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Abstract

Object Resection of lesions located within the third ventricle presents a surgical challenge. Several approaches have been
developed in an attempt to obtain maximal resection, while minimizing brain retraction. In this work, we assess the surgical
exposure and maneuverability of the endoscopic supraorbital translaminar approach (ESTA), a potential alternative to fenestrate
the lamina terminalis and approach the third ventricle by using the endoscope through a keyhole supraorbital-eyebrow
craniotomy.

Methods Five cadaveric heads were used to assess the corridor depth, area of exposure, and viewing angles offered by the ESTA.
One additional utilized specimen provided a stepwise dissection of the approach.

Results The ESTA was successfully performed in all specimens. Depth of the surgical corridor from the craniotomy to the
ipsilateral internal carotid artery (ICA), lamina terminalis, and contralateral carotid were 70.7 £2.9 mm, 73.2 + 2.9 mm, and 78.9
+4.1 mm, respectively. Viewing angle referenced to the ipsilateral ICA was 6.5 +4.2°, while the viewing angle for the lamina
terminalis was 25.8 +4.3°. The surgical exposure provided by the ESTA was 1655 +255 mm™.

Conclusions The ESTA provides a wide surgical view of the lamina terminalis and may be potentially used to approach lesions
located in the anterior third of the third ventricle. As a pure endoscopic approach, the ESTA requires minimal brain retraction,
while affords good visualization of targeted lesions around the lamina terminalis. The ESTA uses an anterolateral approach and
so provides a short and straightforward approach to these structures.
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Abbreviations Minimally invasive fenestration of the
ICA Internal carotid artery lamina terminalis and basal cisterns
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technique, given its improvements in field illumination and
the ability to reduce brain retraction [3, 14]. However, a ded-
icated quantitative analysis of the surgical exposure and ma-
neuverability using keyhole endoscopic approaches has not
yet been addressed.

Therefore, we proposed the endoscopic supraorbital
translaminar approach (ESTA) to approach the lamina
terminalis and the anterior third of third ventricle. The aim
of the present study is to review the technical nuances of this
approach and provide a quantitative anatomic analysis of the
surgical corridor.

Methods

All anatomical dissections were performed at the Anatomical
Laboratory for VisuoSpatial Innovations in Otolaryngology
and Neurosurgery (ALT-VISION) at The Ohio State
University, using standard institutionally approved practices
for cadaveric specimens. Five embalmed human cadaveric
heads of unidentified specimens were injected with red sili-
cone through the common carotid and vertebral arteries and
with blue silicone through the jugular veins.

Prior to dissection, specimens underwent high-resolution
computed tomography imaging, which was uploaded to the
iNtellect Cranial Navigation System (Stryker, Kalamazoo,
Michigan). Cadavers were registered based on surface recog-
nition with the BrainLab Curve (Feldkirchen, Germany) for
the acquisition of landmark points for the operative exposure
calculation. Surface matching refinement based on bone sur-
face was performed during the dissection, ensuring a mean
deviation less than 0.5 mm for all specimens.

All specimens underwent minFLTBC throughout a 2 x 2-
cm craniotomy. The minFLTBC was performed using a 0 and
45° rigid endoscopes (4-mm diameter, 18-cm length; Karl
Storz, Tuttlingen, Germany), endoscopic instruments (KLS
Martin Group, Tuttlingen, Germany), and drills (Stryker-
Leibinger Corp./Medtronic, Kalamazoo, MI, USA). The im-
ages were recorded and stored by the Karl Storz Aida system
(Karl Storz, Tuttlingen, Germany).

Technique

The endoscopic supraorbital translaminar approach (Figs. 1
and 2)

The head is positioned in rigid three-point fixation simulating
operating room positioning, with slight hyperextension of the
vertex. A 3.5-cm skin incision is placed in the upper third of
the eyebrow between the lateral epicanthus and the supraor-
bital notch. The skin incision for our dissections is somewhat
longer than in a live patient, due to a lack of tissue elasticity in
fixed cadaveric specimens. The periosteal layer is incised and
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retracted inferiorly. Thereafter, we fashion a quarter-dollar
2 x 2-cm supraorbital craniotomy lateral to the supraorbital
notch, but always above the superior temporal line. The cra-
niotomy is placed eccentric laterally when prominent
pneumatization is observed via the neuronavigation, in an
attempt to avoid any sinus violation. Before dural opening,
the anterior skull base (orbital roof) is drilled flat to allow
the endoscope to be inserted parallel to the anterior cranial
base. The dura is opened in a curvilinear fashion and is
retracted towards the orbital roof. The head extension and
gravity retraction allow the frontal lobe to fall away from the
anterior skull base, offering a broad corridor to the anterior
aspect of both optic nerves and both ICAs.

The ipsilateral opticocarotid cistern is identified and the
arachnoid carefully opened and dissected. Similar principles
are carried out at the level of the suprasellar cisterns. These
maneuvers enhance the anterolateral corridor and allow ex-
posing the proximal segment of the ipsilateral middle cerebral
artery. The ipsilateral sylvian cistern is opened at this time,
and then, the endoscope was placed laterally, directed towards
the contralateral side. In this position, the dissection is carried
out towards the contralateral opticocarotid cistern. The prox-
imal contralateral middle cerebral artery is exposed, along
with both A1 segments of the anterior cerebral artery, center-
ing the anterior communicating artery and the lamina
terminalis. Using a 45° endoscope and rotating the camera
allows a broad view from the ipsilateral to the contralateral
sylvian cistern, and we advise to use the angled endoscope
when exposing the most lateral points of the surgical field
(e.g., ipsilateral and contralateral sylvian cisterns) (Fig. 3).

The lamina terminalis is then visualized behind the poste-
rior chiasm directing posterior and superiorly, underneath
both Al and the anterior communicating artery. A combina-
tion of sharp and blunt dissection using microscissors and
microdissectors are employed to open the avascular middle
area of the lamina terminalis.

Measurements

After cadaver dissections, stereotactic measurements for each
of the targets of interest consisting of the Cartesian X, Y, and
Z coordinates were obtained with neuronavigation. All land-
mark coordinates were grouped and processed using dedicat-
ed software (Microsoft Office Excel 2013; Microsoft Corp.,
Redmond, Washington, USA) that calculated all the measure-
ments from a spreadsheet of 3D coordinates. Depth of the
surgical corridor was assessed calculating the distance from
the center point of the keyhole supraorbital craniotomy to the
following 3 points: (1) ipsilateral internal carotid artery (ICA);
(2) lamina terminalis; (3) contralateral ICA (Fig. 4a). Area of
exposure was calculated by means of the length and width of a
quadrilateral-shaped region limited by four points (Fig. 4b):
(1) medial limit of the craniotomy; (2) lateral limit of the
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Fig. 1 Stepwise dissection (skin incision and craniotomy). a Before
planning the incision and the keyhole craniotomy is important to mark
important landmarks, such as the superior temporal line and the
supraorbital notch, where the supraorbital nerve cross to inervate the
forehead. b An arcuate incision over the superior third of the eyebrow,
starting lateral to the supraorbital notch is planned. ¢ A 2 X2-cm
craniotomy is performed beneath the skin incision lateral to the

craniotomy; (3) the ipsilateral bifurcation of the ICA; (4) the
most distal point of the anterior cranial fossa that can be
reached in the direction of the contralateral ICA. Horizontal
angle of view was calculated in regard to 2 targets of interest:
(1) the ipsilateral ICA; and (2) the lamina terminalis (Fig. 4c).
Horizontal angle of exposure was calculated as the angle
formed in between a sagittal plane that traverses these struc-
tures and the vertical plane that extends from the center of the
craniotomy to these targets of interest.

Results

The minFLTBC was feasible to perform bilaterally in all
five specimens (10 sides). In all specimens, both ICA,
both anterior cerebral artery (Al and A2 segments) and
the anterior communicating artery formed an H-shaped
ridge over both optic nerves and lamina terminalis. The
anterior communicating artery was found in all

Subfrontal /,7
corridor

supraorbital notch and above the supratemporal line, so the temporalis
muscle does not need to be dissected. d The dura is retracted inferiorly
and the frontal lobe is exposed. e Given the head orientation and because
of the gravity effect the frontal lobe tends to fall away from the anterior
skull base. f The subfrontal corridor is used to get access to the anterior
side of both optic nerves and internal carotid artery

specimens. This has a unique single lumen in 4 out of 5
specimens and was fenestrated in the other one.

Visualization of both ICA bifurcations (ipsilateral and con-
tralateral) was possible in all specimens. Dissection of
suprasellar and opticocarotid cisterns was successfully
achieved in all dissections. Visualization of the proximal mid-
dle cerebral artery and dissection of the proximal sylvian cis-
tern was achieved in all but one specimen (successful in 8 out
of 10 sides). Gravity and further manual retraction of the fron-
tal lobe in this head was not enough to provide access to these
structures using endoscopic instruments and dissection only
achieved exposure of both ICA bifurcations.

Measurements

Surgical corridor depth Average distances and standard devi-
ation from the supraorbital craniotomy to the ipsilateral ICA,
lamina terminalis, and contralateral were 70.7 £2.9 mm, 73.2
+2.9 mm, and 78.9 £4.1 mm, respectively.
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Falciformis ligament
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Fig. 2 Stepwise dissection (cont’d intradural dissection). a Initially,
ipsilateral optic nerve and the falciform ligament are visualized, medial
to the prominence that is formed by the anterior clinoid process. b
Ipsilateral carotid cistern is broadly opened, and some CSF is released
in order to induce brain relaxation and facilitates the exposure of the
ipsilateral sylvian fissure and contralateral structures. ¢ The 45°

Area of exposure The average area of skull base exposure
provided by the minFLTBC was 1655 +255 mm?>.

Horizontal viewing angle Viewing angle for the ipsilateral
bifurcation of the ICA was 6.5+4.2°, while the viewing
angle for the lamina terminalis was 25.8 +4.3°.

Fig. 3 Drawing showing regional endoscopic anatomy and position of
the endoscope. Al, Al segment of the anterior cerebral artery; A2, A2
segment of the anterior cerebral artery; AComm, anterior communicating
artery
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endoscope is rotated and placed in the lateral side of the craniotomy,
allowing the visualization and opening of the contralateral optic carotid
cistern and proximal part of the sylvian fissure. d Opening of suprasellar
and contralateral cisterns allows to further expose the lamina terminalis
and open it using a combination of sharp and blunt dissection

Discussion

The ESTA performed through a keyhole supraorbital-
eyebrow craniotomy is a minimally invasive alternative to
the microsurgical fenestration of the lamina terminalis and
basal cisterns. Depth of the surgical corridor to the three se-
lected targets of interest (ipsilateral ICA, lamina terminalis,
and contralateral ICA) is less than 8 cm in all cases, while
the angle of exposure to the ipsilateral ICA and lamina
terminalis is 6 and 25°, respectively. The ESTA is a straight-
forward approach, as demonstrated by both the short distance
and the orthogonal trajectory from the craniotomy to main
surgical targets in basal cisterns and lamina terminalis. The
ESTA, as described in the present work, uses the subfrontal
corridor, to provide a wide exposure of the third ventricle and
lamina terminalis, through a small 2 x 2-cm craniotomy.
Other benefits of the ESTA include minimization frontal lobe
retraction, reduced risk of intraparenchymal bleeding, avoid-
ance of blind dissection, short distance to target, and anterior
visualization of the lamina terminalis.

Only a few studies addressing endoscopic fenestration of
the lamina terminalis through a transcranial
nontransventricular approach exist in the literature [3, 14].
The ESTA is a modification to the approach described by
Spena et al. [14], who suggested performing a small
minicraniotomy over the supraciliary region to access the lam-
ina terminalis. We do not agree, however, that the simple
visualization of the surgical field using an endoscopic view
is enough to justify the use of a technique. The new proposal
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Fig. 4 Anatomical dissection showing the vascular relationships in
anterior and middle cranial fossa and measurements that were taken in
the design of the current study. a Depth of the surgical corridor was
assessed calculating the distance from the center point of the keyhole
supraorbital craniotomy to three targets of interest: ipsilateral internal
carotid artery (Djca.), lamina terminalis (Dp 1), and contralateral
internal carotid artery (Dica.c). b Area of exposure was calculated by

must ensure that delicate microsurgical maneuvers can be
comfortably performed to not jeopardy the procedure safety
[10]. In their report [14], authors use an inflated balloon as a
method to retract the frontal lobe. Blinded retraction of the
frontal lobe may cause inadvertent venous bleeding that can
be difficult to control considering such a narrow corridor.
Despite the similarities and that the size of the craniotomy is
not reported in their original work, we consider that a too
small craniotomy prevents from performing an adequate dis-
section and that may be the reason behind that additional
retraction was needed. In our technique, if an adequate dissec-
tion is performed across the surgical field provided by a 2-cm
craniotomy, no additional retraction rather than the simple
gravity force is needed. Along with the access to the lamina
terminalis, the ESTA proposed in this work allows expanding
the dissection to a more lateral orientation, which is confirmed
by the wide viewing angle in the horizontal view (25.8 +£4.3°).
Indeed, along with the lamina terminalis fenestration we pro-
pose to systematically open the anterior circulation basal cis-
terns (including suprasellar, opticocarotid, crural, and sylvian
cisterns) in an attempt to improve CSF dynamics and facilitate
brain relaxation.

Beer-Furlan and colleagues [3] described an interhemi-
spheric endoscopic fenestration of the lamina terminalis
through a simple paramedian burr hole. In their technique,
the corridor provided by the burr hole was not wide enough
to allow two-surgeon four-handed work and microsurgical
dissection. Hence, the interhemispheric dissection was
aided by a 12F Foley catheter, which was eventually used
as a retractor. Such maneuvers, in the absence of sharp
dissection, may cause venous tearing from the anterior
parasagittal veins. The limited surgical maneuverability,
along with the use of the interhemispheric corridor, re-
duces visibility of the lateral aspect of the third ventricle
and basal cisterns. Additionally, while we acknowledge the
interhemispheric lamina terminalis is also a direct and a
straightforward approach to the lamina terminalis, the

means of the length and width of a quadrilateral-shaped region limited
by four points: medial limit of the craniotomy (1), lateral limit of the
craniotomy (2), ipsilateral bifurcation of the internal carotid artery (3),
and most posterior point of the anterior cranial fossa that can be reached in
the direction of the contralateral ICA (4). ¢ Horizontal viewing angle was
calculated in regard to 2 targets of interest: the ipsilateral internal carotid
artery (o« ICA) and the lamina terminalis (x LT)

midline skin incision carries more esthetic concerns than
that derived from an eyebrow incision [13].

In comparison with the microsurgical subfrontal
translaminar approach, the ESTA provides wider viewing an-
gle and field illumination [4]. These properties allow working
through narrow corridors as demonstrated. In this paper, we
employed a craniotomy of 2 x 2 cm that, as demonstrated by
the enlarged viewing angles, is enough to not only expose the
lamina terminalis, but also to expand the arachnoid dissection
to the suprasellar, opticocarotid, and sylvian cisterns. Such
exposure can be achieved with minimal brain retraction and
the gravity retraction alone is normally enough to introduce
the tip of the endoscope to expose these structures anteriorly.
Further dissection of basal cisterns and CSF relief induce brain
relaxation facilitating the visualization and surgical manipula-
bility around the lamina terminalis. The endoscopic view al-
lows the manipulation of deep lesions under direct vision with
minimal disruption of normal brain structures, which trans-
lates, for instance, in a reduced risk of venous injury during
the dissection of arachnoid membranes in the subfrontal cor-
ridor. Likewise, the use of a smaller craniotomy and the min-
imization of frontal retraction can potentially improve the as-
sociated postoperative discomfort, short functional recovery
times, and reduce operative times.

Approaching tumoral lesions located in the third ventricle
is a potential indication for using the ESTA. The frontal
transcortical-transforaminal approach using endoscopic vision
has also demonstrated its feasibility for approaching lesions
located within the third ventricle, but unlike in the present
technique, the exposure is limited to lesions entirely located
within the third ventricle [1]. The area of exposure provided
by the minFLTBC was 1655 +255 mm?, exposing the entire
area between both ICA from an anterior perspective in all
cases. The broad exposure of the lamina terminalis makes this
approach a potential tool to be employed for lesions exceeding
the anterior limits of the third ventricle, such as some
craniopharyngiomas, or tuberculum sellar meningiomas that
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secondarily invades the third ventricle. The ESTA would af-
ford approaching lesions that also extends into the anterior
cranial fossa and subarachnoid space. Tumors entirely located
within the anterior third ventricle can represent another poten-
tial indication of this approach, such as purely intraventricular
craniopharyngiomas, hypothalamic gliomas, or colloid cysts.
Improvements in endoscopic visualization and in illumination
field allow performing a safer tumor resection, while the ma-
neuverability seems to be sufficient despite the small craniot-
omy size. Finally, the ESTA avoids entering the parenchyma
to reach the anterior margin of the third ventricle, which would
theoretically reduce the risk of developing potential compli-
cations associated to bleeding and edema.

The ESTA has potential drawbacks that deserve men-
tion. Intraventricular tumors are often complex. Large tu-
mors invading multiple compartments can distort the anat-
omy, increasing the risk of causing inadvertent injury to
eloquent structures, such as the optical apparatus.
Similarly, complex intraventricular tumors, such as some
hypothalamic-third ventricle floor gliomas and
craniopharyngiomas can growth inferiorly behind the op-
tic chiasm, which would obscure its visualization and safe
removal. Development of angled dissectors and endo-
scope lens (e.g., 45 and 75°) permits increase the expec-
tances in terms of visualization and attempts more com-
plete resection, but still, in those scenarios, we discourage
the use of the ESTA until further clinical experience is
demonstrated. Likewise, use of the subfrontal trajectory
can cause personality changes and memory impairment
[2, 11, 12]; in the case of mLTF such phenomenon, how-
ever, this is related to frontal lobe contusion and edema
provoked by excessive brain retraction. Frontal lobe re-
traction is minimal when using our proposed endoscope-
assisted minFLTBC procedure, and the gravity effect is
regularly enough to get access to both optic nerves and
supraclinoid ICA. Subsequently, psychological and mem-
ory disturbances are at least anatomically less likely than
when using an open approach [8].

Moreover, the present study possesses limitations in-
herent to its design. This is a preclinical laboratory
cadaver-based study. Formalin fixation hardens tissues
and certain properties cannot be assessed as in the oper-
ating room with regard to brain swelling, CSF egress, and
bleeding. Furthermore, the clinical efficacy of the
minFLTBC versus traditional open fenestration during an-
eurysm surgery has not yet been determined; our potential
clinical applications are predicated on minFLTBC also
leading to decreased shunt dependence and/or vasospasm
as prior open lamina terminalis fenestrations have sug-
gested. Despite the encouraging lab-based results, we cer-
tainly note that further prospective studies in the clinical
setting are needed to determine the effectiveness and safe-
ty of the proposed technique.
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Conclusions

This preclinical laboratory study suggests that the ESTA is a
valid alternative to the microsurgical supraorbital translaminar
approach for approaching the anterior compartment of the
third ventricle. As per the results obtained, the surgical view
and maneuverability are wide enough to consider its use for
the treatment of tumoral lesions located in this region. The
straight trajectory through a keyhole supraorbital craniotomy
along with the wide viewing angle disposed by the subfrontal
corridor and the optometric properties of the endoscope allows
to easily access the lamina terminalis and anterior segment of
the third ventricle with minimal brain manipulation or
retraction.
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