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Abstract

Background We conducted this study to report our novel robotic thyroidectomy using gas-insufflation one-step single-port
transaxillary (GOSTA) approach and compare it with a conventional transaxillary (CTA) approach using a retraction method
for intraoperative and postoperative outcomes.

Methods We retrospectively analyzed 354 patients who underwent robotic thyroidectomy between January 2019 and April
2023. Of these patients, 143 underwent the procedure through the GOSTA approach, which involves a small incision of
3 cm along the axillary folds with both arms down and a gas-insufflation, from skin flap creation to the completion of thy-
roidectomy as a one-step single-port procedure without the need for a retractor. The remaining 211 patients underwent the
CTA approach. We analyzed the GOSTA approach and compared the surgical outcomes of the GOSTA (n=100) and CTA
(n=167) approaches in patients with differentiated thyroid cancer who underwent thyroid lobectomy.

Results Out of the 143 patients who underwent the GOSTA approach, 12 underwent total thyroidectomy and 9 underwent
lateral neck lymph node dissection with total thyroidectomy. GOSTA-thyroid lobectomy was performed on 122 patients;
of these, 100 were diagnosed with differentiated thyroid carcinoma. A comparative study with the CTA approach was only
conducted in patients who underwent thyroid lobectomy. No significant differences were found in operative time, hospital
stay, or complications between the two groups.

Conclusions Despite proceeding in one-step with a single smaller incision, from skin flap creation to the completion of thy-
roidectomy, the GOSTA approach is as feasible and safe as the CTA approach. Additionally, the GOSTA approach allows
for thyroidectomy without using a retractor and reduces the workload for the surgeon and assistants.

Keywords Follicular thyroid carcinoma - Papillary thyroid cancer - Thyroid neoplasm - Thyroidectomy - Robotic surgical
procedure

Traditionally, thyroidectomy was performed as an open
surgery without hesitation for many years. However, the
operation scar on the neck cannot be ignored, and the need
for cosmetic surgery has increased with the advancement
of surgical instruments. To conceal the scar, surgeons have
started inventing many ways to access the thyroid gland
through alternate sites other than the cervical incision [1, 2].
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There are now various remote approaches for thyroidectomy;
transaxillary approach [3-5], transoral approach [6—11],
retroauricular approach [12—14] and bilateral axillo-breast
approach [15-18]. Initially, endoscopic surgery made them
possible [19-22], and the advent of robotic surgery made
these procedures even more feasible [23-27].

In 2016, our institution began performing thyroidecto-
mies using the da Vinci S surgical robot through a trans-axil-
lary approach [28]. Since then, the procedures have evolved
with the introduction of the da Vinci Xi and SP models [29].
To overcome the limitations of the conventional approach, a
novel strategy that involves a change in position was devel-
oped. This change, along with the introduction of da Vinci
SP technology, has enabled us to modify and improve our
surgical procedures into a one-step process. We have named
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this new surgical approach "gas-insufflation one-step single-
port transaxillary (GOSTA) approach ".

In this study, we introduced this novel approach and
compared the pre-existing conventional transaxillary (CTA)
approach with this GOSTA approach.

Methods
Patients

A total of 354 patients underwent robotic-assisted thyroid-
ectomy at the single tertiary institution, Korea University
Ansan Hospital, by a single surgeon named YWC. The CTA
thyroidectomy was performed on 211 patients from Janu-
ary 2019 to December 2021, whereas the GOSTA was per-
formed on 143 patients from January 2022 to April 2023,
consecutively. In the CTA approach group, there was one
total thyroidectomy with selective neck dissection (SND),
12 total thyroidectomies alone, and 198 thyroid lobectomy
cases. In the GOSTA approach group, there were nine total
thyroidectomies with SND, 12 total thyroidectomies alone,
and 122 thyroid lobectomy cases. The diagnosis after thy-
roidectomy includes not only malignant disease such as

papillary thyroid carcinoma but also benign disease such as
Graves’ disease and thyroid nodules. The detailed distribu-
tion of patients’ diagnoses is described in Fig. 1.

This retrospective study was approved by the Institutional
Review Board of Korea University Medical Center, Ansan
(approval number: 2023AS0124). A waiver of informed con-
sent was requested and approved.

Operative procedure
Position and incision

In the GOSTA approach, the patients were draped in a
supine position with both arms down. In the CTA approach,
the patients were prepared with the ipsilateral arm fixed in
a raised and flexed position using a bar above their head
[28, 29].

In both methods, the incision was made along the skin
crease at the axillary fold. The GOSTA approach required a
3 cm sized incision, while the CTA approach required a min-
imum of a 6 cm sized incision. A wound retractor was used
for skin protection in both methods. For the CTA thyroidec-
tomy, the wound retractor used was the same one used for
open surgery, and Chung's retractor was inserted superiorly

CTA (n=211)

GOSTA (n = 143)

Total thyroidectomy ¢ SND (n= 1)

for papillary thyroid carcinoma (n = 1)

Total thyroidectomy ¢ SND (n=9)

for papillary thyroid carcinoma (n =9)

Thyroid lobectomy (n = 12)

for papillary thyroid carcinoma (n = 11)
for Graves’ disease (n = 1)

Total thyroidectomy (n = 12)

for papillary thyroid carcinoma (n = 11)
for Graves’ disease (n = 1)

Thyroid lobectomy (n = 198)

for differentiated thyroid carcinoma (n = 167)
for benign thyroid nodule (n=31)

Thyroid lobectomy (n = 122)

for differentiated thyroid carcinoma (n = 100)
for benign thyroid nodule (n = 22)

Fig. 1 Flowchart depicting the patients who underwent the CTA or GOSTA approach for thyroid disease. CTA Conventional transaxillary,
GOSTA gas-insufflation one-step single-port transaxillary, SND selective neck dissection
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to lift the skin flap. In the GOSTA approach, a wound retrac-
tor designed for single-port surgery with multiple ports was
inserted, and gas-insufflation was performed at 8 mmHg,
replacing the need for mechanical retractors (Fig. 2).

Robot docking

In the GOSTA approach, the robot was docked after creating
a flap of one-finger depth for the wound retractor, and the
skin flap was created using the robot, making the surgery a
one-step process. The SP endoscope was placed in the 12
o'clock direction while using the Maryland bipolar forceps
for arm number 1, the monopolar cautery for arm number
2, and the Cadiere forceps for arm number 3, regardless of
the surgical side. The remote center of the da Vinci SP tro-
car was placed externally; only the endoscope and devices
were inserted through the axillary incision. Lastly, we used
a cut J-P drain tip with continuous suction connected to pre-
vent sight disturbance caused by smoke produced during
the surgery.

In the CTA approach, the skin flap was created by the
surgeon at the bedside with an assistant lifting the flapped
skin and sternocleidomastoid muscle (SCM) using Chung’s
retractor step-by-step. The CTA approach usually required
an additional peri-areolar port, and the robot was docked
after the procedures, from creating the skin flap to lifting the
sternothyroid muscle up with the retractor (Fig. 2).

Skin flap creation and thyroidectomy

In the GOSTA approach, the dissection was performed
along the anterior surface of the pectoralis major muscle,

recognizing and preserving the supraclavicular nerve. The
dissection was then continued between the sternal and cla-
vicular heads of the SCM muscle. The omohyoid muscle
and the ansa cervicalis nerve can also be detected and pre-
served. Behind these structures lies the thyroid gland, and
anterior wall dissection from strap muscles was continued.
The external branch of the superior recurrent laryngeal
nerve (EBSLN) was detected and preserved during supe-
rior pole dissection. The superior thyroidal artery and vein
were firmly coagulated with a monopolar cautery or bipo-
lar forceps. On the lateral side of the thyroid gland, the
recurrent laryngeal nerve (RLN) and parathyroid glands
(PTGs) were preserved. Central lymph node dissection
was performed along the carotid artery sheath, from the
lateral side to the sternal notch [30, 31] (Fig. 3). Detailed
procedures of GOSTA-thyroid lobectomy can be watched
in Video 1.

Comparison study

Of the patients above, we extracted only those who under-
went thyroid lobectomy and were diagnosed with differ-
entiated thyroid carcinoma for the comparison study of
both approaches. Data were analyzed using SPSS Statistics
(version 25.0.0.0; IBM Corp., Armonk, NY, USA). Con-
tinuous variables are presented as means with standard
deviations, while categorical variables are presented as
percentages. A Student t test was used to compare con-
tinuous variables. A Chi-squared or Fisher exact test was
used to compare categorical variables. Differences were
considered statistically significant at p values < 0.05.

Fig.2 Pictures of the patient’s position in the CTA and GOSTA
approaches. a patient position with the arm raised for the CTA
approach, b patient position with both arms down for the GOSTA
approach, ¢, e axillary incision with a retractor for the CTA approach,
d, f axillary incision without a retractor for the GOSTA approach, g

manual creation of skin flap with an additional areolar incision for
the CTA approach, h skin flap creation using the da Vinci SP surgi-
cal system via gas-insufflation for the GOSTA approach. CTA con-
ventional transaxillary, GOSTA gas-insufflation one-step single-port
transaxillary
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«Fig.3 Pictures of the procedures for GOSTA-TL. a preservation of
supraclavicular nerves during skin flap creation, b approach between
the two heads of the SCM, ¢ Preservation of the omohyoid muscle, d
anterior dissection of the thyroid, e upper pole dissection of the thy-
roid while preserving EBSLN, f lateral dissection of the thyroid while
preserving RLN, g dissection of level VI lymph nodes, h post-thy-
roidectomy. GOSTA-TL gas-insufflation one-step single-port transax-
illary approach for thyroid lobectomy, SCM sternocleidomastoid
muscle, EBSLN external branch of the superior laryngeal nerve, RLN
recurrent laryngeal nerve

Results
Clinicopathological characteristics

There were a total of 167 patients who underwent the CTA
approach and a total of 100 patients who underwent the
GOSTA approach. The mean age at the time of the operation
in the CTA group and the GOSTA group was 49.3 and 48.5,
respectively, with no significant difference. The proportion of
female patients and body mass index were also comparable.
There were patients who had follicular carcinoma in only the
GOSTA approach group. The mean tumor sizes were 1.0 cm
and 1.2 cm, respectively (p=0.055), and the number of har-
vested and metastatic lymph nodes also had no significant dif-
ferences. Although the proportion of T1b was slightly higher
in the GOSTA group, there was no distinctive difference in the
N classification distribution between the two groups (Table 1).

Analysis of perioperative details

There were no significant differences in the total operation
time between the CTA group and the GOSTA group, which
were 97.1 min and 101.6 min, respectively. The number of
sacrificed parathyroid glands (PTG) was 0.34 and 0.22, respec-
tively (p=0.053). There were seven postoperative complica-
tions in the CTA group, four of which were transient RLN
palsy and three of which were hematomas that needed surgical
evacuation. During surgery, it was revealed that the bleeding
focus in all four cases was small subcutaneous vessels near
the incision site. In the GOSTA group, only two patients
experienced postoperative complications. One patient had
transient RLN palsy, and the other patient had a hematoma
that also required surgical evacuation. The bleeding focus in
the GOSTA group was also identified as small subcutaneous
vessels near the incision site. There were no cases of perma-
nent RLN palsy or chylous drainage in either group (Table 2).

Discussion
With advances in robotic surgical systems, recent robotic

thyroidectomy has not only reduced scarring of the neck
but has also improved visibility and devices, making

surgery more precise and stable [32, 33]. Various surgical
approaches have been utilized for robotic thyroidectomy,
each with advantages and disadvantages [34—39]. Our insti-
tution has chosen the transaxillary approach as the main-
stream method. Many studies have already proven the feasi-
bility, safety, and effectiveness of the transaxillary approach
for robotic thyroidectomy [40—-44]. However, we have expe-
rienced some procedure difficulties with the CTA approach,
so we have tried to modify the procedure using the da Vinci
SP surgical system.

In the CTA approach, the patient's ipsilateral arm had
to be raised during the surgery. This was primarily done to
reduce the distance between the incision and operation sites.
Since CTA thyroidectomy did not involve gas-insufflation,
mechanical retractors had to be used during the surgery to
lift the skin. The length of the existing retractors was limit-
ing, so elevating the ipsilateral arm became the solution.
However, this position caused the elevation of the major pec-
toralis muscle, narrowing the operation field and acting as
an obstacle. The surgeon had to proceed beyond the elevated
muscle during flap creation. The folded skin between the
neck and shoulder also posed a hurdle, as it could be easily
injured during flap creation and served as an upper limit for
the range of movement. Throughout the flap creation pro-
cess, the retractors must be continuously repositioned step-
by-step as the dissection progresses [45]. These demanding
and strenuous steps required for flap creation before docking
the robot were another limitation of the CTA.

To address these problems, we changed the patient’s posi-
tion in the GOSTA approach. The patients were prepared
in a supine position with both arms in the down position.
This position flattened the pectoralis major muscle, but it
increased the distance from the thyroid gland to the incision.
Therefore, we docked the robot from the beginning to create
a skin flap. With the assistance of the da Vinci SP system,
we could obtain a clear and stable visual field, preserve the
supraclavicular nerve, and have delicate coagulation of sub-
cutaneous vessels during skin flap creation. The approach
to SCM and the thyroid could be made easier than the CTA
approach by flattening the pectoralis major muscle (Fig. 4a,
b). Furthermore, this position made the bilateral approach
possible without changing the surgical drape or the elevated
arm in the patients who needed total thyroidectomy [46].

As the position was changed to a supine position with
both arms down, the folded skin between the neck and shoul-
der caused by the raised arm in the CTA approach disap-
peared, allowing a widened range of movement for surgical
instruments. This made it possible to visualize the upper
pole of the thyroid gland more, identifying and preserving
the external branch of the superior laryngeal nerve (Fig. 4c,
d). Therefore, the surgery was possible with only a single-
port in the axilla without an additional peri-areolar port to
pull the thyroid caudally in the CTA approach.
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Table 1 Clinical pathological

- : Characteristic CTA (n=167) GOSTA (n=100) P
characteristics of the patients
with differentiated thyroid Age at operation, year (range) 49.3 (22-72) 48.5 (27-72) 0.562
cancer who underwent CTA or Sex (%) 0.285
GOSTA approach for thyroid
lobectomy Female 133 (79.6) 74 (74.0)
Male 34 (20.4) 26 (26.0)
Body mass index 25.0 (18.6-40.9) 25.8 (16.2-38.0) 0.126
Pathology (%) 0.019
Papillary carcinoma 167 (100.0) 96 (96.0)
Follicular carcinoma 0(0.0) 4 (4.0)
Tumor size (cm)(range) 1.0 (0.1-4.5) 1.2 (0.34.1) 0.055
Multiplicity (%) 0.037
No 132 (79.0) 89 (89.0)
Yes 35 (21.0) 11 (11.0)
Harvested LNs (n) (range) 3.5 (0-14) 3.4 (0-11) 0.863
Metastatic LNs (n)(range) 0.7 (0-11) 0.6 (0-7) 0.595
T classification (%) 0.021
Tla 112 (67.1) 48 (48.0)
T1b 45 (26.9) 43 (43.0)
T2 8 (4.8) 8 (8.0)
T3a 2(1.2) 1(1.0)
N classification (%) 0.343
NO 118 (70.7) 76 (76.0)
Nla 49 (29.3) 24 (24.0)

CTA conventional transaxillary, GOSTA gas-insufflation one-step single-port transaxillary, LN lymph node

Table 2 Analysis of
perioperative details between

CTA and GOSTA groups Total operative time

Postoperative hospital stays, days (range)

Number of sacrificed PTG, n+SD

Postoperative complications, n (%)

Flap necrosis
Transient RLN palsy
Permanent RLN palsy
Hematoma

Chylous drainage

CTA (n=167) GOSTA (n=100) p
97.1 (55-183) 101.6 (59-173) 0.097
3.9 (2-7) 4.0 3-7) 0.383
0.34+0.50 0.22+0.42 0.053
7(4.2) 2(2.0) 0.623
0 (0.0) 0 (0.0)

4(2.4) 1 (1.0)

0 (0.0) 0 (0.0)

3(1.8) 1(1.0)

0 (0.0) 0 (0.0)

CTA conventional transaxillary, GOSTA gas-insufflation one-step single-port transaxillary, PTG parathy-
roid gland, SD standard deviation, RLN recurrent laryngeal nerve

We chose the gas-insufflation procedure instead of using a
retractor because the surgeon could not manage the retractor
directly during skin flap creation with the robot. We needed
only a 3 cm axillary incision for this surgery since the robotic
thyroidectomy has been performed without a retractor, and it
was possible even with a 2.5 cm long axillary incision in the
case of patients whose skin stretches well. We used a short-
ened J-P drain with continuous suction drainage to address
the surgical smoke generated during dissection. The surgery
with the GOSTA approach could proceed with a one-step
procedure until the thyroidectomy was completed because

@ Springer

the procedure for re-docking the robot during surgery had
been eliminated. An additional advantage of replacing the
retractors with gas-insufflation was the elimination of exces-
sive traction on the platysma and SCM muscles.

SND was feasible with the single incision in the GOSTA
approach [47-49]. There were no posture changes other
than turning the head to the contralateral side of the sur-
gery during SND. In most cases, SND was performed after
thyroidectomy, and additional space for SND was created
using the robot. A total of nine patients underwent SND in
the GOSTA group, and their clinical data are described in



Surgical Endoscopy

@)

(©)

Fig.4 Illustrations demonstrating the patient's posture for the CTA
approach and GOSTA approach. a elevation of the major pectoralis
muscle caused by the raised arm in the CTA approach, b flattening
of the pectoralis major muscle in the GOSTA approach, ¢ restriction

Table 3. With the GOSTA approach, we could access and
identify anatomical structures of level II more effectively
than with open surgery due to the low angle of entry of the
robot. The clavicle made it challenging to dissect level IV
lymph nodes, but we were able to solve it by moving the SP
trocar anteriorly and increasing the robot’s angle of entry.
Although no analysis of SND was conducted, the number of
harvested lymph nodes and total operation time, including
the time for total thyroidectomy, were acceptable compared
to those of open surgery and other robotic SND [12, 49-55].
The anatomic structures and clinical picture of extracted
lymph node specimens are shown in Fig. 5. Detailed proce-
dures of GOSTA-SND can be watched in Video 2.

of instrument movement due to folded skin in the CTA approach, d
elimination of folded skin in the GOSTA approach. CTA conventional
transaxillary, GOSTA gas-insufflation one-step single-port transaxil-
lary

The retrospective nature of the study, its reliance on
a single surgeon’s experience, and the lack of long-term
follow-up data, including survival rate and quality of life,
are the limitations of this study. Further evaluation, includ-
ing multi-center prospective studies, should be conducted
to confirm the efficacy of the GOSTA approach. Addition-
ally, conducting subgroup analysis based on tumor size or
location is also necessary to comprehensively examine the
GOSTA approach.

In conclusion, the GOSTA approach can be performed
feasibly and safely, demonstrating non-inferiority to the
CTA gasless thyroidectomy.
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Table 3 Clinical data of the

. L . Serial no. Sex Age (year) BMI Pathology Dissected levels Harvested  Metastatic ~ Operation
patlepts with differentiated LNs of LNs of time (min)®
thyroid cancer who underwent SND SND
GOSTA-SND

1 F 32 23.1 PTC IIA, L IV, VB 24 4 347
2 F 60 229 PTC IIA, L IV, VB 22 7 394
3 F 52 22.6 PTC IIA, IOL IV, VB 35 17 509
4 M 70 254 PTC IIA, IIL IV, VB 27 403
5 M 42 294 PTC 1L, Iv 8 225
6 F 33 30.5 PTC IIA, 1L IV, VB 26 13 394
7 F 36 20.1 PTC IIA, IOL IV, VB 53 6 367
8 M 47 239 PTC IIA, L IV, VB 32 8 390
9 F 38 189 PTC IIA, IIL IV, VB 21 4 269

GOSTA gas-insufflation one-step single-port transaxillary, SND selective neck dissection, PTC papillary

thyroid carcinoma

4Calculated including the time for thyroidectomy

Fig.5 Pictures of the procedures for GOSTA-SND. a post-dissection
of level IIA lymph nodes, b post-dissection of level III and IV lymph
nodes, ¢ Specimens after the surgery. GOSTA-SND gas-insufflation

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-023-10435-w.
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