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Abstract Background Temporal lobe epilepsy (TLE) is a high prevalence neurological disorder.
Surgery has emerged as a promising treatment.
Objective The objective of this work is to compare the surgical results of anterior
temporal lobectomy (ATL) versus selective amygdalohippocampectomy (SAH) in a
cohort of 132 patients.
Methods We performed a retrospective study of 146 patients operated for TLE from
2008 to 2019. Initially, 13 patients were excluded from the study due to insufficient
medical record data or follow-up loss. One patient was excluded from the analysis of
the results due to death in the first postoperative week. We used the ILAE scale to
classify seizure control after surgery. In patients with left hippocampal sclerosis, SAH
was performed and in right temporal lobe epilepsy, ATL was the approach of choice.
Results Themean follow-up time after surgery was 57.2months (12–137). In our data
analysis, we found that the group of patients undergoing ATL had a higher prevalence
of being completely seizure-free (ILAE I) (57.1% versus 31%) and a higher rate of
satisfactory seizure control (88.6% versus 69.3%) p¼0,006, when compared with
patients undergoing SAH.
Conclusion The literature is still controversial about seizure control concerning the
technique used due to the lack of a robust methodology. Our data analysis identified
the superiority of ATL over SAH in seizure outcomes. ATL may be the best option for
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INTRODUCTION

Temporal lobe epilepsy (TLE) is the most common human
epileptic syndrome1 being a disabling and progressive enti-
ty.2 In addition to seizures, which already represent clinical
management difficulties, they may also be associated with
cognitive, language, or psychiatric disorders.3,4A tendency to
drug refractoriness characterizes it, and up to a third of
patients are drug-resistant.5 In recent years, surgery has
proven to be a therapeutic option with good results, with a
controlled clinical trial demonstrating its superiority to drug
treatment alone.6

The hippocampal sclerosis etiology is multifactorial, typ-
ically caused by inflammatory, infectious insults, trauma, or
febrile seizures.7,8

There are technical variations in TLE surgery, and there is
no consensus on the best surgical approach. The most
common techniques are Anterior temporal lobectomy
(ATL) and selective amygdalohipocampectomy (SAH). Foer-
ster pioneered subtotal temporal lobectomy in 1925.9 Fal-
coner developed en bloc resection of the temporal lobe and
mesial structures in 1953.10 Morris, in 1956 used the term
standard temporal lobectomy for a 6.5 cm resection of the
temporal lobe,11,12 Spencer refined this technique with
4.5 cm in the non-dominant cortex and 3 cm in the dominant
cortex. Niemeyer, in 1958, described a transventricular
selective access to mesial temporal structures through an

incision in the medial temporal lobe.13 Wieser and Yasargil
proposed a transsilvian approach to the amygdala and
hippocampus.14

There is still controversy about the best surgical approach
for mesial temporal epilepsy.15 Elseways, selective resec-
tions of mesial structures could have less cognitive effects,
whereas an anterior temporal lobectomy has better seizure
control.

In a review in 2008, Schramm16 cites eight studies that
compared selective surgery against temporal lobectomy
concerning seizure control. In six of these studies, the
authors found no difference in seizure control despite the
surgical approach. ATL wasmore effective in two papers, one
in children.17,18 Josephson19 compared ATL and SAH in a
meta-analysis of 13 articles and 1203 patients, showing
better control of seizures in ATL.

METHODS

Ethical statement
All patients signed an informed consent, and the study was
conducted following the Declaration of Helsinki. The nation-
al ethics board approved the study.

Participants and evaluation
A retrospective study was performed based on the medical
records of 146 patients operated on for temporal lobe

adequately controlling seizures with minimal additional morbidity in countries with a
cost limitation for extended propaedeutics.

Resumo Antecedentes A epilepsia do lobo temporal (TLE) é uma desordem neurológica de
alta prevalência. A cirurgia surgiu como um tratamento promissor.
Objetivo O objetivo deste trabalho é comparar os resultados da lobectomia temporal
anterior (ATL) versus amigdalohipocampectomia seletiva (SAH) em uma coorte de 132
pacientes.
Métodos Realizamos um estudo retrospectivo de 146 pacientes operados por TLE de
2008 a 2019. Inicialmente, 13 pacientes foram excluídos por insuficiência de dados em
prontuário ou perda de seguimento. Um paciente foi excluído da análise por óbito na
primeira semana de pós-operatório. Usamos a escala ILAE para classificar o controle das
crises após a cirurgia. Em pacientes com esclerose hipocampal à esquerda, foi realizada
a SAH, e na epilepsia do lobo temporal à direita, a ATL foi a abordagem de escolha.
Resultados O tempo médio de seguimento após a cirurgia foi de 57,2 meses
(12–137). Em nossa avaliação, encontramos que o grupo de pacientes submetidos à
ATL apresentoumaior prevalência de ausência total de crises (ILAE I) (57,1% versus 31%)
e maior taxa de controle satisfatório da epilepsia (88,6% versus 69,3%) p¼0,006,
quando comparado ao grupo submetido à SAH.
Conclusão A literatura ainda é controversa em relação à redução das crises de acordo
com a técnica utilizada devido a falta de uma metodologia robusta. Nosso estudo
identificou superioridade da ATL sobre a SAH nos desfechos convulsivos. ATL pode ser a
melhor opção para controlar adequadamente as convulsões com morbidade adicional
mínima em países com limitação de custo para propedêutica estendida.
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epilepsy from 2008 to 2019. The ILAE classification20

(►Table 1) was used to determine the degree of seizure
control, and we compared the descriptive results according
to the technique used.

The preoperative evaluation of these patients included
neuropsychological testing, video-EEG, and high-resolution
MRI. In cases where the video-EEG with scalp electrodes
failed to define the temporal lobe as an epileptogenic source,
a foramen ovale electrode was implanted as a complemen-
tary method. We included only patients with unilateral
hippocampal sclerosis on MRI and concordant epileptic
onset on video-EEG. Non-invasive options such as functional
MRIwould add additional costs and time, being amethod not

exempt from clinical differences.21 Postoperatively, an MRI
was requested for all patients to assesswhether the resection
area was satisfactory.

Approach and selection of groups
The same surgeon performed all surgeries. In right-sided
hippocampal sclerosis, a temporal lobectomy and hippo-
campectomy was performed using the Spencer technique,12

resecting at least 3.5 cm of the anterior border of the
temporal lobe (►Figures 1 and 2). In left hippocampal
sclerosis, a selective amygdalohippocampectomy was used
as described by Niemeyer (►Figures 3 and 4).13

The surgical procedure of hippocampal resection is accom-
panied by the removal of other mesial structures, including
the uncus, amygdala, and parahippocampal gyrus. The resec-
tion of the hippocampus and parahippocampal gyrus should
be performed as posteriorly as possible, extending at least up
to the level of the lateral mesencephalic sulcus.

The rationale for the choice of surgical access
The choice between ATL and SAH based on the sclerosis side
followed the following rationale:

• All patients have typical temporal lobe seizures;
• The Video-EEG showed seizures with semiology and a

typical electrographic pattern;
• Volumetric MRI showed no lesions other than unilateral

hippocampal sclerosis.

In Brazil and several other developing countries, the cost
of performing surgeries is often a major obstacle. The use of

Table 1 ILAE outcome classification

Outcome
classification

Definition

1 Completely seizure free; no auras

2 Only auras; no other seizures

3 One to three seizure days per year;� auras

4 Four seizure days per year to 50%
reduction of baseline seizure days;� auras

5 Less than 50% reduction of baseline
seizure days to 100% increase of baseline
seizure days;� auras

6 More than 100% increase of baseline
seizure days;� auras

Figure 1 MRI (Coronal, axial and sagittal) pre and postoperative of surgery with Anterior temporal lobectomy for right hippocampal sclerosis.
(A, B, C) Preoperative MRI showing right hippocampal sclerosis. (D, E, F) Postoperative MRI showing excision of the neocortex (3,5 cm)
and mesial structures.
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invasive research to individualize access points based on
electrophysiological details can significantly increase
expenses, rendering procedures impossible to perform. The
cost of public healthcare for the evaluation and surgical
treatment of temporal lobe epilepsy, including medical
fees and hospital costs, is roughly equivalent to 1200 US
dollars. In this context, the addition of extensive invasive
monitoring is not feasible.

On the other hand, there is a chronic shortage of epilepsy
medication in the public health system, leading to uncertain
clinical treatment. This further underscores the value of safe
surgical interventions that can produce positive outcomes,
even in the context of limited resources.

The literature shows that both accesses have excellent
results in seizure control and neuropsychological out-
come.16,17 Despite overall good results, some studies show

Figure 2 Surgical photos of anterior temporal lobectomy for right hippocampal sclerosis. (A) Surgical view after anterior temporal lobectomy.
Mesial structures not yet resected. (B) Resection of mesial structures. Hippocampus and parahippocampal gyrus already disconnected.

Figure 3 MRI (Coronal IR and sagittal T1 volumetric) pre and postoperative of surgery with selective access for left hippocampal sclerosis. (A)
Preoperative coronal MRI. Collateral groove shows limit of resection of mesial structures. (B) Preoperative sagittal MRI. arrows show the
hippocampus and amygdala. (C and D) Details of the resection of the mesial structures in coronal and sagittal sections.
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a worse language performance in patients operated with left
ATL. Similarly, SAH would have a worse outcome in epilepsy
control.17,18,22–24

Statistical analysis
We utilized contingency tables to compare the two groups,
analyzing the results in relation to the type of surgery per-
formed (ATL or SAH). Additionally, we conducted a Kaplan-
Meier survival analysis to examine the occurrence of seizures,
the patient’s ILAE 1 status, and good outcome (ILAE 1 to 3).

The data were analyzed with the IBM SPSS Statistics Soft-
ware. A p- value of less than 0.05 was considered significant.

RESULTS

Our database included 146 patients who underwent surgery
for temporal lobe epilepsy secondary tohippocampal sclerosis
between2008and2019.Thirteenpatientswereexcluded from
our initial analysis due to incomplete medical records or
follow-up loss. One patient died from pulmonary thrombo-
embolism in the immediate postoperative period, resulting in
amortality rate of 0.06% and their exclusion from the analysis.
The remaining 132 patients, comprising 72 females (53%) and
60 males (47%), were evaluated. The mean age at the time of
surgery was 37.85 years (range: 9–65 years).

Hippocampal sclerosis was present on the right side in 70
patients (53%) and on the left side in 62 patients (47%). All the
surgical cases underwent anatomopathological and immu-
nohistochemical analysis of the resected tissues, which
revealed no abnormalities or neuronal depopulation sugges-
tive of hippocampal sclerosis. There was no statistical differ-
ence between age, sex, and follow-up time in the two groups
(ATL and SAH), as shown in ►Table 2. The mean follow-up
time after surgerywas 57.2months (range: 12–137months).

In the follow-up period, 66 patients (50%) had at least one
seizure (excluding events within the first 30 days after
surgery). At the end of the follow-up period, 105 patients
(79.5%) had achieved an ILAE score of 1–3, indicating a good
result. Of the patients who underwent ATL, 62 (88.6%)
obtained a good result, compared with 43 (69.3%) in the
SAH group (p¼0.006). Only 58 patients (43.9%) were on ILAE
1 at the end of the follow-up period, with 40 (57.1%) in the
ATL group and 18 (31.0%) in the SAH group (p¼0.001), as
summarized in ►Table 2.

The average interval until an epileptic event was 22.8
months (range: 1–86.1 months). Patients who underwent
ATL had a mean time to the first seizure of 23.04 months,
compared with 21.86 months in those who underwent
SAH, with no statistical difference (p¼0.82), as shown
in ►Figure 5.

Figure 4 Surgical photos of selective access for left hippocampal sclerosis. (A) Initial view of the hippocampus after corticectomy. In dotted
lines, the collateral eminence, lateral limit of the resection of the mesial structures. (B) After lateral disconnection at the level of the collateral
and medial eminence in the ambient cistern, we visualize the basal vein of Rosenthal and the fimbria. (C) After resection of the mesial structures,
we visualize the vessels of the peduncular cistern, third nerve and peduncle protected by the arachnoidal plane. (D) final view with the
corticectomy area.
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The Kaplan-Meier mortality curves (►Figure 6), using the
Log Rank (Mantel-Cox) statistical analysis with seizure as the
event, showed a significant difference between the ATL and
SAH groups (p¼0.024).

Our surgical morbidity rate was 11.8% (17/143), and
mortality was 0.6% (1/143), consistent with the results
described in the literature. The patient who died in the first
postoperative week due to PTE was excluded from the
analysis of results regarding epilepsy control. Other compli-
cations are summarized in ►Table 3.

DISCUSSION

The primary purpose of surgery is to control seizures.
Maintaining a good functional status of patients is also
mandatory. The search for amore selective resection is based

on not worsening memory and language deficits, especially
in the dominant hemisphere. It has been shown in several
articles that the selective resection of mesial structures has a
benefit, even if marginal, in the cognitive assessment of
patients.24–27 Other authors do not show differences be-
tween ATL and SAH regarding neuropsychological progno-
sis.27,28 Helmstaedter23 postulates that the cognitive deficit
after eloquent temporal resection could be more linked to
perioperative cortical injury, visible in post-surgical MRI,
than to the type of resection.

The only multicenter randomized study showing the
outcome of surgery in terms of seizure control was

Table 2 Frequencies comparing anterior temporal lobectomy (ATL) and selective amygdalo hippocampectomy (SAH) groups for
the treatment of hippocampal sclerosis (HS)

Total ATL
Right HS

SAH
Left HS

p

n 132 70 (53.0%) 62 (47.0%)

Gender M 60 (47.0%) 30 (42.9%) 30 (48.4%)

F 72 (53.0%) 40 (57.1%) 32 (51.6%)

Mean age in years 37.85 36.94 38.87

Mean follow up in months 57.2 55.7 58.8

ILAE 1 58 (43.9%) 40 (57.1%) 18 (31.0%) p¼ 0.001

2 2 (1.5%) 0 (0.0%) 2 (3.2%)

3 45 (34.1%) 22 (31.4%) 23 (37.1%)

1 to 3� 105 (79.5%) 62 (88.6%) 43 (69.3%) p¼ 0.006

4 16 (12.1%) 5 (7.1%) 11 (17.7%)

5 11 (8.3%) 3 (4.3%) 8 (12.9%)

6 0 (0.0%) 0 (0.0%) 0 (0.0%)

Note: � ILAE 1 to 3 are considered as good result.

Abbreviations: ATL, anterior temporal lobectomy; SAH, selective
amygdalohippocampectomy. Notes: Student t-test between surgery
groups: p¼ 0.82. ATL mean 23.04 months; SAH mean 21.86 months.
Figure 5 Event free interval comparing the ATL and SAH groups.

Abbreviations: ATL, anterior temporal lobectomy; SAH, selective
amygdalohippocampectomy Statistical analysis using Mantel-Cox Log
Rank. p¼ 0.024.
Figure 6 Kaplan-Meier survival analysis with seizure as event,
comparing ATL and SAH.
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performed by Wiebe et al. in 2001. In the group of patients
operated on, always by ATL, 38% were completely free of
seizures (Engel 1). Concerning the control of epilepsy, there
are variable results in the literature when comparing SAH
and ATL. Several authors show equality in seizure con-
trol,29–32 while others show better results in ATL.18,19

Clusmann,19 in a series of 89 children and adolescents,
found a worse result in seizure control in SAH when
compared with ATL. Also, patients with left hippocampal
sclerosis had a worse result despite the surgical technique.
In a meta-analysis including 13 studies and 1203 patients,
Josephson19 found better control of seizures in ATL than
in SAH.

Our evaluation sought to compare the two types of
surgery, not only in terms of good surgical outcomes but
also in the occurrence of seizures and the complete control of
seizures (ILAE 1). The statistical analysis show a better
outcome in occurrence of seizures (p¼0.005), ILAE 1 final
result (p¼0.001) and good result (p¼0.006) in favor of ATL.
We performed Kaplan Meyer’s survival analysis having a
seizure as the target event. The curves showed better results
in ATL over SAH. The Log Rank statistical analysis significant-
ly favors the ATL group (p¼0.029). The Kaplan Meier graphs
showa downward curve with a progressive worsening of the
results over time, consistent with the findings described in
the literature. The results are consistent with a better surgi-

cal prognosis in resections that include the temporal neo-
cortex over more selective resections.

Interestingly, the interval until the first epileptic event
was similar when comparing the two groups. However,
patients in the SAH group had seizures more often after
this initial event (►Figure 5). This finding could be related to
the maintenance of an altered neuronal network in patients
with more selective resection, which quickly resumes the
pattern of seizures after a first ictal event.22 The same
difficulty of resources that makes it difficult to carry out a
more individualized approach to cases makes the surgery
attractive from a cost-benefit point of view.

As the procedure is safe with very low morbidity and
mortality, surgery proves to be an effective procedure for our
reality. Clinical treatment has a significant cost and, in most
cases, it is paid for by the state, which cannot maintain this
treatment without interruptions due to lack of funds.

Limitations of the study
We did not assess neuropsychological, speech, and language
differences between groups, as all surgeries in the left hemi-
spherewere SAH. Inour series, preoperative tests todetermine
hemispheric dominance for language were not performed. By
convention, all cases on the left (predominantly dominant
hemisphere inhumans33,34)were submitted to SAH, and those
on theright toATL, the interpretationofour results is limited. It
is essential tomention thatClusmann,19 in2004, observed that
surgeries in the dominant hemisphere had worse results
despite the technique used. It is a possible bias in our work.
Despite these limitations, we believe that the data obtained
adds relevance to the discussion about thedifference in results
regarding the technique used.

We excluded all patients who had MRI lesions other
than HS to avoid a worse result in selective surgeries for
patients who had lesions in the temporal neocortex.
However, MRI is not always able to clearly show small
dysplastic lesions.

The postoperative evaluation time was long enough to
show the differences between the two techniques. As there is
a tendency for the results to progressively worsen over time,
as demonstrated in our survival curves, a longer follow-up
perhaps showed that the two techniques tend to match up
with a longer follow-up.

In conclusion, there is still controversy about the influ-
ence of more selective procedures in surgery for ATL epilep-
sy. Our work has shown better results concerning the control
of epilepsywhenweuse ATL comparedwith SAH. Despite the
varied results of articles on the subject, our data show that
performing ATL may be more effective in controlling epilep-
sy, emphasizing the importance of assessing language and
memory before and after surgery to define the standard of
comparison between the two surgical techniques.Whenever
possible, the choice of access route should be made individ-
ually for each patient, based on neurophysiological and
imaging findings. In countries with a cost limitation for
extended propaedeutics, ATL may be the best option for
the proper control of seizures with minimal additional
morbidity.

Table 3 Complications reported in our case series

Age, sex Complication

29, Male Cardiorespiratory arrest in anesthetic
induction

41, Male Wound infection, cranioplasty, chronic
headache

25, Female Wound infection

43, Female Wound infection

20, Female Wound infection

20, Female Wound infection

40, Female Memory impairment

41, Female Memory impairment

30, Female Memory impairment

48, Male CSF leak submitted to external lumbar shunt,
acute subdural hematoma, decompressive
craniectomy, wound infection, debridement,
cranioplasty.

46, Female Postoperative hemiparesis with subsequent
recovery

48, Female Visual field disorder

41, Female Visual field disorder

51, Female Visual field disorder

27, Male Visual field disorder

65, Male Intraparenchymal hematoma

39, Female Deep vein thrombosis

Abbreviation: CSF, cerebrospinal fluid.
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