1 Epilepsy
	1.1.2 Temporal lobe epilepsy
	1.2 Semantic memory and episodic memory
	1.2.1 Neuropsychology of SM
	1.2.2 Theories of SM
	1.2.3 Role of the anterior temporal lobe in SM
	2.0 Aims
	3.0 Design
	4.0 Method
	4.1 Search strategy
	4.1.1 Inclusion/Exclusion criteria
	4.2 Search outcome
	4.2.2. Figure 1: Flow diagram of search outcome
	4.4 Quality assessment
	4.4.1 Data extraction
	4.4.2 Quality appraisal
	4.4.3 Data synthesis
	4.4.4 Synthesis of results
	4.4.5. Table 1. Checklist results: Quality of studies
	4.4.6 Subjective and objective measures
	4.4.8 Memory & language outcome
	4.4.9 Predictive factors
	5.0 Discussion
	5.1 Key findings
	5.2 Suggestions for future research
	5.3 Clinical implications
	5.4. Limitations
	A major limitation of this review is the sparse number of studies identified. The limitations of the systematic review largely reflect the shortcomings of the studies reviewed. For example, the studies utilised different approaches to assessment of SM...
	6.0 Conclusions
	References
	Appendix: 1A
	EBSCO host example of subject heading mapping for CINAHL
	Appendix: 1B
	EMBASE example of search combination strategy
	Appendix: 1C
	Search results for review
	Appendix: 1D
	RefWorks exact duplicates
	Appendix: 1E
	15 Item quality checklist
	Appendix: 1F
	Extraction protocol
	Appendix: 1G
	Surgery type
	Appendix: 1H
	Summary for figure 1
	Appendix 1I: Summary of TLE patient characteristics for the twelve studies
	Appendix 1J: Journal Guidelines
	Appendix 1J:
	Cochrane library search results

	4.4.7. Table 2. Overall methodology and results summary for twelve articles on SM
	Paper 2: Empirical research report
	Semantic memory in temporal lobe epilepsy following unilateral resection: A tailored neuropsychological profile with self-report.
	Abstract
	1.1. Introduction
	1.1.1. Temporal lobe epilepsy
	1.1.2. Impact of TLE surgery
	1.1.3. Possible explanations for the inconsistency of findings regarding SM
	1.1.4. Aim
	1.1.5. Hypothesis: SM deficits will be apparent across both objective and subjective measures.
	1.2. Method
	1.2.1. Design
	1.2.2. Participants
	1.2.3. Materials
	1.2.4. Subjective measures of neuropsychological functioning
	1.2.5. Procedure
	1.2.6. Data analysis
	1.2.7 Coding of content categories
	1.2.8. Table 1: Sample characteristics
	1.3. Neuropsychological assessment
	1.3.1 Objective measures of neuropsychological functioning
	1.3.2. Measure of emotional status
	1.3.3. Controls
	1.3.4. Table 2: Objective test results
	1.3.5. Table 3: Objective test purpose and utilisation in comparison with subjective questions
	1.4. Results
	1.4.1 Emotional status
	1.4.2 Correlational analysis
	1.4.4. Results of correlational analyses
	1.4.5. Effect size and correlation
	1.5 Results of self-report analysis

	1.5.1 Figure 1. Histogram showing group % of self-reported difficulty for the six questions
	1.5.2 Table 5: Percentage of perceived problem for each content category
	1.5.3 Quantitative content analysis
	1.5.4 Figure 2. Histogram of the % occurrences of category difficulties by participants who have undergone left and right temporal lobe surgery
	Chi square exact probabilities are reported (Table 6). The percentage of participants that experienced EM (χ2 = 0.51, p = 0.82, Cramer’s V =.050) difficulties and SM (χ2 = 0.67, p = 0.79, Cramer’s V =.058) difficulties did not differ statistically by ...
	1.5.5 Table 6: Results of Chi-square test & Cramer’s V for category reports by surgery side
	1.5.6. Qualitative content analysis
	1.5.7. Table 7: Themes based on content analysis of all participant transcripts
	1.6. Discussion
	1.6.1 Summary of aims & key findings
	1.6.2 Possible explanations for the findings
	1.6.2 Naming as a measure of SM
	1.6.3 Clinical implications
	1.6.5 Factors beyond memory
	1.6.6 Mood and TLE surgery
	1.7 Limitations
	1.7.1 Use of non-validated measures
	1.7.2 Sample
	1.8 Conclusions
	1.8.1Clinical practice
	1.8.2 Overall conclusion
	References

	(14) Helmstaeder C. (2006). Cognitive Outcomes in Patients with Chronic Temporal Lobe Epilepsy.  Epilepsia. 47(Supple2)  96–98.
	(31) Lee.T., Yip, J. & Jones-Gotman. M. (2002). Memory Deficits after Resection from Left or Right Anterior Temporal Lobe in Humans: A Meta-Analytic Review. Epilepsia. 43, 283-291.
	Appendix 2A:Self-report TLE surgery questionnaire
	Appendix 2B: Background checks of the data
	Appendix 2C: Checks for running correlational design
	Appendix 2E: for response approval letter from Staffordshire University ethics panel
	Appendix 2F: NRES Letter from Manchester
	Appendix 2G: Information Sheet for Participants
	Appendix 2H: Consent form for Participants
	Appendix 2I: MREC letter
	Appendix 2K. Journal guidelines for Epilepsy & Behaviour
	Epilepsy & Behaviour
	1.0 Introduction
	1.1. The development of my interests in neuropsychology
	2.0. Selecting a research project
	2.1. Developing as a researcher
	2.2. Developing the research idea
	3.0. The choice of a literature review topic
	3.1. Literature review critique
	4.0. Critical appraisal of empirical research study
	4.1. Design
	4.2. Interview questionnaire
	4.3. Procedure
	4.4. Sample
	4.5. Analysis
	5.0. Reflections on working with existing data
	6.0. Research implications and applications
	6.1. Reflection on working with epilepsy and personal impact
	6.2. Self-reflection and conclusions
	References

	Jacoby, A., Baker, G., Smith, D., Dewey, M., & Chadwick, D.(1993). Measuring the impact of epilepsy: the development of a novel scale. Epilepsy Research. 1, 83-8.
	Appendix 3a: Peer review approval
	Illness related knowledge amongst bipolar affective disorder (BAD) patients; validation of an assessment tool
	Management approval
	Clinical trial of a medicinal product

	Please e-mail completed form to Nicola Leighton, Research Governance Administrator (n.leighton@uso.keele.ac.uk) with a paper copy being sent with your signature.

