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Temporal lobe epilepsy (TLE) is the most common form of medically intractable epilepsy. Advances in electrophysiology and
neuroimaging have led to a more precise localization of the epileptogenic zone within the temporal lobe. Resective surgery is the
most eﬀective treatment for TLE. Despite the variability in surgical techniques and in the extent of resection, the overall outcomes
of diﬀerent TLE surgeries are similar. Here, we review diﬀerent surgical interventions for the management of TLE.

1. Introduction
The first surgical intervention for the amelioration of epilepsy was performed by Horsley and involved a cortical resection
in a patient suﬀering from posttraumatic epilepsy [1]. Cortical resection to treat epilepsy has since been performed by
other surgeons [2–4]. Following the first human application
of electroencephalography (EEG) by Berger in 1929 [5], EEG
and electrocorticography (ECOG) were used by Penfield and
Jasper to tailor resective surgeries for epilepsy [6, 7]; they
modified cortical resections based on an extensive mapping
of diﬀerent cortical regions. Early in the practice of temporal
lobe surgery to treat epilepsy, hippocampal preservation was
advocated to avoid memory disruption [8–11]; however,
Penfield observed that the failure to resect mesial temporal
structures was associated with poor epilepsy control [7, 12].
Subsequently, surgery for temporal lobe epilepsy (TLE) has
come to constitute the majority of resective epileptic surgical
interventions.
Several modifications have been made to the surgical
techniques and methods used to treat epilepsy over the last
50 years. Modifications to temporal lobe resective surgery
have been based either on resection of the epileptogenic zone,
assisted by the use of ECOG and cortical mapping to avoid
functional deficits, or on resection of the seizure onset zone,

as with selective amygdalohippocampectomy (SAH). Functional deficits following temporal resection surgeries were
identified early by Penfield and Scoville [9, 13]. Since that
time, neuropsychological assessment has become a standard
part of the multidisciplinary approach for the treatment of
epilepsy. The primary goal of temporal lobe surgery is to
achieve freedom from seizures without causing neurological
or cognitive dysfunction. In turn, the achievement of this
goal should improve psychosocial adjustment, education and
employment status, and quality of life, as well as significantly
reducing the overall treatment cost for patients [14, 15].
Although surgery is eﬀective in the majority of patients with
TLE, not all show improvements. Wiebe et al. demonstrated
the eﬀectiveness of temporal resective surgery compared to
medical therapy [14]. TLE can be classified as either mesial
temporal lobe epilepsy (mTLE) or neocortical temporal lobe
epilepsy (nTLE). It can be also classified based on the presence or absence of lesions. The term “temporal lobe epilepsy”
describes numerous underlying pathological substrates and
their clinical features. The term “TLE” is also nonspecific
and comprises several surgical techniques and procedures.
In this paper, we describe temporal lobe surgical techniques.
A detailed discussion of preoperative investigations or the
ECOG-based tailored approach is beyond the scope of this
paper.
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2. Surgical Anatomy
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 semilunar gyrus, and the parahippocampus, a
transitional region between the neocortex and the archicortex [16, 17]. The lateral upper surface of the temporal
lobe is separated from the frontal and parietal lobes by the
sylvian fissure. Posteriorly, the temporal lobe is separated
from the occipital and parietal lobes by imaginary lines.
The parietotemporal line extends from the parietooccipital
fissure impression to the preoccipital notch on the lateral
surface. The temporooccipital line runs perpendicular to
the parietooccipital line, starting at the posterior end of the
sylvian fissure. The basal surface of the temporal lobe is
separated from the occipital lobe by the basal parietooccipital
line, which connects the preoccipital notch to the inferior
end of the parietooccipital fissure. 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.
The following five gyri are located on diﬀerent temporal
lobe surfaces: the superior (T1), middle (T2), and inferior
(T3) gyri, the fusiform gyrus (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.
The parahippocampus ends anteriorly at the level of
the posterior uncus, approximately 2 cm from the temporal
pole [18]. The anterior calcarine sulcus is located at the
posterior aspect of the parahippocampus gyrus and divides
the parahippocampus into superior and inferior regions. The
superior parahippocampus continues along the isthmus of
the cingulate gyrus, whereas the inferior region merges with
the lingual gyrus near the occipital lobe.
The uncus is a conical structure partially formed by
the anterior parahippocampal gyrus. The uncus extends
medially and then curves posteriorly to form the uncal notch
sulcus; this path inspired the name “uncus,” which means
“hook.” The other region of the uncus is formed by the
medial extension of the hippocampus and the dentate gyrus.
There are several gyri at the surface of the uncus, including
the intralimbic gyrus (posteriorly), the band of Giacomini,
the uncinate gyrus, the ambient gyrus, and the semilunar
gyrus (superiorly). The uncus continues along the globus
pallidus at its superior surface.
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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.

Rostral to the uncus, the amygdala is occupying the depth
of the medial temporal lobe. It is connected to the striatum
superiorly without clear border, Figure 2 [18]. The posterior
inferior border of the amygdala is bounded by the anterior
temporal horn, while the anterior inferior border is related to
the entorhinal area. The medial side is bounded by the uncus
and the mesial cistern. From structural standpoint, the amygdala is composed of 13 nuclei divided into three main groups:
central, corticomedial, and basolateral groups. Grossly, the
amygdala is recognized with its relatively brownish color or
the hazelnut tissue appearance, Figure 3.
The hippocampus is an intraventricular structure. It has
a C shape that resembles a seahorse and occupies the medial
surface and the floor of the temporal horn. The hippocampus
proper covers both surfaces of the hippocampal sulcus,
which contains the hippocampal feeding vessels. The hippocampus is divided into three regions: the head, the body,
and the tail. The head contains the largest area and extends
anteriorly and medially toward the uncal recess, which is
a continuation of the lateral eminence, Figure 3. The head
is the only region of the hippocampus that has no choroid
plexus coverage. Posteriorly, the head ends at the choroidal
fissure and the beginning of the fimbria, Figure 4(a). The
presence of several digitations usually characterizes the head
of the hippocampus. The hippocampal body begins at the
junction of the choroidal fissure and the fimbria, extending
posteriorly and superiorly toward the atrium of the lateral
ventricle. At the medial hippocampal body, the choroidal
fissure communicates with the ambient cistern below the
pulvinar of the thalamus. The tail of the hippocampus is
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Figure 2: MRI coronal inversion recovery image (right) at the level of optic tract ((a), blue line) depicting the anatomical relationship of the
amygdala to the optic tract (b).
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Figure 3: Surgical specimen photographs of the hippocampus and
amygdala. The brownish color of the amygdala tissue is noted.
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formed at the pulvinar level of the posterior intraventricular
region and fuses medially with the calcar avis, the inferior
bulge on the medial wall of the atrium.
The alveus, a thin layer of white matter, forms the
fimbria, a structure that runs horizontally along the medial
hippocampus. The fimbria is separated from the dentate
gyrus by the shallow fimbriodentate sulcus. The dentate
gyrus continues anteriorly along the band of Giacomini
and posteriorly along the fasciolar gyrus. Above the corpus
callosum, the dentate gyrus becomes the indusium griseum
[16].
The entorhinal cortex is formed by the anterior portion
of the parahippocampal gyrus and connects the hippocampus to the neocortex. The hippocampal eﬀerent pathway
projects through the fornix and the entorhinal cortex.
Internally, the hippocampus is composed of a pyramidal
cell layer called the cornu ammon (CA). The CA is divided
into 4 regions: CA1–CA4. The trisynaptic circuit connects
the entorhinal cortex, the dentate gyrus, and CA3 through
mossy fibers. Shaﬀer collaterals then connect CA1 back to
the entorhinal cortex. These structures are important for the
pathophysiology of mTLE. Pathological findings in patients
with mesial temporal sclerosis (MTS) have suggested that

Tentorial edge

PCA
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Figure 4: Intraoperative photographs showing (a) the dissection
of the fimbria to expose the choroidal point. (b) Postresection of
the uncus and amygdala showing the third cranial nerve, brainstem,
PCA (posterior cerebral artery), and the tentorial edge.

pyramidal cell loss occurs primarily in the CA1 region and,
to a lesser extent, the CA3 and CA4 regions. There is little cell
loss in the CA2 region.

3. Overview of Surgical Procedures
Surgical treatment for TLE mainly targets the mesial structures, employing a variable degree of lateral neocortical
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Figure 5: Intraoperative photographs demonstrating pre and post resection for right anterior temporal lobectomy.

Table 1: Summary of diﬀerent surgical approaches and techniques
for TLE surgery.
Standard anterior temporal lobectomy
Electrocorticography tailored temporal lobectomy
Anteromedial temporal lobectomy
Transcortical selective amygdalohippocampectomy
Transsylvian selective amygdalohippocampectomy
Subtemporal selective amygdalohippocampectomy
Temporal lobe disconnection
Hippocampal transection

resection. This section summarizes the diﬀerent temporal
lobectomy surgical (TLY) techniques (Table 1).

4. Standard Anterior Temporal Lobectomy
Performing a standard anterior temporal lobectomy (ATL)
consists of resecting the lateral temporal and mesial temporal
structures, either en bloc or separately. Removal of the lateral
temporal structures allows better visualization of the mesial
structures, allowing en bloc removal of the hippocampus.
The procedure is usually performed with the patient in
the supine position, elevating the ipsilateral shoulder with
a roll and rotating the head to the contralateral side. The
head is tilted slightly laterally to place the zygoma at an
approximately 10-degree angle from the horizontal plane of
the surgical floor. There are several techniques for opening
the skin and temporalis muscle. Some surgeons perform a
question-mark skin incision followed by reflection of the
myocutaneous flap. Others use curvilinear or straight skin
incisions. To avoid injury to the frontalis branch of the facial
nerve, the incision is begun 1 cm above the zygoma and
1 cm anterior to the tragus. The superficial temporal artery is
dissected and preserved if possible. A subperiosteal dissection

is used to remove the muscle from the bone. Extensive
cauterization is avoided to minimize the subsequent atrophy
of the temporalis muscle. A craniotomy is performed on
small portion of the frontal bone posterior to the pterion.
Some surgeons tend to expose the pterion at the frontal
bone. Venous oozing from the sphenoid ridge can usually
be controlled using bone wax or gelfoam. Bleeding from the
middle meningeal artery branches is controlled by bipolar
coagulation. A U-shaped durotomy is often preformed with
the base reflected anteriorly. A cruciate durotomy can also be
used.
A posterior cortical incision at the lateral temporal gyri
begins approximately 5.5 cm from the temporal tip on the
nondominant hemisphere and 4.5 cm from the temporal tip
on the dominant side at the level of T2, Figure 5. A number
1 Penfield dissector is used to measure the length from the
temporal tip. The posterior resection is slanted anteriorly
across T1 to avoid the primary auditory cortex. The pia
mater at the upper border of T1 is coagulated and divided. A
subpial dissection is performed to elevate T1 from the sylvian
fissure using bipolar cauterization and controlled suction,
an ultrasonic aspirator, or a dissector technique. The pia
and middle cerebral artery (MCA) branches are protected.
Oozing from the pia can be controlled using cottonoid
packing or Surgicel. The insula is exposed, and dissection
extending to the lateral uncus is performed. The temporal
pole is reflected laterally after the coagulation and division
of the anterior leptomeninges. The posterior resection line
is extended from the T1 through T2 and into T3. This line
is then extended medially through the fusiform gyrus to
the collateral sulcus. The temporal horn is entered through
the white matter above the fusiform gyrus. The wall of the
temporal horn can be identified by the bluish ependyma.
Subsequently, opening of the ventricle anteriorly exposes the
hippocampal head. The temporal stem is resected at the
inferior circular sulcus. The temporal neocortex is removed
by dividing the basal leptomeninges lateral to the temporal
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Figure 6: Snapshot from neuronavigation showing the entry point through the middle temporal gyrus and the trajectory toward the
temporal horn ((a) and (b)). ((c) and (d)) showed the posterior extent of mesial temporal structures resection at the level of quadrigeminal
plate.

horn exposure. If en bloc temporal resection is intended,
further resection of the mesial structures is performed.
During the resection of the mesial structures, an ultrasonic
aspirator is used at a low setting to avoid injury to the
arachnoid that overlay the posterior cerebral artery (PCA),
the basal vein of Rosenthal, the third cranial nerve, and the
midbrain.
Diﬀerent surgical techniques have been used to resect the
mesial temporal structures. In general, the areas of the uncus
that extends to the level of the limen insulae and the parallel
M1 segment of the MCA are removed with an ultrasonic
aspirator. The amygdala is resected at the line that connects
the choroidal point and the limen insulae, Figure 4(b).
The choroidal point is located at the anterior portion of
choroid plexus. Care should be taken to not extend the
resection superior and medial into the globus pallidus. Due
to the absence of clear demarcation between the amygdala
and globus pallidus, the anatomic landmarks for amygdala
resection are variable among diﬀerent surgeons. Wieser and

Yazargil advocate using the insular circular sulcus and uncus
to avoid entry into globus pallidus [35]. Based on anatomical
dissection study, Wen et al. found that a line interconnecting
the inferior choroidal point and the proximal MCA can
define the superior limit of amygdalar resection [16].
Recently, Tubbs et al. examined the line connecting the
anterior choroidal artery and the MCA bifurcation in 20
sides cadavers [36]. In this study, no damage to the striatum
was found using this line for upper amygdala removal.
The entorhinal cortex is resected to the anterior portion
of the parahippocampal gyrus. At this stage, the fimbria
can be dissected laterally from the arachnoid attachment,
exposing the hippocampal sulcus that carries the Ammon’s
horn arteries, Figure 4(a). Next, the subpial dissection of
the parahippocampal gyrus exposes the hippocampal sulcus.
This step will allow the lateral reflection of the hippocampal
body. The hippocampal feeders are coagulated and divided at
the hippocampus edge, and the tissues of the hippocampus
and parahippocampus are removed en bloc. The posterior
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Figure 7: (a) Intraoperative photograph showing site of skin incision for selective amygdalohippocampectomy. (b) Minicraniotomy and
dura exposure. (c) Corticectomy at middle temporal gyrus (T2). (d) Transcortical access to temporal horn. (e) Hippocampus exposure. (f)
Postoperative sagittal T2 MRI depicting the transcortical access through middle temporal gyrus.

portion of the hippocampus is removed using an ultrasonic
aspirator to the level of the midbrain tectum, as identified
by image guidance. Next, hemostasis is secured, and wound
closure is performed in a standard manner.

5. Anteromedial Temporal Resection
The anteromedial temporal resection technique was developed by Spencer to preserve the function of lateral temporal
cortex and to access the mesial temporal structures through
the temporal pole corridor [37]. Approximately 5 to 6 cm of
the temporal lobe is exposed in this technique.
The cortical incision begins in the T2, 3 to 3.5 cm from
the temporal tip, and curves toward T3 and temporal base.
The T1 is usually spared. The temporal tip is removed lateral
to the temporal horn. At this stage, the mesial temporal
structures are removed using an ultrasonic aspirator. The
temporal horn is entered, followed by resection of the uncus
and amygdala. Resection of the hippocampus and parahippocampal gyrus is performed from anterior to posterior.
The parahippocampal gyrus is removed as it curves medially

posterior to the brainstem. The hippocampus is removed
posterior to the tail region. After mesial temporal resection,
hemostasis is achieved, and the wound is closed in a standard
manner.

6. Transcortical Selective
Amygdalohippocampectomy
Transcortical SAH was introduced in 1958 by Niemeyer and
was originally referred to as “transventricular amygdalohippocampectomy” [38]. Niemeyer used a cortical incision
through the T2 to reach the mesial temporal structures.
Subsequently, Olivier modified this technique to include
resection of the anterior portion of T1 [33, 40].
The head position in this procedure is similar to that used
for ATL. A linear or slightly curvilinear skin incision is made
anterior to the tragus and above the zygoma. Neuronavigation is a helpful intraoperative tool to tailor the surgical
approach, Figure 6. It is applied to navigate the optimal
bony exposure over the cortical entry point. Through out
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Figure 8: Diagram representing transcortical selective amygdalohippocampectomy approach.

the procedure, neuronavigation helps in guiding the surgical
pathway to the temporal horn and the posterior extent of
mesial temporal resection. However, van Roost et al. found
that neuronavigation can overestimate the extent of posterior
hippocampal resection, which is related mainly to brain
shift during the procedure [41]. While neuronavigation is a
useful adjunct, a thorough understanding of the anatomy is
essential. On the other hand, intraoperative MRI was found
to be helpful to ensure the completeness of hippocampal
resection [42].
After exposure of the bone, neuronavigation can guide
to center the craniotomy over the middle temporal gyrus,
Figures 6 and 7. Olivier used image guidance to place
the cortical incision at the T2, anterior to the central
sulcus on the nondominant hemisphere and anterior to the
precentral sulcus on the dominant side [33]. The pathway
to the ventricle traverses the white matter. The lateral
ventricular wall is usually found 2 mm above the fusiform
gyrus. The white matter over the ventricle is resected
from anterior to posterior in a slit-like fashion, Figure 8.
Exposure of the intraventricular structures is performed
by applying a retractor that elevates the upper ventricular
wall and choroid plexus, Figure 7. This movement exposes
the fimbrial attachment to the ambient cistern arachnoid.
An ultrasonic aspirator is used at a low setting to remove
the parahippocampal gyrus using the endopial technique.
The hippocampus is resected at the junction between the
body and tail regions, followed by dissection of the fimbria
from the arachnoid to allow the lateral elevation of the
hippocampus. This procedure exposes the hippocampal
sulcus and allows the coagulation of the hippocampal
feeders. The uncus is removed beginning with the apex and
followed by the regions of the amygdala that are posterior
to the M1 segment of the MCA. The residual posterior
hippocampus is resected extending to the level of the tectal
plate. In this approach, Meyer’s loop fibers can be aﬀected by
removal of the white matter located lateral to the temporal
horn.

Wieser and Yasargil introduced the transsylvian SAH approach for resecting the mesial temporal structures through
the sylvian fissure corridor without compromising the
adjacent temporal neocortex [35, 43]. The patient’s position
is diﬀerent from that in other temporal procedures: the
head is tilted such that the malar eminence is the highest
point. A curvilinear skin incision exposes the frontal and
temporal bones above and below the sylvian fissure. The
sphenoid ridge is flattened to the anterior clinoid process.
The dura is opened in a curvilinear fashion and reflected
onto the sphenoid ridge. Next, the sylvian fissure is opened
from the level of the carotid artery bifurcation through the
bifurcation of the MCA, exposing the anterior insular cortex,
limen insulae, mesial uncus, and temporal pole. A 15-mm
incision is made in the temporal stem at the level of the
limen insulae. The temporal horn is entered, and the uncus is
removed using an ultrasonic aspirator. This step is followed
by the removal of the amygdala, anterior parahippocampus,
and entorhinal cortex. The choroid plexus and choroidal
point are identified, and the hippocampus is disconnected
from the lateral regions in an anterior to posterior manner
using (preferably) an ultrasonic aspirator until the collateral
sulcus is reached. The fimbria is dissected from the mesial
arachnoid using a dissector. The hippocampus is dissected
laterally, exposing the hippocampal sulcus, followed by
the coagulation of the hippocampal feeders. Finally, a
posterior hippocampal resection is performed to remove the
hippocampal tissue, hemostasis is secured, and closure is
performed.

8. Subtemporal Selective
Amygdalohippocampectomy
Subtemporal SAH was first described in 1993 by Hori et al.
[44, 45]. This technique involves removing the fusiform
gyrus to access the temporal horn and cutting the tentorium
to minimize retraction onto the temporal lobe. Later, the
same group modified the subtemporal approach, opting
for retrolabyrinthine presigmoid transpetrosal access to
resect the mesial temporal structures [46]. Shimizu et al.
described the removal of the zygomatic arch and the minimal
resection of the T3 to access the mesial temporal structures
using a zygomatic approach [47]. Park et al. reported a
modification of the subtemporal approach that employed
transparahippocampal access, thus preserving the fusiform
gyrus [48, 49]. Miyamoto and colleagues performed an
amygdalohippocampectomy using a combined subtemporal
and transventricular-transchoroidal fissure approach [50]. In
general, the rationale for using this approach is the avoidance
of an incison into the temporal stem and the preservation
of the temporal neocortex. This approach, however, risks
damaging to the vein of Labbe caused by temporal retraction.
Moreover, the limited exposure of the amygdala and uncus
limits resection.
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Table 2: Summary of the surgical outcome from selected studies.

Year of
publication
Blume and Girvin [19]
1997
Author

Follow-up
period (years)
5

Number of
patients
100

Outcome measure

Type of surgery
ATL

Percentage of best
outcome
58%

AMTL

69%

ATL
SAH

75%
73%

ATL

58%

ATL or SAH
ATL or SAH
ATL

70%
62%
70%
62% at 5-year
follow-up
41%
74% at 5-year
follow-up

Spencer et al. [20]

2005

5

339

Jeong et al. [21]
Urbach et al. [22]

2005
2004

5
2

227
209

Wiebe et al. [14]

2001

1

80

Mihara et al. [23]
Zentner et al. [24]
Sperling et al. [25]

1996
1995
1996

5
3
5

132
178
89

2-year seizure freedom
Seizure freedom ± auras
for 2 years
Engel I
Engel IA
Freedom from seizures that
impair awareness
Engel I
Engel I
Engel I

Wieser et al. [26]

2001

7

369

Engel I

SAH

McIntosh et al. [27]

2004

10

325

Engel I

ATL

Paglioli et al. [28]

2004

5

135

Engel IA

ATL or SAH

ATL: anterior temporal lobectomy, AMTL: anteromedial temporal lobectomy, SAH: selective amygdalohippocampectomy, Engel: Engel’s classification for
seizure outcome after surgery.

9. Other Procedures
Several other surgical procedures have been used to treat
TLE. Temporal disconnection has been advocated as an
alternative surgical procedure to avoid certain complications
while providing a level of seizure control comparable to
that of traditional surgery [51]. A study by Chabardes et al.
described 47 patients with nonlesional TLE who underwent
the temporal disconnection procedure [51]. Of those, 85%
were seizure-free 2 years after surgery. Hippocampal transection has been advocated to minimize memory dysfunction
following hippocampectomy [52, 53]. Stereotactic ablation
and resection of the hippocampus have been reported by
several authors [54–60]. Stereotactic radiosurgery has also
been used and may be useful for the treatment of MTS related
to epilepsy [61, 62]. Neuromodulation, another treatment,
involves a combination of neurostimulation, drug delivery,
neuronal tissue transplants, and gene therapy. The FDA
has approved neurostimulation of the vagus nerve for the
treatment of refractory epilepsy; however, the only eﬀective
use of this technique in temporal lobe epilepsy remains
palliative [63]. Recently, anterior thalamic stimulation was
shown to be promising for the treatment of TLE [64].
Hippocampal stimulation performed by the London Ontario
group also showed some long-term benefits with no significant negative impact on memory [65, 66]. Recently,
responsive cortical stimulation was shown to provide a
reduction in seizure frequency in a multicenter, double blind,
randomized controlled trial [67].

10. Outcomes and Complications of
Resective Surgery
It is diﬃcult to compare the success of various surgical
techniques because of the lack of standardized outcome

criteria. Overall, 50–70% of patients report no seizures 5
years after surgery [14, 35, 38, 39, 68]. Table 2 summarizes
the outcomes of selected studies that have utilized diﬀerent
surgical techniques. It has been suggested that the amount of
mesial temporal tissue resected is correlated with successful
surgery [69–73]. Residual tissue is a known risk factor
for seizure recurrence, and a second operation should be
considered in patients who continue to experience seizures.
The success in achieving a seizure-free state after a second
operation is approximately 50% [74–77]. The eﬀectiveness
of residual hippocampal resection and the positive outcomes
following SAH suggest that a thorough resection of the
hippocampus may be necessary for optimal seizure control.
The neuropsychological state and quality of life of patients
are most improved when a seizure-free state is achieved [14].
Operative complications from temporal lobe resective
procedures are variable but uncommon. These complications include the following: death (<1%) [78]; infection
[79]; mild contralateral superior quadrantanopsia caused
by the resection of Meyer’s loop fibers in the roof of
the temporal horn [78]; hemianopsia caused by injuries
to the optic tract or by posterior extension of the white
matter (optic radiation fibers) dissection during ATL [80];
postsurgical hematoma [79, 81]; oculomotor and trochlear
nerve palsy [82]; rarely, facial nerve palsy [83]. Hemiparesis
can occur as the result of the manipulation or thrombosis
of the anterior choroidal, MCA or perforators of the PCA.
Moreover, hemiparesis can occur from direct injury to
the cerebral peduncle and brain stem, or neuroparalytic
edema, as described by Penfield et al. [79, 84–86]. Girvin
described only one postoperative hemiplegia caused by
an internal capsule infarction in a series of 300 cases of
ATL [87]. Resection of the dominant temporal lobe rarely
produces permanent dysphasia; however, it more frequently
causes transient dysphasia [78]. Postoperative dysnomia
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Table 3: Summary of reported temporal lobe surgery complications from selected studies.
Author (year)

Number of patients Type of surgery (Number of procedures)
ATL (98)
φ
Transsylvian SAH (138)
Clusmann et al. (2002) [29]
321
Lesionectomy and AH (27)
Lesionectomy/corticectomy (58)
SAH (5)
ATL (168)
Rydenhag and Silander (2001) [30]
247
Neocortical resection (74)

Acar et al. (2008) [31]

39

Transcortical SAH (39)

All temporal lobe resective
surgical procedures (858)
Jensen (1975)∗ [32]

858

Transcortical SAH (164)

Olivier (2000) [33]

164

ATL (76)
TTL (18)
Transsylvian SAH (6)
Sindou et al. (2006) [34]

100

Complications (%)
Meningitis (1.5%)
Subdural hematoma (0.6%)
Thrombosis (1.2%)
Neurological complications (5.2%)
One mortality (0.4%)
Hemiparesis (2%)
Trochlear nerve palsy (0.8%)
Oculomotor nerve palsy (0.8%)
Visual field defect (10%)
Fourth nerve palsy (2.5%)
Hemiparesis (2.5%)
Aphasia (2.5%)
Hemotympanum (7.5%)
Memory diﬃculty (5%)
Frontalis nerve palsy (2.5%)
Persistent hemiparesis (2.4%)
Transient hemiparesis (4.2%)
Partial hemianopia (46%)
Complete hemianopia (4%)
Cranial nerve paresis (3.5%)
Dysphasia (5%)
Infection (1.5%)
Transient dysphasia (1.8%)
Wound infection (0.6%)
Brain swelling (0.6%)
Subgaleal eﬀusion (0.6%)
Abscess (0.6%)
Third-nerve palsy (0.6%)
Otitis (3.6%)
Motor deficit (2%)
Hydrocephalus (2%)
Postsurgical hematoma (3%)
Temporary third cranial nerve
palsy (5%)
Bacterial meningitis (3%)
Pulmonary embolism (1%)

ATL: anterior temporal lobectomy; TTL: total temporal lobectomy; AH: amygdalohippocampectomy; SAH: selective amygdalohippocampectomy.
∗ This data was taken from a survey covering 2282 temporal lobe surgeries worldwide between the period of 1928 and 1973.
φ No diﬀerence in the complications incidence between diﬀerent surgical techniques was identified in this study.

or aphasia is observed following approximately 30% of
dominant temporal lobe resective surgeries; however, most of
symptoms usually disappear gradually over a few weeks [88].
Language deficits occur even after cortical language mapping
[89, 90]. The causes of transient language dysfunctions are
not clear; however, they are more common when resection is
performed within 1-2 cm of the language area [91, 92]. Other
possible causes include edema caused by brain retraction,
the deaﬀerentation of white matter pathways, and ischemia
[84, 93].

Global memory deficits are rare following temporal
lobe resection, but verbal memory dysfunction occurs
more frequently. Postoperative de novo psychiatric disorders
have been reported in some cases. A survey of various
reports indicates that de novo psychosis occurs in 0.5% to
21% of patients [15, 94–96]. Aﬀective disorders have also
been described in the literature: transient mood elevation
and emotional changes can occur in the first year after
surgery [97, 98], whereas postoperative depression occurs
in approximately 10% of patients [99, 100]. Resection of
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the nondominant temporal lobe may carry a greater risk for
depression [101]. Recent systemic review demonstrates that
most of the studies showed improvement or no change in
the psychiatric outcome after epilepsy surgery [102]. Table 3
summarizes reported complications from selected studies.

11. Conclusion
There are a variety of surgical techniques employed for
temporal lobe epilepsy that provide an eﬀective treatment
with significant preservation of neurological function and
acceptable surgical risks. Regardless, a highly localized
epileptic focus predicts the best surgical outcome. Future
research should evaluate the etiology and pathology of late
epilepsy recurrence.
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