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Main abstract 

ALF is a relatively newly described phenomenon in neuropsychology and refers to a 

deficit in retaining recently learned information over delays of 24 hours or more, despite 

normal memory acquisition and retention over short delays of up to 30 minutes. The 

underlying causes of this phenomenon are currently unknown, however one of the 

proposed theories suggests that memories must go through a period of "slow" 

consolidation, that is, after a period of initial learning and consolidation, memories 

remain vulnerable to disruption until a "slow" consolidation process has occurred. 

Medial temporal lobe and neocortical structures are indicated in this process, including 

the hippocampus. This thesis examined the possibility that seizure activity disrupts  the 

"slow" consolidation process, thereby resulting in ALF. 

Literature Review 

 A literature review explores the relationship between aspects of seizure activity 

thought to impair memory more broadly in TLE, and considers these in light of papers 

reporting ALF. Methodological issues are common in the ALF literature, with papers 

adopting heterogeneous testing procedures of varying quality. The main findings from 

the review suggest that that the relationship between seizure activity and ALF is mixed. 

It is recommended that future studies adopt more robust testing methodology and 

develop AB experimental designs to assess salient factors that may mediate ALF. 

Research Report 

 An empirical study adopted a longitudinal pre/post surgery design to examine 

the hypothesis that ALF is related to ongoing seizure activity. The results suggest that 

epilepsy surgery can improve ALF in  medically-refractory patients with TLE, and this 

appears to bring their rate of forgetting in line with demographically matched healthy 

controls. 
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Literature Review 

Does seizure activity mediate accelerated long-term forgetting in 

temporal lobe epilepsy? A review of the literature 

Purpose. Accelerated long-term forgetting (ALF) is a newly identified phenomenon 

seen in some individuals with temporal lobe epilepsy (TLE) and is characterised by 

abnormal forgetting over hours or weeks, despite normative initial acquisition and 

short-term retention. The relationship between seizure activity and ALF has not been 

fully explored in the literature, despite theoretical arguments suggesting that seizure 

activity may disrupt the "stable environment" needed for long-term consolidation. 

Methods. Systematic review principles were applied to search the relevant 

databases for published studies in ALF. Studies were included if they examined ALF in 

TLE, were English language papers, and assessed forgetting rate over delays up to 24 

hours or more. A Quality Rating Scale adapted from Elliott (2012) was used to rate the 

selected papers on methodological criteria pertinent to ALF research. 

Results. Twenty-four papers were reviewed for the study, comprising 10 single 

case and 14 group studies. Methodological quality varied amongst the studies.  

Five areas related to seizure activity were explored: the effects of seizures during the 

delay period, onset and duration of condition, seizure control through anti-epileptic 

drugs (AEDs), subclinical seizures, and seizure control through epilepsy surgery. 

Conclusions. Evidence for the role of seizure activity in ALF appears mixed, 

with methodological issues, lack of adequate reporting, and a lack of AB experimental 

designs highlighting the need for additional research in this field. 

Key words: Epilepsy, Accelerated Long-term Forgetting, Seizures, Epilepsy Surgery, 

Anti-epilepsy Drugs, Sub-clinical Seizures 
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Introduction 

Epilepsy is defined as "a chronic brain disorder of various aetiologies, 

characterised by recurrent seizures due to excessive discharge of cerebral neurons" 

(Gastaut, 1973). It is the third most prevalent chronic neurological disorder, affecting 

approximately 1% of the population (Hauser & Hesdorffer 1990). The salient 

identifying symptom of epilepsy syndromes is seizures and excessive discharge of 

neurons (Martin, 2006). Seizures are described as single sudden events caused by these 

neural discharges which produce a change in sensation, consciousness, or cognition, and 

can lead to observable convulsions (Lee, 2004). The International League Against 

Epilepsy (ILAE) distinguishes between symptomatic focal epilepsies (seizures 

occurring in a specific part of the brain with a particular aetiology) and idiopathic 

generalized epilepsies, which are syndromes without an underlying structural brain 

lesion or other neurologic signs or symptoms, and are presumed to be genetic and age 

dependent (Engel, 2001). Physical symptoms can vary from case to case, depending on 

the type of epilepsy and where it presents in the brain.  

 Memory problems are commonly observed in people with epilepsy (Lezak, 

2004) and although their performance on standardised intelligence tests can be normal, 

they are more likely to exhibit impaired cognitive performance compared to age- and 

education-matched controls (Motamendi & Meador, 2003). Vingerhoets (2006) 

reviewed cross-sectional and prospective studies over the last 70 years, examining data 

from both adult and child studies. Their findings suggest that 10-25% of individuals 

evidence clinically significant intellectual or cognitive decline over the life span.  

 Temporal lobe epilepsy (TLE) is the most common form of adult-onset focal 

epilepsy and one in which memory-related brain structures are directly involved in 

seizure activity (Bortz, 2003). It is therefore unsurprising that people with TLE evidence 

memory impairments, with researchers and clinicians traditionally observing deficits in 
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verbal and visual memory (Lezak, Howieson, & Loring, 2004). The material-specific 

memory model posits that left TLE is traditionally associated with verbal deficits 

(Mungas, Elton, Walton, & McCutchen, 1985) and right TLE with impairment of visual 

memory (Milner, 1965). In a recent review Butler and Zeman (2008) outline several 

explanations for these impairments drawn from decades of research into memory 

problems in epilepsy. These include: the impact of neuropathic processes in the brain, 

hippocampal atrophy or sclerosis, and lateralization of epileptogenic activity. Salient 

clinical factors include: age of onset of epilepsy, number of seizures over a patient's 

lifespan, seizure frequency, duration of the condition, psychosocial factors, and the 

cognitive effects of AED use. It is also important to consider the impact of surgery on 

individuals' memory, as some patients undergo surgical intervention due to chronic 

AED-refractory seizures. It is proposed that a complex interplay of the above factors 

over the life span mediate the progressive memory deficits observed in patients with 

TLE. 

 There exists a body of research evidencing memory impairments in TLE from a 

few seconds after initial acquisition up to around 30 minutes, however recent studies 

have reported on TLE patients who appear to evidence impairments over longer delays 

than can be identified on standard tests of memory (typically 30 minutes). In these cases 

retention of newly learned information remains intact over short delays, but forgetting 

rates accelerate over longer time periods (typically over days and weeks). It is proposed 

that this phenomenon constitutes a distinct type of forgetting known as accelerated long-

term forgetting (ALF). ALF was first described in the literature in a number of case 

studies (DeRenzi & Lucchelli, 1993; Lucchelli & Spinnler, 1998) with the latter 

describing the case of GB, a 65-year-old man with a two year history of memory 

difficulties following a mild head trauma. Electroencephalographic (EEG) scans 

indicated that GB evidenced focal epileptic activity in the left temporal lobe with 
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secondary diffusion to the right frontal region. Neuropsychological testing revealed that 

GB performed normally on standard memory tests but evidenced ALF when retested on 

verbal and visual tests at intervals over 24 hours.  

 The case of GB and other early studies into ALF appeared to show promising 

evidence of a novel memory deficit. However subsequent findings have been mixed, 

with some work supportive of the early findings (Helmsteader, Hauf, & Elger, 1998; 

Mayes et al., 2003) and some unsupportive (Bell, 2006; Bell, Fine, Dow, Seidenberge, 

& Hermann, 2005). Despite this lack of consistency, ALF does appear to be primarily 

related to TLE, with a recent study by Muhlert et al. (2011) reporting ALF in verbally 

and visually learned material over a three-week delay in patients with TLE but not 

patients with idiopathic generalised epilepsy (IGE). It is fair to say then, that there is a 

small but growing body of research evidencing ALF in patients with TLE, but questions 

remain about the prevalence of ALF and its underlying neuropathological processes. 

 The specific mechanisms involved in the rapid loss of memories over the long 

delay remain unknown and for us to understand these we must visit the theoretical 

memory literature. Underpinning many of the arguments around memory is the function 

of the hippocampus, which is known to be vital for learning and retention. Previous 

research has shown that bilateral damage to the hippocampus can lead to severe 

anterograde amnesia, which is defined as the inability to remember events that occur 

following the onset of the condition/trauma (Lezak, 2004). This can be contrasted with 

retrograde amnesia, which is the loss of memories acquired prior to onset (Hunkin, 

Parkin, & Longmore, 1994). It has been documented that individuals with damage to the 

hippocampus evidence a temporally graded retrograde amnesia which seems to spare 

memories from the distant past (Squire, 1992). These findings relate to the classic work 

of Ribot (1881) who observed that memory appears to degrade sequentially, with recent 

memories lost first, followed by older, more established, memories.  
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 A theoretical account of amnesia in light of Ribot's observations was developed 

by Squire and Alvarez (1995) who proposed the Standard Model. This model posits that 

the neocortex is the permanent repository of memory and that memory formation must 

include an interaction between the neocortex and the medial temporal lobe (MTL) 

memory system, including the hippocampus. It is thought that information is initially 

established quickly as short-lived changes in the reciprocal connections between 

neocortex and medial temporal lobe. The medial temporal lobe then stores enough 

information to point to, and activate, relevant sites in the neocortex, but not the entire 

memory itself. Consolidation is the process of gradual reorganisation of memory storage 

and is thought to occur when the neocortical representations are reactivated by the 

medial temporal lobe, causing gradual and long-lasting change in cortical areas (Squire 

& Alvarez, 1995).  

 ALF is of potential theoretical importance as it informs theories of memory 

function, specifically the role of the hippocampus and neocortex in the retention of 

newly learned information. Mayes et al. (2003) present three hypotheses to explain the 

possible causes of ALF in TLE. The first considers that ALF is caused by structural 

damage to the medial temporal cortex, including the hippocampus, and that this damage 

alone causes ALF, either through disruption of the slow consolidation process or by 

preventing the multiple rehearsals needed to consolidate the material. The second 

proposes that seizure activity following memory acquisition disrupts the transfer of 

long-term memories or their establishment in the neocortex, possibly through overt 

seizures or sub-clinical discharges during sleep. The third posits that damage to the 

neocortex prevents memory representations from becoming established over time. 

 In consideration of these three theoretical positions, recent reviews have 

highlighted the relationship between structural pathology and ALF (see Bell & 

Giovagnoli, 2007, and Butler & Zeman, 2008). However, the relationship between 
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seizure activity and ALF has not been thoroughly evaluated in the literature, despite 

being alluded to in several papers (see Blake, Wroe, Breen, & McCarthy, 2000, and 

Jokeit, Daamen, Zang, Janszky, & Ebner, 2001). It is important that we explore the role 

of seizure activity in ALF as it has implications for our understanding of the neural 

basis of memory, specifically whether the slow consolidation process in the Standard 

Model is vulnerable to disruption due to seizure activity. Evidence for this will provide 

support for the seizure-disruption theory proposed by Mayes et al. (2003). These 

findings are equally as important clinically as they are theoretically, as they may have 

implications for the way clinicians conduct memory assessments with TLE patients, 

perhaps requiring rethinking and redevelopment of standardised memory tests to include 

assessments of ALF. 

Aims of present study 

 The primary aim of this review was to evaluate the literature on ALF in TLE to 

establish whether seizure activity appears to mediate the rapid loss of memory over long 

delays. We aim to explore how features known to impact more broadly on memory loss 

in TLE outlined in Butler and Zeman (2008) relate to ALF in TLE. It is clearly 

important that the testing methods used to identify ALF are of high methodological 

quality, as many of the studies use small n exploratory samples or case studies and 

therefore the likelihood of type 1 errors is high. With that in mind, the conclusions 

drawn from the results are contingent on identifying whether any heterogeneity in the 

reviewed papers reflects specific methodological weaknesses or is the consequence of 

current or historical seizure activity.  
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Method 

Identification of studies 

 The databases of Medline, Web of Knowledge (WOK), Psy Articles, Psy Info 

and the Cochrane Library were searched using the search terms Accelerated Forgetting, 

Temporal Lobe Epilepsy, Seizures, Forgetting and Long-term Amnesia. Where 

necessary Boolean Operators "AND" and "OR" were used to refine the search terms.  

Figure 1 presents information on the search strategy process.  Following the initial 

database search, additional references were extracted by trawling the reference lists of 

key articles and an additional paper-specific search was performed using the "basic 

search" and "advanced search" function on the Ovid databases of Psych Info and Psych 

Articles. One article (DeRenzi & Lucchelli, 1993) was not available through any of the 

online databases listed above. A physical copy of the paper was located in the 

periodicals section of the University of Sheffield Library. 

Exclusion criteria 

 Articles were excluded if they were not available in English language format or 

did not look explicitly at forgetting over delays of 24 hours or more. This was the case 

for one article (Manning et al., 2006) which was only available in French (English 

abstract). Only articles looking at TLE were reviewed, although papers were accepted if 

other types of epilepsy were examined as well as TLE (e.g. Muhlert et al., 2011 looked 

at TLE and IGE). 
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Figure 1.  

Search strategy flow chart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Reviews used were Bell and Giovagnoli (2007) & Butler and Zeman (2008) 

   Databases were searched on 08.2011 and again on 03.2012 

Pubmed/Medline 

 
14 papers returned 

Web of Knowledge 

 
39 papers returned 

The Cochrane 
Library 

0 returned from 
database 

Psy Articles 
 

24 papers returned 
 

Search terms   
Accelerated forgetting AND Temporal lobe epilepsy 
 Seizures AND Forgetting AND Long Term Amnesia 

 

Duplicates removed 

 
11 

Final total 
 

24 papers 
 

Abstracts trawled 

9 papers identified 
(from two reviews)* 

Appeal to authors 

 
3 papers obtained  

Abstracts  removed 
 

54 
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Study Quality 

 One of the difficulties in assessing the ALF literature is the methodological 

confounds in comparing forgetting rates between patients and healthy controls (Isaac & 

Mayes, 1999a). The ALF literature comprises heterogeneous testing methods and 

materials which lead to confusion in interpretation and reduced reliability of test results. 

A recent review by Elliott (2012) identified six methodological markers of reliable 

testing procedures in forgetting research which are listed below. 

 Inclusion of control participants matched for age and IQ - this is deemed 

important as memory and IQ have been found to be positively correlated, as have age 

and forgetting (Mayes, 1986); tests of both recall and recognition included - studies 

have previously found mixed results in recall and recognition in ALF studies (Butler & 

Zeman, 2008) therefore it is important that both are examined in ALF research (Elliott, 

2012); ceiling and floor effects avoided - preventing ceiling and floor effects is 

important because amnesic participants often perform at floor level and controls at 

ceiling level (Isaac & Mayes, 1999a), therefore if present, floor and ceiling effects will 

result in an underestimation of forgetting rates. Elliott (2012) proposes that test 

materials are piloted to prevent this from occurring; rehearsal effects avoided – to avoid 

the participants rehearsing information between tasks, Elliott recommends the use of 

stimuli that are difficult to rehearse such as a large number of discrete designs for the 

visual task. Furthermore, to prevent the effects of repeated recall different stimuli 

should be tested at different time points; inclusion of short filled delay at initial test – to 

prevent the participants using short-term memory (STM) between the completion of the 

learning trial and the immediate delay testing, a distractor task should be used (as 

proposed by Isaac & Mayes, 1999a, 1999b). This is important as reliance on STM may 

mask consolidation deficits over short delays. Note, from here on in STM will be 

defined as memory that decays after only a few seconds, with long-term memory (LTM) 
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comprising anything that exceeds this rapid initial decay of material, as proposed by 

Baddeley (2002); matching procedure used - to prevent a higher initial rate of learning 

in the control group and avoid subsequent scaling effects, Elliott propose that a 

matching procedure is used during the initial learning trial. This may comprise extended 

exposure to the material for the TLE group, repeated presentation of the materials, or 

learning to criterion.  

Quality rating scale 

 For the purpose of this study a quality rating scale (QRS) was developed using 

the six methodological markers identified in Elliott (2012). The markers were separated 

into nine units (recall & recognition comprised two units, one point awarded for the 

inclusion of each) and were assigned a dichotomous score (0 or 1). The scores represent 

the presence (1) or absence (0) of that methodological marker. Expert consultation 

revealed that the markers carried equal weighting in assessing the quality of the testing 

procedure. Qualitative labels were assigned to the reviewed articles with 0-3 considered 

"low quality", 4-6 "average quality", and 7-9 "high quality". Overall three studies fell 

into the "high quality" range, 14 studies fell into the "average quality" range and seven 

fell into the "low quality" range (see table 1). Inter-rater agreement of the ratings was 

established using Cohen's Kappa equation: 

 

    
             

        
 

 

Table 2 illustrates the Kappa scores across all nine items on 80% of the reviewed 

papers
1
. Analysis of the scores revealed almost perfect agreement across the nine 

methodological markers (  = .787-1, n = 19).  
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Table 1. 
 

Quality Rating Scale (QRS) Rankings 
 

Study Type  QRS score  

 Low Quality Average Quality High Quality 

Group Study 3 8 2 

Single Case 4 5 1 

Case Series 0 1 0 

Total 7 14 3 

         Note, n = 24  

Table 2. 

Cohen's Kappa ratings across nine methodological markers of ALF quality ratings 

 

 Methodological makers  

 VER/VIS  AGE IQ REC CFA RA ID15 MP ILE 

Rater 1 12 18 12 9 9 9 2 10 13 

Rater 2 12 18 12 9 7 9 2 10 15 

  1 1 1 1 .787 1 1 1 .732 

     VER/VIS - verbal and visual materials used,  CFA - ceiling and floor effects avoided, RA - rehearsal avoided, ID15 - immediate     
    delay after 15 seconds, MP - matching procedure, ILE - initial learning equated
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Results 

 A total of 10 single case papers and 14 group studies were included in the 

review. Single cases included: Cronel-Ohayon et al. (2006); DeRenzi and Lucchelli 

(1993); Gallasi et al. (2011); Holdstock, Mayes, Isaac, Gong, and Roberts (2002); 

Jansari, Davis, McGibbon, Firminger, and Kapur (2010); Kapur et al. (1997); Kapur et 

al. (1996); Lucchelli and Spinnler (1998); Mayes et al. (2003); and O'Connor, 

Sieggreen, Ahern, Schomer, and Mesulam (1997). Group studies included: Bell (2006); 

Bell et al. (2005); Blake et al. (2000); Butler et al. (2009); Davidson, Dorris, O'Regan, 

and Zuberi (2007);  Giovagnoli and Avanzini (1999); Helmsteader et al. (1998); Jokeit 

et al. (2001); Mameniskiene, Jatuzis, Kaubrys, and Budrys (2006); Manes, Graham, 

Zeman, De Lujan Calcagno, and Hodges (2005); Martin et al. (1991); Muhlert et al. 

(2011); Tramoni et al., (2011); and Wilkinson et al., (2012).  

  Twenty three  of the 24 papers were adult studies with the exception of Cronel-

Ohayon et al. (2007) who report a long-term follow-up of a boy between the ages of 9 

and 18. Twenty two of the papers report on participants with TLE and heterogeneous 

aetiologies including: head injuries (e.g. Holdstock et al., 2002; Mayes et al., 2003), 

encephalitis (O’Connor et al., 1997), and onset from unknown causes (Kapur et al., 

1997; Lucchelli & Spinnler, 1998). Three papers report data on individuals with 

transient epileptic amnesia, a form of TLE in which seizure activity results in transient 

amnesia (Butler et al., 2009; Butler et al., 2007; Manes et al., 2005).  
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Study 
 
 

n Type of 
epilepsy 

Testing delay Type of materials 
used 

Methodological 
quality* 

Quality rating score 
(QRS) 

Outcome 

Cronel-Ohayon et al., 
2007 

1 TLE (left) cps 
Olfactory 

60 min, 7 days, 
29 days 

Verbal, visual A, CF, RA**, MP, ID 
15**, ILE 

4 ALF after 1 wk 

DeRenzi & Lucchelli, 1993 1 Head injury Imm, 4 hr, 13 
day, 33 day 

Verbal, visual - - ALF after 13 days 

Gallasi et al., 2011 1 TLE Imm, 1 wk Verbal, visual A, IQ 3 ALF < post surgery (not 
visual) 

Holdstock et al., 2002** 2 TLE following 
head injury 

- Verbal A, IQ, RA, ID15, MP, 
ILE 

6 - 

Jansari et al., 2010**** 1 TLE (right) Imm, 30 min, 1 
day, 1 wk, 2 wks, 

4 wks 

Verbal A, IQ, RR, RA, ILE 5 ALF after 1 d (a) & 
recall ALF after 1 d (b) 

Kapur et al., 1996 2 TLE head injury 
"Grand Mal" 

Imm, 30 min, 6 
wks 

Verbal, visual (recall 
& recog) 

A, IQ, RR, ILE 5 ALF after 6 wks 

Kapur et al., 1997 1 TLE (left) 
absences 

Imm, 30 min, six 
wks 

Verbal, visual (recall 
& recog) 

A, IQ, RR, ILE 5 ALF after 6 wks 

Lucchelli & Spinnler, 1998 1 TLE (left) 
complex partial 

Imm, 10 (vis) 60 
min, 24 hr, 7 d, 

41 d 

Verbal, visual A, ILE 3 ALF after 7 days (ver) 
norm (vis) 

Mayes et al., 2003 1 TLE following 
head injury 

Imm, 30 min, 3 
wks 

Verbal, visual A, IQ, RR, RA, ID15,  
MP, ILE 

8 ALF after 3 wks 

O'Connor et al., 1997 1 TLE 2 hr, d 2-4, 1 wk Verbal A, MP, ILE 3 ALF after 1 day (< with 

seiz cont) 

 

Table 3. 

ALF in TLE single case studies 

 

 

 

 

 

 

 

 

 

 
  

 
Methodological quality based on quality criteria set out in Elliott, 2012: A - age matched controls, IQ - IQ matched controls, RR - recall and recognition, CFA - ceiling and 
floor effects avoided, RA - rehearsal avoided, ID15 - immediate delay after 15 seconds, MP - matching procedure, ILE - initial learning equated 
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Study 
 
 

n Type of 
epilepsy 

Testing delay Type of materials 
used 

Methodological 
quality* 

Quality rating 
score (QRS) 

Outcome 

Bell et al., 2005 
 

Exp n=42 
control n=49 

TLE (left & 
right) 

Imm, 30 min, 
24 hrs 

Verbal, visual A, IQ, RR, CFA, RA 6 No ALF at 24 hrs 

Bell, 2006 Exp n=25 
control n=25 

TLE (6 right, 
11 left, 2 
bilateral) 

Imm, 30 min, 
2 wk delay 

Visual, verbal A, RR, CFA, RA 4 No ALF at 2 wk delay in TLE 
group 

Blake et al., 2000 
 

Exp n =21 
control n=16 

TLE (left & 
right) 

Imm, 30 min, 
8 wks 

Verbal A, IQ, RR, RA, MP, ILE 6 ALF in left TLE group 
Seiz<mem 

Butler et al., 2009 
 

Exp n=22 
Control n=20 

TEA Imm, 30 min, 
3 wks 

Verbal A, CF, MP, IL 4 ALF after 3 wks? 

Davidson et al., 
2007 

Exp n=21 
control n=21 

IGE Imm, 30 min, 
1 wk 

Verbal, visual A, IQ, CF, MP 5 Initial learning worse in IGE 

Giovagnoli & 
Avanzini, 1999 

Exp n=131 
control n=36 

TLE (left & 
right) 

Imm, 30 min Verbal, visual - - Left TLE impaired verbal tests 

Helmsteader et al., 
1998 

Exp n=55 
control n=21 

TLE (28 left, 
27 right) 

Imm, 30 min, 
1 wk 

Verbal, visual & 
self-report 

A, IQ, CF, RA 5 ALF present after 1 wk 

Jokeit et al., 2001 Exp n=10 Refractory 
TLE 

Imm, 30 min, 
24 hrs 

Visual (word 
position test) 

MP, ILE 2 Seiz within 24h<mem 

Mameniskiene 
et al., 2006 

Exp n=70 
control n=59 

TLE Imm, 4 wks Visual, verbal A, CF 3 Frequent seizures > poor 
recall  

Manes et al., 2005 Exp n=7 
control n=7 

TEA Imm, 30 min 6 
wks 

Verbal, visual A, IQ, RR, ILE 5 ALF in verbal material 

Martin et al., 1991 Exp n=21 
control n=21 

Unilateral TL 
dysfunction 

30 min, 24 hr Selective 
reminding test 

CFA, RA, MP, ILE 4 ALF present after 24 hrs 

Muhlert et al., 2011 Exp n=28 
control n=15 

TLE (14) & 
IGE (14) 

40 sec, 30 
min, 3 wk 

Visual, verbal A, IQ, RR, CFA, RA, ID 
15, MP, ILE 

9 ALF in TLE group. Seiz not sig 

Tramoni et al., 2011 Exp n=5 
control n=5 

TLE Imm, 1 hr, 6 
wk delay 

Verbal, visual A, RR 3 Story recall impaired 

Wilkinson et al., 2012 Exp n=22 
control n=7 

TLE (15 RHS, 
12 LHS) 

Imm, 1 hr, 6 
wks 

Verbal, visual A, IQ, CFA, MP,RA ILE 6 ALF present 

Table 4. 

ALF in TLE group studies 

 

 

Methodological quality based on quality criteria set out in Elliott, 2012A - age matched controls, IQ - IQ matched controls, RR - recall and recognition, CFA - ceiling and floor 
effects avoided, RA - rehearsal avoided, ID15 - immediate delay after 15 seconds, MP - matching procedure, ILE - initial learning equated 
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 The review is structured into five sections exploring the relationship between 

seizure activity and ALF: the effects of seizures during the delay period, onset and 

duration of condition, seizure control through AED, sub-clinical seizures, and seizure 

control through epilepsy surgery. The QRS will be used to rate the methodological 

strength of the papers in light of any ostensible associations between seizure activity 

and ALF. 

Seizures during the delay period  

 Seizure activity during the delay period has been identified as a possible 

explanation for ALF, as it is thought that seizures may disrupt MTL activity or 

neocortical storage sites during the slow consolidation process, preventing memories 

from becoming established (Butler & Zeman, 2008). Nine studies (three single case and 

six group studies) report seizures during the delay period: Bell (2006), Bell et al. (2005), 

Jansari et al. (2011), Jokeit et al. (2001), Lucchelli and Spinnler (1998), Mameniskiene 

et al. (2006), Muhlert et al. (2011), O'Connor et al. (1997), and Wilkinson et al. (2012) 

(see Appendix A for tabulated overview).  

ALF findings and reported seizure correlates 

 Seven out of the nine studies report ALF during the delay period, with the 

exception of Bell (2006) and Bell et al. (2005), who report a similar decline in 

forgetting between the epilepsy group and the controls. One explanation for this is that 

45 out of the 49 participants in Bell et al. were seizure free during the delay period. As 

this was a group task the relevance of this was not considered in the overall analysis, 

therefore their finding that seizures did not correlate with ALF may be unreliable as 

such a small number of participants reported seizures during the delay. In consideration 

of their methodological quality Bell et al. scored 6 on the QRS and Bell scored 5, both 

falling within the "average" range. These are reasonably good scores with 

methodological strengths in both studies including adequately matching the TLE 
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participants' age and IQ to the controls', avoiding rehearsal before the immediate delay 

and testing both verbal and visual materials. Methodological weaknesses in both studies 

included not equating initial learning, which was particularly problematic in Bell et al. 

where the participants appeared to be clinically impaired on the WMS-III at immediate 

recall compared to the controls and were performing at a significantly different level to 

the controls at the short delay. Additionally, Bell et al. included patients who had 

undergone surgery, which may have diluted any potential change in the post-surgery 

group. 

Positive associations 

 Three studies report positive associations between seizures during the delay and 

ALF: Mameniskiene et al. (2006), O'Connor et al. (1997), and Wilkinson et al. (2012).  

Mameniskiene et al. provides the most comprehensive analysis of seizures during the 

delay in a study measuring verbal and non-verbal memory of 70 participants and 57 

controls at delays of immediate, 30 minutes and four weeks. Participants experiencing 

seizures during the delay were stratified into two categories ("less than four" & "more 

than four") with the participants in the "more than four" seizure category scoring 

significantly worse on both verbal and visual tests compared to individuals in the "less 

than four" seizure category. One of the strengths of this paper was the unusually large 

sample for this area (n = 70), however the study fell into the methodologically "low 

quality" range, scoring 3 on the QRS. Methodological weaknesses included lack of an 

IQ-matched control group and unequated initial learning between participants and 

controls. Additionally, the authors did not measure the interaction between the 30-

minute and four-week delay, therefore we cannot accurately infer the rate of forgetting 

between the TLE and control group. O'Connor et al. report that seizures during the 24-

hour delay period appeared to be modulating the participant's forgetting scores; however 

this paper also scored 3 on the QRS, with methodological weaknesses including the lack 
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of an IQ-matched control group and not piloting the measures for ceiling and floor 

effects (which were evident during the testing). 

 Wilkinson et al. (2012) provide compelling evidence for the relationship 

between seizures during the delay and ALF, reporting on 27 TLE participants tested 

over immediate, 30 minute and six-week delays on verbal and visual free recall tasks. 

Participants in their study evidenced ALF after the six-week delay on both tasks, with 

correlation analysis indicating that ALF over the longer delay correlated with the 

frequency of seizures during that period. This result appears to agree with the findings 

in Mameniskiene et al. (2006), however the paper is methodologically more robust, 

scoring in the "high quality" range on the QRS (7). Methodological strengths included 

adequately piloting the materials, matching the control group on key variables, and 

developing appropriate matching procedures.  

Negative associations 

 Four studies do not report a positive association between ALF and seizures 

during the delay period (Jansari et al., 2010; Jokeit et al., 2001; Lucchelli & Spinnler 

1998; Muhlert et al., 2011). Lucchelli and Spinnler (1998) report on one TLE 

participant, GB, who experienced a complex partial seizure a few minutes after 

completing 10 trials of a paired association task. The authors conclude that as he was 

able to recall the associations three days later, his forgetting rate had not been 

detrimentally affected by the seizure. However, the authors do not report whether GB 

experienced any additional seizures after this point, therefore this conclusion may be 

premature, as additional seizures may have lead to ALF. Given that GB’s seizures were 

reportedly experienced during sleep, it may be that additional (perhaps sub-clinical) 

night-time seizures disrupted a longer-term consolidation process (this is considered in a 

later section). Methodologically this paper scored 3 on the QRS, falling into the "low 

quality" range; weaknesses included not matching the materials between GB and the 
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controls, only measuring recall, and not including IQ-matched controls. Equally. 

Muhlert et al. (2011) do not report an association with seizures during a three-week 

delay and ALF. In contrast to Lucchelli and Spinnler their study met the criteria for 

"high quality" on the QRS scale (9). Methodological strengths included matching 

participants on age and IQ, equating initial learning, and employing a matching 

procedure. It is therefore unlikely that the forgetting scores are an artefact of the testing 

methods. Jansari et al. (2010) and Jokeit et al. (2001) provide somewhat mixed 

evidence, with Jansari et al. reporting no association between seizures and ALF on a 

verbal story test after 24 hours, but reporting an improvement in story recognition 

following AED intervention. Jokeit et al. report mixed associations between ALF at 24 

hours and seizures during the delay, with participants with right sided TLE reporting no 

association but left sided TLE participants showing the opposite.  It cannot be said that 

either study conclusively demonstrates that seizure activity during the delay does not 

influence ALF. 

Summary 

 From the available data it is difficult to establish a firm conclusion about the 

relationship between reported ALF and seizures during the delay period. However, there 

does appear to be some limited evidence that seizures play a role, with the caveat that 

there is only one study of high enough methodological quality to support confidently 

this position (Wilkinson et al., 2012). Studies that do not provide evidence for seizure 

correlates during the delay tend to describe small numbers of reported seizures (e.g. 

Lucchelli & Spinnler, 1998; Muhlert et al., 2011). There is therefore a risk that false 

negatives are being reported in the literature. The picture is further obscured as many 

papers inadequately report seizure activity during the testing period. One of the 

difficulties is identifying the relative contribution of seizures during the delay period 

and the cumulative effects of seizures over the lifespan on ALF. Given that some 
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studies do not report seizures during the delay period but still evidence ALF, we can 

conclude that additional factors need to be considered. One possible factor is the link 

between ALF and onset and duration of epilepsy. 

Onset and duration of condition 

 Duration of the condition has been associated with cognitive decline over 

protracted time periods such as 30 years (Helmstaedter, 2002), as well as shorter 

durations of 18-20 years (Seidenberg, Pulsipher, & Hermann, 2007). However some 

participants have not evidenced cognitive decline despite long durations (Griffith et al., 

2007). The reason for this dissociation is unclear, however Seidenberg et al. (2007) 

highlight the fact that the patients in the Griffith et al. (2007) study were older and had 

an average onset of 37 years, suggesting that long-standing refractory epilepsy that is 

diagnosed in childhood may be a contributing factor in cognitive decline. If this 

association is accurately inferred then it is possible that papers in the ALF literature may 

show a similar pattern.  

 Ten single case studies and nine group studies report data on onset and duration 

of condition in the ALF literature. The single case studies were: Cronel-Ohayon et al. 

(2007), DeRenzi and Lucchelli (1993), Gallasi et al. (2011), Holdstock et al. (2002), 

Jansari et al. (2010), Kapur et al. (1997), Kapur et al. (1996), Lucchelli and Spinnler 

(1998), Mayes et al. (2003), and O'Connor et al., (1997) - see appendix A.3 for 

tabulated overview. The nine group studies were: Bell et al. (2005), Blake et al. (2000), 

Butler et al. (2009), Helmstaedter et al. (1998), Mamineksiene et al. (2006), Martin et 

al. (1991), Muhlert et al. (2011), Tramoni et al. (2011), and Wilkinson et al. (2012). 

Single case 

 Age of onset varies amongst the papers with three papers (Jansari et al., 2010; 

Kapur et al., 1997; Lucchelli & Spinnler, 1998) evidencing an onset age of 50 or above, 

four studies reporting onset between the ages of 20 and 40 (DeRenzi & Lucchelli, 1993; 
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Gallasi et al., 2011; Kapur et al., 1996; O'Connor et al., 1997) and three studies 

reporting onset in the teenage years or younger (Cronel-Ohayon et al., 2007; Holdstock 

et al., 2002; Mayes et al., 2003). Review of the papers does not reveal any discernible 

pattern between age of onset and ALF in the single case literature. Three of the papers 

report a long duration of 20 years or more (Gallassi et al., 2011; Holdstock et al., 2002; 

Mayes et al., 2003) with the remaining seven reporting durations of 10 years or less. As 

with age of onset, there does not appear to be an obvious relationship between duration 

of epilepsy and ALF. 

Group studies 

 All nine papers report age of onset with only one paper (Butler et al., 2009) 

reporting an onset over age 50. Three of the papers report an onset between the ages of 

20 and 40 (Butler et al., 2009; Martin et al., 1991; Muhlert et al., 2011), with the 

remaining six papers reporting an onset under 20 years. This indicates that the group 

studies have a proportionately younger onset than the single case studies. As with the 

single case papers however, there is no discernible pattern between onset and duration 

and presentation of ALF.  

Summary 

 It does not appear that age of onset or duration of condition is associated with 

ALF in the papers reported here. We might have expected studies with shorter durations 

to show ALF less frequently given the evidence in the wider literature suggesting that 

longer duration of epileptic condition is linked to cognitive decline (Vingerhoets., 

2006). A potential confound is the lack of consideration of the impact that duration of 

epilepsy has on ALF with none of the studies exploring the association directly. Given 

the lack of direct consideration of the associations between age of onset and duration 

and the observed heterogeneity of the participants, it is important that we explore papers 
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which have used a more direct experimental approach to assess the impact of seizure 

activity on ALF.  

Seizure control through AEDs 

 Research into the clinical effectiveness of AEDs in treating epilepsy has shown 

that although medical intervention demonstrates effectiveness in reducing seizures for 

around 60-70% of individuals (Wiebe et al., 2001), the improvement in seizure activity 

can be offset by the adverse AEDs have on cognition (Hermann, Meador, Gaillard, & 

Cramer, 2010). One of the challenges when applying this to ALF research is how far we 

are able to separate the confounding effects of the medication with the reported benefits 

of seizure reduction. A way to explore this is to assess participants before they have 

controlled their seizures pharmacologically and then retest them in the post-AED period 

(AB design). The following section will consider how successful AED intervention is at 

(a) eliminating seizure activity, and (b) improving ALF. 

Case studies 

 Jansari et al. (2010) is the only paper using an AB pre- and post-AED 

intervention, reporting on a patient RY, a 62-year-old man who complained that his 

memories seemed to fade over a period of around four-to-six weeks. He had an 

unremarkable medical history but reported that he had experienced déjà vu symptoms 

since childhood which had worsened in the year prior to treatment (ostensibly in 

conjunction with his memory difficulties). At the time of testing he was experiencing 

four or five "episodes" per month. Initial neuropsychological testing revealed memory 

performance broadly in the high ranges, although his memory of a recently learned story 

over a week (and beyond) was significantly impaired compared to controls. Successful 

treatment with AEDs controlled his seizures, and when retested post-surgery, RY 

evidenced worse initial encoding of verbal information, but ALF improved for repeated 

recollected material. Methodologically Jansari et al.  scored 5 on the QRS, within the 

http://www.sciencedirect.com.eresources.shef.ac.uk/science/article/pii/S0920121111002725#bib0040
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"average quality" range; methodological strengths included using an age- and IQ-

matched control group, and testing both recall and recognition. However, the study was 

somewhat limited by exclusive use of verbal materials.  

 There is some additional support for these findings from Tramoni et al. (2011) 

who adopted a similar approach with six TLE patients who were prescribed mono-

therapeutic treatment which successfully controlled their overt seizures.  Post-AED, the 

participants in Tramoni et al. show no significant ALF on tests of verbal and visual 

memory compared to controls. However the Tramoni et al. paper is slightly less 

methodologically robust that Jansari et al. (2010), scoring 4 on the QRS and falling at 

the lower limit of the "average quality" range. Methodological weaknesses include the 

lack of an IQ-matched control group and the lack of data from the pre-intervention 

period, which means we are unable to conclude confidently that the participants' ALF 

improved post-intervention. Although Lucchelli and Spinnler (1998) do not report 

improvement in their patient (GB) following AED treatment (details of study reported 

earlier) it is methodologically weak, scoring 3 on the QRS and falling in the "low 

quality" range. Additionally GB appeared to be experiencing sub-clinical night time 

seizures which may have been causing his continuing ALF. 

Group studies  

  Eleven of the ALF group studies report that their TLE participants were 

undergoing a course of poly- or mono-therapy: Bell (2006); Bell et al. (2005); Blake et 

al. (2000); Butler et al. (2009); Davidson et al. (2007); Giovagnoli and Avanzini (1999); 

Jokeit et al. (2001); Mameniskiene et al. (2006); Manes et al. (2005); Muhlert et al. 

(2011); and Wilkinson et al. (2012) (see appendix A for tabulated overview). Four 

group studies report successful control of seizures through AED use: Butler et al., 

Manes et al., Bell, and Bell et al., although the latter two papers only report control of 

seizures for part of their samples. AED intervention was not successful in controlling 
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overt seizures in the remaining seven studies so they will be not be considered further. 

Bell et al. will also be excluded from this appraisal as intra-group information about 

AED use is not provided. The remaining three group studies (Bell, 2006; Butler et al., 

2009; Manes et al., 2011) evidenced seizure control through AED intervention (defined 

as no seizures for at least six months prior to the testing). Bell reported 66% of their 

sample of 25 achieved seizure control, however five of these individuals  previously had 

epilepsy surgery. Due to the pooling of seizure and seizure-free participants, it is 

difficult to establish whether the lack of apparent ALF in this study is attributable to 

seizure control through AED, or successful seizure control due to epilepsy surgery. An 

additional drawback was this paper's testing methodology, with the paper scoring 4 on 

the QRS, falling at the lower end of the "average quality" range. Weaknesses in 

methodology included the lack of an IQ-matched control group and no matching 

procedure.  

 Both Butler et al. (2009) and Manes et al. (2005) report ALF despite successful 

AED intervention, with participants in Manes et al. impaired on tests of recall of verbal 

information after six weeks, and participants in Butler et al. significantly impaired 

compared to controls after a three-week delay on verbal and visual recall tasks. 

However, we must be cautious in attributing too much weight to these findings as 

neither study provides robust methodological experimentation. For instance, although 

participants in Manes et al. evidenced ALF, they were also impaired on standard 

memory tests and their learning was not equated with the control group. 

Methodologically this study scored 4 on the QRS, falling at the lower end of the 

"average quality" range. Butler et al. also scored 4 on the QRS. The main drawback of 

both studies is that memory assessments were not carried out before the AED 

interventions, therefore we are unable to compare the post-AED assessment data.  
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Summary 

 Evidence for the ameliorative effect of seizure reduction on ALF through AED 

intervention is rare in the ALF literature, particularly in group studies, with none of the 

reviewed papers offering substantive evidence of ALF improvement. One of the 

difficulties appears to be the refractory nature of the TLE cases in the ALF literature 

with most papers including participants with uncontrolled seizures of varying etiologies 

despite AED use. The only single case (Jansari et al., 2010) which directly developed an 

AB-style design found that AED may offer a seemingly paradoxical effect on memory, 

in that the effects of the medication may slow or disrupt initial acquisition but improve 

long-term retention by reducing the impact the seizures have on longer-term 

consolidation with repeated exposure to the materials.   

Sub-clinical Seizures 

 Sub-clinical Seizures (SCS) are seizures without subjective or apparent objective 

somatic or neurological presentation (Babb, Wilson, & Isokawa-Akesson, 1987). They 

are most frequently  observed during long-term EEG monitoring pre-epilepsy surgery, 

although only few studies have looked into their clinical characteristics (see Sperling & 

O'Connor, 1990, and Zangaladze, Nei, Liporace, & Sperling, 2008). Previous studies 

have found that they can impact cognitive performance (Bridgeman, Malamut, Sperling, 

Saykin, & O'Connor, 1989). SCS are highlighted as potential explanatory mechanisms 

for ALF, with a recent review concluding that ALF may be "partly attributed to 

subclinical-clinical epileptiform activity and structural damage" (Butler & Zeman, 

2008). The process underpinning this effect is currently unknown although one 

hypothesis proposes that disruption of the "slow" consolidation process that occurs 

during sleep is responsible.  

 To date Jansari et al. (2010) is the only paper to test this hypothesis by using a 

sleep-deprived EEG on participant RY Initial neurological testing did not reveal 
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imaging data suggestive of epilepsy, however EEG monitoring showed right-temporal 

spike activity with increased epileptoform discharges appearing while RY was asleep. 

As described earlier, RY's memory profile showed variable improvement following 

pharmacological intervention, despite being seizure free during the delay period. The 

authors were unable to test RY again using EEG monitoring, therefore we are unable to 

conclude confidently that he was not experiencing subclinical seizures during the overt 

seizure-free period, which may have impacted ALF. As stated in the previous section 

Jansari et al. scores in the "average quality" range on the QRS, indicating that the 

testing methodology is reasonable. Additional supportive evidence is warranted, 

however. 

 Tramoni et al. (2011) offers this to some extent although methodologically this 

paper also falls in the "average quality" range. An interesting finding in this paper is that 

the authors report sub-clinical epileptic activity in all five of their participants despite 

them being seizure free the year leading up to the study. The participants appeared to 

evidence ALF between the one-hour delay period and six-week delay on a story 

recognition test compared to controls but not in learning new facts or single-item 

memory tasks. The reason for this variability is unclear and one of the difficulties with 

this paper is establishing the relative memory gains made by the participants following 

the elimination of their overt seizures through AED intervention the previous year. As 

mentioned in the above section, a way to answer this would have been to administer the 

memory assessments before commencing AEDs and compare this to subsequent 

performance. 

Summary 

 The mixed outcomes and methodological quality in studies researching ALF and 

SCSs point to the need for further avenues of investigation to explain the variability of 

the findings. There is a paucity of available data in this area within the field of epilepsy 
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research (Zangaladze et al., 2008) and to our knowledge no published work is available 

specifically looking at the impact of sub-clinical seizures in ALF. The Tramoni et al. 

(2011) case highlights the potential importance of subclinical seizures, as it suggests 

that overt seizure control alone might not exclude the possibility that epileptogenic 

activity during sleep disrupts the slow consolidation process.   

Seizure control through epilepsy surgery  

 Despite many new AEDs being released into the market in recent years, epilepsy 

surgery has shown to be the most effective method of reducing seizures is resecting the 

part of the temporal lobe responsible for the epileptic activity (Schmidt & Loscher, 

2003). Surgical resection has been found to be effective in reducing drug-resistant 

partial seizures in 64-70% of patients with TLE (Engel, 2003).  If seizures play an 

important role in the forgetting observed in ALF, controlling seizures through surgery 

might be expected to improve forgetting rates by reversing the disruptive effects the 

seizures have on the "slow" consolidation process. 

 Three studies in the ALF literature report post-surgery data, two group studies 

(Bell et al., 2005; Martin et al., 1991) and two single case studies (Cronel-Ohayon et al., 

2007; Gallassi et al., 2011). To date only one of the studies (Gallassi et al., 2011) 

examined a patient before and after surgery. The patient, MT had partial epilepsy with 

secondary generalization from 38 years old and was successfully treated 

pharmacologically until he was 57, at which time his seizures became more frequent 

and within a year he was having one seizure per day. A left temporal polectomy was 

performed leading to a seizure-free profile after 15 months. ALF was assessed using a 

battery of standardized neuropsychological tests. The authors report that 15 months after 

surgery MT's ALF had improved and was not significantly different to the control 

group. 
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 This paper scored 3 on the QRS, falling in the methodologically “low quality" 

range; weaknesses included the lack of an IQ-matched control group, an inadequately 

articulated matching procedure, and uncertainty as to whether initial learning was 

adequately equated at the 30-minute delay. It is possible therefore that the control group 

were performing at a different level to the participant, reflecting a scaling effect pre-

surgery. 

 Bell et al. (2005) include 21 participants in their study, six of whom had 

undergone a left anterior temporal lobectomy and 15 were non-surgical participants. 

The drawback of conflating the sample in this way is that intra-group differences were 

not explored, therefore this study will be omitted from this discussion. Martin et al. 

(1991) report on 21 participants with unilateral TLE and 21 tension headache controls. 

The TLE participants had previously undergone a unilateral anterior temporal 

lobectomy or a temporal lobectomy, and were tested using a selective reminding test at 

immediate learning, 30 minute and 24-hour free recall. Participants in the TLE post-

surgery group evidenced ALF at the 24-hour delay when compared to the control group. 

Methodologically this paper scored 4 on the QRS, falling in the "average quality" range. 

Methodological weaknesses included the lack of an age- or IQ-matched control group 

and the use of only verbal recall materials. As with Tramoni et al. (2011) one of the 

main drawbacks of this study is the lack of pre-surgery data. 

  One of the single case papers, Cronel-Ohayon et al. (2007), reported on a young 

boy JE who experienced left-sided TLE with olfactory auras. Following a year of 

unsuccessful polypharmacy, a left temporal lobectomy with amygdalo-hippocampal 

resection was performed resulting in JE being seizure free. Long-term memory 

assessments for verbal and visual material were conducted when he was 18, finding 

ALF at seven days and again at 29 days when compared to his dyzygotic twin brother. 

One of the drawbacks of this paper was the use of JE's twin brother who was of higher 
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intellectual functioning than JE.. This renders comparisons of forgetting less valid as IQ 

and memory have been found to correlate positively (Mayes, 1986). Methodologically 

this paper fell in the "high quality" range, scoring 7 on the QRS scale. Methodological 

strengths included having a well articulated matching procedure, equating initial 

learning, and using both verbal and visual testing materials. The main drawback of this 

study is the lack of a pre-surgery neuropsychology assessment which means it is not 

possible to establish if J.E.'s ALF scores improved following surgery.  

Summary 

 There are only four reported studies in the ALF literature where participants' 

forgetting rates were assessed following epilepsy surgery. In each case overt seizure 

activity ceased following surgery but support for improved forgetting rates remains 

limited. Methodological problems obfuscate the picture further, as the reported cases are 

not methodologically robust enough to draw any firm conclusions about the 

effectiveness of epilepsy surgery in reducing ALF. The lack of pre/post surgery AB 

group designs is problematic as we are currently unable confidently to observe and 

compare any post-surgery (seizure free) gains to the pre-surgery (active seizure) period. 

Discussion 

 This review used systematic principles to evaluate the literature on ALF in TLE, 

looking at six areas putatively linked to ALF in the wider TLE literature. The papers were 

of mixed methodological quality, with only three representing the highest rating on the 

QRS. We can conclude therefore that testing quality is average in this field. This is partly 

due to the lack of available testing materials to fulfil the Elliott (2012) criteria and also 

due to the marked difficulty in finding control groups matched for age and IQ.  

 The detail of the reporting was sub-optimal in several papers, with some studies 

only describing limited information on salient seizure activity (e.g. frequency, onset, 

and duration). This applied to both high quality papers and low quality papers. In most 
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cases the authors do not consider the relationship between current and historical seizure 

activity and ALF. It is important that researchers consider salient clinical correlates and 

pathological factors in their analyses, and report sufficient detail so that inferences can 

be made about this relationship. 

 Due to the variable reporting quality and small number of papers evidencing 

methodological robustness we should be cautious in drawing any firm conclusions about 

associations between seizure activity and ALF.  However, there does appear to be some 

evidence that seizures mediate ALF, with Wilkinson et al. (2012) providing evidence of a 

relationship between frequency of seizures and ALF over a six-week delay. Similarly 

there appears to be limited support for the effects of AEDs in ameliorating ALF if seizure 

control is established (e.g. Jansari et al., 2010; Tramoni et al., 2011). It should be noted 

that the papers in this area are not as methodologically robust as would be desirable for us 

to draw any firm conclusions. Also, the direct role of SCS in ALF remains unclear, as 

findings from two of these papers (Jansari et al., 2011; Tramoni et al., 2010) suggest that 

SCS activity can persist even when overt seizure control is established through AED 

intervention, with one possibility being that this low-level seizure activity disrupts the 

"slow" consolidation process. 

 Given that AEDs appear unreliable in establishing complete seizure control,  the 

clearest way to understand the role of seizure activity is to develop an AB pre/post 

surgery design. This will enable direct comparison of the seizure free period by 

comparing it to the (period of uncontrolled seizures. Few ALF papers have explored this 

to date, and the studies that have are methodologically limited (e.g. Gallassi et al., 2011). 

Therefore this appears to be a reasonable future avenue to pursue. 

Future Directions 

 The evidence gathered in this review indicates that additional exploration of 

ALF is warranted, particularly given the paucity of high quality papers in this field. 
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Future studies might look to use the QRS as a quality control checklist to develop robust 

ALF testing methods. It is important that researchers report sufficiently a detailed  

history of their sample's epilepsy and seizure activity which should include: age of onset 

of epilepsy, number of lifetime seizures, duration of condition, seizure types over the 

life span, historical medication use, and pertinent imaging data. Proximal reporting 

should comprise information on current seizure activity, seizure frequency, seizure type, 

current AED use, and any imaging or EEG data. It is important that researchers develop 

ways to examine the relationship between  sub-clinical seizures and ALF. Direct AB 

comparison designs are rare in this field, therefore additional research of high 

methodological standard is needed, preferably using a longitudinal pre- and post-

surgery or pre- and post- AED design. 
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Footnotes 

1
Eighty percent of ALF papers were reviewed by two raters (GE and SE). The remaining six 

studies were additional studies added to the review after GE's involvement in the rating 

process had ceased.
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Appendix A (Literature review Tables) 
Appendix A.1     

Table of seizures during the delay and accelerated long term forgetting 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

   *Treatment paradigm tested ALF after 24 hours on multiple occasions 

                 **TLE participants experienced 8 simple partial and 14 complex partial seizures; IGE group experienced 1 GTC and 99 absence seizures 

   ***Participant experienced one seizure during experiment one and was seizure free during experiment 2 

   **** One of the participants who experienced seizures during the delay period showed an isolated memory deficit at 24  hour delay period 

   *****1 participant experienced 2 seizures, the remaining 9 experienced between 1 and 5. 

Investigator (year) 

Number of 

seizures 

reported during 

the delay 

Number of 

days 

seizures 

experienced 

Number of 

participants  

reporting 

seizures 

Seizures 

correlated with 

memory 

 

QRS 

score 

ALF 

Present 

O'Connor et al., 1997 
Multiple 7 1 (100%) + 

3 
 

Lucchelli & 

Spinnler., 1998 

1 1 1 (100%) - 3 
 

Jansari et al.,2010 1 1 1 (100%) - 5 *** 
Jokeit et al., 2001 NR 20/55 

days* 

NR 
+left - right 

2 
 

Bell et al., 2005 1 1 4/49 (8%) 3- 1+**** 6 
 

Bell et al., 2006 1-3 (M)***** NR 10/25 (40%) - 4 
 

Mameniskiene 

et al., 2006 

25.7%<4 p/m, 

50% > 4 p/m 

5.3 p/m 

(M) 

53/70 (76%) + 3 
 

Muhlert et al., 2011 TLE 3.14 (M) 

IGE 20 (M)** 
NR 12/28 (42%) - 

9 
 

Wilkinson et al., 

2012 
NR NR NR + 6  
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Appendix A.2 

 Single-case table of Onset, duration and frequency and Accelerated forgetting in temporal lobe epilepsy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Investigator (year) Onset Duration Frequency Type QRS 

score 

Seizures 

during delay 

ALF 

present 

Single case studies        

DeRenzi & Lucchelli., 1993 24 3 No seizures Head injury -   
Kapur et al., 1996 

 
32 4 No seizures 

TLE head injury 

"Grand Mal" 5   

Kapur et al., 1997 57 5 NR TLE (left) absences 
5   

O'Connor et al., 1997 

 
37 10 

20-30 p/d 

 
TLE 

3   

Lucchelli & Spindler., 1998 63 2 2/3 pm (during sleep) 
TLE (left) complex 

partial 3   

Holdstock et al., 2002** 17 28 20-30 cps p/m 
TLE following head 

injury 6 
NR  

 

Mayes et al., 2003 

 

17 28 20-30 cps p/m 
TLE following head 

injury 8 
NR  

Cronel-Ohayon et al., 2007 9 3 
None following 

surgery (age 12) 

TLE (left) cps 

Olfactory 4   

Jansari et al., 2010**** 62 9 
4/5 "episodes" twice 

p/m (a) seizure free (b) 
TLE (right) 

5  * 

Gallasi et al., 2011 38 20 

2 p/y (when 

controlled) - daily at 

57 

TLE 
3  * 
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Appendix A.3  

Group table of Onset, duration and frequency and Accelerated forgetting in temporal lobe epilepsy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* ALF for visual material evident 

 

 

 

Investigator (year) Onset Duration Frequency Type QRS 

score 

Seizures 

during delay 

ALF 

present 

Group studies        

Martin et al., 1991 
20.5 (L) 12.9 

(R) 
NR NR TLE 4 NR  

Helmstaedter et al., (1998) 13 NR NR TLE 5   

Blake et al., (2000) 12.95 20.1 (SD 12.7) 6 sp, 13 cp, <1 sg TLE 6   

Bell et al., (2005) 
13.1 (R) 

20.1 (L) 
NR NR TLE 6   

Mamineksiene et al., (2005) 19.0 (11.7) 14.2 (10.4) 6.6 (5.6) TLE 3   

Butler et al., (2009) 60.3 (8.0) 6.45 (5.9) 12.0 (10.9) TEA 4   

Muhlert et al., (2011) 22.1 (14.1) 24.3 (16.9) 3.8 TLE 9   

Tramoni et al., (2011) 
Between 8 

and 20 yrs 
0 0 TLE 4   

Wilkinson et al., (2012) 
11.47 (L) 

17.29 (R) 

23.33.(L) 

21.38 (R) 

21.40 (L) 

41.09 (R) 
TLE 6   
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Appendix A.4  

Table of AED use in accelerated long-term forgetting literature 

Investigator (year) N Single AED Poly-pharmacy Type Seizure control QRS 

score 

ALF present 

Bell et al., (2005) 42 NR NR NR 14% of sample 6  
Bell et al., (2006) 25 23 NR NR 66% of sample 4 

 

Blake et al., (2000) 21 M = 2.00  M = 2.00  NR no 6 
 

Butler et al., (2009) 41 41 0 VAL, LMT, PHY, LEV yes 4 
 

Davidson et al., (2007) 21 14 2 LMT, VAL no 5 
 

Giovagnoli & Avanzini, 

(1999) 

131 NR NR CRB, PB, VGB no  
 

Jansari et al., (2010) RY yes no LMT yes 5  

Jokeit et al., 2001)  NR NR NR no 2 
 

Lucchelli & Spinnler 

(1998) 

    yes   
Manes et al., (2005) 6 5 1 CRB, VAL, LMT yes 5 

 

Mameniskiene 

et al., (2012) 

70 36 34 NR no 3 
 

Muhlert et al., (2011) 14 6 8 LEV, CRB, PRG, PHY, 

LMT 

no 9 
 

Tramoni et al., (2011) 5 5 0 LAM, LEV, VAL, CRB yes† 3 † 

Wilkinson et al., 2012 27 2 25 NR no 6  
† EEG showed activation of spiking during slow wave sleep †† Improvement in recognition following seizure reduction NR = not reported
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Research report 

Can epilepsy surgery ameliorate accelerated long-term forgetting in 

temporal lobe epilepsy? A longitudinal group study 

Objectives. To investigate whether seizure control following epilepsy surgery improves  

accelerated long-term forgetting (ALF) in patients with temporal lobe epilepsy (TLE). 

Design. A quantitative longitudinal pre/post surgery design was used to explore the 

impact of surgery on ALF. 

Methods. A parallel set of verbal and visual ALF testing materials were administered 

with seven TLE patients and twenty five controls. Performance was measured on tests of 

recall and recognition at three delay periods (immediate, 30 minutes and one week) pre- 

and post-surgery.  

Results. The results suggested that ALF improved in the patients with TLE post-

surgery for both visually and verbally learned material. 

Conclusions. The findings offer the first group level data supporting the theory that 

uncontrolled seizures result in ALF in TLE. Controlling seizures with epilepsy surgery may 

be a route to improved long-term memory retention. 

Key words: Accelerated Long-term Forgetting, Temporal Lobe Epilepsy, Seizures, Epilepsy 

Surgery, Memory  

 

Introduction 

 Epilepsy is the most common serious neurological problem in the United 

Kingdom, with approximately 456,000 individuals experiencing the condition. It is 

more common in children and in individuals over 65, but reportedly occurs across all 

ages, races and socio economic groups (The National Epilepsy Society, 2010). Epilepsy 

is not considered a specific disease or pathological process but rather a behavioural 

disturbance arising from a hyperexcitable and hypersynchronous discharge of nerve 
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cells (seizures) of various etiologies (Lezak, Howeison, & Loring, 2004). Causal factors 

include tumours, infection, birth trauma, traumatic brain injuries, and scarring of neural 

tissue, as well as progression from unknown origins. 

 The International League Against Epilepsy (ILAE) traditionally classifies two 

broad types of epileptic seizures: focal (or partial) seizures are localised to a particular 

part of the brain (such as the temporal lobes); generalised seizures involve large regions 

of the brain, covering both cerebral hemispheres (ILAE, 1989). Cognitive difficulties 

are well documented in individuals with epilepsy and may be attributed to many factors 

including: seizure etiology, frequency, duration of condition, duration of seizure 

activity, cerebral tumours, lesions pre-dating onset, age of seizure onset, structural 

damage due to seizures, psychosocial factors, ictal and interictal physiological, seizure-

related dysfunction and antiepileptic drug effects (Vingerhoets, 2006).   

 Memory difficulties are common amongst individuals with epilepsy (see 

Thompson & Corcoran 1992) particularly in TLE, where memory-related brain 

structures are directly involved in seizure activity (Bell & Giovagnoli, 2007). Memory 

loss in TLE has been found to be associated with the degree of medial temporal lobe 

pathology, with typical deficits including impaired verbal and visual memory (Lezak et 

al., 2004). Difficulties have also been found in recalling and recognising newly-learned 

information (Isaac & Mayes, 1999a). There is also some evidence that laterality of 

seizure focus differentially affects memory functions, whereby individuals with left-

sided TLE evidencing impaired verbal memory (Hermann, Seidenberg, Schoenfeld, & 

Davies 1987) and individuals with right-sided TLE evidencing deficits in visual 

memory (Lezak et al., 2004).  

In contrast to some of the traditional memory difficulties seen in TLE, where 

information is usually lost over the first few seconds or minutes after learning, recent 

research has shown that some individuals show a distinct pattern of forgetting, whereby 
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normal learning and retention is established over brief delays, but forgetting accelerates 

at a greater rate than controls over delays of weeks or months (Bell & Giovagnoli, 

2007). This relatively newly described phenomenon is termed accelerated long-term 

forgetting (ALF) by most researchers, and although it has also been called long term 

amnesia (Kapur et al., 1996). The former term will be used throughout this paper for 

consistency. 

 ALF was initially reported in a number of single case studies (see De Renzi & 

Lucchelli, 1993; Kapur et al., 1996), however more latterly it has been investigated with 

larger samples, with two recent reviews (Bell & Giovagnoli, 2007; Butler & Zeman, 

2006) describing evidence of ALF in group studies (Manes et al., 2005; Mameniskiene, 

Jatuzis, Kaubrys, & Budrys, 2006; Butler et al., 2007) and in case studies (Cronel-

Ohayon et al., 2006). There is some disparity, however, between reported findings, and 

papers evidencing ALF in TLE have not always been replicated (Bell, Fine, Dow, 

Seidenberg, & Hermann, 2005), or have been only partially replicated (Mameniskiene et 

al., 2006). The inconsistent findings in relation to ALF continue to present a challenge 

to our understanding of the phenomenon, as we do not have a clear picture of what 

causes this distinctive pattern of forgetting. Several avenues of research offer insight 

into the variable findings in the ALF literature focussing on: clinical/subclinical seizure 

activity (Blake, Wroe, Breen, & McCarthy 2000; Jokeit, Daamen, Zang, Janszky, & 

Ebner 2001); structural neuropathology (Wilkinson et al., 2012); medication effects 

(Jokeit et al., 2001); underlying psychosocial factors (Giovagnoli & Avanzini. 1999; 

Blake et al., 2000; Butler et al., 2007) and poor research methodology (Bell et al., 2005; 

Bell, 2006). 

 To understand the possible explanatory mechanisms for ALF we must consider 

the classic work of Theodule Ribot, who made the seminal observation that older 

memories appear to be less prone to disruption than more recently formed ones in 
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individuals with anterograde amnesia (Ribot, 1881). This led him to conclude that 

memories are temporally graded, with older memories less susceptible to disruption 

following a traumatic event than those that were more recently established. Linked to 

Ribot's findings, the process of consolidation is essential to our understanding of how 

these theoretical processes translate to the clinical presentations of ALF. Consolidation 

is a neurobiological process hypothesised to aid in the transfer of short- to long-term 

memory storage and was proposed by Hebb (1949). Squire and Alvarez (1995) draw a 

distinction in the role of consolidation in learning new material, distinguishing between 

the roles of "fast" and "slow" consolidation. The former is thought to involve medial 

temporal lobe (MTL) structures, including the hippocampus, and accounts for memory 

retention over shorter intervals. The latter is thought to involve the gradual transfer of 

memories out of the MTL into neocortex over longer periods of time (usually a week 

and beyond). One of the postulated explanations for ALF is that during this period 

memories that have been subjected to the "fast" consolidation process are vulnerable to 

disruption as it is thought that stability in the neocortical environment is required for 

successful "slow" consolidation.  

 Mayes et al. (2003) postulate three explanations for ALF in TLE; the first two 

posit that pathology causes damage to either medial temporal lobe structures or the 

neocortex, preventing the slow consolidation process due to damage in either of these 

systems. Previous research has examined the role of structural pathology in ALF (see 

Wilkinson et al., 2012; Muhlert et al., 2011) with both papers highlighting the 

possibility that ALF is related to temporal damage outside medial temporal lobe (MTL) 

structures and view MTL damage as a possible marker for this. The third position 

suggests that epileptogenic seizure activity disrupts the neocortical environment, thus 

preventing memories from transferring from the hippocampus to the neocortex (Kapur 

et al., 1997; Squire & Alvarez, 1995).   
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 One of the challenges in investigating seizure activity is the limited ability to 

observe it objectively. Two approaches are generally adopted. The first involves 

electroencephalographic (EEG) measurement, which is the most effective way to 

measure seizure activity directly, and involves recording the brain’s electrical activity 

by placing electrodes directly on the scalp or using an electrode cap. However, this is 

often only available in a clinical environment as the equipment cannot be transported 

home without the use of an ambulatory EEG. The alternate method is to use self-report 

diaries, which despite lacking the objective precision of EEG monitoring, allows us to 

track the frequency and type of seizures in a patient's day-to-day life. However, self-

reporting of seizures is limited to an individual's knowledge of seizure type and this 

method can only be used to document overt seizure activity. 

 Despite the techniques we have available to measure seizure activity, there 

continues to be a dearth of studies exploring the role of uncontrolled seizures in ALF. 

The few studies that have explored this report mixed findings and suffer methodological 

weaknesses. For example, Mameniskiene et al. (2006) recruited 70 patients with TLE 

who underwent a neuropsychological assessment of verbal and non-verbal memory. 

Testing of long-term memory after four weeks revealed that the TLE patients showed 

ALF compared to controls, and the number of complex partial seizures experienced 

were significantly associated with forgetting. However, the results are somewhat limited 

as the authors did not explore the interaction between the immediate delay and the 

extended delay and therefore the patients may have been evidencing a classic amnesic 

pattern of memory loss, as opposed to ALF, which requires normative memory 

acquisition over short delays. An earlier study by Jokeit et al. (2001) examined ten TLE 

patients using a word-position associative learning test whilst being monitored using 

EEG. Participants were presented with 12 words randomly positioned on a computer 

screen in four possible positions (left, right, down or up) and were asked to remember 
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the positions. The process was repeated three times with each presentation followed by 

cued recall to establish initial learning. The participants were then retested at 30 minute 

and 24-hour delays, with ALF calculated by subtracting the 24-hour delay scores from 

the 30 minute scores. The authors found no general effect of seizures on retention 

performance, however patients with left-sided TLE showed ALF on the memory task if 

a seizure was experienced during the 24-hour delay. The main drawbacks of this study 

were the lack of a control group and the fact that it only tested spatial recognition.  

 Two recent studies have considered the relationship between seizures and ALF, 

Muhlert et al. (2011) reported no correlation between seizures and ALF in a sample of 

seven TLE participants on verbal and visual memory tasks tested at three delays: 

immediate, 30 minute and one week. However, the number of seizures experienced by 

the group over the week was very small, therefore the reliability of the correlates in this 

study can be called into question. Wilkinson et al. (2012) provided more substantive 

evidence of the role of seizures in ALF, with 27 TLE patients completing tests of verbal 

and visual recall at three delays: immediate, one hour and six weeks. Participants' 

seizure frequency over the six week delay was found to be positively associated with 

ALF. 

 One of the drawbacks of the studies reported so far is that none adopted an AB 

experimental design to compare forgetting rates during a period of seizures (A) and then 

again when seizures are controlled (B). Few studies examining ALF have used this 

method, however the ones that have use two approaches. The first is to test for ALF pre- 

and again post-AED intervention, with the goal of comparing the seizure-free (post-

AED) period with the pre-intervention period. This has achieved some success, with 

Tramoni et al. (2011) and Jansari et al. (2012) reporting improvements post-seizure 

remission. Of interest, Jansari et al. found that overt seizure elimination appeared to 

attenuate ALF of verbally presented story tests if the materials were repeatedly exposed 
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in the recognition trial. However they did not find the same outcome in a story recall 

test. The reasons for this are unclear although it may be due to the fact that their 

participant was experiencing sub-clinical seizures. This finding is of interest though as it 

might suggest that improving seizures allows patients with TLE to retain more 

information if rehearsal is adopted.  

 One of the drawbacks of AED intervention is that they do not work for every 

patient with TLE. Some individuals opt to have the epileptogenic tissue resected. This 

has been found to control drug-resistant seizures in approximately 70% of patients with 

TLE (Schmidt & Loscher, 2003). In theory, the role that seizures play in ALF could be 

established by conducting an ALF assessment pre- and post-epilepsy surgery to 

compare ALF scores in the seizure-free post-surgery period to the epileptogenic pre-

surgery period. Few studies have been able to achieve this due to the lengthy recovery 

time needed after surgery, difficulties finding a control group matched for age and IQ, 

and the problems associated with re-testing ALF with currently available materials 

(Elliott, 2012). Muhlert, 2010 (unpublished doctoral thesis) conducted a study with a 

single post-surgery participant whom he tested prior to surgery and one year after an 

amygdalohippocampectomy. The results indicated that pre-surgery the participant 

performed normally on recall and recognition tasks after 30 minutes, but ALF was 

detected on visual recognition tasks after 24 hours and one week. Muhlert., drew two 

conclusions from his paper: firstly, the measures may not have been sensitive enough to 

detect the impairment in this individual and secondly, parallel versions of visual/recall 

aspects of the tests should be developed for use pre- and post-surgery with a larger 

sample to prevent practice effects.  

 To our knowledge there is only one published pre/post surgery study in the ALF 

literature, a single case study by Gallassi et al. (2011) who looked at ALF pre- and post-

left temporal polectomy in a patient MT. MT was a 58 year old man who experienced 
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daily seizures and left-frontotemporal pulsating headaches before receiving surgery. He 

had experienced subjective memory deficits just under a year prior to the surgery, which 

he reported had been worsening over time. Neuropsychological examination revealed 

ALF at the one-week delay pre-surgery, which was calculated by averaging forgetting 

scores (30 minute minus one week) across three tests of verbal and visual memory. The 

authors retested MT 15 months after surgery and found that ALF had improved on 

measures of verbal memory but not visual memory. Despite these positive findings, the 

study was methodologically limited due to the authors using a control group which was 

not IQ-matched and only using tests of recall and not recognition. They also retested the 

participant with identical materials pre- and post-surgery which may have confounded 

the results due to repeated exposure to the testing materials.  

Main Aims 

 The current study aimed to develop the first pre/post surgery group study in 

ALF, looking to replicate the findings of Gallassi et al. (2011) using a parallel set of 

verbal and visual ALF testing materials from Elliott (2010). The aim was to explore 

whether seizure reduction, if established through epilepsy surgery, would ameliorate 

ALF in the TLE group. We looked to investigate one of the possible causes of ALF 

outlined by Mayes et al. (2003), namely that seizure activity disrupts the stable 

environment required for the process of "slow" consolidation, therefore preventing the 

retention of newly acquired memories over long-delays. Our second aim was to 

investigate whether repeated recall of the materials ameliorated ALF at either the pre- or 

post-surgery testing intervals, testing the findings of Jansari et al. (2010). 

Hypotheses 

1. Pre-surgery participants with TLE will evidence ALF compared to 

demographically matched controls, which will be evidenced by significant 

differences between the groups on forgetting scores over the one-week delay. 
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2. The rate of forgetting post-surgery will improve compared to pre-surgery, 

evidenced by statistically insignificant group forgetting scores between the TLE 

and control group over the one-week delay. 

3. Repeatedly recalling the verbal story materials at the 30-minute delay will not 

attenuate ALF in the TLE group pre-surgery, but will attenuate ALF in the TLE 

group post-surgery. 

Method 

Design  

 This study comprised a longitudinal quasi-experimental pre/post-surgery design, 

using a repeated battery of measures to assess ALF pre- and up to one year post- 

epilepsy surgery. The project formed the second phase of a larger project looking into 

ALF in TLE. Some data from the pre-surgery time period were available from a 

previous study (see figure 1). The ALF materials comprised two parallel sets of visual 

and verbal  testing materials (set A & set B) developed by Elliott (2010). One set 

presented and tested pre-surgery and the other presented and tested post-surgery. Each 

set comprised recall and recognition paradigms which were used to test retention of 

visual scenes and verbal story tests. The presentation of the sets of stimuli was 

counterbalanced between the participants and controls such that half the participants 

would receive set A first, and half the participants set B. Targets were distributed evenly 

throughout the presentations for the visual scenes test. 

Setting  

 This study was conducted in clinics at the Royal Hallamshire Hospital (RHH) in 

conjunction with the Clinical Psychology Unit at the  University of Sheffield. The 

project was ethically approved by the South Yorkshire Research Ethics Committee (see 

appendix A). Participants gave informed consent before participating in the project. 
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Participants 

TLE Participants 

 

 TLE participants were recruited from the Royal Hallamshire Hospital (RHH). 

Participants who matched the inclusion criteria were identified by a consultant clinical 

neuropsychologist. The inclusion criteria required that individuals: a) had a formal 

diagnosis of TLE, b) Were due to undergo epilepsy surgery, c) spoke English as their 

first language, d) were aged between 18 and 75, e) were assessed as having a Full Scale 

IQ above 80 on the Wechsler Adult Intelligence Scale - third edition (WAIS-III; 

Wechsler, 1997b), and d) were not diagnosed with co-morbid neurological conditions or 

severe psychiatric illness.  A total of twelve participants (six male, six female) were 

recruited, with seven of these comprising pre-surgery participants previously recruited 

in Elliott (2010) (see tables 1 & 2 for demographic data). TLE participants permitted us 

to access additional information about seizure activity through their medical records. 

This information included age onset of epilepsy, seizure frequency, MRI scan data and 

current medication use. 

 Seven of the 12 TLE participants had epilepsy surgery during the study (see 

table 1) with surgery comprising a left (n =3) or right (n = 4) amygdalo-

hippocampectomy, depending on the lateralisation of the patients epileptic activity 

(established through EEG and MRI data).  

Controls 

 Control participants were recruited via email or poster, either from Sheffield 

Teaching Hospitals or the University of Sheffield email systems. Potential candidates 

were provided information sheets and were recruited to the study following completion 

of the reply slip (see appendix B for information sheet and reply slip). A total of 60 

participants were recruited (24 male, 38 female) with 29 of these comprising pre-

existing participants from the Elliott (2010) study (see figure 1 for participant pathway). 
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Background measures collected from the controls at the initial testing appointment 

included reading derived IQ scores, handedness, psychosocial measures and medical 

screening questions pertaining to exclusion criteria.  

Table 1 

 

TLE and control group demographics: means, standard deviations and t-test  

   

 Group  

 PTLE Controls SSCON PPTLE 

N 12 60 25 7 

Gender  (M/F) 6M, 6F 23M, 37F 12M, 13F 3M, 4F 

Age  39.42 38.40 37.10 39.71 

IQ 93.83* 105.63* 99.40 94.00 

Anxiety (HADS) 8.75 5.80 6.44 10.00 

Depression (HADS)  5.08 2.34 3.12 5.14 

Table 1: *significantly different to the control group (p<0.05) 

 PTLE = pre-surgery TLE participants 

 SSCON = subsample of the control group matched for age and IQ 

 PPTLE = TLE pre/post surgery participants (TLE patients who had epilepsy surgery during the study) 

 

 Table 1 indicates that controls and participants with TLE were matched on key 

variables known to affect forgetting including age, IQ and levels of anxiety/depression. 

One way analysis of variance (ANOVA) reported significant differences between the 

groups on reading derived full scale IQ (FSIQ) and years in education. To account for 

the difference between the groups, a subgroup of 25 control participants (SSCON) was 

extracted  that was well matched with the TLE participants.   
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Figure 1. 

Recruitment pathway for Elliott (2010) and Evans (2012) 

† controls removed to ensure demographics matched for age and IQ 

Pre existing participants from Elliott (2010) 
 

Pre-surgery TLE participants (n = 7) 
Pre & post control participants (n = 29) 

Attrition 
Pre-TLE participants (n = 1) 

New participants recruited in Evans (2012) 
Pre-surgery TLE (n = 4) 

Pre & post-surgery TLE participants (n = 1) 
Pre & post control participants (n = 31) 

 

Total sample 
Pre-surgery TLE participants (n = 5) 

Pre & post-surgery TLE participants (n = 7) 
Pre & post control participants (n = 60) 

 

Demographically  matched pre- & post- sample 
Pre & post-surgery TLE participants (n = 7) 

Pre & post control participants (n = 25) 
 

Controls removed†  
Elliott (n = 19) 
Evans (n = 16 ) Pre Surgery TLE removed 

Elliott  (n = 0) 
 Evans (n = 4 ) 

Follow-ups from Elliott  
Post-surgery TLE participants (n = 6)  
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Table 2. 

Characteristics of TLE Participants 

ID Sex Age 

(years) 

Education 

(years) 

FSIQ Age of 

onset 

Duration 

(years) 

Seizure 

frequency 

Seizure types MRI Seizure onset 

EEG 

No. of 

AEDs† 

TLE 1 M 41 11 110 2 39 4-6 monthly CPS, GTCS, 

Aura 

Left MTS Left 2 

TLE 2 F 41 13 82 9 months  40 10-15 

monthly 

SPS, CPS, 

GTCS 

Left MTS Left 3 

TLE 3 F 57 10 99 47 10 6–7 daily  Auras, GTCS Left amygdala 
abnormality, left 

CD 

Left 
frontal 

semiology 

1 

TLE 4 M 54 10 87 7 months 53 7 monthly NC <Right HC 

volume 

Right 3 

TLE 5 F 21 17 92 17 4+ 5-7 monthly Auras, SPS, 

CPS, GTCS 

Right MTS Right 2 

TLE 6 F 42 16 108 24 18 Every 10-28 
days 

SPS, CPS Right HCS Right 2 

TLE 7 M 20 11 85 19 2 1 monthly CPS Right MTS Right 1 

 

TLE 8 

 

F 42 13 113 36 6 4-6 monthly CPS Right MTS Right 2 

TLE 9 

 

M 29 14 102 28 1 1 weekly Absence Left MTS Left  1 

TLE 10 

 

M 51 11 83 5 40 4-6 monthly SGN Unknown Right 2 

TLE 11 

 

M 57 16 108 31 20 1 monthly NC Left MTS Left 3 

TLE 12 F 42 12 114 40 2 1 daily NC Left HCS Left 2 

MTS = mesial temporal sclerosis; HC = hippocampus; HSC = hippocampal sclerosis; CD = cortical dysplasia; SPS = simple partial seizure; CPS = complex partial 

seizure; GTCS = generalised tonic clonic seizure; AEDs = antiepileptic drugs †participants in the PPTLE group were on the same number of AEDs at the post-
surgery testing interval.
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Measures 

Primary matching measures   

 The Wechsler Test of Adult Reading (WTAR; Wechsler, 2001), is a reading task 

used to measure premorbid functioning comprising 50 words reads aloud from a 

stimulus card. This measure was used to measure the control group's pre-morbid full 

scale intelligence quotient (FSIQ). These were then compared to the TLE group's 

current FSIQ, measured using the Wechsler Adult Intelligence Scale (Wechsler, 1997),   

for demographical matching purposes. There is evidence of strong correlation between 

reading ability and intellectual functioning in healthy populations therefore estimated 

pre-morbid scores were deemed suitable estimates of IQ for the controls.  

  The Wechsler Adult Intelligence Scale, third edition (WAIS-III; Wechsler, 

1997b),  is a  standardised of intelligence used in neuropsychology settings. Participants 

in the TLE group completed a WAIS-III up to one year prior to the ALF testing as part 

of their routine pre-surgery neuropsychological assessment to provide evidence of their 

current intellectual functioning. The WAIS-III evidences high reliability of average IQ 

scores (.94-.98) and high content, concurrent and predictive validity (.79-.98).  

Additional measures 

Seizure diary 

 Participants in the pre-surgery TLE group were asked to complete a seizure 

diary over the one-week delay to explore the relationship between frequency of seizures 

during the delay and ALF. Participants recorded the type of seizure they experienced 

and the date and time it occurred (see appendix B). 

Perceived memory questionnaire 

 To explore the relationship between perceived memory and ALF, participants 

were asked to complete a perceived memory questionnaire. Both controls and TLE 
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groups were asked to fill in whether they felt they had a memory problem (yes/no) and, 

if so, whether this occurred over the first few minutes, first few hours, first few days or 

over a number of weeks. Patients with TLE were asked to report when their TLE was 

diagnosed. 

Assessment of mood 

 Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983) is a 

clinical  tool that comprises 14 forced choice questions measuring levels of anxiety and 

depression over the past week. Cronbach's alpha reveals that the HADS shows good 

validity for both the anxiety and depression sub-scales (M = .83).   

ALF materials 

Visual Scenes test overview 

The visual scenes test comprised 618 colour photographs (309 in set A, 309 in 

set B) displayed singly to the participants using Microsoft PowerPoint presentation 

software on a Dell net book computer. The visual scenes tests comprised a number of 

photographs displayed sequentially on the computer screen. Three sub-types of recall 

test were used: item free recall, spatial free recall, and descriptive free recall; a 

recognition sub-test was also used. Verbal memory was  assessed using free recall and 

recognition of short stories. To ensure memory for the visual scenes was adequately 

matched between patients with TLE and the controls, a multiple presentation procedure 

was used. This involved repeating administration of the visual scenes test immediately 

after the first presentation for the TLE group. 

Visual Scenes Recall  

Visual recall was assessed using nine recall scenes which comprised 

photographs featuring prominent, easily identifiable environments. Each scene included 

six foreground items, some of which were not natural to the picture to prevent 

participants guessing items based on the theme of the scene. Three of the nine scenes 
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were tested at each delay (Immediate, 30 minute & 1 week). Recall performance was 

assessed using three measures: item recall tested how many individual items the 

participant was able to recall from the scene, with a maximum score of six per scene 

(eighteen per delay). This included items that were natural to the scene or items added 

artificially; visual recall required the participants to identify the correct location of each 

remembered item using a recall grid which was split into four numbered quadrants. This 

also had a maximum score of six per scene (eighteen per delay); descriptive recall 

required the participants to describe what any recalled items looked like or what they/it 

was doing (if applicable). The maximum score for descriptive recall was twelve points 

per scene, two per correct item (maximum 36 points per delay).  

At presentation each  recall scene was preceded with the name of the scene 

appearing in large black text on the centre of the computer screen. This provided the 

name of a scene which was followed by the corresponding picture (see figure 2).  As the 

picture of the scene appeared, the top left quadrant was highlighted in yellow for one 

second, followed by the top right, then bottom left, then bottom right. After all four 

quadrants had been highlighted the picture of the scene remained on the screen for  

three additional seconds to allow participants to view the scene without any highlighted 

quadrants. The series of individual pictures and blank screens would recommence for a 

further eight pictures. The process repeated nine times in total, covering nine scenes. 

Visual Scene Recognition 

 For presentation of the visual scenes stimuli for recognition a scene 

(photograph) appeared for one second on the computer screen followed by a blank 

screen (which also appeared for one second). Three matched recognition sets, 

containing 50 targets and 50 foils were presented at the three different time points 

(immediate, 30 minute & one-week delay).  
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Figure 2. 

Detail of the experimental procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stories test overview 

 The story test comprised three stories each containing twenty information units 

matched for difficulty and length. The stories were previously recorded by a researcher 

in the department (GE) onto a Windows Media Audio File (WMF) and were played to 

the participants through a net book computer. The order of presentation of the stories 

was counterbalanced to minimise the possibility of order effects and a multiple 

presentation procedure was adopted as with the visual scenes test to ensure that initial 

learning was matched. This meant that TLE participants were played each story twice 

whereas controls were played each story just once. To prevent the participants from 

rehearsing the target story and to examine the effects of repeated rehearsal on ALF, only 

Time Time 

 Recognition Phase Recall Scene phase 

"1s" 

"1s" 

"1s" 

"1s" 

"3s" 

"1s" 

"1s" 

"1s" 

"1s" 

"1s" 

"1s" 

"1s" 

"1s" 

"1s" 

Figure 2. Schematic of the criterial recall and recognitions tests. Note, full recognition phase 

comprises nine photographs and nine blank screens, figure provides illustrative sequence with five 

blanks and five photographs. Each full presentation comprises nine sequences of recognition phases, 

each followed by a recall scene (different pictures and scenes are used for each phase). 
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the first story was recalled at all three delays. The remaining two stories were played at 

either the immediate and 30 minute delay or the immediate and one week delay 

(depending on the counterbalancing schedule). 

Story Recall 

 Participants were asked to recall as much as the story as possible and scored a 

point if they remembered the actual words for each unit or a paraphrased the exact 

meaning of the words.  

Story Recognition 

 The story recognition task comprised a twelve-question forced choice 

assessment procedure, with four possible answers to each of the twelve questions (e.g. 

what was the name of the boy, Wesley Mannningham, Wesley Massingham, Warren 

Massingham, Warren Manningham). The twelve questions were asked after each recall 

trial at each delay and the answer was positioned randomly for each question to prevent 

the participant from correctly guessing the same position each time. The questions were 

presented in chronological order so that earlier answers did not cue later responses. 

Procedure 

  Participants were offered appointments at the RHH or at the University 

of Sheffield Clinical Psychology Unit. Home visits were also offered to reduce 

inconvenience caused by the testing procedure, which took place over four sessions, the 

initial session lasting around 1.5 hours and the one week follow up lasting around 20 

minutes. The process was then repeated approximately six months after the initial 

testing sessions for the controls or at least six month post-surgery for the TLE group. 

This was to allow a sufficient post-surgical recovery for the TLE group. The first 

session comprised the initial presentation of the stimuli followed by testing the 

participants' recall and recognition at immediate and 30-minute delays. The HADS, 

WTAR and perceived memory questionnaire were completed and participants in the 
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TLE group were asked to fill in a seizure diary for the next week. The second testing 

session was used to assess the participants' memory after a one week delay. 

Visual Scenes Test 

 The Administration of the visual scenes task was preceded by a practice trail, 

comprising one recall and eight recognition scenes, which followed the same testing 

procedure as the subsequent experimental trial. Participants were shown the following 

instructions before the practice presentation and again before the full initial 

presentation:  

“You are about to see lots of pictures; your recognition for which will be tested.  Each 

picture will appear for one second.  During this time, you should name an object in the 

picture.  So, if the picture has a car in it, just say “car.” Some pictures appear five 

times in a row.  One section will be outlined at a time - please name something in each 

of the outlined parts.  These scenes have names.  Read these aloud and remember them. 

You will later be asked to recall the parts of these pictures in detail.” 

 Following the initial presentation the participants completed a 45 second 

distraction task which comprised  a number appearing in large font on the screen which 

they were required  identify as odd or even. The participants were then taken through 

either the visual scenes recall or recognition data collection procedure, the order of 

which was dependent on the counterbalancing procedure assigned to each participant 

number (see appendix B for counterbalancing ordering). Recall data was collected by 

asking participants to remember as much as they could about one of the nine visual 

scenes, for example: 

"Can you tell me what was in the Car Boot Scene" 

 Participants were then asked to indicate where each previously recalled item was 

on a spatial recall grid (see appendix B for example grid). Following spatial recall the 

participants were asked to describe what any previously recalled items looked like. For 
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the visual scenes recognition test participants were shown another PowerPoint 

presentation which was preceded by the following instruction on screen: 

“You will now see a series of pictures.  You need to decide whether or not you have 

seen the picture before.  Answer yes or no.” 

 Answers were recorded as a hit (correct) or a false positive (incorrectly 

identifying an item as one that has been seen already on a recording sheet (see appendix 

B for exemplar form). 

Stories Task  

Free recall assessed the participants’ ability to recount as much of the stories as 

possible without additional cueing or prompting. Participants were given the following 

instructions:  

“I am going to play you three stories, one at a time.   I want you to listen to each 

story and remember what happens in it.  Try to remember the main points.  After each 

story ends you will be asked to tell me as much as you can remember about the story.  

Pay special attention to the first story as I will be most interested in your memory for 

this one and will ask you about it again later today and next week.” 

Following the initial presentation participants were asked to think about the 

story for twenty seconds following each presentation (or after the second presentation 

for the TLE group) to match the immediate delay period across the participants. Note, 

although the participants were told to pay particular attention to the first story, the target 

stories were actually those tested at the 30 minute and one week delay. 

Following each immediate recall task, participants were asked to complete the 

recognition task which required that they provide a verbal answer to twelve multiple 

choice questions read by the researcher about the story they has just heard. Participants 

were asked to wait until all of the potential answers were given before answering to 

ensure similitude between the presentation procedures. 
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Statistical Analysis 

 Data were analysed using IBM SPSS 20.0 for Windows (licence purchased from 

University of Sheffield). Descriptive statistics were produced and data were checked for 

normality, skewedness, floor and ceiling effects and outliers. Data were transformed 

using logarithm transforms in SPSS if data were not normally distributed. Bonferroni 

adjustment was used where multiple comparisons were made to reduce the likelihood of 

type-1 errors occurring.  

Corrected measures 

 Descriptive free recall was calculated using %d, (s) a corrected measure which 

takes into consideration the number of items recalled when calculating descriptive 

information, which was developed by Muhlert et al. (2011). Visual scene recognition 

scores were analysed using signal detection theory (Macmillan and Creelman, 1991) 

which uses the number of hits (correctly identified items) and false positives (falsely 

identified items) to calculate an index of accuracy based on (d') scores (see appendix C 

for additional information for both corrected measures).  

Group analysis 

 Independent samples t-tests were used to compare immediate memory 

performance between the control and TLE group to ensure initial learning was equated. 

This was performed at both pre- and post-surgery intervals to ensure consistency at both 

time points. An omnibus multiple analysis of variance (MANOVA) was used with the 

pre-surgery data to find any significant differences between the immediate and 30 

minute and one-week delays. Split-plot analyses of variance were then used to look for 

significant group differences in forgetting rates between the TLE and control group for 

each of the individual experimental measures.  

 To investigate within group ALF pre- and post-surgery, paired sample t-tests of  

change scores were used. Change scores were obtained by subtracting the scores at the 
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one-week delay from the scores at the 30-minute delay, with a lower score representing 

fewer items lost over that delay. For the Long Delay Story Recall/Recognition tests the 

scores were calculated by subtracting the immediate scores from the one-week scores. 

 Pearson's bivariate correlations were used to measure the strength of the 

association between clinical measures deemed pertinent to forgetting. Due to multiple 

correlations being made a more stringent alpha level of .01 was applied to correlational 

statistics. 

Individual analyses 

 Individual analysis was carried out by calculating the percentage of TLE and 

control participants who evidenced impaired retention over the 30 minute and one-week 

delay (calculation from Bell et al., 2005). Participants were considered impaired if they 

evidenced forgetting greater than 1.96 standard deviations from the mean of the control 

group (equivalent to a .05 alpha level). 

Sample size calculations 

 The target sample size for a repeated measures split-plot ANOVA was 28 based 

on the sample required to detect a large effect size between the TLE group and the 

controls at an alpha level of .05 and 80% power (Cohen, 1992).  
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Results 

Data checking 

 Tests of normality revealed non-normally distributed data for all of the ANOVA 

analyses as tested by the Shapiro-Wilk test. Data found violating this testing assumption 

was transformed using the SPSS data transform function. The specific transform 

function applied was dependent on the skew of the data. Due to the small sample sizes 

outliers (calculated as "difference" scores that are more than 1.5 box-lengths from the 

edge of their box) were not removed from the data set and on inspection no outliers 

were considered extreme (more than 3 box-lengths away from the edge of their box). 

Where necessary the Greenhouse Geisser correction was applied to identify and correct 

sphericity in the data.  

Group Analyses 

 To ensure initial learning was adequately matched between the TLE and control 

participants, independent sample t-tests were used to compare performance on the eight 

test variables at the immediate delay. This was performed at both pre- and post-surgery 

assessments to ensure initial matching was achieved. Table 3 reports no significant 

differences between the groups on six of the eight variables pre-surgery, with the 

exception of visual recognition and repeated story recognition. Independent samples t-

tests were run at the 30-minute delay on data from these tests and found no significant 

difference between the TLE and control group t(30) = - .85, p > .05 and t(30) = - 1.79, 

p > .05 respectively, therefore pre-surgery materials appeared to be adequately matched 

at the short delay for these tests. On these grounds we decided to proceed with the 

analysis of this test. When the t-tests were re-run post-surgery they revealed significant 

mean differences between the groups on all four story tests.  Additional analysis of 

these results have been included as the effects on rate of forgetting following epilepsy 

surgery was still considered to be valuable even if initial learning was not matched. 
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Table 3 

 

Immediate recall and recognition scores for visual and verbal test scores at pre surgery and post 

surgery 

 Pre TLE Pre CON Pos TLE Pos CON 

Variable M SD M SD M SD M SD 

Visual scenes         

Item recall  13.86 4.30 15.40 2.45 11.43 6.50 15.28 2.49 

Visual recall (z')  6.37 1.04 6.23 1.68 5.56 2.23 6.59 0.77 

Descriptive recall (s) 71.66 18.60 78.34 10.47 69.21 18.53 80.50 10.55 

Visual Recog (d')   2.91* 0.96 4.02* 0.53 3.44 0.96 3.44 0.92 

Verbal stories         

Story Recall 11.57 5.16 11.28 4.47 7.86* 4.77 12.04* 3.10 

Story Recog  9.57 1.13 9.84 1.60 8.14* 2.19 10.20* 2.08 

Repeated story recall 10.71 3.03 12.36 3.33 8.14* 3.62 13.04* 3.42 

Repeated story recog   8.14* 2.12  9.92* 1.73 7.85* 2.27 9.64* 1.97 

 

Data from six experimental tests were initially entered into a multivariate 

repeated measures analysis of variance MANOVA with factors delay (immediate, 30 

minute & one week) and group (TLE & Control). The MANOVA run with the pre-

surgery data found a significant delay-by-group interaction, Pillai’s trace = 0.286, 

F(2,29) = 5.797, p < .05,  2
 p = .286, indicating that forgetting differed significantly 

between the groups at the pre-surgery testing interval. When the MANOVA was rerun 

post-surgery the delay-by-group interaction did not reach statistical significance, Pillai’s 

trace = 0.069, F(2,29)= 1.082, p > .05,  2
 p = .069. We felt it was important to explore 

the results from the individual sub-tests post-surgery given the variation observed post-

surgery by Gallassi et al. (2011) and the exploratory nature of this research. The 

MANOVA was also run pre-surgery with the addition of the five patients with TLE 
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who did not have epilepsy surgery during the study (PTLE group). The MANOVA 

found a significant delay-by-group interaction, Pillai’s trace = 0.253, F (2,34) = 5.747 , 

p < 0.05,  2
 p = .253, indicating that forgetting differed significantly between the PTLE 

group and the controls.  

Visual Scenes tests 

Item free recall 

 The ANOVA run with the pre-surgery data found a main effect of group 

approaching significance F(1,30) = 4.077, p = .052,  2
 p = .120, a significant main effect 

of delay F(2,60) = 43.288, p < .001  2
 p = .591, but no significant delay-by-group 

interaction F(2,60) = 0.831 , p  > .05,  2
 p = .027. This indicates that both groups forgot 

more information over time but that this was at a comparable level over the three delays. 

When the ANOVA was rerun with post-surgery data it revealed a significant main 

effect of group F(1,30) = 7.193, p < .05  2
 p = .193, a significant main effect of delay 

F(1.483,44.498) = 16.681, p < .001,  2
 p = .357, and as at pre-surgery, no significant 

delay-by-group interaction F(1.483,44.498) = 0.144 , p >.05,  2
 p = .005 (see figure 2). 

Figure 2 

Pre- and post-surgery comparison of mean item free recall scores on the visual scenes 

test 
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 Figure 3 

Pre- and post-surgery comparison of 30 minute to one week item free recall change 

scores on the visual scenes test 

 

Visual free recall  

 Split-plot ANOVAs were used to compare visual recall between the groups 

(TLE & Control) at the three delays (immediate, 30 minute & one week) pre- and post-

surgery. The ANOVA at the pre-surgery testing interval found a significant main effect 

of group F(1,30) = 4.384 , p < .05  2
 p = .127, a significant main effect of delay 

F(1.353,40.599) = 30.235, p < .001  2
 p = .502, and a significant delay-by-group 

interaction F(1.353,40.599) = 6.890 , p < .05  2
 p = .187. Analysis of paired contrasts 

revealed no significant interaction between the immediate and 30-minute delay F(1, 30) 

= 0.521 , p > .05,   2
 p = .029. However, a significant interaction was found over the 30 

minute and one-week delay F(1, 30) = 11.265, p < .05,   2
 p

 
= .273. This indicates that 

forgetting was accelerated in the TLE group over the longer delay. When the ANOVA 

was rerun at the post-surgery testing interval it found a significant main effect of delay 
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F(1.631, 48.938) = 54.447, p < .001  2
 p = .594, but no main effect of group F(1, 30) = 

2.770 , p > .05,   2
 p = .085, and no significant delay-by-group interaction F(1.631, 

48.938) = 0.268 , p > .05  2
 p = .009. This indicates that the TLE group were not 

evidencing ALF post-surgery (See figure 4). 

Figure 4 

Pre- and post-surgery comparison of mean visual recall memory scores (z) for the TLE 

and control groups of the visual scenes test 

  

 Paired sample t-tests were used to identify any statistically significant 

differences in change scores for visually recalled (spatially discriminated) material 

between the pre- and post-surgery assessments.  Participants in the TLE group correctly 

retained numerically more spatial information between the 30 minute and one-week 

delay post-surgery (M = 2.68, SD = 1.45) compared to pre-surgery (M  = 4.07 , SD = 

1.71). This constitutes a small but not statistically significant improvement in spatial 

recall (s) 95% CI [-.44, 3.21], t(6) = 1.854, p >.113, d = 0.7. Participants in the control 

group did not correctly identify more spatial information between 30 minutes and one 
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week post-surgery (M = 2.046 , SD = 1.370) compared to pre-surgery (M = 1.149, SD = 

1.899) 95% CI [-1.913, 0.138] t(24) = -1.793, P > .05, d = -.366 (see figure 5). 

Figure 5 

 

Pre- and post-surgery comparison of 30 minute to one week mean visual recall (z) 

change scores on the visual scenes test 

 

Descriptive free recall  

 Split plot repeated measures ANOVAs were used to compare the groups at the 

three delays (immediate, 30minute & one week) pre and post-surgery. The ANOVA 

comparing the groups at pre-surgery found a significant main effect of group F(1,30) = 

12.783, p < .01,  2
 p = .299, a significant main effect of delay F(1.528, 45.826) = 

23.448, p < .001,  2
 p = .439, and a significant delay-by-group interaction  F(1.528, 

45.826) = 4.688 , p < .05,  2
 p = .135. Analysis of the contrasts between the pairs of 

delays found no significant interaction between the immediate and 30-minute delay 

F(1,30) = 1.540, p > .05,  2
 p = .49. However an interaction approaching significance 

was found between the 30 minute and one-week delay F(1,30) = 3.479, p =.072,  2
 p = 

.104, and a significant interaction was found between the immediate and one-week 
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delay F(1,30) = 7.102, p < .05,  2
 p = .191. This indicates that the TLE participants were 

evidencing ALF between the immediate and one-week delay pre-surgery. When the 

ANOVA was rerun post-surgery it revealed a significant main effect of delay F(1.60, 

48.912) = 16.746, p <.001,  2
 p = .358, a significant main effect of group F(1, 30) =  

7.469, p < .05,  2
 p = .199, but no significant delay-by-group interaction F(1.60, 48.912) 

= .702, p = .05  2
 p = .023. This shows that TLE group were not evidencing ALF post-

surgery (see figure 6). 

Figure 6 

 

Pre- and post-surgery comparison of mean descriptive free recall (s) scores for the TLE 

and control group on the visual scenes test 

  

 Paired sample t-tests were used to identify any statistically significant 

differences in change scores for descriptive recall between the pre- and post-surgery 

assessments.  Participants in the TLE group recalled more descriptive information 

between the 30 minute and one-week delay post-surgery (M=31.19, SD = 18.91) 

compared to pre-surgery (M= 13.27, SD = 20.76). This constitutes a non-significant 
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improvement in descriptive recall (d) in the post-surgery group of 11.08, 95% CI [-9.00, 

44.75], t(6) = 1.635, p >.05, d = 0.62. Participants in the control group did not correctly 

identify more descriptive information post-surgery compared to pre, t(24) = 0.96 , p > 

.05, d = 0.36 (see figure 7). 

Figure 7 

 

Pre- and post-surgery comparison of 30 minute and one week descriptive free recall (s) 

change scores on the visual scenes test 

  

Visual recognition 

Using d’ scores two split-plot ANOVAs were run over the three delays pre- and 

post-surgery. The pre-surgery ANOVA revealed a significant main effect of group 

F(1,30) = 6.144, p < .05  2
 p = .170, a significant main effect of delay F(2,60) = 60.332 

, p  < .001  2
 p = .668, and a delay-by-group interaction approaching significance F(2, 

60) = 2.668, p = .54  2
 p = .093. When the ANOVA was rerun post-surgery it found a 

significant main effect of delay F(1.629, 46.754) = 23.805, p  < .001  2
 p = .442. 

However it revealed no significant main effect of group F(1, 30) = 0.122, p  > .05,  2
 p = 
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.004, and no significant delay-by-group interaction F(1.629, 46.754) = 0.821, p  > .05  2
 

p = .28. This indicates that the TLE group were not experiencing ALF post-surgery (see 

figure 8).  

Figure 8 

Pre- and post-surgery comparison of mean visual recognition (d') scores on the visual 

scenes test 

 

 Paired sample t-tests were used to identify any statistically significant 

differences in change scores for visual recognition between the pre- and post-surgery 

assessments. Participants in the TLE group correctly retained more items from the 

visual recall task between the 30 minute and one week post-surgery (M = 1.16, SD = 

1.12) compared to pre-surgery (M  = 2.12 , SD = 1.19). This indicates that participants 

were more accurate at identifying items post surgery, with an increase in d' of .95 which 

was approaching statistical significance, 95% CI [-.50, 1.97], t(6) = 2.325, p < 0.59, d = 

0.87. Participants in the control group did not correctly recognise more visual 

information post-surgery compared to pre, t(24) = .296, p >.05, d = 0.059 (see figure 9). 
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Figure 9 

 

Pre- and post-surgery comparison of 30 minute to one week visual recognition change 

scores ('d) on the visual scenes test 

 

Stories tests 

Story recall 

 A split plot repeated measures ANOVA comparing story recall over the one-

week delay at the pre-surgery assessment found no significant main effect of group 

F(1,30) = 1.401, p > .05,  2
 p = .45, a significant main effect of delay F(1,30) = 91.433, 

p < .001,  2
 p = .753, and a significant delay-by-group interaction F(1,30) = 9.379, p < 

.05,  2
 p = .238, indicating that the TLE group were experiencing ALF over one week. 

When the analysis was rerun with the post-surgery data it revealed a significant main 

effect of group F(1,30) = 6.576, p < .05,  2
 p = .180, a significant main effect of delay 

F(1,30) = 62.506, p < .001,  2
 p = .676, but no significant delay-by-group interaction 
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F(1,30) = 0.802, p > .05,  2
 p = .026.  This indicates that the TLE group were no longer 

experiencing ALF post-surgery (see figure 10). 

Figure 10 

 

Pre- and post-surgery comparison of mean 30 minute to one week recall scores on the 

verbal story test 

  

 Paired sample t-tests were used to identify any statistically significant 

differences in change scores for verbal story recall between the pre- and post-surgery 

assessments. Participants in the TLE group correctly recalled more story items over the 

one-week delay following surgery, as evidenced by a lower post-surgery change score 

(M = 4.43 , SD = 2.37) compared to pre-surgery (M = 8.86, SD = 3.13). This constitutes 

a statistically significant increase of 4.43 items, 95% CI [2.17, 6.68], t(6) = 4.80, p < 

.003, d = 1.82. The control group did not recall significantly more items post-surgery 

compared to the pre-surgery, recalling a non-statistically significant 1.4 fewer items 

post surgery, 95% CI [-3.003, 0.203], t(24) = -1.802, p > .05, d = -0.360 (see figure 

11). 
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Figure 11 

 

Pre- and post-surgery comparison of immediate to one week recall change scores on the 

verbal stories test 

 

Repeated story recall 

 Split plot ANOVAs comparing story recall over the three delays were used to 

explore the effect of repeated recall at the 30-minute delay. The ANOVA run with pre-

surgery data found a significant main effect of group F(1,30) = 6.488, p < .05,  2
 p = 

.178, a significant main effect of delay F(1.757, 52.717) = 38.692, p < .001,  2
 p = .563, 

and a delay-by-group interaction approaching significance F(1.757, 52.717) = 2.753, p 

= .079,  2
 p = .084. When the ANOVA was run at the post-surgery testing interval it 

found a significant main effect of group F(1,30) = 8.755, p < .05,  2
 p = .226, a 

significant main effect of delay F(2, 60) = 67.990, p < .001,  2
 p = .440, and no 

significant delay-by-group interaction F(2, 60) = 1.93, p > .05,  2
 p = .062. 
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Figure 12 

 

Pre- and post-surgery comparison of mean repeated recall scores on the verbal story test 

 

 

 Paired sample t-tests were used to identify any statistically significant 

differences in change scores for repeated story recall between the pre- and post-surgery 

assessments. Participants in the TLE group correctly recalled more story items over the 

one-week delay post-surgery when the information was repeated recalled, as evidenced 

by a lower change score (M = 1.00, SD = 1.53 ) compared to pre-surgery (M = 3.43 , SD 

= 1.27). This constitutes a statistically significant increase of 2.43 items, 95% CI [1.03, 

3.83], t(6) = 4.25, p < .005, d = 1.61. The control group did not recall more story items 

post-surgery (M = 2.541, SD = 2.484) compared to pre-surgery (M = 1.833, SD = 

2.220), this constitutes a non significant decrease of -0.708 items remembered over the 

two assessments, 95% CI [-2.381, 0.964], t(24) = -.876, p < .005, d = -0.179 (see figure 

13). 
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Figure 13 

 

Pre- and post-surgery comparison of repeated rehearsal change scores on the verbal 

story test 

 

 

Story recognition 

 Split plot ANOVAS were used to identify any statistically significant group 

differences over the 30 minute and one-week delay at the pre and post-surgery 

assessment for story recognition. The ANOVA run on the pre-surgery data found main 

effect of group approaching significance F(1, 30) = 3.473, p = .072,  2
 p = .104, a 

significant main effect of delay F(1, 30) = 50.273, p < .001,  2
 p = .626, and a 

significant delay-by-group interaction F(1, 30) = 8.178, p < .05,  2
 p = .214. This 

indicates that the TLE participants experienced ALF over the long delay pre-surgery. 

When the ANOVA was rerun with data from the post-surgery assessment it found a 

significant main effect of group F(1, 30) = 5.180, p < .05,  2
 p = .147, a significant main 

effect of delay F(1, 30) = 28.285, p  < .001,  2
 p = .485. However, the delay-by-group 
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interaction was no longer significant F(1, 30) = 0.993, p  > .05,  2
 p = .000. This 

indicates that the TLE group were not experiencing ALF post-surgery (see figure 14). 

Figure 14 

 

Pre- and post-surgery comparison of mean 30 minute to one week recognition scores on 

the verbal story test 

  

 

 

 

 

 

 

  

 

 

 

 Paired sample t-tests were used to identify any statistically significant 

differences in change scores for story recognition between the pre- and post-surgery 

assessments.  Participants in the TLE group correctly identified slightly more items 

following epilepsy surgery (M = 2.286, SD = 1.976) compared to pre-surgery (M = 

3.857, SD = 2.340). This constitutes a non-statistically significant increase of 1.571 

items 95% CI [-1.091, 4.234], t(6) = 1.444, p > .05, d = 0.546. Participants in the 

control group recognised slightly less items post-surgery (M = 2.288, SD = 2.189) 

compared to pre-surgery (M = 1.480, SD = 1.686), a non-statistically significant 

decrease of -0.800 items 95% CI [-1.825, 0.225], t(24) = -1.611, p > .05, d = -0.322 

(see figure 15). 
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Figure 15 

 

Pre- and post-surgery comparison of immediate to one week recognition change scores 

for the verbal story test 

 

 

 

 

 

 

 

 

 

 

 

Repeated story recognition 

 Split plot ANOVAs were used to compare repeated story recognition 

performance of the TLE and control group across the three delays at the pre- and post-

surgery assessments The ANOVA using the pre-surgery data found a significant main 

effect of group F(1, 30) = 10.557, p < .05,  2
 p = .260, a significant main effect of delay 

F(1.409, 42.274) = 16.768, p < .001,  2
 p = .359, and a significant delay-by-group 

interaction F(1.409, 42.274) = 5.480, p  < .05,  2
 p = .154. Planned contrasts performed 

between the pairs of delays (20 seconds to 30 minutes  & 30 minutes to one week) 

found no significant delay-by-group interaction over the short delay F(1, 30) = .204, p < 

.05,  2
 p = .007, but a significant interaction between the 30 minute and one-week delay 

F(1, 30) = 7.449, p < .05,  2
 p

 
= .199. This indicates that the TLE participants 

experienced ALF of verbal material over the long delay despite repeated recall of the 
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material at 30 minutes. When the ANOVA was rerun with the post-surgery data it found 

a significant main effect of group F(1, 30) = 4.532, p < .05,  2
 p = .131, and a significant 

main effect of delay F(11.396,41.868) = 6.497, p < .05,  2
 p = .178. However, the delay-

by-group interaction was not significant post-surgery F(11.396,41.868) = 0.084, p > 

.05,  2
 p = .003.  

Figure 16 

 

Pre- and post-surgery comparison of mean repeated story recognition scores on the 

verbal story test 

 

 

 

 

 

 

 

 

  

 

  

 Paired sample t-tests were used to identify any statistically significant 

differences in change scores for repeated story recognition between the pre- and post-

surgery assessments. TLE participants correctly identified more items post-surgery (M = 

1.000, SD = 1.528) compared to pre-surgery (M = 2.285, SD = 1.704). This constitutes a 

statistically significant increase of 1.286 items 95% CI [0.406, 2.165], t(6) = 3.576, p < 

.05, d = 1.352. Participants in the control group recognised marginally less items post-

surgery (M = 0.720, SD = 1.400) compared to pre-surgery (M = 0.520, SD = 1.262), a 
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non-statistically significant decrease of -0.200 items 95% CI [-0.905,0 .505], t(24) = -

0.586, p > .05, d = -1.171 (see figure 17). 

Figure 17 

 

Pre- and post-surgery comparison of repeated recognition change scores for the verbal 

stories test 

The Effect of Seizures on Forgetting 

 Seizure frequency could not be correlated with ALF pre-surgery due to the 

homogeneity of reported seizure activity. Six out of the seven patients with TLE 

experienced seizures during the delay therefore meaningful analysis was not possible. 

The five additional TLE pre-surgery patients were combined to see if this would allow 

additional analysis. However, four out of the five participants experienced a seizure 

during the delay, therefore it was still not possible to run an analysis. All seven patients 

with TLE were seizure free post-surgery. 

Correlations 

 Pearson's bivariate correlations were used to investigate the relationship between 

change scores on the main five experimental tests (item-recall, spatial-recall, 

descriptive-recall, story-recall and story-recognition) with ten variables considered 
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relevant to forgetting in TLE: full Scale IQ, perceived long-term memory, age of onset 

of epilepsy, duration of epilepsy, frequency of seizures, AED use, and HADS derived 

anxiety and depression scores. None of the variables significantly correlated with each 

other at a .01 or .05 alpha level. 

Individual Analysis 

Forgetting rates 

 Figure 18 indicates that a greater number of TLE participants evidenced ALF at 

the pre-surgery testing interval than the control group. Following epilepsy surgery both 

TLE participants and controls evidenced a similar degree of impairment across the tests, 

indicating that ALF improved in the TLE participants post-surgery. 

Figure 18 

 

Pre- and post-surgery comparison of percentage of participants impaired over the one-

week delay 
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Psychosocial measures & perceived memory 

  

 Perceived memory was not found to be significantly correlated with ALF over 

the 30 minute or one-week delay on any of the subtests. The same results were found 

when the correlations were repeated post-surgery. A paired sample t-test was used to 

detect any statistically significant within group differences in the TLE group HADS 

score pre- and post-surgery. TLE participants scored lower on the HADS anxiety 

subscale post surgery (M = 5.858, SD = 5.727) compared to pre-surgery (M = 10.00, SD 

= 4.726). This constitutes a statistically significant decrease of 4.143 points, 95% CI [-

0.176, 8.462], t(6) = 2.347, p < .05, d = 0.87. 

Discussion 

This paper explored the relationship between seizures and ALF by establishing 

whether seizure elimination through resective epilepsy surgery improved ALF in 

patients with AED- refractory TLE. ALF assessments were conducted pre-surgery and 

again between six months and one year post-surgery (controls were assessed over an 

equivalent period of time). Participants were matched on key demographic 

characteristics with a group of healthy controls. A repeated exposure matching 

procedure was successful in equating initial learning in six out of the eight sub-tests pre-

surgery. Results from the remaining sub-tests (visual recognition and repeated story 

recognition) were interpreted cautiously. Patients with TLE exhibited ALF compared to 

controls pre-surgery, showing significantly greater forgetting over a one-week delay on 

spatial recall, descriptive free recall and tests of story recall and recognition. Visual 

recognition was borderline impaired (approaching significance pre-surgery).They 

showed normal retention on visual scene item free recall and verbal recognition. They 

exhibited ALF on the repeated recall story recall test but not on the repeated recognition 

test.  
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Omnibus analysis indicated that the TLE group did not show ALF over the one-

week delay post-surgery. Rather, post-surgery patients with TLE exhibited normative 

retention over the one-week delay on tests of descriptive free-recall, visual scene 

recognition and tests of story recall and recognition. They significantly improved 

compared to their pre-surgery performance on visual item free recall and story recall. 

They also showed significant improvement on repeatedly recalled and recognised verbal 

story tests.  

As predicted by the first assumption, pre-surgery patients with TLE showed 

significantly worse retention over one week than the control group. Performance over 

30 minutes was consistent with previous findings, where patients with TLE have been 

shown to match controls over short delays on verbal and visual material when initial 

learning is equated (Martin et al., 1991; Blake et al., 2000 & Muhlert et al., 2011). 

When tested between 30 minutes and one week, the TLE group exhibited ALF on six of 

the eight sub-tests, with the exception of item free recall and visual recognition. 

Additional analysis did not reveal a clear explanation for why they performed better on 

these sub-tests. Possibilities include poor test-sensitivity or it may be a particularly easy 

sub-test. This is unlikely however, as the TLE group significantly improved on this sub-

test post-surgery. If the test had been too easy we might have expected the control group 

to have performed at ceiling pre-surgery.  

The pre-surgery findings are in line with those reported in Muhlert et al. (2011) 

who conducted similar analyses with 14 patients with TLE, testing long-term forgetting 

over three weeks. Comparing individual analyses between the present study and 

Muhlert et al. reveals a similar percentage of patients with TLE evidencing ALF, with 

approximately half of the participants in each study showing impaired retention pre-

surgery on spatial free recall, descriptive free recall, story recall and story recognition. 

One difference between our findings and Muhlert et al. is the lack of impairment found 
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in our item recall sub-test. This may be due to one of the explanations outlined above or 

the fact that the long-term delay period was longer in the Muhlert et al. study. However, 

this does not explain why our participants evidence similar impairments across the other 

sub-tests.  

Equating initial learning post-surgery was achieved on four out of the eight sub-

tests in the TLE group, but all four story tests were significantly different to the controls 

at initial assessment. In contrast to pre-surgery, their performance on the visual 

recognition test at the immediate delay was not significantly different to the controls 

post-surgery. It is not apparent why these changes occurred, although it may be due to 

the resection of the hippocampus. Previous research has identified that memory 

problems can affect some people who have had epilepsy surgery (Sherman et al., 2011). 

However, it should be noted that some people also appear to improve following surgery, 

most likely due to improved seizure control. As with the pre-surgery visual recognition 

test, we should proceed cautiously when interpreting the results from the post-surgery 

story sub-tests, as they may constitute a scaling effect.  

Post-surgery patients with TLE evidenced unimpaired retention over the one-

week delay on all eight sub-tests, supporting hypothesis two, that eliminating seizure 

activity would improve ALF post-surgery. This represented a change from significant 

ALF pre-surgery, to no significant ALF post-surgery in tests of spatial recall, 

descriptive recall, story recall, repeated story recall, story recognition and repeated story 

recognition. The TLE patients were borderline impaired on spatial recognition pre-

surgery and were unimpaired post-surgery. Change scores comparing pre- and post-

surgery within-group forgetting revealed improvement on all six sub-tests, with 

significant improvements on item free recall, visual recognition and story recall. 

Individual analyses also revealed that none of the post-surgery TLE patients 
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experienced ALF, and their forgetting was not significantly different to the control 

group.  

The findings partly support those made in Gallassi et al. (2011) who found that 

their participant (MT) improved on tests of visual and verbal recall following a temporal 

polectomy. However, both pre- and post-surgery MT evidenced accelerated forgetting 

over the short delay. This is methodologically problematic as it might be suggestive of 

traditional anterograde amnesia as opposed to ALF. The patients with TLE in this study 

did not evidence anterograde amnesia for the verbal tests as they were equated for initial 

learning post-surgery and forgetting over the short delay was not significantly different 

to the controls. However, we found that verbal recall was not equated post-surgery 

therefore we must be cautious in attributing the ALF improvement in the verbal stories 

test.  We did however, find significant improvement in visual forgetting, which supports 

Gallassi et al. 

In consideration of other findings in the literature linking seizure activity to 

ALF, Mameniskiene et al. (2006) found that frequency of seizures during the study 

period was related to poorer recall over a four week delay, and that higher seizure 

frequency was associated with ALF. However, the authors did not measure the 

interaction between the short- and long-delays it is difficult to draw firm conclusions 

from this paper, as it was not clear whether the participants were experiencing 

accelerated forgetting over the short-delay. A more recent study by Wilkinson et al. 

(2012) did measure the interaction over the short delay, as well as the long delay, and 

found that seizure activity during a six-week delay was associated with ALF. The 

current study cannot make similar inferences about seizure frequency, however the 

marked improvement in ALF post-surgery and contemporaneous remission of seizure 

activity is supportive of the hypothesis that seizure activity relates to ALF.  
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As mentioned in the paragraph above, this study makes a case for seizure 

activity causing the pre-surgery ALF. However, we were not able to statistically 

associate seizure frequency with forgetting pre-surgery, even when pooling the five 

additional pre-surgery patients with TLE. Although this challenges our second 

assumption and excludes a direct causal link being made between seizure activity and 

forgetting, an explanation can be provided in that only one participant reported being 

seizure-free during the one-week delay pre-surgery. The opposite then occurred post-

surgery, with all seven patients with TLE seizure free during the one-week delay. It is 

not possible to say unequivocally that the elimination of seizures post-surgery relates to 

the marked improvement found in the patients with TLE; however it is the most likely 

interpretation of these findings. 

A potential confound to the hypothesis that seizures cause ALF is that a 

reduction in AED use post-surgery improved ALF due to the elimination of the memory 

difficulties associated with AED use. However this was not the case in this study as the 

patients with TLE were continuing AED intervention during the post-surgery period.  

In consideration of how this work fits with other published findings we will 

focus on the results reported in Bell (2006) and Muhlert et al. (2011). These papers 

report different findings and draw different conclusions from their respective data. Bell 

report no significant differences between the percentage of their TLE and control 

participants who experienced ALF over a two week delay. As stated earlier, Muhlert et 

al. found that around 50 percent of their sample experienced ALF over a three-week 

delay. Two explanations are outlined in Muhlert et al. for these differences, the first 

posits that the participants in Bell evidenced accelerated forgetting over the short delay, 

therefore the results might reflect a scaling effect. The second proposes that the 

insignificant findings relate to the use of a pooled sample of individuals, some of whom 

were post-surgical patients. Given the findings from this study, the heterogeneity in 
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ALF presentation in Bell likely relates to the number of participants who were seizure 

free due to epilepsy surgery. This point is not picked up on in either of the studies 

described above but it fits with our general findings.  

Previous research has shown that repeated testing of recall and recognition can 

improve ALF over delays of 24 hours if seizure control is established (Jansari et al., 

2011). Our findings confirm that pre-surgery repeated testing on the verbal story test at 

30 minutes attenuated ALF over one week in the TLE group for recognition but not 

recall. The control participants' retention was not associated with repeated recall at 30 

minutes. Post surgery, the TLE group evidenced improved story recall and recognition 

over one week with repeated testing  at the 30-minute delay. Our findings are different 

to those of Jansari et al. who found recall and recognition impaired pre- and only 

recognition improved post-AED intervention (with the control of overt seizures). The 

reasons for this are not clear, however it may relate to the fact that JR was experiencing 

sub-clinical seizures even during the post-AED period which were differentially 

affecting recall and recognition, thus leaving the "slow" consolidation process 

susceptible to disruption. However this is somewhat speculative and is not corroborated 

by others findings so it may require further investigation. 

We found that self-reported anxiety and depression were not correlated with 

retention over the one-week delay when comparing the six sub-test change scores pre- 

and post-surgery. We also found that participant's perceived memory did not correlate 

with retention over the 30 minute or the one-week delay. This was the case pre- and 

post-surgery. This supports the findings of Blake et al. (2000) and Muhlert et al. (2011), 

both of whom did not find a significant relationship between retention and perceived 

memory over long-delays. However, Muhlert et al. found a relationship between 

perceived memory and retention over the 30-minute delay. It is not clear why this 

discrepancy occurred, but the position outlined by Muhlert et al., seems plausible, that 
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these findings may be an artefact of small sample numbers. We did however, find a 

significant improvement in anxiety scores in the TLE group post-surgery.  

One of the difficulties with previous research has been finding a control group 

matched for age and IQ, and often researchers have relied on less robust matching 

procedures (i.e. years in education or age - without IQ). This is problematic as these 

have not been shown to be reliable in adequately equating participants’ demographics. 

A strength of this study was the use of a sub-sample of control participants drawn from 

a larger sample and matched on characteristics known to confound group comparisons 

of forgetting. An additional strength is our use of a parallel version of the ALF testing 

materials, comprising a set of verbal and visual recall and recognition tests. The post-

surgery improvements are therefore unlikely to be related to repeated exposure to the 

materials.   

One of the limitations of this study was the reduced initial encoding of 

information observed in participants both pre- and post-surgery but more predominantly 

post-surgery, with significantly lower registration of the materials occurring on the 

verbal sub-tests. Although our results suggest that ALF has improved post-surgery, it is 

possible that a scaling effect has occurred. However, due to the broad improvement 

observed across the different subtests, scaling effects are  unlikely to account for the 

stark improvements observed.   

 This research demonstrates that a sub-sample of patients with TLE who 

are matched for age and IQ with a control group evidence significantly impaired 

retention when tested over a week. This is problematic as standard neuropsychological 

memory batteries only test at 30-minute delays. The likelihood of missing memory 

impairments in patients with TLE remains high until an improved understanding of the 

process of ALF is widely disseminated amongst clinicians. Given the findings that ALF 

might be improved following epilepsy surgery, it is important that potential benefits and 
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costs are known by clinicians and made available to patients, particularly given the 

inherent risks of epilepsy surgery, and the low quality of life that some individuals with 

medically refractory TLE experience. Our finding that repeated recall of the test 

materials attenuates ALF is of clinical importance, as it suggests that consolidation may 

be reinforced if appropriate rehearsal strategies are adopted. It appears that this affects 

recall and recognition differentially.  Finally, we found that the TLE participants' HADS 

derived anxiety scores significantly improved post surgery suggests that seizure 

elimination and/or the subsequent memory gains may have positive psycho-social 

benefits. 

Future work 

 Future work might look to repeat this study with a larger clinical sample to 

establish if the promising findings reported here have broad clinical support. One of the 

difficulties we experienced was finding variability in seizure presentations during the 

one-week delay pre-surgery. It was not possible therefore, to associate seizure 

frequency to retention per-se. A way to overcome the lack of heterogeneity in pre-

surgery seizure activity observed during this study would be to record seizure activity 

over a longer period of time, as-per Wilkinson et al. (2012). This may generate a clearer 

picture of the association between seizure activity and retentive ability. If improved 

retention can be established with post-surgical seizure remission, we will have a strong 

argument for the direct role of current seizure activity on ALF. Complementing a larger 

study with a smaller case-series design may aid investigation of the heterogeneity 

reported in ALF. The use of robust ALF assessment tools, as well as neurological 

imaging data will help us establish how neuropathology interacts with seizure activity 

and subsequent forgetting. Finally, although the testing procedure adopted in this study 

was robust, one of the main drawbacks is the time it takes to administer. Developing a 

way to streamline the ALF assessment so that it is easier to administer in clinical 
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practice will ensure that neuropsychologists continue to develop accurate, reliable and 

applicable clinical tools to assess ALF.  

Conclusions 

 In conclusion, this study demonstrates that seizures can disrupt the longer-term 

retention of newly learned memories in individuals with TLE over delays of one-week. 

It appears that this impairment can be improved following epilepsy surgery with seizure 

control. Our findings provide some supportive evidence to the theory of "slow" 

consolidation operating over a longer time frame than the processes involved in 

immediate acquisition of newly learned information. This appears to fit with the 

Standard Model of memory proposed by Squire and Alvarez (1995). We found evidence 

that the mechanism underpinning shorter term "quick" consolidation appears to be 

broadly intact in individuals with TLE. However, for approximately half of our sample, 

"slow" consolidation may have been impaired, evidenced by ALF over the one-week 

delay pre-surgery. The fact that this impairment improved post-operatively with seizure 

control lends credence to Mayes's theory that seizure activity in the temporal lobes is 

related to ALF.  
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APPENDIX B 

Materials 

 

1. Information Sheets 

  1.1 Reply Slip 

 1.2 Information Sheet (control) 

 1.3 Information Sheet (patient) 

 

2. Consent Forms 

 2.1 Consent Form (controls) 

 2.2 Consent Form (patients) 

 

3. Wechsler Test of Adult Reading (WTAR)  

 

4. Visual Scenes Tests  

4.1 Recall Scenes (set A and set B) 

4.2 Recall Response Form (set A exemplar) 

4.3 Spatial Recall Response Grid  

4.4 Exemplar Visual Recognition Scenes  

4.5 Recognition Response Form (set A exemplar) 

 

5. Verbal Stories Tests  

5.1 Stories Recall Response Form (set A exemplar) 

5.2 Story Recognition Response Form  (set A exemplar) 

 

6. Long-Term Memory Questionnaire  

7. Hospital Anxiety and Depression Scale (HADS)  

8. Seizure Diary  

9. Counterbalancing schedule 
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B.1: Reply Slip 
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B.2: Information Sheets 

B1.1: Information Sheet (control) Page 1 
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Page 2
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Page 3 
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B1.2: Information sheet (patient) 

Page 1. 
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Page 2. 
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Page 3 
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B2. Consent Forms 

B2.1: Consent Form (control) 
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B2.2: Consent Form (patient) 
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B.3 Wechsler Test of Adult Reading (WTAR) 

Front page 
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Back page 
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B.4 Visual Scenes Tests 

B4.1:  Recall - Set A     

NB:  Actual size of scenes during initial presentation was 12” x 9” to fill PC Laptop Screen 

 

A1: The Bakery Scene 

 

A2: The Office Scene 
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A3: The River Scene 

 

 

 

A4: The Bar Scene 
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A5: The Bathroom Scene 

 

 

A6: The Stables Scene 
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A7: The Supermarket Scene 

 

 

A8: The Winter Scene 
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A9: The Kitchen Scene 

 

 

2.1: Recall - Set B 

B1: The Park Scene 
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B2: The Flat Scene 

 

 

 

B3: The Classroom Scene 
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B4: The Car Boot Scene 

 

 

 

B5: The Camping Scene 
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B6: The Playroom Scene 

 

 

 

B7: The Garden Scene 
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B8: The Beach Scene 

 

 

B9: The Library Scene 
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B4.2.  Recall Response Form: A1 ‘The Bakery Scene’  

 

Participant No__________________  Delay:  □  Immediate   □  30 minute   □  1 week  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ITEM RECALL:  Can you tell me what was in The Bakery Scene? 
 
□  Baker / lady       □  Clock   

□  Girl       □  Bag 

□  Cabinet / cake display    □  Gingerbread man 

□  Drink 

□  Windows 

Other:_____________________________________________                Score 0 – 6:_______ 
 
SPATIAL RECALL:  Can you tell me where [insert item recalled] was? (show participant the 
recall grid) 
 
□  Baker / lady:  2      □  Clock: 2 

□  Girl:  1 / 3       □  Bag: 3 

□  Cabinet / display of cakes: 3 / 4      □  Gingerbread man: 4 

□  Drink: 2  

□  Windows: 1 / 2  

Other:_____________________________________________                Score 0 – 6:________  
 

DESCRIPTIVE RECALL:  Can you tell me what it / they looked like / what they were doing? 
(Record descriptions of up to 2 attributes for up to 6 items previously recalled) 
 

□ □ Baker / lady  (e.g. serving the girl / passing the girl a drink*, old/,middle aged, wearing 

glasses, [blue] apron, [white] shirt, broach, gold earrings, short hair, ginger/blond hair, smiling) 
 

□ □ Girl (e.g. young, brown hair, [plaited] pigtails, [green] vest-top, [beige/cream] shorts, 

taking a drink from the lady*, smiling, carrying a bag*) 
 

□ □ Cabinet / display of cakes (3-4 shelves, many different types, pastries, gingerbread 

man*, buns on top shelf have cherries on, clear plastic/glass display) 
 

□ □ Drink (cola/coke, straw, in a glass, being passed between young girl and lady*) 

 

□ □ Windows (red tie-backs, brown wooden frames, 4 visible, wooden bars in a cross pattern, 

net curtains, white/cream net curtains, curtains hanging at top and bottom) 
 

□ □ Clock (round, dark brown outer frame, silver/chrome inner face, no numbers, [silver] 

roman numeral markers, time shows ten past ten, second hand at 12) 
 

□ □  Bag (carried by the girl*, carried in right hand, blue, pink flowers/ roses/green leaves, 

rectangle shape 
 

□ □ Gingerbread man* (in the cabinet / on the shelf, Santa Claus hat / red hat, white piping / 

icing, smiling, flower buttons)  
 
* Only one point can be awarded for each description.  The description may be scored for any of the items it relates to. 

 
        Score 0 – 12:_______ 
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B4.3. Spatial Recall Response Grid 
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4.4: Exemplar Visual Recognition Scenes  

NB:  Actual size of scenes during initial presentation & recognition testing was 12” x 9” to fill PC Laptop 

Screen 

Set A:  Example of Recognition Target 

 

Set B: Example of Recognition Target  

 

 
4.5: Exemplar Visual Recognition Response Form:  Set A, Test 1 
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Participant No____________                                      Delay:  □ Immediate   □ 30 minute   □ 1 week              

Slide number Response ( Y / N) Correct Response Score 

1        Instructions Instructions - 
2  Y  

3  N  

4  N  

5  Y  

6  Y  

7  Y  

8  N  

9  N  

10  N  

11  Y  

12  Y  

13  N  

14  N  

15  Y  

16  Y  

17  N  

18  Y  

19  N  

20  N  

21  Y  

22  Y  

23  N  

24  N  

25  Y  

26  Y  

27  Y  

28  N  

29  N  

30  N  

31  Y  

32  N  

33  Y  

34  Y  

35  N  

36  Y  

37  N  

38  N  

39  N  

40  Y  

41  Y  

42  Y  

43  N  

44  Y  

45  N  

46  Y  

47  Y  

48  Y  

49  N  

50  N  

51  N  
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Slide number Response ( Y / N) Correct Response Score 
52  Y  

53  Y  

54  N  

55  N  

56  N  

57  Y  

58  N  

59  Y  

60  N  

61  Y  

62  Y  

63  N  

64  N  

65  Y  

66  N  

67  N  

68  Y  

69  Y  

70  Y  

71  N  

72  Y  

73  N  

74  N  

75  Y  

76  N  

77  Y  

78  Y  

79  N  

80  Y  

81  N  

82  N  

83  Y  

84  Y  

85  N  

86  Y  

87  N  

88  N  

89  N  

90  Y  

91  Y  

92  Y  

93  N  

94  Y  

95  N  

96  N  

97  Y  

98  N  

99  Y  

100  Y  

101  N  

Total Correct (max 100) 
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5. Verbal Stories Tests 

5.1: Exemplar Story Recall Response Form:  Set A, Story 1  
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5.2: Story Recognition Response Form: Set A, Story 1 

Participant No____________                     Delay Key:  □ Immediate     ◊ 30 minute         1 week              

Story 1: Tick the box next to the answer given (correct responses shown in bold)   
 

1. What was the man’s name? 

□ ◊ ○    Peter Brooks 

□ ◊ ○    Peter Butcher 
□ ◊ ○    Paul Brocks 

□ ◊ ○    Paul Bailey                  
 

2. Where was he from? 

□ ◊ ○    Cheltenham 

□ ◊ ○    Worcester  

□ ◊ ○    Gloucester  

□ ◊ ○    Salisbury  

         
3. Where did he travel?  

□ ◊ ○    Around the coast of France 

□ ◊ ○    Around the coast of Ireland 

□ ◊ ○    Around the coast of Britain  

□ ◊ ○    Across Britain  

       
4. How did he travel? 

□ ◊ ○    By bicycle  

□ ◊ ○     In a wheel-chair  

□ ◊ ○    On foot 

□ ◊ ○    On crutches       

  
5.  When did he complete his journey? 

□ ◊ ○    21st August 

□ ◊ ○    12th April 

□ ◊ ○    12th August 

□ ◊ ○    21st April 

        
6. How old was he? 

□ ◊ ○    25 

□ ◊ ○    29 

□ ◊ ○    27 

□ ◊ ○    23   
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7.  What happened six years ago? 

□ ◊ ○    He was involved in a car accident  

□ ◊ ○    He was involved in a motor-cycle accident 

□ ◊ ○    He fell off a roof 

□ ◊ ○    He fell off a ladder 

        
8. How many miles was the trip? 

□ ◊ ○    2000 

□ ◊ ○     5000 

□ ◊ ○    3000 

□ ◊ ○    4000   

       
9. How long did the trip take? 

□ ◊ ○    4 weeks 

□ ◊ ○    14 weeks 

□ ◊ ○    4 months 

□ ◊ ○    40 days        

  
10.  How much money did he raise? 

□ ◊ ○    100 000 pounds 

□ ◊ ○    10 000 pounds 

□ ◊ ○    5000 pounds 

□ ◊ ○    50 000 pounds        

 
11.  What was the money to be used for?  

□ ◊ ○    A spinal injuries unit 

□ ◊ ○    A children’s hospital  

□ ◊ ○    Facilities for the disabled  

□ ◊ ○    The disabled Olympics       

 
12.  Where was the money to be used? 

□ ◊ ○    Cheltenham 

□ ◊ ○    Salisbury  

□ ◊ ○    Worcester  

□ ◊ ○    Gloucester    Score (max 12):_______ 
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B.6: Long-Term Memory Questionnaire 
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B.7: Hospital Anxiety and Depression Scale (HADS) 
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B.8: Seizure Diary  

If you experience any seizures during the next week, please give details 

below.  We would like you to record when the seizure occurred (day and 

time) and the type of seizure (if known). 

 

Date  Time  
Type of seizure (e.g. 

generalised, tonic-clonic, 
absences or auras, simple 
partial, complex partial). 
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B.9: Counterbalancing Schedule 

 

 

 

Participant 

Number 

Pre-surgery 

First Test for Controls  

 

Post-surgery 

Second Test for Controls  

Stimuli Set Immediate 

Recall 

Scenes 

Immediate 

Recognition 

Set 

30 min 

Recall 

Scenes 

30 min 

Recognition 

Set  

1 week 

Recall 

Scenes 

1 week 

Recognition 

Set  

Stimuli 

Set 

Immediate 

Recall 

Scenes 

Immediate 

Recognition 

Set 

30 min 

Recall 

Scenes 

30 min 

Recognition 

Set  

1 week 

recall 

scenes 

1 week 

recognitio

n set 

1, 7, 13, 19, 

25 

 

A 
Recall 
first  

1, 2, 3 1 4 ,5, 6 2 
 

7, 8, 9 
 

3 
B 

Recog 
first 

1, 2, 3 1 4 ,5, 6 2 
 

7, 8, 9 
 

3 

2, 8, 14, 20, 

26 

 

B 
Recall 
first  

1, 2, 3 1 4, 5, 6 2 7, 8, 9 3 
A 

Recog 
first 

1, 2, 3 1 4, 5, 6 2 7, 8, 9 3 

3, 9, 15, 2, 

27 

 

A 
Recog 
first 

4, 5, 6 2 7, 8, 9 3 1,2,3 1 

 

B 
Recall 
first  

4, 5, 6 2 7, 8, 9 3 1,2,3 1 

4, 10, 16, 

22, 28 

 

B 
Recog 
first 

4,5,6 2 7,8,9 3 1,2,3 1 

 

A 
Recall 
first  

4,5,6 2 7,8,9 3 1,2,3 1 

5, 11, 17, 

23, 29 

 

A 
Recall 
first  

7,8,9 3 1,2,3 1 4,5,6 2 
B 

Recog 
first 

7,8,9 3 1,2,3 1 4,5,6 2 

6, 12, 18, 

24, 30 

 

B 
Recall 
first  

7,8,9 3 1,2,3 1 4,5,6 2 
A 

Recog 
first 

7,8,9 3 1,2,3 1 4,5,6 2 
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APPENDIX C 

Statistical Formulae 

 

C1. Corrected Measure of Spatial Discrimination  

 

C2.  Corrected Measure of Descriptive Recall  

 

C3.  Signal Detection Theory  
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1. Corrected Measure of Spatial Discrimination  

A corrected measure of spatial discrimination (see Hunkin et al., 1994) was used as the 

recall of spatial information varied depending on the number items recalled.  For 

example, if only one item was recalled but the participant remembered its spatial 

location, this would lead to a 100% scores, clearly more than a participant who recalls 

six items but only recalls the correct spatial location for five of those items (who would 

score 80%).   

Hunkin et al.’s discrimination score (z) is calculated as: 

  
     

  
 

where z = correct spatial responses; x = n.p.; n = number of items recalled; p = 

probability of recalling spatial information (by chance); sd = square root of (n.p.q);  q = 

(1-p).  The probability of recalling spatial information by chance was 0.25 (four 

potential grid locations).    

 

2.  Corrected Measure of Descriptive Recall  

Muhlert (unpublished PhD thesis) devised a corrected measure of descriptive recall to 

account for the differences in the number of items recalled when calculating descriptive 

information.  This descriptive score %d was calculated as (s used to avoid confusion 

with Cohen's d) 

    
 

  

 
      

where: d = descriptive recall raw score (divided by 2 as it was scored up to two points 

for each item); i = item recall raw score.  The score %d represents is the percentage of 

correctly recalled descriptive information about the remembered items.    
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3. Signal Detection Theory  

signal detection theory was scored using to score visual scene recognition (see 

Macmillan & Creelman, 1991).  The total number of hits and false positives were taken 

into account by calculating an index of accuracy (d’) using the equation following 

formula: 

     
   

      
     

   

          
  

Where: Z(Yes/Signal) = standard normal deviate corresponding to the percentage of 

hits; Z (Yes/Non-signal) = the percentage of false positives. Higher d' value reflects 

higher accuracy. 
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APPENDIX D  

Correlation Matrices 

D.2: Pearson r correlation matrix of visual and verbal tests in the TLE group at the pre- and post-surgery testing intervals (n = 7). Probability values 

in parentheses and significant correlations are highlighted in bold. 

 
 Item free 

recall (pre) 

Item free 

recall (post) 

Visual free 

recall (Pre) 

Visual free 

recall (post) 

Desc free 

recall (pre) 

Desc free 

recall (post) 

Story recall 

(pre) 

Story recall 

(post) 

Story 

recognition 

(pre) 

Story 

recognition 

(post) 

Item free 

recall (pre) 
-          

Item free 

recall (post) 
.855 (.014)

* 
-         

Visual free 

recall (pre) 
.768 (.044)

* .624 (.134) -        

Visual free 

recall (post) 
-.057 (.904) .008 (.987) .224 (.629) -       

Desc free 

recall (pre) 
.798 (.032)

* .730 (.063) .486 (.269) .053 (.910) -      

Desc free 

recall (post) 
-.161 (.729) -.281 (.542) -.036 (.940) -.256 (.580) -.068 (.886) -     

Story recall 

(pre) 
.039 (.934) -.033 (.945) .252 (.586) .093 (.843) -.337 (.459) -.722 (.067) -    

Story recall 

(post) 
.500 (.253) .431 (.335) .190 (.683) .030 (.949) .258 (.576) -.856 (.014)

* .638 (.123) -   

Story recog 

(pre) 
.566 (.186) .414 (.355) .915 (.004)

* .445 (.317) .257 (.577) .116 (.805) .179 (.701) .013 (.987) -  

Story recog 

(post) 
.093 (.934) -.129 (.783) .085 (.855) .617 (.140) .181 (.697) -.571 (.181) .412 (.359) .539 (.212) .118 (.800) - 

note: Desc = descriptive* = < .05 
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