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Anterior Temporal Lobectomy
and Amygdalo-Hippocampectomy
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Antonio Goncgalves-Ferreira

The history of surgery for epilepsy is dominated by the treat-
ment of temporal lobe epilepsy (TLE). The studies of
Penfield in 1936 [1] on cortical excisions and Penfield and
Jaspers in 1954 [2] on the functional anatomy of the tempo-
ral lobe are historical landmarks in this field, followed by the
development of the temporal lobectomy by Falconer in 1953
[3, 4], the amygdalo-hippocampectomy by Niemeyer in
1958 [5] and, more recently, the microsurgical selective
amygdalo-hippocampectomy by Yasargil in 1982 [6-8].

It is widely accepted that 5%—6% of all the pharmacoresis-
tent epilepsies are susceptible to surgical treatment and 70%—
75% out of these have limbic mesial or medial TLE frequently
with mesial temporal lobe sclerosis; this means that all over
the world 20-25 new cases per million habitants per year
have TLE with surgical indications [9-11]. That is why the
mesial temporal lobe (MTL) is by far the main and most fre-
quent target for the surgical treatment of epilepsy. It is also
the best target because its surgical removal or inactivation is
the procedure with the highest chance of controlling the
refractory mesial TLE. After the MTL resection, epilepto-
genic conditions like mesial temporal lobe sclerosis (MTLS),
hippocampal ganglioglioma, or dysembryoplasic neuroecto-
dermic tumors (DNETs) have long-term epilepsy control
rates higher than 80% in most centers (Table 14.1) [12].

To achieve such therapeutic success, the surgical proce-
dure must be safe, complete, and adequate, which means it
must be uneventful, comprehend the main MTL structures,
and follow the most appropriate approach route. It is worth
noting that the hippocampus excision is often restricted to its
anterior part on the dominant hemisphere in order to avoid
resulting serious verbal memory deficits.
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The MTL structures involved in epilepsy [13—17] are the
hippocampus proper or Cornu Ammonis with the dentate
gyrus and fimbria, the parahippocampal gyrus with the ento-
rhinal cortex, and the amygdala or amygdaloid nucleus
within the uncus (Figs. 14.1 and 14.2). As the amygdala con-
tinues medially and upward to the pallidum with no clear-cut
separation, its removal is usually confined to the ventrolat-
eral part (generally lateral to a straight line drawn between
the inferior choroidal point and the M2 segment of the mid-
dle cerebral artery). This usually includes the dissection of
the uncus, which sometimes falls behind the tentorial notch.

There are several surgical strategies to treat temporal lobe
epilepsy. We must distinguish the selective MTL approaches
from the enlarged ones; the latter usually involve a temporal
lobectomy or at least the removal of the anterior part of the
temporal lobe, including the temporal pole or temporal
polectomy. In the selective approaches the extent of the hip-
pocampus resection may vary [18, 19], but it usually includes
all the MTL structures; the selective cortico-amygdalectomy
has been shown to result in less seizure control [20, 21].

The temporal lobectomy is mainly indicated for the neocor-
tical temporal epilepsy and for the mixed origin epilepsy,
although in the majority of cases of purely temporal medial
epilepsy its practice depends essentially on the operative tradi-
tion of each center or even on the preference of the neurosur-
geon. For some surgeons it is still regularly performed, whereas
for others it is only done when it is suspected that the epileptic
zone extends to the temporal neocortex and both the temporal
pole and the lateral or the inferior temporal lobe cortex.

Table 14.1 Mesial temporal lobe epilepsy: main pathology and surgi-
cal prognosis

Long-term epilepsy control (%)
Mesial temporal lobe sclerosis 80-95
DNET/ganglioglioma 80-95
Low-grade astrocytoma 70-90
Vascular lesions (cav. angioma) | 75-80
Cortical displasia 60-80
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Therefore when an extensive temporal neocortical epileptic
focus or lesion is verified, there is a formal indication to per-
form a temporal lobectomy. We generally use the operative
technique of Falconer [3, 4] with good results (Fig. 14.3).

The extension of the temporal lobectomy differs accord-
ing to the cerebral hemisphere involved: if it is the language-
dominant hemisphere, it should be more restricted posteriorly
to avoid the Wernicke area that comprehends the posterior
part of the superior temporal gyrus (up to 4.5 cm from the
temporal pole instead of up to 5.5 cm on the nondominant
side). In case of doubt, the functional MRI helps to localize
the Wernicke area. In addition, the sodium amytal carotid
Wada test may be useful to verify which cortical zone is tran-
sitorily inactivated; if necessary, the language may be tested
by intraoperative electric stimulation with the patient awake.

The removal or sectioning of the MTL structures is repre-
sented in the Fig. 14.4. There are different selective approach
routes to the MTL [22-24]. The following should be consid-
ered (Fig. 14.5): the superior approach, through the sylvian
fissure or along its margins; the anterior one, by the rostral
part of the sylvian fissure and the limen insulae; the lateral,
through the temporal lobe convexity; and the inferior, under-
neath the temporal lobe. The posterior interhemispheric
supratentorial or transtentorial routes provide a more diffi-
cult access to the anterior TML structures, which mainly
concern the most caudal hippocampal formation [25, 26].

Fig. 14.1 Left hippocampus.
Amy — Amygdala; C Pl -
Choroidal plexus; DG —
Dentate gyrus; Fi — Fimbria;
Hip — Hippocampus; LV —
Lateral ventricle; Mid —
Midbrain; OT — Optic tract;
PH — Para-hippocampus

Several anatomic studies made in vitro at the Anatomy
Laboratory of the Faculty of Medicine of the University of
Lisbon (FMUL) with microdissection of a large number of
human brains [22] provided data concerning distances and
dimensions of the MTL structures that are useful to consider
for the different surgical procedures (Table 14.2). The mean
length of the normal human hippocampus is 4 cm, and its
maximum width is 1.5 cm at its head and 1 cm in its body; the
distance from the temporal horn of the ventricle to the tempo-
ral pole is around 3 cm; to the rhinal sulcus, including the
entorhinal cortex, the distance is 1.5 cm (see Fig. 14.2). The
photograph registration of the main operative steps illustrates
the most significant features of each approach route, as can be
seen in the figures. Furthermore, in vivo observations obtained
during surgery of many epileptic patients has led to some rel-
evant conclusions concerning the comparative evaluation of
advantages and disadvantages among such approach routes.

The superior approach (access from above) to the MTL
includes the subpial anterior trans-T1 (superior temporal
gyrus) route of Olivier and the transylvian route of Yasargil
[6-8, 21, 27]. Both use a frontotemporal curved (or straight
vertical temporal) skin incision and a pterional bone flap (or a
well-centered keyhole craniotomy), with the head turned 45 to
60 degrees to the other side. The trans-T1 Olivier route [21,
27] goes through peeling or removing (in variable amounts)
the anterior part of T1 along the inferior edge of the sylvian
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Fig. 14.2 (a—d), Left medial temporal and neighboring structures:  body; Mid — Midbrain; MD — Mamillary body; OC — Optic chiasm;
medial view in different angles, from rostral to caudal. CF — Choroidal ~ OT — Optic tract; PG — Para-hippocampal gyrus; Pulv — Pulvinar; Rh
fissure; CS — Collateral sulcus; DG — Dentate gyrus; Ent — Entorhinal S — Rhinal sulcus; TP — Temporal pole; Un — Uncus

cortex; F — Fimbria; Fus — Fusiform gyrus; LG — Lateral geniculated

Hippocampus

PHG

ITG

Fig. 14.3 Temporal lobectomy. (a), Different extensions (a, b) delineated on the cerebral convexity. (b), Inclusion of MTL structures, with or
without the superior temporal gyrus
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fissure; it provides an almost direct access to the amygdala and
allows a longitudinal exposure of the hippocampus from ahead
(it is worth noting that Olivier changed from his initial entry
route to a trans-sulcal T1-2 and more recently to a small ante-
rior trans-T2 one [21]). The Yasargil route [6-8] goes through
the opening of the middle part of the sylvian fissure and the
microdissection between the temporal branches of the middle
cerebral artery; it requires the smallest brain tissue (temporal
stem) transection to reach the hippocampus (Table 14.2) that is
approached more perpendicularly to its main axis. It provides
a limited manoeuvering space for the surgical instruments
between the sylvian vessels and within the ventricle, which
may be difficult for the less experienced neurosurgeon (it may
not be easy to move a standard ultrasonic aspirator handpiece
through this route). The anterior route used by Schramm [18,

Fig. 14.4 Selective surgery of the hippocampus: in dotted lines with
arrows, the peri-hippocampal dissection; in oval, shaded, pink area with
dotted limits, the projection of the amygdala. 1 — Head of the hippocam-
pus; 2 — Body of the hippocampus; 3 — Tail of the hippocampus; 4 —
Fimbria; 5 — Para-hippocampus; 6 — Posterior cerebral artery; 7 — Basal
vein (Rosenthal)

Rougier Niemeyer
Olivier Rougier
Yasargil
Chor fis.
Hip.sulc.
Parahip. Niemeyer
Park

Col.sulc. Hori

Fig. 14.5 Different approach routes to the medial temporal lobe (for
the names of the authors, see text and references). F 3 — Inferior frontal
gyrus; T1, 2, 3 — Superior, middle, inferior temporal gyri; Chor Fis —
Choroidal fissure; Col Sulc — Collateral sulcus; DG — Dentate gyrus;

19] is a rostral variant of the previous two, as it goes through
the anterior curved part of the sylvian fissure that must be
opened and the limen insulae that is sectioned laterally. This
approach avoids cutting the temporal stem to a large extent but
provides a limited angle view to the hippocampal tail.

The lateral approaches comprehend the trans-sulcal T1-2
(or T2-3) routes (probably the most commonly used) and the
trans-T2 through the middle temporal gyrus, the widest
gyrus of this lobe. This trans-T2 route [5, 21] is the oldest
one (Niemeyer) used to reach the hippocampus, still based
on an older principle that it was safer to cross the gyrus than
to penetrate the “forest” of the sulci vessels; conversely, with
the development of microsurgery and other technical refine-
ments, the cerebral sulci became like “highways” that drive
the dissection deeper in the attempt to avoid cutting so much
brain tissue. These lateral approach routes use a typical
curved (or straight vertical) temporal skin incision and a
temporal bone flap (or a keyhole flap), with the head in a
pure lateral horizontal position, sometimes with a slight pos-
terior tilt. The trans-sulcal approach (Rougier), when per-
formed through the anterior part of the T1-2 sulcus [28]
where there is often more space free of important veins, is
actually among the shortest and easiest ways to obtain wide
access to the lateral ventricle (see distances in Table 14.2).

The inferior, subtemporal approach routes may be per-
formed through the fusiform gyrus [29] or through the col-
lateral sulcus and the parahippocampal gyrus [30]. These
subtemporal routes use a temporal curved (or square) skin
incision and a low temporal craniotomy, with the head turned
laterally and tilted posteriorly toward the surgeon. Even with
this head inclination, some degree of temporal lobe retraction
from the middle cranial fossa floor is required; this may be
hazardous to some major bridging veins draining to the lat-
eral sinus like the Labbé vein.

Olivier

Schramm

Olivier

Yasargil

MCA

F — Fimbria; Fus — Fusiform gyrus; HIP — Hippocampus; Hip sulc —
Hippocampal sulcus; MCA — Middle cerebral artery; Parahip — Para-
hippocampal gyrus; SV — Sylvian vein
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Table 14.2 Mesial temporal lobe

Ve

Measurements (n = 50)

Distances

Sylvian fissure (convexity) to hippocampus 35.3t3.4
Sylvian fissure (depth) to hippocampus 15.5£2.2
1st temporal gyrus to hippocampus 33.1+3.6
Superior temporal sulcus (convexity) to hippocampus ~ 29.5+4.2
2nd temporal gyrus to hippocampus 28.0+4.2
Temporal pole to lateral ventricle 29.0+4.1
Uncus (anterior edge) to lateral ventricle 16.7+4.8
Dimensions of hippocampus

Length 40.71+4.2
Maximum width (pes hippocampus) 15.4+27

10.6+1.7

Minimum width (tail hippocampus)

Mean + SD, mm

N\

Parahip.
CLH

All these approach routes are much easier to perform with
the help of a neuronavigation system (Fig. 14.6). This allows
centering of the skin incision and the craniotomy, pointing
accurately at the target, and most important a choice of the
best route to go through. This can be verified during the
operation, provided no excessive brain shift occurs.

The imaging results of the amygdalo-hippocampectomy
are well seen on postoperative MRI (Fig. 14.7): in this exam-
ple, obtained in a left MTL of a right-handed patient, we can
see the void resulting from the removal of the anterior half of
the hippocampus and the ventral-lateral amygdala.

When evaluating the results and the morbidity of these
operations and their mechanisms [12, 31-36], both com-
mon and specific features must be looked at. Whichever
approach route is used, the MTL resection may result in
some common deficits and disorders, which are essentially
dependent on the removal of the hippocampus and the
amygdala; these mainly concern memory deficits and
depression. The memory deficits [21, 34, 35, 37] are depen-
dent on the side of the hippocampus operated on. The ver-
bal memory is mostly affected when the dominant
hemisphere for language is involved, usually the left one.
That is why by precaution the hippocampal resection on the
dominant hemisphere is often restricted to its anterior half
to two thirds; this is also why in some cases a selective
(cortico)amygdalectomy is performed without a hippocam-
pectomy to avoid additional memory deficits [20, 21].
Indeed, the Wada test for memory with perfusion of the
posterior cerebral artery is seldom done to check the effect
of the selective inactivation of the hippocampus, and there

is not yet an adequate paradigm to selectively label the hip-
pocampus in functional MRI [38]. The depression after the
amygdalo-hippocampectomy is a distinct problem because
it is mainly a late consequence, and it is not clear whether
the left cerebral hemisphere plays a major decisive role in
this occurrence [39, 40].

A specific morbidity related to the variable approach
routes to the MTL is the optic field defect caused by the sec-
tioning of the temporal stem that includes a segment of the
Meyer loop of the optic radiations [41-44]. This is most
likely to occur in the superior trans-sylvian and lateral routes
because their approach angles are more transverse and
require a wider opening of the lateral ventricle; the more
anterior the approach to the ventricle, the less the optic radia-
tion is severed. Therefore the rostral and the inferior trans-
parahippocampal routes tend to spare these radiations the
most. Nevertheless, the resultant optic field defect is often
not clinically significant, even after a wide ventricle opening
if it is very anterior.

Whatever approach route is chosen, another most sensible
part of these operations is related to the subarachnoidal dis-
section to complete the MTL removal on the medial side.
Such dissection is performed through the choroidal fissure
between the plexus and the hippocampus to avoid damaging
the brain tissue above. This subarachnoidal space contains
many important structures (Fig. 14.8) [16, 21, 45-49]: the
basal vein of Rosenthal, the posterior cerebral and the ante-
rior choroidal arteries, more rostrally the third cranial nerve,
superiorly the optic tract, and deeper the midbrain. All these
structures must be absolutely spared!



170 A. Gongalves-Ferreira

Fig. 14.7 Postoperative MRI after selective amygdalo-hippocampectomy
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In an attempt to avoid damaging such intra-arachnoidal
structures in those cases where there is no expansive lesion,
we have lately developed an alternative technique to the amyg-
dalo-hippocampectomy, the amygdalo-hippocampotomy
(Figs. 14.8 and 14.9). With this technique, instead of removing
the hippocampus it is disconnected while still removing the
lateral amygdala. The principle is the same as that applied to
treat other types of epilepsy by disconnecting the epilepto-
genic brain with the same clinical results as resecting it; well-
known examples are the hemispherotomies of Delalande [50],
Villemure [51], or Schramm [52], performed instead of the
classic hemispherectomy; the temporal lobotomy of Benabid
et al. [53] instead of the temporal lobectomy; and the focal

disconnections of Ng [54] and Mohamed [55]. The amygdalo-
hippocampotomy is a safer operation because the choroidal
fissure and the structures inside it are not dissected; the hip-
pocampus is completely separated (from inside the ventricle
until the pia mater) around its body and head, and its tail is cut
as far as desirable. This way the surgery becomes both easier
and somewhat shorter in time. The good results obtained after
the first 20 patients operated on with more than 2 years of
follow-up are clinically equivalent to the last 100 cases previ-
ously operated on with complete MTL removal [56].

A final note to be kept in mind by all neurosurgeons
involved in this type of surgery: The key to the success of the
surgical treatment of the TLE is to tailor the best operative

Fig. 14.8 Transventricular features of the mesial temporal region
microdissection. Left: with the hippocampus in situ; Right: after the
hippocampus removal. 1 — Fimbria; 2 — Hippocampus head; 3 —

>
TATFE/M
127

BL -31 right

Fig. 14.9 Postoperative MRI after selective amygdalo-hippocampotomy

Hippocampus body; 4 — Choroidal plexus; 5 — Choroidal fissure; 6 —
Optic tract; 7 — Basal vein; 8 — Posterior cerebral artery; 9 — Basilar
artery; 10 —Oculomotor nerve
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strategy to each patient; to achieve this, one must be familiar
with a variety of surgical approach routes and their relative
advantages. It is crucial that every surgeon become
acquainted and skilled with one technique that is efficient,
secure, and reliable.
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