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Abstract
Purpose of Review We present a comprehensive overview on the development of robotic transoral thyroidectomy, and highlight
major challenges in adoption.
Recent Findings Transoral robotic thyroidectomy (TORT) is the newest remote access approach to remove the thyroid gland and
draws attention because of its cosmetic excellence. The principal advantage of TORT is that the flap dissection area is compar-
atively small to other remote-access methods and the lip wounds disappear over time resulting in excellent cosmesis.
Summary TORT could be done safely in the patients with appropriate selection by an experienced surgeon in robotic thyroid-
ectomy. It serves as a potential alternative surgical approach for thyroidectomy when patients are concerned about a neck scar.
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Introduction

Thyroidectomy is the standard for the treatment of organ-
confined disease in patients with thyroid cancer and for some
benign thyroid disease conditions. The surgical approach has
changed significantly with the advent of endoscopic and min-
imally invasive surgical principles in the last 20 years [1–3].
Reported advantages and disadvantages of remote access en-
doscopic thyroidectomy are controversial. Some critics claim
that it has very limited indications, more surgical trauma, flap
dissection, longer operative times, and technical difficulties.

Proponents claim that despite these facts, some advantages
have been shown and that previously described difficulties
have been overcome [4, 5].

In fact, minimally invasive and remote access techniques
have continually evolved [6].

Furthermore, in order to improve endoscopic thyroidecto-
my results, novel approaches, technology, and adjuncts have
all been developed and applied. The aim is not only to im-
prove the cosmetic result, but also to decrease the morbidity of
the procedures [7, 8].

This evolution helped lead to, a new endoscopic, median
approach to the thyroid gland, without leaving visible inci-
sions, i.e., the transoral vestibular approach [9].

Robotic thyroidectomy on the other hand has been a challenge
for thyroid surgical community, starting with the proposal of
different approaches (direct neck, transaxillary, and transareolar)
initially described for endoscopy and then robot-assisted [10].

For the transoral vestibular approach, robotic surgery has
come up with good results [11–15].

The transoral robotic technique has given rise to a new
concept of minimally invasive surgical thyroid approach and
the concomitant expansion of new instrumentation, technolo-
gy, ports, optics, and mechanisms of retraction [16].

Herein, we present a comprehensive overview on ro-
botic transoral vestibular approach thyroidectomy
(TORTVA) [17–18].
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We also report on the evolution of robotic platforms
through the arrival of new proposals for the robot. Also we
discuss the results in the literature, with a comparison of con-
ventional and robotic thyroid techniques.

Indications and Contraindications

A strict and careful patient selection is of utmost impor-
tance to ensure a good outcome for transoral robotic thy-
roidectomy. Recently, due to its ability of having full ac-
cess of the contralateral lobe and central compartment,
this type of surgery has been extended to total thyroidec-
tomy with central lymph node clearance for patients with
thyroid cancer [19]. One of the greatest limitations is the
size of the nodule.

Nevertheless, as the experience continues to grow with
transoral robotic thyroidectomy, so do the inclusion and ex-
clusion criteria, and it is well recognized that increasingly
advanced disease may be amenable to this approach as expe-
rience is accumulated [7].

Indications for transoral robotic thyroidectomy can be a
benign thyroid nodule, such as a large thyroid cyst, single-
nodular goiter, or multinodular goiter (single/largest nodule
< 6 cm in size on preoperative ultrasound). And also it can
be for papillary thyroid carcinoma (< 4 cm in size and without
evidence of extensive lymph node metastasis on preoperative
ultrasound) and follicular neoplasm (Table 1).

Absolute contraindications for transoral robotic thyroidec-
tomy are the patients who cannot tolerate general anesthesia,
poorly differentiated thyroid cancer, undifferentiated thyroid
cancer, or locally advanced thyroid cancer with tracheal/
esophageal invasion or thyroid cancer with N1b lymph node
involvement or posterior extrathyroidal extension. Patients
who have had previous history of neck surgery, previous his-
tory of neck radiation, or presence of oral abscess are contra-
indicated (Table 1).

Preoperative Requirements

As in all endoscopic procedures, transoral robotic thyroidec-
tomy also requires good preoperative planning. Preoperative
factors considered by the surgical team include a thorough
preoperative work-up, laryngoscopic vocal cord assessment,
administration of prophylactic antibiotics, and checking
instrumentation.

A preoperative thorough work-up should include a thyroid
ultrasound and/or a CT scan of the neck. All patients should
receive an ultrasound-guided fine-needle aspiration biopsy
before surgery in planning the appropriate procedure. It is
important to obtain informed consent from all patients, includ-
ing a review of the novel nature of this procedure and the
associated risks. Additionally, the fact that the daVinci robot
is not approved by the USA Food and Drug Administration
(FDA) for this approach needs to be reviewed with each pa-
tient and included in the consent [7].

Since being a clean-contaminated surgery, the transoral
technique carries the risk of infection in the anterior neck
region. The three vestibular incisions result in a new commu-
nication between the oral cavity and the neck. Hence, a nor-
mally aseptic operation may become a potentially infectious
surgical intervention due to the spreading of oral microflora
during neck exploration [20]. To optimize oral hygiene, we
feel it is advisable for patients to undergo dental care prior to
surgery to include gargling with chlorhexidine mouth wash,
twice a day. Preoperative preparation must include prophylac-
tic antibiotics to cover oral flora and preoperative
laryngoscopic vocal cord assessment.

Every effort must be made to confirm all instrumentation
necessary prior to surgery. A list of required robotic and con-
ventional endoscopic equipment, including instruments,
drapes, cannulas, endoscopes, energy-based devices, electro-
surgical unit, camera system, recorder system, irrigation sys-
tem, positioners, suture materials, nerve monitor, protective
sponges, and general instruments, should be available.

Table 1 Indications and
contraindications for transoral
robotic thyroidectomy

Indications Contraindications

• Benign thyroid nodule, such as a large thyroid cyst,
single-nodular goiter, or multinodular goiter (single/largest
nodule < 6 cm in size on preoperative ultrasound)

• Papillary carcinoma (< 4 cm in size and without evidence of
extensive lymph node metastasis on preoperative ultrasound)

• Follicular neoplasm

• Patients unfit for surgery and who
cannot tolerate general anesthesia

• Poorly differentiated thyroid cancer

• Undifferentiated thyroid cancer

• Locally advanced thyroid cancer with
tracheal/esophageal invasion

• N1b lymph node involvement

• Posterior extrathyroidal extension

• Previous history of neck surgery

• Previous history of neck radiation

• Presence of oral abscess
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Procedures

Working Space Formation

The patient is positioned supine and placed under general
anesthesia. After they are intubated with nerve monitoring
endotracheal electromyogram tube, the neck is placed in slight
extension. Three incisions are made in the gingival-buccal
sulcus; one in the midline, a 1.5-cm-length inverted U shape
incision approximately 1 cm above the frenulum labii
inferioris, and two 0.5-cm-length incisions laterally in the mu-
cosa near the angle of mouth (Fig. 1a). The central incision is
addressed first. Once the periosteum is identified through the
midline incision, a submental subplatysmal pocket is formed
by blunt dissection with mosquito and Kelly forceps to create
a tunnel from the edge of the mandible to lower neck by
injecting 1:200,000 epinephrine saline mixture for hydro-
dissection of the subplatysmal plane. Then, blunt dissection
with an 8-mm-tipped vascular surgical tunneler is gently per-
formed to elevate the platysma off the strap muscles all the
way down towards the suprasternal notch [20] (Fig. 1b).

Once an adequate flap is created, the endoscope cannula is
inserted. CO2 insufflation (5–7 mmHg) is introduced and
maintained via the central port. A similar blunt dissection is
also performed through the two lateral incision sites, allowing
insertion of the instrument cannulae into the subplatysmal
working space. Next, standard laparoscopic instruments—a
suction electrocautery and an ultrasonic-shears—are used to
elevate the platysma from the level of the mandible to the
sternum inferiorly and laterally to the sternocleidomastoid
muscles. Subsequently, an 8-mm bariatric trocar can be
inserted through an incision made along the patient’s right
axillary fold into the subplatysmal working space for the third
arm of the robot to add counter-traction of the strap muscles or
perineural tissue during the operation and for later insertion of
the closed suction drain if desired [7]. A few vicryl stitches
can be used to help retract the subplatysmal flap superiorly in
order to create a larger working space [20].

Docking Stage

Once the working space formation is complete, the robotic
system is deployed. The cannulae are docked into the robotic
arms, starting with the central cannula to secure the position of
the endoscope (30°, down facing). A Maryland dissector and
the Harmonic scalpel are inserted into the left and right ports,
respectively [20].

Console Stage

Dissection in the midline raphe is performed to separate the
strap muscles. The strap muscles are dissected off the thyroid
gland, exposing the lobe(s) of interest. The pyramidal lobe is
dissected off from the thyroid cartilage if it is identified, and
isthmusectomy is performed subsequently [20]. Once the thy-
roid lobe is freed off the trachea medially, the superior pole is
addressed. Careful dissection of the superior lobe is performed
ligating one vessel at a time. The superior parathyroid gland is
identified and preserved first. Then the thyroid lobe is
retracted inferiorly to facilitate the identification of the recur-
rent laryngeal nerve (RLN) at its entry point into the larynx
around the cricothyroid articulation [7]. Once the RLN is iden-
tified and carefully preserved, the Berry’s ligament is ad-
dressed. The dissection is then carried out inferiorly to identify
and to preserve the inferior parathyroid gland. Once the infe-
rior lobe is freed off of its surrounding soft tissue,
hemithyroidectomy is complete [20]. The contralateral lobec-
tomy can be completed at the same time if necessary without
any additional incision.

Ipsilateral central compartment dissection with tracing the
RLN into the thoracic inlet may be followed if it is needed,
and the lympho-adipose tissue in the central compartment can
be retrieved en bloc with the resected thyroid lobe [20]. The
nerve stimulator probe is used to stimulate the RLN and to test
neurophysiologic integrity during and after the procedure [7].
The specimen can be removed through the additional axillary
incision in an endoscopic plastic bag without any disruption

Fig. 1 a Location of incisions. b
Blunt dissection with 8-mm-
tipped vascular surgical tunneler

Curr Otorhinolaryngol Rep (2019) 7:219–224 221



usually. Meticulous hemostasis is achieved and the wound is
irrigated. A Jackson Pratt drain, if desired, is inserted through
the axillary port and the middle raphe of the strap muscles is
re-approximated with a self-locking absorbable suture. The
oral vestibule incisions are closed in a layer with absorbable
sutures. A compression dressing is placed across the neck and
chin after the patient has been extubated [7].

Postoperative Management

Patients can be permitted to sips of water 4 h after surgery. A soft
bland diet and ice cream intake are recommended in the evening
of the operation day, and the normal regular diet can be initiated
on the postoperative first day. Intraoral stitches are removed in
the second week after discharge at the outpatient clinic.

Results

The few studies and short series available until now may be the
result of early adoption in the application of robotics for the
transoral thyroidectomy approach [1–21]. Only a few small
series have been reported, and the results have not been fully
evaluated. The new robotic platform, the da Vinci Xi (surgical
intuitive, Sunnydale, CA, USA), shows that it is clear that the
long awaited evolution of robotic technologies for thyroid sur-
gery has begun, and we must not lose this momentum [7].

Working through endoscopy, the reduction of the workspace
is evident. It inevitably leads to highly complex procedures and
higher surgical skill requirements as well as the collision of
instruments, limited freedom of movement, and display of dif-
ficulties. The evolution strategy of a robotic transoral approach
should be considered in terms of five main aspects: trocars,
instruments, reduction of tremor, mechanisms of retraction
and display as strategies to overcome technical problems, and
improve the performance of the technique of transoral thyroid-
ectomy [8]. Another important advance in the development of
robotic thyroidectomy is the appearance of modified curved
instruments, articulated and flexible, allowing the proper trian-
gulation and intracorporeal mobility. The wide range of move-
ments that the surgical system da Vinci Xi offers is widely
known as one of its advantages, which in theory reduces inter-
nal and external instrument collision.

However, this reputation is not entirely justified; the surgi-
cal system da Vinci is characterized by considerable size and
volume, and initial platforms were not clearly developed for
these procedures. Despite these factors, surgeons have per-
formed transoral thyroidectomies with the da Vinci System
and have demonstrated in the medical literature that it is fea-
sible and safe, providing standardization of the technique.

On the other hand, after exploring different surgical ap-
proaches (transaxilla, transareola, retroauricular, robotic even

with changes to the platform), the transoral robotic thyroidec-
tomy has becoming popular [7, 8].

Kim et al. first reported the technique to be feasible and
safe for selected patients after technical refinements, and that it
can be a potential alternative approach for scarless thyroid
surgery [5]. The authors describe results for the transoral ro-
botic thyroid surgery at Korea University Hospital [5]. The
author used three intraoral ports and a single axillary port for
the system’s four robotic arms. The study comprehended
twenty-four female patients (mean age 39.6 ± 11.6 years,
mean tumor size 1.0 ± 1.3 cm), who underwent unilateral thy-
roid lobectomies with or without ipsilateral central neck dis-
section. Twenty patients had papillary thyroid carcinomas
(PTC), three had benign nodules, and one had a follicular
thyroid carcinoma. The mean surgical time was 232 ±
41 min; the mean hospital stay was 3.3 ± 0.8 days as in
Korea it is customary to stay as an inpatient even for standard
transcervical thyroidectomy. The number of retrieved central
lymph nodes in the PTC patients was 4.7 ± 3.2. There were no
reports of transient or permanent vocal cord palsy, recurrence,
or mortality during the median follow-up period of
16.8 months. Paresthesias of the lower lip and the chin due
to mental nerve injury were observed in nine of the first 12
patients (six transient, three permanent), but no further reports
of paresthesia were recorded after patient 12, when the loca-
tions of the intraoral incisions weremodified and placed closer
to the oral commissure [5].

Transoral robotic thyroidectomy may be an alternative ap-
proach for patients who prefer a scar-free thyroidectomy. In
one recent study, the authors affirmed that the TORT proce-
dure could be performed safely and showed comparable out-
comes with axillo-breast approach (BABA) robotic thyroidec-
tomy in selected patients [2]. The surgical outcomes of a sin-
gle surgeon’s initial cases of transoral robotic thyroidectomy
were compared with the surgeon’s initial cases of a BABA
robotic thyroidectomy. Each group comprised 50 patients.
Operative time for total thyroidectomy was shorter, the pain
scores were lower, and hospital stays were shorter in the
transoral robotic thyroidectomy group than in the BABA ro-
botic thyroidectomy group. There were no significant differ-
ences between groups in either vocal cord palsy or hypopara-
thyroidism rates. There were 9 cases of mental nerve injury in
the first 12 cases of transoral robotic thyroidectomy, but none
subsequently [2].

Advantages and Disadvantages

Advantages

The major advantage of transoral thyroidectomy lies in
cosmesis. Transoral thyroidectomy is cosmetically superior
to any other approaches that leave small scars on the neck or
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transfer scars to the other part of neck because intraoral scars
are not only merely hidden but also heal in 2 or 3 weeks and
completely disappear in a few months [5]. In addition,
transoral thyroidectomy does not require extensive flap dis-
section. Dissection extent of transoral thyroidectomy is similar
to that of conventional open thyroidectomywhich covers from
sternal notch to thyroid cartilage level, and it is much smaller
than other remote-access approaches; the two most popular
approaches—gasless transaxillary and bilateral axillo-breast
approach—require wide flap dissection at the axilla and upper
chest, respectively. The smaller dissection area in transoral
thyroidectomy might result in little sensory loss or postopera-
tive pain related to flap dissection, which is more significant in
the other remote-access approaches [20].

TORT has some additional technical merits. First, complete
resection of pyramidal lobe or upper pole of the thyroid gland
with rigid endoscopic instruments might be hampered. With
the robot, surgeons can approach the deep and upper part of
the thyroid gland more easily using the articulated movement
of the robot in TORT. Second, the robotic system has tremor-
filtering system and enables surgeons to perform fine and safe
dissection around the critical structures such as parathyroid
glands or RLNs. In addition, the fourth articulating instrument
from the axilla enables the counter-traction of strap muscles or
perineural tissue, which result in the precise and arguably
more complete dissection especially around Berry’s ligament.
Finally, the operative view of TORT is superior to that of
endoscopic transoral thyroidectomy. TORToffers a magnified
three-dimensional operative view, in comparison with endo-
scopic transoral thyroidectomy [20].

Disadvantages

One of the most serious complications of transoral thyroidec-
tomy, which was encountered in the initial developmental era,
was the mental nerve injury. The mental nerve is a sensory
nerve, which innervates the skin of the lower lip and the chin;
therefore, patients would suffer from numbness around the
lower lip and chin if the mental nerve was injured. However,
this complication was resolved by modifying port placement,
and after the initial 12 cases, and no more mental nerve inju-
ries have occurred since.

Minor complications, such as bruising on the zygomatic
region and tearing of oral commissures, from excessive force
of robotic arm movements were observed initially as well [5].
However, zygomatic bruising could be prevented with careful
monitoring by the surgical assistants at the patient’s side along
with a protective sponge application over zygoma [20].
Protection sutures around the oral commissures can be placed
to help prevent the tearing at the oral commissure.

The transoral technique may bring in the risk of infection in
the anterior neck region. A normally aseptic operation may
become a potentially infectious surgical intervention due to

the spreading of oral microflora during neck exploration
[20]. Yet, animal experiments performed in advance of the
clinical study did not show any severe infections, and there
were no seromas in the operative field after drain insertion. In
the clinical settings, infections of the anterior neck area or of
the oral wounds after transoral endoscopic surgery could be
prevented by a single dosage of preoperative intravenous pro-
phylactic antibiotic administration along with a drain to the
operative field through the axillary port.

Conclusions

TORT could be done safely in the patients with appropriate
selection by an experienced surgeon in robotic thyroidectomy.
It serves as a potential alternative surgical approach for thy-
roidectomy when patients are concerned about a neck scar.
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