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Concepto	de	epilepsia	

þ La	epilepsia	es	un	trastorno	neurológico	crónico	que	
produce	estallidos	anormales	de	excitación	eléctrica	
en	grupos	de	neuronas	que	eventualmente	pueden	
extenderse	a	todo	el	cerebro.	

þ Esta	ac.vidad	eléctrica	anormal	puede	tener	efectos	

significa.vos	sobre	el	funcionamiento	cognosci.vo	y	
conductual	de	las	personas	que	la	padecen.	
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Abstract

The objective of this study is to determine if distinct cognitive phenotypes could be identified in temporal lobe
epilepsy. Epilepsy patients (n5 96) and healthy controls (n5 82) underwent comprehensive neuropsychological
assessment. Adjusted (age, gender, and education) test scores for epilepsy subjects were grouped into cognitive
domains (intelligence, language, visuoperception, immediate and delayed memory, executive function, and
cognitive0psychomotor speed). Cluster analysis revealed three distinct cognitive profiles types: (1) minimally
impaired (47% of subjects); (2) memory impaired (24%); and (3) memory, executive, and speed impaired (29%).
The three cluster groups exhibited different patterns of results on demographic, clinical epilepsy, brain volumetrics,
and cognitive course over a 4-year interval. The specific profile characteristics of the identified cognitive
phenotypes are presented and their implications for the investigation of the neurobehavioral complications of
epilepsy are discussed. (JINS, 2007, 13, 12–20.)
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INTRODUCTION

Neuropsychological impairment is an important co-morbidity
of chronic epilepsy (Elger et al., 2004). Considerable
research has examined the relationship between cognition
and a variety of clinical factors including etiology, age of
onset, seizure type and severity, duration, antiepilepsy med-
ications, and other factors. (Aldenkamp & Arends, 2004;
Dodrill, 2004; Helmstaedter & Kurthen, 2001; Jones-
Gotman, 2000; Saling et al., 1993). In addition, modal cog-
nitive profiles have been derived for various epilepsy
syndromes (including mesial temporal lobe epilepsy), and
efforts have been undertaken to identify the shared versus
unique cognitive risks across epilepsy syndromes (Elger
et al., 2004; Lassonde et al., 2000; Nolan et al., 2003).
These approaches have provided insight into the influence
of clinical seizure factors on cognition in epilepsy.

A yet untapped approach to understanding cognitive mor-
bidity in epilepsy is taxonomic in nature. This involves
addressing the question of whether empirically derived

groupings of patients with similar profiles of cognitive
function can be identified either within or across epilepsy
syndromes. Taxonomies facilitate reliable clustering of indi-
viduals into meaningful groups, provide a common lan-
guage and organizing influence in the field, and they set the
stage for further investigation of clinical and neurobiolog-
ical correlates. Significant progress in the epilepsies has
resulted from efforts to identify and characterize the hetero-
geneity inherent in the disorder, perhaps the best example
being the classification of seizures and epilepsy syndromes
(Commission on Classification and Terminology of the
ILAE, 1981, 1989; Duchowny & Harvey, 1996; Engel, 2001;
Fisher et al., 2005; Luders et al., 1998).

To date, taxonomic approaches have rarely been used to
advance understanding of the neurobehavioral complica-
tions of the epilepsies (Paradiso et al., 1994). That is, rather
than grouping patients based on clinical seizure character-
istics (e.g., seizure frequency) and examining the relation-
ships of individual clinical seizure characteristics to
cognition, one derives a grouping of patients based solely
on their pattern of performance across several cognitive
domains. Such an approach would identify distinct cogni-
tive profile types, the relative proportion of patients express-
ing each profile type, and provide a basis for identifying the
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one stage to the next at the three stages preceding the four-
cluster stage, compared with increases of 110, 118, and 678
at the three subsequent stages in the hierarchy. Thus, cluster
homogeneity dropped substantially after the four-cluster
stage, however, two of the clusters in the four-cluster solu-
tion had very small sample sizes (n 5 11 and n 5 16) and

differed primarily in the severity of abnormality in execu-
tive and motor domains. In the three cluster solution, these
two groups were merged to form a larger cluster. The three-
cluster solution provided a reasonable compromise between
maximizing cluster homogeneity, deriving a cluster solu-
tion resulting in groups of epilepsy patients that could be
meaningfully interpreted and with appropriate sample sizes
for subsequent statistical analyses.

RESULTS

The mean cognitive performance for the three cluster groups
is provided in Table 3. A graphic representation of the cog-
nitive profiles is presented in Figure 1. Mean performance
for the controls (mean 5 0 and SD 5 1) is represented on
the x-axis. A 1-way MANOVA was used to compare the
three cluster groups across the seven cognitive domains. A
significant effect of group was obtained, Hotelling T54.13,
df 5 21,491, p, .001, and univariate effects were signifi-
cant across all cognitive domains. A description of the cog-
nitive profile associated with each of the cluster groups is
provided later.

Cluster 1: minimally impaired group

Cluster 1 was composed of 44 participants (47% of tempo-
ral lobe group) who exhibited a pattern of minimal cogni-
tive impairment compared to controls. There were no
significant differences in intelligence, perception, and imme-
diate memory. However, Cluster 1 exhibited statistically
significant lower scores than controls in the domains of
language ( p5 .002), delayed memory ( p5 .01), executive
function ( p5 .025) and cognitive0psychomotor speed ( p5
.006). Within group pairwise contrasts indicated that the
delayed memory ( p5 .011), language ( p5 .001) and exec-
utive function ( p5 .006) domains were significantly lower
than mean IQ.

Table 3. Means and standard deviations of the cognitive
measures for the clusters

Cognitive measure Cluster Mean
Standard
deviation

Percent
impaired

at z2 1.64

Intelligence 1 20.19 0.90 2.3
2 21.14 0.48 8.7
3 22.00 0.83 63.0

Language 1 20.56 0.89 11.4
2 20.75 0.87 13.0
3 22.32 1.50 59.3

Visuoperception 1 20.08 0.57 0.0
2 21.05 0.83 13.0
3 21.74 1.40 55.6

Memory-Immediate 1 20.31 0.68 6.8
2 22.14 0.81 69.6
3 23.13 0.89 92.6

Memory-Delayed 1 20.38 0.65 4.5
2 21.99 0.98 69.6
3 22.71 0.86 92.6

Executive 1 20.44 0.94 13.6
2 20.52 0.8 34.3
3 23.18 1.97 77.8

Motor 1 20.75 0.94 22.7
2 20.74 1.03 17.4
3 24.36 1.86 85.2

Fig. 1. Mean cluster performance across cognitive domains.
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Cluster	1:	Alteraciones	mínimas	
Cluster	2:	Alteraciones	de	memoria	
Cluster	3:	Alteraciones	de	memoria,	de	FE	y	de	velocidad	de	procesamiento	



Quejas	de	memoria	

•  Los	déficits	de	la	memoria	son	la	preocupación	
clínica	más	importante	de	los	pacientes	con	
epilepsia	y	de	sus	familiares.	

•  Sin	embargo	rara	vez	se	puede	iden.ficar	una	
sola	variable	que	explique	los	déficits	de	memoria	
y	del	aprendizaje.	
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56	ítems	escala	Likert.	
1.   SaAsfacción	con	la	memoria	(17)	

Generalmente	me	siento	contento	con	mi	capacidad	de	memoria.	

2.   Competencia	(20)	
3.  	¿Con	qué	frecuencia	olvida	pagar	a	.empo	una	

cuenta?	

4.   Estrategias	(19)	
5.  	¿Con	qué	frecuencia	usa	el	reloj	o	una	alarma	para	

recordar	que	.ene	que	hacer	algo?	

Cues%onario	mul%factorial	para	evaluación	de	la	
memoria	(Troyer	&	Rich,	2002)	
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Summary  Temporal  lobe  epilepsy  (TLE)  is  associated  with  differing  degrees  of  objective  and
subjective memory  impairment.  Memory  self-report  is  an  important  part  of  the  assessment
process but  few  reliable  and  valid  measures  have  been  researched  with  this  group.  We  thus
aimed to  explore  subjective  impairments  with  a  robust  measure:  the  multifactorial  memory
questionnaire  (MMQ;  Troyer  and  Rich,  2002).  This  was  administered  to  82  people  with  TLE
and an  age  and  education  matched  control  group  of  the  same  size.  The  questionnaire  probes
worries  about  memory  (MMQ-contentment);  subjective  forgetfulness  (MMQ-ability);  and  use  of
compensatory  strategies  (MMQ-strategy).  The  TLE  group  reported  significantly  more  worries
about their  memory,  more  instances  of  forgetfulness  and  use  of  more  strategies  than  control
participants.  Strategy  use  was  related  to  demographic  factors  in  controls  but  not  in  the  TLE
group. Analysis  of  epilepsy  related  factors  indicated  that  hemispheric  laterlisation  subgroups  did
not differ  from  one  another  on  any  subscale,  nor  did  participants  grouped  according  to  their  use
of one,  several,  or  no  anti-epileptic  medications.  Measures  of  chronicity  including  age  of  onset
and illness  duration  also  failed  to  correlate  with  the  MMQ  subscales.  Because  objective  memory
performance  is  often  impaired  in  more  chronic  and  intractable  cases,  the  lack  of  difference

∗ Corresponding author. Present address: Kings College London, Institute of Psychiatry, De Crespigny Park, London SE5 8AF,
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•  80	personas	con	ELT	comparadas	con	un	grupo	control	de	
igual	edad	y	escolaridad.	

•  El	grupo	con	ELT	reportó	más	preocupaciones	con	su	

memoria,	más	circunstancias	de	olvido	y	mayor	uso	de	
estrategias.	

•  No	hubo	correlación	con:	
•  lateralización	de	las	crisis	
•  uso	de	medicamentos	
•  edad	de	inicio.	
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[28] or WAIS-R [29], Trails A (TrailsA) and Trails B (TrailsB) [30],
the Color/Word interference score on the Stroop Task (StroopCW)
[31], the number of perseverative errors and number of categories
achieved on the Wisconsin Card Sort Test (WCSTPer and WCSTCat)
[32], and the number of words generated on a verbal fluency test
(WordFlu) [33]. The aforementioned tests are commonly used neu-
ropsychological measures of working memory and executive func-
tioning [34].

3. Results

The resulting sample consisted of 207 individuals with con-
firmed TLE and 217 individuals with PNES (see Table 1 for demo-
graphic data). Within the TLE sample, 129 individuals were
confirmed to have MTLE (approximately 62%; the distinction be-
tween TLE and MTLE was based on the presence of MRI findings
of hippocampal atrophy and T2 signal change suggestive of medial
temporal sclerosis in patients with MTLE). Seizure calendars were
used to calculate the average monthly seizure frequency. Mean sei-
zure frequency (used to calculate lifetime seizure load) for TLE was
22 per month (range: <1/month to 750/month); mean seizure fre-
quency for PNES was 78/month (range: <1/month to 4875/month).
It should be noted that there were five outliers between the two
diagnostic groups. Three individuals in the TLE group were having
an average of 25 simple partial seizures per day, 13 simple partial
seizures per day, and 9 complex partial seizures or generalized to-
nic–clonic seizures per day, respectively. Within the PNES group,
two individuals reported having 162 nonepileptic seizures per
day and 120 nonepileptic seizures per day, respectively. These five
individuals were included in the analyses because one of the pur-
poses of the study was to understand the relationship between sei-
zure frequency and cognitive performance. To remove these five
individuals from the analyses would reduce our ability to see the
effects of a large number of seizures on cognitive performance.

Data screening was conducted to assess data accuracy, potential
outliers, and assumptions of normality for both predictor and
dependent variables. Univariate normality was assessed with
skewness and kurtosis coefficients, Q–Q-Plots, and histograms.
Skewness and kurtosis values above +1.00 or below –1.00 were
used as an indication that the values were not normally distributed
[35]. Three dependent variables were not normally distributed:
TrailsA, TrailsB, and WCSTPer. Each of the three was transformed
by taking the natural log. Two predictors, duration of epilepsy/
PNES (Duration) and prospective lifetime seizure frequency (LifeF-

req) were not normally distributed. These positively skewed pre-
dictors were transformed in the following manner: (1)
Duration = ln(Duration + 1) and (2) LifeFreq = ln(LifeFreq1/4).

All correlations among the dependent variables were signifi-
cantly different from zero (P < 0.01). Moderate correlations be-
tween the dependent variables were expected as the tests are all
measures of higher cognitive functioning abilities. Higher scores
on the WordFlu, StroopCW, WCSTCat, and deviation quotients
were associated with reduced time to complete TrailsA and TrailsB
as well as fewer perseverative errors on the WCST (WCSTPer). As
expected, those subtests from the same overall test (i.e., TrailsA
and TrailsB, WMDQ and VCDQ, and PCDQ) were correlated the
highest. Correlations among the predictors Group, AgeatOnset,
Education, Duration, and LifeFreq were all significantly different
from zero and ranged from –0.67 to 0.56 with the exception of
Education and Duration, which were not correlated. As expected,
there was a direct relationship between AgeatOnset, Duration,
and LifeFreq. Duration decreased as AgeatOnset increased, and
the fewer years an individual had seizures, the lower the LifeFreq.
Descriptive statistics for the dependent variables after transforma-
tion (means and SD of the neuropsychological tests) are listed in
Table 2. The cross-sectional design of the study resulted in only
one neuropsychological testing time point per patient. Descriptive
statistics for the predictors were: AgeatOnset (M = 24.26,
SD = 14.48), Duration in years before transformation (M = 12.82,
SD = 12.80) and after (M = 2.11, SD = 1.10) transformation, and
LifeFreq before (M = 4564.99, SD = 25249.50) and after (M = 4.82,
SD = 2.06) transformation.

There were 86 missing values out of a total of 3870 values
(approximately 2%). Fifty patients had one or more missing values.
In many cases, seizures/events interrupted testing, thereby invali-
dating the scores for that particular test. In other cases, some indi-
viduals may have been unable to complete a given test and
therefore a valid score was not obtained. Missing data were im-
puted using the EM maximum likelihood estimation procedure in
the EQS Structural Equations Program, which aims to impute miss-
ing data while preserving the covariance matrix and sample means
[36].

Multivariate multiple regression analyses were performed to
model the relationship between the dependent measures (scores
on neuropsychological tests) and the following predictors: dura-
tion of temporal lobe epilepsy/PNES (Duration), age at onset (Age-
atOnset), education (Education), diagnostic group (Group), and
lifetime seizure count (LifeFreq). Age-corrected raw scores of the
executive functioning measures were used in the analyses,
whereas scaled scores were used for the WAIS-III or WAIS-R devi-
ation quotients.

In the initial multivariate multiple regression model, there were
significant main effects for AgeatOnset, Education, and Duration.
There was also a significant main effect for Group, suggesting a
relationship between type of diagnosis (LTLE, RTLE, BiTLE, or PNES)

Table 1
Demographic and seizure characteristics by diagnostic group.

Diagnostic group

LTLE RTLE BiTLE PNES

N 102 87 18 217
Age (years) 37.07 37.07 40.89 36.67

(11.5) (10.63) (10.81) (10.79)
Sex (% male) 51% 44% 33% 22%
Education (years) 12.63 13.32 12.94 12.54

(2.52) (2.19) (2.75) (2.23)
Full Scale IQ 91.76 92.74 88.61 91.56

(13.21) (12.34) (10.71) (11.82)
AgeatOnset 20.12 18.38 19.69 28.99

(14.76) (13.58) (16.12) (12.81)
Duration (years) 16.95 18.69 21.19 7.67

(13.34) (12.43) (15.77) (9.91)
LifeFreq (No. of seizures) 3,238 3,953 3,368 5,594

(9685) (12,689) (4687) (33,972)

Note. Values are means (SD). LTLE, left temporal lobe epilepsy; RTLE, right temporal
lobe epilepsy; BiTLE, bilateral temporal lobe epilepsy; PNES, psychogenic nonepi-
leptic seizures.

Table 2
Descriptive statistics for transformed dependent variables.

Mean SD

WordFlua 34.23 11.09
StroopCWa 37.74 10.80
TrailsAa 3.42 0.40
TrailsBa 4.28 0.42
WCSTCata 4.71 1.80
WCSTPera 2.58 0.74
WMDQb 94.25 11.24
VCDQ b 92.63 14.11
PCDQ b 94.75 12.46

a Age-corrected raw score used.
b Scaled score used.

414 L.C. Black et al. / Epilepsy & Behavior 17 (2010) 412–419

Black	et	al.	(2010).	The	effect	of	seizures	on	working	memory	and	execuAve	funcAon	
performance.	Epilepsy	&	Behavior,	17,	412-419	

ELT	n=207		Crisis	psicogénicas	no	epilép.cas	n=216	

Análisis	de	regresión	múl.ple	VI=	edad	de	inicio,	duración	(años)	y	lateralidad	(D,	I,	B)	
buenos	predictores	del	desempeño	neuropsicológico	

WAIS-III	

and performance. Education accounted for 33% of the variance in
the model. As education plays an integral part in performance on
many neuropsychological tests, especially IQ tests [37], it was ex-
cluded from further analysis to allow focus on more clinically rel-
evant predictors. The omnibus test of whether all of the R2 values
were zero was significant, Wilk’s K = 0.53, F(45, 1837) = 6.14,
P < 0.0001, indicating a significant relationship between the group
of dependent variables and the set of predictor variables. The
resulting model (summarized in Table 3), which excluded Educa-
tion, showed a main effect of AgeatOnset, Group, and Duration.
The omnibus test of whether all of the R2 values were zero without
Education in the model was significant: Wilk’s K = 0.76,
F(36, 1542) = 3.18, P < 0.0001. As AgeatOnset and Duration in-
creased, scores on many of the neuropsychological tests worsened.

Additional analyses, not reported here, showed no significant
multivariate differences among the three TLE groups. Therefore, to
evaluate the effect of TLE versus PNES, further analyses were done
collapsing LTLE, RTLE, and BiTLE into one TLE group. Moderated uni-
variate regression analyses were conducted in which three addi-
tional predictors were added to each model shown in Table 3, the
three being centered interaction terms created by multiplying the
dummy variable for Group (coded 0 for TLE and 1 for PNES) with
the deviation of each of the three continuous predictors from their
respective means. If the incremental change in R2 that resulted from
these three added predictors was significant, it was evidence that the
regressive relationship varied as a function of group. Six of the
nine univariate models showed significant evidence of moderation:
WordFlu (R2 = 0.032), F(6, 417) = 2.27, P = 0.036; StroopCW (R2 =
0.037), F(6, 417) = 2.64, P = 0.016; WCSTCat (R2 = 0.035),
F(6, 417) = 2.53, P = 0.021; VCDQ (R2 = 0.082), F(6, 417) = 6.20,
P < 0.001; TrailsA (R2 = 0.049), F(6, 417) = 3.55, P = 0.002; and TrailsB

(R2 = 0.077), F(6, 417) = 5.78, P < 0.001. PCDQ (R2 = 0.029) with
F(6, 417) = 2.09, P = 0.053, approached significance.

To understand the nature of the moderated models, we con-
ducted separate regressions for the PNES and TLE groups. Tables
4 and 5 summarize the models for the PNES and TLE groups,
respectively. Within the PNES sample, the independent variables
of AgeatOnset, Duration, and LifeFreq accounted for significant var-
iation in one or more of the following dependent variables: WCST-
Cat, PCDQ, TrailsA, and TrailsB (see Table 4 for univariate values for
the PNES group). Within the TLE sample, the independent variables
of AgeatOnset and LifeFreq accounted for significant variation in
one or more of the following dependent variables: StroopCW,
VCDQ, TrailsA, and TrailsB (see Table 5 for univariate values for
the TLE group). On the StroopCW, increased number of lifetime sei-
zures resulted in fewer word colors correctly identified in the TLE
group (b = –2.98) than in the PNES group (b = –1.70). On the WCST-
Cat, as age at disorder onset became earlier in the PNES group, the
number of categories achieved improved (b = –0.04), whereas the
opposite was true in the TLE group (b = 0.02). On the VCDQ, later
age at disorder onset resulted in better performance in the TLE
group (b = 0.41) than in the PNES group (b = 0.15). On the PCDQ,
the longer the individual had the disorder, the better his or her per-
formance was in the PNES group (b = 0.96), but the worse his or her
performance was in the TLE group (b = –0.25). On TrailsA, in-
creased number of lifetime seizures resulted in longer latencies
in both the PNES (b = 0.09) and TLE (b = 0.11) groups. On TrailsB,
increased number of lifetime seizures resulted in longer latencies
in both the PNES (b = 0.13) and TLE (b = 0.10) groups. Also on
TrailsB, the earlier the disorder onset, the longer the latency to
complete the trail in the PNES group (b = 0.01) but to a lesser ex-
tent in the TLE group (b = 0.003).

Table 3
Multivariate and univariate regression model results for dependent and predictor variables.

Multivariate results

Total model Group AgeatOnset (years) Duration LifeFreq (No. of seizures)

Wilks’ K 0.76 0.90 0.89 0.92 0.97
F 3.18 1.68 5.67 3.82 1.29
df 36,1542 27,1195 9,409 9,409 9,409
P <0.001a 0.02a 0.00a 0.00a 0.24
Power 0.99 1.00 0.99 0.63

b Weight

Intercept Group (relative to PNES) AgeatOnset (years) Duration LifeFreq (No. of seizures)

LTLE RTLE BiTLE

WordFlu 36.39 –3.31a –0.17 –0.74 0.01 –0.64 –0.05
StroopCW 40.40 3.36a 4.92a –1.09 –0.01 –2.09a 0.03
WCSTCat 5.41 0.28 0.09 0.23 –0.01 –0.21 –0.01
WCSTPer 2.54 –0.06 –0.01 0.05 0.0001 0.06 –0.02
WMDQ 92.15 1.62 2.77 –0.74 0.10 0.42 –0.44
VCDQ 83.14 –1.62 2.31 –1.48 0.30a 1.90 –0.38
PCDQ 89.25 3.30a 2.33 –2.25 0.11 –0.19 0.45
TrailsA 3.11 –0.15 –0.07 0.19 0.004a 0.10a 0.01
TrailsB 3.87 –0.01 –0.02 0.16 0.01a 0.12a 0.005

Univariate results

R2 F df P

WordFlu 0.03 1.93 6417 0.08
StroopCW 0.05 3.54 6417 0.002
WCSTCat 0.01 0.83 6417 0.55
WCSTPer 0.01 0.43 6417 0.86
WMDQ 0.02 1.72 6417 0.12
VCDQ 0.07 5.21 6417 <0.0001a

PCDQ 0.02 1.71 6417 0.12
TrailsA 0.06 4.4 6417 <0.0001a

TrailsB 0.06 4.74 6417 <0.0001a

a P < 0.05.
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FSIQ for both groups was within the average range, it was
significantly lower for the TLE group than for the control group.

Comparisons were also made between TLE patients with either
a left-hemisphere (n¼15) or right-hemisphere (n¼6) seizure
focus and between those with either a normal (NH, n¼11) or
abnormal hippocampus (AH, n¼12). Note, however, that it was not
possible to determine the laterality of seizure focus in two patients
with TLE.

The left- and right-TLE patient groups did not differ on any
epilepsy-related variables. Compared to the control group, Kruskal–
Wallis tests found significant between-group differences in FSIQ, but
not in any demographic variables. Subsequent pairwise comparisons
revealed that the left-TLE (but not right-TLE) group had significantly
lower FSIQ (z¼"4.9, po0.001) scores than the control group.

No significant differences in any epilepsy-related variables
were found between the AH and NH groups, although significantly
more participants in the AH group had undergone surgery or were
receiving polytherapy than those in the NH group. Compared to
the control group, a significant difference was evident in FSIQ, but
not in any demographic variables. Pairwise comparisons found
indicated that, compared to control participants, FSIQ was sig-
nificantly lower in both the NH (z¼"3.6, po0.001) and AH
groups (z¼"3.3, p¼0.001), although mean FSIQ did not differ
between the NH and AH groups.

3.1. Analysis 1: patients versus controls

Scores obtained on standardised and experimental memory
tests are summarised in Table 2. After controlling for FSIQ, no
significant differences were found between the TLE and control
groups on the immediate or short-delay recall of visual material
(CMS: Dot Location). However, on the test that demanded recall of
verbal materials (WRAML2: Story Memory), the TLE group recalled
significantly fewer story details immediately following a presenta-
tion and after a short delay compared to the controls. Within the
TLE group, the immediate recall of story details was not correlated
with Word Recall. However, the short-delay recall of story details
correlated with 2-min Word Recall (r¼0.4, p¼0.05), but not
30-min (r¼0.34, p¼0.13) or 7-day recall (r¼0.30, p¼0.17). FSIQ
correlated with Word Recall at 7 days (r¼0.5, p¼0.03), but not at
either 2-min (r¼0.1, p¼0.8) or 30-min delays (r¼0.2, p¼0.4).
Because we were interested in recall of information after long
delays, FSIQ was included as a covariate in the subsequent
ANCOVAs. Delayed recall on CMS: Dot Location did not correlate
with either 30-min (r¼0.31, p¼0.19) or 7-day recall (r¼0.21,
p¼0.39) on the Design Location task within the TLE group.

Fig. 2 shows scores obtained on the Word Recall task. A two-way
repeated measures ANCOVA found a significant interaction between
Group and Delay (F(2, 150)¼4.2, p¼0.02). While the between-group
differences in the proportion of words recalled following either the
2-min or 30-min delays were not significant, the TLE group recalled
significantly fewer words relative to controls at seven days. In
addition, a significant main effect of Delay (F(2, 150)¼92.8,
po0.001) and Group (F(1, 75)¼7.3, p¼0.008) was also found.
Post-hoc tests indicated that the number of words recalled at the
7-day delay was significantly less compared to both the 2-min
(po0.001) and 30-min delays (po0.001), but no difference was
found between the 2-min and 30-min delays (p¼0.89). Across all
delays, TLE participants recalled a mean of 9.6% (SE¼3.2%) fewer
words than control participants (p¼0.008).

Recall scores obtained on the Design Location task are pre-
sented in Fig. 3. A two-way repeated measures ANOVA found a
main effect of Delay (F(1, 47)¼169.9, po0.001), but no main effect
of Group (F(1, 47)¼1.7, p¼0.20) and no interaction (F(1, 47)¼0.4,
p¼0.55). Participants across both groups recalled significantly
fewer correct design locations following the 7-day delay, relative
to the 30-min delay (po0.001).

Correlations between age and performance on the Word Recall
task are depicted in Fig. 4(a–c). Within the TLE group, age was
negatively correlated with word recall at the 2-min, 30-min and
7-day delays. After using partial correlations to control for the
proportion of life spent with epilepsy, all correlations between age
and performance remained significant [2-min (r¼"0.5, p¼0.02),
30-min (r¼"0.7; p¼0.02) and 7-day recall (r¼"0.6, p¼0.002)].
Within the control group, no correlations were found between age

Table 2
Memory data by Control and TLE group.

Memory test TLE (n¼23), mean (SD) Control (n¼58), mean (SD) Test p

WRAML2: Story Memory
Immediate recall 9.9 (0.4)a 11.6 (0.3)a F(1, 78)¼10.1 0.002
30-min recall 9.6 (0.5)a 11.3 (0.3)a F(1, 78)¼8.4 0.005

CMS: Dot Location
Immediate recall 10.4 (0.7)a 10.3 (0.4)a F(1, 78)¼0.02 0.90
30-min recall 9.8 (0.6)a 10.5 (0.4)a F(1, 78)¼0.66 0.42

Word Recall task
2-min recall 86.6% (12.4%) 90.1% (10.2%) F(1, 76)¼2.0 0.16
30-min recall 85.3% (15.4%) 90.6% (9.6%) F(1, 76)¼0.1 0.81
7-day recall 58.1% (21.1%) 73.7% (15.1%) F(1, 73)¼5.5 0.02

Design Location task
30-min recall 88.4% (21.9%) 96.5% (7.1%) t(48)¼"1.9 0.06
7-day recall 39.5% (20.7%) 44.8% (28.7%) t(48)¼"0.7 0.48

CMS, Children's Memory Scale; TLE, temporal lobe epilepsy; WRAML2, Wide Range Assessment of Memory and Learning, Second edition.
a Adjusted mean with standard error in parentheses.

Fig. 2. Recall scores obtained on the Word Recall task by the TLE and control
groups covaried for FSIQ (standard error bars).
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a b s t r a c t

Adults with temporal lobe epilepsy (TLE) have been found to have accelerated long-term forgetting, but
this phenomenon has not yet been investigated in children. Although deficits in recall of materials after
short (20- to 30-minute) delays have been shown to slowly emerge from childhood to adolescence in
patients with TLE, it is unknown whether such a trend will also be found in recall of materials after long
delays. This study examined the presence of accelerated long-term forgetting in children with TLE and
how it relates to chronological age. Twenty-three children with TLE and 58 healthy controls of similar
age, sex distribution and socioeconomic status completed a battery of neuropsychological tests,
including standardised tests of story recall and design location, as well as two experimental tests
requiring the learning of words and design locations to a criterion, both of which assessed recall after
short (30-min) and long (7-day) delays. Word recall at the 7-day delay (relative to the 30-min recall) was
significantly poorer in the TLE group, compared to the control group. The TLE group also exhibited worse
30-min recall performance on a standardised test of story recall. Individual patient analyses revealed
dissociation between performance on the experimental and standardised verbal memory tests; children
who were impaired on the experimental test (7-day delay) were not impaired on the standardised test
(30-min delay). Compared to controls, patients with a left-hemisphere seizure focus recalled fewer
words at short and long delays while patients with an abnormal hippocampus recalled fewer words at
the long delay. No between-group differences were found with respect to the design location task. Age
negatively correlated with the recall of words after short- and long-term delays within the TLE group,
where older age was associated with worse memory. This association was not present in the control
group. To our knowledge, this is the first study to show evidence of accelerated long-term forgetting in
children with TLE, which could not be explained by poor performance on standardised memory tests.
Additionally, these results suggest that the developmental trajectory of long-term memory in children
with TLE is similar to that of short-term memory: deficits emerge gradually, therefore older children are
more likely to present with long-term memory deficits.

& 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Studies of adults with temporal lobe epilepsy (TLE) have found
evidence of anterograde memory deficits, as shown by poor
learning and/or recall of materials after short (20- to 30-minute)
delays (i.e. Bell, 2006; Bell, Fine, Dow, Seidenberg, & Hermann,

2005; Frisk & Milner, 1990; Helmstaedter, Hauff, & Elger, 1998;
Hermann, Wyler, Richey, & Rea, 1987; Jones-Gotman et al., 1997;
Scoville & Milner, 1957). Furthermore, the memory deficits seem to
be material-specific (Milner, 1968), related to the side of epilepsy
focus. While dominant (typically left hemisphere) TLE has been
associated with impaired verbal memory (Helmstaedter & Elger,
1998; Helmstaedter, Grunwald, Lehnertz, Gleißner, & Elger, 1997;
Hermann, Seidenberg, Schoenfeld, & Davies, 1997; Sass et al.,
1995), non-dominant TLE has been linked (albeit less consistently)
with impaired visual memory (Barr, 1997; Baxendale, Thompson, &
Paesschen, 1998; Breier et al., 1996; Helmstaedter, Pohl, Hufnagel,
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or of side of epilepsy [F(1,83) = 0.62, p = 0.43]. There was a main
effect of group [F(3,83) = 3.1, p = 0.03, Munoperated = 0.39; MSAH = 0.57;
MCAH = 0.51; Mtumorectomy = 0.23]: patients with SAH made more
intrusion errors overall than unoperated patients [t(49) = 2.53,
p = 0.013]. The interaction between material type and side of
epilepsy was significant [F(1,83) = 7.74, p = 0.008]. Patients with
left TLE made more intrusion errors on the verbal supraspan
task than patients with right TLE [unequal variances assumed
t(88) = 2.81, p = 0.006 Mleft = 0.58; Mright = 0.40]. There was no simi-
lar difference in intrusion errors on the visuospatial supraspan task
[t(90) = 1.23, p = 0.221, Mleft = 0.45; Mright = 0.53]. The interactions of
patient group and side of epilepsy; material type and patient group;
and material type, patient group and side of epilepsy were all n.s.
(p > 0.23, all tests).

3.2.2. Supraspan intrusion errors in left and right TLE and HC
Mixed-design ANOVA revealed no main effect of material type

[F(1,117) = 0.04, p = 0.847] or of side [F(2,117) = 2.3, p = 0.105]. There
was a significant interaction between material type and group
[F(2,117) = 5.09, p = 0.008] (Fig. 3). As in the previous analysis, this
interaction indicated that patients with left TLE made more intru-
sion errors than did right TLE patients on the verbal supraspan task
[unequal variances assumed t(88) = 2.81, p = 0.006] but not on the
visuospatial task [t(90) = 1.23, p = 0.221]. Left TLE patients also made
more intrusion errors than healthy control subjects on the verbal
supraspan task [t(82) = 2.46, p = 0.016] but not on the visuospatial
task [t(82) = 0.87, p = 0.387]. Right TLE patients, on the other hand,
made more intrusion errors than did control subjects on the visu-
ospatial supraspan task [t(66) = 2.06, p = 0.043] but not on the verbal
task [t(64) = 0.16, p = 0.876]. Finally, left TLE patients made more
intrusion errors on the verbal supraspan task than on the visu-
ospatial supraspan task [t(53) = 2.56, p = 0.013], but right TLE and
HC showed no differences between material types on this measure
[right TLE: t(35) = 1.96, p = 0.058; HC: t(29) = 0.18, p = 0.859].

3.3. Predictors of supraspan size and intrusion errors

Results of the multiple regression analysis examining demo-
graphic and clinical variables that predicted verbal supraspan size
in patients with left or right TLE resulted in a single-predictor
model accounting for 12.5% of the variance in verbal supraspan

Fig. 2. Performance on verbal and visuospatial supraspan tasks as a function of
group. Left and right TLE groups are comprised of both unoperated and operated
patients. Error bars indicate standard error of the mean.

Fig. 3. Ratio of intrusion errors to supraspan set size on verbal and visuospatial
supraspan tasks as a function of group. Left and right TLE groups are comprised of
both unoperated and operated patients. Error bars indicate standard error of the
mean.

size [F(6,89) = 3.27, p = 0.006, R2 = 0.181, R2
adj = 0.125]. Age was a sig-

nificant predictor of verbal supraspan size [ˇ = −0.25, p = 0.022],
demonstrating that increasing age led to a decrease in verbal
supraspan size. Multiple regression analysis of factors predict-
ing visuospatial supraspan size yielded a three-predictor model
accounting for 18% of the variance in visuospatial supraspan size
[F(6,89) = 4.48, p = 0.001, R2 = 0.232, R2

adj = 0.18]. The three variables
that were significant predictors of visuospatial supraspan size were
age [ˇ = −0.342, p = 0.001], Full-Scale IQ [ˇ = 0.251, p = 0.023] and
side of TLE [ˇ = −0.218, p = 0.028], indicating that increasing age
predicts a decline in visuospatial supraspan size and that right
TLE predicts a reduced visuospatial supraspan size compared to
left TLE—replicating the results found in the above mixed-design
ANOVAs. Finally, increasing Full-Scale IQ was predictive of a larger
visuospatial supraspan size. The only common predictor across
material type was age.

Identical multiple regression analyses were conducted on intru-
sion error ratios for both tasks. The model for verbal intrusion error
ratios was significant, accounting for 11% of the variance in intru-
sion errors [F(6,89) = 2.86, p = 0.013, R2 = 0.162, R2

adj = 0.105] and
yielding a three-factor model with surgery [ˇ = 0.229, p = 0.025],
side of epilepsy [ˇ = −0.227, p = 0.029] and Full-Scale IQ [ˇ = −0.231,
p = 0.045] as significant predictors. This in effect replicates the pre-
vious mixed-design ANOVA, revealing that operated patients made
more intrusion errors than unoperated patients and patients with
left TLE made more intrusion errors than those with right TLE on
the verbal task. Furthermore, Full-Scale IQ emerged as a significant
predictor of intrusion errors, indicating that patients with higher
Full-Scale IQs were less likely to make intrusion errors on the ver-
bal task. The model for visuospatial intrusion error ratios was not
significant [F(6,89) = 1.83, p = 0.102], R2 = 0.110, R2

adj = 0.05].

3.4. Supraspan size with age as covariate

Results from the regression model consistently show that age
negatively predicts both verbal and visuospatial supraspan size
in patients. Furthermore, as pointed out above, right TLE patients
were older than left TLE patients [t(94) = 2.5, p = 0.014]. Given
that our right TLE group is, on average, older than our left TLE
group, it is possible that the effects seen in the mixed-design
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Transient epileptic amnesia is a form of temporal lobe epilepsy in which sufferers often complain of irretrievable loss of remote

memories. We used a broad range of memory tests to clarify the extent and nature of the remote memory deficits in patients

with transient epileptic amnesia. Performance on standard tests of anterograde memory was normal. In contrast, there was a

severe impairment of memory for autobiographical events extending across the entire lifespan, providing evidence for the

occurrence of ‘focal retrograde amnesia’ in transient epileptic amnesia. There was a milder impairment of personal semantic

memory, most pronounced for midlife years. There were limited deficits of public semantic memory for recent decades. These

results may reflect subtle structural pathology in the medial temporal lobes or the effects of the propagation of epileptiform

activity through the network of brain regions responsible for long-term memory, or a combination of these two mechanisms.

Keywords: transient epileptic amnesia; remote memory; autobiographical memory; focal retrograde amnesia

Abbreviations: TEA = transient epileptic amnesia

Introduction
Memory complaints are common among people with epilepsy

(Corcoran and Thompson, 1992), especially among patients with

temporal lobe epilepsy in which key structures involved in process-

ing memories, including the hippocampus, are directly involved by

seizure activity (Butler and Zeman, 2008a). However, whilst there

is extensive evidence for anterograde memory deficits in temporal

lobe epilepsy, relatively few studies have investigated remote

memory (Noulhiane et al., 2007; Butler and Zeman, 2008a).

Nevertheless, remote memory deficits can have considerable

impact on psychological well-being and are sometimes the

presenting feature of patients with temporal lobe epilepsy

(Gallassi, 2006).

Remote memory is multi-faceted, comprising memories that

were encoded in the relatively distant past, arbitrarily defined as

over one year ago (Kapur, 1999; Butler and Zeman, 2008a).

Remote memory has episodic and semantic components.

Episodic memory is typically autobiographical, involving the recol-

lection of personally experienced events and allowing ‘mental time

travel’ into the past, or ‘autonoetic awareness’ (Tulving, 1985).

Semantic memory enables the recollection of declarative facts

doi:10.1093/brain/awq055 Brain 2010: 133; 1368–1379 | 1368
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scoring higher than patients. T-tests indicated that controls scored

significantly higher than patients for all Time periods (P50.01).

A post-memory retrieval rating indicated that there was no dif-

ference between patients (mean = 3.14, SD = 1.19) and controls

(mean = 3.46, SD = 0.72) in the personal significance of the

memories [t(24) = 0.81, P = 0.43].

Crovitz Test
The memories provided by controls (mean = 26.50, SD = 2.07)

scored significantly higher than those produced by patients

(mean = 20.64, SD = 4.67) [t(24) = 4.01, P = 0.001]. An

ANOVA (Time ! Group) assessed differences between patients

and controls in the distribution of memories over time (Fig. 3).

This yielded a significant effect of time [F(3,72) = 12.82,

P50.001] indicating a bias toward retrieving more recent mem-

ories. There was a significant interaction between Time period and

Group [F(3,72) = 24.69, P = 0.031]. Pairwise comparisons indi-

cated that patients retrieved significantly fewer memories than

controls from the youth period (P50.05) but produced more

from the most recent period, although this effect missed signifi-

cance (P = 0.053).

Personal semantic memory
Figure 4 shows personal semantic memory performance across

time for both groups. An ANOVA (Time period ! Group) revealed

an effect of Group [F(1,24) = 9.50, P = 0.005] indicating that pa-

tients recalled significantly fewer personal semantic details than

controls. There was a marginally significant effect of Time

[F(4,96) = 2.47, P = 0.05] but no interaction between Time and

Group [F(4,96) = 1.89, P = 0.12]. T-tests revealed that controls

recalled significantly more personal semantic details than patients

for the middle-age period (P = 0.002); the remaining periods were

not significant (P40.1).

Public semantic tests

Dead-or-Alive Test

Table 4 shows the mean performance for patients and controls in

the Dead-or-Alive Test measures. T-tests revealed that controls
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Figure 1 (A) Mean number of internal details recalled for each
time period at recall; (B) mean number of external details re-
called for each time period at recall; (C) mean rating (out of 21)
for each time period at recall. *P50.05; *** P50.005.

Table 3 Performance on anterograde memory tests for patients with TEA and controls

Anterograde memory scores (max score) TEA group
Mean (SD)

Control group
Mean (SD)

P-value

Episodic memory scores

Story recall immediate (25) 14.00 (1.88) 13.67 (5.25) 0.83

Story recall delayed (25) 12.21 (2.33) 11.75 (4.97) 0.76

Story recognition (15) 12.86 (1.70) 12.33 (2.10) 0.49

Visuospatial perception scores

Rey Complex Figure Copy (36) 33.14 (2.32) 32.96 (3.56) 0.88

Rey Complex Figure Delayed Recall (36) 16.89 (5.78) 16.71 (6.98) 0.94

Warrington Recognition Memory Test

Word recognition (50) 48.00 (1.83) 46.73 (3.80) 0.54

Face recognition (50) 42.00 (3.81) 43.00 (3.98) 0.30

Paired Associates Learning (units) "0.77 (1.85) 0.09 (0.80) 0.17

TEA and remote memory Brain 2010: 133; 1368–1379 | 1373
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scoring higher than patients. T-tests indicated that controls scored

significantly higher than patients for all Time periods (P50.01).

A post-memory retrieval rating indicated that there was no dif-

ference between patients (mean = 3.14, SD = 1.19) and controls

(mean = 3.46, SD = 0.72) in the personal significance of the

memories [t(24) = 0.81, P = 0.43].

Crovitz Test
The memories provided by controls (mean = 26.50, SD = 2.07)

scored significantly higher than those produced by patients

(mean = 20.64, SD = 4.67) [t(24) = 4.01, P = 0.001]. An

ANOVA (Time ! Group) assessed differences between patients

and controls in the distribution of memories over time (Fig. 3).

This yielded a significant effect of time [F(3,72) = 12.82,

P50.001] indicating a bias toward retrieving more recent mem-

ories. There was a significant interaction between Time period and

Group [F(3,72) = 24.69, P = 0.031]. Pairwise comparisons indi-

cated that patients retrieved significantly fewer memories than

controls from the youth period (P50.05) but produced more

from the most recent period, although this effect missed signifi-

cance (P = 0.053).

Personal semantic memory
Figure 4 shows personal semantic memory performance across

time for both groups. An ANOVA (Time period ! Group) revealed

an effect of Group [F(1,24) = 9.50, P = 0.005] indicating that pa-

tients recalled significantly fewer personal semantic details than

controls. There was a marginally significant effect of Time

[F(4,96) = 2.47, P = 0.05] but no interaction between Time and

Group [F(4,96) = 1.89, P = 0.12]. T-tests revealed that controls

recalled significantly more personal semantic details than patients

for the middle-age period (P = 0.002); the remaining periods were

not significant (P40.1).

Public semantic tests

Dead-or-Alive Test

Table 4 shows the mean performance for patients and controls in

the Dead-or-Alive Test measures. T-tests revealed that controls
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Figure 1 (A) Mean number of internal details recalled for each
time period at recall; (B) mean number of external details re-
called for each time period at recall; (C) mean rating (out of 21)
for each time period at recall. *P50.05; *** P50.005.

Table 3 Performance on anterograde memory tests for patients with TEA and controls

Anterograde memory scores (max score) TEA group
Mean (SD)

Control group
Mean (SD)

P-value

Episodic memory scores

Story recall immediate (25) 14.00 (1.88) 13.67 (5.25) 0.83

Story recall delayed (25) 12.21 (2.33) 11.75 (4.97) 0.76

Story recognition (15) 12.86 (1.70) 12.33 (2.10) 0.49

Visuospatial perception scores

Rey Complex Figure Copy (36) 33.14 (2.32) 32.96 (3.56) 0.88

Rey Complex Figure Delayed Recall (36) 16.89 (5.78) 16.71 (6.98) 0.94

Warrington Recognition Memory Test

Word recognition (50) 48.00 (1.83) 46.73 (3.80) 0.54

Face recognition (50) 42.00 (3.81) 43.00 (3.98) 0.30

Paired Associates Learning (units) "0.77 (1.85) 0.09 (0.80) 0.17

TEA and remote memory Brain 2010: 133; 1368–1379 | 1373
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Memory in children with epilepsy: A systematic review

Leanne Menlove *, Colin Reilly

Research Department, Young Epilepsy, St. Piers Lane, Lingfield, Surrey RH7 6PW, United Kingdom

1. Introduction

Cognitive impairments are often associated with childhood
epilepsy and can be a crucial complication of the condition
contributing to negative psychosocial outcomes.1 Cognitive
outcome in childhood epilepsy is likely to be related to underlying
aetiology, abnormal brain structure and epileptic activity,2,3 with
the contributions of each likely to be interrelated.4 Cognitive
impairments in childhood epilepsy can be global, affecting overall
cognitive ability/IQ with a high association with global cognitive
impairment and intellectual disability (IQ > 70).5,6 Cognitive
difficulties can also be specific, affecting particular aspects of
cognitive functioning in the absence of, or of a greater magnitude
than, the global difficulties. One of the areas of cognition where
specific difficulties have frequently been noted is memory.
Memory is a crucial part of cognitive functioning, allowing

flexibility and adaptation of information from our ever changing
environment.7

Understanding of the mechanisms responsible for the cognitive
problems, including memory difficulties, often associated with
childhood epilepsy lags far behind that of knowledge of the
mechanism of epilepsy.8 Epilepsy interferes with the develop-
mental trajectory of brain networks underlying cognition9 and it
would appear that the underlying aetiology of a child’s epilepsy is
involved in the mechanism of permanent deficits in cognition.8

This underlying aetiology contributes to the generation of seizures
as well as lasting changes in neural circuits affecting the brains’
ability to process and store information. These impairments likely
result from temporary disruption of neural activity patterns and
can become permanent if seizures or epileptiform activity are more
frequent. How changes in neural circuitry contribute to memory or
other cognitive processes is not clear. It is also not clear if different
aetiologies, different types of seizures or different medications
affect cognitive processes in a different manner.

Impairments in memory can have a detrimental impact on
quality of life in childhood epilepsy10 and memory impairments
are associated with difficulties in academic achievement in
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Purpose: Research suggests an increased risk for cognitive impairment in childhood epilepsy with
memory being one area of cognition most likely to be affected. Understanding the prevalence and
predictors of memory difficulties may help improve awareness of the difficulties and allow efficacious
supports to be put in place.
Method: A systematic review was carried out using the search terms ‘memory’, ‘children’ and ‘epilepsy’
in the database PUBMED. Eighty-eight studies met inclusion criteria. The review focuses on comparisons
of memory scores of children with epilepsy and controls, and comparison of memory scores of children
with epilepsy to normative scores. Predictors of memory impairment and the effect of surgery on
memory functioning are also reviewed.
Results: The majority (78%) of studies reviewed revealed that children with epilepsy scored lower than
controls and normative scores on measures of memory. Post-surgery, memory scores were reported to
improve in 50% of studies. Predictors of memory impairment included a greater number of AEDs used,
younger age of onset, increased seizure frequency and longer duration of epilepsy.
Conclusion: Children with epilepsy have a high frequency of memory impairments. However, the exact
prevalence of difficulties is not clear due to the lack of population-based data. Most studies have not
controlled for IQ and thus it is unclear if difficulties are always related to global cognitive difficulties.
There is need for future population-based studies and studies focussing on the neurobiology of memory
problems in children with epilepsy.

! 2014 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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•  En	78%	de	los	estudios	revisados,	los	niños	con	
epilepsia	.enen	un	peor	desempeño	en	pruebas	de	
memoria	que	los	controles.	

•  Después	de	la	cirugía	mejoran	en	pruebas	de	memoria	
el	50%	

•  Predictores	de	le	ejecución	en	memoria:	
•  An.epilép.cos	
•  Menor	edad	de	inicio	de	la	epilepsia	
•  Mayor	número	de	crisis,	frecuencia	y	duración	



Rai	et	al.	(2015).	Memory,	execu.ve	func.on	and	language	func.on	are	similarly	
impaired	in	both	temporal	and	extra	temporal	refractory	epilepsy—–A	prospec.ve	

study.	Epilepsy	Research,	109,	72-80.		
	

•  102	pacientes	con	epilepsia	refractaria.	59	ELT	y	43	
EexLT	

					Edad	promedio	de	23.04	±	8.3	años	
	
z Pruebas	de	memoria	
z Función	ejecu.va	(TMT,	Stroop,	Fluidez	verbal,	símbolos	y	

dígitos)	
z Lenguaje.	WAB	(Denominación)	

–  82%	déficit	en	más	de	uno	de	estos	dominios	
–  21%	déficit	en	los	tres	dominios	evaluados	
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Factors  affecting  reorganisation  of  memory
encoding  networks  in  temporal  lobe
epilepsy
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Summary
Aims:  In  temporal  lobe  epilepsy  (TLE)  due  to  hippocampal  sclerosis  reorganisation  in  the  mem-
ory encoding  network  has  been  consistently  described.  Distinct  areas  of  reorganisation  have
been shown  to  be  efficient  when  associated  with  successful  subsequent  memory  formation  or
inefficient  when  not  associated  with  successful  subsequent  memory.  We  investigated  the  effect
of clinical  parameters  that  modulate  memory  functions:  age  at  onset  of  epilepsy,  epilepsy
duration and  seizure  frequency  in  a  large  cohort  of  patients.
Methods:  We  studied  53  patients  with  unilateral  TLE  and  hippocampal  sclerosis  (29  left).  All
participants performed  a  functional  magnetic  resonance  imaging  memory  encoding  paradigm
of faces  and  words.  A  continuous  regression  analysis  was  used  to  investigate  the  effects  of  age
at onset  of  epilepsy,  epilepsy  duration  and  seizure  frequency  on  the  activation  patterns  in  the
memory encoding  network.
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53	pacientes	con	ELT	y	esclerosis	del	hipocampo	[29	izq			24	der	]	
	
RMf	mientras	realizaban	una	tarea	de	codificación	de	palabras	o	caras	
	
Estudiaron	los	efectos	de	la	edad	de	inicio	de	la	epilepsia,	la	duración	y	
frecuencia	de	las	crisis	en	los	patrones	de	codificación	de	memoria.	
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Fig.  1  Correlation  of  word  encoding  with  age  at  onset.  Upper
panel: left  posterior  hippocampal  and  bilateral  posterior  medial
temporal  lobe  activations  associated  with  an  earlier  age  at  onset
of epilepsy.  Lower  panel:  left  anterior  fusiform  gyrus  activations
associated  with  older  age  at  onset  of  epilepsy.

In  RHS  patients,  shorter  duration  of  epilepsy  was  asso-
ciated  with  better  design  learning  (Pearson  correlation
0.57,  p  =  0.007).  Neither  design  learning  nor  delayed  design
recall  correlated  with  age  at  onset,  language  lateralisation,
seizure  frequency  or  hippocampal  volumes  (p  >  0.05).

fMRI  results:  Regression  analyses

Age  at  onset
Word  encoding.  In  LHS  patients,  earlier  age  at  onset  was
associated  with  significant  activations  within  the  posterior
left  hippocampus,  middle  occipital  gyrus,  post-central  gyrus
and  bilateral  posterior  middle  temporal  gyri.  Older  age  at
onset  was  associated  with  left  anterior  fusiform  gyrus  acti-
vations  (Fig.  1, Suppl.  Table  1).  No  significant  correlation  of
age  at  onset  was  seen  in  RHS  patients  during  word  encoding.
Face  encoding.  Neither  LHS  nor  RHS  patients  showed  a sig-
nificant  correlation  between  face  encoding  and  age  at  onset
of  epilepsy.

Duration  of  epilepsy
Word  encoding.  In  LHS  patients,  longer  duration  correlated
significantly  with  right  hemispheric  activations  within  the
pre-central  gyrus,  middle  frontal  gyrus  and  supramarginal
gyrus.  Shorter  duration  correlated  predominantly  with  left
hemispheric  activations  in  hippocampus,  mid  occipital  and
temporal  gyri  (MTG),  postcentral  gyrus,  medial  orbitofrontal
gyrus  (OFG)  and  inferior  frontal  gyri  (IFG).  Significant  right
parahippocampal  gyrus  (PHG)  correlation  was  also  seen.
No  significant  correlation  was  seen  in  RHS  patients  (Fig.  2,
Suppl.  Table  2).
Face  encoding.  In  LHS  patients,  shorter  duration  of
epilepsy  correlated  significantly  with  right  amygdala  and

Fig.  2  Correlation  of  word  encoding  with  duration  of  epilepsy.
Upper panel:  render  image  showing  predominantly  left  hemi-
spheric  activations  (green)  associated  with  a  shorter  duration
and right  hemispheric  activations  (red)  associated  with  longer
duration  of  epilepsy.  Lower  panel:  sagittal  and  axial  image
showing  left  medial  temporal  lobe  activations  associated  with
a shorter  duration  of  epilepsy.  (For  interpretation  of  the  refer-
ences to  color  in  this  figure  legend,  the  reader  is  referred  to  the
web version  of  this  article.)

left  hippocampus,  OFG  and  superior  temporal  gyrus  (STG)
activations.  Longer  duration  of  epilepsy  correlated  with
activations  within  the  right  supramarginal  gyrus,  pre-central
gyrus  and  left  inferior  parietal  lobule.

In  RHS  patients,  shorter  duration  correlated  with  left  PHG
and  hippocampal  activations  whilst  longer  duration  corre-
lated  with  left  post-central  gyrus  activation  (Fig.  3,  Suppl.
Table  2).

Seizure  frequency
Word  Encoding.  In  LHS  patients  lower  seizure  frequency
was  associated  with  activations  within  the  left  IFG,  right
STG,  PHG,  rolandic  operculum  and  bilateral  hippocampal
activations.  Higher  seizure  frequency  correlated  with  right
OFG  activation.

In  RHS  patients,  lower  seizure  frequency  was  associated
with  left  MTL  activation  within  the  PHG  and  hippocam-
pus  whilst  higher  frequency  was  associated  with  activation
within  the  left  rolandic  operculum  (Fig.  4,  Suppl.  Table  3).
Face  encoding.  In  LHS  patients,  lower  seizure  frequency
correlated  with  activations  within  the  right  hippocampus,
STG,  MTG,  left  amygdala  and  bilateral  IFG.  Higher  seizure
frequency  correlated  with  activations  within  the  left  para-
central  lobule.

In RHS  patients,  lower  seizure  frequency  correlated  sig-
nificantly  with  activations  within  the  left  PHG  and  HC  and
right  amygdala  and  PHG  whilst  a  higher  seizure  frequency
correlated  with  activations  within  the  left  post-central  gyrus
and  inferior  parietal  lobule  (Fig.  4, Suppl.  Table  3).

Menor	edad	de	inicio	
	
Hipocampo	post	izq	
LT	post	medial	
bilateral	

Mayor	edad	de	inicio	
	
Giro	fusiforme	ant	izq	
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Fig.  3  Correlation  of  face  encoding  with  shorter  duration  of
epilepsy.  Left  medial  temporal  lobe  activations  associated  with
a shorter  duration  of  epilepsy  in  LHS  patients  (upper  panel)  and
RHS patients  (lower  panel)  during  face  encoding.

Discussion

Summary  of  findings

Earlier  age  at  onset  of  epilepsy  influenced  the  word  encod-
ing  network  in  LHS  patients.  Patients  with  earlier  age  of
onset  showed  left  posterior  hippocampus,  bilateral  posterior
middle  temporal  gyrus  and  occipital  activations.

Duration  of  epilepsy  and  seizure  frequency  significantly
influenced  both  verbal  and  visual  memory  encoding.  In  LHS
patients,  shorter  duration  of  epilepsy  was  associated  with
bilateral  MTL  activations  during  word  and  face  encoding
whilst  in  RHS  patients,  shorter  duration  was  associated
with  left  MTL  activation  during  face  encoding.  LHS  patients
showed  particularly  left  extra-temporal  activations  corre-
lating  with  shorter  duration  for  both  word  and  face  encoding
whilst  longer  duration  in  both  LHS  and  RHS  patients  associ-
ated  with  contralesional  extra-temporal  reorganisations.

In  LHS  patients,  contralateral  MTL  activations  were  asso-
ciated  with  lower  seizure  frequency  for  both  word  and  face
encoding.  In  RHS  patients,  bilateral  MTL  activations  dur-
ing  face  encoding  and  left  MTL  activations  during  word
encoding  were  associated  with  a  lower  seizure  frequency.
Higher  seizure  frequency  was  associated  with  greater  extra-
temporal  activations.

Age  at  onset  of  epilepsy

Previously,  we  showed  that  activations  in  the  left  posterior
hippocampus  and  posterior  middle  temporal  gyri  bilaterally
were  associated  with  successful  verbal  memory  formation  in
LHS  patients  (Sidhu  et  al.,  2013).  In  this  study  we  showed
that  this  reorganisation  was  influenced  by  an  earlier  age
at  onset  of  epilepsy.  Early  onset  of  epilepsy  appears  to
compromise  the  normal  functioning  of  the  anterior  left  hip-
pocampus.  Age  at  onset  was  not  seen  to  influence  word
encoding  in  RHS  patients  or  face  encoding  in  either  patient
group.

Post-natal  brain  development  continues  into  adolescence
with  brain  myelination  occurring  in  a posterior  to  ante-
rior  fashion  so  frontal  lobe  myelination  occurs  last.  In  TLE
patients,  early  age  at  onset  of  epilepsy  affected  white

Fig.  4  Correlation  of  lower  seizure  frequency  with  word  (upper  panel)  and  face  encoding  (lower  panel)  in  LHS  and  RHS  patients.
Predominantly  right  medial  and  lateral  temporal  lobe  activations  associated  with  a  lower  seizure  frequency  in  LHS  patients  during
word encoding  and  face  encoding.  Conversely,  predominantly  left  medial  temporal  lobe  activations  associated  with  lower  seizure
frequency in  RHS  patients  during  word  and  face  encoding.



•  La	duración	de	la	epilepsia	y	la	frecuencia	de	las	crisis	
influyen	posi.vamente	las	redes	de	codificación	de	la	
memoria	verbal	y	visual	tanto	en	pacientes	con	
esclerosis	del	hipocampo	izquierda	como	derecha.	

•  La	duración	menor	de	la	epilepsia	y	la	menor	frecuencia	
de	las	crisis	se	asocia	con	ac.vaciones	de	redes	de	
memoria	implicadas	en	formaciones	exitosas	de	
memoria,	en	cambio	la	mayor	duración	y	frecuencia	de	
las	crisis	se	socia	con	redes	extra	temporales	que	no	
contribuyen	al	éxito	de	la	memoria.	

•  Los	hallazgos	.enen	relevancia	para	la	cirugía	de	
epilepsia	y	para	programas	de	rehabilitación	de	la	
memoria.	
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Neuropsychology plays a vital role in the treatment of epilepsy, providing information on the effects of
seizures on higher cortical functions through the measurement of behavioral abilities and disabilities. This is
accomplished through the design, administration and interpretation of neuropsychological tests, including
those used in functional neuroimaging or cortical mapping and in intracarotid anesthetic procedures. The
objective of this paper is to define and summarize in some detail the role and methods of neuropsychologists
in specialized epilepsy centers. Included are information and recommendations regarding basic ingredients
of a thorough neuropsychological assessment in the epilepsy setting, as well as suggestions for an
abbreviated alternative exam when needed, with emphasis on functions associated with specific brain
regions. The paper is intended for novice and experienced neuropsychologists to enable them to develop or
evaluate their current practices, and also for other clinicians, who seek a better understanding of the
methodology underlying the neuropsychological input to their work.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction and overview

Over the past half century, neuropsychology has played an
increasingly vital role in the diagnostic assessment of epilepsy.
Advances in our understanding of brain-behavior relationships have
mirrored the rapidly expanding technologies of diagnostic neuro-
physiology, and structural and functional neuroimaging, resulting in a
more accurate understanding of the effects of seizures on higher
cortical functions. In addition to the design, administration and
interpretation of a neuropsychological test battery, neuropsycholo-
gists have a primary role in the design and interpretation of
intracarotid anesthetic procedures and functional neuroimaging or
cortical mapping paradigms as alternative methods of assessing the
integrity of brain structures and networks. The integration of
neuropsychologists in comprehensive epilepsy programs has also
led to their involvement in assessing the cognitive side effects of
antiepileptic drugs and in the psychosocial aspects unique to this

population of patients. The objective of this paper is to define and
summarize in some detail the role and methods of the neuropsychol-
ogist in a specialized epilepsy center. It is intended for novice and
experienced neuropsychologists to enable them to develop or
evaluate their current practices; it is also intended for other clinicians,
who seek a better understanding of the methodology underlying the
neuropsychological input to their work. The authors, an international
group of individuals working in the neuropsychology of epilepsy,
presented several workshops together on this field while members of
an International League Against Epilepsy subcommission. That earlier
collaboration led to the current production of this paper aimed at
providing basic information that can be applied in various settings and
geographical locations.

Neuropsychological data have long been shown to correlate with
focal areas of brain dysfunction in patients with epilepsy [1–12] and to
predict cognitive outcome following epilepsy surgery, particularlywhen
combined with other variables such as structural brain pathology, age
of seizure onset, language lateralization or unilateral memory perfor-
mance during intracarotid anesthetic procedures [13–21]. The specific
contribution of neuropsychology is unique in that cognitive assessment
describes and quantifies behavioral abilities and disabilities, whereas
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PPRROOGGRRAAMMAA  DDEE   MMAAEESSTTRRÍÍAA   YY   DDOOCCTTOORRAADDOO  EENN  PPSSIICCOOLLOOGGÍÍAA   

RREESSIIDDEENNCCIIAA  EENN  NNEEUURROOPPSSIICCOOLLOOGGÍÍAA  CCLLÍÍNNIICCAA 
 

 
PPRROOTTOOCCOOLLOO  DDEE  EEVVAALLUUAACCIIÓÓNN  PPRREE--QQUUIIRRÚÚRRGGIICCAA  ((EEPPIILLEEPPSSIIAA))  

EXPDTE NPSIC: EXPDTE HOSP: 
NOMBRE: APELLIDOS: 
SEXO: EDAD: ESC: EXP: FECHA DE APLICACIÓN:    

  
 

I ATENCIÓN 
 
Auditiva 

ORDEN DIRECTO   ORDEN INVERSO 

 
 
OBSERVACIONES: 

Atención	audiAva	
(dígitos)	

Atención	visual	
(cubos	de	Corsi)	

Memoria	verbal	
(textos)	

Fluidez	verbal	
(animales	y	

palabras	con	‘p’	

Figura	de	Rey	
(Praxias,	hab	
visoespaciales,	
planeación,	

memoria	visual)	

Token	Test	
(comprensión	del	

lenguaje)	
WCST	(flexibilidad)	

Claves	(FE,	
velocidad	de	

procesamiento)	



•  Reducir	los	déficits	cogni.vos	1	

•  Reducir	los	efectos	adversos	de	los	déficits	2	

•  Mejorar	la	conciencia	del	déficit	para	que	puedan	
afrontar	mejor	los	retos	de	la	vida	diaria	3	

•  Incidir	sobre	otras	areas	no	directamente	tratadas:	
depresión,	ansiedad,	fa.ga,	cambios	de	
personalidad,	calidad	de	vida	

	4	

Propósito	de	la	rehabilitación	neuropsicológica	
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GRACIAS	

mavilla@unam.mx 
www.villaneuropsicologia.com  


