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Abstract

Transsylvian selective amygdalohippocampectomy (TSA) is one of the predominant surgical options
for drug-resistant mesial temporal lobe epilepsy. The purpose of this article is to highlight the unique
features of TSA and determine the setting to perform safe and secure TSA with special reference to
the optimal head position. TSA should be performed via a small surgical corridor in the temporal
stem that contains functionally important fiber tracts, including the uncinate fasciculus, the inferior
fronto-occipital fasciculus, and the optic radiation. Graphical simulations proposed that low-degree
(<30°) head rotation had the advantage of sufficiently opening the surgical field in TSA and may help
surgical procedures within the limited exposure of the medial temporal structures. Inspection of the
surgical videos implied that the collapse of the inferior horn was prevented in low-degree rotation,
probably because the deformation due to the brain shift was minimized in the medial temporal struc-
tures. A simulation also implied that chin-up position had the advantage of resecting the tail of the
hippocampus in a straightforward manner. We suggest that the setting is optimized in TSA with low-
degree rotation and chin-up head position.
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Introduction

The transsylvian approach is a standard neurosurgical
procedure that allows accessibility to deep-seated lesions
in the basal part of the frontotemporal regions and in the
brain stem. Because of its high usability, the transsylvian
approach is indicated in a wide range of neurosurgical
procedures, such as vascular, tumor, and epilepsy surgeries.
Transsylvian selective amygdalohippocampectomy (TSA) is
a standard surgical technique for drug-resistant mesial
temporal lobe epilepsy (mTLE)."” TSA requires advanced
surgical skills” because the surgical exposure of the medial
temporal structures is limited (Fig. 1). Complications due
to surgical procedures may lead to severe neurological se-
quelae because of the vital neural tissue and vessels sur-
rounding the limited surgical field.

Head positioning is an essential initial step for safe and
secure neurosurgical procedures. The degree to which the

patient’s head is rotated to the unoperated side should be
optimized, depending on the direction of the surgical tra-
jectory and location of the target lesion. An optimal head
position helps in achieving the necessary and sufficient
opening of the surgical field with minimum brain retrac-
tion and subsequent uneventful surgical procedures.

Here, we highlight a unique feature of TSA and present
a consideration of the setting to perform safe and secure
TSA with special reference to optimal head position.

Unique Features in Transsylvian Selective
Amygdalohippocampectomy

After opening the Sylvian fissure, the insular cortex is
exposed in the surgical field (Fig. 1). The question is,
which part is appropriate for the cortical incision to be
made on the inferior periinsular sulcus (arrow in Fig. 1D).
The underlined white matter of the temporal stem consists

Received August 31, 2022; Accepted February 20, 2023

Copyright © 2023 The Japan Neurosurgical Society

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives International License.



266 T. Hamasaki et al.

Fig. 1 Graphical computer simulation and schematic diagrams of the surgical field in transsylvian selective amygdalohippo-

campectomy.

A. A macroscopic view after opening the left Sylvian fissure. The temporal lobe is retracted using a spatula. The boxed area is en-
larged in B. The image was generated using software specialized for surgical simulation (GRID, Kompath Inc., Tokyo). B. An en-
larged view of A. In the center, two branches of the middle cerebral artery (MCA) are exposed on the insular cortex. C. A schematic
diagram of C. The M1 and M2 portions of the MCA are indicated. Dotted lines delineate the locations assumed for the hippocam-
pus (HP), amygdala (Amy), and P2 portion of the posterior cerebral artery in the deeper layer. LI, the limen insulae. D. The same
view as C, in which HP, Amy, and P2 are illuminated. An arrow indicates the cortical incision on the inferior periinsular sulcus to
reach the inferior horn of the lateral ventricle and the HP. A dotted arrow indicates the trajectory to resect the amygdala.

of functionally important pathways such as the uncinate
fasciculus (UF), inferior fronto-occipital fasciculus (IFOF),
and optic radiation (OR). The UF is a fiber tract that con-
nects the temporal lobe structures with the inferior por-
tions of the frontal lobe and plays a putative role in epi-
sodic memory, language, and emotional processing.” Previ-
ous reports have described that the disruption of the UF
in epilepsy surgery on the language-dominant hemisphere
deteriorated verbal learning and memory.”” The IFOF is a
fiber tract that connects the frontal lobe (orbitofrontal cor-
tex and prefrontal region) with the posterolateral temporal
and occipital lobes” and plays an important role in the se-
mantic component of language processing.” Disruption of
the temporal stem can cause deficits in the visual field be-
cause the OR passes through it. A view of the distributions
of three fiber tracts in a section of the temporal stem indi-

cates a putative junction between the UF and IFOF/OR
(arrow in Fig. 2), which is normally located 10 mm poste-
rior to the limen insulae.” This point approximates the
safe entry point to the inferior horn of the lateral ventricle
described by Morino et al.” to preserve verbal memory af-
ter TSA on the language-dominant side.

Identifying the inferior horn of the lateral ventricle in
the white matter of the temporal stem is the important in-
itial step to safely perform TSA. Dissections that go too far
in depth may injure the basal ganglia and may disrupt the
internal capsule. An original procedure by Yagargil re-
ported that the amygdala should be removed first and the
inferior horn should be entered in the posterolateral posi-
tion.” The correct angle of the approach route is report-
edly parallel to the most medial surface of the transverse
temporal lobe or the sphenoid ridge."” The deep medullary
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Fig. 2 Fiber tracts in the temporal stem.

A lateral view of the left temporal stem (tiny dotted area) after
removing the frontal and temporal operculi. The black, gray,
and white bands indicate the uncinate fasciculus (UF), inferior
fronto-occipital fasciculus (IFOF), and optic radiation (OR),
respectively. The hippocampus is seen through a window
opened on the inferior horn of the lateral ventricle (ventricle).
The arrow indicates the surgical corridor in the temporal stem
made to reach the inferior horn and hippocampus via a puta-
tive junction between the UF and IFOF/OR. A dotted arrow in-
dicates the trajectory to resect the amygdala. The diagram was
drawn according to references from Kier et al.”® and Ribas et
al.”

vein is a milestone in the white matter to reach the infe-
rior horn." Slight changes in color or tension of the white
matter indicate the proximity to the ependium of the infe-
rior horn.” A number of options to find the inferior horn
as described above are helpful in avoiding loss of orienta-
tion in the white matter due to individual variations. In
this situation, intraoperative navigation is unreliable in
most cases because of the brain shift after opening the
Sylvian fissure."”

After entering the inferior horn of the lateral ventricle,
the initial part of the hippocampal dissection proceeds on
the lateral side of the hippocampus. The final part of the
surgical field is on the medial surface of the hippocampus,
where the arteries and veins in the perimesencephalic cis-
tern are resected to devascularize the hippocampus. All of
these procedures are performed via a small surgical corri-
dor in the temporal stem. In addition, the unique mor-
phology of the hippocampal body should be considered in
the case of en bloc resection for the postoperative histopa-
thological diagnosis of hippocampal sclerosis. The shape of
the hippocampus is curbed around the midbrain in the ax-
ial plane (Fig. 3). The axis of the hippocampus is tilted
with the tail upward in the sagittal plane (Fig. 4). A ran-
domized trial reported that the rate of seizure freedom fol-
lowing a 3.5 cm resection of the hippocampus was greater
than that following a 2.5 cm resection, although the differ-
ence was not statistically significant.” This report indi-
cates the possibility that sufficient resection of the hip-
pocampal tail is necessary for favorable seizure outcomes.
Thus, it is pivotal to set the optimal surgical trajectory to
preserve the vital structures around the hippocampus and
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dissect a sufficient length of the hippocampus in TSA.

Optimal Head Position in TSA

As per the standard procedure mentioned in the text-
book, the optimal head rotation for TSA is approximately
30°*" In vascular or tumor surgeries, head rotation at 60°
is optimal when the surgical field is directed to the frontal
side, for example, in cases with anterior communicating
artery aneurysms or suprasellar tumors. Head rotation at
45° is optimal for middle exposure, for example, in cases
with internal carotid artery and those deeper into basilar
artery aneurysms. Thirty degrees is optimal when the sur-
gical field is directed to the temporal side, for example, in
cases with middle cerebral artery aneurysm." Is less than
30° optimal for TSA because the surgical field is located on
a more temporal side? We simulated the relationship be-
tween the degree of head rotation and surgical field of the
TSA using an axial slice of a magnetic resonance image
(MRI) (Fig. 3). Our results demonstrated that the direction
of gravity to the temporal lobe was more overlapped with
the surgical trajectory at higher degrees of head rotation.
Consequently, a stronger force of brain retraction was
needed to open the surgical field. A simulation using the
sagittal plane demonstrated that chin-up position had the
advantage of reaching the long axis of the hippocampus

(Fig. 4).

Collapse of the Inferior Horn of the Lateral
Ventricle at High-Degree Rotation

We often encounter collapse of the lateral ventricle after
the cerebrospinal fluid has been drained from the Sylvian
fissure. We reviewed surgical videos to evaluate whether
there was a difference in the inferior horn of the lateral
ventricle depending on the degree of head rotation. Be-
tween April 2013 and September 2021, 51 surgeries for
drug-resistant temporal lobe epilepsy were performed at
the Department of Neurosurgery, Kumamoto University
Hospital. A total of 24 TSAs were enrolled after excluding
27 surgeries without TSA procedures, such as an ATL. The
mean age was 30.3 years (8-58), and the right-left ratio was
1:2. Twelve patients (50.0%) presented with hippocampal
sclerosis. We bisected the surgeries using head rotation at
30° as the boundary in reference to the operative records
of each patient. Thirteen and eleven surgeries were in the
high-degree (230°) and low-degree (<30°) groups, respec-
tively. There was an impression that the tension of the
translucent ependymal layer was readily recognizable in
the white matter of the temporal stem in the low-degree
group. By contrast, the inferior horn often collapsed in the
high-degree group because of the brain shift during the
opening of the Sylvian fissure. We rated the degree of col-
lapse of the inferior horn of the lateral ventricle and found
that the collapse was more often encountered in the high-
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Fig. 3 Degree of head rotation and surgical fields on the axial plain.

Schematic diagrams showing cases with 60° (A), 45° (B), 30° (C), and 10° (D) head rotations to the unoperated side (upper row).
The boxed area in the axial magnetic resonance image, including the Sylvian fissure and hippocampus (middle row), is enlarged
and schematized (bottom row). An arrow with a dot indicates the gravity to the temporal lobe (T). The hippocampus is drawn as a
(red) solid object at the bottom. The direction of the surgical trajectory is indicated by the (green) dashed lines. Note that the di-
rection of gravity to the temporal lobe is more overlapped with the surgical trajectory at higher degrees of head rotation.

degree group (Fig. 5).

A simple simulation using axial MRI slices confirmed
our findings (Fig. 6). In the case of high-degree head rota-
tion, the inferior horn and hippocampus resided directly
beneath the temporal lobe (Fig. 6A-D). The temporal lobe
sank because of gravity to flatten the inferior horn before
reaching it (Fig. 6D). By contrast, at low-degree head rota-
tion, the shift of the temporal lobe due to gravity occurred
outside the inferior horn and hippocampus (Fig. 6E-H).
The collapse of the inferior horn remained at a minimum
before reaching it (Fig. 6H). A graphical computer simula-
tion was performed to reinforce this finding, and it is
shown in Supplementary Video 1. These simulations im-
plied that the degree of collapse of the inferior horn of the
lateral ventricle depended, at least in part, on the degree
of head rotation due to the effect of the brain shift of the

temporal lobe. We suggest that low-degree head rotation
has the advantage of preserving the inferior horn in its
original shape and helps in successfully opening the infe-
rior horn in TSA.

Head Position, Surgical Field, and Surgical
Results

We considered that low-degree rotation had the advan-
tage of entering the inferior horn of the lateral ventricle
(Fig. 5) and chin-up position had the advantage of resect-
ing the tail of the hippocampus in a straightforward man-
ner (Fig. 4). This is also the case when the hippocampus is
resected in a piecemeal fashion. What about resecting the
amygdala, which is on the “ceiling” of the anterior end of
the surgical field? A part of the amygdala should be out of
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Fig. 4 Chin-up position and surgical fields on the sagittal plain.

Schematic diagrams showing cases in the neutral (A) and chin-up (B) positions (upper row). The boxed area in the sagittal MR im-
age, including the Sylvian fissure and hippocampus (middle row), is enlarged and schematized (bottom row). The hippocampus is
drawn as a (red) solid object. The direction of the surgical trajectory is indicated by the (green) dashed lines. Note that the long
axis of the hippocampus is on the straight surgical trajectory.
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vision through the incision posterior to the UF (an arrow
in Fig. 2). As is the case with other deep-seated lesions, we
need to optimize the angle of the microscope, change the
position of the surgeon, and adjust the height and rotation
of the surgical table. To sufficiently put the amygdala in
the field of microscopic view, we lift up the surgical table

No collapse
(23%)

Collapse No collapse
(T7%) (73%)
n=13 n=11
High degree Low degree

Fig. 5 Collapse of the inferior horn of the lateral ventricle.
Collapse of the inferior horn is evaluated in video recordings of
24 transsylvian selective amygdalohippocampectomy surger-
ies. The rates of collapse are 77% (10/13) and 27% (3/11) in
high (30° or more) and low (less than 30°) degrees of head rota-
tion, respectively. The difference is statistically significant at p
< 0.05 (chi-square test).

and make the microscope look up (dotted arrows in Figs.
1 and 2). Sufficient resection of the amygdala is important
for seizure control in mTLE surgery.”'® Our postoperative
imaging showed that the lower two-thirds of the amygdala
was resected (Supplementary Figure 1C). Seizure outcome
by the partial resection of the lower three quarters of the
amygdala in TSA” was reportedly comparable to that in
ATL."”

We evaluated the degree of resection using three indices:
the length of the hippocampal resection in the anteropos-
terior axis (A-P length), the length between the posterior
end of the hippocampal resection and the quadrigeminal
plate (QP length, Supplementary Figure 2)," and the resec-
tion ratio of the amygdala (Supplementary Figure 1A-C).
The seizure outcome was also evaluated using Engel classi-
fication (Supplementary Figure 1D). We found no statisti-
cal difference in these indices between cases with high-
and low-degree head rotations. There was no death, intrac-
ranial hemorrhage, infection, hemiparesis, or hemianopsia
in the confrontation test in this series.

Limitation

There are several limitations in this paper. The evidence
to support the advantage of our head position setting was

Fig. 6 Degree of rotation, brain shift, and collapse of the ventricle.

A-D. A simulation of 45° head rotation. A boxed area in an axial slice of MRI (B) is enlarged in C. An arrow with a dot in C indicates
the gravity to the temporal lobe. A curbed white area and (red) solid object indicate the inferior horn of the lateral ventricle (V)
and the hippocampus (HP), respectively. Note that the V and HP reside directly beneath the temporal lobe (T). In D, the space of
the ventricle collapses because the temporal lobe has sunken toward the ventricle because of the brain shift during Sylvian fissure

opening.

E-H. A simulation of 10° head rotation. The collapse of the ventricle is minimum in H because the direction of the brain shift (an
arrow with a dot) of the temporal lobe (T) is outside the area containing the ventricle (V) and the hippocampus (HP).
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no more than the subjective evaluation of the surgical
field. The graphical computer simulation was not designed
to simulate brain shift due to gravity but to simulate brain
retraction (“brain deformation function” in GRID, Kompath
Inc., Tokyo, Japan). We found no statistical differences in
the surgical outcome depending on the degrees of head ro-
tation (Supplementary Figure 1). Postoperative tractogra-
phy to evaluate a collateral damage on functionally impor-
tant fiber tracts through the temporal stem (Fig. 2) was
lacking. Finally, we could not evaluate postoperative neu-
ropsychological outcome; the number of patients was too
small for statistics after we discriminated left- and right-
side surgeries.

Conclusions

TSA is the predominant surgical option for drug-
resistant mTLE. Setting the optimal head position is a pre-
requisite for secure and safe TSA because the exposure of
the mesial temporal structures is limited via a small surgi-
cal corridor in the temporal stem that includes function-
ally important fiber tracts. Using graphical simulations, we
propose that low-degree (<30°) head rotation has the ad-
vantage of sufficiently opening the surgical field. Inspection
of surgical videos revealed that the collapse of the inferior
horn was prevented in low-grade rotation, probably be-
cause the deformation due to the brain shift was mini-
mized in the area of the medial temporal structures. In ad-
dition, chin-up position had the advantage of resecting the
tail of the hippocampus in a straightforward manner.

Some of the clinical data in Fig. 5, Supplementary Video
1, and related discussions were presented at the 45th An-
nual Meeting of the Epilepsy Surgery Society of JAPAN held
on January 27-28, 2022, in Osaka.

Supplementary Material
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