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Introduction

The oropharynx is currently one of the most affected sites in head and neck oncol-
ogy. Over the past 20 years, the incidence of oropharyngeal cancer has increased
significantly, especially in younger people. This trend is clearly related to previous
human papillomavirus infection.!'~

For advanced-stage oropharyngeal cancer, treatment generally includes at least
two therapeutic modalities (surgery followed by radiation therapy or concurrent
chemoradiotherapy), whereas for early disease treatment consists of surgery or radi-
ation therapy alone. Radical surgery is particularly challenging because the orophar-
ynx is involved in the crucial functions of swallowing, breathing, and speech, there-
fore early-stage cancers are frequently treated by radiation therapy alone.®

Historically, oncologic oropharyngeal surgery has been limited to open ap-
proaches (lateral pharyngotomy, pull-through, transmandibular approach), allowing
excellent direct access to the disease, resulting in considerable functional and aes-
thetic sequelae. Therefore, nonsurgical organ preservation therapeutic options have
progressively gained ground over time, guaranteeing similar oncological results, net
of less invasiveness, and reduction of the impact on quality of life.

Following an initial enthusiastic spell, treatments based on chemoradiation pro-
tocols also demonstrated a significant rate of long-term dysfunctional sequelae, in
turn extremely debilitating with a worsening of perceived quality of life. There was
therefore a need to improve the options for surgical treatment allowing oncological
and functional results similar to nonsurgical options to be obtained and minimizing
the morbidity and the burden of treatments. This led to the development of mini-
mally invasive transoral surgical techniques, such as laser and robotic surgery.

The recent introduction of 3D exoscopic surgery introduced interesting techni-
cal improvements in head and neck surgery, especially in transoral surgery, with the
aims of replacing robotic surgery and minimizing the costs of the procedures.
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In 2020, we have coined the term 3Dees (3D exoscopic/endoscopic surgery) to de-
scribe the use of the 3D VITOM Exoscope System/3D optics (Karl Storz, Tuttlin-
gen, Germany) for the treatment of tumors of the oropharynx and oral cavity at an
carly-intermediate stage and to treat benign pathologies. Our aim has been to de-
velop and rejuvenate the traditional transoral surgical technique with the addition of
3D screen vision, to analyze the efficacy and safety of the surgical procedures, and
to test the system's ability in terms of surgical precision and shared surgical vision
in comparison to transoral robotic surgery (TORS).

History

In 1951, Huet first described the transoral lateral oropharyngectomy (TLO) proce-
dure for treating early invasive squamous cell carcinoma (SCC) of the tonsillar re-
gion.” TLO was reported to be an effective treatment option with safe oncologic out-
comes for tumors of the lateral oropharyngeal wall, and it could represent an alter-
native to traditional aggressive surgical procedures, such as the transmandibular or
transpharyngeal approaches.®

Lacourreye et al. reported 5-year local control rates of 89%-89.6% and
81.7%-85.8% in T1 and T2 oropharyngeal cancer treated with TLO, respectively.
Moreover, other Authors reported 80% local control rate for selected oropharyngeal
T3 and T4a.>!? Nevertheless, Huet's procedure did not achieve widespread accep-
tance among head and neck surgeons due to the narrow surgical field, which was
difficult to reach because the first surgeon's view was limited (many tonsil and pha-
ryngeal cancers are difficult or impossible to reach through the mouth under direct
vision), and the poor maneuverability of surgical instruments.

In 2003, Steiner!! attempted to overcome the drawbacks shown by TLO by in-
troducing the use of microscope and transoral laser microsurgery (TLM) for the re-
section of oropharyngeal tumors, giving the surgeon better magnification and illumi-
nation of the surgical field. Although this was a significant improvement in transo-
ral surgery allowing surgeons access to oropharyngeal sites that were hard to reach
without an open approach, the microscope does not allow viewing around corners
(it cannot be rotated along three-dimensional axes) while the 3D view is restricted
to the first operator. In addition, it is only possible to execute straight/tangential cut-
ting lines with the CO, laser, limiting the ability to make angled cuts around bulky
structures or tumors.

To improve the efficacy of transoral access able to avoid the limitations of TLM,
surgeons investigated the potential of surgical robotic platforms. TORS was per-
formed for the first time in 2005 by Hockstein and colleagues,'>!? while the earliest
series of outcomes were published later by Weinstein, O'Malley, and colleagues.'*!3

In recent years, several studies have shown that TORS may be an effective alter-
native to open surgery.'?’ The high-resolution, magnified three-dimensional view
of the operative field provided by TORS allows excellent visualization of the tar-
get area. Many other advantages have been highlighted: stable three-dimensional
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binocular magnification allowing “en bloc” resection to be performed with better
identification of nerves and vessels; motion scaling; tremor filtration; a shortened
learning curve and superior ergonomics for the surgeon. Moreover, surgery-associ-
ated morbidity is reduced with the robotic technique, improving functional outcomes
compared to open approaches, and length of hospitalization is also reduced.

However, TORS faces some obstacles in pharyngeal and laryngeal surgery be-
cause the introduction of the robotic arms and instruments into narrow cavities can
be difficult. Tumor exposure can be inadequate and can interfere with the robotic
arms, and airway management can be challenging. In addition, the surgeon does not
experience any intraoperative tactile feedback with this approach. Finally, robot-as-
sisted surgery is costly with great obstacles to widespread uptake of this surgical op-
tion. Not all institutions have Da Vinci robotic platforms (Intuitive Surgical, Sunny-
vale, CA), and there is often competition for the system among different specialties.
Most hospitals cannot afford to purchase such an expensive device, particularly in
developing countries.

3D exoscopic surgery by VITOM

Based on these considerations and keeping in mind that the oropharynx is easily ac-
cessible using a conventional surgical approach and that there may also be benefits
from tactile feedback from the lesion, the introduction of the 3D VITOM Exoscope
System has progressively spread. The aim is to improve surgical vision during the
entire surgical procedure, and to reduced costs compared to robotic surgery when
this approach is used.

Applied first in neurosurgery, urology, and gynecologic surgery,*” the use of
VITOM is now starting to increase in ENT surgery as well. At present, only a few
series have been reported in the Literature 33

28,29

Surgical procedure
6.4.1 Selection of patients

This is crucial in all types of transoral surgical procedures. Three categories should
be considered when evaluating transoral candidacy: anatomic limits, patient comor-
bidities, and cancer characteristics. It is imperative to consider that unfavorable
anatomy can impair adequate access and the view of the surgical field. Specific
anatomic conditions could limit the exoscopic approach (reduced mandibular width,
trismus with mouth opening <1.5 cm). Other anatomic restrictions, such as retrog-
nathia and cervical spine inflexibility, do not represent an absolute contraindication
to the use of VITOM as they are in robotic procedures. It is important to measure
interincisive distance to estimate the ability of the transoral approach, and to provide
good lesion exposure.
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In any case, if the extent of exposure does not result optimal to guarantee adequate
oncological radicality, open approaches or non-surgical treatments should be con-
sidered.

6.4.2 Operating room setting

The patient is placed in a supine position without any interscapular support. The pro-
cedures are carried out under general anesthesia, performed with nasopharyngeal in-
tubation or by tracheostomy with intubation. For the execution of lateral oropharyn-
gectomy, the 90 degrees VITOM is assembled on a mechanical holder and with an
autostatic arm attached to the bed at a distance of about 35-40 cm from the patient's
mouth, along the visual axis between the surgeon's eye and the operative target, so
replacing the vision of the whole surgical team. A sterile cover is then draped over
the system. Using this holder, the exoscope is not easy to place and move. At this
time, this is a weak point of the technique, that makes maneuvering and the dispo-
sition of the right operative setting less fluid. More recently, a latest-generation ro-
botic holder (ARTip cruise) has been successfully proposed for VITOM.

The main 3D monitor (55 in.) is placed beside the operating table directly in front
of the first surgeon, while a secondary 3D monitor is oriented in front of the assis-
tant. An intuitive control unit with a 3D wheel (joystick) is used to control the cam-
era, with four programmable function keys. Surgery is more comfortable when per-
formed by three surgeons, but it is always possible for the first or second surgeon to
adjust the controller as it is covered with a sterile coating, or where not covered, it
can be maneuvered by other members of the surgical team not working directly in
the operating field. A joystick (IMAGE!1 PILOT) can also be attached to a holding
system to be controlled directly by the first surgeon when needed.

The surgeon is positioned at the patient's head, facing the main monitor. The first
assistant sits on the left/right of the surgeon (depending on the side of the lesion) and,
during the procedure, helps using retractors, Yankauer suction tube, bipolar cautery,
and by positioning vascular clips. The second assistant sits on the opposite side, us-
ing the controller IMAGE1 PILOT) covered with a sterile coating, and maintaining
the focus of the camera on the surgical field, adjusting the optical magnification, and
applying different camera enhancing tools (Storz Professional Image Enhancement
System (SPIES)). The scrub nurse stays behind the surgeon. All operators wear 3D
passive-polarized glasses (Fig. 6.1).

To improve visualization of the base of the tongue and supraglottis, the VITOM
can also be replaced by TIPCAM (Karl Storz), a 3D laparoscopic video endoscope
(0 degrees or 30 degrees), 10 mm in diameter. TIPCAM benefits from well-known
visualization modes for diagnosis and therapy with clearer differentiation of tissue
structures (CLARA, CHROMA, and SPECTRA visualization modes) (Fig. 6.2).
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FIGURE 6.1

(A) Operating room setting with VITOM (scheme). (B) Operating room setting with VITOM
(live surgery).

FIGURE 6.2

Operating room setting with TIPCAM (live surgery).
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6.4.3 Surgical technique

A comfortable transoral exposure of the lesion is sought to visualize its boundaries
completely and to have sufficient space to manipulate the surgical instruments. Dif-
ferent types of mouth retractors can be used. Surgical instruments should be at least
24 cm long (from 24 to 30 cm) because of the depth of the structures to be reached.
Different kinds of cutting instruments can be used (bipolar scissors, CO, fiber laser,
ultrasound tools), and various types of angled tools are also required.

When using the CO, fiber laser, it is mandatory to cover the nasotracheal tube
with a wet swab or to use specifically designed tubes to avoid any possible fire in
the airways. In any case, it is important to communicate with the anesthesiologist to
reduce FiO, below 30% to prevent this eventuality, before using cautery or laser.

The characteristics of the 3Dees images are comparable to those of the operating
microscope and the 3D optics of the Da Vinci system, due to their excellent ability to
provide 3D visual information, that is used to interactively maneuver the exoscope
camera. Other advantages are the depth of field, magnification, and image contrast
and color, allowing effective manipulation of the anatomic structures. The most ad-
vantageous aspects are represented by the magnification of the anatomic details:the
vascularization and irregularities of the mucosa are perfectly visible. The 3Dees pro-
vide a wide working space, and it is extremely useful for training and educational
purposes. Both images and video sequences can be stored digitally.

Ergonomics is comfortable for the operator, who can choose to stay in a sitting or
standing position, having the screen in front at the same height. Surgery performed
with a 3D screen is not bothersome for operators, even for longer procedures, as long
as the screen is placed frontally, and at the same height as the operator's eyes.

For the execution of the procedures, conventional surgical instruments can be
used (no requirement to purchase other instruments), and this is undoubtedly an ad-
vantage in terms of immediacy, simplicity of use and low cost. Other hemostatic
tools can be safely used (Focus, LigaSure, Thunderbeat, flexible CO, fiber laser,
etc.) with complete visual control (Fig. 6.3).

We have applied the 3Dees approach for transoral resection of oropharyngeal
SCC,* with or without neck dissection and reconstruction with free flaps. In our ex-
perience, most transoral surgical procedures enjoy the same benefits as provided by
TORS, in terms of lower morbidity, fewer complications, and faster local healing
and rehabilitation (Fig. 6.4).

Setup of 3Dees is easy and intuitive. This technique allows transoral surgery
to be performed with indirect but straight visualization/magnification for the whole
surgical team, and the team members are able to work with greater precision. More-
over, the exoscope allows the direct maneuverability of instruments providing a tac-
tile sensibility, impossible to achieve when operating by TORS.
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FIGURE 6.3
Operating room setting with VITOM and flexible CO, fiber laser (live surgery).

FIGURE 6.4

Transoral resection of oropharyngeal squamous cell carcinoma with VITOM.
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The 3Dees approach can also have immediate and straightforward application in non
oncologic surgical procedures (tonsillectomy,lateral pharyngoplasty, etc.) (Fig. 6.5).
During reconstruction, the approach can be useful while insetting a free flap in the
oral cavity/oropharynx without opening the mandible, since the vision provided by
the exoscope facilitates transoral suturing of the flap to the mucosa. The combina-
tion of enhanced vision and use of a barbed suture is helpful in reducing operating
time and fistula rate (Fig. 6.6).

Furthermore, the 3D exoscope permits a careful endoscopic work-up, which is
useful in checking the correct surgical field exposure and in completing a good and
safe resection by TORS. A well-executed work-up can also save time during setting
up for robotic surgery, for example, by assessing beforehand which self-retaining re-
tractor to use (Fig. 6.7).

Finally, 3Dees is extremely beneficial in the learning process, especially for res-
idents, fellows, students, and OR staff, thanks to the shared visual experience avail-
able to all operators, and always with wide high-resolution screens.

3Dees can guide the trainees' surgical maneuvers, and thus they may gain con-
fidence in navigating the anatomic structures and in performing microsurgical tech-
niques while watching directly on the 3D screen. The inside-out anatomic study
and the indispensable knowledge for surgeons who undertake transoral surgery of
the oropharynx are facilitated by the 3Dees approach, for both the fidelity of vision
and equipment logistics that makes it more easily transportable in the cadaver lab
than the robotic platform. Moreover, the possibility to record in high definition en-

FIGURE 6.5
Operating room setting with VITOM in lateral pharyngoplasty surgical procedure.
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FIGURE 6.6

Operating room setting with VITOM inforearm free flap insetting and suturing.

FIGURE 6.7

Operating room setting with TIPCAM in endoscopic work-up for base of tongue squamous cell
carcinoma (BOT SCC).

ables the surgeons to share videos for didactic sessions, meetings, and courses on
surgical techniques.

At present, in a health policy aimed at reducing costs, it is difficult to have
up-to-date technologies. The cost of the exoscopic platform is similar to that of

an op-
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erating microscope with an electromagnetic brake holder and is about 10 times,
lower than the Da Vinci robotic platform. The cost of disposable equipment for each
surgical procedure is about 40-60 dollars, composed of two sterile sheaths for the
holder and controller. Even the price of maintenance is considerably lower.

The current drawbacks can be represented by the mechanical holder that is not
always comfortable to move during surgery, and the necessity to wear 3D glasses for
a prolonged period that can lead to headaches and nasal pain (in only two patients
out of 41 in our experience).

With the introduction of any new surgical approach, it is common to face dif-
ficulties achieving the optimum layout of the operating room, and the most favor-
able position for the exoscope/holder/camera control wheel (joystick) in the surgi-
cal field. However, the level of fine operativity achievable by TORS during dissec-
tion in the parapharyngeal space (retropharyngeal lymph node dissection) is not yet
reachable by the 3Dees approach due to the absence of ad hoc designed surgical in-
struments, and the poor ergonomics when using the mechanical holder for VITOM.

Conclusions

The exoscopic approach using VITOM for oropharyngeal procedures can be consid-
ered an excellent alternative to the operating microscope and robotic surgery, with
its excellent performance in visual translation, depth of field, magnification, image
contrast and color. Purchase cost is reduced as VITOM is about 10 times less ex-
pensive than a Da Vinci robotic platform. The system is not bulky and the opera-
tor can use all conventional surgical instruments. Furthermore, when combined with
HD video endoscopy, the system provides excellent visualization via the monitor,
and if available, a 3D camera can also be used to enhance images. Thanks to this
system, anatomic details are clearer, and fine vascularization and irregularities of the
mucosa become perfectly visible. It provides ample working space and is extremely
useful for training and educational purposes. This technique is extremely beneficial
in the learning process, especially for residents, as it provides the same visual expe-
rience for all operators, and tutors can pilot the learners' surgical maneuvers.

The 3Dees approach can be added to the other established strategies for transoral
resection of oropharyngeal squamous cell carcinoma and can also have immediate
and straightforward application in non oncologic surgical procedures (tonsillectomy,
lateral pharyngoplasty, etc.).

The exoscopic platform has been improved thanks to the development of 10 mm
diameter 3D optics (0 —30 degrees) useful to treat those cancers in the tonsillar re-
gion toward the base of the tongue and vallecula.

Further research must be oriented to the development of an electromagnetic
holder that makes the positioning of the exoscope quick, precise, and responsive.
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