
133© Springer International Publishing AG 2017 
Z. Gil et al. (eds.), Atlas of Head and Neck Robotic Surgery, DOI 10.1007/978-3-319-49578-1_14

Robotic Surgery of the Skull Base

Michael E. Kupferman and Ehab Hanna

14.1  Introduction

In the past several years, transnasal endoscopic 
approaches have been increasingly used for surgical 
access and treatment of neoplastic and benign 
lesions of the anterior and central skull base. 
Endoscopic surgery is used with increasing fre-
quency for surgical resection of tumors of the sino-
nasal tract, such as inverted papilloma, angiofibroma, 
osteomas, and other benign fibro- osseous lesions, 
and in selected patients with malignant sinonasal 
tumors [1–5]. Endoscopic approaches are also 
becoming popular for transsphenoidal access to the 
sella turcica and are considered by many centers as 
the preferred surgical approach for treatment of 
pituitary adenomas [6–9]. More recently, there has 
been an emerging trend to expand the use of trans-
nasal endoscopic approaches in the surgical treat-
ment of suprasellar, petroclival, infratemporal, and 
other intracranial skull base tumors [10–14].

The increasing popularity of these endoscopic 
skull base approaches may be attributed to a larger 
trend toward more “minimally invasive” tech-
niques across all surgical disciplines. The main 
advantage of transnasal endoscopic skull base 
approaches is providing more direct access to the 

anterior and central skull base while avoiding cra-
niofacial incisions and extensive bone removal 
commonly used in open surgical approaches. 
Also, the wider angle of vision and angled lenses 
increases the range of the endoscopic visual surgi-
cal field compared with the “line of sight” visual 
field gained by surgical loupes or microscopes.

One major disadvantage of transnasal endo-
scopic approaches is the inability to provide a 
truly watertight dural closure and reconstruction. 
Current techniques of endoscopic skull base 
reconstruction, such as tissue grafts, mucosal 
flaps, and tissue sealants, provide adequate recon-
struction of limited skull base defects, such as a 
post-traumatic cerebrospinal fluid leak [15, 16]. 
However, for larger dural defects, these endo-
scopic techniques have higher cerebrospinal fluid 
leak rates compared with traditional reconstruc-
tive techniques used in open surgery, such as the 
vascularized pericranial flap [10].

While the application of robotic technology to 
surgery has rapidly expanded over the last 5 years, 
one of the least studied but fertile areas for applica-
tion of surgical robotics in the head and neck is for 
minimally invasive skull base surgery. Certain 
advantages that these novel systems offer are the 
ability to perform bimanual surgery in confined 
cavities with instrumentation that exceeds the 
capabilities of the human hand, providing the sur-
geon with a 3D view of the surgical field. Significant 
advances in surgical robotics have been made [17], 
although a role for robotic- based applications in 
skull base surgery has not been completely defined.
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14.2  Techniques

14.2.1  Approach to the Anterior 
Cranial Fossa

The feasibility of using the surgical robot to 
access the anterior and central skull base has 
been demonstrated in a cadaver model [18]. 
Caldwell-Luc incisions and wide anterior maxil-
lary antrostomies followed by wide middle 
meatal antrostomies are the entry points for the 
surgical arms (Fig. 14.1a). Sufficient access can 
be obtained without compromising the infraor-
bital nerves (Fig. 14.1b), and a posterior septec-
tomy provides a common bilateral surgical field. 
The robotic endoscope is then placed into the 
patient’s nare and the right and left surgical arms 
introduced through the respective maxillary 
sinuses (Fig. 14.1c). Anterior and posterior 
ethmoidectomies are performed, and sphenoid-
otomies provide exposure to the planum sphe-
noidale, sella turcica, and parasellar regions 
(Fig. 14.2a, b). With current technology, this 

would be best performed using traditional trans-
nasal endoscopic techniques prior to docking the 
robotic patient cart. In addition, current robotic 
instrumentation does not include a drill, although 
prototypes are under preclinical investigation. 
Therefore, removal of the anterior skull base 
bone would likewise be best performed without 
robotic assistance. Access to the anterior cranial 
fossa is provided by sharp dissection of the ante-
rior skull base and incision of the dura (Fig. 
14.3a–c). The dual robotic arms can be used for 
primary repair of the dura [19]. This approach 
provides excellent access to the anterior and 
central skull base, including the cribriform plate, 
fovea ethmoidalis, medial orbits, planum 
sphenoidale, nasopharynx, pterygopalatine 
fossa, and clivus. The most significant advantage 
of this approach is the ability to perform two-
handed tremor-free endoscopic closure of dural 
defects. To date, this approach remains investi-
gational in nature due to the lack of bone-cutting 
instrumentation, as discussed at the end of this 
chapter.

a b c

Fig. 14.1 (a) Sublabial incisions with bilateral exposure of the face of the maxilla. (b) Identification and preservation 
of the infraorbital nerve (arrow). (c) Docking of the camera (C) and the robotic arms via maxillary antrotomies
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a b

Fig. 14.2 (a) Dissection of the posterior wall of the sphe-
noid sinus. (b) The cribriform plate (CP) is removed bilat-
erally, and the cut edges of the olfactory nerves (ON) are 

shown; the dura is incised or resected to expose the infe-
rior surface of the frontal lobes (FL) intracranially

a b

OF

Fig. 14.3 (a) Resection of the cribriform plate (CP) and 
(b, c) incision of the dura (black arrow) with the robotic 
instrumentation after complete exposure of medial orbital 

walls (OF—orbital fat) and sphenoid sinus (S). The fron-
tal lobe is visible (white arrow)
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14.2.2  Approach to the Pituitary 
Fossa

While the transnasal endoscopic approach to 
the pituitary fossa has become a widely utilized 
technique for surgical resection [20, 21], robotic 
surgery in this anatomic location may provide 
unique advantages over the four-handed tech-
nique. The feasibility of a robotic approach to the 
pituitary fossa has been described by the authors 
and remains investigational [22].

Similar to the approach to the anterior cranial 
fossa, access involves creating bilateral maxillary 
antrostomies and docking the robotic arms and 
camera, as described above. An anterior sphe-
noidotomy is then performed and the sellar floor 
removed to expose the dura of the pituitary fossa 
(Fig. 14.4a, b). The dura is opened sharply with 
the robotic scissors to allow for exploration of 

the pituitary gland (Fig. 14.5a). Blunt and sharp 
dissection may be then performed to excise the 
pituitary gland after the optic chiasm and hypo-
thalamus are exposed (Fig. 14.5b). Dissection of 
the lateral wall of the sphenoid sinus may also 
be performed with high-speed drills and fine ron-
geurs to access the cavernous sinus. Using this 
technique access to the central skull base, includ-
ing the planum sphenoidale, the pituitary gland, 
cavernous carotid, mammillary bodies, and optic 
chiasm, can be achieved (Fig. 14.5c).

A transcervical approach to the skull base in 
canine and cadaver models has been previously 
described. Access to the sphenoid, clivus, sella, and 
suprasellar anterior fossa can be obtained by plac-
ing a 30 degree robotic endoscope transorally and 
placing the right and left robotic arms through the 
lateral pharyngeal walls via a transcervical tech-
nique, posterior to the submandibular gland [23].

a b

Fig. 14.5 (a) Resection of the pituitary gland. (b) Transected pituitary stalk and exposure of the optic chiasm (* pitu-
itary stalk, D diaphragma sellae, OC optic chiasm). (c) Visualization of the mammillary bodies (MB)

a b

Fig. 14.4 (a) Exposure of the anterior face of the sella (s sella, ss sphenoid sinus). (c) Entry into the pituitary fossa
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14.2.3  Approach to the Nasopharynx

Robotic surgery of the nasopharynx is perhaps 
the only anatomic site of the skull base that is 
most amenable to surgical dissection with current 
iterations of surgical robotics. The feasibility of 
robotic resection of nasopharyngeal lesions in a 
cadaver was first described in 2008 [24], and sub-
sequent case reports of surgical management of 
nasopharyngeal cancers have been published in 
the literature [25].

A Dingman retractor is utilized to expose the 
oral cavity, and the soft palate is divided under 
direct visualization—lateral retraction of the 
divided palate is achieved with Vicryl suture (Fig. 
14.6a). The da Vinci robot is then docked at the head 
of the bed, and the robotic arms are positioned into 
the oral cavity. Typically, a 30 degree endoscope 
providing a superiorly oriented view of the orophar-
ynx and nasopharynx is utilized. Using the 
Maryland forceps and the spatula cautery, the naso-
pharynx soft tissue may then be progressively 
degloved (Fig. 14.6b) between the carotid arteries 
and Eustachian tubes (Fig. 14.6c) laterally and the 
skull base and prevertebral musculature posteriorly. 
Once the tumor is resected, the palate is closed in 

three layers with absorbable suture. The advantage 
of this technique is that it allows for en bloc excision 
of nasopharyngeal lesions and may offer the advan-
tage of decreased morbidity compared to either re- 
irradiation or open surgical approaches for recurrent 
nasopharyngeal carcinoma. Further study is neces-
sary to delineate the optimal surgical indications.

14.2.4  Approach to the 
Infratemporal Fossa

Both preclinical studies and case reports address-
ing the infratemporal fossa and parapharyngeal 
space via robotic approaches have been described 
[26, 27]. Dissection is performed through the lat-
eral pharyngeal wall to access the parapharyn-
geal space. Using the 30 degree endoscope 
directed superiorly, the parapharyngeal space can 
be carefully explored to identify the neurovascu-
lar contents—jugular vein, internal carotid, and 
CN IX, X, XI, and XII. To gain exposure superi-
orly and laterally (to the infratemporal fossa), the 
styloid musculature can be resected and pterygoid 
muscles partially released. This approach may be 
best suited for well-circumscribed benign lesions.

a

c

b

Fig. 14.6 (a) Exposure of the nasopharynx is achieved 
with a palatal split incision. (b) Incisions in the superior 
and inferior aspects of the nasopharynx commence the 

posterior dissection. (c) Incision through the Eustachian 
tube commences the lateral dissection
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14.2.5  Skull Base Reconstruction

Perhaps the most significant limitation of current 
transnasal endoscopic techniques is the inability 
to reconstruct dural defects with a sutured water-
tight dural closure. Options for repair of the skull 
base include free mucosal grafts, fascia lata 
grafts, pedicled mucosal grafts, and biological 
materials [15, 16, 28–30]. While each has advan-
tages and disadvantages, only the pedicled muco-
periosteal grafts are vascularized [31], a necessary 
component of any reconstruction in patients 
undergoing postoperative irradiation or in previ-
ously irradiated patients. One of the major draw-
backs of the endoscopic approach is the inability 
to perform a suture-based reconstruction of the 
dura using currently available technology, an 
approach that is easily undertaken with a pericra-
nial flap through the transcranial approach. We 
previously reported the feasibility of an endona-
sal robotic surgical dural reconstruction to 
address this problem in skull base surgery.

Repair of the skull base defect can be performed 
robotically with two distinct techniques. First, 
repair of the dura may be primarily reconstructed 
with both continuous and interrupted suture tech-
nique (Fig. 14.7a). Additionally, harvested sinona-
sal mucoperiosteal graft can be sutured into dural 
defects with both running and interrupted suture 
techniques (Fig. 14.7b). While these techniques 
have been demonstrated in cadaver models, their 
application in human use has yet to be realized.

A balanced analysis of where robotic sur-
gery may lie on the spectrum of surgical 
modalities suggests that robotic-assisted skull 
base surgery offers unique advantages that are 
lacking in either microscopic or transnasal 
endoscopic techniques. These can be divided 
in four major areas: optical, ergonomic, dis-
section, and reconstructive. The following is a 
discussion of how endoscopic robotic surgery 
can overcome some of the limitations of these 
other techniques and where robotic surgery has 
limitations.

14.2.5.1  Optical Limitations
The two-dimensional visualization provided by 
single-channel optical systems in current 
 endoscopes lacks the depth perception of 3D 
vision provided by the binocular optical systems 
used in standard microsurgery. During endo-
scopic surgery, depth perception relies more on 
tactile than on visual cues. Visual depth percep-
tion is particularly important when operating on 
critical intracranial neurovascular structures, 
especially when working in a deep and limited 
space. The 5 mm robotic endoscope has a dual-
channel optical system coupled with a dual 
charge-coupled device, which allows for 3D 
visualization of the surgical field at the surgeon’s 
console. This “binocular endoscope” allows the 
surgeon to have the combined benefit of a wider 
angle of vision and the depth perception of 3D 
visualization.

a b

OF

Fig. 14.7 (a) Primary repair of a dural defect (arrow) with polyglactin suture (Ethicon). (b) Repair of a large dural 
defect with a mucosal graft (white arrow)
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14.2.5.2  Ergonomic Limitations
Current endoscopic techniques have several 
ergonomic limitations. Bimanual surgery is only 
feasible if the endoscope is held by an assistant or 
a mechanical holder. A surgical assistant is pre-
ferred because of the constant need to adjust the 
position (depth and angle) of the endoscope dur-
ing endoscopic surgery. This not only limits the 
direct control of the endoscope by the primary 
surgeon but also requires the assistance of a rela-
tively experienced endoscopic surgeon who can 
seamlessly follow the primary surgeon in every 
step of the operation.

Also, both surgeons have to work within the 
confined space provided by the nostrils, which in 
some cases limits ergonomic freedom. In addi-
tion, as the surgical field gets deeper, longer 
instruments are needed, and, with lack of proper 
arm support, precision may be limited by fine 
tremor, especially when using fine instrumenta-
tion for delicate dissection of critical neurovascu-
lar structures. The robotic system has four arms, 
all of which are controlled by the primary sur-
geon sitting at the console. One arm, the camera 
port, holds the endoscope; two arms hold right- 
and left-hand instruments; and a fourth “spare” 
arm may be dedicated for retraction or a third 
instrument. This allows the primary surgeon 
simultaneous direct control of the endoscope and 
the instrumentation, an advantage not feasible 
with non-robotic endoscopic techniques. Another 
advantage of the “endowrist” technology used in 
the da Vinci robotic instrumentation is its ability 
to provide movement at the instrument tip with 
7° of freedom and 90° of articulation and motion 
scaling. This allows the surgeon, who sits com-
fortably at the console with an adjustable arm, 
support to perform precise tremor-free movement 
in a deep and confined space, with working 
angles usually not achievable with non-robotic 
instruments.

14.2.5.3  Dissection Limitations
In its current iteration, the da Vinci robotic sys-
tem is designed exclusively for soft tissue sur-
gery, while the paranasal sinuses and skull base 
are bony anatomic structures. Access to tumors in 

these domains requires bone-cutting instrumen-
tation, including rongeurs, osteotomes, and drills. 
The exquisitely tuned internal pulley system 
within the robotic arms is not engineered for the 
stress forces that bony dissection requires. In our 
experience, use of the robotic dissecting instru-
ments led to rapid deterioration in the functional-
ity and life-span of the equipment (unpublished 
data). Moreover, prototype bone-cutting instru-
mentation, including robotically controlled drills 
and rongeurs, has yet to be commercialized 
(unpublished data). While an entirely endonasal 
approach has been developed by the authors, its 
broad implementation has yet to be undertaken 
(unpublished data). Further optimization of the 
robotic instrumentation will be required before 
skull base surgery can be effectively performed 
with the novel technology.

14.2.5.4  Reconstructive Limitations
The most significant limitation of current trans-
nasal endoscopic techniques is the inability to 
suture and provide watertight dural closure or 
reconstruction of dural defects. Endoscopic 
repair of dural defects relies on nonvascularized 
fat, mucosal or allogeneic grafts, or vascularized 
septal or nasal rotational mucosal flaps. These 
reconstructions are then covered with fibrin seal-
ants and supported by either absorbable or non-
absorbable packing. While these methods may 
provide adequate reconstruction of minor dural 
tears or defects, their ability to provide safe and 
reliable reconstruction of larger dural defects 
remains to be seen. Preliminary results suggest 
that these methods have a higher cerebrospinal 
fluid leak rate compared with the more standard 
dural reconstruction using pedicled (axial) flaps, 
such as the pericranial flap or microvascular free 
flaps. Adequate and reliable dural reconstruction 
is critical in minimizing the morbidity of skull 
base resections, particularly in patients who 
received or will undergo high-dose radiation 
therapy. As described above, robotic-assisted sur-
gery allows for successful and precise endoscopic 
suturing of the dura. This may drastically impact 
the utility and safety of endoscopic surgery of 
intracranial intradural lesions of the skull base.
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 Conclusion

While still in the developmental stages, 
robotic applications to skull base surgery are 
forthcoming. Transantral robotic surgery pro-
vides stereoscopic endoscopic access to the 
anterior skull base and pituitary fossa and 
allows for two- handed endoscopic manipula-
tion and reconstruction. Traditional suture and 
reconstructive techniques can be implemented 
in this confined surgical site with the use of 
robotic technology. These advantages may 
expand the indications of minimally invasive 
endoscopic approaches to the skull base. 
Future development and refinement of endo-
nasal robotic instrumentation is critical before 
applying these techniques in the clinical 
setting.
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