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ABSTRACT

Objectives: In this study, we aimed to evaluate memory and extra-memorial functions and neuroimaging in operated and non-operated temporal 
lobe epilepsy (TLE) patients.
Patients and methods: Medical files of a total of 90 patients (47 males, 43 females; median age: 33 years; range, 19 to 68 years) who were diagnosed 
with TLE at Uludag University, Faculty of Medicine, Department of Neurology between January 2002 and December 2011 were retrospectively and 
prospectively analyzed. All patients were hospitalized in the video-electroencephalography (EEG) unit of the clinic. Seizure follow-up, video-EEG, 
cranial magnetic resonance imaging (MRI), and positron emission tomography (PET), and neuropsychometric testing (NPT) were performed in all 
patients. Thirty-seven of these patients underwent amygdalohippocampectomy + anterior temporal lobectomy by neurosurgery department, while 
the remaining 53 patients were followed with medical treatment.
Results: Video-EEG, MRI, PET, and NPT showed similar results in terms of lateralization. The operated patients had improved memory and 
extra-memorial functions in the following controls. A significant decrease in seizure frequency was found in the operated patients after surgery. 
A significant improvement was observed in the quality of life with reduced seizure frequency and better cognitive functions.
Conclusion: Based on our study results, the diagnostic value of verbal memory tests alone is 63% on the left, whereas the diagnostic value of the 
Wechsler Memory Scale visual memory test alone is 69% on the right.
Keywords: Memorial function, neuro-imaging, surgery, temporal lobe epilepsy.

Epilepsy is a condition which appears in 
the central nervous system due to different 
causes and is characterized by repetitive and 
excessive neuronal discharges. The incidence of 
epilepsy differs among populations; however, the 
incidence for industrialized countries is ranges 
from 20 to 70/100,000 per year, while the 
cumulative incidence for lifetime is about 3% and 
active epilepsy prevalence is 4 to 10/1,000.[1]

Temporal lobe epilepsy (TLE) is usually 
resistant to antiepileptic drug treatment. 
Epilepsy surgery provides a complete seizure 
control in 60 to 80% of these patients.[2-4] The 
most successful results in epilepsy surgery are 
obtained in patients with mesial TLE (MTLE). 
The achievement rates after treatment due to 
different surgical methods vary between 33 and 
90% (average 70%).[2-4]
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The selection of eligible candidates for surgery 
through a rigorous examination before surgery 
plays an important role in surgery achievement. 
Epileptic focus should be detected by interictal 
electroencephalography (EEG) and long-term 
video-EEG monitoring; the diagnosis should be 
confirmed by magnetic resonance imaging (MRI) 
and magnetic resonance spectroscopy (MRS) 
among functional imaging methods and positron 
emission tomography (PET), neuropsychological 
tests, Wada test and functional MRI (fMRI).

Although memory problems appear during 
follow-up period of patients with TLE, problems 
beyond the memory can be also seen.[5] In 
addition, seizure-free status, as well as problems 
in memory and out of the memory, affect the 
quality of life after surgery. Imaging methods 
performed and efficiency of neuropsychological 
tests should be searched in this aspect.

 Neuropsychology is an assisting method to 
identify patients who have a risk for disruption in 

cognitive processes after the surgical procedure. 
Since 80% of the epilepsy procedures are 
performed in the temporal area, assessment of 
the learning and memory is quite important.[6] 
Indeed, neuropsychological tests are part of a 
comprehensive preoperative assessment for most 
types of epilepsy surgery. They may be useful to 
identify cognitive risks that may arise from the 
surgical procedure itself in epilepsy surgery.

In some studies, the risk of postoperative 
verbal memory disruption increased in left 
anterior lobectomy patients, compared to patients 
who were followed without operation, if verbal 
memory of these patients were normal.[7] In 
other studies assessing the postoperative verbal 
memory, postoperative verbal disruption was 
not affected by the presence of absence of 
removal of the anterior hippocampus, while this 
memory disruption was related to preoperative 
functionality of the removed tissue rather than the 
volume of it.[8] Performance decrease is observed 

Figure 1. Electroencephalography right temporal rhythmic 7-8 Hz. Sharp wave-like theta 
activity.
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in neuropsychometric tests, especially in frrontal 
and visospatial functions in TLE patients.[9] The 
significance of these findings is still unclear 
currently. In the present study, we aimed to 
investigate memory and extra-memorial functions 
and neuroimaging in operated and non-operated 
TLE patients.

PATIENTS AND METHODS
Medical files of a total of 90 patients (47 

males, 43 females; median age: 33 years; range, 
19 to 68 years) who were diagnosed with TLE 
at Uludag University, Faculty of Medicine, 
Department of Neurology between January 2002 
and December 2011 were retrospectively and 
prospectively analyzed. Patients included in this 
study were hospitalized in video-EEG monitoring 
unit and diagnosed with TLE after seizure. All 
patients underwent EEG monitoring (Figure 1), 
cranial MRI and NPT. The PET scan and MRS 
(Figure 2) were performed, if necessary. A written 
informed consent was obtained from each patient. 
The study protocol was approved by the Uluda¤ 
University Clinical Trials Ethics Committee. The 
study was conducted in accordance with the 
principles of the Declaration of Helsinki.

Among these patients, amygdalohip-
pocampectomy + anterior temporal lobectomy 
were performed in 37 patients by the neurosurgery 
department and 53 patients consisted of those who 
were considered to benefit from the operation or 
those who did not accept the operation, even if the 
operation was indicated and they were followed 
medically. The biopsy materials of 37 operated 
patients were examined by the pathologists. 
The NPT was performed in all patients before 
the procedure whether surgery was performed 
and the first and second NPT procedures were 
performed after three months and one year, 
respectively. The second control NPT results 
were compared with the previous procedure. 
Control NPT was performed in 29 of 53 patients 
who were not operated and these were compared 
with the NPT results of the operated patients. 
The MRS was performed in 67 patients and PET 
was performed in 40 patients. Neuroimaging 
results of all patients were compared with each 
other. The patients operated and followed by 
medical treatment were compared in terms of 
neuropsychological test results, neuroimaging 
data, and seizure frequency. 

The patients with TLE who were resistant to 
the medical treatment and over 18 years were 
included in the study. Those having progressive 
characteristics of the disease, mental retardation 
(IQ <70), and those who withdrew their consent 
were excluded.

Magnetic resonance imaging protocol

The MRI of all patients included in the 
study was performed using the 1.5T device 
(MagnetomVision Plus, Siemens, Erlangen, 
Germany) by standard head coil according to the 
epilepsy protocol. Slices were placed as vertical 
- oblique to the long axis of the hippocampus 

Figure 2. Right MTS: (a) T1 IR sequence in the right 
hippocampal; decrease in atrophy and in homogeneity.
(b) Flair sequence right hippocampal; clear intensity 
increase. (c, d) PET/BT compared to the left, decreased 
metabolism in the right temporal lobe and insular cortex.
(e, f) Right hippocampal NAA reduction in MRS, 
significant increase in Cho and Cre is observed. On the 
left side of a normal MRS. (g, h) Right insular cortex NAA 
reduction in MRS significant increase in Cho decrease is 
observed.
MTS: Mesial temporal sclerosis; PET: Positron emission tomography; 
CT: Computed tomography; NAA: N-acetylaspartate; MRS: Magnetic 
resonance spectroscopy.
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on the coronal plane. The images were enlarged 
three times at least and the limits of entorhinal 
cortex were drawn manually. Entorhinal cortex 
and hippocampal volumes of all study and control 
groups were measured by the same researcher.

Magnetic resonance spectroscopy 
technique

The MRS was performed in 67 of patients 
using a circular polarized head bandage in 1.5T 
super magnet.

Analysis

Lateralization of the epileptic side according 
to the MRS findings obtained from the mesial 
temporal lobes was performed based on the 
data obtained from 32 healthy individuals in the 
radiology department. Spectroscopic data from 
mesial temporal lobes was obtained from NAA, 
Cho and Cr. NAA/Cho+Cr, NAA/Cho, NAA/Cr 
and Cho/Cr ratios, and the mean and standard 
deviation (SD) values were calculated. In the control 
cases, 2SD below of mean parameters were 
accepted as a limit value for hippocampal damage.

Fluorodeoxyglucose (FDG)-positron 
emission tomography/computed 
tomography (CT) imaging technique

The FDG-PET/CT imaging of 40 patients 
was performed using the Biograph 6 PET/CT 
scanner (Siemens, Erlangen, Germany) in the 
Nuclear Medicine Department of our institution 
and routine FDG-PET/CT imaging protocol was 
applied to all patients.

Neuropsychological assessment

In our study, tests which took about 2 h, 
were applied to all cases by a psychologist 
(Table 1), and the related brain areas (Table 2) 
were examined. The battery which was created 
to analyze neuropsychological test scores 
of event-related potentials and event-related 
oscillations during the cognitive activity was 
called the BILNOT battery. Disruptions in 
the verbal and visual memory and in other 
non-memory areas were assessed using the 
frontal area tests including mental control tests 
(Wechsler Memory Scale [WMS], mental fluency, 

Table 1. Non-memory test

Tests of verbal memory processes Verbal memory 

WMS IV and delayed recall subtests Visual memory 

WMS IV the A story of the subtests, B story Verbal memory and attention sustaining (logical memory) 

WMS V subtests                                   Note                                       

WMS III Mental control 

Fluency tests   Manager functions, perseveration and memory assessment 

Line test for determining direction Visuospatial perception and orientation measurement functions 

Benton Facial Recognition Test Visuospatial processes 

Raven Standard Progressive Matrices Test Regular right thinking, measurement of reasoning abilities

Stroop Response inhibition and change category (information processing speed) 

WMS: Wechsler Memory Scale.

Table 2. Anatomical localization of non-memory tests

Test name Of the respective brain areas That measure cognitive feature/process 

Stroop test The frontal lobe Focused attention, response inhibition upgrade, 
disruptive impact resistance, information processing 
speed

Wechsler memory scale Temporal hippocampus, frontal lobe limbic system Attention, concentration, verbal memory, visual memory, 
immediate memory, delayed memory

Number sequence learning Temporal hippocampus, frontal lobe limbic system Learning, short-term memory

Raven The right hemisphere, parietal lobe, common areas 
of the brain 

Visual spatial perception, to change the category, 
working memory, abstraction and correlation, general 
skills
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Stroop Test, Raven, shortened Wechsler Adult 
Intelligence Scale-Revised [WAIS] subtests - 
judging, abstract thinking, arithmetic ability, 
planning, and Boston Naming Test-) and parietal 
area tests (visuospatial abilities, face recognition 
test, planning, and attention tests) were assessed 
under following four categories and those with 
disruption over 1 was recorded according to 
the groups:[10-17] 1= normal, 2= mild disruption, 
3= intermediate disruption, and 4= severe 
disruption.

Statistical analysis

Statistical analysis was performed using 
the SPSS version 13.0 software (SPSS Inc., 
Chicago, IL, USA). Continuous variables 
were expressed in median (min-max) values, 
while categorical variables were expressed in 
number and percentage. The confrontation of 
continuous variables with a normal distribution 
was examined using the Shapiro-Wilk test. The 
Mann-Whitney U test was used to compare 
continuous data between two independent 
groups, while the Kruskal-Wallis test was 
used for multiple comparisons. Meaning of 
continuous variables comparison of values 
according to dependent time groups Wilcoxon 
rank total test was used. The Pearson chi-
square and Fisher’s chi-square tests were used 
for comparison of categorical variables between 
the groups. The Cohen’s kappa coefficient was 
calculated to determine the compliance between 
the diagnostic tests. A correlation analysis was 
performed to examine the relationship between 
variables in continuous and score values and the 
Pearson and Spearman correlation coefficients 
were calculated. A p value of <0.05 was 
considered statistically significant.

RESULTS
Left hand dominancy was seen only in three 

(3.3%) patients, whereas right hand dominancy 
was seen in 87 (96.7%) patients. There was 
no significant difference in the dominant hand 
between the groups (p=0.266). Of the patients 
operated, 54.1% were females and 45.9% were 
males. Of the patients who were not operated, 
43.4% were females and 56.6% were males. 
There was no significant difference in the sex 
between the operated and non-operated groups 
(p=0.319).

Furthermore, there was no statistically 
significant difference in the education status 
between the groups (p=0.757). The median age 
at the time of operation was 32 (range, 16 to 58) 
years. The median time from the diagnosis to 
surgery was 17 (range, 2 to 43) months. Overall, 
the median number of seizures within one year, 
the median seizure duration for lifetime, the 
median duration of drug use for lifetime, and 
the median number of drugs used for lifetime 
were detected as 77 (range, 6 to 360) one year 
19 (range, 4 to 53) lifetime, 24 (range, 2 to 
66) lifetime, and four (range, 1 to 7) lifetime, 
respectively. There was no significant difference 
in the number of seizures was found between 
the operated and non-operated groups with a 
higher number of seizures in the operated patients 
(p=0.011).

In comparison of NPT scores and controls, 
the NPT scores differed according to the control 
1-NPTA and control 2-NPTA scores, indicating 
that the NPT results were improved in the 
controls (p<0.05) (Table 3). The NPT scores 
differed according to the control 1 and control 2 

Table 3. In comparison of NPT scores and controls, it was detected that NPT scores 
differ according to Control 1-NPTA and Control 2-NPTA scores

NPTA (n=90) C1-NPTA (n=66) C2-NPTA (n=19) 

Operated patient (n=37)

Median 3 2 2

Minimum 1 1 1

Maximum 4 4 3

Non operated patient (n=53)

Median 2.5 2 2.5

Minimum 1 1 2

Maximum 4 4 3

NPT: Neuropsychometric testing; NPTA: Neuropsychometric test abnormalities (verbal and visual memory tests); 
C1-NPTA: 1st Control neuropsychometric test abnormalities; C2-NPTA: 2nd Control neuropsychometric test abnormalities.
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scores for the patients who underwent surgery, 
indicating that the NPT results were improved 
in the operated patients (p<0.05). However, no 
significant difference was found between the 
NPT scores and control 1 scores in non-operated 
patients, indicating that the NPT results remained 
unchanged in the non-operated patients (p>0.05). 

In terms of EEG lateralization according to 
MRI, MRS, PET, and NPT-lateralization, it was 
compatible in terms of the focus detection side 
(p<0.05) (Table 4). In terms of MRI lateralization 
according to the MRS, PET, and NPT-lateralization, 
it was compatible in terms of focus detection side 

(p<0.05) (Table 5). In terms of PET lateralization 
according to NPT-lateralization, it was compatible 
in terms of the focus detection side (p<0.05) 
(Table 6).

No disruption was detected in non-memory 
tests of 37 patients, whereas function disruption 
was detected in the frontal tests only in 40 patients 
and, in three patients, in parietal tests only and 
in both frontal and parietal tests in 10 patients. 
The PET scan of 91.9% of the patients whose 
non-memory test performance was reported as 
normal; hypometabolism was detected in the 
frontal area and in other areas in 2.7% in 5.4% 

Table 4. Comparison of results of EEG, MRI, PET, and NPT

EEG localization (n=90)

NPTA (n=90) C1-NPTA (n=66) C2-NPTA (n=19) 

Operated patient (n=37)

Right  focus (n=42) 32 2 8

Left  focus (n=30) 2 26 2

Bilateral focus (n=18) 6 9 3

MRS-localization (n=67)

Right  focus (n=32) 23 2 7

Left  focus (n=25) 0 22 3

Bilateral focus (n=10) 7 3 0

PET-localization (n=40)

Right  focus (n=13) 9 2 2

Left  focus (n=14) 1 11 2

Bilateral focus (n=13) 9 3 1

NPT-lateralization (n=90)

Right  focus (n=29) 18 5 6

Left  focus (n=32) 6 23 3

Bilateral focus (n=29) 16 9 4

EEG: Electroencephalography; MRI: Magnetic resonance imaging; PET: Positron emission tomography; NPT: Neuropsychometric 
testing; NPTA: Neuropsychometric test abnormalities (verbal and visual memory tests); C1-NPTA: 1st Control neuropsychometric test 
abnormalities; C2-NPTA: 2nd Control neuropsychometric test abnormalities; MRS: Magnetic resonance spectroscopy.

Table 5. Magnetic resonance imaging lateralization according to MRS, PET, and NPT-lateralization

MRI-lateralization (n=90)

Right focus 
(n=42)

Frontal 
(n=30)

Bilateral focus 
(n=18)

MRS-lateralization (n=67)

Right temporal (n=32) 30 0 2

Left temporal (n=25) 0 21 4

Bilateral focus (n=10) 5 2 3

PET-lateralization (n=40)

Right temporal (n=13) 10 2 1

Left temporal (n=14) 2 11 1

Bilateral focus (n=13) 9 1 3

NPT-lateralization (n=90)

Right temporal (n=29) 22 3 4

Left temporal (n=32) 6 18 8

Bilateral focus (n=29) 14 9 6

MRS: Magnetic resonance spectroscopy; PET: Positron emission tomography; NPT: Neuropsychometric testing; MRI: Magnetic 
resonance imaging.
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of the patients, respectively. Hypometabolism on 
the frontal area was detected by PET in only 10% 
of the patients with impaired frontal functions 
in non-memory tests, whereas PET result was 
normal in 88% patients. There was no area 
compatible with hypometabolism on PET scans 
of the patients with non-memory problems in 
NPT (frontal Area tests (Mental Control tests 
(WMS), Mental Fluency Test, Stroop Test, Raven, 
Shortened WAIS subtests; judging, abstract 
thinking, arithmetic ability, planning, Boston 
Naming Test) and parietal area tests (visuospatial 
abilities, face recognition test, planning, and 
attention tests), except for the temporal lobe 
(p>0.01).A correlation was observed between 
the NPT-CNM and control 1 NPT-CNM and 

there was no improvement in performances 
of the patients in non-memory tests, when the 
first NPT and first control NPT results were 
compared (p>0.05) (Table 7). In addition, there 
was no correlation between the NPT-CNM and 
control 1 NPT-CNM in the operated patients 
and there was an improvement in performances 
of the patients in non-memory tests, when the 
first NPT and first control NPT were compared 
(p<0.05) (Table 8). There was a compliance 
between the NPT-CNM and control-1- NPT-CNM 
in patients who were not operated, and there 
was no improvement in performances of these 
patients in the non-memory tests, when the 
first NPT and first control NPT were compared 
(p>0.05) (Table 9).

Table 6. Positron emission tomography lateralization according to NPT-lateralization

PET-lateralization (n=40)

Right focus 
(n=13)

Frontal 
(n=14)

Bilateral focus 
(n=13)

NPT-lateralization (n=90)

Right temporal (n=29) 7 3 3

Left temporal (n=32) 2 7 3

Bilateral focus (n=29) 4 4 7

NPT: Neuropsychometric testing; PET: Positron emission tomography.

Table 7. Comparison of the first and control non-memory tests in the study population

C1-NPT-CNM (n=66)

Normal
(n=38)

Frontal
(n=21)

Parietal
(n=2)

Parietal + frontal
(n=5)

NPT-CNM (n=66)

Normal (n=12) 23 6 0 1

Frontal (n=19) 12 15 0 0

Parietal (n=1) 0 0 1 0

Parietal + frontal (n=5) 3 0 1 4

NPT: Neuropsychometric testing; C-1-NPT-CNM: Control-1 Changes in non-memory tests of neuropsychometrics; NPT-CNM: 
Changes in non-memory tests of neuropsychometrics.

Table 8. Comparison of the first and control non-memory tests in operated patients

C1-NPT-CNM (n=37)

Normal
(n=23)

Frontal
(n=10)

Parietal
(n=2)

Parietal + frontal
(n=2)

NPT-CNM (n=37)

Normal (n=12) 11 1 0 0

Frontal (n=19) 10 9 0 0

Parietal (n=1) 0 0 1 0

Parietal + frontal (n=5) 2 0 1 2

NPT: Neuropsychometric testing; C-1-NPT-CNM: Control-1 Changes in non-memory tests of neuropsychometrics; NPT-CNM: 
Changes in non-memory tests of neuropsychometrics.
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According to the non-memory test results, only 
WMS Mental Control Test showed a statistically 
significant compliance in assessment of each 
test for all frontal functions separately (p<0.05). 
When non-memory tests were assessed, only 
visuospatial abilities and facial recognition test 
showed a statistically significant compliance in 
assessment of each test for all parietal functions 
separately (p<0.05).

DISCUSSION
Mesial temporal sclerosis (MTS) is the most 

common etiological cause for temporal zone-
located partial seizures which are resistant 
to the treatment. It is observed in 60 to 
80% of the MRIs taken according to the 
epilepsy protocol in patients with epilepsy. 
After surgical treatment, seizure-free life and 
increase in quality of life was obtained in 33 
to 90% (average 70%) patients in whom the 
hippocampal pathology was found based on 
clinical signs, EEG monitoring, and NPT and 
conventional MRI results.[2-4] Therefore, it is of 
utmost importance to determine the epileptic 
area and invasion efficiently and accurately 
before the surgical treatment. The NPTs are 
used to assist and support the determination 
of lateralization. Besides, they provide valuable 
information to compare cognitive functions of 
the patients before and after surgery.[3]

The time spent until an epilepsy surgery 
varies between 15 and 20 years worldwide.[1,3] 
The median time was calculated as 17 years in 
our study. Therefore, to diagnose the resistant 
epilepsy as soon as possible and to send the 
patients to surgery during early period are critical 
steps for the prognosis.

In a study conducted by Hammen et al.,[18] 
MRS and EEG were congruent with each other 
in determining the affected area. In another study 
carried out by Meyer et al.,[19] the compliance 
of EEG to determine the lateralization by 
neuroimages of 43 patients and compliance 
rates were determined as 77%, 58%, and 56% 
for PET/EEG, MRI/EEG, and MRS/EEG, 
respectively. When we examined the cases with 
right and left temporal pathology in terms of MRI 
and EEG compliance, we found the MRI-EEG 
compliance rate on the right temporal area as 
76.2% (32/42) and MRI-EEG compliance rate 
on the left side as 86.7% (26/30). When we 
examined the cases with right and left temporal 
pathology in terms of MRS and EEG compliance, 
we detected MRS-EEG compliance rate on 
the right temporal area as 71.9% (23/32) and 
MRS-EEG compliance rate on the left side as 
88% (22/25). We examined the cases with right 
and left temporal pathology in terms of PET and 
EEG compliance, we determined the PET-EEG 
compliance rate on the right temporal area as 
69.2% (9/13) and PET-EEG compliance rate on 
the left side as 78.6% (11/14).

Furthermore, in a study by Kilpatrick et al.,[20] 
operation side of the patients was compared with 
imaging methods and NPTs and compliance of 
the operation side with MRI, ictal EEG, PET and 
NPT were detected as 98%, 92%, 93%, and 51%, 
respectively. When the operation results were 
assessed for MRI and location, the diagnostic 
value of MRI alone was 91% on the left and 
74% on the right; in the assessment of operation 
results for ictal EEG and location, diagnostic value 
of ictal EEG alone was found to be 82% on the left 
and 81% on the right. When the operation results 
were assessed in terms of MRS and location, the 

Table 9. Comparison of the first and control non-memory tests in non-operated patients

C1-NPT-CNM (n=29)

Normal
(n=15)

Frontal
(n=11)

Parietal
(n=0)

Parietal + frontal
(n=3)

NPT-CNM (n=29)

Normal (n=18) 12 5 0 1

Frontal (n=8) 2 6 0 0

Parietal (n=0) 0 0 0 0

Parietal + frontal (n=3) 1 0 0 2

NPT: Neuropsychometric testing; C-1-NPT-CNM: Control-1 Changes in non-memory tests of neuropsychometrics; NPT-CNM: 
Changes in non-memory tests of neuropsychometrics.
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individual diagnostic value of MRS was found 
as 100% on the left and 91% on the right. In 
the assessment of operation results in terms of 
PET and location, the diagnostic value of PET 
individually was detected as 50% on the left and 
70% on the right and when the operation results 
were assessed in terms of SBT and location, the 
diagnostic value of SBT individually was detected 
as 63% on the left, whereas the diagnostic value 
of WMS visual memory test individually was 
detected as 69% on the right.

In our study, the rates in PET were detected 
lower on the left side than those reported in the 
literature. This can be attributed to the small 
sample size in our study who had left-sided disease 
as evidenced by PET (n=6) and visual comparison 
of both sides in PET assessments. In many 
studies, sensitivity of PET in TLE varied between 
62 and 85%.[21,22] However, the true reason was 
that PET scan cannot be applied to every patient, 
due to its expensive cost in Turkey and that it can 
be applied for certain indications only.

Review of the literature revealed that, for a 
total of 129 patients in whom epilepsy surgery 
was considered, neuropsychological test results 
complied with the clinical signs and other findings 
by 40%, resulting in wrong lateralization in 13% 
and it presented findings without lateralization 
in 47%.[23] Furthermore, the same tests were 
considered as reliable in determination of 
lateralization in some studies, whereas they were 
detected non-reliable in other studies.[6] In general, 
verbal memory tests are more sensitive than visual 
memory tests.[23] In addition, a higher verbal 
memory performance before left anterior temporal 
lobectomy causes more postoperative memory 
disruption; however, the risk in the disruption 
of verbal memory postoperatively is very low 
in patients who have verbal memory disruption 
before surgery and have left hippocampal volume 
loss.[24]

When the operation results were assessed 
in terms of verbal memory tests and location in 
our study, the diagnostic value of SBT alone was 
detected 63% on the left, whereas the diagnostic 
value of WMS visual memory test alone was 
detected 69% on the right based on the WMS 
visual memory test and location. The sensitivity of 
these tests was found to be close to those reported 
in the literature with respect to determine the 
focus. However, we observed that sensitivity of 

the verbal memory tests in the literature was 
higher than our results. These rates mentioned 
above were obtained from the operated patients. 
The discrepancy between our study results and 
the literature findings can be explained by small 
sample size of left-side operated patients (11/37). 

When the first tests of the non-operated patients 
were compared with the control NPTs, there was 
no statistically significant change, while there was 
a statistically significant improvement in the first 
and second control tests of the operated patients, 
compared to first test results (p<0.05). Our 
findings were evaluated with different literature 
results and, as shown in the previous studies, 
we observed that surgical treatment had positive 
effects on the cognitive functions. We believe 
that post-surgery improvement may be related to 
amygdalohippocampectomy + anterior temporal 
lobectomy technique. This indicates that surgical 
methods applied for epilepsy surgery should be 
considered carefully, since they may affect the 
assessment and preservation of memory functions 
after surgery.

In a study including 23 patients, duration 
of the seizure was negatively correlated with 
impaired verbal and visual memory in both 
left and right TLE patients.[25] Similarly, all 
patients included in our study were assessed and 
performances in both verbal and visual memory 
tests decreased in both operated and non-
operated patients in case of prolonged seizure 
duration and increased seizure number. We also 
found that lower first basic performances were 
related to a lower improvement possibility, while 
better performances in the first tests were related 
to an increased improvement possibility.

Low performance was observed in frontal 
functions and visuospatial functions along with 
the MTS side associated memory tests in the 
NPT procedure in some MTS patients.[26,27] The 
clinical relevance of these findings is still unclear. 
Nevertheless, we believe that it can be associated 
with frontal distribution of electrical discharges. 
One of the objectives of our study was to 
investigate whether a hypometabolism existed in 
associated brain areas in PET scans of the patients 
with such a test performance. In a study including 
13 TLE patients, verbal memory levels increased 
and material specific memory disorder was more 
common, particularly in patients in whom relative 
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asymmetrical hypometabolism was detected on 
the left hemisphere and thalamus through the 
PET scan. Furthermore, in a study conducted in 
Germany in a patient series including 96 TLE cases, 
an asymmetrically reduced glucose metabolism 
disorder was detected in the prefrontal area in 
patients with left dominant speech hemisphere 
and it was particularly observed in patients who 
had secondary generalized seizure.[28]

In the current study, there was no disorder 
in non-memory tests of 37 patients, whereas 
function disorder was detected in only frontal 
tests in 40 patients, in only parietal tests in three 
patients, and in both frontal and parietal tests in 
10 patients of 90 patients. Hypometabolism on 
the frontal area was detected by PET in only 10% 
of the patients in whom performance reduction 
was detected in the frontal area functions via non-
memory tests, whereas no pathological activity 
was detected on the extratemporal areas in 
88%. Hypometabolism was not detected on the 
areas related to PET in none of the patients 
having reduced performance in the parietal area 
functions. Consequently, there was no statistically 
significant area complying with hypometabolism, 
except for the temporal area similar to their 
PET scans of the patients who had non-memory 
performance reduction in NPT (p>0.05).

In another study, verbal fluency, Stroop, and 
shortened of WAIS subtests were compared for 
the control and TLE patient groups and disruption 
was detected in the patients with TLE, particularly 
for the Stroop and tracing tests.[29] Furthermore, in 
another study, executive functions and operation 
memory were compared between the control 
group and patients with TLE.[26] In this study, 
the shortened WAIS subtests, visuospatial ability 
tests, and mental control tests were assessed 
and disruption was detected, particularly in the 
shortened WAIS subtests and mental control 
tests in patients with TLE. Previous studies also 
showed that visuospatial ability tests disrupted in 
the patients with right TLE in particular.[27,29,30] In 
some studies, disruptions were detected in verbal 
fluency tests and attention tests for patients with 
TLE.[31,32] In a study by Martin et al.,[33] disruption 
in the Wisconsin Card Sorting (WCS) test was 
detected in patients with TLE. In the study of 
Kim et al.,[34] WCS test showed a disruption in 
executive functions in 56% of the patients with 
TLE. Furthermore, a better improvement after 

surgery could be achieved, if the disruption was 
severe before surgery.

In our study, the Stroop, Raven, shortened 
WAIS subtests, mental control tests, mental 
fluency, and attention tests assessing frontal 
functions similar to the WCS test were used along 
with the facial recognition test, line direction 
determination test, and visuospatial abilities 
among parietal tests. All tests used for frontal 
area functions were evaluated together in our 
study and, consequently, it was observed whether 
any frontal function disorder was present. Then, 
competences of each test was evaluated to detect 
frontal function disorder independent from each 
other. Furthermore, visuospatial ability tests, 
facial recognition test, and planning tests were 
assessed together for the parietal area functions 
and it was examined whether any parietal 
function disorder was present. Then, abilities 
of each test to detect parietal function disorder 
independent from each other were assessed. In 
our study, the sensitivity of the following tests to 
detect frontal function disorder were as follows: 
56% for WMS mental control tests, 36% for 
mental fluency test, 84% for attention tests, 30% 
for Stroop test, 32% for Raven, 34% for WAIS 
subtests, 38% for visuospatial ability tests, 8% 
for line direction determination test, and 46% 
for facial recognition test. In particular, the WMS 
control tests from frontal function tests may show 
the frontal disorders significantly (p<0.05). In our 
study, the sensitivity of the attention tests was 
higher to show the frontal disorder. However, 
this was not statistically significantly compatible, 
since temporal and parietal areas were affected 
from the functions (p>0.05). Facial recognition 
test and visuospatial ability tests included in 
parietal function tests may significantly show 
the parietal disorder (p<0.05). Consequently, 
tests which were used in the literature and 
corresponded to our tests including WMS mental 
control tests, attention tests, facial recognition 
test, and visuospatial ability tests may reflect 
brain functions accurately in consistent with the 
literature.

When frontal and parietal area functions 
were assessed in our study, a significant 
improvement was detected in test performances 
measuring these functions after surgery in 
operated patients (p<0.05). Among the patients 
who had performance reduction in the frontal 
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and parietal area tests in the first NPT, 52.6% 
showed normal performances in control NPT. 
When the first NPT and control NPTs were 
compared in the patients who were not operated, 
no change was detected in terms of performance 
in the frontal and parietal area tests. Also, it was 
observed that when seizure duration increased, 
disruption in these functions increased, whereas 
the seizure type and seizure frequency remained 
unchanged. This finding indicates that these 
functions beyond the memory are affected from 
seizure duration in consistent with the literature. 
This finding gives rise to thought of that earlier 
surgical treatment may have positive effects on 
these functions.

In a study, the seizure remission rate was 
detected as 72% for one-year follow-up, whereas 
87% of the patients were in remission for two 
years of follow-up and such ratio decreased 
to 74% for five-year follow-up and to 67% for 
10-year follow-up.[35] Also, the remission rate for 
one year after surgery was found to be 82% in 
another study.[28] In addition, a study including 
227 patients showed that earlier surgery was 
associated with high remission rates after surgery 
and eventually postoperative quality of life.[36] 
In this study, remission rate for one year was 
detected as 81% and remission rate for five years 
was 75%. In our study, the patients operated 
were followed for postoperative seizures for a 
mean of five years (range, 6 months to 7 years). 
A significant decrease was detected in the 
number of seizures in 37 patients after surgery. 
Four patients had one seizure each and these 
patients were assessed in 1C according to the 
Engel classification. Furthermore, one patient 
defined an aura complaint. The remission rate 
for one year was 89% after the operation. 
Among the patients who had seizures, three of 
them had seizure within the first three months, 
whereas one patient had seizure at the end of 
first year. Furthermore, among the patients 
who were followed for a long term, one patient 
had seizure in the second year and one patient 
had seizure in the fourth year. As a result, 
a significant decrease was observed in the 
number of seizures after the surgical treatment, 
consistent with the literature.

At the end of the study, the following 
conclusions were reached:

• Video-EEG, MRI, MRS, PET, and NPT, 
which assist the diagnosis in patients 
treatment-resistant TLE, were found to 
be compatible with each other in terms of 
lateralization.

• When all diagnostic methods were 
assessed, accurate diagnosis and 
lateralization with a high rate were 
obtained.

• An improvement trend was observed 
during postoperative follow-up of the 
patients who had epilepsy surgery in 
terms of memory and non-memory 
functions, compared to patients followed 
with medical treatment.

• In case of mild cognitive disruption, the 
benefits which could be achieved with 
surgery increased. Furthermore, memory 
tests and non-memory tests could provide 
information about the prognosis of 
cognitive functions.

• Verbal memory tests, visual memory 
tests, and WMS mental control tests, 
attention tests, facial recognition test and 
visuospatial ability tests included in non-
memory performance tests were found 
to be sensitive to detect the disorder 
in associated brain areas. Although 
non-memory tests and imaging tests did 
not have high compliance rates for location 
in the patients who had epilepsy surgery, 
they provided valuable information for 
prognosis.

In conclusion, it is obvious that patients who 
suffer from seizures for long years, have seizure 
frequently, do not get benefit from multiple drug 
treatment for a long period, and are exposed 
to side effects of these drugs can achieve an 
improved quality of life with early surgical 
treatment with less remission and enhanced 
cognitive functions.
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