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ABSTRACT

Objectives: Mesial temporal lobe epilepsy (MTLE) is the most common form of partial epilepsies. Seizures of MTLE
with hippocampal sclerosis (MTLE-HS) are typically resistant to antiepileptic drug (AED) therapy. Although
memory disturbances in patients with MTLE-HS are expected, verbal attention and frontal lobe functions may
also be impaired. We aimed to examine the relationship between the clinical features and cognitive functions
of patients by comparing cognitive test scores of patients with MTLE with few seizures (drug-responsive
group) and those with frequent seizures (pharmacoresistant group).
Methods: Seventy-nine patients with MTLE-HS and 30 healthy controls were enrolled. Thirty-four patients were
accepted as the drug-responsive group (DrG), and 45 patients were included in the pharmacoresistant group
(PRG). Tests evaluating attention, memory, and executive functions were performed on all participants.
Results: Forty-nine (62%) female and 30 (38%) male patients with MTLE-HS, and 14 (46.7%) female and 16
(53.3%) male controls participated in the study. The mean age of the patients and controls was 33.53 + 9.60
(range, 18-57) years and 35.90 4 7.98 (range, 18-56) years, respectively. Both the DrG and PRG showed poorer
performances in tests evaluating memory and frontal lobe functions when compared with the control group
(CG). Additionally, attention test results were significantly worse in the PRG than in the DrG.
Conclusion: It is reasonable to say that increased seizure frequency is the main causative factor of verbal attention
deficit due to the poorer attention test results in the PRG. Poor performances in memory and frontal lobe function
tests of all patients with MTLE-HS emphasized the importance of the mutual connection between the temporal
lobe and prefrontal cortices.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

optimal doses, and seizures may even stop in the meantime [2-4]. How-
ever, except this small portion of patients with good seizure control,

The most common underlying pathophysiology in temporal lobe ep-
ilepsy (TLE) is hippocampal sclerosis (HS), and this situation causes a
special clinical syndrome called mesial temporal lobe epilepsy (MTLE),
which is the most common form of partial epilepsies; MTLE is typically
resistant to antiepileptic drug (AED) therapy. However, the causal rela-
tion between HS and the development of MTLE is not yet clearly under-
stood. Furthermore, the disease course may differ from one patient to
another. Some studies have shown seizure control in 20-25% of patients
receiving AEDs and surgical outcomes for seizure freedom in patients
with mesial temporal sclerosis ranges from 70% to 90% [1]. A small
group of patients with infrequent seizures can be maintained on
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most of the patients are considered intractable and candidates for sur-
gery [5,6]. It is not yet understood that why some patients have intrac-
table seizures while others respond well to medical treatment.

An important finding in patients with MTLE-HS is memory deficits.
In some studies, impairment of verbal memory was demonstrated in
patients with left-sided HS; however, nonverbal memory deficits were
not seen in patients with right-sided HS [7-9]. Verbal memory decline
and naming difficulties in left-sided surgery and visual memory decline
in right- and left-sided surgeries are the most prominent losses [10].
Barr et al. suggested that right temporal lobe dysfunction may provide
a focal disruption to a specific system responsible for pattern recogni-
tion and object identification [11]. In addition with these findings,
Glikmann-Johnston et al. stated that lateralization of spatial memory
was influenced by task-specific factors, the object location task was
the one most expected to reveal right-lateralized effect. Ability to navi-
gate, learn, and recall objects and locations and draw a plan of the
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environment was related to the integrity of both the right and left me-
sial temporal lobes in TLE [12].

In recent years, volumetric studies have provided a new opportunity
to identify the functional adequacy of the structure. Increased left hip-
pocampal activity on functional magnetic resonance imaging (fMRI) in
individuals with left TLE or increased right hippocampal activity in pa-
tients with right TLE was associated with better presurgery memory
performance. However, multiple methodological issues still remain to
be solved [13-15].

Using quantitative magnetic resonance imaging (MRI) tools, voxel-
based morphometric techniques, and diffusion tensor imaging tech-
niques, structural abnormalities were seen to extend beyond the epilep-
togenic hippocampus. Cortical, subcortical, and cerebellar regions and
their direct and indirect connectivity have shown to be affected. The ex-
tension of these structural abnormalities might contribute to probability
of seizure freedom after epilepsy surgery [16].

In concert with the extensive anatomical abnormalities, although
MTLE preferentially affects memory functions, it also affects other do-
mains of cognitive functioning. Riley et al. demonstrated that altered
connectivity between caudate and dorsal prefrontal cortex in TLE is as-
sociated with impaired performance in working memory, attention, and
executive functioning [17]. Meador reported that increased frequency
of seizures in patients with MTLE caused significant worsening of atten-
tion function [18]. Similarly, Ozkara et al. found significantly lower at-
tention test results in the PRG. They stated that increased frequency of
seizures caused significant worsening of attention function [19]. Be-
cause of mutual connections between the temporal lobe and prefrontal
cortices, verbal attention and frontal lobe functions could be impaired.
Another theory is that the memory deficit may alter the results of
tests assessing frontal function [20,21]. History of secondarily general-
ized seizures in patients with MTLE may also affect frontal lobe func-
tions. Besides the underlying pathology of HS, cognitive decline was
also found to be associated with seizure frequency, seizure onset at an
early age, adverse effects of AEDs, and duration of the disease [22,23].

The aim of this study was to compare patients with drug-responsive
MTLE and patients with drug-resistant MTLE in terms of memory, atten-
tion, and executive functions. We believed that this would lead us to un-
derstand if memory disorders are related to underlying hippocampal
pathology or medically resistant seizures. As a second aim, we also eval-
uated attention and executive functions between the groups to see if
seizure frequency or connections between the temporal lobe and pre-
frontal cortices could affect the other domains of cognitive functions.

2. Material and methods

This study was approved by local ethics committee, and all patients
with MTLE-HS and healthy control participants gave written informed
consent.

2.1. Participants

A total of 79 patients with MTLE-HS, whose diagnoses were accord-
ing to their seizure history, electroencephalography (EEG), neuropsy-
chological tests, and MRI findings, and 30 healthy controls were
enrolled in the study. The demographic features and clinical character-
istics (age, sex, education level, age of onset and duration of the disease,
history of febrile convulsions, family history of epilepsy, consanguine-
ous marriage, seizure type, and AED usage) of the patients were
recorded.

Patients with MTLE-HS were divided into two groups; 34 patients
under the treatment of a maximum of two AEDs with less than or
equal to two complex partial seizures per month or less than two sec-
ondarily generalized seizures per year were accepted as the drug-re-
sponsive group (DrG), and 45 patients who were excluded from the
above-mentioned drug-responsiveness criteria were accepted as the
pharmacoresistant group (PRG). Patients who were followed up for at

least one year by the same epileptologist were included to the study.
All patients have interictal or ictal EEG abnormalities relevant to TLE
and their HS was detected by MRI scan with atrophy on T1W and signal
increase on T2W images. All tests were conducted before surgery in the
PRG. Thirty age-, sex-, and education level-matched healthy controls
were included. Controls were mostly selected from relatives of patients,
or they were community controls.

Tests were performed to reveal all aspects of cognitive functioning;
mainly attention, memory, and executive functions, and were applied
to all participants (both patients and healthy volunteers). The tests per-
formed were as follows: Verbal Memory-Recall, Recognition, Total Learn-
ing-Tests (VMT) (with short-term memory, maximum and total
learning, recall, recognition, and total recall for verbal memory),
Wechsler Memory Scale (WMS) (with immediate recall, delayed recall,
recognition, and total score for visual memory), Wechsler Memory
Scale (WMS) story subtest (with immediate recall, delayed recall) for
verbal and logical memories, Digit Span Test (with attention, reverse at-
tention, and total attention scores for verbal attention), Stroop test (with
1st and 5th card times, mistake, and correction for executive functions),
verbal fluency and verbal fluency with alternating categories test (seman-
tic fluency with animals per minute, word pairs per minute, persevera-
tions, and switching errors for executive functions).

Exclusion criteria were as follows: i) mental retardation, ii) younger
than 18 years of age, iii) less than primary school education, iv) pres-
ence of additional systemic diseases and depression, v) illicit drug
abuse, vi) presence of generalized tonic—clonic or complex partial sei-
zure one week prior to the study, vii) previous surgical history for
MTLE-HS, vii) bilateral HS, viii) lesions other than HS on MRI.

2.2. Data analysis

The collected data were analyzed using Number Cruncher Statistical
System (NCSS) 2007 & Power Analysis and Sample Size (PASS) 2008
Statistical Software (Utah, USA). Descriptive statistics were used for
sociodemographic and clinical variables. The relationships between var-
ious parameters were analyzed using Student's t-test, and the categori-
cal variables of the patients and controls were determined using the
Mann-Whitney U test. The Chi-square and Fisher's exact test were
used for comparisons between qualitative data. Values of p <0.05
were considered as statistically significant.

3. Results

Forty-nine (62%) female and 30 (38%) male patients with MTLE-HS,
and 14 (46.7%) female and 16 (53.3%) male controls participated in the
study. The mean age of the patients and controls was 33.53 + 9.60
(range, 18-57) years and 35.90 + 7.98 (range, 18-56) years, respec-
tively. The mean age of seizure onset was 15.17 4+ 10.17 (range, 1-45)
years. There were no significant differences between the patients and
controls in terms of age, sex, and education level (p > 0.05) (Table 1).
The age of onset of the disease in the DrG was higher than in the PRG;
the difference was statistically significant (p = 0.001) (Table 2).

3.1. Cognitive test results

3.1.1. Memory test results

Concerning the verbal memory test, short-term memory did not dif-
fer between the patients and controls (p > 0.05); however, other mem-
ory test scores were significantly lower in patients than in controls (p
= 0.001). The maximum learning score (maximum number of learned
words) in the verbal memory test was statistically significantly higher
in the DrG than in the PRG (p = 0.001). Patients in the PRG had signif-
icantly worse logical memory scores (p = 0.001) than patients in the
DrG.

For the visual memory tests, immediate and delayed recall and rec-
ognition tests were found to be statistically worse in the patient group
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Table 1
Demographic and clinical data of the patient and control groups.
Patients Controls p
n=79 (%) n =30 (%)
Age (years) 33.53 £ 9.60 (18-57) 35.90 + 7.98 (18-56) 0.23
Sex
« female 49 (62 14 (46.7) 014
» male 30 (38 16 (53.3) :
Education
« primary school 56 (70.88) 21 (70)
« high school 17 (21.51) 6 (20) 0.82
* university 6(7.61) 3(10)

Age at onset of epilepsy

(year)
Duration of epilepsy (years) 18.96 4 8.58 (2-42) -

15.17 4+ 10.17 (1-45)

History of febrile seizure 49 (62.0) -
Epilepsy in family 14 (17.7) -
Consanguineous marriage 16 (20.2) -
Side
* Right HS 40 (50.6) -
« Left HS 39 (49.4)

than in the controls (p = 0.001), and there were no significant differ-
ences between the DrG and PRG.

3.1.2. Attention test results
For the verbal attention test, the scores of PRG were significantly
lower than those of the DrG and controls (p = 0.001).

3.1.3. Executive functions

There were no significant differences between drug responsiveness
and executive functions (p > 0.05). However, patients showed worse
performance in the Stroop test and in verbal fluency with alternating
categories; the scores of animal and fruit/human counts were signifi-
cantly lower in patients than in the controls (p < 0.05) (Table 3).

3.2. Duration of the disease and cognitive test results

The longer the disease duration the worse the performance in atten-
tion, verbal memory (especially learning phase), visual memory, and
logical memory was found (p < 0.05). There was a negative correlation
between disease duration and the Stroop test or verbal fluency with
the alternating categories test; however, there was no significant differ-
ence in the verbal fluency test (p > 0.05) (Table 4).

Eventually, although statistically significant difference was found
between DrG and PRG in maximum learning score of the verbal mem-
ory test and logical memory scores, Digit Span Test evaluating attention
had the largest effect size for separating the groups PRG and DrG. We
also compared DrG with PRG in the left temporal lobe for verbal

Table 2
Clinical data of the drug-responsive group and pharmacoresistant group.
DrG PRG p
(n=34) (n =45)
Age at onset of epilepsy  20.74 + 11.28 (20.00) 10.97 + 6.79 (11.00) 20.001"
Duration of epilepsy 16.79 + 9.26 (15.50)  20.60 + 7.73 (20.00) 20.042"
Side 0.999
Right HS 17 (50.0) 23 (51.1)
Left HS 17 (50.0) 22 (48.9)
History of febrile seizure 23 (67.6) 26 (57.8) 0.509
Epilepsy in family 7 (20.6) 7 (15.6) 0.778
Consanguineous 6(17.6) 10 (22.2) b0.827

Marriage

DrG: Drug-responsive group; PRG: Pharmacoresistant group.
Significant differences are shown in bold and italics.
¢ Mann-Whitney U test.
b Yates's continuity correction test.
* p<0.05.
* p<0.01.

memory and attention and in the right temporal lobe for visual memory
and attention. We found significant differences (p < 0.05) only in atten-
tion test results between the DrG and PRG in the left temporal lobe and
scores were lower in the PRG.

4. Discussion

Temporal lobe epilepsy is the most common form of drug-resistant
focal epilepsy in adults, and it is associated with cognitive impairment.
Patients with TLE exhibit memory disturbances and show decline in
speeded psychomotor processing, executive functions, and naming
[24,25]. More common cognitive morbidity is supposed to be seen in pa-
tients with MTLE rather than in patients with other TLEs [26].

In our study, when we examined the demographic features and clin-
ical characteristics of the patients such as age, sex, education level, local-
ization of the disease, history of febrile seizures, family history of
epilepsy, and consanguineous marriage, there was no significant differ-
ence between the DrG and PRG. The factors associated with poor prog-
nosis were young age at onset of epilepsy and long duration of disease.
Sanchez et al.'s study included 110 patients with MTLE and the presence
of early onset of seizures was found to be a poor prognostic factor [27].
Similarly, Aguglia et al. stated that, in 424 patients with MTLE, age at
onset of seizures was significantly higher in patients with a good prog-
nosis. Other factors, including sex, family history of epilepsy or febrile
seizures, perinatal asphyxia, febrile seizures, and interictal EEG abnor-
malities were not associated with prognosis [28]. Kim et al. found that
early onset of seizures, history of febrile seizures, and epileptiform dis-
charges on EEG were associated with poor prognosis [29]. In contrast
with these studies, Andrade-Valenga et al. reported no association be-
tween age of onset and prognosis [4].

Although MTLE preferentially affects memory functions, it also af-
fects other domains of cognitive functioning. Thus, we evaluated atten-
tion and executive functions besides memory. In our study, the scores of
verbal attention tests in the PRG were significantly lower than in the
DrG and controls. According to our results, we suggest that the progno-
sis of the disease and increased frequency of seizures might affect atten-
tion and sustained attention. Similarly, Meador et al. reported that
increased frequency of seizures in patients with MTLE caused significant
worsening of attention function [18]. Ozkara et al. compared DrG (n =
18) with PRG (n = 95), a total of 113 patients with MTLE in terms of at-
tention, and they found significantly lower attention test results in the
PRG. They stated that increased frequency of seizures caused significant
worsening of attention function [19].

Verbal and visual memory results showed that learning in patients
with MTLE was insufficient and delayed. Moreover, there might be an
issue in consolidation of long-term memory or recall. We found no sig-
nificant differences between the DrG and PRG concerning verbal and vi-
sual memory except for maximum number of learned words. According
to this result, we considered that DrG learned more words than PRG, but
they all could not transfer the words to the long-term memory. Further-
more, in our opinion the maximum number of learned words might be
affected by decreased attention and sustained attention in PRG. The re-
sults of our study were consistent with the results from recent studies.
According to Luiz et al., lower memory performances were found in
87 patients with MTLE-HS than in controls, and the decrease was con-
sidered to be related to HS [30]. Ozkara et al. reported a decrease in ver-
bal and visual memory performances in 113 patients with MTLE-HS;
however, there was no significant difference between the DrG and
PRG concerning memory functions. They concluded that memory im-
pairment in patients with MTLE-HS was permanent and might be re-
lated to the direct effect of HS itself [19]. In contrast with these results,
Voltzenlogel et al. evaluated patients based on seizure frequency.
Long-term memory impairment, especially recall function, was found
more affected in patients with increased seizure frequency than in pa-
tients with fewer seizures. Attention, executive functions, and intelli-
gence quotient (IQ) did not differ significantly between these two
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Table 3
Cognitive test scores of the patient and control group.

165

DrG PRG Control DrG-PRG DrG-Control PRG-Control
(n=34) (n=45) (n=130)
VERBAL ATTENTION ~ DST Attention 5.00 + 1.44 4444081 540+ 1.33 0.105 0.109 0.001"
Reverse attention 3914 1.19 3244105 427 +123 0.014"° 0213 0.001"
Total attention 891 +2.44 7.69 +1.66  9.67 & 2.41 0.027"  0.103 0.001"
MEMORY TEST VMPT STM 541 + 1.56 536+ 151  6.07 + 141 0.808 0.075 0.099
Repeat count 9.56 + 1.78 978 £0.79 803214 0.111 0.004" 0.001"
MLS 13.154£200 11.73+21 1470+ 060 0.005*" 0.001" 0.001"
Recall 1038 +346 969+298 1380 +121 0342 0.001" 0.001"
Recognition 3.94 1+ 2.86 469 £244 117 £123 0214 0.001" 0.001"
Recall + recognition 1432+ 115 1438+1.23 1497 +£0.18 0494 0.001" 0.005"
TLS 103.24 + 96.47 + 119.30 + 0.105 0.001" 0.001"
17.93 18.34 13.25
WMS Visual ~ Immediate recall 8.74 + 321 878 +£277 1153+£198 0950 0.001" 0.001"
Delayed recall 6.88 + 3.79 6.91+328 10.60+270 0971 0.001" 0.001"
Recognition 250 + 1.21 207 +£1.05 323+ 094 0.101 0.013 0.001"
WMS-LM Immediate recall 8.97 4 3.40 720+£404 1273+£297 0016 0.001" 0.001"
Delayed recall 7.21 £ 3.67 542+421 1097 +£342 0.023° 0.001" 0.001"
EXECUTIVE Stroop Stroop 1st card time (second) 1329 + 341  13.89+483 1033 +281 0.750 0.001" 0.001"
FUNCTIONS Stroop 5th card time (second) 4485 + 3406 41+£2097 3087 +£11.86 0.960 0.052 0.031°
Stroop error 132+ 2.16 113 +£211 053+ 068 0.496 0.272 0.790
Corrected error 147 +£1.42 1.6 £ 1.51 097 + 1.10 0.763 0.165 0.073
Verbal Animal count 16414501  15114+477 2017 £492 0244 0.004" 0.001"
Fluency Animal perseveration 0.24 4+ 0.55 0.40 + 0.75 0.53 4+ 0.82 0.324 0.118 0474
Alternating categories (Fruit/Human 721+ 1.75 6.44 4+ 1.90 8.73 £1.93 0.072 0.072 0.002"
count)
Fruit/Human (Perseveration) 0.44 4+ 0.56 0.82 +1.23 0.37 + 0.72 0.332 0.304 0.080
Fruit/Human (inability to change 0.18 4+ 0.39 0.134+050 017 +0.38 0.272 0.967 0.310

category)

DST: Digit Span Test; VMPT: Verbal Memory Processing Test; WMS_LM: Wechsler Memory Scale Story Subtest; WMS_Visual: Wechsler Memory Scale Visual Memory Subtest; STM: Short-

term memory; MLS: Maximum learning score; TLS: Total learning score.
Significant differences are shown in bold and italics.
* p<0.05.
** p<0.01.

Table 4
Duration of the disease and cognitive functions.

n=79 Duration of the disease
R P
VERBAL ATTENTION  Attention —0.248 0.028"
Reverse attention —0419  0.001™"
Total attention —0389  0.001""
MEMORY VMPT-STM —0.059 0.607
VMPT-Repeat count 0.379 0.001""
VMPT-MLS —0.294 0.008™"
VMPT-Recall —0.077  f0.499
VMPT-Recognition 0.061 0.592
VMPT-Recall + Recognition —0.156 0.169
VMPT-TLS —0.201 f0.076
WMS_Visual-Immediate recall —0274  f0.015"
WMS_Visual-Delayed recall —0.288 f0.010*
WMS_Visual-Recognition —0.297  0.008""
WMS_LM-Immediate recall —0342  0.002""
WMS_LM-Delayed recall —0274  0.015"
EXECUTIVE Stroop 1 0.306 0.006™"
FUNCTIONS Stroop 5 0.281 0.012"
Stroop error 0.036 0.755
Stroop corrected error 0.015 0.896
Verbal fluency (Animal count) —0.203 0.073
Verbal fluency (Animal —0.041 0.722
perseveration)
Alternating categories (F/H count) ~ —0.243 f0.031
F/H Perseveration —0.109 0.338
F/H Inability to change category —0.141 0.215

VMPT: Verbal Memory Processing Test; WMS_LM: Wechsler Memory Scale Story Subtest;
WMS_Visual: Wechsler Memory Scale Visual Memory Subtest; STM: Short-term memory;
MLS: Maximum learning score; TLS: Total learning score; F/H: Fruit/Human.
Significant differences are shown in bold and italics.
€ 1 = Spearman'’s Correlation Coefficient.

r = Pearson Correlation Coefficient.

* p<0.05.
** p<001.

f

groups [31]. Lopez et al. compared groups of good seizure control and
poor seizure control in terms of cognitive functions, and there were no
significant difference between the two groups concerning attention; vi-
sual, verbal, and logical memory; and executive functions [32]. In our
study, short-term and long-term logical memory losses were more sig-
nificant in patients in the PRG than in those in the DrG. With these re-
sults, we considered that the affected sustained attention function
while reading stories to the PRG could be because of seizure frequency
and that might affect the logical memory test results. Helmstaedter et
al. established a strong correlation between logical memory and atten-
tion, language function, and vocabulary in 81 patients with epilepsy
[33].

In our study, patients showed worse performance in verbal fluency
with alternating categories and the Stroop test. There were no signifi-
cant differences in drug responsiveness and executive functions be-
tween the patients and controls. These results showed that mental set
shifting and recall functions were significantly affected in patients
than controls. Two hypotheses have been investigated for demonstrat-
ing the underlying process of executive system dysfunction in MTLE.
The first hypothesis is that the epileptogenic cortex adversely affects
the extratemporal regions, which mediate executive system abilities
[34-36]. The second hypothesis is that the human hippocampi are di-
rectly involved in the mediation of some executive system functions
and performance deficits, and therefore, this situation is directly attrib-
utable to hippocampal pathology [37]. Tuchscherer et al. determined
significantly poorer performance in the Stroop, Trails B, and verbal flu-
ency tests, which are commonly used measures of executive functions
[38]. Zamarian et al. found that a PRG of patients with MTLE performed
poorly in tests of executive functions [39]. Other studies showed no dif-
ference between patients with MTLE and controls regarding executive
functions [40,41]. The different results of these studies for evaluating ex-
ecutive functions might be accounted for by the use of different test
batteries.
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In some studies, the longer the disease duration the worse the per-
formance in memory and other cognitive functions could be seen in pa-
tients with MTLE [42-45]. Our study showed worse performance in
attention, verbal memory (especially the learning phase), visual mem-
ory, and logical memory as disease duration increased. Rauch et al.
followed up 8 nonsurgical patients with intractable epilepsy for 12.8
years and a progressive decline was observed in verbal and visual mem-
ory scores [46]. Similarly, Fuerst et al. noted that patients with continu-
ing seizures had a decline in hippocampal volume and that medically
refractory patients had progressive hippocampal atrophy. Conse-
quently, impairment in memory performances could be seen [47]. In
contrast with these studies, Helmstaedter et al. showed no significant
difference in memory tests during long-term follow-up in patients
with drug-responsive MTLE who had fewer seizures [22].

We also compared DrG with PRG in the left temporal lobe for verbal
memory and attention and in the right temporal lobe for visual memory
and attention. We only found significant differences in attention test re-
sults between the DrG and PRG in the left temporal lobe. According to
this result, we thought that seizure frequency affected the attention
function, and this function mostly related to the left hemisphere. Studies
demonstrated that anatomical abnormalities in MTLE were not limited
to the epileptogenic hippocampus. In addition to gray matter abnormal-
ities, aberrant white matter tracts and connections are present in
chronic TLE. Some studies found an association between left-hemi-
sphere seizure focus and attention deficits in children and adults [48-
50]. Our results were consistent with these studies.

Our study has some limitations. Some other tests could have been
added to show the difference in cognitive functions between right-
and left-sided epilepsies in both the PRG and DrG. After surgery in the
PRG, all these tests could have been used to show improvement or re-
covery. The patients who were not willing to undergo surgery could
be tested prospectively. A long-term evaluation of these patients
would allow us to follow the alterations over time.

In conclusion, MTLE is the most common form of drug-resistant focal
epilepsy in adults, and it is associated with cognitive impairment. Im-
pairment was examined in all parts of cognitive functioning including
memory, attention, and executive functions. Impairment of memory
functions in patients with MTLE-HS is a well-known and expected clin-
ical feature. The main reason of impairment in attention was considered
to be the increased seizure frequency, and memory dysfunction was
thought to be related to the underlying hippocampal pathology. Fur-
thermore, worse performance in executive functions was determined
in all patient groups, and this finding might support the mutual connec-
tion between the temporal lobe and prefrontal cortices. We hope that
our study will cast light for future research of neuropsychological out-
comes in temporal lobe epilepsies.
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