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1. Introduction
As one of the world’s oldest recognized conditions, 
epileptic disorder affects approximately 50 million 
people all around the world. Whereas 90% of patients are 
diagnosed in developing countries, 40 to 70 per 100 million 
people are annually diagnosed in developed countries 
(1). Currently, surgical treatment has an important place 
in the management of epilepsy in accordance with the 
technical improvements in modern medicine, which leads 
to patients’ quality of life improving (2–4). Encouraging 
results have been achieved, especially for surgical treatment 
of temporal lobe epilepsy (TLE).

The first attempts for surgical treatment of TLE, 
including hippocampectomy, were reported by Penfield 
in 1950. Penfield and Baldwin also reported the 
first anterolateral temporal lobectomy including the 
hippocampus and amygdalae in 3 patients in 1952, and 
they initially mentioned the pathological term “incisural 

sclerosis” as an atrophic lesion in 2 of them (5). Falconer 
et al. in 1964 and Margerison and Corsellis in 1966 
showed that hippocampal sclerosis is a common finding 
in TLE specimen series (6). Research for less invasive 
approaches led surgeons to develop more conservative 
approaches. Niemeyer described transcortical 
amygdalohippocampectomy in 1958, followed by Yasargil’s 
microsurgical transsylvian amygdalohippocampectomy 
in 1973, which are commonly known as “selective 
amygdalohippocampectomy” (SAH) (7,8). Mesial TLE 
is the most common form of partial epilepsies in adults. 
Even though benign cases were reported by Labate et 
al., the seizures are often resistant to antiepileptic drugs 
(AEDs) (9,10). Drug resistance must be diagnosed as early 
as possible, because the ensuing seizures can be eliminated 
surgically via temporal lobe surgery in a high percentage 
(70%–90%) of patients (11). However, mesial temporal 
sclerosis (MTS) is the most common pathology identified 
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in these patients and the exact role of this lesion in the 
pathogenesis of refractory epilepsy remains unclear (10).

The aim of this study is to share our experience in a 
single institution, the Gazi University School of Medicine’s 
Department of Neurosurgery, of the surgical treatment of 
intractable TLE.

2. Materials and methods
We performed surgical procedures for epileptic disorders 
in the Gazi University Hospital between March 2006 and 
November 2010 including vagal nerve stimulation (n = 
68), callosotomy (n = 2), lesionectomy via stereotactic 
procedures (n = 22), extratemporal resection (n = 6), and 
corticoamygdalohippocampectomy (CAH) (n = 127). All 
corticoamygdalohippocampectomy surgical procedures 
were performed as described by Niemeyer’s technique. 
Resection lengths were 4–4.5 cm from the temporal pole. 
A descriptive retrospective cohort study was carried out 
using data acquired from the epilepsy surgery database 
of our center, conducted by analyzing patients who had 
undergone CAH between March 2006 and November 
2010 for intractable TLE. Only patients who reliably 
attended outpatient follow-up visits for at least 24 months 
were included (n = 118). Engel’s scale was used to assess 
the patients, systematically applied by a neurologist and 
neurosurgeon during outpatient follow-up appointments.

Patients who did not attend outpatient appointments 
reliably during the follow-up period were excluded (n = 9). 
Patient records were collected from our institution’s 
database (AviCenna, DataSel Computing Systems Corp.) 
and statistical analysis was performed using SPSS 11.0.0 
for Windows (SPSS Inc.) via one-sample t-test, one-way 
ANOVA, and paired-samples test. Surgical specimens were 
studied by neuropathologists at our institution. Cases were 
classified as mesial sclerosis, cortical dysplasia, without 
any pathological finding, and other pathologies (e.g., 
vascular malformation) according to histopathological 
examinations. All patients were evaluated pre- and 
postoperatively via standard electroencephalography 
(EEG) and long-term video EEG monitoring, and, if 
required, invasive EEG monitoring was performed for 
some patients by epileptologists. Even though the results 

were not analyzed in this study, all patients were evaluated 
by neuropsychiatric testing by neuropsychiatrists pre- 
and postoperatively. Additionally, 3-T cerebral and high-
resolution temporal magnetic resonance imaging (MRI), 
which included coronal sections of the hippocampus in 
FLAIR and SPACIR sequences (3 mm) for anatomic view, 
and fluorodeoxyglucose-positron emission tomography 
(FDG-PET) scan and magnetic resonance spectroscopy 
for hippocampal metabolism, were performed on all 
patients. A Wada test was not performed for those with 
language-dominant-side epilepsy; instead, we performed 
functional MRI. All patients had a control brain computed 
tomography scan within the first 24 h following surgery. 
Outpatient follow-ups were set at the 2nd, 6th, 12th, and 
24th months consecutively and Engel’s scores were used 
in outcome classifications routinely as follows: class 1, 
no seizures or simple partial seizures only; class 2, 90% 
or more seizure frequency reduction; class 3, seizure 
frequency reduction from 50% to 90%; class 4: seizure 
frequency reductions lower than 50% or no worthwhile 
reduction. Continuation status of medications was also 
recorded in detail. 

3. Results
Of the 118 patients, 54 were male and 64 were female. Mean 
follow-up period was 30.08 ± 12.44 (range: 12–55) months 
after surgery. Mean age at the time of the surgery was 
26.99 ± 9.1 (range: 6–59) years. At the end of 24 months, 
79.7% (n = 94) of patients were still on antiepileptic 
medications, with 55 of them using a decreased number 
or dose of drugs, and 20.3% (n = 24) were AED-free 
(Table 1). Pathological examination findings were mesial 
sclerosis in 59.3% (n = 70), cortical dysplasia in 4.2% (n 
= 5), no pathological finding in 25.4% (n = 30), and other 
pathologies (cavernous malformation, glioma, etc.) in 
11% (n = 13). Postoperative Engel’s class was 1, 2, and 3 
in 87.2%, 5.08%, and 7.6%, respectively. No patient had 
an Engel’s class of 4 (Table 2). There was no mortality in 
follow-up, and dysphasia in 1 patient (0.84%) was the 
only morbidity. Surgery-related complications were not 
seen. One-sample t-test showed no significant difference 
between sexes for having intractable TLE (P = 0.054). 

Table 1. Clinical data of the SAH patient groups with regards to AED usage at the end of 24 months.

AED usage (dosage) Male / Female Right SAH (n = 64)
(male / female)

Left SAH (n = 54)
(male / female) Total

Same 12 / 27 8 / 15 4 / 12 39
Decreased 26 / 29 18 / 14 8 / 15 55
No AEDs 16 / 8 5 / 4 11 / 4 24

AEDs, antiepileptic drugs; SAH, selective amygdalohippocampectomy.
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One-way ANOVA showed no significant relation between 
age and postoperative Engel’s score (P = 0.943) and no 
significant relation between sex and postoperative Engel’s 
score (P = 0.516). Paired-samples test showed no relation 
between pathology and postoperative Engel’s score (P 
= 0.235). There was also no significant relation between 
pathology and postoperative drug usage (P = 0.046). 
Engel class 1 patients were considered as having effective 
surgical outcome and the surgical treatment was found to 
be significantly effective within the cohort (P < 0.01). 

4. Discussion
Surgical treatment for intractable TLE is a very effective 
modality for carefully selected candidates at experienced 
centers. Patient selection and management require 
collaboration among the neurosurgeon, epileptologist, 
neuroradiologist, neuropsychiatrist, and nuclear medicine 
physician. When deciding on surgery, the criteria for the 
selection of the appropriate surgical technique remain 
unclear. Some tend to perform SAH, especially for left-
sided TLE, and CAH is reserved for right-sided cases 
(12). In our series, all CAH procedures were performed 
by the same neurosurgeon (the first author), and a more 
conservative corticectomy was performed for dominant-
sided patients. A review by Schramm showed similar seizure 
outcomes for both SAH and CAH, with probable better 
cognitive outcomes in SAH (8). Another study comparing 
SAH, anterior temporal lobectomy, lesionectomy, and 
neocorticectomy found that SAH is related to better 
seizure outcome (13). The terms “anterior temporal 
lobectomy” and “corticoamygdalohippocampectomy” 
seem to be synonyms in the literature. We prefer to use 
“corticoamygdalohippocampectomy”, which describes the 
technique more accurately. However, studies comparing 
SAH and CAH by Ozkara et al. and Bate et al. found CAH 
more effective on seizure control, while other studies by 
Sagher et al. and Tanriverdi et al. found no significant 
difference (12,14–16). There is also still no consensus on 
the extent of resection. The main goal of CAH is to excise 
the amygdalae, hippocampus, and entorhinal cortex (12). 
However, Yasargil et al. proposed not excising the posterior 
one-third of the hippocampus and the parahippocampus 
because of the possible harm to short-term memory and 

probable visual loss due to lack of vascular supply to the 
lateral geniculate body via damage on anterior choroidal 
artery branches. They also suggested that this causes the 
least damage to neopallial cortical-subcortical regions 
(T1–4) owing to a transsylvian approach (7). Spencer et al. 
showed that 20% of patients have seizures arising from the 
posterior hippocampus itself (17). Chabardés et al. divided 
TLE patients into 2 groups according to ictal EEG records.

The first group of patients had simultaneously arising 
seizures both in the mesial temporal lobe (hippocampus) 
and temporal pole, while the second group had seizures 
arising within the hippocampus and spreading over the 
temporal pole seconds after. This led to the conclusion that 
SAH might be less effective for the first group of patients 
(18). An MRI-based volumetric analytic study by Sagher 
et al. showed rates of the extent of resection of the mesial 
structures as 98% and 91% for CAH and SAH, respectively, 
which was statistically slightly higher for the CAH group. 
On the other hand, their study did not show any seizure 
outcome differences between the 2 techniques (12). Many 
authors accept the sum of Engel class 1 and 2 patients as 
“favorable outcome”, which ranges between 35% and 90% 
in different studies and was found to be 93.2% in our 
study. Our study showed no relation between age and 
Engel’s score, similar to the study of McIntosh et al., while 
Jeong et al. found age as one of the predictors of seizure 
outcome (19,20). The most common pathological finding 
in our series was MTS (59.3%), similar to various other 
studies. However, we found no relation between seizure 
outcome and histopathology, and some studies suggest 
better seizure control results with MTS (13). Schijins et 
al. found no relation between hippocampal sclerosis and 
normal pathology patients in terms of seizure control, 
similar to our study. They found that the seizure onset in 
hippocampal sclerosis patients was significantly lower than 
in patients with normal pathology results (21). Yasargil et 
al. divided MTS into 4 categories in terms of underlying 
pathology: macrolesions (tumors, mass-like vascular 
lesions), microlesions (sclerosis, gliosis, volume reduction, 
hypometabolism), no visible lesions (not shown on MRI or 
FDG-PET scan, but proven on EEG), and infectious (e.g., 
viral encephalitis). Seizure control rates were reported as 
96%, 90%, and 42.8% for macrolesions, microlesions, and 
no visible lesions, respectively (7).

Only 1 out of 118 patients had a postoperative 
complication: dysphasia following a left-sided CAH. 
Pre- and postoperative neuropsychiatric assessment 
results were not included in this study. We did not 
observe any previously described complications related 
to SAH including infection, hemorrhagic infarct, cranial 
nerve palsies, subdural effusion, hemiparesis, or clinical 
psychiatric syndromes in our entire series (22). Mostly, 
verbal memory deficits following left-sided CAH and 

Table 2. Relation between pathology and outcome.

Engel’s class

1 2 3

Mesial sclerosis (n = 70) 66 4 0
Cortical dysplasia (n = 5) 2 1 2
No pathological findings (n = 30) 25 0 5
Other pathologies (n = 13) 10 1 2
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spatial memory deficits following right-sided CAH have 
been reported (23). On the other hand, recurrent seizures 
might also result in deterioration of both verbal and 
spatial memory functions over time. Some reports show 
improvement in both verbal and spatial memory functions 
following SAH (1,24). Despite the risk of morbidity and 
mortality of surgery, epileptic seizures themselves have a 
higher risk, and surgical treatment has favorable and cost-
effective results in comparison with AEDs (25).

In conclusion, temporal lobe epilepsy is a common 
type of epileptic disorder, and some patients are strictly 
intractable to AEDs. In carefully selected patients, 
discontinuation rates of AEDs reach up to 90%, which is 

related to a better quality of life with fewer costs and side 
effects. The outcome of surgical treatment of TLE has been 
established for more than half of a century and it has been 
proven as very effective and safe. Optimal management 
of epilepsy patients should be done in specialized centers 
with a collaborative epilepsy team. In our series, we found 
that surgery outcome was associated only with careful 
patient selection, which requires a detailed investigation 
of patients by the team work of the neuroradiologist, 
neurologist, neuropsychiatrist, and neurosurgeon. As 
a result, our final conclusion is that outcome scores are 
independent of age, pathology, or sex, while correct patient 
selection is the key point.
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