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Abstract:  
Mesial temporal lobe epilepsy is the most common form of 
human epilepsy, and its pathophysiological substrate is usually 
hippocampal sclerosis (Ammon’s horn sclerosis). The disabling 
seizures associated with mesial temporal lobe epilepsy are 
typically resistant to antiepileptic drugs but can be abolished in 
most patients by surgical treatment. MTLE with HS is the most 
common drug-resistant disorder observed in epilepsy surgery 
programs. Although being the gold standard treatment for MTLE 
with HS, ATL remains markedly underutilized. The reasons 
behind underutilization are multifactorial. One reason is the 
perceived risks and the fears about open brain surgery. That’s 
why new surgical modalities have been recently developed to 
provide less invasive alternatives for this surgically remediable 
disorder. Among these alternatives is gammaknife radiosurgery 
(GKR) that implies delivery of radioactive cobalt beams to the 
temporal mesial structures (amygdale, hippocampus and 
parahippocampal gyrus). The results of GKR were found to be 
comparable to ATL as regard seizure freedom especially with 
using high dose therapy (24 Gy). The major advantage of 
radiosurgery in comparison with open surgery is its minimally 
invasive nature. Another advantage of radiosurgery is the 
possibility of better neuropsychological outcomes. In this review, 
we searched the literature and summarized the available 
knowledge from literature on the long term efficacy and safety 
of gamma knife radiosurgery in comparison to temporal lobe 
epilepsy surgery in achieving seizure control and improving the 
neuropsychological outcomes in patients with mesial temporal 
lobe epilepsy with hippocampal sclerosis.  
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Review of literature 

Introduction: 

Mesial temporal lobe epilepsy is the most common form of 
human epilepsy, and its pathophysiological substrate is usually 
hippocampal sclerosis (Ammon’s horn sclerosis). It is the most 
common epileptogenic lesion encountered in patients with 
epilepsy. The disabling seizures associated with mesial temporal 
lobe epilepsy are typically resistant to antiepileptic drugs but can 
be abolished in most patients by surgical treatment (1).  
MTLE with HS is the most common drug-resistant disorder 
observed in epilepsy surgery programs, accounting for 17%–31% 
of surgical procedures for epilepsy (2). 
Histopathological hallmarks include neuronal loss, atrophy of the 
hippocampus, segmental loss of pyramidal neurons, granule cell 
dispersion and reactive gliosis. Pathogenetic mechanisms 
underlying this distinct hippocampal pathology have not yet 
been identified and it remains to be resolved whether AHS 
represents the cause or the consequence of chronic seizure 
activity and pharmacoresistant TLE (3). 
With the advent of EEG, it eventually became clear that 
psychomotor seizures originated in limbic structures, namely, the 
hippocampus, the parahippocampal gyrus and the amygdale. 
The EEG also made it possible to localize temporal lobe 
epileptogenic abnormalities for surgical resection (4), which in 
turn provided opportunities to elucidate the role of hippocampal 
sclerosis. Although many patients with this disorder had a history 
of complicated febrile convulsions, supporting a conclusion that 
hippocampal sclerosis is the result of epileptic seizures, it also 
became apparent that patients usually became seizure free 
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following removal of this lesion, suggesting that it might also be 
the cause of epilepsy (5). 
 
MTLE with HS has a characteristic clinical features usually 
starting in teenagers or even early adulthood with an early 
history of complicated FS within the first 5 years of life and 
sometimes positive family history of epilepsy. Patients usually 
have an aura- preceding the complex partial- seizures of 
characteristically rising epigasteric sensation, although others 
may experience emotional, autonomic, olfactory or gustatory 
sensations. The complex partial seizures typically begin with 
motor arrest and staring, followed by oro-alimentary 
automatisms and other purposeless movements. Postictally, 
patients usually have amnesia of the event and a period of 
confusion (1).  
Surgery is considered a highly effective treatment for medically 
refractory epilepsy. In temporal lobe epilepsy, anterior temporal 
lobectomy (ATL) has consistently been shown to produce 
excellent seizure outcomes, particularly in patients with mesial 
temporal sclerosis (MTS). Falconer and Taylor introduced 
standardized anterior temporal lobectomy (ATL) for MTLE in 
1968 (10), and the procedure has been frequently used for many 
years. This method removes 4–6 cm of the anterior temporal 
lobe, including the amygdala and hippocampus. Some depth 
electrode studies revealed that seizures usually originate from 
these abnormal mesial structures (11), suggesting that resection 
of the mesial structures alone may be sufficient for obtaining 
seizure control. Selective amygdalohippocampectomy, a 
procedure developed by Niemeyer in 1958, produces 
postoperative seizure outcomes that are comparable to those 
attained after ATL (12). Moreover, some studies have indicated 
that SAH has better neuropsychological outcomes than ATL (13). 
Other studies have suggested that better seizure outcomes were 
achieved in patients who underwent ATL than in those who 
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underwent SAH (14), and that no significant differences in 
neuropsychological outcomes were found between the two 
surgical strategies (15). Seizure freedom is the single best 
predictor of quality of life in epilepsy, as recurrent seizures lead 
to significant cumulative morbidity and increased mortality (16). 
Overall, ATL is associated with a low risk of significant morbidity 
(17) and may result in improved life span (18). 
Successful surgery is dependent on accurate preoperative 
localization, lateralization and delineation of the extent of 
resection of the epileptogenic zone. The preoperative evaluation 
involves a series of investigations including detailed clinical 
history, interictal EEG, long-term video EEG monitoring, high 
resolution MRI, PET, SPECT, and neuropsychology and 
neuropsychiatric assessment. The additional modalities include 
functional MRI and intracranial monitoring. The preoperative 
assessment is a step-wise process starting from the most basic, 
less invasive and most reliable modalities progressing to the 
more invasive and complex ones (20).  
Although being the gold standard treatment for MTLE with HS, 
ATL remains markedly underutilized. The reasons behind 
underutilization are multifactorial. One reason is the perceived 
risks and the fears about open brain surgery (21). That’s why 
new surgical modalities have been recently developed to provide 
less invasive alternatives for this surgically remediable disorder. 
Among these alternatives is gammaknife radiosurgery (GKR) that 
implies delivery of radioactive cobalt beams to the temporal 
mesial structures (amygdale, hippocampus and parahippocampal 
gyrus). The results of GKR were found to be comparable to ATL 
as regard seizure freedom especially with using high dose 
therapy (24 Gy) (22). The major advantage of radiosurgery in 
comparison with open surgery is its minimally invasive nature. 
Another advantage of radiosurgery is the possibility of better 
neuropsychological outcomes (23). 
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Stereotactic radiofrequency thermocoagulation and  Stereotactic 
laser thermo-ablation are other minimally invasive surgical 
alternatives that can be used in management of MTLE with 
hippocampal scelerosis (24). 
In this review, we searched the literature and summarized the 
available knowledge from literature on the long term efficacy 
and safety of gamma knife radiosurgery in comparison to 
temporal lobe epilepsy surgery in achieving seizure control and 
improving the neuropsychological outcomes in patients with 
mesial temporal lobe epilepsy with hippocampal sclerosis.  
 

 Anatomy: 

The neuro-anatomical aspects of the temporal lobe are 
important in the most commonly performed surgical approaches 
for temporal lobe epilepsy (TLE): the anterior temporal 
lobectomy (ATL), the transcortical selective 
amygdalohippocampectomy (TATL), and the transsylvian 
selective amygdalohippocampectomy (TSAH). The differences 
between these approaches and the expected outcomes are best 
understood by knowing their microanatomical differences. 
The two main objectives in epilepsy surgery are removal of the 
epileptogenic tissue and avoidance of surgical morbidity. Surgical 
approaches will be reviewed from the perspective of (1) 
avoidance of visual pathways (optic tract, lateral geniculate 
body, Meyer’s loop, and optic radiations), (2) white matter 
pathways involved in the neurocognitive sequelae, (3) extent of 
the incision to the temporal stem and (4) extent of 
amygdalectomy (25). 
The temporal lobe comprises three heterogeneous cortices: a 
six-layered neocortex (with superior, middle, inferior, transverse, 
temporal, and fusiform gyri), a three-layered archicortex that 
includes the hippocampus, the prepiriform area, the uncal 
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semilunar gyrus, and the parahippocampus, a transitional region 
between the neocortex and the archicortex (26).  
The temporal lobe is connected superiorly and medially to the 
insula by the temporal stem, anteromedially to the globus 
pallidus via the amygdala, and anterolaterally to the frontal base 
by the limen insulae (27). 
The following five gyri are located on different temporal lobe 
surfaces: the superior (T1), middle (T2), and inferior (T3) gyri, the 
fusiformgyrus (T4), and the parahippocampal gyrus (T5), Figure 
1. The above gyri are separated by multiple sulci, including S1, 
S2, S3, and S4. S1 is a deep sulcus that extends toward the 
temporal horn and serves as an important landmark for the 
identification of the temporal horn. S4 is a collateral fissure 
located at the edge of the lateral temporal horn wall that forms 
the collateral eminence. Medial to the superior surface of T1, the 
transverse temporal gyri, also known as Heschl’s convolutions, 
extend to the depth of the sylvian fissure and mark the location 
of the primary auditory cortex. The posterior region of T1 is the 
planum temporale. This structure is larger on the left side in 
males (but not females) and is involved in the receptive language 
function (27). 
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Figure 1: ((a) and (b)) Coronal T2 and FLAIR magnetic resonance image (MRI) 
respectively depicting a left mesial temporal sclerosis. (c) Coronal T2 MRI 
depicting hippocampectomy site after selective 
amygdalohippocampectomy on left and temporal gyri (superior (T1), middle 
(T2), and inferior (T3) gyri, the fusiform gyrus (T4), and the 
parahippocampal gyrus (T5)) on right side. 

 

The temporal lobe has four surfaces: lateral, medial, superior, 
and inferior (Figure 2 (a)).  
 

Lateral Surface: 
The lateral cortical surface of the temporal lobe is located below 
the sylvian fissure which separates the lateral upper surface of 
the temporal lobe from the frontal and parietal lobes. While its 
anterior and inferior limits are natural bone structures, the 
temporal lobe is separated posteriorly from the occipital lobe by 
the lateral parietotemporal line, an imaginary line connecting the 
preoccipital notch and the parietooccipital sulcus, and it is also 
separated from the parietal lobe by the occipitotemporal line, a 
line connecting the most posterior limit of sylvian fissure with 
the lateral parieto-temporal line (Figure 2(a)) (26). The lateral 


