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Abstract

This study was made to assess the possibilities and limits of minimally invasive transoral approach to the nasopharynx using
the Da Vinci surgical robot. It was conducted on eleven corpses, without need for palatine split; using surgical robots Da
Vinci models S HD and Si HD. We have defined “anatomical key landmarks” on all sides of the nasopharynx, to confirm
our hypothesis. All of the nasopharynx could be visualized and transorally reached by the robot with a validation of all the
key landmarks. The advantages and shortcomings of this technique were discussed, as well as the ability to use those results
on human subjects. This study allowed us to show the possibility to access the nasopharynx by minimally invasive transoral
robotic surgery. This new technique opens a new field for surgery of the skull base or the nasopharynx.
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Introduction

Classically, radiotherapy or concurrent chemoradiotherapy
are the most common treatments in nasopharynx cancer,
depending on its stage. In case of local recurrence or fail-
ure, which affects approximately 18-58% of patients [1],
re-irradiation protocols exist but with important morbidity:
osteoradionecrosis, neurological injuries, trismus, chronic
otitis media or radio-induced malignancies. In some teams,
surgical access of the nasopharynx is processed through
external [2, 3] or endonasal [4] approaches, with a major
risk of complications. The external path is more aesthetically
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offensive since it creates a skin scar, but allows a better con-
trol of the deep invasion of the parapharyngeal space. This
is the reason why the endonasal way has been used for the
last 20 years, using optical instruments to perform some
resections with a minimal invasive approach. This technique
requires two operators and allows an excellent visualization
in two dimensions, it also creates new difficulties: the diffi-
culty to achieve complex gestures in a confined location like
the nasal cavity or the nasopharynx and the impossibility to
stitch. The procedure also generates morbidity, especially
because of the requirements to perform resections in the
nasal cavity (septum, turbinates) with functional respiratory
after-effects.

Robotic surgery with the Da Vinci system in Otorhino-
laryngology [5] was developed in 2005 after its use in other
surgical specialties (Urology, gynaecology, heart surgery...).
The robot used a so called minimally invasive surgery with
several advantages: suppression of physiological tremor, use
of both hands allowing many different movements through
a small incision or even without any opening, visualization
in three dimensions; all of this without lengthening classical
operating times. Thus, the surgical management of cancers
of the upper aero-digestive tract is amended, including the
reduction of morbidity related to the procedure since the
resumption of normal feeding can be carried out sooner
while the hospital stay is convergingly shorter [6]. The safety
of Transoral Robotic Surgery (TORS) in some areas such
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oropharynx, hypopharynx and superior part of the larynx
first was established through several animal studies [7] and
then works on corpses [8], clinical trials using this method
were carried out in France [9] and recently a multicenter
research trial [10]. However, the nasopharynx, or rhinophar-
ynx, or cavum, remains a difficult zone to access transorally
and many different techniques [11, 12] were considered for
its approach but is possible only by splitting the soft and
the hard palate [13] for some authors. On the other hand,
the interest is multidisciplinary: neurosurgical transorally
exploration of the skull base has been the subject of sev-
eral publications [14—17]. The objective of this study is to
establish the feasibility of the access to the nasopharynx and
to define the limits of minimally invasive transoral robotic
surgery through the use of anatomical subjects.

Materials and methods

Eleven corpses from the Centre du Don du Corps de
I’Université Paris Descartes have been included in this ret-
rospective study between April 2013 and February 2016.
All procedures followed were in accordance with the ethical
standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2000. Informed consent
was obtained from all patients for being included in the
study. Corpses were fresh and not fixed nor frozen to ensure
tissue quality. Gender, age, height, mouth opening, and den-
tition were recorded for each corpse. The opening of mouth
of the subject was measured clinically by the intermaxil-
lary length, the hard palate was measured by fluoroscopy
before the procedure using a C-arm fluoroscope BV Pulsera
(Philips®, Andover, MA, USA).

The subjects were settled in supine position, a block
under the shoulders, head in extension. To maintain the
mouth opening, three spreaders were considered: Doyen-
Jansen, Boyle-Davis and Feyh-Kastenbauer simulating an
oro-tracheal intubation, while two rubber catheters inserted
nasally and retrieved orally maintained a good superior
retraction of the soft palate, as well as a pull suture median
on mobile tongue and if the palatine uvula was too long, a
stitch was placed in its center to pull it within the oral cavity:
this manipulation made it possible to insert the camera along
with two arms of the robot beyond the hard palate, mouth
and teeth of the corpse without damaging them (Fig. 1).

The dissections were carried out using the Da Vinci Sur-
gical robots models S HD and Si HD (Intuitive Surgical®,
Sunnyvale, CA, USA) within the Ecole Européenne de
Chirurgie. An 8.5 mm 30 degree 3D endoscopic camera,
a 5 mm EndoWrist® monopolar cautery as well as a 5 mm
EndoWrist® Maryland dissector have been used in three of
the four arms purposed by the robotic system to simulate a
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Fig. 1 Preoperative view. The mouth is held open by the Doyen-
Jansen spreader, the tongue is pulled thanks to a suture and the soft
palate is reclined using two rubber catheters inserted through the nose
and retrieved through the mouth

surgical procedure. A fourth arm with an 8 mm Harmonic®

ultrasonic clamp (Ethicon Endo-Surgery ® Cincinnati, OH,
USA) has been installed. The photographs and videos were
recorded with an acquisition system MediCap USB300
(MediCapture®, Philadelphia, PA, USA).

The Control panel was located away from the patient; the
robot was placed on the right side of the table, leaving room
at the head of the patient to the assistant for the aspiration of
the surgical field and physical conflict prevention between
the arms of the robot and the oral cavity (Figs. 2 and 3).

For each patient, we have established a dissection proto-
col including fourteen anatomical key landmarks distributed
on the different areas of the nasopharynx. The upper and
posterior parts have been defined by the lower and posterior
faces of the sphenoid body, the sphenoidal sinus, the sphe-
noidal clivus, the remnants of the pharyngeal tonsils, and
the median recess of the pharynx. The anterior and lower
parts have been defined by the choanaes, the rear edge of
the vomer, the posterior part of the turbinates, and the dor-
sal side of the soft palate. Finally, the lateral side has been
defined by the ostium of the Eustachian tube, the torus
tubarius, the pharyngeal recess or fossa of Rosenmiiller, the



Journal of Robotic Surgery (2018) 12:687-692 689
Fig.2 Schematic view of the Monitor ——— -
surgical setup. Chauvet et al.
[14]
Robot

Patient

™~

Console

N\

Fig.3 Approach and installation of the robot. A: 5 mm EndoWrist®
Maryland Dissector, B: 30 degree 3D Video-endoscope, C: 5 mm
EndoWrist® monopolar cautery. Due to the narrowness of the surgical
field, the use of the fourth arm with the Harmonic® ultrasonic clamp
did not seem relevant
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salpingopharyngeal and salpingopalatine folds and the junc-
tion with the soft palate. These anatomical key landmarks
had to be viewed and reached without conflict by the instru-
ments to be validated.

Results

The Average installation time of the robot was 20 min
(between 11 and 37 min). Differences in gender, size, sex,
mouth opening, length of the hard palate as well as the denti-
tion between the anatomical subjects did not interfered with
the procedure, as other studies have suggested [18] (Table 1).

The entire nasopharynx was visualized using the 30
degree angulation of the endoscope placed just behind the
rear edge of the hard palate and reached by instruments
(Figs. 4 and 5). The possibility to dissect tissues has been
validated on the eleven bodies for the fourteen anatomical

Table 1 Anatomical data on the

Corpse 1
corpses

Gender H

Age 86

Height (cm) 181

Mouth opening (mm) 46

Dentition No

Hard palate length (mm) 45

77 90 85 82 87 79 88 80 86 88
180 155 169 183 172 179 170 175 163 165
49 39 44 46 43 47 44 45 46 45
Yes Yes No Yes No Yes Yes No
43 38 41 43 40 42 41 41 40 40

H Man, F woman
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Fig.4 Intraoperative view. 1: 5 mm EndoWrist® monopolar cautery,
2: 5 mm EndoWrist® Maryland dissector, A: soft palate maintained
by the two catheters, B: right choana, C: spheno-vomerine joint, D:
sphenoidal clivus, E: left tube ostium

Fig.5 Intraoperative view. A: right tube ostium, B: right torus tubar-
ius, C: right lateral pharyngeal recess or fossa of Rosenmiiller, D:
median pharyngeal recess

key points. However, we note pharyngeal tonsils removal
and a history of velopharyngoplasty in two subjects.

The dissection of the sphenoidal sinus to the sella tur-
cica, the pituitary gland, and even the optic chiasm as well
as an implementation of a mucosal flap using the monopo-
lar cautery and its closure by stitches have been carried out
successfully; this subject is treated in an annex study [14].

There were no oral lesions or major conflict between the
instruments limiting the functioning of the robot. The use
of a 0 degree endoscope or § mm instruments were found
irrelevant given the angulation and the narrowness of the
surgical field.

@ Springer

Discussion

For the last 20 years, the nasopharyngectomy described
by Wei [19] has proved valuable after radio-chemother-
apy failures in nasopharynx malignancies. More recently,
endoscopic approach has superior carcinological outcomes
for low-sized tumors with minimal lateral extension [20].
Those surgical interventions seem to allow a better local
control than re-irradiation protocols.

In a 2008 anatomical study, Ozer and Waltonen [11]
have already suggested to use the Da Vinci System in
TORS on human corpse. The Ohio State University team
had divided the soft palate along the middle line and
retracted the two parts on both sides.

At the Queen Mary Hospital in Hong Kong, Wei and
Ho [12] described in 2010 the first clinical trial of TORS,
with a slightly modified procedure compared to the previ-
ous authors. The two teams performed different technique,
but needed the soft palate split. Splitting the soft palate
can lead to major after-effects, especially after radio-chem-
otherapy failure: velopharyngeal insufficiency, Eustchian
tube dysfunction, osteonecrosis...

Through this preliminary study on eleven corpses, a
minimally invasive transoral access is possible thanks
to robotic surgery. In addition, the gear miniaturization
allows a complete approach of structures and their dis-
section without need for palatine split. Furthermore, the
use of two instruments without tremor as well as 3D visu-
alization makes this technique more efficient. Removal of
nasopharynx lesions, whether they are malign or not, can
be achieved with minimal oral or nasal aftereffects.

In our specialty, the clinical applications of this study
can be multiple: resection of benign lesions (Tornwaldt
cyst, naso-pharyngeal fibroma...) or malignant tumor
(Undifferentiated Carcinoma of Nasopharyngeal Type
UCNT, lymphoma...), surgery of the sphenoidal sinus
(mucocele...) and of the skull base [21].

However, some aspects still have to be criticized. First
of all, this robot was not designed for a transorally naso-
pharynx access. Because of this, it requires a rigorous
installation allowing the surgeon to reach for and use his
instruments without impediment at all time, also 5 mm
instruments which size is maximal for the surgical field.
New robots are being designed like single-arm robots
Medrobotics Flex® and Intuitive Surgical Da Vinci SP®,
cadaveric studies were recently published [22, 23].

Second, the lack of force feedback changes the surgical
sensations and perceptions, two features that are essen-
tial in this region with the proximity of noble structures,
including the internal carotid artery. This study did not
have to consider the flesh depth; studies of injection of
the internal carotid artery to find it through the lateral wall
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of the nasopharynx and its integration within the console
of the robot have been made [24]. However, this lack of
sensibility is offset by the absence of tremor and especially
the visualization in three dimensions of all the surgical
field. In addition, Simon and al. had calculated in 2016 the
position of the internal carotid artery in relation to reliable
anatomical landmarks [25]. Through a cadaveric study of
maxillary swing, the artery was located in a reproducible
way next to the lateral pharyngeal recess, the isthmus of
Eustachian tube and the torus tubarius.

Third, although this is a cadaveric study, the cost of this
procedure must be taken into account in a context of clini-
cal practice. In this capacity, a surgical procedure even
with the robot will be more efficient than re-irradiation
protocols and frequently after-effects care. Nevertheless,
the multiplication of possible procedures in various surgi-
cal specialties allows the investment required for robotic
surgery.

Finally, it is important to check our cadaveric results
on patients. Indeed, the anatomical data for teeth, mouth
opening and thickness of living flesh can vary, as much as
the actual operating conditions such as bleeding or pos-
sibly fogging. It may be viable to associate an endoscopic
approach with a TORS [26].

The innovation from transoral robotic surgery allows
access to the nasopharynx by a novel infero-superior
approach through natural ways without the need for addi-
tional incision, thus avoiding morbidity associated with
the procedure. These benefits have allowed the first drill-
ing of the sella turcica [27] and the removal of the pitui-
tary gland transorally [28].

Further studies are needed to compare the results on
anatomical subjects with those on human patients and
assess the possibilities of minimally invasive nasopharynx
access by transoral robotic surgery in humans.

Conclusion

The use of the Da Vinci robots models S HD and Si HD
allowed a complete approach of the nasopharynx by mini-
mally invasive transoral robotic surgery on eleven corpses.
The advanced technology offered by the robot gives place
to a unique access of the nasopharynx as compared to con-
ventional ways. This preliminary cadaveric study is to be
confirmed by clinical trials.
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