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Abstract
Purpose Gasless robot-assisted transaxillary hemithyroidectomy (RATH) is regarded as an alternative surgical option 
for thyroid operations. However, the associated steep learning curve is a clinical concern. This study evaluated the 
learning curve of RATH for surgeons without experience of endoscopic surgery and the early surgical outcomes of 
RATH.

Methods We conducted a retrospective study of patients who underwent gasless RATH and conventional 
hemithyroidectomy (CH) at Sun Yat-sen University Cancer Center, Guangzhou, China, from June 2021 to August 2022. 
The learning curve and early surgical outcomes of gasless RATH were evaluated. And the early surgical outcomes of 
gasless RATH were compared to CH.

Results In total, 105 patients who underwent gasless RATH and 104 patients who underwent CH were matched and 
assessed. The cumulative sum techniques (CUSUM) analysis showed that the peak point of gasless RATH operative 
time occurred at the 31st case. No clear single peak was identified in the CUSUM plot for drainage amount and blood 
loss. No significant difference in perioperative complications was observed between these two groups. Moreover, 
the number of postoperative patients who got sense of thyroid area traction were fewer in the gasless RATH group 
(n = 11, 10.5%) than in the CH group (n = 32, 30.8%).

Conclusion Gasless RATH can be considered as an alternative approach to the conventional open procedure, as it 
is an easy remote access technique, with shorter learning curves and certain advantage such as less sense of thyroid 
area traction.
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Introduction
Since its introduction by Kocher in the late 1880s, the 
transcervical incision has been the favored surgical 
approach to the thyroid and parathyroid glands. This 
incision design is obviously advantageous, as it provides 
the surgeon with excellent exposure and direct access to 
the central neck [1]. Some advances such as minimally 
invasive video-assisted thyroidectomy (MIVAT) [2], have 
gained popularity as a method to reduce incision size. 
However, regardless of how well the incision is closed, 
a scar of different prominence is inevitable. The impact 
of such a scar varies among patients, and it may have 
diverse implications on the quality of life, esthetic enjoy-
ment, and social interactions.

Remote access surgical methods originated in the past 
century and are currently employed in a wide range of 
surgical specialties, including abdominal, thoracic, and, 
more recently, head and neck surgery [3]. Endoscopic 
and robotic procedures are already well-established 
treatment options in these fields. Both these approaches 
use well-hidden incisions and effectively improve the 
patients’ quality of life as well as being esthetically accept-
able. Moreover, da Vinci robot’s expanded field of view, 
3D view, tremor filtering system, endo wrist technology, 
and multiarticulations of the arms (7 degrees of freedom) 
provide greater range of motion and precision than the 
endoscopic approach, while also minimizing collisions 
between the robotic arms and camera [4].

At present, the two commonly used robotic approaches 
are the gasless transaxillary approach and the bilat-
eral axillo-breast approach (BABA) [5], both of which 
have advantages and disadvantages. The robotic BABA 
procedure enables surgeons to perform complete thy-
roid resection with good visualization. Robotic BABA 
provides a view similar to conventional surgery. This 
approach has the advantage of being able to perform a 
total thyroidectomy with good surgical completeness [6]. 
However, due to insufficient entry angle and the pres-
ence of the manubrium and clavicle, the BABA approach 
may encounter challenges in clearing lymph nodes in 
the central region below the manubrium [7]. Further, 
CO2-related complications such as subcutaneous emphy-
sema, hypercapnia, respiratory acidosis, and cerebral 
edema are also limitations of the BABA approach. The 
robot-assisted transaxillary thyroidectomy (RATT) elimi-
nates the need for insufflation, hence reducing the risks 
of such CO2-related complications that may occur with 
traditional endoscopic techniques [3]. However, an ade-
quate angle of visualization with RATT allows for a more 
thorough central neck dissection. Therefore, we chose 
the transaxillary approach in our study.

The aim of this study was to assess the time required 
for training in gasless robot-assisted transaxillary 

hemithyroidectomy (RATH) and compare the complica-
tions of gasless RATH and open thyroid surgery.

Materials and methods
Study design
A retrospective cohort study was designed including all 
consecutive cases that underwent conventional thyroid 
hemithyroidectomy and gasless RATH from June 2021 to 
August 2022 at the Department of Head and Neck Sur-
gery, Sun Yat-sen University Cancer Center, Guangzhou, 
China. Depending on the surgical approach, patients 
were divided into two groups: (1) gasless RATH and (2) 
transcervical conventional approach.

The inclusion criteria for both groups were: (1) those 
who underwent ipsilateral central compartment node 
dissection; (2) those who were operated for the first time; 
and (3) cases wherein all procedures were performed by a 
principal surgeon with no experience of endoscopic sur-
gery or robot-assisted surgery. (4) those without lymph 
node metastasis or with only VI zone lymph node metas-
tasis and a diameter less than 3  cm. We considered the 
following surgical complications: recurrent laryngeal 
nerve injuries (temporary or permanent, 3 months as the 
cut-off time), hypocalcemia (symptomatic or requiring 
calcium supplementation), seroma, hematoma, surgical 
site infection, thyroid area traction (assessed one month 
postoperatively through a yes or no questionnaire), local 
nerve hypoesthesia, and brachial plexus palsy (gasless 
RATH only). Before performing the RATH for the first 
time, the chief surgeon has been trained in robotic sur-
gery and obtained a qualification certificate. At the same 
time, the first 5 operations were all completed under the 
guidance of surgeons with rich experience in RATH. 
Ethical approval for the study was obtained from the 
institutional ethical committee of Sun Yat-sen Univer-
sity Cancer Center (XJS2022-007-01). All patients gave 
informed consent to the above.

Operative method
Gasless RATH: The patient was placed supine with the 
neck slightly extended. The arm on the side of the access 
was abducted to 100°, supinated, and the elbow flexion 
was 30°. The arm was placed on an arm table. The inci-
sion, measuring 6–8 cm, started from the intersection of 
the front axillary line and the axillary crease, and turned 
vertically downward as it travelled along the axillary 
crease to the midaxillary line. A < 1  cm auxiliary inci-
sion was made in the midaxillary line 3–5 cm under the 
main incision. An endoscope was used to build the sur-
gical passage; this passage can also be established under 
direct vision. A subcutaneous flap was raised over the 
pectoralis major muscle all the way to the neck to pro-
vide the working area. The working space was maintained 
by specially developed retractors (Fig. 1a). All arms of the 
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da Vinci robot were introduced, and grasping forceps, a 
three-dimensional endoscope, a Maryland dissector, and 
a harmonic scalpel were placed in the corner of the main 
incision left to right respectively (the robotic arm closest 
to the auxiliary incision passed through the poke hole, 
Fig. 1b). The upper pedicle was cut first, after which the 
thyroid lobe was retracted medially. The surgeon began 
by cutting or, alternately, bluntly using the Maryland dis-
sector to dissect the tracheoesophageal groove to identify 
the recurrent laryngeal nerve. We located and prepped 
the parathyroid glands. The thyroid lobe was sliced 
using a harmonic scalpel once the crucial features had 
been located, ipsilateral central neck dissection of lymph 
nodes was simultaneously performed, and the specimen 
was finally extracted.

Conventional hemithyroidectomy (CH): The patient 
was placed supine with their neck extended during 
open surgery. The subplatysmal flap was dissected via a 
4–5-cm-long cervical incision. The thyroid gland was 
visible, as the midline between the strap muscles was 
split. From the superior pole to the inferior pole, the 
thyroid gland was dissected. To protect the parathyroid 
glands (Fig.  2a), the inferior thyroid arteries were indi-
vidually tied up near the thyroid gland. The ipsilateral 

laryngeal nerve’s full cervical path was traced and 
recorded (Fig. 2b).

Cumulative sum (CUSUM) analysis
CUSUM is a change-detection analytical approach that 
has been used to quantitatively evaluate the learning 
curve. The cumulative differences between each per-
son and the mean value across all instances were calcu-
lated using CUSUM. All patients in this research were 
arranged chronologically. The average operating time 
was u, whereas the operating time for the i th patient was 
Si . The difference between the operative time for the 
first patient (S1) and mean operative time (u ) was the 
CUSUM for the first patient. The CUSUM for the second 
patient was the CUSUM of the first patient plus the dif-
ference between the operative time for the second patient 
(S2) and the mean operative time (u ). This procedure 
was repeated up to the last instance, at which point the 
equation shown below would result in the CUSUM being 
equal to zero.

 
CUSUM =

∑n

i=1
(Si − u)

Fig. 2 The endoscopic view of the operation procedure (left). (a) Superior parathyroid (b) Recurrent nerve

 

Fig. 1 (a) Establishment of workspace. (b) Position of arms of the da Vinci robot
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The CUSUM chart was used to visually depict the find-
ings. The trend of data departure from the mean value 
was indicated by the CUSUM value. In the CUSUM 
chart, an upward slope meant moving away from the goal 
value and a downward slope implied moving closer to the 
target value. The point at which the slope changed direc-
tion showed skill competence. Similarly, the CUSUM for 
the quantity of postoperative drainage was determined. 
The moving average may get rid of small deviations and 
emphasize long-term patterns in the data, giving the 
graph a “smoothing” curve. To examine the operation’s 
duration, blood loss, and drainage volume accurately, we 
employed a moving average of 5.

 
Moving average i =

Si + Si+1 + Si+2 + Si+3 + Si+4

5

Operative time was defined as the total work time of the 
robotic arm. The postoperative drainage amount was 
defined as the summation of drainage volume in the first 
two postoperative days. Patients discharged with a drain-
age tube were required to record their daily drainage.

Statistical analysis
Following the Shapiro–Wilk test of normality, a statistical 
comparison between the two surgical groups was made, 
as well as correlations between variables, using the chi-
square test and two-tailed Fisher’s exact test for categori-
cal data and the Mann–Whitney U test and Student’s 
t-test for continuous data. The statistical software used 
was the SPSS version 21 (IBM Corporation, Armonk, NY, 
USA). A value of p < 0.05 was considered to indicate sta-
tistically significant differences.

Results
Patients
A total of 105 individuals who underwent gasless RATH 
were included in the research. Their mean age was 36.2 
(range: 19–54) years, and 77 (73.3%) were women. The 
subjects in this group had a mean body mass index 
(BMI) of 22.7 ± 3.5 (range: 16.9–33.6) kg/m2. There were 
no conversions to open surgery. The mean tumor size 
was 1.0 ± 0.6 (range: 0.2–3.5) cm, and 8 (7.6%) cases 
were benign. The mean postoperative length of stay was 
2.1 ± 0.8 (range: 1–5) days.

In the CH group, 104 individuals were included. Their 
mean age was 43.9 (range: 25–71) years, and 77 (74.0%) 
were women. The subjects in this group had a mean BMI 
of 23.9 ± 3.4 (range: 15.4–33.3) kg/m2. The mean tumor 
size was 0.9 ± 6.7 (range: 0.3–5.5) cm, and 3 (2.9%) cases 
were benign (Table  1). Only one patient had a tumor 
size > 4 cm. This patient underwent unilateral lobectomy, 
because frozen section examination of the operative 
specimen was unable to determine whether the lesion 
was benign or malignant. However, postoperative pathol-
ogy confirmed that the tumor was malignant. The patient 
did not undergo supplementary surgery. TNM staging 
did not differ between groups. The mean postoperative 
length of stay was 1.0 ± 0.4 (range: 1–4) days. All patients 
in this study received unilateral lobectomy and under-
went unilateral center neck dissection.

Learning curve
In our study, a single, high-volume (> 1000) surgeon 
who typically performs conventional hemithyroidec-
tomy without prior experience of robot-assisted opera-
tion conducted all surgeries. We utilized the CUSUM 

Table 1 Baseline characteristics of the study populations
Characteristic RATH (range, %)

(N = 105)
CH (range, %)
(N = 104)

P-value

Age (year) 36.2 ± 8.1 (19–54) 43.9 ± 11.8 (25–71) 0.000
Sex (F:M) 2.75 (73.3):1 (26.7) 2.85 (74.0):1 (26.0) 0.908
Mean BMI (kg/m2) 22.7 ± 3.5 (16.9–33.6) 23.9 ± 3.4 (15.4–33.3) 0.009
Tumor size (cm) 1.0 ± 0.6 (0.2–3.5) 0.9 ± 6.7 (0.3–5.5) 0.949
Final Pathology (%)
 Benign 8 (7.6) 3 (2.9) 0.125
 Malignant 97 (92.4) 101 (97.1)
Pathological T classification (%)
 T1a 67 (69.1) 68 (67.3)
 T1b 21 (21.6) 27 (26.7)
 T2 7 (7.2) 5 (5.0)
 T3 0 (0) 1 (1.0)
 T4a 2 (2.1) 0 (0) 0.404
Pathological N classification (%)
 N0 67 (69.1) 68 (67.3)
 N1a 30 (30.9) 33 (32.7) 0.792
Postoperative length of stay (day) 2.1 ± 0.8 (1–5) 1.0 ± 0.4 (1–4) 0.000
Abbreviations RATH, gasless robot-assisted transaxillary hemithyroidectomy; CH: conventional hemithyroidectomy; BMI, body mass index
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plot to examine learning curves of for the gasless RATH 
methods. The results showed that the CUSUM value of 
operative time reached its maximum point that the slope 
change from ascending to descending in the 31st case 
(Fig. 3a). Based on the results of the learning curve analy-
sis, all patients were divided into three phases: phase 1 
(1–30 cases), phase 2 (31–60 cases), and phase 3 (61–105 
cases). The moving average curve approach was used; 
the line chart shows a similar trend as the CUSUM plot 
(Fig. 3b). A comparison of the average operative times of 
phases 1, 2, and 3 was also done. A substantial decrease 
in average operative time was detected between phase 1 
(47.3 ± 16.3  min) and phase 2 (26.5 ± 7.6  min; P = 0.000) 
but such decrease was not observed between phase 2 and 
3 (28.6 ± 7.8  min; P = 0.255, Fig.  3c). The slope remained 
smooth, indicating relatively stable average operative 
time over the phase 2 and 3 timeframes (Fig. 3b).

The CUSUM plot for drainage volume did not show 
a clear single peak (Fig.  4a). The moving average curve 
showed that a decrease in average drainage volume 
was detected between phase 1 and phase 2 (Fig.  4b). 
Comparisons of the drainage volume of phases 1, 2, 
and 3 were carried out. The drainage volume of phase 
1 (170.7 ± 61.1 mL) was significantly more than that 
of the phase 2 (139.3 ± 19.5 mL, P = 0.004, Fig.  4c). The 

difference in the drainage volume between phase 2 and 
phase 3 (154.2 ± 36.1 mL) was not statistically significant 
(P = 0.097, Fig. 4c).

The CUSUM plot for blood loss did not show a clear 
single peak (Fig. 5a). The moving average curve showed 
a smooth continuous slope (Fig.  5b). The difference in 
blood loss between phase 1 (39.3 ± 14.4 mL), phase 2 
(36.0 ± 25.0 mL), and phase 3 (38.9 ± 20.0 mL) was not 
statistically significant (P = 0.778, Fig. 5c).

Surgical outcomes and complications
Comparisons of both study groups focused on cases 
characteristics, operative outcomes, and complications 
are shown in Table  2. Operative time was, as expected, 
longer in the gasless RATH group (125.4 ± 28.7 vs. 
49.4 ± 16.5  min, P < 0.001). The drainage volume for 
48  h in the gasless RATH group was more than that in 
the CH group (154.7 ± 42.9 vs. 95.3 ± 30.1 mL, P < 0.001). 
The retrieved lymph node of the gasless RATH group 
was significantly less than that of the CH group (3.3 ± 2.7 
vs. 4.4 ± 3.4, P = 0.009), but the difference in lymph node 
metastasis between the two groups was not significant 
(30.5% vs. 31.7%, P = 0.845).

There were 13 (12.4%) and 8 (7.7%) patients, respec-
tively, with transient low postoperative calcium (< 2.0 

Fig. 3 (a) Cumulative sum (CUSUM) control chart for the robot-assisted transaxillary hemithyroidectomy operative time. (b) Moving average for the 
operative time. (c) Mean operative time by group. Abbreviations: *, P ≤ 0.05; **, P ≤ 0.01, ns, P>0.05
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mmol/L) levels in RATH and CH groups, but this dif-
ference was not statistically significant. There were 3 
(2.9%) and 7 (6.7%) patients, respectively, with transient 
low postoperative parathyroid hormone (PTH) (< 15 
pg/mL) levels in RATH and CH groups, but this differ-
ence was not statistically significant. The mean postop-
erative calcium in the gasless RATH group (2.09 ± 0.08 
mmol/L) was significantly lower than that in the CH 
group (2.11 ± 0.09 mmol/L, P = 0.018), but the mean post-
operative PTH of the gasless RATH group (31.1 ± 9.5 pg/
mL) was significantly higher than that in the CH group 
(27.4 ± 10.0 pg/mL, P = 0.006). Patients did not receive 
calcium or vitamin D supplements. No patients appeared 
to have permanent hypocalcemia.

Postoperative complications early after the opera-
tion did not differ significantly between the two groups 
(Table 2). In gasless RATH group, we observed 11 (10.5%) 
temporary vocal cord paresis, 11 (10.5%) postoperative 
thyroid area traction, 1 (0.95%) permanent vocal cord 
paresis, 1 (0.95%) hematoma (reoperation), 1 (0.95%) 
trachea injury, and 1 (0.95%) infection. All temporary 
vocal cord paresis were resolved within 3 months. One 
patient underwent resection of the left recurrent laryn-
geal nerve for direct tumor invasion. We recommended 

a total thyroidectomy and iodine therapy after the opera-
tion, but the patient rejected our suggestion and had a 
strong will to preserve the contralateral thyroid lobe. No 
other patients had clinical evidence of permanent recur-
rent laryngeal nerve injury. The drainage volume of one 
patient exceeded 200 mL within 1 h after the operation, 
and emergency incision hemostasis was performed. 
The bleeding site was the external jugular vein, not the 
thyroid area. During the operation of one patient, the 
thyroiditis was found to form a mass adherent to the tra-
chea. We removed the lobe completely by scraping part 
of the invaded tracheal wall. However, the patient had 
neck postoperative subcutaneous emphysema within a 
week after the operation. The emphysema was clinically 
stable, and no further intervention was required. Subcu-
taneous emphysema disappeared after about one month. 
One patient had an axillary incision infection 4 days after 
the operation, and oral antibiotics were prescribed.

In the CH group, 8 (7.7%) temporary vocal cord pare-
sis, 32 (30.8%) postoperative thyroid area traction, and 
1 (0.96%) wound seroma were observed. All tempo-
rary vocal cord paresis were resolved in 3 months with-
out any treatment. The patient with the wound seroma 

Fig. 4 (a) Cumulative sum (CUSUM) control chart for the robot-assisted transaxillary hemithyroidectomy drainage amount. (b) Moving average for the 
drainage volume. (c) Mean drainage amount by group. Abbreviations: *, P ≤ 0.05; **, P ≤ 0.01, ns, P>0.05
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Table 2 Comparison of surgical outcomes between the two phases
Characteristic RATH (range, %)

(N = 105)
CH (range, %)
(N = 104)

P-value

Operative time (min) 125.4 ± 28.7 (79–215) 49.4 ± 16.5 (23–110) 0.000
Drainage amount for 48 h (mL) 154.7 ± 42.9 (90–410) 95.3 ± 30.1 (15–160) 0.000
Retrieved lymph node 3.3 ± 2.7 (0–12) 4.4 ± 3.4 (0–19) 0.009
Lymph node metastatic 32 (30.5) 33 (31.7) 0.845
Postoperative calcium (mmol/L) 2.09 ± 0.08 (1.87–2.27) 2.11 ± 0.09 (1.85–2.39) 0.018
Low postoperative calcium (< 2.0 mmol/L) 13 (12.4) 8 (7.7) 0.260
Postoperative PTH (pg/mL) 31.1 ± 9.5 (10.3–68.6) 27.4 ± 10.0 (3.3–53.0) 0.006
Low Postoperative PTH (< 15 pg/mL) 3 (2.9) 7 (6.7) 0.190
Permanent hypocalcemia 0 (0.0) 0 (0.0) -
Vocal cord palsy
 Transient 11 (10.5) 8 (7.7) 0.484
 Permanent 1 (0.95) 0 (0.0) 1.000
Hematoma (reoperation) 1 (0.95) 0 (0.0) 1.000
Trachea injury 1 (0.95) 0 (0.0) 1.000
Wound seroma 0 (0.0) 1 (0.96) 0.498
Chyle fistula (observation) 0 (0.0) 0 (0.0) -
Wound infection 1 (0.95) 0 (0.0) 1.000
Brachial plexus neuropraxia 0 (0.0) - -
Abbreviations RATH, gasless robot-assisted transaxillary hemithyroidectomy; CH: conventional hemithyroidectomy; PTH, parathyroid hormone

Fig. 5 (a) Cumulative sum (CUSUM) control chart for the robot-assisted transaxillary hemithyroidectomy blood loss. (b) Moving average for the blood 
loss. (c) Mean blood loss by group. Abbreviations: *, P ≤ 0.05; **, P ≤ 0.01, ns, P>0.05
Consent to Publication: not applicable
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underwent conservative treatment and made a spontane-
ous recovery.

Discussion
Robotic thyroidectomy is a new procedure that has 
shown early results that are at least similar to standard 
endoscopic techniques. Robotic thyroidectomy employ-
ing the gasless transaxillary approach, first published in 
2007, may be considered a “scarless” alternative to stan-
dard open thyroidectomy for patients with thyroid can-
cer. Another obvious advantage of robotic surgery is the 
capacity to execute full thyroidectomy with extensive 
cervical lymph node dissection while maintaining dexter-
ity and vision [8–10]. Learning new surgical skills is con-
sidered challenging, and the robot system is often seen 
as a complicated method with a lengthy learning curve. 
Many surgeons, however, have already indicate that the 
use of robots may enhance the learning curve of surgeons 
seeking to acquire sophisticated laparoscopic skills. Even 
for seasoned high-volume head and neck surgeons, 
the learning curve for traditional endoscopic unilateral 
lobectomy without lymph node dissection is projected 
to be about 60 cases [11]. According to recent research 
results, the learning curve for robot methods were 
shorter (range: 20–50 cases) than traditional endoscopic 
methods [12–14]. This indicates that the typical approach 
is constrained by assistant-dependent unstable camera 
platforms, two-dimensional views, restricted instrument 
maneuverability, and fixed instrument tips. Thus, we 
anticipate that the da Vinci robot system will enable sur-
geons to have a shorter surgical learning curve.

Prior research has indicated that the learning curve 
for robotic thyroidectomy may vary based on the tech-
nique used [15–18]. Owing to a comparable operational 
perspective, the midline approach is simpler than the 
usual open thyroidectomy [19]. By contrast, the lat-
eral techniques—such as transaxillary or retroauricular 
approaches—may need more time and operation hours 
for the surgeon to be acquainted with the anatomy and 
procedure, particularly during contralateral side dissec-
tion in case of complete thyroidectomy [20]. Our study’s 
learning curve is similar to earlier research that used 
the midline method [21]. The current study found that 
the learning curve of operative time for gasless RATH 
extended to 31 cases for experienced, high-volume head 
and neck surgeons. CUSUM analysis and moving aver-
age graphs revealed a unique learning phase transi-
tion between 25 and 30 examples. In the comparisons 
between learning phase and succeeding phase, opera-
tional time and drainage volume were dramatically 
reduced. Our research additionally evaluated the gasless 
RATH patient group in terms of early cases (phase 1, 
1–30), mid-level cases (phase 2, 31–60), and late cases 
(phase 3, 61–105), which correspond to before and 

beyond the learning curve’s endpoint. Once the learning 
curve phase was over, the operating timeframes and peri-
operative parameters of medium cases were comparable 
to those of the late cases, showing that the surgeon had 
learned the essential technical abilities to effectively exe-
cute robotic thyroid surgery by this time.

Blood loss and drainage volume have long been used 
as a proxy to assess the learning curve. These parameters 
likely indicate the capacity to sustain coagulation and the 
quality of tissue manipulation, where less blood loss may 
indicate operational proficiency [22]. In our research, 
although the CUSUM plot for drainage volume did not 
show a clear single peak, the drainage volume of phase 
1 was greater than that of phase 2. There was no signifi-
cant difference in blood loss among patients at different 
stages. This suggested that blood loss may potentially be 
impacted by patient-specific variables such as Hashimoto 
thyroiditis and hyperthyroidism, thereby diminishing its 
predictive ability for assessing the learning curve. How-
ever, the average total drainage during the first 48 post-
operative hours in gasless RATH group (154.7 ± 42.9 mL) 
was more than that in the CH group (95.3 ± 30.1 mL). 
The possible reasons include larger surgical scope, longer 
operation time, and more exudate from the surgical pas-
sage in the former than the latter.

To objectively assess the impact of operation on para-
thyroid glands, postoperative calcium and PTH were 
analyzed. These individuals did not have postopera-
tive permanent hypocalcemia or permanent low PTH, 
because they had hemithyroidectomy and two or more 
parathyroid glands retained. However, some patients still 
have postoperative hypocalcemia or low PTH, which may 
be because of the sensitivity of the parathyroid glands to 
transient ischemia. Differences in the incidence of low 
postoperative calcium (15.2%) or low postoperative PTH 
(14.4%) were not significant between the two groups. 
However, the mean postoperative calcium in the gasless 
RATH group (2.09 ± 0.08 mmol/L) was significantly lower 
than that in the CH group (2.11 ± 0.09 mmol/L, P = 0.018), 
and the mean postoperative PTH of the gasless RATH 
group (31.1 ± 9.5 pg/mL) was significantly more than that 
in the CH group (27.4 ± 10.0 pg/mL, P = 0.006). Overall, 
compared to CH, gasless RATH demonstrated non-infe-
riority of parathyroid protection; the likely reasons may 
be that the 3D field of view, and the multiarticulated and 
stable motions of robotic instruments made PTG preser-
vation accurate. The procedure may help eliminate inter-
ference with the surgeon’s vision when using a robotic 
camera, even when additional devices are introduced 
in the same direction [23, 24]. The sense of postopera-
tive thyroid area traction was lesser in the gasless RATH 
group (11 patients, 10.5%) than in the CH group (32 
patients, 30.8%). This may be because we entered through 
the posterior space of the anterior cervical muscle, and 
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the space between the strap muscles and skin was not 
opened in order to avoid anterior cervical cicatricial 
contracture. The subcutaneous nerve endings were com-
pletely preserved.

A different surgical outcome between the two groups 
was the number of retrieved lymph nodes, which was 
lower in the gasless RATH (3.3 ± 2.7) group than in the 
CH group (4.4 ± 3.4, P = 0.009). The higher proportion of 
patients with concurrent Hashimoto’s thyroiditis in the 
CH group (22.1%) compared to the RATH group (14.1%) 
may be the first contributing factor, leading to more reac-
tive lymph nodes in the CH group. On the other hand, 
the majority of our enrolled patients were cN0 stage 
patients (93.8%) [25]. Studies have indicated that for cN0 
early-stage well-differentiated thyroid cancer patients 
undergoing unilateral lobe resection, prophylactic cen-
tral compartment lymph node dissection does not affect 
long-term prognosis. Furthermore, no residual suspi-
cious metastatic lymph nodes were found in the cen-
tral compartment during postoperative follow-up for 
all patients. Therefore, RATH does not adversely affect 
patient prognosis. However, the differences in lymph 
node metastasis in the two groups was not significant 
(30.5% vs. 31.7%, P = 0.845).

The robotic surgery system has the advantages of a 3D 
field of view magnified > 10 times, internal joints with 7 
degrees of freedom, remote control, and filtering of the 
operator’s shaking, providing a precise operation plat-
form for thyroid surgery [26, 27]. Moreover, the shorter 
learning curve and the ability to establish surgical chan-
nels under direct vision make the gasless RATH easier to 
master, especially for doctors with no endoscopy experi-
ence. However, due to the lack of tactile feedback from 
a robotic system, the surgeon adapts to this new surgi-
cal mode only after adequate clinical practice [28–30]. In 
summary, the gasless RATH approach is simple, safe, and 
can be easily mastered.

Our study has some limitations. The primary restric-
tion is its retrospective nature, which introduces the pos-
sibility of prejudice. Second, the very small number of 
patients in the two groups may not adequately support 
our statistical findings. Third, we were unable to com-
pare the two approaches in terms of surgeon experience, 
because robotic thyroidectomy is a more recent tech-
nique than conventional thyroidectomy and the surgeon 
in the study had no experience of endoscopic surgery. 
Fourth, sensation in the anterior chest region for patients 
in the RATH group was not assessed. Consequently, our 
findings must be interpreted with caution, and more tri-
als in larger patient populations are necessary.

In conclusion, for surgeons without experience of 
endoscopic thyroidectomy, the learning curve length 
for gasless RATH using the gasless transaxillary tech-
nique was reported to be 31 cases, and it has a similar 

complication rate as conventional hemithyroidectomy. 
However, the use of robots in thyroid surgery is still in its 
early phase, and many concerns including the advantages 
of using technology remain unaddressed. More prospec-
tive randomized trials are needed to assess the real learn-
ing curve of a novice endoscopic surgeon for robotic 
thyroidectomy.
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