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Comparative study on the efficacy of transoral robotic surgery
and non-robotic surgery for tongue base tumors
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Abstract

treatment of tongue base tumors. Methods: A total of 45 patients with tongue base tumors treated in our hospital were selected,

Objective: To compare the efficacy of transoral robotic surgery (TORS)and non-robotic surgery (NRS) in the

and they were divided into the TORS group and NRS group according to different surgical methods. The surgical indicators and
postoperative complications of patients in the two groups were compared and analyzed. Results: Compared with the NRS group,
the operative time, bleeding volume and length of hospital stay were less in the TORS group, and the postoperative recurrence
rate was less in the TORS group than that in the NRS group. The incidence rate of dysphagia and restricted mouth opening in
the TORS group was lower than that in the NRS group within 30 d after surgery, and the difference was statistically significant
(P<0.05). Conclusion: TORS has better minimally invasive advantages in the treatment of tongue base tumors, including less
intraoperative bleeding, smaller trauma, shorter length of hospital stay and faster recovery.
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The base of tongue is located in the anterior
wall of the oropharynx, and its anatomical location
is concealed". For malignant tumors of the tongue
base, there are still different opinions on the surgical
approach. The lateral pharyngeal approach is
sometimes insufficient to fully expose the tumor

perimeter, which may lead to tumor recurrence. In
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patients with malignant tumors of the tongue base, a
longitudinal incision of the lower lip and splitting of
the mandible can fully expose the tumor and facilitate
complete resection, but it may lead to postoperative
complications, poor aesthetic satisfaction, and the
possibility of speech and swallowing dysfunction.

Therefore, it is urgent to improve the treatment of
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patients with tongue base tumors by changing the
treatment paradigm or technological advances. Efforts
have been made to find a more conservative approach
that can reduce the functional impact of surgical
procedures while obtaining disease control rates close
to those of radical surgery or radiotherapy.

With the development of medical technology
and minimally invasive concept, the development
and application of robot-assisted surgery was
promoted””. TORS was approved by the U.S. Food
and Drug Administration (FDA) in December 2009
for selective use in benign and malignant head and
neck tumors”. TORS is a minimally invasive way
to treat oropharyngeal tumors with the potential
for complete tumor removal*™®. TORS has been
shown to reduce the need for adjuvant therapy by
avoiding chemotherapy, lowering the dose/range
of adjuvant radiotherapy, or avoiding non-surgical
treatment together. Some studies have shown that this
downgrading of adjuvant therapy has the potential to
improve swallowing outcomes and reduce reliance on

nasal feeding tubes” ™.

TORS has a magnified 3D high-definition vision
and a flexible mechanical arm with 7 degrees of
freedom. Its unique advantages are in line with the
difficulties in the treatment of tongue base tumors.
At present, studies have confirmed the safety and
advantages of TORS in the treatment of oropharyngeal
tumors. However, its superiority in the treatment of
tongue base tumor and clinical effect comparing with
non-robotic surgical treatment still need to be further

confirmed.

1 Materials and methods

In this retrospective study, a total of 45 patients
(19 cases of TORS and 26 cases of NRS) were
enrolled. The inclusion criteria were the presence of
tongue base tumor staged T, or T, according to TNM
classification. Patients under poor general conditions
and those with cervical lymph node metastasis
showing radiological signs of invasion in the carotid
artery or with tumors considered inadvisable for
TORS by their CT or MRI results were excluded.

Clinical characteristics of patients in the
two groups were shown in Table 1. There were no

statistically significant differences in age, BMI and

preoperative complications between the two groups
(P>0.05), indicating that they were comparable.

In the TORS group, the Da Vinci Si surgical
system was used, while direct resection of the tumor
through oral cavity, resection through cervical
approach, and resection through mandibular splitting
approach were performed in the NRS group. The
specific resection procedures were same in the two
groups.

Observed indicators including operative time,
blood loss, postoperative of hospital stay, time to
oral diet, time to decannulation, drainage tube
indentation, and nasal feeding tube dependence and
postoperative complications within 30 days.

Statistical analysis was performed using SPSS
V.21.0. The measurement data was represented as
mean + SD(x £ s), and the classification variables were
represented by the number of cases or percentage.
T test was used for comparison of measurement data,
and y ° test was used for counting data. P<0.05 was

considered statistically significant.

2 Results

In benign tumors, the TORS group had
longer operative time [(97.82 £ 44.31)min Vs
(41.90 = 25.06)min, P=0.0034] and higher cost
[(8095.85 £ 1100.47) USD Vs (1935.85 + 683.41)
USD, P=0.0474 | than the NRS group. The total
operative time of the TORS group (excluding the time
of TORS positioning) was shorter than that of the
NRS group [(33.63 £ 30.40)min Vs (41.90 + 25.06)
min, P<0.0001]. No tracheotomy was performed in
the two groups. Drainage tube was placed in 1 patient
(10%) in the NRS group and nasogastric tube was
placed in 1 patient (10%), but not in the TORS group.
There was no significant difference in postoperative
bleeding, decannulation time, oral feeding time and
postoperative hospital stay between the two groups
(see Table 2).

In malignant tumors, the TORS group was
superior to the NRS group in terms of the total
operative time [(35.63 = 16.12) min Vs (81.56 + 50.51)
min, P<0.0001], blood loss [(30 £ 14.14) min
(90.38 = 76.54)min, P=0.0457] and postoperative
hospital stay [ (4.25 £2.44)d Vs (6.94 £ 3.98)d,
P=0.0309]. The cost of the TORS group was higher
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Table 1 Comparison of clinical data between the two groups of patients [n ( % ) ]

[tem Overall (n=45) TORS group (n=19) NRS group (n=26) P value
Age 0.5433
< 60 28 13(0.68) 15(0.58)
>60 17 6(0.32) 11(0.42)
Gender 0.0052
Male 19 13(0.68) 6(0.23)
Female 26 6(0.32) 20(0.77)
BMI 0.1362
< 23.9 23 7(0.37) 16(0.62)
>23.9 22 12(0.63) 10(0.38)
ASA classification 0.9447
I 4 2(0.11) 2(0.08)
I 36 15(0.79) 21(0.81)
I 5 2(0.11) 3(0.12)
Mallampati Score 0.8151
I 4 2(0.11) 2(0.08)
I 37 16(0.84) 21(0.81)
I 1 0(0) 1(0.04)
v 3 1(0.05) 2(0.08)
Preoperative comorbidities 0.9328
Hypertension 15 6(0.32) 9(0.35)
Diabetes 4 2(0.11) 2(0.08)
Liver disease 0 0(0) 0(0)
Lung disease 3 1(0.05) 2(0.08)
Kidney disease 1 0(0) 1(0.04)
Angiocardiopathy 4 1(0.05) 3(0.12)
Other diseases 2 1(0.05) 1(0.04)
Prior radiation 0.9999
Yes 6 1(0.05) 5(0.19)
No 39 18(0.95) 21(0.81)
Perioperative coagulation 0.9999
Yes 5 2(0.11) 3(0.12)
No 40 17(0.89) 23(0.88)
Smoking and drinking 0.0858
Yes 12 8(0.42) 4(0.15)
No 33 11(0.58) 22(0.85)

Note: TORS (Transoral robotic surgery); NRS (Non-robotic Surgery)
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than that of the NRS group [(9492.80 + 1651.58)USD
Vs (5190.39 + 3009.02)USD, P<0.0001]. In the NRS
group, 1 patient (6.25%) underwent tracheotomy,
1 patient (6.25%) was placed with drainage tube, and
4 patients (25%) were placed with nasogastric tube.
There was no significant difference in total operative
time, decannulation time and oral feeding time between
the two groups (see Table 2).

During the long-term follow-up, the recurrence
rates of the TORS group and the NRS groups were
12.5% and 50%, respectively(5.3% Vs 38.1%),
P=0.0478.

In addition, the pathological types of malignant
tongue base tumors in the TORS group and the NRS
group were analyzed, and there was consistency
between the two groups, so the pathological types did
not cause differences in the recurrence rate of the two

groups of surgical methods (see Table 3).

Dysphagia occurred in 2 patients of the TORS
group and 8 patients of the NRS group within 30 days
after surgery and, respectively (10.5% Vs 38.1%),
P=0.0158. In the two groups, there were 1 patient
in the TORS group and 7 patients in the NRS group
had restriction of mouth opening within 30 days after
surgery (5.3% Vs 33.3%), P=0.0461 (see Table 4).
However, the number of complications within 30 days
after surgery in the TORS group was less than that in
the NRS group, except for accidental injury of teeth
and gums.

Postoperative follow-up results showed that 3
patients with malignant tumors in the NRS group
had obvious surgical scars, great changes in their
faces comparing with that before surgery, and poor
aesthetic satisfaction. All patients in the TORS group
had scars hidden in the mouth, and no changes in

their faces were observed before and after surgery.

Table 2 Comparison of surgical indicators between the two groups [x s, n (%)]

Benign (n=21) Malignant (n=24)
Item TORS group NRS group Pvalue TORS group NRS group P value
(n=11) (n=10) (n=8) (n=16)

Total surgery time (min) 97.82 £44.31 41.90 + 25.06 0.0034 107.12+42.29 81.56+50.51 0.2509
Operative time (min) 33.63+30.40 41.90+25.06 <0.0001 35.63+16.12 81.56+50.51 <0.0001
Tracheostomy tube 0 0 — 0 1(6.25) —

Drainage tube 0 1(10.00) — 0 1(6.25) —
Blood loss(mL) 28.60 £25.10 18.00+12.68 0.2644 30.00+14.14 90.38+76.54  0.0457

Time to decannulation (d) 0.72+0.44 0.30+0.60 0.1053 1.37+£0.99 1.81+4.70 0.8083
Nasal feeding tube 0 1(10.00) — 0 4(25.00) —
Time to oral diet (d) 1.18+0.38 1.80+2.40 0.4329 1.62+0.69 3.62 +5.50 0.3458

Postoperative hospitalization (d) 2.54+0.98 4.00 +3.46 0.2197 4.25+2.44 6.94 +3.98 0.0309
Mortality 0 0 - 0 0 =

Recurrence 0 0 — 1(12.5) 8(50.00) 0.0478

S

Table 3 Pathological types of malignant tumors of tongue base [n (%)]

Pathological type

NRS group (n=16)

TORS group (n=8)

Adenoid cystic carcinoma 7(43.75) 4(50.00)
Squamous cell carcinoma 7(43.75) 3(37.50)
Mucoepidermoid carcinoma 2(12.50) 1(12.50)
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3 Discussion

The Da Vinci surgical system delivers superior
visual effects and is able to remove tumors through
the mouth while preserving critical structures and

[9-1
nerves

" Our study systematically compared
the safety and efficacy of TORS with conventional
approaches in patients with tongue base tumors.
Studies have shown that TORS can shorten the
operative time compared with the open and transoral
endoscopic surgeries. This study also verified the
conclusion that the operative time of the TORS group
was shorter than that of the NRS group in benign
and malignant tumors of tongue base. In the study of
Kayhan et al., the mean robotic set-up and exposure
time was (13.0 £ 2.1) min (range 10—16 min) and the
mean robotic surgery time was (8.8 £ 6.9) min (range
4-25 min)"”. Our study took longer than Kayhan et al
may due to two reasons. One is that the development
of TORS is on its early stage, the operation is still not
skilled, and the lack of experience in surgery; and
the other reason is that the difficulty of surgical field
exposure increased for the special location of tongue
root tumor, thus prolonging the placement time. With
the continuous accumulation of clinical cases, the
docking time of robot will be gradually shortened.

Foreign surgeons routinely use TORS for

tracheotomy to ensure breathing and reduce the
risk of complications such as airway obstruction
and bleeding. Yeh et al. found that the tracheotomy
rate ranged from 0% to 3.5% as surgeons became
more experienced"’. Van et al. reported a TORS
gas cut rate of 1%-7%"*""". In our study, 1 patient
(6.25%) in the NRS group underwent tracheotomy.
No tracheotomy was performed in the TORS group,
which was consistent with that reported in the above
studies. One big advantage of TORS tracheotomy is
oropharyngeal approach, although it cannot be proved
that routine use of tracheotomy is reasonable, but
for older, poor body condition, operation involving
multiple anatomical sites or preoperative evaluation,
and is closely related to the great vessels, the
prevention of trachea intubation is recommended.

In this study, nasogastric feeding tube (NGFT)
was placed in 1 case (10%) of benign tumors in
the NRS group. NGFT was placed in 4 cases of
malignancies (25%) in the NRS group. The rate of
NGFT placement in the NRS group was lower than
that reported in the last study, which may be the
selected patients were of early tumors. It should be
noted that no nasogastric tube placed in the TORS
group, which can be an obvious advantage.

At present, we followed up the TORS patients

Table 4 Comparison of complications within 30 days between the two groups [n (%)]

Complications TORS group (n=19) NRS group (n=26) P value
Postoperative bleeding 2(10.50) 4(19.00) 0.6642
Hematoma 0 2(9.50) 0.4885
Wound infection 1(5.30) 3(14.30) 0.6071
Wound dehiscence 0 1(4.80) >0.9999
Dysphagia 2(10.50) 8(38.10) 0.0158
Airway obstruction 0 1(4.80) >0.9999
Hoarseness 3(15.80) 4(19.00) >0.9999
Restriction of mouth opening 1(5.30) 7(33.30) 0.0461
Dysgeusia 1(5.30) 2(9.50) >0.9999
Injuries to teeth, gums and lips 5(26.30) 4(19.00) 0.7116
Temporomandibular joint dislocation 1(5.30) 2(9.50) >0.9999
Nerve palsy 0 3(14.30) 0.2327
Aspiration pneumonia 0 0 >0.9999
Pharyngeal fistula 0 1(4.80) >0.9999
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for 6-43 months, and the local control rate was
87.5%, which was consistent with previous studies.
While the local control rate of the NRS group was
50%, indicated that TORS was superior to NRS in
lowering the recurrence rate.

Results of the postoperative TORS in 19
patients with tongue base tumor showed that patients
with a wider BMI and a larger neck circumference
did increase their exposure time at the surgery site.
But there was no significant difference in long-
term treatment effect. Accordingly, the limitations
on histological anatomy may be relaxed, but
contraindications still need be strictly followed.

Bleeding is the most common complication in
TORS™. Postoperative bleeding can range in severity
from minor bleeding to severe active bleeding, which
can even lead to life-threatening cardiopulmonary
injury or death. Hay A et al. reported a major
bleeding rate of 3.3% and a severe bleeding rate
of 1.6%"'". The mortality rate of TORS was very
low, only 0.3%-0.7%, but the main cause of death
was postoperative bleeding””. Bleeding usually
occurred 6-14 days after surgery, with up to 83.6%
of bleeding occurring at 2 weeks after surgery'”.
To reduce the potential complication, external
carotid artery (ECA) ligation has been investigated
as a procedure to reduce the incidence or severity of
postoperative bleeding. Perioperative anticoagulant
status, radiotherapy history, operator experience and
tumor classification were all potential risk factors for
postoperative bleeding™ "\

There are many ways to stop bleeding in TORS,
and the appropriate hemostasis method should
be selected according to the specific situation.
Postoperatively, the wound surface is exposed,
and delayed bleeding may occur as blood pressure
increases, the pseudomembrane abscission, and
tongue movements such as coughing, speech, and
swallowing.

Dysphagia is a common postoperative functional
problem in patients with tongue base tumor, and
is also one of the most concerned complications of
tongue base tumor.

The limitation on the ability to safely ingest
enough food and fluids puts patients at risk of

complications such as malnutrition and aspiration

pneumonia”®>". In addition, dysphagia and related
complications increase the length of acute hospital
stays and are associated with increased mortality,
comorbidities, and health care costs™™. 90% of
patients in the TORS group took clean liquid food
orally on the second day after surgery. 5-7 days after
the operation, all aspects of body function recovered
to the preoperative level, which is incomparable to
non-robotic surgery.

It has been reported that conventional
extubation was performed within 24-48 hours after
TORS surgery, and the actual tracheotomy rate
was lower than that reported in previous studies. In
this study, no patients in the TORS group received
tracheotomy, and there was no postoperative airway
edema, ventilation disorders or inhalation symptoms,
so we did not consider tracheotomy to be necessary.

Studies reported that in 77% of TORS patients
NGFT was maintained for an average of 7.5 days to
avoid bleeding due to swallowing movement. Studies
have shown that NGFT does not prevent bleeding as
expected. The main purpose is to avoid aspiration
after surgery, but it can be used as an appropriate
form of nutrition to ensure enteral nutrition.

The incidence of TORS nerve injury was low,
and no neurological symptoms occurred in the TORS
group in this study. Interestingly, the incidence of
accidental tooth and mucosal injury in the TORS
group was higher than that in the NRS group, which
may be because the TORS performed by us was in
the early stage of exploration, with less experience,
and robotic arms lacking of tactile feedback, leading
to a higher incidence of accidental injury. However,
with the development of TORS and the accumulation
of clinical experience, this problem can be gradually
avoided.

At present, the cost of TORS may be high,
with the average hospitalization cost reaching 10000
dollars, which is related to the acquisition cost,
operation cost and maintenance cost. High cost is an
important factor restricting the further development of
surgical robot. However, our study found that the use
of TORS in malignant tumors can reduce the length
of hospital stay, thereby saving labor costs, faster
postoperative recovery and return to life can also

balance the cost of robotic surgery. The advantages
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and functional outcomes of minimally invasive

efficacy could justify these costs. Meanwhile, studies
have shown that TORS can reduce the likelihood of
adjuvant therapy.

4

Conclusion

TORS can provide better clinical outcomes

in the treatment of tongue base tumors with a low

recurrence rate. It has better minimally invasive

advantages such as less intraoperative bleeding,

smaller trauma, shorter postoperative hospitalization,

faster recovery, and lower postoperative complication

rate, but facing the limitation of higher cost.
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