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AIM: To evaluate the safety and efficacy of endoscopic radical thyroidectomy via the gasless unilateral axillary approach (GUAA) for
thyroid cancer patients across different body mass index (BMI) categories.
METHODS: A total of 333 patients with papillary thyroid carcinoma who underwent GUAA unilateral thyroidectomy and central lymph
node dissection between June 2021 and February 2023 were retrospectively analyzed. The patients had been followed up for at least
longer than 1 year. Patients were stratified into four groups based on their BMI: Group 1 (control group, 18.5 ≤ BMI < 24), Group 2
(BMI<18.5), Group 3 (24≤ BMI< 28), and Group 4 (BMI≥28). The Group 3 and 4 defined as high BMI group while Group 1 defined
as low BMI. The surgical-related indicators, operative time, numbness in the supraclavicular area, and rates of complication incidence
between the four groups were compared.
RESULTS: There were no significant differences among the groups in terms of age, sex, tumor location (left or right), number of central
lymph node dissections, central lymph node metastasis rates, total drainage volume, or postoperative hospital stay (p> 0.05). However,
patients with higher BMI experienced significantly longer operative time compared to the control group (128.14 ± 38.69 min [Group
3], 142.17 ± 37.92 min [Group 4] vs. 114.33 ± 38.79 min [Group 1], p < 0.05). The incidence of complications—including recurrent
laryngeal nerve (RLN) palsy, incision infection, and postoperative bleeding—did not differ significantly among groups. However, pa-
tients with low BMI (Group 1) had a significantly higher incidence of supraclavicular numbness compared to the Group 2 (56.25% vs.
8.04%, p < 0.05).
CONCLUSIONS: Endoscopic thyroidectomy via gasless unilateral axillary approach is a safe surgical option for patients with thyroid
cancer. High BMI is associated with longer operative time but does not increase complication rates. The average surgical duration for
obese patients is approximately 28 minutes longer than that for patients with normal weight. Patients with low BMI require particular
attention to the protection of the supraclavicular nerve to reduce the risk of postoperative numbness.
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Introduction

With the rising incidence of thyroid cancer, the demand
for thyroid surgery has increased. Patients are increasingly
concerned with the aesthetic outcomes following thyroid
surgery. Since the advent of endoscopic thyroid surgery in
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1997, scarless procedures have gained widespread adoption
[1]. Currently, the most common surgical approaches in-
clude the gasless unilateral axillary approach (GUAA) [2],
bilateral axillo-breast approach [3], axillo-bilateral breast
approach, unilateral axillo-breast approach, chest-breast
approach, and the transoral approach [4,5]. Among these
approaches, GUAAhas become increasingly popular due to
its favorable aesthetic and functional outcomes [6,7]. How-
ever, the rising prevalence of overweight and obesity—
mostly associated with lifestyle changes—poses new chal-
lenges. Statistics have shown that between 1975 and 2016,
the proportion of obese individuals had markedly increased
[8]. Higher body mass index (BMI) is associated not only
with an increased risk of thyroid cancer [9], but also with
more aggressive pathological features [10]. Consequently,
an increasing number of patients with high BMI require
thyroid surgery. While some prior studies suggested that
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BMI does not significantly affect the incidence of post-
operative complications following thyroid surgery, others
showed that obesity is associated with increased risks of
postoperative complications [11,12]. Therefore, most over-
weight and obese patients tend to choose open surgery. This
preference is largely driven by the perception among both
patients and physicians that patients with high BMI have
greater difficulty with endoscopic surgery, leading to longer
surgical times and more complications. The cosmetic needs
of these patients are often overlooked, which is unfair.
The GUAA is gaining traction as a preferred technique for
patients seeking both oncological efficacy and aesthetic sat-
isfaction. Nevertheless, research on the impact of BMI,
specifically on GUAA outcomes, remains limited. In this
study, we retrospectively analyzed the outcomes of patients
undergoing GUAA performed by the same surgical team,
focusing on operative time and the unique complication
associated with GUAA, namely the supraclavicular skin
numbness. We aim to compare the operative time and com-
plication rate among patients with different BMIs undergo-
ing GUAA surgery.

Materials and Methods
Clinical Information
This study retrospectively analyzed 333 patients who un-
derwent endoscopic radical thyroidectomy via the GUAA
in the Department of Head and Neck Surgery, Zhejiang
Provincial People’s Hospital between June 2021 and Febru-
ary 2023. All surgeries were performed by the same surgi-
cal team. Each patient underwent unilateral thyroidectomy
with isthmus resection and ipsilateral central lymph node
dissection for papillary thyroid carcinoma. All primary tu-
mors measured less than 1 cm to minimize differences in
surgical difficulty. Patients aged 18–60 years who under-
went radical surgery for thyroid cancer with GUAA were
included. Patients with a history of neck surgery, neck ra-
diation therapy, or Hashimoto’s thyroiditis were excluded
from the study. The included patients were categorized ac-
cording to official Chinese guidelines on BMI classifica-
tion [13], as follows: Group 1 (control group with normal
weight; 18.5 ≤ BMI < 24), Group 2 (underweight; BMI
<18.5), Group 3 (overweight; 24≤ BMI< 28), and Group
4 (obese; BMI ≥28). This study was conducted in accor-
dance with the Declaration of Helsinki, and the protocol
was approved by the Institutional Review Board of Zhe-
jiang Provincial People’s Hospital (NO: QT2025102).

Operative Method
Following general anesthesia, patients were placed in the
supine position with the ipsilateral upper limb abducted to
expose and stabilize the axilla. A 4–5 cm incision wasmade
along the natural axillary crease, extending posteriorly and
inferiorly between the anterior and middle axillary lines. A
subcutaneous flap was elevated on the surface of the pec-
toralis major fascia, crossing the clavicle and continuing

deep to the platysma muscle to expose the lower third of
the sternocleidomastoid muscle. The sternal and clavicular
heads of the sternocleidomastoid were identified, and the
natural intermuscular space between them was accessed. A
retractor (draw hook) was used to elevate the sternal head,
and dissection proceeded medially. The strap muscles were
separated laterally, and the sternothyroid muscle was re-
tracted to expose the affected thyroid lobe. The upper pole
vessels were bluntly dissected with vascular clamps, sepa-
rated from the cricothyroid muscle, and subsequently lig-
ated. The middle and inferior thyroid vessels were ligated.
The recurrent laryngeal nerve (RLN) was identified and
protected using a nerve monitor, and the thyroid isthmus
was divided. Central lymph node dissection was then per-
formed [14]. All patients had been followed up for at least
more than 1 year, and were administered long-term treat-
ment with levothyroxine sodium after surgery.

Observation Indicators
The observation indicators evaluated in this study in-
cluded operative time (minutes), total drainage volume
(mL), length of postoperative hospital stay (days), and
postoperative complications, including supraclavicular area
numbness, RLN palsy, incision infection, and postopera-
tive bleeding. During the follow-up period, we inquired
whether patients experienced numbness of the skin in the
supraclavicular region [15]. Persistent loss of function or
dysfunction of the RLN for more than 1 year was consid-
ered permanent palsy, while less than 1 year was considered
temporary palsy [16].

Statistical Analysis
Statistical analysis was performed using SPSS software,
version 19.0 (IBM Corp., Armonk, NY, USA). Normality
of data was assessed using the Kolmogorov–Smirnov test.
Quantitative data are expressed as mean ± standard devia-
tion (SD) or median and interquartile range (IQR), depend-
ing on their normality of data distribution. Normally dis-
tributed data were analyzed using one-way analysis of vari-
ance (ANOVA) for inter-group comparisons. The Mann–
Whitney U test was utilized for analyzing non-normally
distributed data. Categorical variables are expressed as
number and percentage (%), and comparisons were con-
ducted using the chi-square test (2×2 or R×C contingency
tables) or Fisher’s exact test, where appropriate. A two-
sided p-value < 0.05 was considered statistically signifi-
cant.

Results
The present study included a total of 333 patients who
had successfully undergone endoscopic thyroidectomy via
GUAA without converting to open surgery. Among these
patients, there were 50 males and 283 females, with a mean
age of 37.48 ± 9.01 years and a mean BMI of 22.76 ±
3.15 kg/m2. All tumors were papillary thyroid carcinomas
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Table 1. General characteristics of all patients.
Characteristic Statistic

Age (years) 37.48 ± 9.01
Sex

Male, n (%) 50 (15.02%)
Female, n (%) 283 (84.98%)

Height (m) 1.62 ± 0.07
Weight (kg) 60.22 ± 10.31
BMI (kg/m2) 22.76 ± 3.15
Position of tumor

Left, n (%) 157 (47.15)
Right, n (%) 176 (52.85)

Primary tumor size (mm) 4.94 ± 1.96
Operating time (min) 111.81 ± 39.43
Total drainage volume (mL) 151.90 ± 57.44
Lymph node metastasis, n (%) 88 (26.43%)
Number of lymph node dissections in the central area, median (IQR) 3 (3)
Number of lymph node metastases in the central area, median (IQR) 0 (1)
Length of postoperative hospital stay (days) 4.07 ± 1.00
RLN palsy, n (%) 2 (0.60%)
Incision infection, n (%) 2 (0.60%)
Bleeding, n (%) 1 (0.30%)
Numbness in the supraclavicular area, n (%) 33 (9.91%)

Achieved restoration ≤1 year 22 (6.61%)
Experienced persistent numbness >1 year 11 (3.30%)

Abbreviations: BMI, bodymass index; IQR, interquartile range; RLN, recurrent laryngeal
nerve.

Fig. 1. Duration of surgery conducted in patients of every
group. Notes: **p< 0.01 compared with Group 1 (control group
with normal weight; 18.5 ≤ BMI < 24). Definitions of other ex-
perimental groups are as follows: Group 2 (underweight; BMI
<18.5), Group 3 (overweight; 24 ≤ BMI < 28), and Group 4
(obese; BMI ≥28).

measuring less than 1 cm, with 157 tumors located on the
left side and 176 tumors on the right side. Central lymph
node metastasis was detected in 88 patients, accounting for
26.43% of the cohort (Table 1). According to the National
Comprehensive Cancer Network (NCCN) guidelines for tu-
mor staging, all patients were classified as stage I, while one

patient was stage II (aged >55 years and with lymph node
metastasis).
Regarding postoperative complications, there were two
cases of temporary RLN palsy, two cases of postoperative
infection, and one case of postoperative bleeding. Sensory
numbness in the supraclavicular area occurred in 33 pa-
tients (9.91%), with two-thirds (22 cases) recovering within
1 year, while 11 cases experienced persistent numbness for
more than 1 year.
Patients were stratified into four groups based on BMI:
Group 1 (n = 224), Group 2 (n = 16), Group 3 (n = 70),
and Group 4 (n = 23). Groups 2, 3, and 4 were treated as
experimental groups, whereas Group 1 was control group
for comparison purposes.
There were no significant differences between the exper-
imental groups and the control group in terms of age, sex,
tumor location (left or right), postoperative hospital stay, to-
tal postoperative drainage volume, number of central lymph
node dissections, and central lymph node metastasis rate (p
> 0.05) (Table 2). However, operative time was signifi-
cantly longer in Groups 3 and 4 (overweight and obese, re-
spectively) compared to Group 1 (control group). Specifi-
cally, the operative time in Groups 3 and 4 was 128.14 ±
38.69 (p = 0.009) and 142.17 ± 37.92 minutes (p = 0.001),
respectively, as compared to 114.33 ± 38.79 minutes in
Group 1 (Fig. 1).
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Table 2. Clinical features and postoperative complications of the four groups.
Items Group 1 (18.5 ≤ BMI < 24) Group 2 (BMI <18.5) Group 3 (24 ≤ BMI < 28) Group 4 (BMI ≥28)

Age (years) 37.22 ± 8.75 32.69 ± 6.51 39.40 ± 10.26 37.57 ± 7.79
F-value 2.673
p-value 0.097 0.508 1.000

Sex
Male, n (%) 28 (12.5%) 1 (6.25%) 15 (21.43%) 6 (26.09%)
Female, n (%) 196 (87.5%) 15 (93.75%) 55 (78.57%) 17 (73.81%)
χ2 0.118 3.405 2.200
p-value 0.731 0.067 0.138

Primary tumor size (mm) 4.79 ± 2.01 5.00 ± 1.75 5.39 ± 1.85 5.00 ± 1.78
F-value 1.694
p-value 0.672 0.025 0.617

Operative time (min) 114.33 ± 38.79 107.19 ± 36.92 128.14 ± 38.69 142.17 ± 37.92
F-value 5.655
p-value 0.475 0.009 0.001

Total drainage volume (mL) 147.54 ± 54.19 165.44 ± 68.50 156.30 ± 62.94 171.48 ± 60.00
F-value 1.765
p-value 0.228 0.265 0.057

Length of postoperative hospital stay (days) 4.02 ± 1.56 3.81 ± 1.05 4.29 ± 0.80 4.00 ± 0.91
F-value 1.652
p-value 0.417 0.055 0.919

Position of tumor
Left, n (%) 109 (48.66%) 8 (50.00%) 27 (38.57%) 13 (56.52%)
Right, n (%) 115 (51.34%) 8 (50.00%) 43 (61.43%) 10 (43.48%)
χ2 0.011 2.184 0.516
p-value 0.918 0.139 0.473

Number of lymph node dissections in the
central area, median (IQR)

3 (3) 2 (2) 3 (3) 2 (2)

Z-value –0.860 –1.628 –1.916
p-value 0.390 0.104 0.055

Number of lymph node metastases in the
central area, median (IQR)

0 (1) 0 (0) 0 (0) 0 (1)

Z-value –0.739 –1.511 –0.304
p-value 0.460 0.131 0.761

RLN palsy, n 2 0 0 0
p-value 1.000 1.000 1.000

Incision infection, n 2 0 0 0
p-value 1.000 1.000 1.000

Bleeding, n 0 0 0 1
p-value 1.000 1.000 0.093

Numbness in the supraclavicular area, n (%) 18 (8.04%) 9 (56.25%) 4 (5.71%) 2 (8.7%)
χ2 30.107 0.415 0.000
p-value 0.000 0.519 1.000

Notes: The number of lymph node dissections and lymph node metastases in the central area does not conform to a normal distribution and were
analyzed using the Mann–Whitney U test. Age was analyzed using the Tamhane’s T2 test.

In terms of complications such as RLN palsy, bleeding, and
incision infection, no significant differences were observed
between the experimental groups and the control group (p>
0.05). However, regarding supraclavicular sensory numb-
ness, Group 2 demonstrated a significantly higher incidence
(56.25%) compared to the Group 1 (8.04%) (p< 0.05). On
the contrary, the rate of supraclavicular sensory numbness
was comparable between Group 1 and the overweight and
obese groups.

Discussion
Endoscopic thyroid surgery is recognized as a safe and ef-
fective treatment option for thyroid cancer [17]. Among
the various techniques available, the GUAA has emerged
as one of the most widely adopted methods for endoscopic
thyroidectomy [18,19]. The safety and reliability of this ap-
proach have been extensively validated [20]. Owing to the
dual advantages of high surgical safety and excellent aes-
thetic satisfaction [14], this approach is particularly suitable
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Fig. 2. Exposure of the supraclavicular nerve during the endoscopic radical thyroidectomy via gasless unilateral axillary ap-
proach. (a) The dissection of the superficial fascia over the pectoralis major muscle, with preservation of the supraclavicular nerve.
The black arrows point to the supraclavicular nerve. (b) The dissection of the sternocleidomastoid muscle at the clavicular head, with
preservation of the supraclavicular nerve. Abbreviations: DH, draw hook; PM, pectoralis major; SCM, sternocleidomastoid muscle;
SCN, supraclavicular nerve.

for patients undergoing unilateral thyroid procedures. In a
comparative analysis of open surgery and transaxillary en-
doscopic surgery for thyroid cancer patients, Li et al. [21]
found that the GUAA produces better aesthetic and health-
related quality of life (HRQoL) outcomes. The incidence
of transient RLN palsy following thyroidectomy, ranging
from 1.4% to 38.4%, has been reported in the literature,
with permanent palsy rates varying between 0% and 18.6%
[22]. In the present study, the incidence of transient RLN
palsy was notably low at 0.6%, and no cases of permanent
palsy were observed. Moreover, both postoperative bleed-
ing and infection rates were below 1%. These findings fur-
ther support that GUAA thyroidectomy is a highly safe sur-
gical method for the management of thyroid cancer.

High BMI and obesity are frequently associated with
anatomical features such as a short, thick neck and re-
duced cervical space, which pose technical challenges dur-
ing thyroid surgery [12]. Excess adiposity in the neck re-
gion can obscure critical anatomical landmarks, particularly
during the dissection of the sternocleidomastoid muscle
space, thereby complicating endoscopic procedures. Pre-
vious study has demonstrated that while high BMI is as-
sociated with prolonged operative time, it does not sig-
nificantly increase the rates of complications such as in-
cision infection, bleeding, or RLN injury following open
thyroidectomy [23]. For instance, Rossi et al. [24] cate-
gorized 1228 patients undergoing open thyroid surgery into
obese (BMI ≥30 kg/m2) and non-obese (BMI <30 kg/m2)
groups and found no significant differences in complica-
tion rates between the two groups, although obese patients
had to experience longer hospital stay. Other study has
suggested a potential association between obesity and in-
creased postoperative complications [12]. However, few
investigations have specifically evaluated the influence of
BMI on surgical outcomes in the context of thyroidectomy
via GUAA. In the present study, a retrospective analysis
of 333 patients undergoing GUAA thyroidectomy revealed

that high BMI was associated with significantly prolonged
operative times. The average operative time for the over-
weight group was approximately 128 minutes, which was
about 14 minutes longer than that of the normal-weight
group (approximately 114 minutes). In the obese group,
the average operative time extended to approximately 142
minutes, representing a 28-minute increase compared to the
normal-weight group. Despite these longer operative dura-
tions, surgical outcomes—including complication rates—
remained comparable across all BMI categories. These
findings indicate that GUAA is a safe and effective surgical
option for overweight and obese patients, offering signifi-
cant aesthetic advantages without increasing surgical risks,
although patients receiving this treatment method need to
face longer operative time. The extended surgical time is
mainly attributed to excessive fat in the neck, which can
obscure anatomical landmarks—especially the sternoclei-
domastoid muscle space, a critical area subjected to dissec-
tion in GUAA. Therefore, it is essential to dissect as closely
as possible along the surface of the pectoralis major mus-
cle to reach the surface of the sternocleidomastoid muscle
during surgery. This avoids disorientation within the exces-
sive subcutaneous fat layer, which would otherwise lead to
prolonged surgical time.

However, compared with other endoscopic thyroidectomy
approaches, such as the transoral approach and chest-breast
approach, GUAA carries a unique postoperative complica-
tion: numbness in the supraclavicular region, in addition to
the standard risks of bleeding and RLN palsy. This unique
complication is closely linked to injury of the supraclavicu-
lar nerve during flap dissection [25], as illustrated in Fig. 2.
The supraclavicular nerve, which originates from the C3
and C4 nerve roots of the superficial cervical plexus, is a
superficial sensory nerve [26]. It typically divides near the
clavicle into medial and lateral branches, providing cuta-
neous sensation to the clavicle, anteromedial shoulder, and
proximal chest. Study has shown that in 97%of individuals,
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the nerve bifurcates into medial and lateral branches, with
approximately 49% of cases presenting an additional inter-
mediate branch [26]. Medial branches are generally located
within 2.7 cm of the sternoclavicular joint, while lateral
branches are typically found within 1.9 cm of the acromio-
clavicular joint. In this study, 9.91% (33 cases) of patients
experienced postoperative numbness in the supraclavicular
region following GUAA surgery. Of these, two-thirds of
the patients recovered within one year, while the remain-
ing patients endured the numbness persisting for over one
year. Notably, the incidence of supraclavicular numbness
was significantly higher among underweight patients (BMI
<18.5), reaching 56.25% in this subgroup, whereas patients
with BMI ≥18.5 exhibited markedly lower rates of numb-
ness. This difference can be attributed to anatomical vari-
ations related to body habitus. In underweight patients, the
supraclavicular nerve, which lies deep to the platysma mus-
cle, is less protected due to a thinner subcutaneous fat layer,
making it more vulnerable to injury during flap dissection.
In contrast, in overweight and obese patients, a thicker adi-
pose layer provides a natural cushion that reduces the risk
of nerve injury.
Therefore, particular attention must be given to the protec-
tion of the supraclavicular nerve when elevating subcuta-
neous flaps over the pectoralis major fascia during GUAA
surgery, especially in patients with low body weight. To
avoid injury to the supraclavicular nerve, the surgeon can
dissect as close to the fascia of the pectoralis major muscle
as possible. This approach can help minimize the risk of in-
jury to the supraclavicular nerve beneath the platysma mus-
cle, which is more likely to occur when the deep fat layer
is thin. In summary, recognizing these anatomical nuances
can help minimize nerve injury and improve postoperative
outcomes for this subset of patients.
Several limitations of the present study should be acknowl-
edged. A total of 333 patients were included in this study.
But the number of patients with low body weight (Group
2) and obesity (Group 4) was relatively small, resulting in
an imbalance in the sample size. This study is retrospective
in nature, which inevitably introduces selection bias. Addi-
tionally, supraclavicular numbness was assessed using sub-
jective measures, lacking objective evaluation criteria. To
minimize the impact of tumor size on surgical duration, we
included only patients with thyroid tumors measuring less
than 1 cm in diameter. Given that this is a single-center
studywith a narrowly defined patient population, further re-
search is warranted to evaluate the applicability of GUAA
in patients with larger tumors. Nevertheless, this study had
excluded patients carrying factors that could affect surgical
difficulty and duration, such as patients with a history of
neck surgery, neck radiation therapy, or Hashimoto’s thy-
roiditis and tumor invasion. In addition, there were no sig-
nificant differences between groups in general terms of sex,
age and position of tumor. We attempted to exclude poten-
tial confounding factors as much as possible to ensure com-

parability of surgical time and complications across differ-
ent BMI groups. In future studies, we will further increase
the number of patients for the underweight and obese pa-
tient categories and introduce objective evaluation indica-
tors to conduct more in-depth research. Findings derived
from such rigorously controlled studies will further explore
the impact of different BMIs on GUAA surgery.

Conclusions
This study demonstrates that endoscopic thyroidectomy via
GUAA is a safe and effective surgical method for the rad-
ical treatment of thyroid cancer. Despite the longer opera-
tive time required, GUAA surgery is equally safe for over-
weight and obese patients without raising the risk of post-
operative complications. For underweight patients receiv-
ing the GUAA treatment, special attention must be given to
protecting the supraclavicular nerve to minimize the risk of
postoperative sensory disturbances for supraclavicular skin.
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