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Figure 1
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Surgical cart. (Color version of figure is available

pinch grip controls, which interface with the wristed instru-
ments at the surgical cart. The surgeon sits viewing a mag-
nified 3D image of the surgical field with a real-time pro-
gression of the instruments as he/she operates.

Surgical cart

This component of the system contains the robotic
arms that directly contact the patient. It consists of 2 or
3 instrument arms and 1 endoscope arm. The feedback as
of today is limited to sensing tool-on-tool collision, so
the surgeon can rely almost solely on the visual field
when suturing or contacting soft tissue. In transoral ro-
botic surgery (TORS), the surgical cart is usually posi-
tioned at an angle of about 30 degrees to the operating
table to allow the robotic arms and the telescope to be
positioned intraorally.

Detachable instruments (EndoWrist Instruments
and Intuitive Masters)

The EndoWrist detachable instruments allow the ro-
botic arms to maneuver in ways that simulate fine human
movements. Each instrument has its own function from
suturing to clamping and is switched from one to the

other using quick-release levers on each robotic arm. The
device memorizes the position of the robotic arm before
the instrument is replaced so that the second one can be
reset to the exact same position as the first. The instru-
ments’ abilities to rotate in full circles provide an advan-
tage over nonrobotic arms. The 7 degrees of freedom
(meaning the number of independent movements the ro-
bot can perform) offer considerable choice in rotation and
pivoting. Moreover, the surgeon is also able to control
the amount of force applied, which varies from a fraction
of an ounce to several pounds. The Intuitive Masters
technology also has the ability to filter out hand tremors
and scale movements.

As a result, the surgeon’s large hand movements can
be translated into smaller ones by the robotic device. In
TORS, generally 2 instruments are used. These are the
5-mm or 8-mm Maryland grasping forceps and the 5-mm
or 8-mm spatula diathermy blade. The blade is used as
much as a dissecting tool to separate planes as a cutting
and coagulating tool. The 8-mm Maryland forceps has
the advantage of being able to apply a bipolar coagulating
current. If a larger grasping forceps is required, a Pro-
grasp tool can be used, and if a suture is to be used, a
needle driver can be used.

The 3D vision system (Insite Vision and Navigator
Camera Control)

The camera unit or endoscope arm provides enhanced
3D images. This high-resolution real-time magnification
allows the surgeon to have a considerable advantage by
providing the ability to drive the camera toward the opera-
tive site and so have visual access around corners. The
system provides more than 1000 frames of the instrument
position per second and filters each image through a video
processor that eliminates background noise. The endoscope
is programmed to regulate the temperature of the endoscope
tip automatically to prevent fogging during the operation. In
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Surgeon console. (Color version of figure is available
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Figure 3
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Vision cart. (Color version of figure is available on-

TORS, further visual access can be gained by using the
30-degree scope.

The use of robotics in transoral surgery was initially
evaluated by Hockstein' in a progression from mannequin
to a canine model and finally to cadaveric studies. The
insights from these studies were then translated into trans-

Figure 5
line.)

Console. (Color version of figure is available on-

oral surgery for oropharyngeal malignancy and popularized
by Weinstein and O’Malley.> TORS is now approved by the
Food and Drug Administration for use in the treatment of
oropharyngeal cancer. The use of TORS has expanded with
its use reported in the management of laryngeal malignancy,
surgery of the parapharyngeal space, and for recurrent na-
sopharyngeal cancer.

Robotic training was initially only available at the Intu-
itive Training facility in Sunnyvale, California. TORS train-
ing is now available at several sites in the United States. An
established training program must be completed for accred-
itation and is required to use the robot (Figures 1-6).

TORS for OSA

TORS is a natural adjunct to surgery for OSA because
many of these patients have difficult anatomy that limits
access to the oropharynx. The standard transoral approaches
use either a headlight with magnification provided by a set

Figure 4 Pinch grip controls. (Color version of figure is avail-
able online.)

Figure 6
available online.)

Surgical cart and console. (Color version of figure is
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Figure 7 The surgical site has been outlined and injected with
local anesthetic with adrenalin. The dissection is begun with a #12
blade at the apex of the incision. The tip of the uvula is shaded to
mark the area to be amputated to aid in closure of the palate.
(Reprinted with permission from: Friedman M (ed): Sleep Apnea
and Snoring: Surgical and Non-Surgical Therapy. Philadelphia
PA, Saunders, 2009).

of loupes or the use of a microscope. These approaches have
the inherent problem of crowding and visualization by
straight-line optics. The crowding does not allow more than
one surgeon easy access to the oral cavity, and so, it is
difficult to provide assistance. Similarly, when using a mi-
croscope for transoral surgery, it is difficult for an assistant
to comfortably access the operating site. Furthermore, the
straight line optics of the microscope and the CO2 laser
prevent easy access to lateral structures, and the access is
almost impossible when attempting to resect along a curved
surface such as the tongue base. Frequently, the surgeon has
to either change laryngoscopes or change the position of
laryngoscopes during surgery. Finally, the instruments used
in transoral microsurgery are long stemmed and exaggerate
tremor and have to be used counterintuitively to gain a
desired surgical strategy.

The da Vinci system provides excellent visual access to
lateral-based structures and allows one to direct the tele-
scope close to and around structures. The 5-mm and 8-mm
wristed robotic instruments do not prevent an assistant from
introducing 2 further instruments into the operating field.
The nurse can also then introduce a sucker into the operat-
ing field, allowing for up to 5 instruments working at the
operation site.

The system also allows the surgeon to be comfortable
during surgery, which may have long-term implications in
occupational health and safety for the surgical workforce.

We have used the TORS approach for 5 types of surgical
procedures in OSA. These are as follows: (a) uvulopalato-
pharyngoplasty by the uvulopalatal flap technique as de-

scribed by Huntley with or without tonsillectomy, (b) ex-
pansion sphincter pharyngoplasty as described by Pang and
Woodson, (c) transpalatal advancement pharyngoplasty as
described by Woodson and Robinson, (d) tongue volume
reduction by the submucosal linguaplasty technique as de-
scribed by Robinson, and (e) the transoral tongue base
excision as described by Vicini.

The robot provides excellent visual and instrument ac-
cess for surgery for OSA. It also allows easy access for an
assistant to introduce another 2 instruments, and help by
retraction, provision of traction and suction. The assistant
uses standard instruments for microlaryngeal surgery. Our
preference is the Steiner microlaryngeal set manufactured
by Storz (Karl Storz, Tuttlingen, Germany). The key instru-
ments in the set are the microlaryngeal vascular clip appli-
cators. The major concern in transoral surgery is the risk of
hemorrhage and obsessive hemostasis with the use of these
vascular clips, particularly for small-diameter muscular
branches of the lingual, facial, and tonsillar arteries is key.

All TORS oropharyngeal procedures are performed un-
der general anesthesia and mostly with a standard orotra-
cheal tube. The patient is positioned supine with some
neck extension. Almost all procedures are performed
with a Boyle-Davis mouth gag suspended by Draffin
rods, as in standard tonsillectomy surgery.

The da Vinci robot surgical cart is docked at an angle of
approximately 15 degrees to the left side of the patient
operating table. The robotic arms are positioned with min-

Figure 8 The uvula and distal soft palate are folded forward and
sutured in place. The first suture is a horizontal mattress suture at
the apex of the surgical site. The remainder of the closure is
accomplished in layers with interrupted sutures. (Reprinted with
permission from: Friedman M (ed): Sleep Apnea and Snoring:
Surgical and Non-Surgical Therapy. Philadelphia PA, Saunders,
2009).
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Figure 9  Identification of palatopharyngeus and transaction at
inferior end. (Reprinted with permission from: Friedman M (ed):
Sleep Apnea and Snoring: Surgical and Non-Surgical Therapy.
Philadelphia PA, Saunders, 2009).

imal angulation so that they are approximately parallel to
the optical arm. This is to minimize collision with each
other, the optical arm, and the teeth. The EndoWrist instru-
ments are then loaded, and it is the distal wristed move-
ments of these instruments that allow surgical incision,
dissection, and excision.

The procedures using the robot are otherwise performed
as described in the author’s texts.

Uvulopalatopharyngoplasty by the uvulopalatal
flap technique

As described by Huntley® with or without tonsillectomy,
this procedure was originally described by Powell et al,* and
a similar technique was described by Bresalier and

Figure 11  Superolateral incision of palatal mucosa; and rotation
and suture of divided palatoglossal muscle fibres to arching fibres
of palatoglossus muscle. (Reprinted with permission from: Fried-
man M (ed): Sleep Apnea and Snoring: Surgical and Non-Surgical
Therapy. Philadelphia PA, Saunders, 2009).

Brandes®. The technique is an attempt at a reversible uvu-
lopalatopharyngoplasty. A diamond-shaped mucosal flap is
excised over the soft palate and uvula (Figure 7). The uvula
is then folded forward and sutured on itself (Figure 8).

The robot is used to provide better visual and surgical
access. Usually this is not performed in isolation with the
robot but in conjunction with tongue volume reduction. The
suturing can be performed with a robotic needle driver or
may be performed by standard suture holders and forceps
but using the robotic optical scope to provide the visual
access and the surgeon using the screen image on a visual
cart to suture the wound.

Figure 10  Mobilisation of palatopharyngeus fibres to midpoint
of tonsillar fossa. (Reprinted with permission from: Friedman M
(ed): Sleep Apnea and Snoring: Surgical and Non-Surgical Ther-
apy. Philadelphia PA, Saunders, 2009).

Figure 12
sion from: Friedman M (ed): Sleep Apnea and Snoring: Surgical
and Non-Surgical Therapy. Philadelphia PA, Saunders, 2009).

Suture of mucosal incisions. (Reprinted with permis-






