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Electrophysiological and auditory 
behavioral evaluation of individuals 
with left temporal lobe epilepsy
Caroline Nunes Rocha¹, Carmen Silvia Molleis Galego Miziara²,  
Maria Luiza Giraldes de Manreza³, Eliane Schochat4

AbstrAct
The purpose of this study was to determine the repercussions of left temporal lobe epilepsy 
(TLE) for subjects with left mesial temporal sclerosis (LMTS) in relation to the behavioral test-
Dichotic Digits Test (DDT), event-related potential (P300), and to compare the two temporal 
lobes in terms of P300 latency and amplitude. We studied 12 subjects with LMTS and 12 
control subjects without LMTS. Relationships between P300 latency and P300 amplitude 
at sites C3A1,C3A2,C4A1, and C4A2, together with DDT results, were studied in inter-and 
intra-group analyses. On the DDT, subjects with LMTS performed poorly in comparison to 
controls. This difference was statistically significant for both ears. The P300 was absent in 6 
individuals with LMTS. Regarding P300 latency and amplitude, as a group, LMTS subjects 
presented trend toward greater P300 latency and lower P300 amplitude at all positions in 
relation to controls, difference being statistically significant for C3A1 and C4A2. However, 
it was not possible to determine laterality effect of P300 between affected and unaffected 
hemispheres.
Key words: epilepsy, event-related potentials P300, mesial temporal sclerosis.

Avaliação eletrofisiológica e comportamental da audição em individuos com epilepsia 
em lobo temporal esquerdo

resumo
O objetivo deste estudo foi determinar a repercussão da epilepsia de lobo temporal 
esquerdo (LTE) em indivíduos com esclerose mesial temporal esquerda (EMTE) em 
relação à avaliação auditiva comportamental-Teste Dicótico de Dígitos (TDD), ao Potencial 
Evocado Auditivo de Longa Latência (P300) e comparar o P300 do lobo temporal esquerdo 
e direito. Estudamos 12 indivíduos com EMTE (grupo estudo) e 12 indivíduos controle com 
desenvolvimento típico. Analisamos as relações entre a latência e amplitude do P300, 
obtidos nas posições C3A1,C3A2,C4A1 e C4A2 e os resultados obtidos no TDD. No TDD, 
o grupo estudo apresentou pior desempenho em relação ao grupo controle, sendo esta 
diferença estatisticamente significante em ambas as orelhas. Para o P300, observamos 
que em seis indivíduos com EMTE o potencial foi ausente. Para a latência e amplitude, 
verificamos que estes indivíduos apresentaram uma tendência ao aumento da latência 
e redução da amplitude para todas as posições em relação ao grupo controle, sendo 
estatisticamente significante em C3A1 e C4A2. Contudo, não foi possível determinar efeito 
de lateralidade do P300 entre o hemisfério afetado e não-afetado.
Palavras-chave: epilepsia, potencial evocado P300, esclerose mesial temporal.
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According to the International League 
against Epilepsy (ILAE) and the Interna-
tional Bureau for Epilepsy, epilepsy is de-
fined as “a disorder of the brain character-

ized by an enduring predisposition to gen-
erate epileptic seizures and by the neurobi-
ologic, cognitive, psychological, and social 
consequences of this condition”. The defi-
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nition of epilepsy requires the occurrence of at least one 
epileptic seizure1. Epilepsy affects 1-1.5% of the popula-
tion worldwide. Even in developed countries, where an-
tiepileptic drugs (AEDs) widely available, 30-40% of in-
dividuals with epilepsy continue to have seizures that are 
not adequately controlled by pharmacotherapy2. The most 
common cause of refractory temporal lobe epilepsy and 
symptomatic temporal lobe epilepsy is mesial temporal 
sclerosis (MTS), described by Sommer in 1980, that oc-
curs in 20% of patients with epilepsy of which, approxi-
mately 65% present mesial temporal lobe epilepsy3. MST 
is a relatively homogeneous lesion that involves a variable 
degree of selective neuronal loss in the CA1, CA3, and 
CA4 hippocampal regions, with limited to pronounced 
involvement of the amygdala and parahippocampal gyrus. 
MTS is diagnosed based on typical magnetic resonance 
imaging (MRI) findings in the hippocampus, as well as on 
electroencephalogram (EEG) findings. Information pro-
cessing (encoding, selection, memory, language, attention 
and decision making) has been investigated by means of 
behavioral tests (auditory processing tests, e.g., dichot-
ic listening) and auditory event-related potentials (ERPs, 
e.g., P300), which reflect the involvement of cortical ac-
tivity in the discrimination abilities, integration, and at-
tention of the brain4,5. The assessment of P300 is a clini-
cally relevant method of evaluating the cognitive function 
of epilepsy patients6,7. It is an objective, noninvasive pro-
cedure and is the recommended standard for the clinical 
evaluation of cognitive processing. Changes in P300 la-
tency can differ according to the epileptic syndrome, du-
ration, and seizure frequency8-10. Nevertheless, most stud-
ies have shown abnormalities in ERPs, especially P300, in 
various neurological diseases as well as in patients with 
epilepsy. The cause of such abnormalities in patients with 
epilepsy is unknown. Some authors believe that approx-
imately 90% of patients present abnormal P300 latency, 
and that the frequency of seizures and AEDs likely con-
tributes to the deterioration in some cases11,12. Due to the 
lesion location and electrical discharges to be related to 
the final point of the auditory pathway, as well as to pos-
sible specific cognitive deficits that the illness can cause, 
the use of complementary examinations is fundamental 
in order to assess the cognitive damage in epileptic sub-
jects. This can facilitate the differential diagnosis, as well 
as contributing to the development of new therapeutic 
techniques and rehabilitation processes. 

Therefore, the objective of this study was to deter-
mine the repercussions of left temporal lobe epilepsy for 
the Dichotic Digits Test (DDT) and ERP P300, as well as 
to compare the latency and amplitude of P300 in the left 
(affected) temporal lobe with that observed in the right 
(unaffected) temporal lobe among subjects with left tem-
poral lobe epilepsy. Thus, we aimed to identify a poten-

tial relationship of laterality between the lesion location 
and alterations in the P300.

METHOD
This study was carried out in the Auditory Process-

ing Laboratory, after approval of University of São Pau-
lo School of Medicine Ethics Committee (Protocol no. 
052/05). All participants provided written informed con-
sent to participate in the study. 

Subjects
The following criteria were used in order to select the 

study sample:
Inclusion criteria: Over 18 years of age and below the 

age of 50; left temporal lobe epilepsy attributed to LMTS, 
diagnosed through functional MRI and EEG.

Exclusion criteria: Previous submission to surgical 
intervention in the cerebral region; other neurological 
disorders, psychiatric disorders, or associated patholo-
gies; history of auditory problems.

Twenty-four subjects were evaluated: 12 in the con-
trol group (subjects with typical development) and 12 
in the study group, which were selected through analy-
sis of the records on file at Epilepsy Clinic of the Hospi-
tal das Clínicas, University of São Paulo School of Medi-
cine. Age in the control group ranged from 20 to 25 years 
(mean, 22.83±1.14) and 20 to 50 years (mean, 35.8±8.12) 
in the study group. Gender distribution was the same be-
tween female and male in study group - gender differenc-
es must be considered for reasons of sexual dimorphism 
in the human hippocampal formation - being six subject 
for each gender13. 

Procedures
The subjects underwent a basic audiological evalua-

tion, which consisted of otoscopy, in order to ensure ide-
al conditions for the accomplishment of the tests. Sub-
sequently, a hearing screening was carried out in order 
to rule out hearing loss. The auditory screening was per-
formed using an audiometer (model GSI 61; Grason-Sta-
dler, Madison, WI, USA), in a soundproof booth. Hear-
ing thresholds, as well as speech recognition, were mea-
sured in both ears prior to further testing.

The next step consisted of dichotic test, which reflects 
the auditory figure-ground ability and binaural integra-
tion for linguistic sounds, in order to determine the per-
ceptual asymmetry for linguistic stimuli. The test was ap-
plied using a compact disc player, connected to the audi-
ometer and adapted to supra-aural earphones14. The di-
chotic test was administered at 50 dB HL related to the 
speech recognition for each subject in order to control 
threshold differences between the two ears and across 
subjects. 
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Throughout the test, two digits were presented to each 
ear and the subject was instructed to repeat both pairs of 
digits following each presentation, and to guess if not sure 
of any heard digit. The test consisted of 20 pairs of double 
digits for a total number within each ear of 40 digits. The 
number of the repeated digits correctly heard for each ear 
was recorded and converted to percent correct.

The following step was electrophysiological evalua-
tion through investigation of P300 using a two-channel 
electroneuromyograph (Biologic Traveler Electrodiag-
nostic Testing System; Biological Systems Corp., Mun-
delein, IL, USA).

The oddball paradigm was used in P300 recordings. 
This paradigm is based on distinguishing a target stimu-
li repeated randomly and less frequently from the non-
target stimuli of frequent repetition. The subject is asked 
to count the stimuli when he/she encounters the same. 
Monoaural auditory stimuli were presented in the ear-
phones, delivered to each ear separately, 1000 Hz for the 
frequent stimuli (non-target) and 1500 Hz for the rare 
(target) stimuli (with a probability of 20%), intensity of 
both stimuli of 75 dB HL. The electrode sites used were 
C3A1, C3A2, C4A1, C4A2, and Fpz, the last as a ground. 
Electrodes impedances were always less than 5 kΩ.

According to Musiek and Lee15, the age range present-
ed in the study should not suffer maturational or degen-
erative influences in P300 latency or amplitude.

Statistical analysis
For the dichotic test, we used two forms of analysis: 

comparing the mean score obtained by the study group 
with that obtained by the control group (inter-group anal-
ysis); and comparing the results obtained in the right ears 
(contralateral to the lesion) with those obtained in the left 
ears (ipsilateral to the lesion), in order to identify possible 
perceptual asymmetry for linguistic stimuli in the study 
group (intra-group analysis).

The result and analysis of the ERP were always related 
to the P300 component. In both groups, we analyzed mean 
P300 latency and amplitude, drawing comparisons between 
the two groups. As for the dichotic test, we also performed 
an intra-group analysis in which we compared the results 
obtained in the right ears with those obtained in the left ears.

Student’s t-test was used for the statistical compari-
son between two independent samples. The level of sig-
nificance was set at 0.05, and significant values are desig-
nated with an asterisk (*).

RESULTS
Individual characteristics
Clinical profiles of each subject (study group) and the 

performance data related to the tests applied is shown 
in Table 1. 

All subjects presented right-hemispheric dominance. 
The average education level in the study group was lower 
than in the control group: 6 subjects had less than eight 
years of schooling; one had exactly eight years of school-
ing; 4 had completed high school; and 1 had completed 
college. With relation to seizure frequency, the observed 
mean of the subjects with MTS was 2 partial seizures per 
month. All subjects were receiving AEDs, in monother-
apy or polytherapy.

Dichotic test
In Table 2 we present the performance (in percentage 

of correct responses) obtained for the two groups on the 
dichotic test. Performance was significantly better in the 
control group. However, in the study group, lesion was 
not found to have any effect on the test results.

P300 evaluation
A comparative study of latency and amplitude mea-

sures of P300 was carried out in the control and the study 
groups (inter-group analysis), together with a compar-
ative study of the results obtained on the right and left 
hemispheres (intra-group analysis).

For the study group, P300 was not recorded in 6 in-
dividuals.

Table 3 shows the latency and amplitude measures of 
the P300 for the values of mean, median and standard de-
viation obtained in the control and study group respec-
tively, according to sites C3A1,C4A1,C4A2,and C3A2. 

In the comparison between groups, a trend toward 
greater mean latency and lower mean amplitude was ob-
served in the study group (with exception of amplitude 
at C3A2). Using Student’s t-test to determine the signif-
icance of findings, we found that this difference was not 
statistically significant at all positions, as Table 4 shows. 

The results of the comparative analysis between the 
right and left hemispheres are shown in Table 5.

In the control group, we observed a trend toward ear-
lier appearance of P300 in left hemisphere. The amplitude 
was greater in the ipsilateral pathways, that is, left ear/
left hemisphere (C3A1) and right ear/right hemisphere 
(C4A2), in relation to contralateral pathways.

The pattern observed in the control group was not ob-
served in the study group.

DISCUSSION
Cognitive alterations are observed in epileptic sub-

jects in variable degrees and are generated by multiple 
factors.

We analyzed the comparison between performance 
of subjects in both groups on the dichotic test and iden-
tified statistically significant differences between the con-
trol and study groups. These findings are in agreement 
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with those of Gadea-Doménech and Espert-Tortajada16 
and Lundberg et al.17, who evaluated children with neu-
rological alterations using a dichotic listening test, finding 
statistically significant alterations for the quantitative and 
qualitative analyses in relation to the control group. 

A study carried out by Glowinski18 suggested that a 
minimum electrical discharge, which occurs frequently 
in subjects with MTS, can harm the memory function-
ing. Gevins et al.19 observed structural, histopathological 
and biochemical alterations, commonly associated with 
alterations of blood flow in epileptic subjects. This ex-
plains the difference between epileptic and nonepileptic 
subjects in terms of stimuli processing, being that the fast, 

located and lateralized processing promoted by the neural 
net would only appear in normal individuals. 

In this study, there was effect of the lesion, that is, a 
greater than 10% difference between the correct respons-
es obtained in the right and left ears, in only 3 subjects 
in the study group. This indicated that, in their majority, 
there was no significant effect of lesion to this test.

In P300 parameters, we found that P300 was absent 
in 6 study group subjects. Among those 6, site C3A1 was 
absent in 2, site C3A2 was absent in one, and site C4A2 
was absent in 3. The same was not observed among the 
control group subjects, in whom P300 was present at all 
electrode sites tested in both ears. Authors have also re-

Table 2. Average response (in percent-correct performance) obtained for the dichotic digits 
test and values of the statistical test. 

 
 

RE (%) LE (%)

Control group Study group Control group Study group

Mean 97.71 81.67 99.17 83.75

Median 97.5 91.25 100 92.5

SD 1.67 22.01 1.23 20.16

t-Test p=0.0238* p=0.0226*

RE: right ear; LE: left ear; SD: standard deviation; *Indicates significant differences, p≤0.05.

Table 3. Latency and amplitude measures of the P300 wave-form in the control group.

Groups

Latency (ms) Amplitude (mv)

C3A1 C4A1 C4A2 C3A2 C3A1 C4A1 C4A2 C3A2

Control group Mean
Median
SD

291.50
301

37.53

309.33
312

28.38

307.33
320

37.46

298.00
303

37.03

9.85
9.115
5.18

8.92
7.185
5.10

9.00
7.295
4.03

6.92
6.18
3.29

Study group Mean
Median
SD

327.08
327

38.27

321.17
326

40.36

343.58
351

48.37

328.67
338

45.56

7.10
7.21
3.83

7.51
5.62
4.85

7.01
3.34
4.62

8.28
7.67
3.60

LE: left ear; RE: right ear; C3: left hemisphere; C4: right hemisphere; SD: standard deviation; ms: milliseconds; mv: microvolts

Table 4. Latencies measures of the P300 wave-form for control group and study group for each recording 
condition. 

Side Groups
 
 

Latencies (ms)  
 

Amplitudes (mv)

Mean  SD P (T-Test) Mean SD P (T-Test)

C3, LE Control
Study

291.50
327.08

37.53
38.37

0.0326*
9.85
5.92

5.18
4.43

0.0583*

C3, RE Control
Study

309.33
321.17

28.38
40.36

0.4160
8.92
7.51

5.10
4.85

0.4947

C4, RE Control
Study

307.33
343.58

37.46
48.37

0.0526*
9.00
5.26

4.03
5.06

0.0580*

C4, LE
 

Control
Study

 298.00
328.67

37.03
45.56

0.0869
 6.92

7.59
3.29
4.18

0.6689

LE: left ear; RE: right ear; C3: left hemisphere; C4: right hemisphere SD: standard deviation; ms: milliseconds; mv: microvolts; 
*Indicates significant differences, p≤0.05.
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Table 5. Hemispheric comparison for Latency and Amplitude of the P300 in the control and study groups.

Hemisphere

Latency (ms) Amplitude (mv)

Mean SD P (T-Test) Mean SD P (T-Test)

Control

LE Left
Right

291.50
309.33

37.53
28.38

0.0946
9.85
8.92

5.18
5.10

0.2817

RE Left
Right

298.00
307.33

37.03
37.46

0.3581
6.92
9.00

3.29
4.03

0.0143*

Study

LE Left
Right

326.25
321.17

37.08
40.36

0.3755
5.92
7.51

4.43
4.85

0.2056

RE Left
Right

328.25
343.58

45.11
48.23

0.2149
7.59
4.18

5.26
5.06

0.1160

LE: left ear; RE: right ear; SD: standard deviation; ms: milliseconds; mv: microvolts; *Indicates significant differences, p≤0.05.

ported this absence in subjects with cerebral disorders20,21. 
An absent P300 cannot be conclusively linked to a brain 
lesion. However, we submit that the tendency for an ab-
sent P300 to occur is greater in individuals with brain le-
sions than in the normal population. A number of studies 
have shown greater P300 latency and reduced P300 am-
plitude in epileptic patients, thereby corroborating our 
findings10,22-24.

The study group showed a statistically significant 
trend toward greater P300 latency and lower P300 am-
plitude. Knight et al.25 compared six subjects with lesion 
of the temporoparietal junction to six subjects with pari-
etal lesion. Their study showed that on temporal group, 
amplitude was markedly reduced in comparison to pa-
rietal group, which presented results similar to those of 
normal subjects of the control group of this study.

Ebner et al.26 affirm that the latency increased and the 
amplitude reduction can be related to neurophysiologi-
cal alterations and not only and necessarily associate to 
a cerebral disorder as showed in this study, probably be-
cause cognitive functions reflected with P300 latencies 
decline in relation with duration and frequency of every 
kind of seizure, AEDs and seizure types as shown by Sun 
et al.27. Some authors believe that the seizure frequency 
can negatively affect cognitive functions. Nevertheless, 
Soysal et al.28 and Celebisoy et al.10 found no such corre-
lation. Also, Ozmenek et al.24 and Soyal et al.28 found that 
chronic epilepsy patients had more prolonged P300 la-
tencies than did normal individuals and there were sig-
nificant differences on the basis of seizure type and anti-
convulsant concentration. In the latest study, P300 laten-
cies were longer in idiopathic primary generalized epilep-
sy than in secondary generalized epilepsy. However, Eno-
ki et al.29 reported that the type of epilepsy had no effect 
on the latency of P300. 

Another influence that could alter P300 and cogni-
tive function is epilepsy duration. Sun et al.27 found that 

epilepsy duration was associated with delayed P300 la-
tency. These findings were not confirmed in another 
studies10,30.

It is known that P300 latency can increase when there 
is difficulty in the oddball paradigm15. However, in our 
study, all subjects were capable to discriminate the target 
stimuli from amongst the series of sounds presented.

All of the variables shown (including daily dosages 
of AEDs) could damage the P300 wave-form. Howev-
er, in the present study, it was not possible to determine 
which variable or variables damage directly or indirect-
ly the P300 wave-form, once separate investigation was 
not the purpose of this study. The findings of the ampli-
tude reduction and latency increase in our study group 
appear to be the result of reduced neural capacity for pro-
cessing the oddball paradigm information, even when the 
pathologic subjects could complete the task. The P300 
amplitude reduction in these subjects could indicate that 
a smaller number of neurons were functioning or that 
the intensity of neural firing was diminished as stated by 
Musiek et al.31.

In relation to laterality effect, in the control group 
there was a trend toward earlier appearance of P300 in 
the left hemisphere when compared to the right. There 
was also a difference in relation to the amplitude, which 
was greater in ipsilateral than in contralateral pathways.

The same situation was not observed in the study 
group. Therefore, there was no laterality effect, despite 
the means indicating precocious latency and a greater 
amplitude in contralateral, in comparison to ipsilateral 
pathways.

These results can be explained by the fact that both 
hemispheres participate in this cognitive processing task, 
and that the corpus callosum is an integral part of the cir-
cuitry. Damage to a nerve cell means that the cell can nei-
ther send nor receive impulses. Therefore, if one hemi-
sphere is damaged and the P300 is similarly affected for 
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either ear or electrode site, it might mean that the normal 
hemisphere was in some way dependent on or influenced 
by the abnormal function of the damaged hemisphere. 
This must be the hypothesis to explain the lack of a later-
ality effect limited to the affected hemisphere. This sup-
ports the view that P300 reflects an integration of func-
tion of various areas of the brain.

Studies conducted by Ebner et al.26 and Musiek et al.31 
did not affirm any laterality effect on the studied subjects, 
but they do affirm the sensitivity of the P300 for cognitive 
disorders as well as for focal cerebral injuries.

We know, however, that other factors might have been 
responsible or might have intervened in a joint manner 
for the performance observed in the study group: dura-
tion and frequency of the seizures; neurophysiological 
factors and specific drugs used; and education level. 

These factors must be better investigated, separately 
and in a larger sample, using a method that furthers the 
understanding of the alterations that occur in the audi-
tory pathway, both functional and structural, in subjects 
with left temporal lobe epilepsy.

In conclusion, the evaluation of auditory behavior-
al and P300 in subjects with left temporal lobe epilepsy 
allowed the following conclusions: (1) Subjects with ep-
ilepsy for MTS present with worse performance for the 
auditory figure-ground ability and binaural integration 
for linguistic sounds when compared with control group 
subjects. There was no correlation between the perfor-
mance obtained by the subjects of the study group and 
the location of the injury (left temporal lobe). (2) There 
was a greater prevalence of P300 absence in subjects with 
MTS epilepsy, being that P300 latency was greater and 
P300 amplitude was lesser at all C3A1 and C4A2 posi-
tions when compared with the control group. (3) It was 
not possible to determine the laterality effect between the 
affected and unaffected hemispheres in the subjects with 
cerebral injury limited to one hemisphere.
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