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Abstract

Purpose of Review Since the nineteenth century, the surgical methods used to perform open cervical thyroidectomy have
improved significantly, resulting in substantially reduced rates of mortality and morbidity. The most up-to-date techniques today
now focus on the need to limit the extent of any visible scarring, which requires that surgeons make their incisions in locations
which minimize their likelihood of being noticed.

Recent Findings During the past two decades, several remote access approaches have been developed for use in the field of
endoscopic and robotic thyroidectomy, and these have proved a popular alternative to open surgery because the results are much
more visually appealing (Miccoli et al. J Endocrinol Investig. 22(11):849-51, 1999; Ikeda et al. Surg Endosc Other Interv Tech.
16(1):92-5, 2002; Choe et al. World J Surg. 31(3):601-6, 2007; Wang et al. Surg Endosc. 29(1):192-201, 2015). However, even
with these remote techniques, it is still possible to see the scars where the incisions were made; to address this issue, the novel
thyroid treatment technique of natural orifice transluminal endoscopic surgery (NOTES) has therefore been developed (Witzel
et al. Surg Endosc Other Interv Tech. 22(8):1871-5, 2008; Benhidjeb Surg Endosc. 23(5):1119-20, 2009).

Summary With this new technique, the problem of scarring is eliminated completely, but while this benefit makes the procedure
very attractive, it is still considered to be an experimental form of treatment because of the limitations which applied to the earlier
sublingual technique of thyroidectomy (Wilhelm et al. World J Surg. 35(3):543-51, 2011; Karakas et al. Surgery. 150(1):108-15,
2011; Wilhem et al. Transl Cancer Res. 5(7):S1531-0, 2016). The oral vestibular approach has since undergone further devel-
opment, with the clinical outcomes proving to be superior to earlier techniques (Nakajo et al. Surg Endosc. 27(4):1105-10, 2013;
Wang et al. Surg (United States). 155(1):33-8, 2014; Anuwong World J Surg. 40(3):491-7, 2016).

Keywords Transoral endoscopic thyroidectomy - Thyroid

The Development of Minimally Invasive
Thyroidectomy

The work of Ganger in 1996 [1] marked a turning point in
thyroid surgery, with minimally invasive techniques thereafter
gaining attention. A number of approaches were proposed in
order to make improvements to endoscopic thyroidectomy
procedures, and some of these proved very successful [2-5].
Their acceptance came about due to the lack of scarring on the
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neck—a problem which was solved by instead making the
incisions at a location which was much less painful and prone
to bleeding and which would also aid faster recovery times.
However, for these minimally invasive thyroidectomy
methods to succeed, there are certain conditions which must
be taken into consideration. First of all, it is important to min-
imize the distance from the incision to the thyroid. Longer
distances make it more likely that surgery instrument colli-
sions will occur; shorter distances for flap dissection lower
the risk of trauma caused by gaining access. The next key
point is that the incisions should not be made on a readily
visible part of the body; hiding the incision is one way to
achieve improved cosmetic outcomes. However, when
selecting the incision site, it must also be remembered that
anatomical and operative visibility are critical to ensure safety;
the internal jugular vein, carotid artery, or brachial plexus
must not be endangered at any point during the procedure. It
should also be possible to remove the specimen without
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disruption achieving a safe oncological outcome. Finally, the
cost of the procedure must not be prohibitive, and the tech-
nique must be sufficiently straightforward that it can be quick-
ly learned and performed by any competent and experienced
surgeon.

Rationale and Development of Transoral
Thyroidectomy

There are a number of different remote access approaches to
thyroidectomy, but some of these, such as the BABA or axilla
techniques, cannot be considered wholly non-invasive be-
cause it is necessary to dissect substantial areas of flap from
the breast or axilla, extending as far as the thyroid gland [3—6].
This can lead to patients experiencing paresthesia in this area
following the procedure, which can cause discomfort and a
reduction in their quality of life. Moreover, the distance from
the incision to the thyroid is relatively lengthy for these tech-
niques, increasing the risk of instrument collision as men-
tioned earlier.

These issues can be addressed by introducing a transoral
approach. There are a number of reasons why such a method
might provide superior outcomes. Obtaining access via the
mouth allows a much shorter distance to the thyroid than other
endoscopic or robotic techniques, thus eliminating the risks
associated with greater distances, and when the incision is
made inside the mouth, it is hidden from the observer and thus
provides the best cosmetic results. Furthermore, the surgeon is
able to gain a top-down perspective which offers the advan-
tage of being very clear anatomically, easy to get used to, and
not dissimilar to an inverted view of open surgery. This makes
the technique easy to learn, and there is no need for any special
instruments to carry out the procedure. Moreover, the ap-
proach makes use of a midline technique with equal access
to the right and left paratracheal regions, and therefore, no
additional incisions are necessary even when performing a
total thyroidectomy or central lymph node dissection.

Evidence for Transoral Endoscopic
Thyroidectomy

Sublingual Approach

The concept of thyroid natural orifice transluminal endoscopic
surgery (NOTES) was investigated by Witzel et al., who
experimented with transoral endoscopic thyroidectomies by
operating on two fresh cadavers and ten live pigs [7]. One
initial 10-mm incision was made in the sublingual region,
while two further 3.5-mm incisions were made in order to hold
a pair of 3.5-mm trocars on the neck to perform the triangula-
tion of the rigid instruments during the procedure. The
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procedure itself made use of an axilloscope and ultrasonic
shears; there was no bleeding observed in the case of the live
pigs, and no complications were reported.

Another approach, transoral partial parathyroidectomy
(TOPP), was presented by Karakas et al. [8, 9]. This technique
involved the use of a cervicoscope which was positioned in
front of the trachea, but took a more dorsal position than in the
method of Witzel et al. described above. Ten human cadavers,
ten live pigs, and two live patients were involved in the ex-
perimental procedure. The two patients who participated were
exhibiting cases of primary hyperparathyroidism; following
the treatment, one patient was later observed to have devel-
oped a transient palsy of the right hypoglossal nerve. Karakas
et al. continued to develop their approach and carried out a
subsequent study in 2014 in which a total of 85 parathyroid
adenoma patients were invited for treatment using the TOPP
procedure. Five of these patients accepted the offer. The out-
comes of the trial were not especially encouraging: in two
cases, the procedure had to be switched to open surgery, and
in one of those cases, the patient later developed transient
recurrent laryngeal nerve (RLN) palsy. In another case, a pa-
tient suffered a transient injury to the right hypoglossal nerve.
It was concluded that the technique did not appeal to patients,
and the high complication rate called into question its feasi-
bility when using the equipment and instrumentation currently
available.

Combined Sublingual and Oral Vestibular Approach

Benhijeb et al. [10] provided the first technique which com-
bined elements of the sublingual and oral vestibular ap-
proaches. In their transoral video-assisted thyroidectomy
(TOVAT), they used five human cadavers to carry out their
experimental surgery. The procedure involved the creation of
one 5-mm incision and two 3-mm incisions in the oral vesti-
bule and the floor of the mouth, respectively, so that trocars
could be put in place. Carbon dioxide was then insufflated at a
pressure of 4—6 mmHg. The cadavers were dissected once the
procedure was complete so that the outcome and safety of the
procedure could be evaluated.

Meanwhile, Wilhelm et al. performed an experimental pro-
cedure quite similar to TOVAT which involved a group of
eight patients. The name of the technique used was endoscop-
ic minimally invasive thyroidectomy (eMIT) [11-13]. The
procedure required the creation of a 10-mm center port along
with a 5-mm port positioned at the oral vestibule. The findings
reported that in three cases, the procedure had to be switched
to open surgery due to problems relating to size. In two cases,
the patients subsequently developed RLN palsy, which was
transient for one patient and permanent in the other. In three
other cases, the patients suffered mental nerve damage. This
particular research was followed by a twin-center study which
enjoyed the participation of medical facilities from China and
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Germany [14] and focused on 96 eMIT cases. The results
showed that 15 of the patients suffered mental nerve damage,
six patients developed infections around the site of the sublin-
gual incision or the neck, three patients had to undergo open
surgery, one patient suffered transient RLN injury, and one
suffered permanent RLN injury.

While combination approaches which make use of the sub-
lingual route have attracted considerable attention, they have
not achieved widespread acceptance because of the complex-
ity of the techniques involved and the rather high rate of com-
plications [15-19]. Although a number of researchers believe
that combination approaches still have potential, the technique
is rare in clinical practice [20, 21].

Oral Vestibular Approach

The first all oral vestibular procedure was conceived by
Richmon and Tufano et al. [22], who carried out a transoral
robotic-assisted thyroidectomy (TRAT) and central neck dis-
section on a cadaver with three ports (one in the midline and
two at the oral commissures) and CO, insufflation. Nakajo
et al. [23] used a similar procedure called transoral video-
assisted neck surgery (TOVANS) with the involvement of
eight patients. In this technique, a single incision of 2.5 cm
was made in the center of the oral vestibule. K-wire was used
to support the skin, and the approach did not involve the use of
any gas. There was only one case of RLN injury reported, but
all of the patients in the study experienced paresthesia in the
chin region for up to 6 months, with mental nerve damage also
reported. A different vestibular technique was used by Wang
et al. [24] in a study which had 12 participating patients. This
technique differed insofar as three vestibular ports were
employed, while carbon dioxide was the gas used for insuf-
flation. The main complications reported were mental nerve
injuries, which arose in all cases, while two of the patients also
developed skin ecchymosis.

The next procedure to be developed was the transoral en-
doscopic thyroidectomy vestibular approach (TOETVA)
which was performed by Anuwong [25] in a trial with 60
patients. The procedure required the creation of three ports
at the oral vestibule. In this trial, it was noteworthy that none
of the patients developed mental nerve injuries. Two patients
experienced transient RLN palsy, but this was short-lived. The
TOETVA procedure has since been performed in around 500
cases at the Police General Hospital in Bangkok. TOETVA
has also been carried out in the USA, with Udelsman et al.
[26] performing it in seven cases which included two parathy-
roidectomies and five thyroidectomies. These cases passed
successfully without complications. Jitpratoom et al. [27]
made a comparison of TOETVA with open thyroidectomies
using 46 cases of the former and 49 of the latter in order to
assess the overall safety levels when emphasizing the potential
problem of Graves’ disease. The findings confirmed that

although the operative time was longer for TOETVA, these
patients benefitted from lower levels of pain experienced than
the open surgery group. Other parameters which were evalu-
ated showed no significant differences. Adding further sup-
port to these results was an Italian study by Dionigi et al.
involving 15 TOETVA cases which did not report any com-
plications [28].

Transtracheal Approach

The transtracheal approach was first described in detail by Liu
et al. [29] in 2015, who carried out total transtracheal endo-
scopic thyroidectomy in a study involving 14 beagles and
three pigs. A 4.2-mm flexible fiber optic bronchoscope was
used along with endoscopic biopsy forceps and laparoscopic
curved instruments; the scope was inserted close to the
orotracheal tube, and then, a further incision was made in
the anterior tracheal wall which thereby permitted access to
the thyroid gland. Endostitch was used to seal the anterior
tracheal wall upon completion of the procedure. The study
involved a total of 26 thyroidectomies and 8§ partial thyroid-
ectomies, and no mortality or morbidity was reported during
the initial 5 days following surgery. However, the findings in
studies involving animals may not be applicable in the human
context.

It is apparent from these examples that sublingual tech-
niques are no longer actively used, while trans-tracheal
techniques have not yet moved beyond practice with an-
imals. Thyroid NOTES techniques have only been suc-
cessful in the context of oral vestibular surgery, but the
potential of the TOETVA approach has drawn increasing
levels of interest [30-33].

Fig. 1 The patient placed in a supine position the neck slightly more
extended
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Fig. 2 The patient with nasotracheal intubation

Evidence for Transoral Robotic
Thyroidectomy

Transoral robotic surgery offers a number of advantages,
among which are the use of 3D visualization and magnifica-
tion, and the flexible arm which can be operated via console.
Attempts to make use of this technology have involved seek-
ing ways to gain remote access to the thyroid via several
different approaches, entering through the breast or axilla, or
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Fig. 3 A 2-2.5-cm horizontal incision at the vestibule
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using the BABA or facelift techniques [34-36]. For example,
TRAT was performed in 2011 by Richmon et al. using ca-
davers [22]. One midline sublingual port was used alongside
two lateral vestibular ports, but the authors reported that cam-
era movements at the sublingual port were inadequate and
unsatisfactory. To address this issue, the technique was altered
to use three vestibular ports; tests using a pair of cadavers
showed that this improved the process [37]. The next robotic
vestibular technique to be reported was transoral periosteal
thyroidectomy (TOPOT), performed by Lee et al. [38].
Seven cadavers were used in the trial, along with ten live pigs,
and also four human patients. One of the patients suffered a
torn mental nerve while two others had their mental nerves
stretched. Further research is proceeding, but to date, the most
significant impediment to the success of transoral robotic thy-
roidectomy is the tendency for nerve injuries to result as a
consequence of the robotic arm and large trocars [39, 40].

Scarless Thyroidectomy Conclusion

While several procedures have been described, it is only for
TOETVA that significant quantities of published evidence can
be provided. It is apparent that although the number of com-
peted procedures remains limited, the level of safety and fea-
sibility observed thus far would indicate that the technique has
a positive future. It is, however, also necessary to ensure that
with any novel procedure, there are clear benefits to be derived
by the patients. Among these potential benefits, safety is the
overriding concern, and hence, it is necessary to acquire suf-
ficient clinical evidence to support claims that the technique is
relatively risk-free before it will enter widespread use. For
example, much of the research into transoral endoscopic thy-
roidectomies has focused upon animals or cadavers, so further
work within a human context would be necessary to provide

Fig. 4 Hydrodissection using a Veres needle and a 500 ml NSS solution
with 1 mg of adrenaline was infiltrated at the tip of the chin
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Fig. 5 A Kelly clamp can be put in place to create a dilated tract around
the chin

such evidence. The transoral approach does provide a number
of benefits, but these are partly offset by the risk resulting from
the need to make incisions in the mouth, because there is a
strong possibility that bacterial infections can result, causing
abscesses or compression of the airway. These potential draw-
backs are the main cause of doubt regarding the suitability of
transoral thyroidectomy [41]. In the case of sublingual ap-
proaches, the evidence from clinical results indicates that there
is a very high rate of complications and infections, again
bringing the suitability of the method into question [11, 14].
For the oral vestibular approach, however, the literature shows
little evidence of infection proving problematic. For this rea-
son, oral vestibular techniques such as TOETVA would seem
to minimize complications and the risk of infection, and hence
offer the potential to provide the best outcomes for patients
[23-25, 28, 31-33].

However, despite this positive outlook for TOETVA, one
issue concerns the removal of the specimen, since it must be

e

Fig. 6 A dilator should be used to dissect the subplatysmal plane in three
directions

Fig.7 A 10-mm port is inserted and an insufflation unit connected. A 2/0
silk sling is used to hold up the skin and the subcutaneous tissue

extracted through a 10-mm incision made at the oral vestibule
[41]. The specimen must invariably be placed in an endobag
for this process. The size which would normally be expected
for the thyroid is up to 40 mm, and this can be extracted using
forceps and sponges by gently pushing and pulling while tak-
ing care not to rupture the thyroid capsule. When larger glands
are involved, however, this technique is no longer feasible,
and instead, it is necessary to make additional two or three
10-mm incisions in the thyroid capsule inside the endobag
making use of endoscopic view, and avoiding the tumor.
With this approach, the specimen can be removed through
the midline vestibule incision, and therefore, it is suitable for
benign tumors; however, occult malignancy can result on any
cancer nodule [42]. If Graves’ disease is present, then cancer
becomes unlikely, thus removing this particular risk in using
the TOETVA procedure. However, if thyroid carcinoma has
been identified prior to surgery, it would only be appropriate
to perform the TOETVA procedure in the case of very small
cancer nodules where the size does not exceed 20 mm, on

Fig. 8 The creation of three aligned ports
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Fig. 9 Three holes of the subplatysmal plane become visible

account of the limitations of the incision size. On the other
hand, the anatomical view which is available in carrying out
the TOETVA procedure makes it possible to perform central
lymph node dissection without difficulty. However, it will be
necessary to study TOETVA further to determine whether it is
likely to be beneficial to thyroid cancer patients [43].

TOETVA Surgical Technique

The TOETVA procedure can be described as follows [44]. In
the initial stage, a nasotracheal tube is inserted and the patient
placed in a supine position, with the neck slightly more ex-
tended than would be the case with conventional open thy-
roidectomy. The eyes and airway are protected from potential
irritation using Opsite positioned from the top of the upper lip
until the forehead, as shown in Fig. 1. In some situations, it
would also be feasible to use orotracheal intubation, although
this can restrict the movements of the lateral instruments dur-
ing the procedure. It is also possible to use an intraoperative

Fig. 10 The midline of the strap muscles can then be carefully opened,
layer by layer
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Fig. 11 The 2/0 silk is used to construct a lateral hanging stitch from the
outside. RT right thyroid lobe, S strap muscle

nerve monitor [45] (Fig. 2). In order to position the first cam-
era, a 2 to 2.5-cm horizontal incision is made at the vestibule,
at two thirds of the distance from the lip to the frenulum (Fig.
3). A monopolar Bovie is used to halt bleeding at the mucosa,
and then, the mentalis muscle is cut. It is important to hold the
Bovie at 45° to ensure that the skin is not penetrated. The
dissection depth should be checked frequently by palpating
around the tip of the chin; at the correct depth, it should be
possible to feel the tip of the Bovie beneath the skin, along
with some subcutaneous tissue. In this case, we perform
hydrodissection using a Veres needle and a 500 ml NSS solu-
tion with 1 mg of adrenaline. It is normal to use 50 ml per case.

The first infiltration is made at the tip of the chin; if this is
done correctly, it begins to weal up (Fig. 4). The fingers can
then be used to raise the skin while pushing the Veress down
to a sternal notch, allowing the solution to infiltrate all over the
anterior neck, and between the two sides of the
sternocleidomastoid muscles. Once this has been done, a
Kelly clamp can be put in place to create a dilated tract around
the chin. When the clamp fulcrum sits at the tip of the chin, it
will ensure that the end of the Kelly clamp is located just
above the cricoid cartilage (Fig. 5).

Fig. 12 A vascular sealing device is then used to isthmectomy from
pretracheal fascia. RT right thyroid lobe, S strap muscle, T trachea
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Fig. 13 A Joll’s space (or cricothyroid space) is approached while using
the grasper to hold and raise the superior pole towards the contralateral
side. RT right thyroid lobe, RS right strap muscle, V superior thyroid
vessel

The tract must be sufficiently dilated to allow the insertion
of a 10-mm port, but before the port is put in place, a dilator
should be used to dissect the subplatysmal plane in three di-
rections, around the region in which the fluid had previously
been injected (Fig. 6). The fingers should be used to act
against the force exerted at the rim of the mandible, while
the palm of the hand is used to ensure that the dissection is
not too deep in the area below the clavicles.

When the dissection is complete, a 10-mm port is inserted
and an insufflation unit connected. A 2/0 silk sling is used to
hold up the skin and the subcutaneous tissue, placed 1 cm
below the outside end of the camera port (Fig. 7). This benefit
of doing this is that it ensures that the overhanging edge of the
skin does not obstruct the port, thus making it easier to subse-
quently dissect the tissue in front of the port when required.

It is then necessary to make a lateral working port, taking
into consideration the presence of two important elements: a
mental nerve and a canine tooth. The ideal ergonomic port
position, which will reduce the risk of mental nerve damage,

Fig. 14 The parathyroid is located just below the thyroid. RT right
thyroid lobe, RS right strap muscle, P parathyroid gland

Fig. 15 A recurrent laryngeal nerve must then be identified, typically
dorsal to the inferior parathyroid gland. RT right thyroid lobe, RS right
strap muscle, P parathyroid gland, RN recurrent laryngeagl nerve

should be located at the end of the imaginary line which runs
perpendicular from the incisor towards the top of the inside
portion of the lower lip.

A superficial vertical incision is then made only to the
mucosa, followed once again by hydrodissection, but on this
occasion, the needle is pushed to the edge of a mandible and a
5-mm port inserted. Maintaining awareness of the depth of the
skin, this procedure is repeated on the other side of the mouth,
resulting in the creation of three carefully aligned ports (Fig.
8).

The pressure is then set to 6 mmHg and the flow to 15-251/
min. Upon insertion of a 30° scope, three holes of the
subplatysmal plane become visible (Fig. 9). A Bovie or a
vascular sealing tool can then be used to clear away the tissue
surrounding the port so that the flap dissection can be com-
pleted. The boundary of this flap dissection runs down to the
clavicle and the medial border of the sides of the
sternocleidomastoid muscles.

Fig. 16 This nerve is then pushed down, and the rest of Berry’s ligament
is dissected. RT right thyroid lobe, RS right strap muscle, RN recurrent
laryngeagl nerve
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Fig. 17 The strap muscles can be re-approximated using an absorbable
suture

The midline of the strap muscles can then be carefully
opened, layer by layer, until the thyroid gland is reached, as
far as the level of the cricoid cartilage (Fig. 10). The gland
from the strap muscles can be further mobilized laterally until
a carotid artery is reached. The 2/0 silk is used to construct a
lateral hanging stitch from the outside, and the strap muscle is
then wrapped to the greatest extent possible (Fig. 11).

Once the lateral mobilization is complete, the cricoid carti-
lage must be located. A grasper is used to raise a pyramidal
lobe, revealing an avascular pre-tracheal fascia. A vascular
sealing device is then used to carry out an isthmectomy from
this fascia, moving downwards along the trachea to reach the
end of the thyroid gland (Fig. 12).

Upon completion of the isthmectomy, a Joll’s space (or
cricothyroid space) is approached while using the grasper to
hold and raise the superior pole towards the contralateral side
(Fig. 13). The bottom of this space houses the external branch
of superior laryngeal nerve (EBSL). An energy device is then
used to cut the superior thyroid vessels, and the thyroid is
pushed to the contralateral side. The parathyroid is located just

Fig. 18 The mentalis muscle and oral mucosa are closed using 4/0
absorbable suture material
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Fig. 19 A pressure dressing for the subsequent 24-h period

below the thyroid (Fig. 14). The parathyroid gland is then
medially dissected with great care in order to maintain its
blood supply and is then pushed down, away from the plane
of dissection.

The recurrent laryngeal nerve must then be identified,
typically dorsal to the inferior parathyroid gland or ven-
tral to the superior one (Fig. 15). It is located at the
insertion at the anterolateral part of the cricothyroid car-
tilage. This nerve is then pushed down, and the rest of
Berry’s ligament is dissected (Fig. 16). An endobag is
employed for the removal of the specimen via the 2-cm
central incision. After going inside the endoscopic view
once again to halt the bleeding, the strap muscles can
be re-approximated using an absorbable barbed or plain
suture (Fig. 17). Finally, the mentalis muscle and oral
mucosa are closed using 4/0 absorbable suture material
(Fig. 18).

Once the procedure has been completed, the chin should be
supported using a pressure dressing or a jaw bra for the sub-
sequent 24-h period (Fig. 19). The patient should have com-
menced a liquid diet from the day of surgery, progressing to a
soft diet on the first day following the operation.

Conclusion

On the basis of evidence provided directly by the author,
and from examination of the literature, it is clear that
TOETVA is a safe procedure which has successfully
passed its experimental phase and should therefore be
deemed suitable for clinical practice. The outcomes offered
by the practice are superior to the alternatives in terms of
cosmetic appeal and oncological efficacy. The procedure
can be performed on suitable candidates with minimal risk
of complications and thus represents an attractive alterna-
tive to the conventional approach of open thyroidectomy.
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