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Introduction

Thyroid cancer is one of the most common malignancies in 
young women, with the increasing trend of annual incidence 
(1,2). Compared with other malignancies, most thyroid 
cancer patients have a good prognosis, so they demand not 
only the radical removal of lesions but also better quality 
of life after surgery (3,4). Endoscopic surgery is a good 
option for the treatment of thyroid diseases because it can 
well preserve the neck appearance. As one of the advanced 

endoscopic systems, the da Vinci robot has the advantages 
of 3D high-definition vision and a remote control that 
filters operator shaking; it also has flexible internal joints 
with 7 degrees of freedom, which is more conducive to 
meticulous operation compared with conventional open 
surgery (5,6). Therefore, it has been widely used for thyroid 
surgery (7-10). However, it is unclear whether robotic 
thyroid surgery is superior to open surgery in terms of 
efficacy and complications (10-13).
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From January 2017 to August 2018, we treated 217 
thyroid cancer patients by robotic surgery via a unilateral 
axilla-bilateral areola (UABA) approach (robotic group). 
Another 194 thyroid cancer patients who underwent open 
surgery in the same period served as the control group (open 
surgery group). The data pertaining to the efficacy and 
safety of the two groups were analyzed.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-831).

Methods

Case selection

The patients who met the following criteria were involved: 
(I) at the age of 18 to 70 years; (II) diagnosed with thyroid 
cancer by preoperative fine-needle aspiration (FNA) or 
suspected malignancy by preoperative FNA confirmed 
by postoperative pathology; and (III) maximum tumor 
diameter ≤2 cm by ultrasound.

The exclusion criteria were as follows: (I) history of 
thyroid surgery or radiotherapy on the neck; (II) preoperative 
examination or intraoperative findings revealed the tumor 
invading esophagus, trachea, the recurrent laryngeal 
nerve, or large blood vessels on the neck; (III) preoperative 
examination showed suspected or definite metastasis of lateral 
lymph nodes; and (IV) preoperative examination indicated 
distant metastasis. The sample size of the study was estimated 
based on the data of pilot study prior to it.

The choice of operative methods: all patients were 
informed of the advantages and disadvantages of robotic 
surgery and open surgery, and made their own decisions 
before operation. 

Quality control: according to the inclusion and exclusion 
criteria, we consecutively included 217 cases in robotic 
group and 194 cases in open surgery from 2017 to 2018. To 
avoid subjective bias, all robotic surgeries were performed 
by one surgeon, and all open surgeries were performed by 
another surgeon. Both surgeons had previously completed 
more than 1,000 thyroid cancer surgeries, and the surgeon 
in the robotic group had accomplished more than 500 
robotic thyroid surgeries. 

Surgical methods

Open surgery
The patient was in a supine and neck-hyperextended 

position. A 5–8 cm long arc incision was made in the front 
of the neck. The skin, subcutaneous tissue and the platysma 
were dissected in turn to free the flap along the deep surface 
of the platysma, upper to the upper edge of the thyroid 
cartilage, down to the sternal fossa, bilaterally towards the 
midline of the sternocleidomastoid muscle. The linea alba 
cervicalis and the strap muscle were dissected bilaterally to 
expose the thyroid gland. The thyroid isthmus, the inferior 
and superior thyroid vessels and the middle thyroid veins 
were removed using an ultrasound knife. The surgeon 
should try to preserve the parathyroid glands and their 
blood supply as much as possible. The recurrent laryngeal 
nerve was exposed and carefully preserved, and then Berry’s 
ligament was dissected at the entry point of the laryngeal 
nerve to the larynx. The thyroid glands on one or both sides 
were removed; if necessary, a few glandular tissues at the 
entry point were reserved to protect the recurrent laryngeal 
nerve and superior parathyroid glands (7,9,14). During 
the dissection of the central lymph nodes, the recurrent 
laryngeal nerve and the inferior parathyroid glands and 
were protected, and lymph nodes behind the nerve were 
removed, especially in central node dissection on the right.

Robotic surgery
The procedure for the robotic surgery with da Vinci S or Si 
robot (Silicon Valley, CA, USA) was previously described in 
the literature (15). A brief summary: the patient was placed 
in the supine position, and the shoulders were elevated 
with pads. The head was backwards hyperextended and the 
right upper limb was abducted by 90º in order to expose 
the axilla, neck, and bilateral areolae. Mark the incision 
sites with ink on the right axilla and in the medial margin 
of bilateral areolae (1–1.5 cm incision), and draw the lines 
from each incision site to the superior border of the inner 
clavicle and right and left sternoclavicular joints to guide 
the trajectory of the trocars (Figure 1). The trocar was 
inserted and connected to the robotic arm, and a pressure 
of 6 mmHg was maintained by insufflating CO2. The flaps 
were freed with the same operation as in open surgery. A 
special thyroid retractor was inserted through the neck 
skin to draw the strap muscle bilaterally to expose the 
surgical field. A cautery was used to dissect the linea alba 
cervicalis, remove the thyroid isthmus along the midline of 
the trachea and sever inferior thyroid vessels and middle 
thyroid vein. The posterior thyroid capsule was dissected 
super-meticulously using an ultrafine-tipped cautery [super-
meticulous capsular dissection (SMCD)]. The thyroid 
gland was freed from posterior true thyroid capsule and the 
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trachea to the entry point of the recurrent laryngeal nerve 
to the larynx. The recurrent laryngeal nerve was exposed, 
and attention was paid to preserving the nerve, as well as 
the superior parathyroid gland and its blood supply. Then, 
a total or near-total thyroidectomy was performed. For the 
central lymph node dissection on the right, the strap muscle 
was drawn to the right and the trachea was drawn to the left 
using thyroid retractors (Figure 2). For the central lymph 

node dissection on the left, the strap muscle was drawn 
to the left and the trachea was drawn to the right using 
thyroid retractors; thereafter, the central lymph nodes were 
removed by a cautery (Figure 3).

Postoperative treatment and follow-up

The patient’s voice was observed postoperatively. The 
color and volume of the drainage fluid were recorded 
daily, and when the drainage fluid turned pale red and 
the daily volume was less than 15 mL, the drainage 
tube was removed. The patients were followed up in 
the clinic at postoperative months 1, 3 and 6 and then 
rechecked every six months thereafter. The follow-up 
evaluations included a thyroid function test, determination 
of thyroglobulin (TG), serum calcium and parathyroid 
hormone (PTH) levels, and cervical ultrasound. According 
to laboratory testing results,  serum calcium level  
<2.2 mmol/mL is  defined as  hypocalcemia.  PTH  
<15 pg/mL is defined as hypoparathyroidism. If PTH 
returns to normal within 6 months, the patient was 
diagnosed with transient hypoparathyroidism, otherwise, 
permanent hypoparathyroidism. Any bleeding that requires 
surgical intervention is considered as postoperative 
haemorrhage.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 

Figure 1 The incision sites were marked on the right axilla and in 
the medial margin of the bilateral areolae, and the line from each 
incision site to the superior border of the inner clavicle and right 
and left sternoclavicular joints, respectively, were used to guide the 
trajectory of the trocars.

Figure 2 The strap muscle was drawn to the right and the trachea 
was drawn to the left using thyroid retractors to expose the right 
median area for central lymph node dissection. After dissection, the 
periphery structure was clear: the trachea (blue arrow), the right 
superior parathyroid gland (green arrow), the recurrent laryngeal 
nerve (yellow arrow), and the cervical artery (black arrow).

Figure 3 The strap muscle was drawn to the left and the trachea 
was drawn to the right using thyroid retractors to expose the left 
median area for central lymph node dissection. After dissection, 
the periphery structure was clear: the right superior parathyroid 
gland (green arrow), the recurrent laryngeal nerve (yellow arrow), 
the esophagus (red arrow), the trachea (blue arrow), and the left 
common carotid artery (black arrow).
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was approved by the Ethics Committee of the Southwest 
Hospital (IRB No. ChiCTR2000033674), which waived the 
requirement for informed consent of clinicopathologic data 
due to the retrospective nature of this study.

Statistical analysis

All data were analyzed using SPSS 25.0 software. 
Continuous variables were expressed as mean ± SD. 
The count data were expressed as absolute values and 
percentages. The measurement data were analyzed by t-test 
or the Mann-Whitney U test, and the count data were 
analyzed by χ2 test or the Jonckheere-Terpstra test. A value 
of P<0.05 was considered significantly different.

Results

Comparative analysis of clinicopathological features

No significant differences were observed in patients’ age, 
gender, BMI, location and size of tumor, number of lesions, 
pathological type or scope of resection between the open 
surgery group and the robotic group (Table 1).

Number of dissected lymph nodes and operation time

Postoperative pathology demonstrated no significant 
difference in the number of dissected lymph nodes or 
metastatic lymph nodes between the two groups, regardless 
of whether the central node dissection was unilateral or 
bilateral. The robotic group showed significantly longer 
operation time compared with open surgery group (Table 2).

Satisfaction with the appearance

The survey on patient satisfaction with neck appearance 
was conducted 6 months after surgery based on the method 
described by Ji et al. (16). The patients’ satisfaction with 
their neck appearance was 91.2% in the robotic group, 
which was significantly higher than 21.6% in the open 
surgery group (P<0.01, Table 3). 

Efficacy and complications

For the patients who underwent total thyroidectomy and 
unilateral central node dissection, the concentration of 
TG without interference of thyroid stimulating hormones 
was 0.502±1.43 ng/mL in the open surgery group and 

0.700±1.73 ng/mL in the robotic group at one month after 
surgery, suggesting no significant difference between the 
two groups (P=0.073). For the patients who underwent 
total thyroidectomy and bilateral central node dissection, 
the concentration of TG was 0.545±1.45 ng/mL in the 
open surgery group and 0.603±1.11 ng/mL in the robotic 
group at 1 month after surgery, suggesting no significant 
difference between the two groups (P=0.090).

The incidence of postoperative hypocalcemia in the 
open surgery group was 27.3% (53/194), which was 
significantly higher than the incidence of 14.3% (31/217) 
in the robotic group (P<0.01). In the open surgery group, 
the incidence of transient hypoparathyroidism was 29.7% 
(44/148) in patients who underwent total thyroidectomy 
and central lymph node dissection, which was significantly 
higher than the incidence of 17.9% (27/151) in the robotic 
group (P=0.016). In the open surgery group, the incidence 
of permanent hypoparathyroidism was 6.8% (10/148) in 
patients who underwent total thyroidectomy and central 
lymph node dissection, significantly higher than 2.0% 
(3/151) in the robotic group (P=0.043). Transient hoarseness 
of voice occurred in 2 cases of open surgery group (1.0%) 
and 1 case of robotic group (0.5%), indicating no significant 
difference between the two groups (P=0.604). One patient 
in the open surgery group had permanent hoarseness of 
voice, while none of the patients in the robotic group had 
this change, indicating no significant difference between the 
two groups (P=0.472). Postoperative hemorrhage occurred 
in four cases of open surgery group and in one case of 
robotic group, indicating no significant difference between 
the two groups (P=0.193). Postoperative wound infection 
occurred in five patients (2.6%) in the open surgery group 
and in four patients (1.8%) in the robotic group, indicating 
no significant difference between the two groups (P=0.741). 
One patient in the open surgery group had a chyle fistula 
(0.5%), and none was observed in the robotic group, 
indicating no significant difference between the two groups 
(P=0.472). All complications are detailed in Table 4. The 
patients in the open surgery group were followed up for 
median 23 months and the patients in the robotic group 
were followed up for median 22 months. No recurrence 
or metastasis was observed in the two groups during the 
follow-up.

Discussion

The da Vinci robot system has been used for surgical 
treatment of thyroid cancer (7,14) due to its high-definition 
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3D field of view, remote control operation that filters hand 
shaking, and internal joint instruments (11,12). However, 
whether robotic surgery is superior to conventional open 
surgery is still controversial because of its high cost and 
clinical outcomes (8,12,13,17,18). To our acknowledgement, 
this is the first study to compare UABA robotic surgery 
with open surgery, and our results indicate that UABA 
robotic thyroidectomy can preserve the neck appearance 
and effectively reduce hypoparathyroidism by SMCD.

Most robotic thyroid surgeries adopt the transaxillary 
approach (TAA) or the bilateral axilla-bilateral areola 
approach (BABA) (19-22). When using the UABA approach, 
we reduce one axillary incision and the corresponding 
subcutaneous channel and move the only axillary incision 
from the anterior axillary line to the midaxillary line, which 
is more occult. This approach not only reduces the trauma 
but also improves the cosmetic effect. The external retractor 
was used for a better exposure of surgical field, and only 

Table 1 Clinicopathological features of the two groups

Clinicopathological features Open surgery group (n=194), n (%) Robotic group (n=217), n (%) P value

Age (years) 43.21±11.42 41.79±10.77 0.194

Gender 0.528

Female 150 (77.3) 162 (74.7)

Male 44 (22.7) 55 (25.3)

BMI (kg/m2) 23.48±3.15 23.44±3.14 0.893

Tumor location 0.362

Left 68 (35.0) 83 (38.2)

Right 95 (49.0) 112 (51.6)

Isthmus 5 (2.6) 3 (1.4)

Bilateral 26 (13.4) 19 (8.8)

Lesion 0.310

Single 148 (76.3) 156 (71.9)

Multiple 46 (23.7) 61 (28.1)

Tumor size 0.921

<10 mm 93 (47.9) 106 (52.1)

≥10 mm 101 (52.1) 111 (47.9)

Pathological type 0.775

Papillary carcinoma 189 (97.4) 212 (97.7)

Follicular carcinoma 3 (1.6) 4 (1.8)

Medullary carcinoma 2 (1.0) 1 (0.5)

Surgical approach 0.121

Unilateral lobectomy + unilateral central 
node dissection

46 (23.7) 56 (25.8)

Total thyroidectomy + unilateral central node 
dissection

101 (52.1) 126 (58.1)

Total thyroidectomy + bilateral central node 
dissection

47 (24.2) 35 (16.1)

RAI ablation 41 44 0.830

BMI, body mass index; RAI, radioiodine. 
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Table 2 Comparison of dissected lymph node number and operation time between the two groups 

Variables Open surgery group (n=194) Robotic group (n=217) P value

Dissected lymph nodes

Unilateral lobectomy + unilateral central node dissection 5.93±3.85 5.73±3.24 0.813

Total thyroidectomy + unilateral central node dissection 7.22±9.36 6.47±4.15 0.114

Total thyroidectomy + bilateral central node dissection 9.30±4.80 9.49±4.25 0.854

Metastatic lymph nodes

Unilateral lobectomy + unilateral central node dissection 0.76±1.69 1.10±1.60 0.092

Total thyroidectomy + unilateral central node dissection 1.82±3.54 1.32±2.02 0.948

Total thyroidectomy + bilateral central node dissection 1.68±2.33 2.54±3.66 0.224

Operation time (min)

Unilateral lobectomy + unilateral central node dissection 96.48±52.10 130.73±38.18 <0.01

Total thyroidectomy + unilateral central node dissection 99.27±57.88 152.52±37.79 <0.01

Total thyroidectomy + bilateral central node dissection 93.51±36.23 162.71±43.56 <0.01

Table 3 Patient satisfaction with neck appearance in the two groups

Patient satisfaction Open surgery group (n=194), n (%) Robotic group (n=217), n (%) P value

High 42 (21.6) 198 (91.2) <0.01

Moderate 145 (74.7) 19 (8.8)

Unsatisfied 7 (3.6) 0

Table 4 Comparison of postoperative thyroglobulin levels and complications in the two groups

Parameters 
Open surgery group (n=194),  

n (%)
Robotic group (n=217),  

n (%)
P value

Thyroglobulin

Total thyroidectomy + unilateral central node dissection 0.502±1.43 0.700±1.73 0.073

Total thyroidectomy + bilateral central node dissection 0.545±1.45 0.603±1.11 0.090

Hypocalcemia 53 (27.3) 31 (14.3) <0.01

Hypoparathyroidism after total thyroidectomy + central 
node dissection

Transient 44/148 (29.7) 27/151 (17.9) 0.016

Permanent 10/148 (6.8) 3/151 (2.0) 0.043

Hoarseness of voice

Transient 2 (1.0) 1 (0.5) 0.604

Permanent 1 (0.5) 0 0.472

Postoperative hemorrhage 4 (2.1) 1 (0.5) 0.193

Postoperative infection 5 (2.6) 4 (1.8) 0.741

Chyle fistula 1 (0.5) 0 0.472
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three robotic arms are used to avoid interaction between 
the arms and the instruments. Our previous research has 
confirmed that the UABA approach is safe, effective and 
minimally invasive for robotic thyroid surgery (15).

We analyzed the clinical data of 217 thyroid cancer 
patients who underwent robotic surgery using the UABA 
approach and 194 thyroid cancer patients who underwent 
conventional open surgery. The results showed that there 
was no significant difference in postoperative TG level 
and the number of dissected lymph nodes between the two 
groups, indicating that robotic surgery can achieve the 
same efficacy as open surgery in the treatment of thyroid 
cancer if the surgeon carefully chooses the indications. 
However, via the UABA approach, the incisions are occult, 
with little effect on neck appearance after surgery, so 
patient satisfaction is significantly higher in the robotic 
group than in the open surgery group after surgery. In the 
open surgery approach for thyroid cancer, incisions are 
located on the front of the neck, leaving significant scars 
after surgery in most cases. Compared with Caucasians, 
incisions on the neck are more likely to leave scars in Asian 
patients postoperatively. Robotic thyroid surgery using the 
non-transcervical approach can avoid scars on the neck 
and preserve neck appearance after thyroid surgery, so it 
is widely used in Asian countries such as South Korea and 
China (23,24).

Anatomically, the parathyroid glands have a small 
volume, great variation in position and extremely small 
blood vessels, so hypoparathyroidism frequently occurs 
after thyroid cancer surgery and is regarded as one of the 
biggest challenges in the clinic (25). The 3D high-definition 
magnified field of view and internal joint instruments in 
robotic surgery help surgeons operate more precisely; 
theoretically, robotic surgery can protect the parathyroid 
glands better and reduce postoperative complications. 
However, in the literature, disparity exists in the incidences 
of complications after robotic surgery and open surgery; 
e.g., in some studies, the robotic thyroid surgery group 
showed a similar or higher incidence of hypoparathyroidism 
(10-12). In our study, the incidences of hypocalcemia and 
hypoparathyroidism in the robotic group were significantly 
lower than those in the open surgery group. This may 
be because the surgeon used the technical advantages of 
da Vinci robot to create SMCD in the robotic surgeries 
(15,26). By means of SMCD, if compact, embedded or 
subcapsular parathyroid glands were observed, the surgeon 
could dissect the true thyroid capsule and preserve the 
parathyroid glands together with the surrounding true 

capsule to preserve the blood supply to the parathyroid 
glands. During conventional meticulous capsule dissection 
of the open surgery, because of the vision limits of human 
eyes and the range of motion for common surgical devices, 
the thyroid gland is removed closely adhered to the true 
thyroid capsule, and the parathyroid glands are preserved as 
much as possible, causing the difference in the incidence of 
postoperative hypoparathyroidism between the two groups. 
It is believed that there is no significant difference in 
efficacy between robotic thyroid surgery and open surgery 
(11,27). The robotic thyroid surgery can better preserve 
neck appearance, so young patients and female patients tend 
to choose robotic surgery (27). In our study, we performed 
SMCD to protect parathyroid function in robotic thyroid 
surgery, superior to open surgery in reducing the incidence 
of complications. Considering this, in addition to aesthetic 
factors, most of the patients choose robotic surgery because 
robotic surgery can better protect the parathyroid glands 
and reduce the incidence of hypoparathyroidism. The 
patients’ age and gender showed no significant difference 
between robotic and open surgery group in our study.

Studies have shown that the learning curve for robotic 
thyroid surgery requires more than 50 cases (7,28-31). 
However, the surgeon should be more experienced and 
proficient in addressing complicated situations in thyroid 
surgery. Our previous study of 500 cases treated by the same 
surgeon showed that the latter 250 cases had significantly 
fewer complications than the former 250 cases (15). To 
avoid the influence of the surgeon’s proficiency on surgical 
outcomes, the surgeon in the robotic group and the surgeon 
in the open surgery group had both completed more than 
1,000 thyroid cancer surgeries, and the surgeon in the 
robotic group had accomplished more than 500 robotic 
thyroid cancer surgeries in particular. Nevertheless, the 
operation time in the robotic group was significantly longer 
than that in the open surgery group, which may be because 
robotic surgery requires more preparation procedures, 
such as placing sterile plastic sleeves and connecting the 
robotic arms. Additionally, it takes more time to establish 
the operation space, place the gauze, remove the specimens, 
and rinse and suction the surgical field in robotic surgery 
than in open surgery.

The limitations of our study were as follow: (I) to avoid 
the influence of the surgeon’s proficiency on surgical 
outcomes, we enrolled the patients treated by the most 
experienced surgeon in the robotic group and in the open 
surgery group, respectively. Even so, the selection bias 
is inevitable. (II) We evaluated the vocal cord activity by 
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voice changes (hoarseness of voice), which is less reliable 
than the laryngoscopy. (III) Our study was a single-center 
clinical trial with a small sample size, so more multicenter 
randomized controlled studies are needed for further 
verification.

In conclusion, robotic surgery using the UABA approach 
can achieve the same efficacy as open surgery in the 
treatment of thyroid cancer, with lower incidence rates of 
transient and permanent hypoparathyroidism and a better 
cosmetic effect of the neck; therefore, the UABA approach 
is a safe, reliable and feasible approach with good cosmetic 
effects. 
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