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TRIOLOGICAL SOCIETY
CANDIDATE THESIS

Transoral Robotic Surgery for Oropharyngeal
Squamous Cell Carcinoma: A Prospective
Study of Feasibility and Functional Outcomes

Eric J. Moore, MD; Kerry D. Olsen, MD; Jan L. Kasperbauer, MD

Objectives/Hypothesis: To investigate the
feasibility of transoral robotic surgery as a method of
surgical treatment of oropharyngeal squamous cell
carcinoma.

Study Design: Prospective case study.
Methods: Forty-five patients with previously

untreated oropharyngeal squamous cell carcinoma
underwent transoral robotic surgical removal of the
tumor with or without neck dissection and with or
without adjuvant therapy. Patients were observed
and data were recorded on surgical time, blood loss,
surgical complications, tracheostomy tube course,
enteral feeding, and resumption of oral diet, speech
outcomes, swallowing outcomes, and tumor
recurrence.

Results: All 45 patients underwent complete
transoral robotic surgical excision with simultaneous
unilateral or bilateral neck dissection. Margins were
negative for tumor. Mean operating time for tumor
removal was 71.3 minutes for the last 35 cases. There
were 15 stage T1 tumors, 18 T2 tumors, 3 T3 tumors,
and 9 T4a tumors. Twenty-six patients had base of
tongue primary tumors and 19 had tonsillar fossa
tumors. Fourteen patients had a tracheostomy tube
placed at surgery, and all patients had their tracheos-
tomy tube removed (mean duration of use, 7.0 days).
Twenty-two patients (48.9%) had a nasogastric
feeding tube placed, and all patients had their feeding
tube removed (mean duration of use, 12.5 days).
Eight patients had percutaneous gastrostomy (PEG)
tubes placed, and all eight eventually had their PEG

tubes removed (mean duration of use, 140.3 days).
Average hospital stay was 3.8 days. There were no
major complications and no procedure was aborted
because of an inability to remove the tumor.

Conclusions: Transoral robotic surgery is a safe
and efficacious method of surgical treatment of oro-
pharyngeal neoplasms. Advantages of the technique
include adequate ability to visualize and manipulate
with two hands lesions in the base of tongue. Patients
were able to retain or rapidly regain oropharyngeal
function in the majority of cases.

Key Words: Base of tongue cancer,
oropharyngeal cancer, tonsillar cancer, transoral
robotic surgery, transoral surgery.
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INTRODUCTION
Oropharyngeal squamous cell carcinoma (SCC) will

affect 9,000 new patients in the United States in 2009,
and the majority of the cases will occur in the tonsillar
fossa and the base of the tongue (BOT).1 Worldwide,
approximately 70,000 deaths in 2009 will be attributed
to oropharyngeal SCC.2 Historically, advanced oropha-
ryngeal cancer has been treated by surgical excision and
postoperative radiotherapy. Although this treatment
resulted in high rates of local control, many patients
continued to succumb to morbidity from the treatment,
even with reconstruction of the surgical defect, including
clinically significant impairments in speech and
swallowing that led many authors to advocate for
nonsurgical primary therapy.3

Another approach to decrease toxicity has been to
minimize the surgical effects on the oropharynx by using
minimally invasive approaches to the surgical site.
Laccourreye et al.4 demonstrated local control rates of
89% with a combined approach of transoral surgical
removal of tonsillar primary cancer, neck dissection, and
adjuvant radiotherapy in 166 patients. Furthermore, no
patients in the series required a permanent tracheos-
tomy tube or feeding tube.5 Steiner et al.6 and others7

demonstrated similar preservation of speech and
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swallowing without sacrificing disease control by using
transoral laser microsurgery of the oropharynx for BOT
lesions.

If the key to preserving function of the oropharynx
during cancer treatment is to minimize damage to the
surrounding musculature and motor and sensory nerves
of the pharynx, then robotic surgery holds an intriguing
possibility. Robotic surgery has improved functional
results in other anatomical regions and decreased the
length of hospital stays.8 O’Malley et al.9 reported on
transoral robotic surgery (TORS) in a canine model and
three TORS procedures for BOT SCC to show the feasi-
bility of this approach. Weinstein et al.10 demonstrated
preservation of oropharyngeal function and adequacy of
tumor removal with TORS for tonsillar SCC followed by
staged neck dissections.

Previous experience with treating patients who had
oropharyngeal SCC led us to appreciate the functional
and oncologic results of transoral surgery but to respect
the limitations of this approach, particularly for bulky
tumors in the inferior oropharyngeal region.11 With this
experience in mind and with the historical groundwork
already laid, we designed a protocol to investigate the
feasibility and outcomes of transoral surgery with the da
Vinci S Surgical System (Intuitive Surgical Inc., Sunny-
vale, CA) for oropharyngeal SCC with simultaneous
neck dissection and adjuvant therapy as indicated.

MATERIALS AND METHODS

Patient Selection
A protocol to treat human subjects with TORS for head

and neck neoplasms was designed and approved by the institu-
tional review board. The inclusion criteria for subjects were the
following: 1) be at least 18 years old at the time of treatment, 2)
present with a previously untreated neoplasm of the head and
neck with indications for diagnosis and management of the tu-
mor, and 3) consent to robotic assistance in the transoral
surgical management of the neoplasm with simultaneous surgi-
cal management of the neck disease with unilateral or bilateral
neck dissection, as indicated. Exclusion criteria for subjects in
this protocol were similar to those used by other TORS investi-
gators: 1) being pregnant, 2) being unable to comprehend the
risks and goals of treatment and express desire to proceed with
treatment, 3) having medical conditions that result in being a
poor candidate for general anesthesia and surgical therapy, 4)
having had previous treatment of the head and neck tumor, or
5) having anatomical conditions that make transoral exposure
and visualization of the tumor impossible.10 Specific exclusion
criteria for TORS management of an oropharyngeal neoplasm
were similar to the exclusion criteria for other transoral proce-
dures: 1) fixation of the tumor to the lateral or posterior
pharyngeal wall, indicating deep neck invasion into the para-
pharyngeal space; 2) intimate association with the carotid
artery, internal jugular vein, or prevertebral fascia as evidenced
by physical examination or imaging; or 3) skull base invasion,
mandibular invasion, or clinically significant trismus, indicating
invasion of the pterygoid musculature.4 Careful physical exami-
nation and clinical examination of the tumor is critical, and
mobility or fixation of the tumor is an extremely valuable physi-
cal finding in assessment of a candidate for transoral surgery.

As part of this protocol, consecutive subjects with previ-
ously untreated SCC of the oropharynx who met the inclusion
criteria and were deemed acceptable candidates for transoral

surgery were offered TORS for the intent to completely remove
the tumor as part of their comprehensive oncologic treatment.
Before surgical treatment, patients underwent a preoperative
staging work-up with complete head and neck examination and
imaging studies (computed tomography or positron emission to-
mography, or both) and a preoperative anesthesia examination.
Patients were counseled about alternatives to TORS for tumor
management. All patients who consented to surgical treatment
of their oropharyngeal cancer between March 2007 and January
2008 and met the criteria for transoral surgery during the
study period were treated in this manner.

TORS Procedure
Operative treatment involved general anesthesia with a

laser-safe endotracheal tube and paralysis for the duration of
the transoral portion of the procedure. The procedure was
begun by protecting the teeth with molded thermoplastic sheet-
ing (WFR/Aquaplast Corp, Wyckoff, NJ) and exposing the tumor
with an oral retractor. The Feyh-Kastenbauer (FK) laryngeal
retractor (Gyrus ACMI, Southborough, MA) was the most fre-
quently used retractor; it was suspended from the left side of
the surgical bed with a Storz laryngoscope holder (Karl Storz,
Tuttlingen, Germany) (Fig. 1). With adequate exposure, the da
Vinci S Surgical System was brought to the left side of the
patient and the 0� (tonsillar fossa) or 30� (tongue base) binocu-
lar endoscope was positioned to allow optimal visualization of

Fig. 1. Typical operating room set-up for transoral robotic surgery.
The assistant is at the head of the table with suction and cautery,
whereas the anesthesia machine is to the patient’s right and the
robotic instrument at the patient’s left. The surgeon is at a remote
console. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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the tumor. The EndoWrist 5-mm Schertel grasper (Intuitive
Surgical, Inc.) was attached to the left robotic arm, the 5-mm
spatula cautery was attached to the right robotic arm, and the
arms were advanced into the field.

TORS for Tonsillar Cancer
The technique for transoral surgical removal of tonsillar

tumors has been described by Holsinger et al.5 and Weinstein
et al.10 The mucosa was incised at the retromolar trigone, and
dissection was carried to the pterygomandibular raphe. This
landmark was used to guide the surgeon to a dissection plane
between the pharyngeal constrictor muscle, which became the
lateral margin of tumor resection, and the buccopharyngeal fas-
cia. Numerous vascular branches of the lingual, facial, and
ascending pharyngeal arteries and veins course between the
fascia and superior constrictor muscles. Bleeding was controlled
by additional cautery, and branches of the lingual artery or ton-
sillar artery were managed with vascular clips (Fig. 2).

Care was taken to keep the buccopharyngeal fascia intact,
if possible, to protect the thin layer of fat in the parapharynx
around the carotid artery and to prevent communication into
the neck. If the extent of a tumor into this area was question-
able on preoperative examination or imaging, we performed
ipsilateral neck dissection and placed a cotton patty medially to
the carotid before beginning the transoral portion of the proce-
dure. In this manner, we isolated the vasculature and, with a
cotton patty, protected it medially from instruments during the
transoral dissection. Additionally, the lingual and facial arteries
were ligated to assist with vascular control. The mucosa was
cut at the soft palate medially to the extent of the tumor, and
dissection was carried through the constrictor muscle on the
posterior pharyngeal wall to the level of the prevertebral fascia.
The medial superior pharyngeal constrictor muscle was dis-
sected from the prevertebral fascia, the styloglossus and
stylopharyngeus muscles were transected inferiorly, and the dis-

section was carried into the lingual lymphoid tissue until the
inferior extent of the tumor was safely mobilized and the tumor
was freed with a margin of normal tissue.

TORS for Base of the Tongue Cancer
The technique for TORS for BOT cancer also began with

tumor exposure. The patient’s trachea was intubated with a
laser-safe endotracheal tube, the teeth were protected, and the
oral retractor was placed. In the present study, the FK retractor
was used in the majority of patients and the Crow-Davis retrac-
tor was used occasionally. The end of the retractor blade was
placed anteriorly just enough to visualize the anterior extent of
the gross tumor and to expose as much of the inferior extent of
the tumor as possible.

The first mucosal incision was made at the anterior mar-
gin, thereby allowing the tumor to fall posteriorly into the field
of view. The surgeon can also make initial inferior horizontal
cuts at the level of the vallecula early in the procedure to pro-
vide an end point to dissection.9 After the anterior cut was
made, the normal soft tissue at the anterior edge of the speci-
men was grasped easily with the robotic retractor to provide
tension for the rest of the dissection. Locations of the medial
and lateral cuts were guided by the extent of the gross tumor,
and the surgeon then dissected through normal-appearing soft
tissue to adequately excise the tumor.

The dorsal lingual artery was sometimes encountered lat-
erally in the tongue base; tracing it laterally lead to the lingual
artery trunk. The hypoglossal nerve was encountered anterolat-
erally to these vessels (Fig. 3). The vessels were managed by
the assistant surgeon with the application of two vascular clips
on the patient side and one on the tumor side before transection

Fig. 2. Pertinent vascular and neural anatomy of the tonsillar fossa
and tongue base as conceptualized from the oral cavity as viewed
by the surgeon. Cranial nerves are labeled with Roman numerals.
a. ¼ indicates artery; m. ¼ muscle; n. ¼ nerve.

Fig. 3. Schematic of tonsillar fossa during transoral dissection as
viewed by the surgeon at the console. Inset, cadaveric view. The
right tonsillar fossa has been resected. Note the dorsal lingual ar-
tery (arrow), lingual artery, and hypoglossal nerve. a. ¼ artery; n.
¼ nerve.
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with the cautery. The tumor was dissected free in an anterior
(or superior) to inferior (or posterior) direction through the base
of the tongue musculature until it was mobilized. This could
usually be accomplished en bloc with TORS because of the en-
doscopic visualization of the tongue base and the ability to
manipulate the tumor in multiple directions. Large tumors
were occasionally transected and removed in sections, similar to
techniques used in transoral laser microsurgery, to maintain
visualization and perspective.

Frozen-section analysis of the tumor and excellent commu-
nication between the surgeon and the pathologist are critical to
the success of complete transoral tumor removal. At our institu-
tion, the surgeon takes the specimen to the pathology suite and
communicates to the pathology team the orientation of the spec-
imen, the location of the gross tumor, and the edges to be
examined histologically. Often, additional tissue from the mar-
gins was taken in regions close to the tumor to investigate the
adequacy of tumor removal. Tissue in any area that might have
residual tumor, as suggested by physical examination, visual
appearance, or pathology findings, was excised and examined
histologically.

After complete tumor removal, the retractor was removed
and the patient was prepped and draped in the usual position
for unilateral or bilateral neck dissection. In the present series,
patients underwent ipsilateral selective neck dissection classi-
fied as levels I through IV for oropharyngeal tumors classified
as N0 through N2b and N3. They underwent bilateral selective
neck dissection classified as levels I through IV for N2c disease
or tumors that crossed the midline of the tongue base. After
neck dissection, suction drains were placed in the neck and the
mouth was flooded with saline to rigorously investigate the par-
apharynx for oral communication. Communications were closed
by suturing the constrictor muscle either transorally or through
the neck, closing a portion of the digastric muscle to the sterno-
cleidomastoid muscle laterally to the defect, and placing Tisseel
(Baxter Bioscience, Deerfield, IL) over the defect on the neck
side.

Adjuvant Therapy
Adjuvant treatment was prescribed if there was evidence

on neck dissection of: 1) two or more lymph nodes involved with
metastatic tumor, 2) evidence of extracapsular spread of tumor
metastasis in one or more lymph nodes, 3) desmoplastic reac-
tion at the primary site, 4) evidence of perineural or
angiolymphatic invasion at the primary site, or 5) evidence of
margins positive for tumor at the primary site. Patients under-
going radiotherapy received it by an intensity-modulated
radiotherapy method to both sides of the neck and the primary
site to a total dose of 60 Gy. If the tumor was not totally
removed (with margins negative for tumor), the treatment plan
called for treating the primary site to 65 to 70 Gy; however, no
patient left the operating room with margins positive for tumor.

Follow-up
The patients were examined 3 to 4 weeks postoperatively.

Speech and swallowing were assessed again and consultations
were obtained as indicated for adjuvant therapy. Speech and
swallowing therapy and physical therapy were scheduled as
indicated to maximize functional recovery. Interventions
included forceful swallowing exercises, jaw physiotherapy, neck
and shoulder physiotherapy, and lifestyle and dietary counsel-
ing. Oncologic patients at our institution are evaluated with a
complete physical examination by the primary head and neck
surgery team every 3 months for 2 years, then every 6 months
for 3 more years, and then yearly. Appropriate imaging studies

and examinations for oncologic surveillance are scheduled by
the surgery team.

Outcome Measures
Data collected in this study included patient age, sex, and

tobacco or alcohol use; tumor site, histology, clinical stage, and
pathologic stage; TORS operative time for primary tumor re-
moval; tumor clearance and number of frozen sections of
margins; blood loss with TORS; total operative time; duration of
use of tracheostomy tube, nasogastric feeding tube, and percu-
taneous gastrostomy (PEG) tube; hospitalization; complications;
and tumor control. All tumors were clinically and pathologically
staged according to the American Joint Committee on Cancer
criteria.12 All TORS was performed by the first author in con-
junction with the other two coauthors. Functional assessment of
swallowing was based on the Functional Outcome Swallowing
Scale (FOSS) score preoperatively, at 4 weeks postoperatively or
at 3 months after completion of radiotherapy or chemoradio-
therapy (CRT), and at latest follow-up or until the score had
returned to normal13 (Table I). Functional assessment of speech
was measured by recording a communication score (CS) preop-
eratively, at 4 weeks postoperatively, and at latest follow-up or
until the score had returned to normal (CS 0 ¼ normal speech,
1 ¼ minor dysphonia, 2¼ gross dysphonia). All analyses and
chart reviews were done in accordance with institutional review
board guidelines and approval. Analysis of the data was per-
formed with Microsoft Excel (Microsoft Corp, Redmond, WA).

RESULTS

Patients
Forty-five patients with biopsy-proven untreated

SCC of the oropharynx who underwent TORS by the
first author between March 2007 and January 2008 com-
prised the subjects of this study. The average age was 57
years (range, 38–88 years). There were 40 men and five
women. Daily tobacco or alcohol use was reported by 15
patients (33.3%) (average tobacco use, 30 pack-years); 30
patients (66.7%) had never used tobacco and did not
drink alcohol daily. This shows the difference in risk fac-
tors for SCC of the oropharynx compared with other

TABLE I.
Functional Outcome of Swallowing Scale (FOSS).

Stage Symptom

0 Normal function and asymptomatic

1 Normal function with episodic or daily symptoms of
dysphagia

2 Compensated abnormal function manifested by
significant dietary modifications or prolonged
mealtime (without weight loss or aspiration)

3 Decompensated abnormal function with weight loss
of �10% of body weight over 6 months caused by
dysphagia; or daily cough, gagging, or aspiration
during meals

4 Severely decompensated abnormal function with
weight loss of >10% of body weight over 6
months caused by dysphagia; or severe aspiration
with bronchopulmonary complications; nonoral
feeding for most nutrition

5 Nonoral feeding for all nutrition

Adapted from Salassa.13 Used with permission.
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subsites in the head and neck. The location of the pri-
mary tumor was in the tonsillar fossa in 19 patients and
in the tongue base in 26 patients. The pathology-con-
firmed tumor, node, metastases staging of the
oropharyngeal SCC treated by TORS is shown in Table
II. There were 15 stage T1 tumors, 18 T2 tumors, three
T3 tumors, and nine T4a tumors. Thirty-nine tumors
(86.7%) were advanced stage; seven (15.6%) were stage
III; 29 (64.4%) were stage IVA; and three (6.7%) were
stage IVB.

Treatment
TORS. All patients underwent complete resection

of the oropharyngeal malignant neoplasm with TORS as
described in the preceding section. The FK retractor was
used for tumor exposure in 38 patients, and the Crow-
Davis retractor was used in seven patients. No patient
had the procedure aborted or altered because the tumor
could not be exposed or accessed with the robotic surgi-
cal instruments. The tumor was removed as a single
specimen in 42 patients (93.3%) and in piecemeal sec-
tions as described in transoral laser microsurgery
techniques in three patients (6.7%).6 Frozen sections of
margins were examined from the tumor specimen or
from the operative bed in all patients, and clear histo-
logic confirmation of complete tumor removal at the
primary site was obtained for all 45 patients. The aver-
age number of series of frozen sections of margins sent
for pathologic evaluation before tumor was cleared was
1.9, ranging from 1 to 10 (in one patient with a BOT
infiltrating tumor).

Time. The operating time for primary tumor re-
moval was fairly constant among the cases, but the
setup time for exposure of the tumor and positioning of
the instrument decreased after the first 10 cases. Often,
the exposure of the tumor took nearly as much time as
removal for the tumor. The operating times are listed in
Table III and Table IV. The two highest operating times
were both in tongue base tumors that were larger than
6 cm. Advanced T stage tumors had operating times that
averaged 27 minutes longer than early T stage tumors.
These times were increased because of the necessity of
removing the tumor in sections and sending multiple
frozen section margins to ensure that the entire periph-
ery of the tumor was removed. In addition, the retractor
had to be positioned several times during these cases for
sequential exposure of the tumor, and this necessitated

movement and redocking of the robotic instrument. Con-
trol of bleeding did not significantly contribute to the
operating time. Average blood loss for the procedure was
12.6 mL (range, 0–50 mL). Vascular clamps were used to
control bleeding in 28 patients.

Neck Dissection
Neck dissections were performed in 43 patients

(95.6%). Thirty- one patients underwent unilateral neck
dissection, and 12 underwent bilateral neck dissection
for the clinical or radiographic evidence of bilateral or
contralateral metastatic neck disease. In 14 patients, the
ipsilateral neck dissection was performed before TORS
of the primary tumor to isolate the great vessels and
ensure separation of the primary tumor from these
structures. In these cases, the neck was left open, and a
sponge was placed medially to the carotid artery to pro-
tect it during the transoral surgery. Obvious
communication from the pharynx to the neck was
observed in 18 cases (40%); the communication was
closed as described previously.

Hospital Stay
The average hospital stay was 3.8 days (range, 1–

10 days). One patient was hospitalized in the intensive
care unit for 6 days because of congestive heart failure
and pulmonary edema. The main reason for a hospital
stay was management of neck drain wounds, and
patients were typically dismissed after their neck drains
had output of less than 10 mL per 24 hours and the

TABLE II.
Tumor, Node, Metastases Staging Among 45 Patients With

Previously Untreated Oropharyngeal Squamous Cell Carcinoma
Treated by Transoral Robotic Surgery.

N0 N1 N2a N2b N2c N3 Total

T1 2 4 2 4 2 1 15

T2 4 2 5 3 3 1 18

T3 1 0 0 1 0 1 3

T4a 0 1 0 5 3 0 9

Total 7 7 7 13 8 3 45

TABLE III.
Outcomes by T Stage—Early (T1/2) Versus Advanced (T3/4).

Early (T1/2) Advanced T3/4

TORS OR time,
mean (range),
min

71.3 (5–112) 98.2 (44–320)

Tracheostomy no./
mean d (range)

7/3.3 (2–8) 7/42.3 (3–180)

NGT no./mean,
d (range)

10/12.2 (2–24) 12/13.7 (6–41)

PEG tube 0 8/140.3 (40–300)

Hospitalization
mean, d (range)

3.6 (1–8) 5.1 (2–10)

Locoregional
recurrence

3 contralateral neck 1 contralateral tongue

TORS ¼ transoral robotic surgery; OR ¼ operating room; NGT ¼
nasogastric tube; PEG ¼ percutaneous gastrostomy.

TABLE IV.

Operating Room Times for TORS Cases.

Cases

Time, Mean (Range), min

Setup Tumor Removal Total OR

First 10 68.6 (54–59) 71.8 (45–320) 312.7 (106–737)

Subsequent 35 22.3 (14–28) 71.3 (6–309) 216 (45–350)

TORS ¼ transoral robotic surgery; OR ¼ operating room.
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drains had been removed. One patient was hospitalized
for 10 days for ongoing drainage that was believed to be
from a salivary fistula.

Adjuvant Therapy
Twenty-five patients (55.6%) underwent CRT, and

eight (17.8%) underwent radiotherapy postoperatively.
One patient was advised to undergo radiotherapy
because of extracapsular extension of neck metastatic
disease, but he refused additional therapy. In all
patients, the primary site was treated to a smaller dos-
age than would have been used to primarily treat SCC
because all margins were negative for tumor and all
tumors had been fully resected.

Tracheostomy
Fourteen patients (31.1%) had a temporary cuffed

tracheostomy tube placed during the procedure. Table II
shows the distribution between early and advanced
stage tumors requiring tracheostomy. All patients
requiring tracheostomy had BOT tumors, as these
patients presented the most airway compromise after tu-
mor removal. Five patients had a tracheostomy tube
placed at the beginning of the procedure in anticipation
of either difficulty with the airway during induction of
anesthesia or a need for better exposure of the tumor.
Eight patients had a cuffed tracheostomy tube placed at
the end of the procedure because a need for airway pro-
tection was expected. The cuff was let down on
postoperative day 1 and the patient was transitioned to
an uncuffed tube and subsequently decannulated as
soon as they could tolerate occlusion of their tube for 24
hours. The average time of tracheostomy tube depend-
ence was 7.0 days (range, 3–180 days). Ten patients had
their tracheostomy tube removed before hospital dismis-
sal and four patients maintained a tracheostomy tube
during adjuvant therapy until after completion of the
oncologic therapy. The patient who maintained a trache-
ostomy tube for 180 days underwent removal of more
than 50% of the tongue base, bilateral neck dissections,
and CRT.

Feeding Tube
Twenty-two patients (48.9%) had a nasogastric feed-

ing tube placed at the completion of the procedure in
anticipation of enteral feeding and aspiration. The aver-
age duration of nasogastric feeding tube use was 12.5
days (range, 2–41 days). Our practice was to examine
patients 10 days after hospital dismissal and evaluate
their ability to tolerate an oral diet with a video swal-
lowing or clinical examination. If patients could tolerate
oral liquids, we would remove the feeding tube and have
them begin swallowing exercises and oral nutrition. If
patients could tolerate thickened liquids but aspirated
thin liquids, we would have them begin swallowing exer-
cises but continue use of the feeding tube for 2 to 3 more
weeks. If patients aspirated, we would replace their
feeding tube with a PEG tube. Fourteen of the 22
patients with a feeding tube had their tube removed and

tolerated an oral diet on the first postoperative evalua-
tion. Three patients had their feeding tube removed on
the second evaluation, and five patients had a PEG tube
placed after the second evaluation. Three more patients
were swallowing an oral diet before beginning their
adjuvant therapy (a feeding tube was not placed at the
initial surgery) but required PEG tube placement during
CRT. In total, eight patients (17.8%) required PEG tube
use for an average of 140.3 days (range, 40–300 days).
All patients requiring PEG tubes had T4 tumors, and
seven of the patients had BOT tumors. All patients
eventually had their feeding tube removed and resumed
eating an oral diet to maintain their nutritional needs.

Functional Status
Speech was normal with communication scores of 0

in all 45 patients preoperatively, and speech was normal
in all 45 patients postoperatively at the first evaluation.
Four patients had rhinolalia when they were dismissed
from the hospital, but it resolved rapidly. Preoperative
and post-treatment FOSS scores are shown in Figure 4.
All patients who had FOSS scores of 2 or higher after
completing therapy had BOT tumors and underwent
postoperative CRT. The two patients who had FOSS
scores of 3 had T4N2b BOT cancer and presented with a
FOSS score of 2. All patients who presented with a
FOSS score of 0 and underwent only TORS and neck
dissection had a FOSS score of 0 within 4 weeks after
therapy.

Complications
There were no life-threatening complications during

the operative procedure or postoperatively during hospi-
talization. There was no intraoperative or postoperative
bleeding that could not be controlled with instruments,
and no patients suffered trauma or tissue damage from
the procedure or the instruments. One patient with a
T1N2b tonsillar cancer returned with a neck hematoma
that was drained, and this patient was dismissed from
the hospital after 6 days. One study patient died at
home of suspected myocardial infarction 7 months after
completing surgery and postoperative radiotherapy for a
T2N2a BOT carcinoma. This patient had a PEG tube
placed during therapy, but it had been removed and she
was not aspirating on her latest follow-up visit. No post-
mortem examination was performed, as requested by the
family.

An orocutaneous fistula developed in three patients
(6.7%). One occurred during hospitalization and two
occurred after the patients were dismissed from the hos-
pital. Two of these patients had tonsillar carcinoma and
one had BOT carcinoma. All three patients had known
communication into the neck from the oral cavity at the
time of the neck dissection, all three responded to con-
servative therapy with spontaneous closure of the
fistula, all three completed their adjuvant therapy on
schedule, and all three had normal speech and swallow-
ing on follow-up examination.
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Other minor complications were believed to be
related to the entire therapy course and were not unique
to TORS: trismus requiring physiotherapy (three
patients), prolonged oral mucosal ulceration (eight
patients), symptomatic xerostomia (18 patients), and
shoulder pain requiring physiotherapy (17 patients).

Disease Control
The average follow-up period for this study was

12.3 months (range, 1–16 months). This period is insuffi-
cient for adequate oncologic control data for comparison
with other treatments. These patients are being followed
prospectively with regular head and neck exams, and
appropriate imaging and this oncologic data will be
reported as follow-up increases. At latest follow-up, in
one patient (2.2%) who had a T4aN2c BOT carcinoma, a
contralateral BOT SCC developed 11 months after
undergoing TORS and bilateral neck dissections and
CRT. A surgical salvage procedure consisted of a partial
glossectomy and total laryngectomy. Regional neck re-
currence developed in three patients (6.7%). One patient
with a T2N0 SCC of the tonsil who underwent no adju-
vant therapy developed a contralateral parapharyngeal
metastasis 7 months after TORS and ipsilateral neck
dissection. In two patients, contralateral neck metasta-
ses developed after TORS with neck dissection and CRT
for T2N2b BOT SCC. Both patients had no evidence of
local recurrence on imaging and primary site biopsy, and
both underwent surgical neck salvage therapy.

DISCUSSION
The goals of primary therapy of oropharyngeal SCC

are the local, regional, and distant control of disease and
the preservation of speech and swallowing functions.
Traditional approaches to treatment focused on complete
surgical resection of the primary site and regional dis-
ease followed by treatment of the region with
postoperative radiotherapy. Large series of patients from
different institutions established benchmark local con-

trol rates for this strategy, ranging from 70% to 84%; 5-
year survival ranged from 49% to 55%.14 Although stud-
ies from this period recognized the benefit surgery
provided in local control, the patient debilitation from
surgical exposure of the oropharynx, particularly the
base of tongue, led many groups to abandon surgical
approaches to this area.3

A few centers have pursued minimally invasive sur-
gery to decrease the morbidity of surgical resection and
maintain the benefits of complete local control.4,6,7 Mini-
mally invasive surgery through a transoral approach
poses challenges related to illumination of the field, vas-
cular control, tissue manipulation and ablation, and
preservation of function by protection of surrounding
structures. The feasibility portion of our study sought to
investigate whether TORS would meet these challenges
similarly, differently, or not at all. We measured this fea-
sibility by recording the ability to expose the tumor and
complete the surgery with TORS, by recording operative
complications, and by measuring the operating time.

The ability to expose the tumor and complete the
operation transorally is influenced both by preoperative
tumor selection and operator experience. From our pre-
vious experience with transoral laser microsurgery, we
realized that T stage of the tumor is less important in
transoral exposure than the extent of the tumor. Tumors
that are fixed to the lateral pharyngeal wall, great ves-
sels, and skull base are poor candidates for transoral
resection, but bulky exophytic tumors of the lingual base
of tongue without deep extension into the tongue muscu-
lature are often ideal candidates for transoral removal.
Twelve tumors (27%) in this series were T3/T4 and could
be exposed and removed transorally without major com-
plications. Tumor exposure often took longer in these
advanced T stage tumors, more frozen margin specimens
were sent in the larger tumors, and the two longest
operating times were in advanced T stage BOT tumors.
Patient factors also play a role in ability to expose the
tumor. Patients with retrognathia, narrow mandibular
arch, and poor neck mobility complicate the transoral

Fig. 4. Functional Outcome Swal-
lowing Scale (FOSS) scores. (A) Pre-
operative. (B) Post-treatment.
Patients had base of tongue (BOT)
tumors (n ¼ 26) or tonsillar fossa
(tonsil) tumors (n ¼ 19). FOSS
scores were recorded at 4 weeks
postoperatively if patients were
undergoing surgical therapy only or
at 3 months after completing adju-
vant therapy.
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exposure. Finally, we gained ability to achieve adequate
exposure with experience and, although our operative
time did not decrease, our exposure and setup time
decreased several fold after the first 10 cases.

Operative time is a difficult factor to use as a mea-
sure of surgical efficacy because so many extraneous
variables may affect it. Still, operative time is an impor-
tant consideration in any technique that is to be utilized
in an increasingly cost-conscious and safety-conscious
medical environment. Although operative time for oro-
pharyngeal cancer removal is rarely reported in other
published studies, we had data regarding standard oper-
ating times from surgeries for oropharyngeal cancer
performed at our institution both transorally and
through transcervical with mandibulotomy and trans-
hyoid approaches. The average operating time for TORS
removal of T1-T2 tonsil cancers was 24.5 minutes, and
this corresponded with our transoral time with other
techniques (34.5 minutes for transoral laser microsur-
gery and electrocautery). The overall average operating
time for TORS was 71.3 minutes for our last 35 cases.
This time was 27 minutes higher in the high stage
tumors, with one T4 BOT tumor taking 309 minutes to
completely remove and clear margins. Frozen-section pa-
thology examination of the margins is as critical to
TORS in the oropharynx as it is to other transoral proce-
dures, and this was a factor in operative time. In this
study, the average number of series of frozen sections of
margins before tumor clearance was 1.9. This number
tended to be higher in the BOT region, and one patient
with a large infiltrating BOT tumor underwent 10 sepa-
rate frozen-section margin examinations before the
tumor was cleared. Although this particular case was
lengthy, the overall time needs to be compared to proce-
dures such as transcervical transhyoid BOT removal
with microvascular reconstruction. This would be
another standard surgical procedure for T4 BOT carci-
noma, and this procedure routinely takes longer than 6
hours to complete at our institution.

Another measure of interest in this study was func-
tional recovery. The function most at risk with
oropharyngeal disease progression or treatment is swal-
lowing. One of the most commonly reported indicators of
this function after treatment is dependence on a feeding
tube. Twenty-three of the patients in this study could
swallow an oral diet immediately after surgery. All of
these patients had T1-T2 tumors. Twenty-two patients
(48.9%) had a nasogastric feeding tube placed during the
procedure. The swallowing function in our patients
improved over several weeks, with 40 patients (88.9%)
able to resume an oral diet within 4 weeks postopera-
tively. Requiring a PEG tube was closely associated with
advanced T stage of tumor. It was related to site; all five
patients who required a feeding tube prior to beginning
radiation had BOT tumors. Similar to patients in other
series of combined treatment, three of our patients who
were swallowing immediately after surgery eventually
required a feeding tube during their adjuvant therapy.
Patients who required a feeding tube for more than 3
months had BOT tumors, bilateral neck dissections, and
postoperative CRT. Eventually, even these patients were

able to tolerate an oral diet. Weinstein et al.10 cautioned
against resecting more than 50% of the tongue base to
prevent dysphagia, and this caution may be founded. In
our series, the one patient who underwent BOT resec-
tion of more than 50% required a feeding tube for
dietary supplementation for 300 days.

These functional results compare similarly or favor-
ably for other published treatments of oropharyngeal
carcinoma. Greven et al.15 reported an 18% rate of com-
plete dysphagia for solids and liquids and gastrostomy
tube dependence in patients treated for stage III or IV
oropharyngeal cancer with CRT for organ preservation.
Shiley et al.16 reported a gastrostomy tube placement
rate of 82% in patients undergoing CRT for oropharyn-
geal SCC; 31% of the patients were dependent on the
feeding tube 1 year after treatment. The same group
reported on the swallowing function of 20 patients
(eight, T1/2; 12, T3/4) undergoing standard surgical
resection, including free flap reconstruction, with postop-
erative adjuvant therapy for oropharyngeal SCC. After
surgery, and before radiotherapy, 65% of the patients
had resumed an oral diet, but this decreased to 50% af-
ter the patients began radiotherapy.17 Grant et al.
reported an 8% long-term PEG dependency rate in a
patients series similar in T stage distribution to our
group who underwent transoral laser microsurgery and
adjuvant therapy.7 Agrawal presented on 41 patients
undergoing transhyoid removal of base of tongue carci-
noma, 15 of whom had early T stage tumors and 19 of
whom had advanced T stage.18 Seven (17%) of the
patients had permanent gastrostomy tube dependence,
and most of these had T4 tumors.

Finally, we looked at hospitalization rates and com-
plication rates in this series. In a comprehensive review
of large North American series that compared patients
who underwent surgery with or without radiotherapy
and patients who underwent radiotherapy with or with-
out neck dissection for oropharyngeal SCC, Parsons et al.14

concluded that the severe complications (23% vs. 6%) and
fatalities (3.2% vs. 8%) of surgery with or without radio-
therapy relegated it an inferior therapy. There were no
operative fatalities in our series and there were no severe
postoperative complications that prolonged hospitaliza-
tion or delayed therapy or caused patient morbidity.
Communication between the pharynx and the neck after
neck dissection developed in three patients. Neck dissec-
tion has been staged as a secondary procedure in other
transoral surgery procedures.10 Proponents of staged neck
dissection indicate that the second procedure offers the
ability to resect additional tissue if the initial margins end
up containing tumor on the permanent pathology exami-
nation and that the risk of fistula is higher with
simultaneous neck dissection. Although both arguments
hold merit, we performed neck dissection at the same set-
ting as the TORS. We believe this offers several
advantages. Simultaneous neck dissection shortens the
overall treatment course and allows the patient to begin
adjuvant therapy sooner. Our hospitalization rates for
early and advanced T stage tumor treatment did not differ
enough from published functional results with TLM to
support this concern in the oropharynx.7
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From our experience with transoral surgery with
standard instrumentation, and from the transoral laser
surgical results in the oropharynx from other institu-
tions, we have gained considerable confidence in
transoral treatment for selected oropharyngeal carcino-
mas. Multiple instruments exist that may be utilized by
the surgeon to expose and extirpate the primary tumor.
The surgical robot is another one of these instruments.
Use of the surgical robot is not without disadvantages:
its size can be a limiting factor in some patients, the ini-
tial expense to obtain the instrument and adequately
train the operating personnel is high, and the instru-
ment may not be available at many institutions. Even
with these limitations, we believe that transoral robotic
surgery provides some unique advantages in tumor visu-
alization, surgical dexterity, and tissue manipulation
that lead to some substantial improvements in operating
efficiency. Future research needs to concentrate on long-
term oncologic outcomes and further development of
instrumentation to assist the surgeon in tumor exposure.
We emphasize that regardless of the instrument, sound
technique and adherence to oncologic principles is far
more important for the patient in the type of instrumen-
tation used.

CONCLUSION
We believe that transoral surgery provides new

benchmarks of function and complication rates, with
which other series of treatments for oropharyngeal SCC
can be compared. Ideal patients for this method have
exophytic oropharyngeal tumors that do not extend into
the lateral neck structures or into the skull base. In the
future, we hope to include local control, locoregional con-
trol, and disease-specific survival rates for TORS to
these benchmarks. Ultimately, this treatment can serve
as a treatment arm for comparisons in prospective
randomized trials to establish more uniform consensus
of treatments for this controversial disease.
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