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Abstract
Since the introduction of the single-port (SP) robotic system, SP trans-axillary robot-assisted thyroidectomy (SP-TART) has 
been performed. We aimed to evaluate the safety and surgical outcomes of SP-TART in a consecutive series of 300 cases. 
We analyzed 300 patients with thyroid disease who underwent SP-TART from October 2021 to May 2023 in St. Mary’s 
Hospital in Seoul, Korea. We analyzed the patients’ clinicopathological characteristics and perioperative outcomes accord-
ing to surgical extent. Of the 300 cases analyzed, 250 patients underwent less than total thyroidectomy (LTT), 31 patients 
underwent total thyroidectomy (TT), and 19 patients underwent TT with modified radical neck dissection (TT c mRND). The 
mean operative times for LTT, TT, and for TT c mRND were 69.8 ± 23.6, 104.2 ± 30.7, and 223.7 ± 72.4 min, respectively. 
Complications, including postoperative bleeding, transient hypoparathyroidism, and vocal cord palsy, were observed in 
nine, six, and six LTT, TT, and TT c mRND cases. The SP-TART method is a safe and feasible surgical option with a short 
operative time, good surgical outcome, and excellent cosmetic results.
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Introduction

Thyroid surgery is the established treatment for thyroid 
cancer or suspected nodules [1], which has been continu-
ally advancing over time. Conventional open thyroidectomy 
(COT), which is the standard approach of thyroid surgery, is 
performed by making an incision through the anterior por-
tion of the neck. For this reason, the wound scar is easily 

visible. Since the majority of thyroid cancer patients are 
women in their 30s and 60s [2], not only is hypertrophic or 
keloid scarring a concern, but also the surgical wound itself 
is an important problem to young female patients [3].

To minimize surgical incisions, various types of mini-
mally invasive surgeries have been introduced [4]. With 
advancements in endoscopy and robotic systems, these mini-
mally invasive techniques, including trans-axillary, bilateral 
axillary breast, retro-auricular, and transoral approaches, 
have also been gaining popularity in thyroid surgery [5]. 
These surgical methods are designed to eliminate the need 
for incisions in the anterior neck and minimize incision 
length, ensuring better cosmetic outcomes [6].

Trans-axillary robotic surgery, which is among the mini-
mally invasive surgeries, has favorable surgical outcomes 
and feasibility [7, 8]. The da Vinci single-port (SP) ® Sur-
gical System (Intuitive Surgical, Sunnyvale, CA, USA) is 
the latest version of robotic system. The SP system com-
prises one camera and three robotic arms that enter through 
a cannula in one port, and this approach allows access nar-
rower and deeper portions as compared to previous robotic 
systems. Therefore, it allows the operator to easily perform 
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thyroidectomy and has the advantage of a shorter incision 
length.

However, research on the safety and surgical outcomes 
of SP trans-axillary robotic thyroid surgery (SP-TART) is 
lacking. Therefore, in this study, we aimed to evaluate the 
safety and surgical outcomes of SP-TART in a consecutive 
series of 300 cases.

Materials and methods

Patients

This retrospective study analyzed a total of 300 consecu-
tive patients with thyroid disease who underwent SP-TART 
at St. Mary’s Hospital in Seoul, Korea from October 2021 
to May 2023. The medical charts and pathology reports 
of all patients were reviewed. Preoperatively, all patients 
underwent ultrasonography of the thyroid; in case of thy-
roid cancer or if needed, an computed tomography scan was 
performed to confirm the clinical stage and surgical extent. 
The extent of surgery was decided based on the American 
Thyroid Association 2015 guidelines [1]. In terms of surgi-
cal extent, less than total thyroidectomy (LTT) includes isth-
musectomy and lobectomy. LTT was performed when preop-
erative evaluation revealed no evidence of metastasis in the 
central or lateral lymph node (LN), no gross extrathyroidal 
extension (ETE), and a mass limited to a unilateral lobe. 
When lateral neck LN metastasis was proven by fine-needle 
aspiration cytology, mRND was performed. Vocal cord palsy 
(VCP) was confirmed by postoperative stroboscopy and oto-
laryngology consultation. Transient hypoparathyroidism is 
defined as a clinicopathological state requiring exogenous 
calcium supplements, which subsequently normalize within 
6 months postoperatively [9]. The pathologic stage was 

classified according to the 8th edition of the American Joint 
Committee on Cancer/Union for International Cancer Con-
trol (AJCC/UICC) tumor-node-metastasis (TNM) staging 
system [10].

Surgical procedure of less than total thyroidectomy

Under general anesthesia, the patient is placed in a supine 
position with a pillow placed under the shoulders to keep 
the neck slightly extended. The arm on the side of the 
lesion above the head was elevated (Fig. 1A). After making 
a 3.5–4 cm skin incision in the axilla, the pectoralis major 
muscle can be dissected along the anterior fascia, extend-
ing from the axilla to the clavicle. After exposure of the 
sternocleidomastoid (SCM) muscle, the avascular space 
between the sternal and clavicular head can be accessed, 
and the omohyoid muscle is identified and drawn. Dissecting 
beneath the strap muscle and lifting it upward are carefully 
done to prevent injury from the internal jugular vein (IJV). 
After exposing the ipsilateral thyroid lobe and lower part of 
the contralateral thyroid lobe, a rectractor blade is inserted 
through the skin incision and raised to maintain a working 
space (Fig. 2A).

The robotic system is approached from the patient’s con-
tralateral side, and the central column of the robot is aligned 
in a straight direction with the retractor blade that lifts the 
flap. After fixing the cannula to the skin incision (Fig. 2B), 
the camera is placed at the bottom, the Maryland dissecting 
forceps are placed on both sides, and the Cadiere forceps on 
top (Fig. 2C). The operator uses Cadiere forceps to pull the 
thyroid in the caudal direction of the patient, and then uses 
Maryland forceps to dissect the upper pole of the thyroid. At 
this stage, the superior thyroid artery should be ligated by 
attaching it to the thyroid to minimize damage to the exter-
nal branch of the superior laryngeal nerve. After confirming 

Fig. 1   (A) Patient positioning of LTT, TT: The arm on the side of 
the lesion above the head was elevated. (B) Patient positioning of 
mRND: The arm on the side where the mRND is is extended out-

ward parallel. (C) Re-docking for level II dissection: external retrac-
tor blade is rotated toward the patient’s submandibular gland
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the location of the parathyroid glands, they are preserved, 
and Cadiere forceps were used to pull the thyroid superi-
orly, exposing the course of the recurrent laryngeal nerve 
(RLN). Following the excision of the adjacent soft tissue 
surrounding the thyroid gland to avoid damage to the RLN, 
dissection and extraction of the thyroid along the trachea are 
then performed. The surgical specimen is taken out through 
the skin incision by an assistant using laparoscopic forceps. 
In all cases, we performed neuromonitoring to ensure RLN 
preservation. The closed suction drain was inserted through 
the skin incision, and the wound is closed.

Surgical procedure of total thyroidectomy

The skin incision is the same as that for LTT, with a length of 
3.5–4 cm, and the tumor location and the patient’s handed-
ness are considered when deciding which side to approach. 
The flap creation method is the same as that for LTT, but the 
flap extent is extended beyond the isthmus to fully expose 
the contralateral thyroid lobe.

Thyroidectomy is performed from the ipsilateral thy-
roid lobe and the method is the same as that for LTT. After 
removing the ipsilateral thyroid specimen, dissection is 
started from the isthmic portion, followed by the contralat-
eral thyroid upper pole. In contralateral thyroidectomy, the 
upper pole is mobilized first, followed by the lower pole, 
and dissection is performed in a medial-to-lateral direction 
through a subcapsular plane. Total thyroidectomy (TT) is 
then performed, ensuring that the course of the RLN and 
the position of the parathyroid glands are checked. A closed 
suction drain is placed and the wound is closed.

Surgical procedure of total thyroidectomy c 
modified radical neck dissection

While under general anesthesia, the patient is placed in a 
supine position with a cushion placed under their shoul-
ders, and their neck is slightly extended. Unlike the position 
during LTT or TT, the arm on the side where the modified 

radical neck dissection (mRND) will be performed is 
extended outward parallel to the operating bed (Fig. 1B), 
and the patient’s head is turned to the opposite side to maxi-
mize exposure of the axilla and lateral neck [11]. The skin 
incision is made 7–8 cm along the anterior axillary fold. 
For patients undergoing bilateral mRND, the approach was 
made from both axilla. The mRND flap is dissected medially 
to the anterior boundary of the SCM muscle, inferiorly to 
the substernal notch, superiorly to the submandibular gland, 
and laterally to expose the anterior border of the trapezius 
muscle.

After TT, the mRND of the lateral neck is performed; 
the method is the same as the open conventional procedure, 
but docking is performed in two stages. Initially, LN dissec-
tion in levels III, IV, and V is carried out while the robot is 
docked in the same position as during the thyroidectomy. 
The LN dissection begins with levels III and IV, targeting 
the anterior and posterior portions of the IJV until the com-
mon carotid artery and vagus nerves are exposed. Once LN 
dissection is completed for each compartment, the assistant 
removes the LN specimen through a skin incision using 
endoscopic forceps. The inferior portion of the IJV is dis-
sected until it reaches the subclavian vein. Continuing the 
dissection in a lateral direction along the subclavian vein, 
caution is needed to avoid damaging the transverse cervi-
cal artery and phrenic nerve. Subsequently, a level V dis-
section until the anterior border of the trapezius muscle is 
performed.

To initiate the level II dissection, the external retractor 
blade is removed and rotated toward the patient’s subman-
dibular gland (Fig. 1C). It is then repositioned and re-docked 
to ensure sufficient visibility for level II dissection. A level 
II dissection is conducted along the anterior surface of the 
carotid artery and IJV, until reaching the submandibular 
gland, and posterior belly of the digastric muscle. Finally, a 
drain is inserted, and the wound is closed.

The details of all surgical procedures and techniques for 
SP-TART have been described in our previous study [11, 
12].

Fig. 2   (A) The flap is lifted using the external retractor. (B) The cannula is fixed to the skin incision. (C) Instrument position in the cannula
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Results

Baseline clinicopathological characteristics 
of the study patients

Table 1 shows the patients’ baseline clinicopathological 
characteristics. The median age was 42.87 ± 12.4 (range, 
17–73) years, and the median body mass index (BMI) was 
23.41 ± 3.61 (range, 15.62–40.28) kg/m2. Of the 300 cases 
analyzed, 262 (87.3%) were female and 38 (12.7%) were 
male. Altogether, 250 (83.4%) cases underwent LTT, which 
included lobectomy, isthmusectomy, and subtotal thyroidec-
tomy. Additionally, 31 (10.4%) and 19 (6.4%) cases under-
went TT and TT c mRND, respectively. The most common 
pathologic subtype was papillary thyroid cancer (PTC) [257 
(85.7%) cases] and the second was follicular adenoma [19 
(6.3%) cases]. The pathologic tumor size was measured 
based on the largest tumor when the multifocal tumors were 
observed, with a mean size of 1.28 ± 1.21 (range, 0.1–7.5) 
cm. Pathology confirmed thyroiditis in 116 (38.7%) cases.

Perioperative outcomes

Perioperative outcomes according to the surgical extent are 
summarized in Table 2. Three cases in the TT c mRND 
group underwent bilateral mRND. The mean operative 
times for LTT, TT, and TT c mRND were 69.8 ± 23.6, 
104.2 ± 30.7, and 223.7 ± 72.4 min, respectively. The 
docking times were 1.9 ± 0.8, 2.6 ± 0.7, and 5.3 ± 2.0 min 
for LTT, TT, and TT c mRND, respectively. The measured 
blood loss in LTT, TT, and TT c mRND was 16.2 ± 26.8, 
22.8 ± 36.4, and 39.5 ± 45.7 mL. The hospital stay was 
2.0 ± 0.3, 2.1 ± 0.3, and 3.1 ± 0.8 days for the LTT, TT, and 
TT c mRND groups, respectively.

Postoperative complications

Table 3 shows the postoperative complications according 
to surgical extent. In the LTT group, nine (3.6%) cases had 
complications, including one (0.4%) case of chyle leak, two 
(0.8%) cases of postoperative bleeding, two (0.8%) cases of 
surgical site infection, and four (1.6%) cases of VCP. One 
LTT case required re-operation due to postoperative flap 
bleeding. In the TT group, six patients (18.2%) had compli-
cations, including five (15.2%) transient hypoparathyroidism 
and one (3.0%) VCP cases. In the TT c mRND group, there 

Table 1   Baseline 
clinicopathological 
characteristics of the study 
patients

Data are expressed as the patient number (%) or mean ± SD
LTT less than total thyroidectomy, TT total thyroidectomy, mRND modified radical neck dissection, PTC 
papillary thyroid carcinoma, NIFTP noninvasive follicular neoplasm with papillary-like nuclear features, 
FTC follicular thyroid carcinoma, PDTC poorly differentiated thyroid carcinoma
a The pathologic tumor size was measured based on the largest one when multifocal tumors were observed

Total 300 cases
Age (years) 42.87 ± 12.4 (range, 17–73)
Male: Female 1: 6.9 (38: 262)
Body mass index (kg/m2) 23.41 ± 3.61 (range, 15.62–40.28)
Extent of operation
  LTT 250 (83.4%)
  TT 31 (10.4%)
  TT with mRND 19 (6.4%)
Direction of approach
  Right/Left 168 (56.0%)/132 (44.0%)
Pathologic subtype
  PTC 257 (85.7%)
  Follicular adenoma 19 (6.3%)
  NIFTP 10 (3.3%)
  Nodular hyperplasia with hurthle cell changes 4 (1.3%)
  Nodular Hashimoto thyroiditis 3 (1.0%)
  FTC 3 (1.0%)
  PDTC 2 (0.7%)
  Oncocytic (Hurthle cell) adenoma 1 (0.3%)
Tumor size (cm)a 1.28 ± 1.21 (range, 0.1–7.5)
Thyroiditis 116 (38.7%)
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were six (31.6%) complications. One patient developed 
chyle leakage and transient hypoparathyroidism simultane-
ously, and all the others had transient hypoparathyroidism.

Clinicopathological characteristics of the patients 
with cancer

Table  4 summarizes the clinicopathological character-
istics of the patients with cancer. Among the 300 cases, 
262 (87.3%) were cancer. 214 (82.0%), 28 (10.7%), and 
19 (7.3%) underwent LTT, TT, and TT c mRND, respec-
tively. Regarding the pathologic subtype, PTC, follicular 
thyroid carcinoma (FTC), and poorly differentiated thyroid 
carcinoma were observed in 257 (98.1%), 3 (1.1%), and 2 
(0.8%) cases, respectively. 175 (58.3%) cases had ETE, of 
which 18 (6.9%) had gross ETE. The mean harvested LN 
and positive LN counts were 8.43 ± 12.12 (range, 0–108) 
and 2.75 ± 5.39 (range, 0–44), respectively. The majority 
of patients (n = 228, 87.0%) had T1 stage disease, followed 
by 16 (6.1%) patients with T3b stage. For the N stage, the 
majority of cases had N0 (128 cases, 48.9%) and N1a (114 
cases, 43.5%) diseases. According to the 8th version of 
the AJCC/UICC TNM stage, 240 (91.6%) and 22 (8.4%) 
patients had pathologic stage I and II diseases, respectively.

Discussion

During the initial phases of thyroid surgery, the main goal 
was to achieve complete excision of the thyroid tumor 
while ensuring RLN and parathyroid gland preservation. 
Nevertheless, with advancements in anatomical knowledge 
and surgical techniques, the focus has expanded to include 
the patients’ postoperative quality of life. Notably, the cos-
metic aspect of postoperative scar formation has emerged 
as a significant concern, especially among thyroid cancer 
patients [3]. This concern is particularly relevant given 
the high survival rate associated with thyroid cancer and 
its relatively higher incidence among female patients [2].

COT is performed through the anterior neck, result-
ing in a highly visible surgical site. Surgical scarring has 
been a significant concern, prompting the introduction 
of minimally invasive surgical methods. The trans-axil-
lary approach, first introduced by Ikeda et al. in 1999, 
is widely practiced and preferred [13]. This approach 
offers several advantages, including easy access to the 
upper and lower poles of the thyroid gland and enhanced 
identification of the RLN and parathyroid glands [14, 15]. 
Moreover, the skin incision made through the armpit area 
contributes to improved patient satisfaction, as the scar 

Table 2   Perioperative outcomes 
according to the extent of 
surgery

Data are expressed as the patient number (%) or mean ± SD
LTT less than total thyroidectomy, TT bilateral total thyroidectomy, mRND modified radical neck dissec-
tion, POD postoperative day
a Three of case underwent bilateral mRND

LTT (n = 250) TT (n = 31) TT c mRND (n = 19)a

Operation time (min) 69.8 ± 23.6 104.2 ± 30.7 223.7 ± 72.4
  Flap time 21.3 ± 7.2 28.1 ± 6.7 42.8 ± 17.4
  Docking time 1.9 ± 0.8 2.6 ± 0.7 5.3 ± 2.0
  Console time 34.1 ± 17.3 60.0 ± 24.6 142.0 ± 51.1
Blood loss (ml) 16.2 ± 26.8 22.8 ± 36.4 39.5 ± 45.7
Hospital stay (POD) 2.0 ± 0.3 2.1 ± 0.3 3.1 ± 0.8

Table 3   Postoperative 
complications of the study 
participants

Data are expressed as the patient number (%) or mean ± SD
LTT less than total thyroidectomy, TT bilateral total thyroidectomy, mRND modified radical neck dissection
a One of patients who underwent TT c mRND experienced transient hypoparathyroidism and chyle leakage
b One of cases underwent re-operation due to postoperative flap bleeding

LTT (n = 250) TT (n = 31) TT c mRND (n = 19)

Postoperative complications 9 (3.6%) 6 (18.2%) 6 (31.6%)
  Chyle leaka 1 (0.4%) – 1 (5.3%)
  Postoperative bleedingb 2 (0.8%) – –
  Surgical site infection 2 (0.8%) – –
  Transient hypoparathyroidisma – 5 (15.2%) 6 (31.6%)
  Vocal cord palsy 4 (1.6%) 1 (3.0%) –
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remains inconspicuous when the patient adducts their arm 
[16]. Furthermore, compared to COT, the trans-axillary 
approach involves lesser dissection of subcutaneous tis-
sues in the anterior region. As a result, patients experi-
enced less pain, numbness, and dysphagia [14].

However, the effectiveness of endoscopic surgery can be 
limited owing to the assistant operator’s ability to handle 
the camera. Moreover, achieving delicate maneuvering in 
curved areas can be challenging due to the use of straight 
instruments [17, 18]. To overcome these limitations, the da 
Vinci robotic system was introduced, featuring a 3D cam-
era, articulated arm, and stabilized hand motion [4]. The 
first trans-axillary robotic surgery in the thyroid field was 
performed by Chung et al. in 2007 [18]. Subsequently, there 
has been a increase in the number of trans-axillary robotic 
surgical cases, with evidence demonstrating superior post-
operative recovery rates for pain and paresthesia as com-
pared to COT [19]. Robotic surgery is particularly superior 
in terms of cosmetic aspects, and it has been confirmed that 

it has similar or better results compared to COT in terms of 
postoperative voice changes and dysphagia [6, 8].

The SP system is the newest version of da Vinci systems, 
equipped with three instruments, each with two joints, and 
a three-dimensional high definition camera with articula-
tion that facilitates visibility and control in narrow surgi-
cal spaces. Its enhanced operability in narrower and deeper 
flaps, as compared to the previous Xi system, allows for a 
reduction in the size of the skin incision, and the robotic 
arm experiences less resistance during the operation. Moreo-
ver, the SP system has the advantage of easy docking and 
de-docking [20], which is particularly advantageous dur-
ing mRND where docking is performed in two stages. This 
results in a shortened docking time and added conveni-
ence during surgery. In this study, the docking times were 
1.9 ± 0.8, 2.6 ± 0.7, and 5.3 ± 2.0 min for LTT, TT, and TT 
c mRND, respectively. It is much shorter than the docking 
time of a previous robot system (Si or Xi) [21–23].

In our study, the operative times were 69.8  ±  23.6, 
104.2 ± 30.7, and 223.7 ± 72.4 min for LTT, TT, and TT 
c mRND, respectively. Each operative time is comparable 
with those reported in previous studies on robotic thyroid-
ectomy, indicating that the trans-axillary approach is also 
efficient in terms of operative time [6, 24, 25]. Moreover, 
most of the patients were discharged from the hospital on 
postoperative day (POD) 2 for LTT or TT and POD 3 for TT 
c mRND. This implies that our surgical procedure does not 
lead to longer hospital stays as compared to other types of 
minimally invasive surgeries [6].

Altogether, 200 patients who underwent LTT had a mean 
harvested LN count of 4.95 ± 3.42 (range: 0–21), with a 
mean positive LN count of 1.40 ± 2.13 (range: 0–15). In 
TT, LN dissection was performed in 28 cases, resulting in 
mean harvested LN and positive LN counts of 9.14 ± 5.16 
(range: 1–26) and 2.57 ± 3.76 (range: 0–12), respectively. 
mRND was performed in 19 patients, resulting in mean har-
vested LN and positive LN counts of 43.95 ± 19.29 (range: 
23–108) and 17.11 ± 9.37 (range: 6–44), respectively. The 
LN yield serves as an indicator not only for evaluating the 
completion of neck dissection but also as a factor in assess-
ing the risk of thyroid cancer [26]. Particularly, several stud-
ies have revealed an association between increased central 
or lateral LN yield and reduced recurrence of PTC [27–29]. 
Our results show that the number of harvested LN is con-
sistent with those reported in previous studies [7, 30, 31], 
indicating that LN dissection using SP-TART is efficient. 
Reaching the deepest region in level IV dissection might be 
challenging due to the prominence of the clavicle, particu-
larly in right-sided mRND using the Xi system [32]. How-
ever, the SP system minimizes this difficulty by utilizing 
three multi-jointed robotic arms [33].

In this study, the patients’ BMI ranged from 15.62 
to 40.28 kg/m2. For patients with lower BMI, the skin’s 

Table 4   Clinicopathologicalal characteristics of the patients with can-
cer

Data are expressed as the patient number (%) or mean ± SD
LTT less than total thyroidectomy, TT bilateral total thyroidectomy, 
mRND modified radical neck dissection, PTC papillary thyroid carci-
noma, FTC follicular thyroid carcinoma, PDTC poorly differentiated 
thyroid carcinoma, ETE extrathyroidal extension, LN lymph node, T 
tumor, N node, M metastasis, TNM tumor-node-metastasis
a Tumor size is pathologic size

Total 262 cases
Extent of operation
  LTT 214 (82.0%)
  TT 28 (10.7%)
  TT with mRND 19 (7.3%)
Pathologic subtype
  PTC 257 (98.1%)
  FTC 3 (1.1%)
  PDTC 2 (0.8%)
Tumor size (cm)a 1.14 ± 1.13 (range, 0.1–7.5)
Multifocality 82 (31.3%)
ETE
  Minimal/gross 157 (59.9%)/18 (6.9%)
Thyroiditis 108 (41.2%)
Harvested LNs 8.43 ± 12.12 (range, 0–108)
Positive LNs 2.75 ± 5.39 (range, 0–44)
T stage
  T1/T2 228 (87.0%)/7 (2.7%)
  T3a/T3b/T4a 8 (3.1%)/16 (6.1%)/2 (0.8%)
N stage
  N0/N1a/N1b 128 (48.9%)/114 (43.5%)/20 (7.6%)
TNM stage
  Stage I/II 240 (91.6%)/22 (8.4%)
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thinness has a potential risk for skin injury, particularly 
when traversing the clavicular region. Conversely, in obese 
patients, challenges related to poor visibility were encoun-
tered during flap creation [34]. Fatty tissues are more sus-
ceptible to bleeding and challenging to handle, resulting in 
the need for more time to control bleeding and perform dis-
section. Additionally, excessive fatty tissues can also make 
it difficult to identify the platysma muscle when approaching 
the thyroid along the subplatysmal plane [35]. This is par-
ticularly problematic in young men with a good physique, 
as the distance from the skin incision to the anterior aspect 
may be longer, and the muscle tension may make it difficult 
to perform retraction during flap creation. This can serve 
as factor contributing to prolonged operative time or an 
increased bleeding risk [36]. In this study, one case under-
went re-operation the day after surgery due to flap bleeding. 
The patient was a young man with a BMI of 25.9 kg/m2, and 
the bleeding focus was lower portion of the pectoralis major 
muscle. There were no case of conversion to open surgery.

The incidence of transient VCP was reported to be 3–8%, 
whereas permanent palsy occurs in approximately 0.3–3% 
of cases [37–40]. In this study, there were four cases of VCP 
as a complication of LTT surgery, and two of these cases 
had tumor sizes of 3.0 or 5.3 cm. Owing to the tumor size, 
it was difficult to identify the RLN course. In the other two 
cases, RLN invasion was present and RLN shaving had to 
be performed. In the TT group, there was one case of VCP, 
in which a patient with both thyroid cancer underwent a Lt. 
axillary approach, resulting in Rt. VCP. The dissection of 
the contralateral thyroid lobe and RLN in SP-TART with a 
unilateral approach is acknowledged as a challenging pro-
cedure [4]. Owing to the nature of trans-axillary surgery, it 
is challenging to identify the RLN course contralateral to 
the incision.

The incidence of hypoparathyroidism after thyroidec-
tomy varies, with reports ranging from 1.5 to 22.8% for 
transient hypoparathyroidism and from 0 to 17.4% for per-
manent hypoparathyroidism [41–44]. In this study, tran-
sient hypoparathyroidism occurred in five (15.2%) TT and 
three (31.6%) TT c mRND cases, but no case of permanent 
hypoparathyroidism was found. In the TT c mRND surgery 
of this study, the number of transient hypoparathyroidism 
cases was relatively higher than that of a previous study 
[45]. This may be attributed to the challenge of visualizing 
the lateral portion on the contralateral side of the thyroid, 
leading to difficulties in preserving the parathyroid glands. 
Nevertheless, it is essential to highlight that no case of per-
manent hypoparathyroidism was observed in this study. This 
observation could be associated with the benefits of using 
a lateral view for the operative field and the articulation of 
the SP system robotic arm, allowing for delicate maneuvers 
that may have assisted in the preservation of the ipsilateral 
side parathyroid glands.

The SP system offers several advantages, including 
ease of docking, as compared to previous robotic systems, 
requiring only the movement of a single cannula instead 
of multiple robotic arms and a trocar [20]. The SP-TART 
provides a surgical view similar to that of a COT with a 
lateral view, making it easier for operators to adapt to the 
field [11]. In trans-axillary surgery, the SP-TART allows 
for a relatively small incision, ranging from 3.5 to 4 cm 
for LTT or TT procedures, and 7–8 cm for mRND, without 
compromising cosmetic satisfaction. Additionally, the SP 
system requires narrower flap dissection, reducing the risk 
of sensory nerve damage and minimizing paresthesia in 
the supra- and infra-clavicular regions [5].

The present study has some limitations. First, it is a ret-
rospective study. Second, there is no data available regard-
ing patient satisfaction and pain. We plan to conduct a sat-
isfaction survey in the future. Third, since robotic surgery 
is not covered by insurance in South Korea, some patients 
were unable to undergo surgery due to cost problems. As 
a result, there might be differences in the socio-economic 
status between the groups of patients who underwent 
robotic surgery and those who underwent COT, leading to 
a selection bias. Lastly, the follow-up period was relatively 
short. Therefore, further research is needed to investigate 
the surgical outcomes through long-term follow-up.

Conclusions

Among the 300 cases of SP-TART performed, favorable 
operative time and hospital stay duration, as well as a rel-
atively low complication rate were observed, indicating 
positive surgical outcomes. These results suggest that SP-
TART is a safe and feasible procedure. However, further 
prospective studies are needed to substantiate the surgical 
outcomes and technical stability of SP-TART.
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