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Endoscopic surgery has become a stan-
dard tool in head and neck surgery for the
treatment of various anterior skull base le-
sions, such as benign and malignant tu-
mors, as well as traumatic, spontaneous,
and iatrogenic fluid leaks [11, 18]. The de-
velopment of sophisticated surgical tech-
niques together with local or free tissue
transfer ensures the efficient closure of
even large skull base defects [2, 7]. At the
same time, transoral robot-assisted sur-
gery (TORS) has gained significant im-
portance in head and neck surgery, with
oropharyngeal tumors being the main
indication [1]. Since TORS has been ap-
proved by the FDA in 2009, multiple oth-
er indications in the head and neck region
have been identified, including partial la-
ryngectomy [5], tumors of the parapha-
ryngeal space [12], glottic surgery [13],
transaxillary thyroidectomy [19], retro-au-
ricular neck dissection [9], and subman-
dibulectomy [3]. However, for skull base
surgery, preliminary results with the clin-
ically available robot systems are not sat-
isfying, as summarized by Trevillot et al.
[22]. Therefore, new developmental input
is strongly needed, and alternative robot
systems potentially available for skull base
surgery are still being evaluated in preclin-
ical stages: (a) Schneider et al. [16] pre-
sented a concentric tube continuum ro-
bot taking advantage of an ultra-small di-
ameter for an endonasal approach of one
single instrument. (b) Wurm et al. [23] de-
veloped a prototype of a fully automated
robot, which was used for sphenoidecto-
my only. (c) Xia et al. [24] provided a sur-
gical robot for skull base surgery, which
worked independently in predefined safe
areas of the skull base. However, to date
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none of the systems has been available for
clinical use because requirements for safe-
ty, precision, and user friendliness are very
demanding [22].

The Medrobotics Flex” System is cur-
rently being developed for physician-as-
sisted surgical approaches in the head and
neck region, and detailed descriptions of
the system have been previously published
[4, 14]. Of note, the presented tool is not
a robotic system, as it does not perform
any automated procedures. It is rather
an operator-guided computer-assisted
endoscope, for which the surgeon always
stays in control during the whole proce-
dure. Recently, the system was successful-
ly tested for the transoral approach to the
pharynx in a clinical setting treating a pa-
tient with oropharyngeal cancer [17]. The
Flex® system received the CE mark in May
2014 and is available for the treatment of
patients even outside of clinical studies.
The set-up of the system in the operating
room and the handling of the flexible in-
struments are shown in @ Fig.5. In the
present study, the advantages and limita-
tions of skull base surgery using the Flex®
System are investigated in a preclinical ca-
daver study.

Materials and methods

Description of the Flex® System

The Flex® System contains a console with
touchscreen display, a blue base trans-
lating electronic signals into mechan-
ical movements, and a flexible endo-
scope (B Fig. 1a). The endoscope covers
a three-dimensional working space and
has a flexibility of 180°. The tip of the flex-

ible endoscope consists of a high-defini-
tion (HD) digital camera and six light-
emitting diode (LED) sources. One work-
ing channel in the inner lumen is used for
the lens washer system. The diameter of
the tip is 15x17 mm. Two working chan-
nels attached to both sides of the flexi-
ble endoscope enable delivery of two in-
dependent flexible tools directly to the
working area. Once introduced into the
working channels, instruments show
good triangulation in the virtual oper-
ation field. Changing of instruments re-
quired a maximum of 1 min. Instru-
ments that are currently available for the
Flex® System include a fenestrated grasp-
er, Maryland dissector, needle holder, la-
ser guide, monopolar spatula, and mono-
polar needle knife. Instruments can ex-
tend 2 cm beyond the camera in the flex-
ible endoscope (B Fig. 1b). Intraopera-
tive pictures are delivered by the HD di-
gital camera in the endoscope tip direct-
ly to a touchscreen, which is operated by
the surgeon at the patient’s head. Com-
pared to previous studies, the Flex” Sys-
tem camera was exchanged for a camera
with HD visualization. A representative
screenshot of the intraoperative imaging
isshownin @ Fig. 1c. The touchscreen al-
lows for selection of the moving modali-
ty of the endoscope including quick for-
ward, fine mode, retraction, and automat-
ic retraction in the bottom center section
of the screen. The distance travelled by the
flexible endoscope is displayed by a green
bar on the right side of the screen with the
maximum length being 17 cm. The flexi-
ble endoscope’s shaft itself is moved by the
surgeon using a 3D joystick as previously
described (B Fig. 1d).
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Fig. 1 <aThe Flex® Sys-
tem contains a console
with touchscreen dis-

play, a blue base translat-
ing electronic signals in-

to mechanical movements,
and a flexible endoscope.

b The tip of the flexible en-
doscope enables visual-
ization of the surgical field
as well as delivery of two
compatible flexible instru-
ments for surgical manip-
ulation through two sepa-
rate working channels. ¢ In-
traoperative pictures are
delivered by the HD cam-
era in the endoscope tip di-
rectly to a touchscreen. The
center bottom of the screen
features various buttons to
select the moving modali-
ty of the Flex® System. The
distance travelled by the
endoscope is displayed on
the right side of the screen.
d The flexible endoscope’s
shaft itself is moved by the
surgeon using a 3D joystick

Fig. 2 <€ aThe most suit-
able approach for the Flex®
System is the modified
midfacial degloving.

b Parts of the nasal septum
and the maxillary frontal
recess are resected. Medial
turbinectomy is performed
bilaterally in order to im-
prove access to the skull
base. cThe tip of the en-
doscope is introduced into
the nasal cavity for visual-
ization of the skull base.

d Compatible flexible in-
struments are guided to
the skull base by working
channels attached to both
sides of the Flex® System



Abstract - Zusammenfassung

Cadaver studies

Four fresh frozen human cadavers were
available for preclinical evaluation of the
Flex” System. Each specimen used for sur-
gical procedures consisted of a head and
neck attached to the upper torso. All re-
levant anatomy was found to be intact
without obvious malignancies upon in-
spection. Adult human specimens were
placed in the supine position on the op-
erating table without the use of headpins.
The flexible endoscope was mounted to
the surgical table rails and arranged to ap-
proach the oral cavity from the caudal di-
rection as previously described [15]. Mid-
facial degloving was then performed in-
cluding a bilateral vestibular incision with
subperiostal dissection. The circular inter-
cartilaginous incision of the nostrils was
followed by complete degloving of the
maxilla and the nose until the nasal cavi-
ty was adequately exposed. The L-shaped
anterior—dorsal frame of the nasal septum
was preserved to allow for stability with-
in the later septal reconstruction, while
the rest of the septum was removed in or-
der to create the space necessary for intro-
duction of the Flex® System’s endoscope.
In cases where septal mucoperichondri-
al flaps are needed for skull base recon-
struction, flaps could be harvested before
midfacial degloving. The Flex® System was
then introduced in the nasal cavity for fur-
ther preparation. Complete control of the
flexible endoscope was obtained by the
surgeon, maneuvering it into the most fa-
vorable position with a joystick. Once the
flexible endoscope had been docked in
the desired position, the surgeon insert-
ed compatible flexible endoscopic instru-
ments into the external accessory chan-
nels to perform the procedure of inter-
est. Surgical procedures of the bony sinus
system and the skull base were currently
performed with nonrobotic standard rig-
id instruments being assisted by the Flex®
System’s visualization system. Anatomical
landmarks were then reached using com-
patible flexible instruments, e.g., 3.5-mm
grasper forceps and Maryland dissector.

© Springer-Verlag Berlin Heidelberg 2015

Abstract

Objective. Ina human cadaver study, a sin-
gle-port operator-controlled flexible endo-
scope (Flex® System), facilitated with a high-
definition camera and two accessory chan-
nels was tested for skull base surgery.
Design. Skull base surgery was performed
on human cadavers (n=4) using the Flex® Sys-
tem. A modified surgical midfacial approach,
performed by rigid standard tools, was used
for access to the sinus system, the skull base,
and the middle cranial fossa.

Results. Endoscopic skull base visualization
with the Flex® System is feasible. Surgical pro-
cedures performed included extended sinus
surgery, anterior skull base approach, and vi-
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sualization of the brain stem in the posterior
cranial fossa. Important landmarks of the an-
terior skull base were visualized and manipu-
lated by flexible compatible tools.
Conclusion. The Flex® System allows for ma-
nipulation of the anterior skull base and vi-
sualization of the posterior cranial fossain a
preclinical setting. Further studies as well as
development of supplemental tools are in
progress.

Keywords
Skull base - Flexible endoscope - Camera
Brain stem - Transoral robot-assisted surgery

Zusammenfassung

Ziel. Im Rahmen einer menschlichen Kadav-
erstudie wurde ein flexibles bedienerges-
teuertes Single-Port-Endoskopsystem fiir die
endoskopische Schadelbasischirurgie (Flex®-
System), das mit einer hochauflésenden Ka-
mera und 2 Zusatzkandlen ausgestattet war,
fiir die Schadelbasischirurgie getestet.
Studiendesign. Schddelbasisoperationen
wurden an menschlichen Leichen (n=4) mit
dem Flex®-System durchgefiihrt. Ein modifi-
zierter chirurgischer Zugang zum Mittelgesi-
cht mit starren Standardinstrumenten diente
dazu, die Sinus, die Schadelbasis und die mit-
tlere Schadelgrube zu erreichen.

Ergebnisse. Die endoskopische Darstellung
der Schadelbasis ist mit dem Flex®-System
machbar. Zu den durchgefiihrten operativen
MaBnahmen gehdrten eine ausgedehnte Si-

Flexibles bedienergesteuertes Single-Port-Endoskopsystem
fiir die endoskopische Schadelbasischirurgie

nusoperation, der Zugang zur vorderen Scha-
delbasis und die Darstellung des Hirnstamms
in der hinteren Schadelgrube. Wichtige Land-
marken der vorderen Schadelbasis wurden
dargestellt und hierzu geeignete flexible In-
strumente eingesetzt.

Schlussfolgerung. Das Flex®-System er-
moglicht in einem praklinischen Rahmen

das Operieren an der vorderen Schadelbasis
und die Darstellung der hinteren Schadelgr-
ube. Derzeit wird an weiteren Studien sowie
an der Entwicklung erganzender Instrumente
gearbeitet.

Schliisselworter

Schédelbasis - Flexibles Endoskop - Kamera -
Hirnstamm - Transorale roboterassistierte
Chirurgie

Results

Cadaver studies

The midfacial degloving approach al-
lowed for adequate visualization of the si-
nus system and the skull base (B Fig. 2a).
The anterior segments of the Flex® Sys-
tem were introduced into the nasal cavi-
ty after partial removal of the nasal sep-
tum and bilateral maxillary frontal pro-
cess (B Fig.2b). The HD camera system
was then used for visualization of subse-
quent procedures taking advantage of the

flexible endoscopic shaft. The focus of the
camera lens was set to 27-35 mm, which is
acceptable for the procedures performed.
The maxillary sinus was accessed by flex-
ible instruments after medialization of the
medial turbinates and removal of the pro-
cessus uncinatus (B Fig. 3a). Medial tur-
binectomy was then performed bilaterally
in order to obtain a wide access to the skull
base. The functionally relevant bone of the
inferior turbinate was preserved. In one
case, the medial turbinates were spared
for skull base reconstruction by local tur-
binate flaps as previously described by
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Fig. 3 A a After resection of the nasal septum and the middle turbinates, the compatible flexible instruments are easily intro-
duced into the right maxillary sinus via its natural opening. b In one case, both inferior turbinates are spared for skull base re-
construction by local turbinate flaps. During the surgical procedure the turbinate tissue was re-located into the nasopharynx.
¢ Anatomical variation of the sphenoid sinus. A flexible Maryland dissector (left) and a flexible needle knife (right) are intro-

duced into the sphenoid sinus after resection of the bony sphenoid septum. In this cadaver, both internal carotid arteries are

freely visible (arrows). The bony cover in the lateral wall of the sphenoid sinus is not developed

Fig. 4 A Stepwise resection of the skull base. a After complete ethmoidectomy, the sphenoid sinus

is opened up and the left sphenoid cavity is entered by a flexible grasper (*). The second flexible tool
(#) touches the right frontal lobe of the brain after partial removal of the skull base. b The roof of the
sphenoid sinus is completely removed offering free view of the pituitary gland touched by the tip of
a flexible needle knife tool (*). ¢ After resection of the clival bone and vertical incision of the dura ma-
ter, the basilar artery (*) passes over the brain stem. The internal carotid arteries (#) are located to each
side of the brain stem. Instruments touch the floor of the sphenoid sinus and the dura mater on the
left side. d The frontal lobe including superficial vessel formation is seen after resection of the com-
plete skull base. The basilar artery (*) is displayed at the top
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Yip et al. ([25], @ Fig. 3b). After complete
ethmoidectomy, one cadaver displayed a
rarely observed unprotected inner carotid
artery missing the lateral bony walls in the
sphenoid sinus (B Fig. 3¢). In other cases,
complete ethmoidectomy was followed by
bilateral sphenoidectomy through the nat-
ural sphenoid ostium (B Fig. 4a). The an-
terior skull base and the roof of the sphe-
noid sinus were then carefully removed
displaying the pituitary gland and the un-
derlying optic chiasm (8 Fig. 4b). Finally,
the posterior cranial fossa was approached
after removal of the clivus displaying the
basilar artery and the caudal sections of
the inner carotid arteries (B Fig.4c). The
frontal lobe including superficial vessel
formation was seen after resection of the
complete skull base (B Fig. 4d). For proof
of principle, all described structures were
reached and touched by compatible flex-
ible instruments. All relevant anatomic
landmarks of the skull base were in com-
fortable reach of the compatible flexible
instruments. Also, despite their small di-
ameter of 3.5 mm, all flexible instruments
were very reliable and user-friendly. How-
ever, it should be mentioned that the re-
moval of the sinus and skull base struc-
tures was performed with rigid nonrobot-
ic instruments as will be further discussed.
(B Fig. 5 shows the set-up of the system.)

Discussion

The surgical techniques in skull base sur-
gery have improved immensely in the last
decade. In particular, the arrival of endo-



scopic instruments in combination with
HD screen displays as well as refined pro-
cedures for closure of skull base defects
by a variety of local and free tissue flaps
should be highlighted [7, 18]. However,
despite these beneficial developments, a
series of pathologies in the sinus system
and the skull base are still not accessible
by standard approaches and often require
an alternative surgical approach, e.g., su-
praorbital for lateral frontal sinus surgery
or retrosigmoid for anterior brain stem
surgery. These approaches display cer-
tain disadvantages in terms of significant-
ly reduced working space or cosmetic out-
come. Development and approval of new
surgical tools and techniques with clinical
relevance are therefore greatly supported.
The present human cadaver studies
evaluated the handling of the Flex” Sys-
tem for endoscopic skull base surgery. In
a series of specimens, improved visual-
ization of the skull base was demonstrat-
ed, and all relevant anatomical landmarks
were shown to be in reach of the compat-
ible flexible instruments. The new HD
camera system, which was recently intro-
duced in the Flex” System, produces high-
quality imaging that is acceptable even for
delicate manipulation in the surgical ar-
ea. Of note, this work focuses on the new
technique and its potential for future skull
base surgery. It does not aim to describe a
new, readily available, surgical approach.
Currently, there are a variety of com-
patible instruments available for use in the
Flex” System, including Maryland dissec-
tor, fenestrated grasper, needle holder,
monopolar spatula, and monopolar nee-

Fig. 5 € Set-up of the
complete system in

a clinical setting. The
console is positioned
at the patient’s left
side, while the flexi-
ble endoscope itself
is placed over the pa-
tient’s torso. The sur-
geon is positioned at
the patient’s head

dle knife. However, these instruments
have been developed for use in the oral
cavity and the larynx. They are, therefore,
not yet optimized for skull base surgery. In
many instances, the dimension of the in-
strument effectors appears to be too large,
and due to the flexible nature of the in-
strument shaft, support of the instruments
seems to be insufficient for bone work. Al-
so, physical limitations seem to interfere
with the development of a flexible drill
tool. On the other hand, haptic feedback
of the instruments is available through-
out the surgical procedure, which is a ma-
jor advantage in comparison to other cur-
rently available robotic systems. Wheth-
er the level of haptic feedback is sufficient
for delicate skull base surgery needs to be
determined. However, it should be under-
lined that despite their very small diame-
ter of 3.5 mm all instruments are highly
reliable in their function and are very us-
er-friendly.

Several endoscopic mounts have been
specifically designed for skull base sur-
gery [6, 8, 10, 20]. As compared to these
pure endoscope mountings, the Flex® Sys-
tem has the advantage that it also serves
as a guide for flexible instrument deliv-
ery. Since the whole surgical procedure is
no longer restricted to the “line of sight;
not only the visual field of the surgeon is
clearly increased, but also the area that can
be reached by surgical tools is greatly ex-
tended. Taken together, these advantages
enable the surgeon to safely treat several
skull base pathologies.

The authors are aware of the fact that
the currently used approach to the skull

base by midfacial degloving and partial
removal of the septum is quite traumatic
and probably not suitable for most surgi-
cal procedures. However, the present da-
ta are collected from a preclinical study
exploring the future potential of a phy-
sician-controlled flexible endoscope sys-
tem for skull base surgery. The observa-
tions of this study will help to further de-
velop and improve the Flex” System aim-
ing for clinical application even at highly
vulnerable areas, e.g., the skull base. Im-
portantly, despite the temporary partial
resection of the nasal septum, a complete
reconstruction of the nose is feasible af-
ter the surgical procedure is finished. Es-
pecially for approaches to the skull base,
the complications of bleeding caused by
surgical manipulation should be consid-
ered when choosing the appropriate in-
strumentation. Bleeding should be avoid-
ed by all means, as simple compression is
not a feasible management at this site, but
asks for subtle use of coagulation and the
use of hemostatic material [21].

Conclusion

The present study underlines the advan-
tages of a computer-assisted flexible en-
doscope system for clinical skull base
surgery. Already today, the Flex® System
can improve the visualization of the sur-
gical area by its flexible viewing angle,
and all important anatomic landmarks
are in reach of the compatible flexible
instruments. Extension of the available
tool collection and further refinement of
the system, which until now was solely
developed for larynx surgery, will great-
ly enhance its use also for skull base sur-

gery.
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Rezeptor VLGR1 ist fiir Usher-
Syndrom relevant

Im Rahmen einer neuen Forschungsgruppe
der Deutschen Forschungsgemeinschaft
(DFG) untersuchen Zellbiologen der Univer-
sitét Mainz die Funktionsweise des gro3ten
Rezeptors unseres Korpers, des Very Large
G protein-coupled Receptor-1 (VLGR1).

Der G-Protein-gekoppelte Rezeptor (GPCR)
zahlt bislang zu der wenig untersuchten
Familie der Adhdsions-GPCRs. Wahrend die
Funktion klassischer GPCRs bereits recht
gut verstanden ist, ist Uiber die Mechanis-
men, wie in dieser Rezeptorklasse die Ad-
hasionseigenschaften mit der Aktivierung
integriert werden, bisher weit weniger
bekannt.

Das Team um Univ.-Prof. Dr. Uwe Wolfrum
vom Institut fiir Zoologie wird die
physiologische Rolle von VLGR1 an der
Zelloberfldche untersuchen. Dabei sollen
die Mechanismen, die zur Aktivierung von
VLGR1 fiihren, sowie die Wege der Signal-
weiterleitung in der Zelle entschliisselt
werden. Zudem soll die spezielle Funktion
von VLGR1 in sensorischen Zilien in Auge
und Ohr aufgeklart werden.

Mutationen im VLGR1-Gen fiihren zum
Usher-Syndrom des Menschen, der haufig-
sten Form erblich bedingter Taub-Blindheit.

Sprecher der Forschungsgruppe “FOR
2149: Elucidation of Adhesion-GPCR sig-
naling”ist Dr. Tobias Langenhahn von der
Universitat Wiirzburg. Des Weiteren sind
Wissenschaftler der Universitat Leipzig, der
Universitat Erlangen-Nirnberg, der Univer-
sitdt Mainz und der Universitdt Amsterdam
in den Niederlanden beteiligt.

Quelle:
Johannes Gutenberg-Universitdt Mainz
(www.uni-mainz.de/presse/63905.php)




