Combined transnasal transcervical robotic dissection of
posterior skull base: feasibility in a cadaveric model*
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The current surgical trend is to expand the variety of minimally invasive approaches and, in particular, the possible applica-

tion of robotic surgery in head and neck surgery. For this purpose, we explored the feasibility of a combined transcervical-

transnasal approach to the posterior skull base, using the da Vinci Surgical System in 3 cadaver heads. Superb visualization

of the sellar, suprasellar and clival regions was possible in all three specimens. The trocars’ placement through a transcervical

port made a more cephalad visualization possible, eliminating the need to split the palate. The advantages of robotic surgery

applied to the posterior cranial fossa are similar to the ones already clinically experienced in other districts (oropharynx,

tongue base), in terms of tremor-free, bimanual, precise dissection. The implementation of instruments for bony work will

definitely increase the applicability of such a system in the forthcoming years.
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Introduction

Skull base procedures are challenging. Traditional external ap-
proaches are demanding for both the patient and surgeon. The-
re has been a clear trend during recent years towards minimally
invasive solutions. Nowadays, endoscopic transnasal techniques
represent a valid alternative to a traditional external approach
and probably the gold standard in selected cases of skull base
pathologies, especially when dealing with clival and sellar-
parasellar lesions 9. Furthermore, a growing interest in new
technologies is evident in recent literature. From the pioneering
work by the Philadelphia group, robotic techniques have been
applied to different areas outside the tongue base and oropha-
rynx. At the moment, clinical series regarding ventral skull base
lesion management are absent with the unique exception of a
blended solution on cranio-cervical junction ?. A small series on
parapharyngeal lesion management has been reported by the
Penn'’s group ©®. More consistent is the preclinical literature on
this topic ®™. These articles demonstrate that there is a growing
‘robotic’ interest in skull base regions.

In this paper, we report our experience in robotic skull base

Footnote: * both authors should be considered as last author

dissection by means of a combined transnasal-transcervical
approach. A review of the pertinent literature, with a focus on
advantages, limits and expectations is given.

Materials and methods

The DaVinci Surgical system (Intuitive’, Sunnyvale, San Francisco,
CA, USA) was used in one non-injected cadaver and two injected
isolated heads. Based on a previous experience ¥, we placed
trocars for robotic arms and optic lens transcervically and trans-
nasally, respectively. Detailed description of the setting has been
given elsewhere ™ and this solution can be considered a mo-
dification of the setting described by others for a midline skull
base approach 2, From a technical viewpoint, the placement

of transcervical paramandibular trocars is done by performing

a small paramandibular incision (< 5mm), close to the angle

of the mandible and then reaching, by means of a blunt short
dissection, the mandible itself. At this point, the level of the floor
of the mouth is reached by a subperiosteal dissection, conduc-
ted for about 1 cm, and, by opening the mucosa, the oral cavity
space is gained. The whole procedure is performed under direct
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Figure 1. External views (A-frontal, B-lateral) of the setting used. The trocars are inserted behind the mandibular gland, in close relationship to the

mandibular angle. The optic lens passes transnasally.

digital control. So, technically, the trocars exit at the level of the
posterior floor of the mouth and then can be directed through
the oropharynx towards the rhinopharynx. At this point, the tro-
cars are aligned with the robotic end effector instrument along
the long axis of the spine and oriented cephalad.

First, a traditional posterior septectomy was performed in a tradi-
tional way to facilitate and improve the visualization of the opera-
tive field. No palatal splitting was necessary for robotic dissections.

The first part of the dissection was performed by a robotic
technique until the bony structures of the skull base were ex-
posed. These structures were removed by traditional transnasal
techniques until the dura of the posterior cranial fossa (PCF) and
pituitary region was exposed. In this preclinical setting, the bony
work was done by drill and cutting instruments. Then the robotic
work restarted and dissection of the PCF and pituitary regions
was performed. Ability to work and dissect, gentle handling of
the vessels and nerves and criticisms during dissection have
been subjectively evaluated by the investigators (PC and ID). The
length of dissection was not evaluated since the primary outco-
me of the study was to evaluate the feasibility of the procedure.

At the end of the procedure a palatal splitting was performed
to obtain a‘traditional’ transoral robotic vision and compare dif-
ferent perspectives.

Results

Access and dissection of the posterior and central part of the
ventral skull base was possible in all specimens. With the trans-
nasal placement of the lens (0° and 30°), a superb vision of the
sellar, suprasellar and clival regions was achieved (Figure 2). The
optic chiasm was visible as well. A wide visualization of the pons

was obtained and also the abducens nerves were visualized
(Figure 3). A complete pituitary transposition was performed
(Figure 4) and the basilar tip region was well exposed (Figure

4). Oculomotor nerves passing between the posterior cerebral
artery and superior cerebellar artery were visible, as well as the
posterior portion of the posterior communicating artery (Figure
5). Detailed vision on the pituitary vascularization was obtained.
More in detail, the meningohypophyseal trunk and the superior
hypophyseal artery and its arborization, including chiasmal
branches, were clearly identified and dissected (Figure 6).

By comparing a transnasal and a transoral perspective, the
difference becomes evident. With the transoral placement of
the optic, the vision of the chiasmatic region was extremely dif-
ficult, as was the pituitary gland. In our hands, the ability to work
with a pure transoral approach was really limited.

With a transnasal placement of the optic system, the sellar
region can be easily visualized with a 0° scope, by simply turning
the optic lens upwards towards the pituitary region. The use of
a 30° lens allows a more panoramic and comprehensive view of
the operative field.

Dissection ability is good. In more cranial regions, we observed
a sporadic conflict between the robotic arms. Conflict between
instruments was almost absent.

Discussion

Skull base approaches are challenging. Improvement in anato-
mical knowledge and surgical technologies offers new soluti-
ons and pose different questions. At present, clival, sellar and
parasellar region are usually addressed by means of endoscopic
transnasal procedures. The experience gained in this field,
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Figure 2. Panoramic view of the mid-upper clivus and pituitary region
(10mm, 0° scope). PG-pituitary gland, PCFd-posterior cranial fossa dura,
ICAc-cavernous portion of the internal carotid artery, BA-basilar artery,
SCA-superior cerebellar artery, P1-first segment of the posterior cerebral

artery, lllcn-oculomotor nerve.

thanks to the work of different groups all around the world

(-8 is nowadays significant. From a technical viewpoint, it has
been possible to manage these complex areas thanks to the
incredible improvement of the reconstructive techniques 529;
in this respect the local pedicle flaps have really represented a
critical breakthrough event in endoscopic skull base recon-
struction . In this sense, the pedicle of the naso-septal flap
should be spared when approaching the middle and posterior
ventral skull base, Very recently, Kupferman et al., have directly
addressed the problem of a purely robotic reconstruction of
the posterior cranial fossa ?". Without doubt, an ideal surgical
technique would offer the distinct advantages of 3D vision and
bimanual surgical dissection ", possibly guided by a naviga-
tion system. In this sense, the da Vinci surgical system seems to
guarantee to the surgeon both these opportunities, at least in
some anatomical regions. Control at depth in a narrow space
is another advantage of the da Vinci system. In this sense,

we underline how the “wisted” dissectors also permit the
robotic arms to make acute angles that may exceed anatomic
roadblocks. The idea to deal with the skull base by means of

a robotic technique has been pioneered by MD Anderson’s ©
and Penn’s % groups. Thanks to their work and solutions, a
robotic road to the skull base has been opened. In our opinion,
although both proposals offer really interesting ideas, at the
same time they present some aspects that can be improved.
So, based on an extended experience in endoscopic transnasal
skull base procedures ?? and in transoral robotic procedures
as well (actually > 120 clinical cases *), we tried to combine
the advantage of placing the endoscope transnasally with the
advantage of allowing the robotic arms to pass transcervically.

Figure 3. Close view of the right mid clivus, the cisternal part of the
abducens nerve is visible. Vision obtained using a 10mm, 30°, turned to
the right side. PCFd-posterior cranial fossa dura, BA-basilar artery, Vicn-

abducens nerve, P-pons, Pb-pontine branch.

We confirm, as previously stated, that the retromandibular
placement of the trocars, allows an excellent approach to the
upper clivus and pituitary regions (%, But, in particular, we feel
that the most significant advantage in our setting is to offer a
really familiar and panoramic view of the surgical field. We are
strongly convinced that a down-to-up vision makes working
ability less comfortable and then less safe in the upper regions.
With the transnasal placement of the scope, we obtain a
magnificent vision of the entire rhinopharynx and sphenoidal
regions, even with a 0° scope. Furthermore, using a 30° scope,
it is possible to perfectly visualize the region of the tuberculum
sellae and caudally the inferior clivus and C1. Our preclinical
experience demonstrates that, by means of a purely transoral
approach, the upper work (above the level of the midclivus)

is performed at the border of the surgical field. In this set-

ting, with a 30° upward facing lens, it is possible to visualize
the pituitary region but the vision is really unfamiliar to most
surgeons. With the current instrumentation, a conflict between
the scope and the piriform aperture can be present during the
surgical nasal time. We underline that our dissection was per-
formed with a 10 mm scope which fills the piriform aperture
almost completely. Notwithstanding, we maintain that this is

a false problem, for two main reasons. First, improvement in
technology will offer smaller scopes in the future (nowadays
scopes of 8.5 mm are available) and secondly, if necessary, the
piriform aperture can be easily enlarged transnasally (as in a
‘Sturmann-Canfield’ operation). In the posterior 2/3rd of the
nasal fossa, the conflict is less evident (if not absent) because
the realization of a posterior septectomy allows a greater free-
dom of movement.
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Figure 4. A-D Step by step pituitary transposition. Vision obtained using a 10mm, 30° scope, upward faced. PLS-planum sphenoidale, AWCS-anterior

wall cavernous sinus, PCFd-posterior cranial fossa dura, BA-basilar artery, ICAc-cavernous portion of the internal carotid artery, P1-first segment of

the posterior cerebral artery, PG-pituitary gland, lllcn-oculomotor nerve, PS-pituitary stalk, PL-pituitary ligament, SHA-superior hypophyseal artery,

OC-optic chiasm, SCA-superior cerebellar artery.

We maintain that also our proposal, like the previous ones

@19, takes advantage of another portal for the robotic arms to
achieve an improved position of the arms, but all these solutions
sacrifice the minimally invasive nature of the procedure itself.
However, this is not significantly different from what is observed
in robotic transaddominal-transthoracic procedures where
different portals are used to gain a greater maneuverability and
efficacy. Other transoral palatal sparing solutions for skull base
robotic dissection have been described. But in this setting, the
superior limit of the dissection is located more or less at the
level of the midclivus 3.

From a technical viewpoint, by a combined transnasal transcer-
vical approach, it is possible to dissect the pituitary, the chias-
matic and clival regions. The pituitary vascularization is correctly
visualized as well as the basilar tip region. It is also possible to

transpose the pituitary gland by cutting the meningohypophy-
seal trunk bilaterally and thus exposing the posterior portion of
the Willis' circle perfectly. Furthermore, the oculomotor nerves
are clearly identifiable between the posterior cerebral artery and
the superior cerebellar artery. By rotating the lens laterally, the
abducens nerves also come into view. On the contrary, in our
hands, with a purely transoral route, we were able to manage
only the inferior part of the clivus. We strongly underline that it
was possible to expose all these structures even with the current
instrumentation. The refinement in surgical instrumentation will
offer greater possibilities in the future. The implementation of
instruments for bony work will definitely increase the applicabi-
lity of such a system in the forthcoming years. Among the draw-
backs of this new technology, we must point out the absence
of tactile information. This is an important limitation of the da
Vinci system especially in some regions and this problem will
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Figure 5. A and B. Basilar tip region exposition after pituitary transposition. Vision obtained using a 10mm, 30° scope, upward faced. A: Panoramic

view. PCFd-posterior cranial fossa dura, P1-first segment of the posterior cerebral artery, lllcn-oculomotor nerve, ICAc-cavernous portion of the

internal carotid artery, P-pons, PG-pituitary gland, SCA-superior cerebellar artery, BA-basilar artery. B: close view. BA-basilar artery, MBs-mammillary

bodies, lllcn-oculomotor nerve, P1-first segment of the posterior cerebral artery, P2-second segment of the posterior cerebral artery, SCA-superior

cerebellar artery, PcomA-posterior communicating artery, TPAs-talamoperforating arteries, Pb-pontine branch.

be addressed in the future. Another limit in the use of the da
Vinci system in the skull base, and more in general in corridor
surgery, is related to the fact that the robotic arms need to

be aligned at a 90° angle to one another to avoid physical
interference with the camera and the surgical arms. But this
geometrical necessity makes posterior cranial fossa dissection
complex given the possible conflict between the arms. The
intercarotic space at the level of the clival region represents a
critical factor that impact the ability to dissect posterior cranial
fossa and pituitary regions. A wide bone corridor is mandatory,
and the more space is gained, the easier and more delicate
the dissection is. A short, intercarotic distance makes dissec-
tion work more complex and increases the conflict between
the instruments and robotic arms. Others have focused on

the actual role and current limitations of the da Vinci surgical
system robot in transoral management of the skull base 3. In
this sense, we strongly underline that a fully robotic skull base
surgery will require the development of new tools for the da
Vinci robotic arms. We underline, like others ?, that a strict
collaboration with the company is mandatory. Fortunately, the
newer instruments seem to have significant advantages over
the traditional ones in improving the ability to work in the
upper regions.

We are strongly convinced that the ability to perform precise,
tremor-free, bimanual surgery in confined cavities with instru-
mentation that exceeds the capabilities of the human hands "
truly represents a great opportunity for the patients of tomorrow.

Figure 6. Sellar and suprasellar region: the superior hypophyseal artery

and its arborization is clearly visible. Vision obtained using a 10mm, 30°
scope, upward faced. PG-pituitary gland, PCFd-posterior cranial fossa
dura, BA-basilar artery, ICAc-cavernous portion of the internal carotid
artery, SCA-superior cerebellar artery, lllcn-oculomotor nerve, P-pons,

PS-pituitary stalk, SHA-superior hypophyseal artery, OC-optic chiasm.
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Conclusion

Robotic assisted dissection of the skull base is feasible. Different
solutions have been proposed. The placement of the optic sys-
tem through the nose seem to offer a really significant advan-

tage to this group of procedures.

The unique advantages of robotic surgery will prompt otolaryn-
gologists and neurosurgeons to further refine and perfect its use
and application in the complex field of skull base procedures.
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