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ABSTRACT – Aims. To investigate the role of centrally recorded P300 in
patients suffering from mesial temporal sclerosis-temporal lobe epilepsy
(MTS-TLE). Methods. Sixteen patients (3 men and 13 women; median age:
32.5 years old) suffering from TLE with MTS and 43 healthy controls (12 men
and 31 women; median age: 35 years old) participated in the study. P300
was elicited using an auditory two-stimulus oddball paradigm. In order to
address the aim of the study, we adopted two statistical approaches; hierar-
chical linear regression analyses and ROC curves. Results. After adjusting
for age, MTS patients had a mean reduction of P300 amplitude by 6.93 �V
and a mean increase of P300 latency by 38.78 ms, compared to controls.
Age and MTS-TLE status accounted for 32 and 16% of the variance of
latency and amplitude, respectively. Diagnostic analyses to detect MTS-TLE
status revealed a sensitivity and specificity of 88 and 65% for amplitude
and 81 and 70% for latency, respectively. No association between dura-
tion of disease and P300 characteristics were found. Conclusions. This
study, along with other studies, contributes to our understanding and clini-

d P300s in MTS-TLE patients. Future
n of these P300s with cognition in such
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also called hippocampal sclerosis)
is the most common underlying
cause of temporal lobe epilepsy
(TLE), detected in 48-56% of cases
(Malmgren and Thom, 2012). Several
risk factors have been identified,
such as history of febrile seizures

matory disorders (e.g. autoimmune
limbic encephalitis), and genetic
and neurodevelopmental factors
(Malmgren and Thom, 2012).
Interestingly, many researchers
deem MTS as a progressive disor-
der, leading to neocortical atrophy
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hrough a vicious cycle of neuroinflammation, at
east in patients with medically intractable seizures
accounting for up to 60-90% of patients) (Yang et al.,
010). Pathological examination reveals mild to marked
euronal loss and fibrillary gliosis in the hippocam-
us, typically bilaterally (20% of cases) (Blümcke et al.,
012). There are also extrahippocampal abnormalities
e.g. cortical dysplasia, sclerosis or thinning, ischaemic
esion, vascular malformations, etc.) corresponding to
he so called ”dual pathology” of MTS (Blümcke et al.,
012; Malmgren and Thom, 2012).
here are several studies that attest the significant
ontribution of MTS to cognitive deficits detected in
atients with TLE, such as memory and executive func-

ion impairments (Oddo et al., 2003; Adda et al., 2008;
axendale et al., 2010; Tuchscherer et al., 2010; Busch
t al., 2013; Campo et al., 2013). There is, interestingly,
ccumulating evidence in support of an extrahippo-
ampal origin of these cognitive deficits, although
ome authors raise serious concerns about the specu-
ative confounding effect of frequent seizures and/or
ntiepileptic drugs (AEDs) (Martin et al., 1999; Focke
t al., 2008; Mueller et al., 2012). Also, duration of
pilepsy has been linked with more severe MTS and
reater hippocampal volume asymmetry, presumably
ediating cognitive deficits, although this has not

een confirmed by some researchers (Fuerst et al.,
001; Kramer et al., 2006; Marques et al., 2007). Finally,
t has been shown that the role of AEDs may be less
mportant relative to the course of the disease itself
Triantafyllou et al., 1992; Meador, 2002; Mula et al., 2003;
essen et al., 2006; Mula et al., 2006; Zhou et al., 2008).

n practice, cognitive impairment can be assessed
y neuropsychological tools (i.e. questionnaires
nd interviews) and event-related potentials (ERPs)
uch as P300 (also known as P3) generated by a
iffuse-projecting generator located in the temporal-
arietal region. P300 is associated with arousal level,
rocessing capacity, attention allocation, and context-
ependent stimulus selection (Polich, 2007; Duncan
t al., 2009). We searched Pubmed using the following
eywords: “P300” or “P3” or “event related potentials”
nd “temporal lobe epilepsy” or “mesial temporal
clerosis” or “hippocampal sclerosis”.
revious studies have shown that P300 latencies
re prolonged in TLE patients, especially in those
ith bilateral temporal EEG foci, irrespective of the

ntiepileptic treatment (Fukai et al., 1990). In a study by
ocquillon et al., patients with TLE exhibited a reduc-
8

ion in temporal, and to a lesser extent frontal, sources
f P300, while it is suggested for MTS-TLE patients

hat a modification of the location of the generators
ay have taken place (Bocquillon et al., 2009). Regard-

ng the laterality of foci, spectral power of the ERP
ppears to be decreased to a greater extent with left-

t

R

T
s

ided MTS than with right-sided MTS, although there
re studies which do not support this (Meador et al.,
992; Trinka et al., 2001). Absence of limbic P300s indi-
ate (with a sensitivity of 100%) the presence of MTS,
nd the presence of limbic P300 abnormalities is use-
ul in the evaluation of patients for epilepsy surgery
Puce et al., 1989; Nelson et al., 1991; Psatta and Matei,
995). In a more recent study, limbic P300 amplitudes
ere reduced at the site of MTS, bilaterally for left-

ided MTS, and latencies were prolonged bilaterally
rrespective of the recording site of P300 (Grunwald
t al., 1999). In another study, P300 latencies (using P3
nd P4 electrodes) in TLE patients were significantly
onger than those in patients with idiopathic gene-
alised epilepsy and controls (Chen et al., 2001). In the
ame study, seizure frequency, and not age or duration
f illness, was associated with abnormal frequencies

n TLE patients. In a study by Rocha et al., MTS-TLE
atients had longer P300 latencies and decreased P300
mplitudes (using C3 and C4 electrodes) compared to
ontrols, with no evidence of any effect of laterality of
TS location (Rocha et al., 2010). In another study, how-

ver, no differences were noted between patients with
LE (8 with MTS; 12 in total) and healthy volunteers (8 in
otal) concerning P300 amplitude and latency recorded
t Pz electrode (Nishitani et al., 1999).
he aim of this study was to expand the literature on
he role of centrally recorded P300 in MTS-TLE patients.

aterials and methods

ixteen patients suffering from TLE with MTS (table 1)
ere studied. MTS was ascertained by MRI. Dual
athology was defined as MRI abnormalities except

or hippocampal atrophy, abnormal T2 signal intensity,
nd disturbed internal architecture of the hippocam-
us (Malmgren and Thom, 2012). Some examples of
ual pathology in our patients were white matter loss,
ortical dysplasia, and fornix or amygdala atrophy. All
atients were right-handed with no history of sub-
tance abuse, psychiatric illness or other disease of the
entral nervous system (CNS), except for epilepsy. All
atients were receiving antiepileptic drugs and were

ree of seizures for at least six months. Forty-three
ormal subjects (table 1) were selected as controls.
one of them received any medication or suffered

rom any medical illness or disease. All subjects were
ully informed about the aims of the study and gave
Epileptic Disord, Vol. 16, No. 1, March 2014

heir written consent.

ecording procedure

he P300 ERP was elicited using an auditory two-
timulus oddball paradigm. EEG recordings were



Journal Identification = EPD Article Identification = 0631 Date: March 25, 2014 Time: 3:3 pm

E

P300 and mesial temporal sclerosis

Table 1. Patients vs. controls: main characteristics.

Median age Age range Males Females Median duration Range of duration Dual pathology
(years) (years) of disease (years) of disease (years) (yes/no)

Patients 32.5 17-57 3 13 24.5 0-35 10/6
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(n=16)

Controls
(n=43)

35 19-61 12 31

btained using one scalp site (Pz) according to the
nternational 10-20 electrode system. Activity was
ecorded with Ag-AgCl electrodes filled with paste,
ttached to the scalp with collodion, using the left mas-
oid (A1) for online reference and the linked mastoids
A1/A2) for off-line reference. The ground electrode
as placed on the mid-forehead. Impedances were
ept below 5 KOhm, the amplification gain was 20,000
imes, the sampling rate was 128 Hz per channel, and
he data were filtered using a band-pass of 0.1-50 Hz.
ach subject was presented with a series of binaural
,000-Hz frequent (standard) and 2,000-Hz less com-
on (target) tones at 40 dB with a 10-ms rise/fall and

00-ms plateau time. Tones were presented at a rate
f one tone every two seconds, in a random sequence
ith target tones occurring with a probability of 0.2.
ubjects sat with their eyes closed and were instructed
o mentally count the number of target tones, but not
tandard tones, and then asked to report the num-
er of target tones counted at the end of each run.
ff-line processing of the data was achieved using a

ommercial (Nihon Kohden Neuropack 8, MEB-4200 K)
pparatus which also controlled the stimulus presenta-
ion and artefact rejection. Averaging was performed
or only the artefact-free epochs (1,024 ms after the
arget stimulus), which were visually recognised and
ejected using a band-pass filter of 0.01-20 Hz. ERPs
ere displayed using low-pass filtering of 12 Hz. P300

mplitude and latency were measured only for the Pz
lectrode. The procedure was terminated after the pre-
entation of 40 target stimuli. Recognition of P300 was
chieved using the following two criteria: (1) identi-
cation of the first positive wave on a time range of
80-420 ms; and (2) identification of the first positive
ave after recognising the triplet N100-P200-N200.
pileptic Disord, Vol. 16, No. 1, March 2014

tatistical analyses

escriptive measures (medians and ranges) were used
o present main characteristics of our sample (table 1).

e used a hierarchical linear regression analysis in
rder to investigate the association between group
nd P300 amplitude and latency (as dependent vari-

t
P
m
1
h
a
f

- - -

bles), adjusting for age. All assumptions of linear
egression were checked and diagnostics for good-
ess of fit (influential statistics) and generisability of
ur model were performed. Correlations between
uration of disease and P300 characteristics were per-

ormed using Kendall’s tau due to our small sample.
he ability to predict disease status using P300 was

nvestigated using receiver operating characteristic
ROC) curves under the null assumption of an area
nder the curve (AUC) equal to 0.5. Cut-offs with

he highest sensitivity and specificity were identified
y calculation of the higher delta distance accord-

ng to the formula: (1-specificity-sensitivity)/21/2. The
evel of significance for all analyses was 0.05 and 95%
onfidence intervals were calculated (95% CI) when
ppropriate. For data analyses, we used the SPSS for

indows (version 17.0) statistical software (SPSS Inc.,
hicago, IL).

esults

able 1 presents the main baseline characteristics of
ur sample. Concerning P300, patients had a median
mplitude and latency of 14 �V (from 7.3 to 31.3 �V)
nd 377 ms (from 320 to 448 ms), respectively. Corres-
onding values for controls were 21.5 �V (from 9.6 to
7 �V) and 346 ms (from 288 to 408 ms), respectively.
ables 2 and 3 present the results of hierarchical
inear regression analyses for P300 amplitude and
atency. Age had a minimal, non-significant effect on
oth P300 attributes, with the exception of age, show-

ng a small positive association with P300 latency
hen the group variable was included in the model

table 3). After adding group category (with controls as
eference) in initial models (model 1), amplitude and
atency variance were increasingly accounted for in
69

he final models (P300 amplitude: �R2=0.18; p=0.001,
300 latency: �R2=0.26; p<0.001). Predictability of final
odels was better for latency than amplitude (32% vs

6%, respectively). According to our results, patients
ad a mean reduction of P300 amplitude of 6.93 �V and
mean greater P300 latency by 38.78 ms after adjusting

or age (tables 2 and 3).



Journal Identification = EPD Article Identification = 0631 Date: March 25, 2014 Time: 3:3 pm

7

A.K. Artemiadis, et al.

Table 2. Hierarchical linear regression models with P300 amplitude as dependent variable.

B SE B Standardised
coefficients (beta)

p value

Model 1

Constant 17.97 3.36 0.00***

Age 0.06 0.09 0.09 0.52

Model 2

Constant 21.38 3.22 0.00***

Age 0.02 0.08 0.02 0.85

Group
(ref.: controls)

-6.93 1.96 -0.43 0.00***

Model 1: Adjusted R2=0.01, F (1, 57)=0.427, p=0.516.
Model 2: Adjusted R2 =0.16, F (3, 55)=6.532 , p=0.003.
�R2=0.18 for model 2 (p=0.001).
Reference: controls for group.
*p<0.05, **p<0.01, ***p<0.001.

Table 3. Hierarchical linear regression models with P300 latency as dependent variable.

B SE B Standardised
coefficients (beta)

p value

Model 1

Constant 327.59 15.21 0.00***

Age 0.76 0.4 0.24 0.06

Model 2

Constant 308.5 13.64 0.00***

Age 1.0 0.35 0.32 0.01**

Group
(ref: controls)

38.78 8.3 0.52 0.00***
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odel 1: Adjusted R2=0.06, F (1,57)=3.55, p=0.064.
odel 2: Adjusted R2=0.32, F (2,56)=13.36, p<0.001.
R2=0.26 for model 2 (p<0.001).
eferences: man for gender, controls for group.
p<0.05, **p<0.01, ***p<0.001.

uration of disease was not significantly correlated
ith P300 characteristics (P300 amplitude: Kendall’s

au=-0.246, p=0.27; P300 latency: Kendall’s tau=0.11,
0

=0.63), although there was a tendency towards lower
mplitude and longer latency with longer duration of
he disease.
igure 1 presents the ROC curves which signify the abi-
ity to predict MTS using P300 amplitude and latency.
t is evident that both P300 characteristics are good

o
v
A
d
t
8

redictors of MTS. For P300 amplitude, the AUC
standard error [SE]) was 0.798 (0.07); p<0.001. The max-
mum delta distance was 0.37 corresponding to a value
Epileptic Disord, Vol. 16, No. 1, March 2014

f less than 18.75 �V, indicative of MTS with a sensiti-
ity of 88% and a specificity of 65%. For P300 latency, the
UC (SE) was 0.784 (0.07); p<0.001. The maximum delta
istance was 0.36 corresponding to a value of more

han 356 ms, indicative of MTS-TLE with a sensitivity of
1% and a specificity of 70%.
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effect was found after performing non-parametric tests
igure 1. ROC urves showing the sensitivity and specificity of
300 amplitude and latency which is useful for the diagnosis
f mesial temporal sclerosis-temporal lobe epilepsy (MTS-TLE)
tatus.

iscussion

his study has shown that in MTS-TLE patients, the
entrally recorded P300 event-related potential is dis-
urbed in terms of longer latency and lower amplitude,
fter adjusting for age. No effect of the duration of
he disease on P300 was noted. Diagnostic analysis
evealed that centrally recorded P300 may be a good
lectrophysiological marker of MTS-TLE status, possi-
ly corresponding to impaired cognition which was
ot ascertained in this study.
ur results are in accordance with previous studies
ith centrally recorded P300s (Fukai et al., 1990; Chen
t al., 2001; Rocha et al., 2010). Other studies have
ocused on limbic P300, showing reduced amplitudes
nd prolonged latencies, which is similar to our find-
pileptic Disord, Vol. 16, No. 1, March 2014

ngs for centrally recorded P300 (Puce et al., 1989;
elson et al., 1991; Psatta and Matei, 1995; Grunwald et

l., 1999; Rocha et al., 2010). A possible explanation for
diffuse P300 disturbance is the presence of a diffuse-
rojecting P300 generator, most likely also involving

emporal regions of the brain (Polich, 2007; Duncan

(
p
o
M
t
o

P300 and mesial temporal sclerosis

t al., 2009). The significance of laterality of MTS has
lso been noted, with left MTS causing bilateral pro-
ongation of P300 (Grunwald et al., 1999; Rocha et al.,
010) which is in accordance with the presence of a
eft hemisphere (in parieto-temporal junction) gene-
ator (Polich, 2007; Duncan et al., 2009), although
aterality effects have not been confirmed in other
tudies (Meador et al., 1992; Trinka et al., 2001). In our
tudy, no effect of laterality of MTS on P300 amplitude
nd latency was observed, however, we should note
hat, due to our small sample and unbalanced non-
arametric analysis (5 patients with left-sided MTS and
1 with right-sided MTS), results were not robust (data
ot shown).
he neurofunctional and neurobehavioural signifi-
ance of P300 has been a matter of controversy for
any years (Polich, 2007; Duncan et al., 2009). Both

mplitude and latency are influenced by numerous
actors such as frequency and complexity of the tar-
et stimulus, time of day, season, drugs, IQ, and
enetic factors (Polich, 2007; Duncan et al., 2009). The
ull description of P300 theory is beyond the scope
f this study. Collectively, smaller P300 amplitudes
re indicative of impaired attention, reduced concen-
ration, and processing brain capacity (Polich, 2007;
uncan et al., 2009). Congruently, prolongation of P300

ppearance is linked to reduced processing speed
Polich, 2007; Duncan et al., 2009). Dual pathology in

TS has been shown to mediate cognitive impairment
n these patients and possibly affect P300 (Martin et al.,
999; Focke et al., 2008; Mueller et al., 2012). However,
n our study, no effect of the presence of dual patho-
ogy on P300 amplitude and latency was noted (data
ot shown due to our small sample).
his study has a number of limitations that should
e addressed. First of all, we used a small, non-
andom, convenience sample, thus our overall results
nd reported cut-offs for P300 amplitude and latency
hould be regarded with caution. Our sample con-
isted of patients that were seizure-free for at least
ix months, in order to avoid any physical, men-
al, or psychological effects of a recent seizure or
rug modification. For this reason, our patients were
ore likely to belong to the minority of non-drug

esistant patients, thus interpretation of the results
verall should apply only to this subgroup of patients.
econdly, our sample of MTS patients was too small
o examine the effect of laterality of MTS and pres-
nce of dual pathology on P300. As noted above, no
71

data not shown). Moreover, results should be inter-
reted with caution, since the control group consisted
f healthy people rather than TLE patients without
TS, thus differences could be due to a variety of fac-

ors beyond MTS (e.g. interictal discharges, aetiology
f the epilepsy, and antiepileptic drugs), although P300
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isturbances have been detected irrespective of AEDs,
ge, and duration of illness (Fukai et al., 1990; Chen et
l., 2001).
n summary, this study contributes to our understand-
ng of the centrally recorded P300 disturbances in

TS-TLE patients. Future studies should focus on the
ssociation between P300 and neuropsychological
easurements in MTS patients. According to the

vailable evidence so far, the clinical use of P300 ERPs
orroborates neuropsychological testing for cognitive
mpairment. �
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