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Over the past decade, the incidence of thyroid cancer has rapidly increased worldwide,
and thyroid surgery has become one of the most common performed surgical procedure.
Even though conventional open thyroidectomy remains the gold standard, this approach
leaves a neck scar which could be worrying mainly for young women. The recent progress
in surgical technology, as well as patient cosmetic requests, have led to the development
of alternative access to the thyroid lodge. Thus, alternative techniques have been
established in order to potentially provide a more appealing cosmetic result, both with a
minimally-invasive cervical or remote-access approach. However, the introduction of
these new techniques was initially approached with caution due to technical challenges,
the introduction of new complications and, above all, skepticism about the oncologic
effectiveness. Among several alternative approaches proposed, the minimally invasive
video-assisted thyroidectomy and the robot-assisted transaxillary thyroidectomy became
popular and obtained the favor of the scientific community. Moreover, the recent
introduction of the trans-oral endoscopic thyroidectomy with vestibular approach,
although the safety and the efficacy are still under discussion, deserves particular
attention since it represents the only technique truly scarless and provides the best
cometic result. The purpose of this article is to provide an overview of the current main
alternative approaches for the treatment of thyroid cancer with particular focus on the
oncological effectiveness of the procedures.
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INTRODUCTION

The incidence of thyroid cancer has markedly increased worldwide during the last decade, with
thyroid surgery becoming one of the most common surgical procedures mainly due to an increasing
use of neck ultrasonography and fine needle aspiration biopsy (FNAB). The exponential growth of
these procedures in the last years have enabled to detect many more cases of tumors than in the past,
and in particular more microcarcinomas. Although health screening programs leading to earlier
detection surely play a role in the increasing identification of thyroid tumors, other environmental
factors also may contribute (1).
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The conventional open approach to thyroidectomy, initially
proposed by Theodore Kocher in the late 1800s, leaves a neck
scar that is associated with great concern, in particular for young
women, who are very sensitive to cosmesis. This issue led to the
introduction in the late 90s of alternative approaches to obtain a
better cosmetic result or even avoid a visible neck scar (2–5).

Minimally invasive video-assisted thyroidectomy (MIVAT),
which was originally described by Miccoli et al. (2) in the late
1990s, has proved to be a safe procedure that harbors potential
advantages in cosmetic results and postoperative outcomes
compared with the conventional procedure, including shorter
scar length, better cosmesis, and reduced pain. Although
descriptions of this procedure date back to more than 20 years,
it still remains one of the favorite endoscopic techniques to
remove the thyroid gland (6, 7).

Furthermore, during the past decade, an imposing number of
different remote‐access approaches have been described as a
method of removing the thyroid gland while avoiding a neck
scar. These techniques have been developed to potentially
provide a cosmetically more appealing result for some patients
and have often resulted as an expression of different habits and
expectations of patients of different geographic regions and
cultures. However, although initially surrounded by skepticism
due to technical challenges, the introduction of new
complications, and concerns about oncologic safety and cost,
some of them have been approached progressively more widely
by the community of endocrine surgeons. Anyhow, it is strictly
recommended to adhere to selection criteria and to consider that
these techniques should be approached by surgeons performing a
high volume of thyroid surgery (8).

This review provides an overall evaluation of the main
alternative approaches to conventional thyroidectomy (CT),
such as minimally-invasive video-assisted thyroidectomy
(MIVAT), robot-assisted trans-axillary thyroidectomy (RATT),
and the transoral endoscopic thyroidectomy with vestibular
approach (TOETVA), for the treatment of thyroid cancer,
focusing on the oncologic safety and effectiveness of these
procedures for this cohort of patients.
MINIMALLY INVASIVE VIDEO-ASSISTED
THYROIDECTOMY (MIVAT)

Since its introduction in the late 1990s, MIVAT has been
worldwide adopted thanks to its reproducibility and its
comparable outcomes to the conventional open approach. This
minimally invasive video-assisted technique permits surgeons to
safely perform thyroidectomy and provides the benefits of the
typical advantages proper of endoscopic surgery, including
magnified vision, better cosmetic results, and reduced
postoperative pain (9, 10).

Although initially introduced into clinical practice for the
treatment of small benign thyroid nodules (2), the use of MIVAT
for the treatment of thyroid cancer gained progressively more
popularity, and several case series demonstrated its feasibility
and safety even in this cohort of patients (11–13). All in all, ideal
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candidates for MIVAT are patients with an ultrasound-estimated
thyroid volume not exceeding 25 ml with nodules smaller than
35 mm. On the other hand, absolute contraindications for
MIVAT are large multinodular goiters, previous neck surgery
or irradiation, locally invasive carcinoma, presence of lateral
neck compartment lymph node metastasis. The presence of
enlarged lymph nodes in the central compartment of the neck
is not necessarily a contraindication since MIVAT proved to be
fit even for VIth level lymphadenectomy, although we believe
that it should be performed with caution and only in cases of
incidentally intraoperative discovery of enlarged lymph nodes
(14). Moreover, caution must be taken in case of small thyroid
cancers when located very posteriorly because they could have an
extracapsular infiltration: this situation could represent a reason
for a prompt conversion to CT (7). Further, presence of
thyroiditis, adverse anatomical aspects (short neck in obese
patients) and hypervascularization of the thyroid gland,
represent relative contraindications to MIVAT (14).

We investigated the oncologic completeness of MIVAT
compared with CT in a prospective study of 33 patients: 16
underwent MIVAT and 17 underwent nearly total CT. No
statistically significant differences were found in I-131 uptake
and serum thyroglobulin levels, showing that the completeness
obtained by MIVAT was comparable to the one by CT (15).

Furthermore, the excellent oncologic outcomes of this
minimally invasive approach were confirmed in another study
involving patients affected by differentiated thyroid carcinoma
(DTC) with a median follow-up of 5 years (16). The study
enrolled 221 patients: 171 underwent MIVAT and 50
underwent CT. At the time of remnant ablation, no differences
in serum thyroglobulin, thyroid stimulating hormone (TSH)
levels, or I-131 neck uptake were observed between the two
groups. After a 5-year follow-up, the two groups were
comparable in outcomes, with no thyroid cancer-related death
or recurrence documented in either group. Finally, the
cumulative dose of I-131 needed to definitively cure the
thyroid cancer was the same regardless of the surgical
approach, indirectly confirming that the two techniques are
superimposable in oncologic completeness (16).

Our entire case series of DTC treated by means of MIVAT
was evaluated in 2015 (9). In particular, 528 patients presenting
with thyroid cancer were monitored for a median period of 7.5
years. The evaluation of thyroglobulin serum levels showed
optimal results, as did the radioactive iodine dose required for
completion and for recurrence in this cohort. Relapse was
documented in 24 patients (4.5%); of these, 14 were treated
surgically, and 10 were treated with a repeat administration of
radioactive iodine. In the same period (2000–2009), 234 patients
with a comparable stage disease underwent a CT. The cure rate in
this control group was very similar: 80% of the patients were
cured in the same follow-up interval (9). Although only 7.2% of
patients in our case series did not receive I-131, it seems that
according to the present standard guidelines, in most, if not all
cases, radioactive iodine therapy would not be necessary after a
total thyroidectomy performed via MIVAT when selection
criteria are carefully followed (17).
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Moreover, the 15 patients carrying a RET gene mutation who
underwent a prophylactic thyroidectomy and central neck
dissection via the MIVAT approach showed undetectable
serum levels of calcitonin (9). Other authors have reported
similar results (18).

Several institutions have assessed the efficacy of MIVAT in
the treatment of thyroid cancer (19, 20). Del Rio et al. (19)
performed a prospective study in 2015 to compare the oncologic
outcomes in patients with DTC treated with MIVAT versus CT.
Of 172 patients who were enrolled, 67 were treated with the
minimally invasive technique and 105 with the open approach.
After a mean follow-up of 5 years, the authors reported no
statistically significant difference in oncologic efficacy; in
particular, the two techniques were comparable for disease
control after post-ablation scintigraphy and thyroglobulin
levels (19). Accordingly, Lai et al. (20) evaluated the oncologic
completeness of MIVAT in 16 patients with low- or
intermediate-risk thyroid cancer, 6 of whom underwent
incidentally (n = 5) or intentionally (n=1) central
compartment neck dissection along with thyroidectomy. The
radioiodine uptake and the radioiodine dose delivered in patients
who underwent MIVAT were comparable to CT, and
radioiodine ablation showed undetectable thyroglobulin
levels (20).

Notably, Lombardi et al. (21) performed a comparative study
with the goal to demonstrate the safety and feasibility of MIVAT
and central neck dissection. They reported outcomes for 52
consecutive patients who were treated by means of the
minimally invasive technique, and 52 patients who were
treated by means of the conventional approach. They
concluded that the two techniques were comparable in lymph
nodes harvest, serum thyroglobulin off levothyroxine,
postoperative ultrasound neck scan, and postoperative
radioiodine uptake. The authors claimed that the endoscopic
view allows an accurate exploration of the central compartment
and enables identification of even slightly enlarged lymph nodes.
Other authors also reported comparable oncologic results
between MIVAT and CT with associated central neck
dissection in patients affected by thyroid carcinoma (11, 22).

On one hand, we believe that video-assisted central neck
dissection must be performed with caution and only in patients
with intraoperative unexpected discovery of enlarged lymph
nodes. On the other hand, this technique is appropriate for
prophylactic central neck dissection in patients who are mutated
RET carriers (9, 18).

Regarding complications, several studies dealing with
MIVAT reported data comparable to CT, strengthening the
idea that this is a safe technique (9). Indeed, although the
narrow space and the few degrees of freedom, these outcomes
can be achieved thanks to the magnified vision of the endoscope
which allows an easy identification of parathyroid glands and
recurrent laryngeal nerves (7).

The indications for MIVAT have been extended over the
years from small benign nodules to low- and intermediate-risk
thyroid cancer, showing a level of oncologic safety comparable to
CT. Moreover, reduced pain and hospital stay, and increased
Frontiers in Endocrinology | www.frontiersin.org 3
patient satisfaction are the strengths of this approach. After a
long debate, the initial reluctance has been swept away, and this
technique has gained acceptance worldwide in the treatment of
selected thyroid carcinoma. To obtain excellent results, strict
adherence to criteria selection is required, especially at the
beginning of the experience, and it is strongly recommended to
perform MIVAT in high-volume centers by trained endoscopic
endocrine surgeons. Unfortunately, MIVAT is a technique
limited to a niche of patients due to the volume of the gland
and the size of the nodule required to fit the selection criteria.
Depending on the geographic area, only approximately 20% to
30% of patients may benefit of this approach (20).
ROBOT-ASSISTED TRANSAXILLARY
THYROIDECTOMY (RATT)

The desire to avoid neck scarring after thyroid surgery has
resulted in the development of endoscopic and robotic remote
access techniques. The gasless transaxillary endoscopic
thyroidectomy was proposed in November 2001 in South
Korea at the Yonsei University College of Medicine, Seoul, to
satisfy this necessity (23). However, endoscopic thyroidectomy
showed several limitations, such as difficulty in instrument
handling and restricted vision (24). The introduction of
surgical robots was thought to overcome drawbacks of
endoscopic surgery and to provide technical improvements,
including magnified 3-dimensional (3D) vision, tremor-
filtering systems, and additional degrees of freedom (25).

The approval of the da Vinci surgical system (Intuitive
Surgical, Sunnyvale, CA, USA) by the United States Food and
Drug Administration in 2000 made its use progressively more
widespread (25). An important turning point in the development
of the robot-assisted transaxillary approach was the description
of the procedure using a single access that avoided the accessory
sternal incision (26, 27). This less invasive procedure provides
better cosmetic outcomes and improves patient comfort,
arousing interest among the medical community (26).

The robot-assisted transaxillary thyroidectomy (RATT),
popularized by Chung et al, who published their experience
with 5000 cases in 2018, became widely used in countries in East
Asia, although still under discussion in Europe and the Americas
(25, 28). The negative connotation of having a horizontal neck
scar, which is thought to denote death in Asian culture, may have
played a role in the rapid spreading of this technique (29).
Differences in body mass index and anthropometric
characteristics and greater size of goiters and cancers,
combined with the elevated costs of the procedure and the
need of training, have hindered the diffusion of this approach
in the United States and Europe (28). To date, RATT, although
excellent results in feasibility, safety, and patient satisfaction are
described, is limited to play a niche role in selected patients with
appropriate pathology in high-volume centers (28).

Overall, indications for RATT varies among the centers, but
nowadays substantially both benign pathologies and well-
differentiated low risk thyroid carcinoma can be approached
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with this technique. Guidelines recommended to limit RATT to
patients affected by well-circumscribed nodule < 3 cm and with
thyroid lobe < 5–6 cm in the largest dimension (8). Moreover,
previous neck or breast surgery are usually considered
contraindications, as well as neck radiotherapy, pacemaker
implant, shoulder arthrosis, previous shoulder surgery,
substernal extension and Grave’s disease. Nonetheless,
indications were progressively expanded as the experience
increase and some Institutions performed RATT even in more
advanced cases (25).

With regard of complications, several studies reported
comparable outcomes between RATT and CT (30, 31). In
particular, no statistically significant differences were reported
in terms of classic complications (hypoparathyroidism and RLN
palsy) rate (31). Moreover, the introduction of potential new
complications, which was seen with great concern at the
beginning of the experience, deserves a special mention. This
group of unconventional complications includes: brachial plexus
injury, axillary flap perforation, tracheal injury and surgical-track
recurrence. Although patients should be informed of these
additional risks, fortunately these complications are extremely
rare and, concerning brachial plexus injury, almost always
transient. Indeed, its incidence is reported up to 0.2% of
patients, but it resulted permanent in 0.04% (32).

Several systematic reviews and meta-analysis reported
oncologic outcomes that are equivalent to those of
conventional thyroidectomy in terms of completeness and
recurrence rate (31, 33).

Lee and colleagues (34) comparatively studied 94 patients
who had undergone total thyroidectomy with central neck
dissection. The patients were divided between those who
underwent robotic (n = 43) and conventional (n = 51)
approaches. The authors reported a similar number of
retrieved lymph nodes, and no significant differences between
the two groups were documented in stimulated thyroglobulin
levels acquired during whole-body scans. Moreover, the ablation
success rate was similar between the two approaches, and the
follow-up ultrasound examination documented no abnormal
findings in either group (34). The same authors, in a long-term
follow-up evaluation, reported comparable outcomes between
CT and RATT in anti-thyroglobulin antibodies, serum
thyroglobulin, locoregional recurrence rate, and disease-free
survival, claiming that RATT has superimposable impact to
CT regarding oncologic completeness (35).

Once reliability of RATT for DTC was ascertained and the
surgical skills increased over the time, indications progressively
expanded to include more aggressive diseases. In 2018, Chung
and colleagues (25) reported their experience with 4804 patients
with thyroid cancer. First, it is worth mentioning that almost
two-thirds of all of the operations consisted in less-than-total
thyroidectomy and only one-third in bilateral total
thyroidectomy. Moreover, this cohort of patients presented a
medium tumor size of only 0.8 ± 0.6 cm. Anyway, as robotic
experience increased, the authors were able to successfully treat
even advanced cases, such as those with adjacent muscles
invasion or perinodal infiltration. In particular, the authors
Frontiers in Endocrinology | www.frontiersin.org 4
enrolled 25 patients at T4a stage, and successful preservation
of the invaded organs was obtained in 20 patients (25).

Concerning N stage, central neck lymph node metastases and
lateral neck lymph node metastases were found in 1407 patients
(29.3%) and 363 patients (7.6%), respectively, with a mean number
of retrieved central and lateral lymph nodes of 6.3 ± 5.1 and 34.1 ±
17.5, respectively (25). The fine dissection allowed by the robotic
system, along with the magnified 3D vision, enables an accurate
lymph nodes removal with the number of harvest lymph nodes
comparable to the number obtained with open surgery (28). Lee
et al. (36) accordingly reported that RATT with modified radical
neck dissection provided similar oncologic outcomes (including the
results of radioactive iodine scans and postoperative serum
thyroglobulin levels) and safety as conventional open procedures
(36). Moreover, the robotic approach yielded better outcomes in
quality of life and cosmesis (36).

Regarding the 1863 patients with thyroid cancer who
underwent total thyroidectomy, therapeutic adjuvant
radioactive iodine therapy was performed in 1460 (78.3%).
Among these patients, diagnostic whole-body scans showed no
abnormal uptake in 1380 patients (94.5%). Furthermore, the
serum TSH-suppressed thyroglobulin level was less than 1 ng/mL
in 1038 patients (55.7%) at 3 months after surgery. During
the follow-up, tumor recurrence was detected by imaging and
confirmed in 26 patients (0.5%) (25).

In 2018 we published our initial experience with 250 patients
who underwent RATT (37). The final histologic examination
reported carcinoma in 103 patients, with a mean diameter of
12.9 mm. According to the European consensus for thyroid
cancer management, 26 patients were treated with low
radioiodine (I-131) activities (1.1 GBq/30 mCi) for postsurgical
thyroid remnant ablation. After 4 years of follow-up, all patients
with a thyroid cancer diagnosis were free of disease, and those
who underwent total thyroidectomy showed a mean value of
0.8 ± 1.4 ng/mL of TSH-suppressed serum thyroglobulin (37).

As reported in the studies published by the Korean group, we
also progressively extended the indications of RATT with the
increasing experience, especially for benign lesions. Nevertheless,
a careful selection of patients is of paramount importance to
achieve excellent results with this technique. To date, we still
exclude patients with suspicious VIth level lymph nodes or T4
tumors (37).

Garstka et al. (38) published a comparative study including
DTC patients who underwent robot-assisted transaxillary or
conventional cervical approach with or without lymph node
dissection. A total of 144 surgeries were included, 35 out of 144
were robotics. The Authors reported comparable outcomes in
terms of mean tumor size, number of positive microscopic
margins and number of lymph nodes removed when lymph
node dissections were associated. No statistically significant
difference in postoperative thyroglobulin levels was
documented, with a comparable follow-up period, and no
significant difference in recurrence rate was reported; in
particular, no recurrence was reported in the robotic group (38).

Similarly, Noureldine et al. (39) reported their experience
with a North America population of patients with thyroid cancer
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(39). In their study, 35 patients underwent thyroidectomy by
means of conventional approach, whereas 25 patients by means
of robot-assisted transaxillary approach. They reported that no
patient presented high uptake with post-operative I-131 whole
body scan and that the mean serum thyroglobulin levels between
the two groups were comparable. Moreover, the neck
ultrasonography performed on all patients 1 to 3 months after
the operation did not show any residual thyroid tissue or
evidence of residual or recurrent disease. Although at the
2-year follow-up one patient in the robotic group required
reoperation for recurrent disease in the central compartment,
the authors concluded that excellent oncologic results can be
achieved with RATT in selected patients affected by thyroid
cancer (39).

Overall, RATT is feasible and oncologically safe in properly
selected patients, and by avoiding a visible neck scar it is
associated with excellent cosmesis. This approach proved safe
even when applied to patients in the West, whose
anthropometric parameters may vary considerably from the
Asian population. We believe that in skilled hands, RATT can
be considered a valid alternative to CT even in selected patients
with thyroid cancer, especially those who have concerns about
cosmetic outcome.

We hope that the advent of new medical device companies in
the robotic surgical field, the development of new technologies,
and the worldwide spread of the technique will gradually break
down some limitations of the robotic system, such as the lack of
haptic feedback, the long operative time, and the elevated costs,
which, however, might be significantly reduced when the
procedure is performed by experienced teams and through a
limitation of disposable instruments (30, 40). It is worth to
underline that at our institution we perform RATT using only
3 robotic arms, with the fourth kept folded: this reduces the
length of the incision and the encumbrance of the instruments.
Besides, this technique results in lowering the docking time and
indirectly the robotic costs, which are further decreased by
avoiding the use of the fourth arm. This is especially true with
the use of da Vinci Si surgical system, with which the drape for
the fourth arm is avoided, differently from the Xi version.

Finally, concerning the economic impact of the robotic
procedure, it is important to take into consideration that
RATT usually takes a shorter time compared with other
robotic operations. This leads to the opportunity of covering
empty spaces among the daily operating list and allows an
improvement in the efficiency of the robotic operating room.
TRANSORAL ENDOSCOPIC
THYROIDECTOMY WITH VESTIBULAR
APPROACH (TOETVA)

The only technique that allows a scarless thyroidectomy is the
transoral endoscopic thyroidectomy (TOET). Although various
techniques for TOET are described, the most used is the TOET
with vestibular approach (TOETVA) due to its surgical
outcomes and low complication rate (41).
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The first attempt of TOET was performed byWitzel et al. (42)
using the sublingual route. Many other attempts were performed
later on, but all of them were associated with a high
complications rate. As result, TOET via the sublingual route is
no longer performed in clinical practice (41). On the other hand,
the first TOETVA was described by Richmon et al. (43). Since
then, Anuwong and colleagues (41) refined the technique and
performed more than 800 procedures in 2019.

This new natural orifice transluminal endoscopic surgery
(NOTES) is performed by means of 3 small incisions (one on the
midline for a 5- to 10-mm port and two laterals for 3- to 5-mm
ports) in the lower lip’s vestibule, resulting in a truly scarless
thyroidectomy. The pre-mandibular space is first created with the
help of the dilatator and followed by dissection under direct vision
and CO2 insufflation (44). Different from other endoscopic thyroid
surgery techniques, TOETVA allows an excellent view of the
surgical field and equal access to both sides of the central neck;
nevertheless, the identification and dissection free of the recurrent
laryngeal nerve is approached from top to bottom and may
jeopardize the recurrent laryngeal nerve, which usually divides
into several branches and therefore must be followed bottom up
and not in the opposite direction (45).

Anuwong et al. reported that the eligibility criteria for
TOETVA are the following: thyroid gland of a diameter not
exceeding 10 cm, comprising either benign thyroid nodule,
papillary microcarcinoma with no evidence of metastasis,
follicular neoplasm, or well-controlled Graves’ disease.
Moreover, they reported that TOETVA can be done safely in
patients who had previously undergone surgery or radiation at
the chin and neck area (46).

Taking into consideration the limitations of TOETVA and
the natural history of differentiated thyroid cancer, Wu et al. (47)
reported that this natural orifice transluminal endoscopic
approach can be safely performed in case of low-risk thyroid
carcinoma up to 2 cm in diameter with adequate oncologic
outcomes. Similarly, Anuwong et al. (48) did not consider
patients with thyroid malignant tumors larger than 2 cm
candidates for TOETVA because it is crucial to extract the
tumor intact, and it cannot be morselized as is done with
benign nodules.

Chai et al. (49) published in 2017 a retrospective study of 10
female patients who had undergone TOETVA due to papillary
thyroid microcarcinoma. Only partial thyroidectomies were
included (7 lobectomies and 3 isthmusectomies). The authors
documented recurrent laryngeal nerve palsy in 2 patients, fully
recovered in 3 months, and acceptable operative times. No
oncologic follow-up data were reported (49).

In 2019, Luna-Ortiz et al. (50) performed a retrospective
study of 46 patients with DTC who underwent TOETVA,
reporting acceptable results. All patients were evaluated for
postoperative serum thyroglobulin levels and anti-
thyroglobulin antibodies at 4 weeks after surgery, and all
exhibited values below 5 ng/dL. The authors claimed that
TOETVA may be indicated in case of thyroid carcinoma
that is not locally invasive and without lymph nodes
involvement (50).
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With regard of complications, some studies reported
comparable outcomes to CT (46, 51), claiming that TOETVA
can be safety performed in selected patients. Anyway, further
studies will assess in the future the actual safety of the procedure
and the real incidence of some new unconventional
complications, such as mental nerve injury, flap perforation
and bruising, which are to date rarely reported (46).

In summary, TOETVA is a new technique that provides the
best cosmetic results considering that is totally scarless, with a
short distance between the thyroid gland and the incisions.
Although there are some reports of its feasibility in both
benign and malignant lesions of the thyroid, long-term
oncologic outcomes regarding thyroid cancer are still lacking.
In our opinion, some concerns about this approach still persist,
especially regarding the oncologic completeness and the
technical feasibility. Besides, Anuwong himself stated that this
approach should be used only for 1 to 2 cm thyroid
carcinomas (44).

Anyway, since encouraging studies are reported in literature,
larger case series with longer follow-up are required to
understand the actual oncologic validity and safety of
this approach.
CONCLUSIONS

The technological progress has led to the development of
several alternative surgical techniques to the thyroid gland,
either with a cervical or a remote-access approach, both robotic
and endoscopic. Although most of them have been abandoned
due to scarcity of quality outcomes, MIVAT and RATT have
obtained the consensus from the scientific community.
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Nowadays, the feasibility and safety of MIVAT has gained
widespread acceptance for both benign and malignant diseases,
although a minority of patients are eligible for the technique.

Similarly, with the introduction of robotic systems in the
surgical armamentarium, RATT progressively became more and
more popular among surgeons, initially in Asia and successively
in the West, with extension of the indications as the experience
increased. To date, thyroid cancer is safely treated by means of
RATT, and some case series reported appealing results even
when central compartment and lateral neck compartment
dissection are associated.

Finally, the recent introduction of TOETVA deserves a
special mention because this is the only totally scarless
technique to manage thyroid diseases. Notwithstanding, some
technical and oncologic concerns about this approach persist,
and further research with an adequate follow-up are mandatory
to assess its safety, especially in case of malignancy where the
integrity of the nodule is essential.

We believe that an accurate patient selection is of paramount
importance when a nonconventional approach to the thyroid
gland is planned. We strongly encourage that these procedures
be centralized to high-volume centers with skilled endocrine
endoscopic surgeons.
AUTHOR CONTRIBUTIONS

LR wrote the manuscript with the support of PM and GM and
analyzed data collected from the literature. Moreover, PM and
GM supervised the paper. SB reviewed the final version of the
manuscript. All authors contributed to the article and approved
the submitted version.
REFERENCES

1. Pellegriti G, Frasca F, Regalbuto C, Squatrito S, Vigneri R. Worldwide
Increasing Incidence of Thyroid Cancer: Update on Epidemiology and Risk
Factors. J Cancer Epidemiol (2013) 2013:965212. doi: 10.1155/2013/965212

2. Miccoli P, Berti P, Conte M, Bendinelli C, Marcocci C. Minimally Invasive
Surgery for Thyroid Small Nodules: Preliminary Report. J Endocrinol Invest
(1999) 22(11):849–51. doi: 10.1007/BF03343657

3. Shimizu K, Akira S, Jasmi AY, Kitamura Y, Kitagawa W, Akasu H, et al.
Video-Assisted Neck Surgery: Endoscopic Resection of Thyroid TumorsWith
A Very Minimal Neck Wound. J Am Coll Surg (1999) 188(6):697–703.
doi: 10.1016/s1072-7515(99)00048-4

4. Ikeda Y, Takami H, Sasaki Y, Kan S, Niimi M. Endoscopic Neck Surgery by
the Axillary Approach. J Am Coll Surg (2000) 191(3):336–40. doi: 10.1016/
s1072-7515(00)00342-2

5. Ohgami M, Ishii S, Arisawa Y, Ohmori T, Noga K, Furukawa T, et al. Scarless
Endoscopic Thyroidectomy: Breast Approach for Better Cosmesis. Surg
Laparosc Endosc Percutan Tech (2000) 10(1):1–4. doi: 10.1097/00129689-
200002000-00001

6. Terris DJ, Angelos P, Steward DL, Simental AA. Minimally Invasive Video-
Assisted Thyroidectomy: A Multi-Institutional North American Experience.
Arch Otolaryngol Head Neck Surg (2008) 134(1):81–4. doi: 10.1001/
archoto.2007.22

7. Miccoli P, Fregoli L, Rossi L, Papini P, Ambrosini CE, Bakkar S, et al.
Minimally Invasive Video-Assisted Thyroidectomy (MIVAT). Gland Surg
(2020) 9(Suppl 1):S1–5. doi: 10.21037/gs.2019.12.05
8. Berber E, Bernet V, Fahey TJ 3rd, Kebebew E, Shaha A, Stack BC Jr, et al.
American Thyroid Association Surgical Affairs Committee. Am Thyroid Assoc
Statement Remote-Access Thyroid Surgery Thyroid (2016) 26(3):331–7.
doi: 10.1089/thy.2015.0407

9. Miccoli P, Biricotti M, Matteucci V, Ambrosini CE,Wu J, Materazzi G. Minimally
Invasive Video-Assisted Thyroidectomy: Reflections After More Than 2400 Cases
Performed. Surg Endosc (2016) 30(6):2489–95. doi: 10.1007/s00464-015-4503-4

10. Scerrino G, Melfa G, Raspanti C, Rotolo G, Salamone G, Licari L, et al.
Minimally Invasive Video-Assisted Thyroidectomy: Analysis of
Complications From a Systematic Review. Surg Innov (2019) 26(3):381–7.
doi: 10.1177/1553350618823425

11. Gao W, Liu L, Ye G, Song L. Application of Minimally Invasive Video-Assisted
Technique in Papillary Thyroid Microcarcinoma. Surg Laparosc Endosc Percutan
Tech (2013) 23(5):468–73. doi: 10.1097/SLE.0b013e318274b611

12. Del Rio P, Sommaruga L, Pisani P, Palladino S, Arcuri MF, Franceschin M,
et al. Minimally Invasive Video-Assisted Thyroidectomy in Differentiated
Thyroid Cancer: A 1-Year Follow-Up. Surg Laparosc Endosc Percutan Tech
(2009) 19(4):290–2. doi: 10.1097/SLE.0b013e3181b160da

13. Lombardi CP, Raffaelli M, de Crea C, Princi P, Castaldi P, Spaventa A, et al.
Report on 8 Years of Experience With Video-Assisted Thyroidectomy for
Papillary Thyroid Carcinoma. Surgery (2007) 142(6):944–51; discussion 944-
51. doi: 10.1016/j.surg.2007.09.022

14. Miccoli P, Materazzi G, Berti P. Minimally Invasive Thyroidectomy in the
Treatment of Well Differentiated Thyroid Cancers: Indications and Limits.
Curr Opin Otolaryngol Head Neck Surg (2010) 18(2):114–8. doi: 10.1097/
MOO.0b013e3283378239
June 2021 | Volume 12 | Article 699805

https://doi.org/10.1155/2013/965212
https://doi.org/10.1007/BF03343657
https://doi.org/10.1016/s1072-7515(99)00048-4
https://doi.org/10.1016/s1072-7515(00)00342-2
https://doi.org/10.1016/s1072-7515(00)00342-2
https://doi.org/10.1097/00129689-200002000-00001
https://doi.org/10.1097/00129689-200002000-00001
https://doi.org/10.1001/archoto.2007.22
https://doi.org/10.1001/archoto.2007.22
https://doi.org/10.21037/gs.2019.12.05
https://doi.org/10.1089/thy.2015.0407
https://doi.org/10.1007/s00464-015-4503-4
https://doi.org/10.1177/1553350618823425
https://doi.org/10.1097/SLE.0b013e318274b611
https://doi.org/10.1097/SLE.0b013e3181b160da
https://doi.org/10.1016/j.surg.2007.09.022
https://doi.org/10.1097/MOO.0b013e3283378239
https://doi.org/10.1097/MOO.0b013e3283378239
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Rossi et al. Alternative Approaches for the Treatment of Thyroid Cancer
15. Miccoli P, Elisei R, Materazzi G, Capezzone M, Galleri D, Pacini F, et al.
Minimally Invasive Video-Assisted Thyroidectomy for Papillary Carcinoma:
A Prospective Study of its Completeness. Surgery (2002) 132(6):1070–3;
discussion 1073-4. doi: 10.1067/msy.2002.128694

16. Miccoli P, Pinchera A, Materazzi G, Biagini A, Berti P, Faviana P, et al.
Surgical Treatment of Low- and Intermediate-Risk Papillary Thyroid Cancer
With Minimally Invasive Video-Assisted Thyroidectomy. J Clin Endocrinol
Metab (2009) 94(5):1618–22. doi: 10.1210/jc.2008-1418

17. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
et al. American Thyroid Association Management Guidelines for Adult
Patients With Thyroid Nodules and Differentiated Thyroid Cancer: The
American Thyroid Association Guidelines Task Force on Thyroid Nodules
and Differentiated Thyroid Cancer. Thyroid (2016) 26(1):1–133. doi: 10.1089/
thy.2015.0020

18. Glynn RW, Cashman EC, Doody J, Phelan E, Russell JD, Timon C.
Prophylactic Total Thyroidectomy Using the Minimally Invasive Video-
Assisted Approach in Children With Multiple Endocrine Neoplasia Type 2.
Head Neck (2014) 36(6):768–71. doi: 10.1002/hed.23358

19. Del Rio P, Maestroni U, Sianesi M, Viani L, Vicente D, Stojadinovic A, et al.
Minimally Invasive Video-Assisted Thyroidectomy for Papillary Thyroid
Cancer: A Prospective 5-Year Follow-Up Study. Tumori. (2015) 101(2):144–
7. doi: 10.5301/tj.5000223

20. Lai SY, Walvekar RR, Ferris RL. Minimally Invasive Video-Assisted
Thyroidectomy: Expanded Indications and Oncologic Completeness. Head
Neck (2008) 30(11):1403–7. doi: 10.1002/hed.20883

21. Lombardi CP, Raffaelli M, De Crea C, Sessa L, Rampulla V, Bellantone R.
Video-Assisted Versus Conventional Total Thyroidectomy and Central
Compartment Neck Dissection for Papillary Thyroid Carcinoma. World J
Surg (2012) 36(6):1225–30. doi: 10.1007/s00268-012-1439-x

22. Neidich MJ, Steward DL. Safety and Feasibility of Elective Minimally Invasive
Video-Assisted Central Neck Dissection for Thyroid Carcinoma. Head Neck
(2012) 34(3):354–8. doi: 10.1002/hed.21733

23. Kang SW, Jeong JJ, Yun JS, Sung TY, Lee SC, Lee YS, et al. Gasless
Endoscopic Thyroidectomy Using Trans-Axillary Approach; Surgical
Outcome of 581 Patients. Endocr J (2009) 56(3):361–9. doi: 10.1507/
endocrj.k08e-306

24. Kang SW, Jeong JJ, Yun JS, Sung TY, Lee SC, Lee YS, et al. Robot-Assisted
Endoscopic Surgery for Thyroid Cancer: Experience With the First 100
Patients. Surg Endosc (2009) 23(11):2399–406. doi: 10.1007/s00464-009-
0366-x

25. KimMJ, Nam KH, Lee SG, Choi JB, Kim TH, Lee CR, et al. Yonsei Experience
of 5000 Gasless Transaxillary Robotic Thyroidectomies. World J Surg (2018)
42(2):393–401. doi: 10.1007/s00268-017-4209-y

26. Ryu HR, Kang SW, Lee SH, Rhee KY, Jeong JJ, Nam KH, et al. Feasibility and
Safety of a New Robotic Thyroidectomy Through a Gasless, Transaxillary
Single-Incision Approach. J Am Coll Surg (2010) Sep211(3):e13–9.
doi: 10.1016/j.jamcollsurg.2010.05.021

27. Sun GH, Peress L, Pynnonen MA. Systematic Review and Meta-Analysis of
Robotic vs Conventional Thyroidectomy Approaches for Thyroid Disease.
Otolaryngol Head Neck Surg (2014) 150(4):520–32. doi: 10.1177/
0194599814521779

28. Fregoli L, Rossi L, Papini P, Materazzi G. Robotic Transaxillary
Thyroidectomy: State of the Art. Gland Surg (2020) 9(Suppl 1):S61–4.
doi: 10.21037/gs.2019.10.11

29. Arora A, Garas G, Sharma S, Muthuswamy K, Budge J, Palazzo F, et al.
Comparing Transaxillary Robotic ThyroidectomyWith Conventional Surgery
in a UK Population: A Case Control Study. Int J Surg (2016) 27:110–7.
doi: 10.1016/j.ijsu.2016.01.071

30. Aidan P, Arora A, Lorincz B, Tolley N, Garas G. Robotic Thyroid Surgery:
Current Perspectives and Future Considerations. ORL J Otorhinolaryngol
Relat Spec (2018) 80(3-4):186–94. doi: 10.1159/000488354

31. Wang YC, Liu K, Xiong JJ, Zhu JQ. Robotic Thyroidectomy Versus
Conventional Open Thyroidectomy for Differentiated Thyroid Cancer:
Meta-Analysis. J Laryngol Otol (2015) 129(6):558–67. doi: 10.1017/
S002221511500122X

32. Dralle H. Robot-Assisted Transaxillary Thyroid Surgery: As Safe as
Conventional-Access Thyroid Surgery? Eur Thyroid J (2013) 2(2):71–5.
doi: 10.1159/000350856
Frontiers in Endocrinology | www.frontiersin.org 7
33. Pan JH, Zhou H, Zhao XX, Ding H, Wei L, Qin L, et al. Robotic
Thyroidectomy Versus Conventional Open Thyroidectomy for Thyroid
Cancer: A Systematic Review and Meta-Analysis. Surg Endosc (2017) 31
(10):3985–4001. doi: 10.1007/s00464-017-5433-0

34. Lee S, Lee CR, Lee SC, Park S, Kim HY, Son H, et al. Surgical Completeness of
Robotic Thyroidectomy: A Prospective ComparisonWith Conventional Open
Thyroidectomy in Papillary Thyroid Carcinoma Patients. Surg Endosc (2014)
28(4):1068–75. doi: 10.1007/s00464-013-3303-y

35. Lee SG, Lee J, Kim MJ, Choi JB, Kim TH, Ban EJ, et al. Long-Term Oncologic
Outcome of Robotic Versus Open Total Thyroidectomy in PTC: A Case-
Matched Retrospective Study. Surg Endosc (2016) 30(8):3474–9. doi: 10.1007/
s00464-015-4632-9

36. Lee J, Kwon IS, Bae EH, Chung WY. Comparative Analysis of Oncological
Outcomes and Quality of Life After Robotic Versus Conventional
Open Thyroidectomy With Modified Radical Neck Dissection in
Patients With Papillary Thyroid Carcinoma and Lateral Neck Node
Metastases. J Clin Endocrinol Metab (2013) 98(7):2701–8. doi: 10.1210/
jc.2013-1583

37. Materazzi G, Fregoli L, Papini P, Bakkar S, Vasquez MC, Miccoli P. Robot-
Assisted Transaxillary Thyroidectomy (Ratt): A Series Appraisal of More
Than 250 Cases From Europe. World J Surg (2018) 42(4):1018–23.
doi: 10.1007/s00268-017-4213-2

38. Garstka M, Mohsin K, Ali DB, Shalaby H, Ibraheem K, Farag M, et al. Well-
Differentiated Thyroid Cancer and Robotic Transaxillary Surgery at a North
American Institution. J Surg Res (2018) 228:170–8. doi: 10.1016/
j.jss.2018.03.030

39. Noureldine SI, Jackson NR, Tufano RP, Kandil E. A Comparative North
American Experience of Robotic Thyroidectomy in a Thyroid Cancer
Population. Langenbecks Arch Surg (2013) 398(8):1069–74. doi: 10.1007/
s00423-013-1123-0

40. De Crea C, Arcuri G, Pennestrì F, Paolantonio C, Bellantone R, Raffaelli M.
Robotic Adrenalectomy: Evaluation of Cost-Effectiveness. Gland Surg (2020)
9(3):831–9. doi: 10.21037/gs.2020.03.44

41. Jongekkasit I, Jitpratoom P, Sasanakietkul T, Anuwong A. Transoral
Endoscopic Thyroidectomy for Thyroid Cancer. Endocrinol Metab Clin
North Am (2019) Mar48(1):165–80. doi: 10.1016/j.ecl.2018.11.009

42. Dionigi G, Rovera F, Boni L. Commentary on Transoral Access for
Endoscopic Thyroid Resection: Witzel K, Von Rahden Bh, Kaminski C,
Stein Hj (2008) Transoral Access for Endoscopic Thyroid Resection. Surg
Endosc 22(8):1871-1875. Surg Endosc (2009) 23(2):454–5; discussion 456.
doi: 10.1007/s00464-008-0241-1

43. Richmon JD, Pattani KM, Benhidjeb T, Tufano RP. Transoral Robotic-
Assisted Thyroidectomy: A Preclinical Feasibility Study in 2 Cadavers. Head
Neck (2011) 33(3):330–3. doi: 10.1002/hed.21454

44. Anuwong A, Kim HY, Dionigi G. Transoral Endoscopic Thyroidectomy
Using Vestibular Approach: Updates and Evidences. Gland Surg (2017) 6
(3):277–84. doi: 10.21037/gs.2017.03.16

45. Miccoli P, Materazzi G, Berti P. Natural Orifice Surgery on the Thyroid Gland
Using Totally Transoral Video-Assisted Thyroidectomy: Report of the First
Experimental Results for a New Surgical Method: Are We Going in the Right
Direction? Surg Endosc (2010) 24(4):957–8; author reply 959-60. doi: 10.1007/
s00464-009-0677-y

46. Anuwong A, Sasanakietkul T, Jitpratoom P, Ketwong K, Kim HY, Dionigi G,
et al. Transoral Endoscopic Thyroidectomy Vestibular Approach (TOETVA):
Indications, Techniques and Results. Surg Endosc (2018) 32(1):456–65.
doi: 10.1007/s00464-017-5705-8

47. Wu YJ, Chi SY, Elsarawy A, Chan YC, Chou FF, Lin YC, et al. What is the
Appropriate Nodular Diameter in Thyroid Cancer for Extraction by
Transoral Endoscopic Thyroidectomy Vestibular Approach Without
Breaking the Specimens? A Surgicopathologic Study. Surg Laparosc
Endosc Percutan Tech (2018) 28(6):390–3. doi: 10.1097/SLE.00000
00000000563

48. Anuwong A, Ketwong K, Jitpratoom P, Sasanakietkul T, Duh QY. Safety
and Outcomes of the Transoral Endoscopic Thyroidectomy Vestibular
Approach. JAMA Surg (2018) 153(1):21–7. doi: 10.1001/jamasurg.
2017.3366

49. Chai YJ, Chung JK, Anuwong A, Dionigi G, Kim HY, Hwang KT, et al.
Transoral Endoscopic Thyroidectomy for Papillary Thyroid Microcarcinoma:
June 2021 | Volume 12 | Article 699805

https://doi.org/10.1067/msy.2002.128694
https://doi.org/10.1210/jc.2008-1418
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1002/hed.23358
https://doi.org/10.5301/tj.5000223
https://doi.org/10.1002/hed.20883
https://doi.org/10.1007/s00268-012-1439-x
https://doi.org/10.1002/hed.21733
https://doi.org/10.1507/endocrj.k08e-306
https://doi.org/10.1507/endocrj.k08e-306
https://doi.org/10.1007/s00464-009-0366-x
https://doi.org/10.1007/s00464-009-0366-x
https://doi.org/10.1007/s00268-017-4209-y
https://doi.org/10.1016/j.jamcollsurg.2010.05.021
https://doi.org/10.1177/0194599814521779
https://doi.org/10.1177/0194599814521779
https://doi.org/10.21037/gs.2019.10.11
https://doi.org/10.1016/j.ijsu.2016.01.071
https://doi.org/10.1159/000488354
https://doi.org/10.1017/S002221511500122X
https://doi.org/10.1017/S002221511500122X
https://doi.org/10.1159/000350856
https://doi.org/10.1007/s00464-017-5433-0
https://doi.org/10.1007/s00464-013-3303-y
https://doi.org/10.1007/s00464-015-4632-9
https://doi.org/10.1007/s00464-015-4632-9
https://doi.org/10.1210/jc.2013-1583
https://doi.org/10.1210/jc.2013-1583
https://doi.org/10.1007/s00268-017-4213-2
https://doi.org/10.1016/j.jss.2018.03.030
https://doi.org/10.1016/j.jss.2018.03.030
https://doi.org/10.1007/s00423-013-1123-0
https://doi.org/10.1007/s00423-013-1123-0
https://doi.org/10.21037/gs.2020.03.44
https://doi.org/10.1016/j.ecl.2018.11.009
https://doi.org/10.1007/s00464-008-0241-1
https://doi.org/10.1002/hed.21454
https://doi.org/10.21037/gs.2017.03.16
https://doi.org/10.1007/s00464-009-0677-y
https://doi.org/10.1007/s00464-009-0677-y
https://doi.org/10.1007/s00464-017-5705-8
https://doi.org/10.1097/SLE.0000000000000563
https://doi.org/10.1097/SLE.0000000000000563
https://doi.org/10.1001/jamasurg.2017.3366
https://doi.org/10.1001/jamasurg.2017.3366
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Rossi et al. Alternative Approaches for the Treatment of Thyroid Cancer
Initial Experience of a Single Surgeon. Ann Surg Treat Res (2017) 93(2):70–5.
doi: 10.4174/astr.2017.93.2.70
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