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Abstract 

Objectives This study aimed to assess cognitive function in children with temporal lobe epilepsy (TLE) using mis‑
match negativity (MMN) potentials.

Background Temporal lobe epilepsy (TLE) is a neurological condition that causes cognitive and behavioral problems. 
These complications were found to be affected by many factors including underlying neuropathology, age of onset, 
psychological issues, and therapeutic side effects that exacerbate pathophysiology of the condition.

Subject and method In this case–control study, 44 children were involved and were divided into two groups: 
the study group involved 22 children with TLE, while the control group involved 22 normal children. Pure‑tone 
audiometry, immittancemetry, and measurement of mismatch negativity (MMN) test were done for all subjects in this 
study.

Results Latency of MMN was significantly increased, while the amplitude was significantly decreased in the study 
group compared to the control group. Abnormal MMN test was obtained in TLE patients.

Conclusion Prolonged MMN latencies and decreased amplitudes in patients indicate impaired cognitive function 
in children with TLE compared with controls.
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Background
Epilepsy is a brain disorder characterized by different 
types of seizures brought on by brief, recurrent distur-
bances in the brain’s normal electrical activity [1–3]. 
Cognitive and behavioral deficits are more common in 
epilepsy patients. Several factors, including underlying 

neuropathology, seizure type, age of onset, psychological 
issues, and treatment side effects, can cause or exacer-
bate an underlying cognitive impairment in people with 
epilepsy [4]. Temporal lobe epilepsy (TLE) is frequently 
linked to memory loss due to damage to the hippocam-
pus and nearby structures. It has been repeatedly dem-
onstrated that TLE causes problems with both short- and 
long-term memory [4].

Mismatch negativity (MMN) is an auditory event-
related potential (ERP) which is produced when an 
uncommon (“deviant”) tone appears after a series of 
frequent (“standard”) tones [5]. According to one the-
ory, MMN develops on its own if there is a discrepancy 
between the physical characteristics of an aberrant stim-
ulus and the neurosensory memory traces left behind by 
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repeated conventional stimuli [6]. The first cortical activi-
ties in the cognitive processing of auditory information 
are assumed to be reflected by MMN [7] and are thus 
part of auditory pre-attentive memory [8]. MMN can be 
induced without attention and has minimal motivational 
effects [9].

The primary auditory cortices and the superior tempo-
ral cortices are assumed to be home to the main MMN 
generators. The MMN can be elicited irrespective of the 
subject’s attentional state, which makes this ERP par-
ticularly suitable for clinical groups with low coopera-
tion, such as children [10]. Several studies have shown 
that the MMN is an effective instrument for assessing 
central hearing impairment, cognitive decline, and func-
tional decline [9–18]. There are few studies that look at 
mismatch-negativity results in patients with temporal 
lobe epilepsy; this study seeks to examine these findings 
to assess cognitive function in such patients by evaluat-
ing the auditory processing dysfunction using MMN test 
[9–18].

Methods
This case–control study was conducted in Menoufia Uni-
versity hospitals in the audiology unit (ENT department) 
in cooperation with the department of pediatric neurol-
ogy in the period from April 2021 to October 2022. Ethi-
cal approval was obtained through the ethical committee 
with approval number (7/2021ENT35). Consent was 
taken from all the parents of the children to participate 
in the study. Subjects included in this study were divided 
into 2 groups; control group consisted of 22 normal chil-
dren in the age range of (4–12 years), selected from the 
relatives of the children in the study group living within 
the same regions. However, the study group consisted 
of 22 children recruited from the pediatric neurology 
clinic diagnosed by pediatric neurologist as temporal 
lobe epilepsy of the complex partial subtype in the age 
range of (4–12  years). Children were controlled; if the 
children were not controlled, the test was done after at 
least 1 week from the last attack with the following exclu-
sion criteria: children suffering from other neurological 
or systemic disorders and children suffering from oto-
logical problems. The Stanford-Binet IQ test was done 
for all children before they entered the study, and those 
who had a score below the normal scores were excluded. 
Complete history was taken from all subjects in this 
study including age, sex, types of epilepsy, its duration, 
frequency of attack, control of epilepsy, medications, 
EEG finding, and MRI finding. Physical and neurological 
assessments were done for all subjects.

Audiological evaluation was done including otoscopic 
examination, pure-tone audiometry using r37a clini-
cal audiometer (either conventional or play audiometry 

which was done in only 4 cases), speech recognition 
threshold test for children as well as the word dis-
crimination score (WD) [19] using sound-treated room 
model amplisilence S.P.A-10070, and acoustic immit-
tance using middle ear analyzer (GSI 38-Auto TYMP).

MMN was done using Interacoustic, Eclipse 25. 
Children were awake during the recording, watching 
cartoons. The skin was cleaned by cotton soaked in 
alcohol, the ground electrode was placed on the fore-
head, the reference electrodes were placed over the 
mastoid, and the active electrode was placed over FZ. 
A standard stimuli (1 kHz) and deviant stimuli (2 kHz) 
were delivered to the children in oddball paradigm (15% 
deviation from the normal) at a rate of 0.7 per second 
using insert phones, 200 sweeps pure tones that were 
delivered at 70 dBHL, the filter was adjusted at 100 Hz 
for low-pass filter and 1  Hz 6/oct for high-pass filter, 
and analysis time was pre stimuli 90 ms and 630 ms for 
post stimuli [20].

MMN was identified as the largest negative excur-
sion range from 100 to 250  ms occurring after the P2 
response (positive peak of late-latency auditory-evoked 
potentials (LLAEP) occurring at approximately 160 ms). 
The response parameters of MMN were determined as 
the duration between the start of the stimulation and 
the lowest peak was determined to be the MMN latency 
(peak latency). From the trace’s zero voltage to its deep-
est dip, MMN amplitude was recorded (baseline to peak 
amplitude). It is measured by deducting the reaction to 
normal stimuli from the response to abnormal stimuli.

Sample size estimation
Sample size was calculated by statistics doctor in the 
Community Department, Faculty of Medicine, Menou-
fia University [21]. Minimum sample size calculated is 
40 subjects according to the following formula:

where
n: sample size.
z1-α: z-score for CI 95% and equals 1.96.
z1-β: z-score for power of the study 80% and equals 

0.84.
σ: estimated standard deviation.
μ: estimated mean.

Statistical analysis
Statistical Package for the Social Sciences (SPSS) ver-
sion 28 (SPSS Inc. Released 2020) was used for analy-
sis of the results. Qualitative data were expressed as 
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number (N), percentage (%), and quantitative data as 
mean (x), standard deviation (SD), and range (mini-
mum–maximum); analytic statistics, where Student’s 
t-test (t), a test of significance, was used to compare 
quantitative variables between two groups of normally 
distributed data, and Mann-test Whitney’s (U), which 
was used to compare qualitative data. Spearman cor-
relation was employed for variables that were not nor-
mally distributed.

Results
Demographic characteristics are demonstrated in 
Table 1; there was no significant difference between the 
two groups regarding age and sex. Clinical data of chil-
dren with temporal lobe epilepsy including their mean 
disease duration was 2.93 ± 2.05 years, number of attacks 
was 5.64 ± 4.62, the mean duration from the last attack 
was 3.98 ± 4.07 months, and these children were treated 
with benzodiazepine (45.5%), levetiracetam (0.9%), and 
benzodiazepine and levetiracetam (45.5%). All subjects 
had normal tympanometry results, normal hearing in 
both ears, normal MRI results, and temporal lobe epi-
lepsy in EEG test. There is a statistically significant dif-
ference in MMN latency and amplitude between both 
groups as shown in Table 2.

According to ROC curve, it is found that in the latency 
cut-off value ≥ 1.81 and the amplitude cut-off value ≥ 
−3.28, the MMN latency and amplitude show a sensitiv-
ity of 90.9% and a specificity of 60% for both with an AUC 

value of (0.510–0.847) and (0.649–0.947), respectively, as 
shown in Fig. 1.

MMN abnormalities in TLE children included pro-
longed latency in 90.9% and low amplitude in 90.9%. 
There were no statistically significant correlations regard-
ing the age, sex, duration of epilepsy, duration from the 
last attack, frequency of attacks, and the treatment as 
shown in Table 3.

Discussion
Temporal lobe epilepsy (TLE) is a chronic neurological 
disorder characterized by recurrent attacks of seizures 
arising from electrical abnormality of temporal lobe ori-
gin. TLE is the most common type of focal epilepsy [22]. 
Temporal lobe epilepsy is associated with impairment of 
cognitive functions; memory affection is the most com-
mon important due to damage in hippocampus sur-
rounding structures [23].

Both short-term and long-term memories are com-
promised in TLE, as has been consistently demonstrated 
[24, 25]. TLE in children is a neurological condition that 
affects the central auditory system’s cortical regions 
directly. To explore topographic and functional facets 
of auditory processing as well as underlying neurode-
velopment, TLE appears to be a useful model. The use 
of event-related potentials (ERPs) may help researchers 
to better understand the learning difficulties in children 
with TLE as well as how epilepsy affects neural plasticity 
[26]. Cognitive function includes memory and attention 
[27]. Working memory disorder is recognized as the key 
cause in learning disabilities which can be assessed using 
MMN [28].

Mismatch negativity (MMN) indicates the initial corti-
cal event in the cognitive processing of auditory informa-
tion, and it is an auditory event-related potential (ERP). 
MMN can be elicited in the absence of attention. MMN 
test can be used to find the relationship between the 
auditory processing and temporal lobe epilepsy in chil-
dren [29].

In the current study, results from 22 children with tem-
poral lobe epilepsy (aged 8–12 years) and 22 healthy chil-
dren were compared using MMN. Regarding age and sex, 
there was no statistically significant difference between 
the two groups.

Table 1 Demographic characteristics of the studied groups

t Student t-test, χ2 chi-square test

Control 
group 
(N = 22)

Study group 
(N = 22)

Test of 
significance

p-value

Age (years) t‑test

Mean ± SD 6.65 ± 1.69 7.27 ± 1.80 1.150 0.257

Range 4–10 4–10

Sex
 Male 11 (50%) 12 (54.5%) Χ2 0.768

 Female 11 (50%) 10 (45.5%) 0.087

Table 2 Comparison between the studied groups regarding MMN results

t Student t-test, U Mann–Whitney test

Control group (N = 22) Study group (N = 22) Test of sig p-value

Mean ± SD Range Mean ± SD Range

Latency 215.65 ± 33.16 134–250 277.27 ± 85.92 180–424 t =  3.118 0.004
Amplitude  − 2.29 ± 0.75  − 3.83–1.27  − 1.35 ± 1.01  − 3.4–0.2 U =  3.303  < 0.001
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Fig. 1 ROC curves for amplitude and latency in the study group
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There were statistically significant differences between 
both groups regarding MMN latency and amplitude. 
MMN latency in TLE group was found to be more pro-
longed compared to that of the control group. Also, 
MMN amplitude was found to be reduced in almost 
all TLE patients when compared to the control group. 
Abnormal MMN tests (either prolonged latency or low 
amplitude) were obtained in almost all TLE patients. 
These results demonstrated that there was auditory pro-
cessing dysfunction in TLE cases which was proved by 
abnormalities in the MMN test.

According to ROC curve in the current study, the audi-
tory processing dysfunction in TLE cases can be pre-
dicted by using MMN test.

Prolonged MMN duration may be due to difficulty in the 
closure mechanism of MMN process explaining that there 
was a dysfunction of information processing observed 
in TLE patients due to concentration and memory dif-
ficulties, given that these patients may take more time 
for detecting the stimulus compared to controls. In TLE 
patients, developmental delay, original brain damage, and 
dynamic variables all have an impact on memory dysfunc-
tion (e.g., seizure frequency and medication) [30]. Also, in 
previous research, the MMN amplitude was affected dif-
ferently by different areas of the temporal lobe [31]. For 
instance, although lesions in the medial area of the tem-
poral lobe generated a pathological increase in MMN 
amplitude, lesions in the superior temporal lobe decreased 
MMN amplitude [32]. However, the TLE children in the 
current study had low MMN amplitude despite the nor-
mal MRI. Our results agreed with Metz-Lutz et  al. who 
attempted to correlate neurophysiology dysfunction and 
various neurophysiological aspects of focal epileptic activ-
ity in benign childhood epilepsy with centro-temporal 

spikes (BCECTS) which reported lower amplitude in the 
cases compared to controls [31]. Also, the results agreed 
with Honbolygó et  al. that assessed the cognitive func-
tion and speech perception skills in children with tempo-
ral lobe epilepsy using MMN (speech stimuli); the study 
revealed low score for language and memory functions in 
epileptic children in comparison to control group [33].

In the current study, MMN test abnormalities were 
obtained in children with TLE. Therefore, MMN test 
is suggested to detect cognitive dysfunction in these 
patients and can help in the design of rehabilitation pro-
grams for improving cognitive function, e.g., memory 
exercises, problem-solving games, and mental exercises. 
MMN can be used in the follow-up of the rehabilitation 
program with comparison of MMN results before and 
after the training program to determine the improvement 
in the cognitive function [34].

Some memory functions improve after surgery for epi-
leptic lesions. The greater potential for cerebral plasticity in 
children may be the cause of the improvement in memory 
observed in some studies following surgery. In children 
with temporal lobe epilepsy, younger age and early surgery 
have been found to predict positive memory outcomes [35].

Limitation of the study
It is important to note that usage of anti-epileptic drugs 
(AEDs) may have an impact on both latencies and ampli-
tude, given that all patients were receiving treatment with 
AEDs at the time of data collection. For instance, it has 
been demonstrated that anti-epileptic drugs can affect 
motor response times, latencies, and amplitudes gener-
ally [36]. It has been discovered that benzodiazepines, 
which are also used as AEDs, decrease MMN amplitude 
[37]. Benzodiazepines may alter sensory memory and 

Table 3 Relation between latency and amplitude of MMN and clinical data of study group

rrho Spearman correlation coefficient, t Student t-test

Latency Amplitude

Test of sig p-value Test of sig p-value

Socio-demographic Age (years) r = 0.140 0.536 r =  − 0.193 0.390

Sex
Male t = 0.374 0.712 U = 0.763

Female 0.446

Clinical data of TLE Duration of epilepsy (years) rrho =  − 0.025 0.911 rrho =  − 0.286 0.197

Last attack (months) rrho =  − 0.225 0.314 rrho = 0.057 0.801

Number of attacks rrho = 0.003 0.988 rrho =  − 0.348 0.112

Treatment
Depakine

Tiratam ANOVA = 2.395 0.118 K‑W = 1.491 0.475

Depakine, tiratam
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prolong the time it takes to evaluate an input. To further 
understand how AEDs affect TLE patients, so further stud-
ies to compare the changes in the MMN in children with 
TLE without treatment versus TLE with treatment will be 
needed.

Conclusion
Abnormalities in MMN test reflect cognitive impairment 
in children with TLE. It can be used to determine any cog-
nitive dysfunction in these children, helping us to perform 
rehabilitation programs for improving cognitive function 
and follow-up of these patients.
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