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Abstract

Purpose of Review The purpose of this study was to
evaluate the characteristics of patients who underwent
transoral robotic thyroidectomy (TORT) in the worldwide
literature, especially in comparative studies with transoral
endoscopic  thyroidectomy by vestibular approach
(TOETVA), to better define the ideal appropriate patient.
Recent Findings TORT allows a more precise and com-
plete dissection due to the enlarged and three-dimensional
surgical vision and the tremor filtering. Current inclusion
criteria for TORT mainly concern ultrasonographically
estimated nodules as having a maximum diame-
ter < 70 mm, the papillary thyroid carcinoma with
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minimal extrathyroidal extension (T1 to T3) with or
without evidence of central lymph node metastasis, and
Graves’ disease with an estimated volume < 50 mL.
Overall, although TORT requires a longer operating time
than TOETVA, it allows for more complex surgical pro-
cedures, obtaining better oncological results. A clear defi-
nition of the inclusion and exclusion criteria for patients to
undergo robotic surgery is essential to obtain the most
reliable results in future large comparative and non-com-
parative studies.

Summary The purpose of this review article is to analyze
both the main comparative studies between TORT and
TOETVA series and those involving cohorts of patients
operated by TORT, always paying attention to the inclu-
sion and exclusion criteria adopted.
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Introduction

Conventional thyroidectomy (CT) is still considered the
standard of care for patients with differentiated thyroid
cancer (DTC) [1]. The safety and feasibility of both tran-
soral robotic thyroidectomy (TORT) and transoral endo-
scopic thyroidectomy (TOETVA) compared with CT have
been demonstrated in many reports, including oncologic
outcomes, and their surgical indications have been pro-
gressively expanded [2]. Intraoperative neuromonitoring
can be used in both TORT and TOETVA and helps limit
the complication rate [3, 4].

A key factor affecting the results of technical and
oncologic outcome studies is the difference in patient
selection settings [1, 5, 6]. Therefore, the proposal of our
study was to evaluate the characteristics of patients who
underwent TORT in the worldwide literature, especially in
comparative studies with TOETVA, to better define the
ideal appropriate patient.

Inclusion and Exclusion Criteria

A major nodal diameter estimated by ultrasound (US)
< 70 mm, papillary thyroid carcinoma (PTC) with mini-
mal extrathyroidal extension (i.e., T1, T2, and T3) with or
without evidence of central lymph node metastasis (NO and
Nla), and/or Graves’ disease (GD) with a thyroid volume
estimated by US of < 50 mL represent the usual indica-
tions for patients to undergo TORT [5].

TOETVA patients expect inclusion criteria to be the
presence of a benign tumor (including thyroid cyst and
single- or multinodular goiter), a US-estimated thyroid
diameter < 10 cm and volume < 45 mL, a US-estimated
major nodule < 50 mm, follicular neoplasia, or papillary
microcarcinoma without evidence of nodal metastases [6].

Patients with DTC with posterior wide extrathyroidal
extension (T4) and/or lateral lymph node compartment
metastasis (N1b) or distant metastases are still contraindi-
cated for both surgical transoral procedures. In addition,
patients who have received prior radiotherapy to the head
and neck region and/or signs of tracheoesophageal infec-
tion and/or recurrent laryngeal nerve palsy are also ineli-
gible [6].

Overall, the robotic system provides a magnified,
expanded, and three-dimensional surgical view that, when
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combined with tremor filtering, ensures a more precise and
complete dissection, especially for the central lymph node
area, than other remote techniques, including TOETVA
[1]. These features favor the preservation of critical
structures such as the recurrent laryngeal nerve and
parathyroid glands, and also minimize perineural thyroid
tissue [5, 6]. In addition, TORT allows the best resection of
both the upper thyroid pole and the pyramidal lobe due to
the effect of the articulated movement of the arm compared
to the rigid instruments of the other procedures [5-7].

Discussion

Since 2011, reports on the feasibility of robotic thyroid
surgery have appeared in the literature, initially tested on
cadavers [8, 9¢], while endoscopic transoral thyroid surgery
began to emerge as an alternative to the traditional open
technique as early as 2008 [10-15].

Three recent comparative studies on TORT (with
vestibular approach) and TOETVA series have shown that
these techniques are safe and provide comparable results
(Table 1) [16—18¢]. In all cases, the mean operative time
was significantly longer for TORT than for TOETVA
[16—18] and the criteria used were specified in only the
two most numerous studies [16, 18¢]. The inclusion criteria
were a nodal size of 5-8 cm and, in both cases, a PTC with
a maximum diameter of less than 3 c¢cm; exclusion criteria
included macroscopic extrathyroidal extension and
involvement of the lateral lymph node compartment or
distant metastases (Table 1) [16, 18¢]. However, these
studies analyzed relatively small patient samples, most of
which involved unilateral procedures, and only one of these
studies included more than 100 cases [18°].

The comparative, prospective, nonrandomized study by
Tae et al. [16] compared the outcomes of 21 patients who
underwent TORT (2 of whom were converted to postau-
ricular access and excluded) and 14 patients who under-
went TOETVA. Seventy-four percent of the cases were
partial procedures (lobectomy/isthmusectomy in 16 cases
at TORT and in 10 cases at TOETVA), whereas total
thyroidectomies were performed in 25.7% of the cases (5
robotic and 4 endoscopic). The number of patients with
malignant disease was 17/21 (80.5%) in the TORT and
10/14 (71.4%) in the TOETVA cohort. No other statisti-
cally significant differences were found between the 2
groups [16]. In a previous comparative retrospective study,
5 (5/7, 711%) thyroid lobectomies were successfully com-
pleted by TORT and 19 (19/20, 95%) by TOETVA [17].
Chen et al. performed an interesting and extensive retro-
spective comparative study in 150 patients in 2021 [18],
analyzing 154 surgical procedures (55 TORT and 99
TOETVA), which were performed uni-laterally in 81.2%
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Table 1 Results of comparative studies between clinical series of patients operated by TORT (with vestibular approach) and TOETVA

Author,  Type of the Number of Histological RLN injury and  Patient selection criteria Notes
year, study, time pts TORTvs  diagnoses HypoPTH rates  for transoral thyroid surgery
reference interval TOETVA
Chen Comparative 55 vs 99 Benign 103 Transient RLN Inclusion criteria da Vinci Xi surgical
etal, Retrospective 154 Malignant 51* mjury benign or indeterminate thyroid robotic system
2021 June 2017-May  operations  x ,eqociated 1 pt TORT nodules with a maximum Mean operative time
[18°] 2019 performed CND in 40 2 pts TOETVA diameter < 8 cm; significantly longer
in 150 pts Permanent RLN  malignant or suspicious nodules in the TORT c.ohort
patients injury with a maximum (308 vs 228 min,
(28/154, diameter < 3 cm and GD P < 0.001)
18.2% 1 pt TORT ) T
270 . Exclusion criteria:
bilateral Transient . o .
procedures) HypoPTH hl(g:;(})) Isgf;:giics .rlsk due to multiple
1 pt TORT ’
7 pts TOETVA previous néck irradiatio.n;
macroscopic extrathyroid
Permanent . .
HvpoPTH neoplastic extension or lymph
ypo node metastases of the central
1 pt TOETVA compartment of the neck;
simultaneous transoral surgical
procedure on the parathyroid
glands
Tae Comparative 21 vs 14 AH 6 (16.2%)  Transient RLN Inclusion criteria da Vinci Si surgical
etal,  prospective (935 FA 1 (2.7%) injury - follicular thyroid neoplasm or robotic system
2019 . ) bilateral PTC 30 1 pt TOETVA benign nodules with a maximum Mean operative time
[16] randomized procedures) (g1 1) Transient diameter < 5 cm; significantly longer
July 2017-Feb HypoPTH _ PTC with a maximum in the TORT cohort
2018 | pt TORT diameter < 3 cm 531820\/8 31558 min,
1 pt TOETVA  Exclusion criteria: =0.035)
- huge goiter;
- thyroid tumor with macroscopic
extrathyroid extension;
- lymph nodes metastases of the
lateral compartment, or
metastases at a distance;
- previous cervical irradiation or
neck surgery
Ravazi Comparative 7 vs 20 * Benign 20 No The inclusion and exclusion da Vinci Si surgical
et al., retrospective (All Malignant 7 (3 complications criteria are not described. The robotic system
2018 Apr 2016-Sept unilateral PTC, 2 were reported tab?es show only that the Mean operative time
[17] 2017 procedures)  Hurthle cell patients analyzed were all significantly longer
*analyzed carcinoma, women, with a mean BMI 32.8 in the TORT cohort
and 2 NIFT- vs 28.3 and a mean nodule (322 vs 213 min,
Tvs1 P) diameter of 5.1 vs 4.5 cminthe p_ 0.01)

TORT and TOETVA cohort,
respectively

Original table

pt patient, min minutes, TORT transoral robotic thyroidectomy, TOETVA transoral endoscopic thyroidectomyvestibular approach, PTC papillary
thyroid carcinoma, AH adenomatous hyperplasia, FA follicular adenoma, NIFT-P noninvasive follicular thyroid neoplasm with papillary-like
nuclear features, GD Graves’ disease, CND central neck dissection, RLN recurrent laryngeal nerve, HypoPTH hypoparathyroidism, BMI body

mass index

(126/154) of cases and for malignancy in 33.1% (51/154).
The authors pointed out that the total number of central
lymph nodes and metastatic lymph nodes removed was not
significantly different between the two groups [18e].

The results of robotic surgery have been evaluated in
some reports (Table 2). Park et al. [19¢] recently analyzed
200 consecutive PTC patients who underwent TORT (187

unilateral/partial and 13 bilateral procedures) and found a
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Table 2 Results of studies involving cohorts of patients operated by TORT (with vestibular approach)

Author,  Type of the ~ Number of pts Histological = RLN injury Patient selection criteria Notes
year, study, time diagnoses and HypoPTH for transoral thyroid surgery
reference interval rates
Park Retrospective 200 TORT PTC Transient Inclusion criteria da Vinci
etal.  Mar2016-  (13/200 bilateral Tla 105 RLNinjury  TORT was selected based on the patient's X
2020 Feb 2018 procedures) (52.5%) 2 pts choice, pathology, and size of the nodule su]rjgl(.:al
. . . o t
[19°] Tlb 14 Transient Exclusion criteria Z(})/st(;rlri
(7.0%) HypoPTH previous neck and chin surgical procedure; was used
T3 81 L pt clinically evident lateral cervical lymph in 145
(40.5%) node metastases; pts
distant metastasis; da Vinci Si
suspicious neoplastic infiltration in surgical
neighboring organs, such as the robotic
esophagus or trachea system
was used
in 55 pts
Tae Prospective 100 Malignant Transient Inclusion criteria da Vinci Si
etal,  pop TORT (71) - 89/100 RLN injury  follicular thyroid neoplasm or benign surgical
2020 randomized TQETVA (29%) TORT- 5 pts TORT- nodules with a maximum robotic
[20] - . TOETVA TOETVA diameter < 5 cm; system
Jul 2017-Feb  (23/100 bilateral « . , _
2019 procedures) 7 pts CT DTC with a maximum diameter < 3 cm;
Vs (87/89 PTC)  permanent Exclusion criteria
207 CT 169/207 RLN injury  _ huge goiter;
(79/207 bilateral (164/169 pts ‘ - thyroid tumor with macroscopic
procedures) PTC) Transient extrathyroid extension;
*3 procedures were * associated HypoPTH - lymph nodes metastases of the lateral
converted to robotic CND in 20 7 pts TORT- compartment, or distant metastases;
facelift or pts TOETVA - previous cervical irradiation or neck
transcervical - 25 pts CT surgery
approach associated ~ Permanent
CND in 88  HypoPTH
pts 1 pt TORT-
TOETVA
1 pt CT
Chae Retrospective 14 TORT PTC, stage I No RLN Inclusion criteria da Vinci Si
etal,  peph 2009- Vs (100%) injuries Pts who underwent lobectomy with or surgi(?al
2020 Apr 2019 56 BABART were d without CND for thyroid cancer; robotic
rt Systi
[21] (All unilateral reporte Exclusion criteria System
procedures) Pts who underwent lobectomy for benign
nodules or lobectomy with lateral neck
dissection
Kim Retrospective 58 TORT Malignant No RLN Inclusion criteria da Vinci
etal,  Mar 2016- da Vinci Xi 96.6% injuries and Benign thyroid nodule or PTC with a Xi )
2018 May 2017 (4/58 bilateral TORT HypoPTH  jaximum diameter < 4 cm without surgical
[22] procedures) with da were lymph node involvement on preoperative ~ 'obotic
vs Vinci Xi reported ultrasound system
58 TORT (56/58 PTC) Prophylactic ipsilateral CND was routinely da Vinci Si
T 91.4% performed in pts with suspicious surgical
da Vinci Si TORT preoperative cytology for PTC robotic
(6/58 bilateral with da system
procedures) Vinci Si

(53/58 PTC)
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Table 2 continued
Author,  Type of the Number of pts Histological ~RLN injury Patient selection criteriafor transoral Notes
year, study, time diagnoses and HypoPTH thyroid surgery
reference interval rates
Kim Retrospective 100 TORT PTC stage I  Transient Inclusion criteria da Vinci
etal,  Mar 2016- (9/100 bilateral (77%), RLN injury  Cytological suspicious malignancy or Xi )
2018 Feb 2017 procedures) stage 11 1 pt malignant (Bethesda category V or VI) surgical
23] (23%) with a maximum diameter < 3 cm, robotic
without macroscopic extrathyroid system
extension or lymphadenopathy on 42 pts
preoperative ultrasound da Vinci Si
Exclusion criteria surgical
Previous cervical surgery and lymph nodes  robotic
metastases of the lateral compartment system
Total thyroidectomy was performed for the 58 pts
pts with bilateral PTC or tumor
size > 2 cm
Kim Retrospective 24 TORT PTC (83.3%, No RLN Inclusion criteria da Vinci Si
etal,  gept 2012- (Al unilateral 20726) injuries and A thyroid nodule with a maximum surgical
2018 Jun 2016 procedures) HypoPTH diameter < 4 cm on preoperative robotic
[24] were ultrasound system
reported

Exclusion criteria

Pts with suspected lateral lymph node neck
or extensive central nodal involvement

Original table

pt patient, TORT transoral robotic thyroidectomy, TOETVA transoral endoscopic thyroidectomyvestibular approach, CT conventional thy-
roidectomy, BABART bilateral axillo-breast approach robotic thyroidectomy, PTC papillary thyroid carcinoma, DTC differentiated thyroid
cancer, CND central neck dissection, RLN recurrent laryngeal nerve, HypoPTH hypoparathyroidism

statistically significant difference (P = 0.005) only for the
sex of the patients in the evaluation of the subgroups DT or
difficult thyroidectomy and NDT or nondifficult thy-
roidectomy (each consisting of 45 patients, DT [33 women/
12 men] and NDT [42 women/3 men]) [19¢]. In the same
year, other authors [20] prospectively compared 100
patients who underwent transoral surgery (71 TORT and 29
TOETVA) with 207 patients operated on by CT. The
authors excluded from the CT group patients who had
advanced (severe extrathyroidal extension) or metastatic
disease or who had undergone second-look thyroid surgery
or concomitant lateral neck dissection. The mean operative
time was longer in the transoral group, but esthetic out-
comes were better, while no significant differences were
found between the 2 groups [20].

Chae et al. [21] comparatively studied two groups of
patients who underwent unilateral surgery for malignancy:
14 by TORT and 54 by bilateral axillo-breast robotic thy-
roidectomy (BABART). Interestingly, in addition to the
longer average operative time in the TORT group, the
authors found that pain scores on postoperative day 2 and
3, as assessed by the visual analog scale, were significantly
higher in the TORT group [21].

Kim et al. [22] in a 2018 clinical series compared two
groups of 58 patients each who underwent TORT with both

the da Vinci Xi and da Vinci Si robotic surgical systems for
the predominant treatment of malignant thyroid disease
(96.6% and 91.4%, respectively). In the Xi group, patients
underwent unilateral surgery in 54 cases and in the Si
group in 52 cases. No significant differences were found
between the two groups, except for significantly lower
mean postoperative pain in group Xi. The authors noted
several technical advantages to using the da Vinci Xi for
TORT, including fewer instrumental collisions, precise
dissection in a limited space, greater volume of lymph
nodes harvested, less postoperative pain, and a shorter
inpatient stay [22]. The same group of authors published an
initial clinical series of 24 unilateral procedures [23] and
subsequently, in 2019, a series of 100 nonconverted TORT
(91 unilateral and 9 bilateral procedures) performed to treat
100 PTC patients [24].

Conclusions

TORT is performed in a very limited number of centers
[16, 17, 23, 24] and, like TOETVA, is reportedly safe and
comparable to conventional CT [25-27].

TORT, like other remote access techniques, is expand-
ing its scope among cervical scarless techniques [6, 18,
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19e, 20, 22]. It is well known that TORT requires a longer
operative time than TOETVA, but this technique allows
performing more complex surgical procedures and
achieving better oncologic outcomes by expanding the
inclusion criteria (i.e., tumor node size and location, nodal
involvement) for patients with advanced pathologies [18e,
20, 23].

The cost of the robotic system has a natural impact on
TORT and can be appropriately managed in high-volume
robotic thyroid surgery centers. Clear definition of the
inclusion and exclusion criteria for patients to undergo
robotic surgery is essential to achieve the most reliable
results in future comparative and non-comparative large
studies.
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