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Abstract: Purpose: To analyze the clinical efficacy of gasless submental-transoral endoscopic thyroidectomy (ETE)
with Kirschner wire suspension in patients with papillary thyroid carcinoma (PTC). Methods: Retrospectively, we
enrolled 112 patients with PTC who received treatment in The Second Affiliated Hospital of Nanchang University
between December 2020 and December 2021. Among them, 60 cases (laparoscopic group) received gasless
submental-transoral ETE with Kirschner wire suspension, and the other 52 cases (open group) were treated by
traditional thyroidectomy. Surgical indicators (operative time (OT), intraoperative blood loss (IBL), and postopera-
tive drainage volume (DV)), number of central lymph node (CLN) dissected, length of hospital stay (LOS), Visual
Analogue Scale (VAS) score, aesthetic satisfaction score, and complications were observed and compared between
the two groups. Results: There was no significant difference between the two groups in OT (55.73+5.49 min vs.
55.00£7.79 min), IBL (20.67+7.75 mL vs. 23.08+6.24 mL), postoperative DV (33.17+15.09 mL vs. 39.52+19.22
mL), number of CLN dissected (5.54+2.75 vs. 5.43+3.15), LOS (3.63+0.69 d vs. 3.68+0.57 d), postoperative VAS
score (3.19+1.07 points vs. 3.38+1.09 points), and total complication rate (3.85% vs. 8.33%; all P>0.05). However,
the laparoscopic group exhibited a significantly higher aesthetic satisfaction score than the open group (7.10+1.46
points vs. 6.42+1.46 points; P<0.05). In addition, patients in both groups were followed up for at least 3 months,
and no recurrence or metastasis was observed. Conclusions: Gasless submental-transoral ETE with Kirschner wire
suspension offers comparable curative effect as traditional thyroidectomy and safety, but it provides superior es-
thetic results, making it a viable treatment option for patients with PTC.
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Introduction

Thyroid cancer is the most common malignancy
of human endocrine system, with a rising inci-
dence observed over time [1, 2]. Differentiated
thyroid cancer (DTC), mainly including papillary
thyroid carcinoma (PTC) and follicular thyroid
cancer, accounts for 97% of all thyroid cancers
[3, 4]. DTC patients usually have favorable over-
all prognosis, high survival rate and long-life
expectancy, so they have higher requirements
for postoperative quality of life while pursuing a
radical cure [5]. Surgical treatments, including
traditional surgery and endoscopic thyroid sur-

gery, are the mainstay of treatment for the dis-
ease [6]. Traditional thyroidectomy procedures
often result in a noticeable 5-8 cm scar on the
neck, causing a considerable psychological
impact on the patient [7]. While laparoscopic
thyroid surgery is diversified, where carbon
dioxide (CO,) inflation is often used during the
procedure to maintain the operating space [8].
However, the use of CO, inflation during surgery
may cause hypercapnia and CO, embolization.
Additionally, there is a risk of tumor implanta-
tion metastasis [9]. Therefore, the gasless
method may be a safer and more favorable
choice for surgery.
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Figure 1. Flowchart of this study. PTC: papillary thyroid carcinoma.

Compared with the traditional open thyroidec-
tomy, minimally invasive endoscopic thyroidec-
tomy (ETE) is highly regarded for its better sur-
gical field of vision and postoperative aesthetic
satisfaction [10]. Therefore, exploring gasless
endoscopic thyroid surgery is of great signifi-
cance to avoid adverse events and improve the
surgical effect. ETE has many approaches,
including oral, axillary, and anterior thoracic,
among which, the transoral endoscopic thyroid-
ectomy vestibular approach (TOETVA) is the
most popular one with advantages of con-
cealed incision, short surgical path and thor-
ough dissection of central lymph nodes (CLNs)
[11]. However, this procedure also has some
limitations and may induce mental nerve dam-
age, leading to lower lip and chin numbness
[12]. ETE via the submental-transoral approach
can move the observation port from the oral
vestibule to the submental region. This reloca-
tion helps prevent damage to the mental nerve
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PTC patients who visited the
Second Affiliated Hospital of
Nanchang University between
December 2020 and December
2021 were analyzed. Among
them, 60 cases who receiv-
ed gasless submental-transoral
ETE with Kirschner wire suspen-
sion were included in a laparo-
scopic group, and the remaining
52 cases undergoing traditional
thyroidectomy were included in
an open group. The mean age
(years) and body mass index
(BMI) of the open group were 33.98+6.10 and
21.39+1.99 kg/m?, respectively, while those of
the laparoscopic group were 34.97+7.79 and
22.08+2.03 kg/m?, respectively. The general
data were similar in both cohorts (P>0.05), sug-
gesting clinical comparability. This retrospec-
tive study was approved by the ethics commit-
tee of our hospital. See Figure 1 for the flow-
chart of this study.

Eligibility criteria

Inclusion criteria: patients who were diagnosed
with PTC by preoperative fine needle biopsy,
with a maximum diameter <2 cm and no lymph
node metastasis in the cervical region; patients
with no history of neck surgery; patients with no
hematological or infectious diseases; patients
with complete medical records; patients who
underwent surgical treatment and completed
postoperative outcome assessment.
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Exclusion criteria: patients with surgical contra-
indications; patients with no aesthetic needs;
patients with primary tumor or central meta-
static lymph nodes involving trachea, esopha-
gus, or recurrent laryngeal nerve; patients
with serious underlying diseases or other malig-
nant tumors; patients who were pregnant or
lactating.

Treatment methods

The open group received traditional thyroidec-
tomy, with the specific surgical procedure
described previously [15].

The laparoscopic group was treated by ETE via
the gasless submental-transoral combined
approach using Kirschner wire suspension [14,
16]. After general anesthesia and routine skin
preparation, an incision was made along the
submental skin to the deep surface of platys-
ma muscle using an electric knife under direct
vision (the 15t operation space). The skin flap
was then lifted by Kirschner wire suspension to
expand the operation space (the 2" operation
space). In order to deviate from the main men-
tal nerve, a longitudinal incision about 5 mm
long was created in the bilateral first premolars
near the labial mucosa, and a 5 mm cored can-
nula was placed in the first operating space.
Then, a special lift retractor with negative pres-
sure suction was inserted into the submental
incision to lift the skin upwards, after which the
retractor was suspended on the anesthesia
frame with a sterile bandage. Thereafter, a
10-mm cannula and the endoscope were
placed into the submental incision, which was
separated downward to the level of the supra-
sternal notch with an ultrasonic scalpel to
expose the anterior edge of the sternocleido-
mastoid muscle on both sides. According to the
operating distance, a Kirschner wire suspen-
sion retractor with appropriate length was
selected. The cervical linea alba was opened
using an ultrasonic scalpel and an electroco-
agulation hook, with a range up to the thyroid
cartilage notch and down to the sternal notch.
The thyroid gland was then separated from the
banded muscle space. A 50-ml needle was
used to penetrate the skin at the level of the
lower border of the cricoid cartilage and about
2 cm below it, and a percutaneous retractor
was placed to pull the band muscle laterally to
expose the cervical sheath. After that, the
nerve monitoring probe was inserted through
the submental observation port to measure
vagal electromyographic signals. The middle
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thyroid vein was then closed, and the surface of
the common carotid artery was opened. The
ultrasonic scalpel was then applied to sever the
thyroid isthmus and the attachment of thyroid
gland to trachea (part of Berry’s ligament). The
percutaneous retractor was used to pull the
strap muscles outward and upward and sepa-
rated the upper thyroid pole blood vessels
against the upper thyroid pole step by step.
Subsequently, fine capsule dissection of the
superior parathyroid gland was performed, fol-
lowed by dissection of the recurrent laryngeal
nerve at the entry point of larynx, localization of
the recurrent laryngeal nerve with the aid of a
nerve monitor, retrograde dissection of the
recurrent laryngeal nerve, and removal of the
thyroid gland lobe. This was followed by CLND,
hemostasis, and rinsing of the wound. Finally,
the strap muscles were sutured with 4-0
barbed threads, a drainage tube was placed,
and the submental and oral mucosal incisions
were closed. The procedures are shown in
Figures 2 and 3.

Outcome measures

Surgical indexes (operation time (OT), intraop-
erative blood loss (IBL), postoperative drainage
volume (DV)), number of CLN dissected, length
of stay (LOS), Visual Analogue Scale (VAS)
score, aesthetic satisfaction score, and compli-
cations of all the patients were observed,
recorded and compared between the two
groups. The VAS score (score range: 0-10) was
used to evaluate patients’ pain intensity at one
month postoperatively, with greater scores rep-
resenting more severe pain. The aesthetic sat-
isfaction score, ranged from 0 to 10 points,
was self-evaluated by patients one month after
surgery, with the score in direct proportion to
the aesthetic effect. In terms of complications,
we mainly recorded the occurrence of hoarse-
ness, choking cough when drinking, numbness
of hands and feet, infection, mental nerve inju-
ry, and mucocutaneous hemorrhage. The post-
operative scars of subjects in the laparoscopic
group can be found in Figure 4. Among the
above indicators, OT, IBL, DV, CLN dissected,
VAS score, and aesthetic satisfaction score
are the primary outcome measures, while LOS
and complications are secondary outcome
measures.

Statistics and analyses

Categorical data and quantitative data in this
study were denoted by the number of cases/
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Figure 2. Preoperative and operating space establishment of gasless submental-transoral endoscopic thyroidec-
tomy with Kirschner wire suspension. A. Preoperative body surface marking. B. Establishment of surgical operation
space.

Figure 3. The procedure of gasless submental-transoral endoscopic thyroidectomy with Kirschner wire suspension.
A. Exposure of the superior parathyroid gland. B, C. Treatment of multiple branches of the recurrent laryngeal nerve.
D. Central lymph node dissection.

5113 Am J Transl Res 2023;15(8):5110-5119



Papillary thyroid carcinoma
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Figure 4. The scars of typical cases after undergoing gasless submental-transoral endoscopic thyroidectomy with
Kirschner wire suspension. A, B. Scar status and front view of a female patient. C, D. Scar status and front view of

another female patient.

Table 1. General information [n (%), mean + SEM]

Factor n Open group (n=52)  Laparoscopic group (n=60) X2/t P
Sex - -
Male 0 0 (0.00) 0 (0.00)
Female 112 52 (100.00) 60 (100.00)
Average age (years old) 112 33.9816.10 34.97+7.79 0.740 0.461
BMI (kg/m?) 112 21.39+1.99 22.08+2.03 1.810 0.073
Tumor diameter (mm) 112 0.65+0.30 0.69+0.26 0.756 0.451
Tumor location 0.431 0.512
Left 64 28 (53.85) 36 (60.00) 0.463 0.793
Right 48 24 (46.15) 24 (40.00)
Education level 0.005 0.945
Below high school 65 30 (57.69) 35 (58.33)
High school and above 47 22 (42.31) 25 (41.67)
Residence 0.051 0.821
Urban areas 40 18 (34.62) 22 (36.67)
Rural areas 72 34 (65.38) 38 (63.33)
Marital status 0.318 0.555
Single 31 13 (25.00) 18 (30.00)
Married 81 39 (75.00) 42 (70.00)
BMI: body mass index.
percentage (n/%) and mean * standard error Results

of mean (SEM), respectively. The data analysis
and visualization were conducted by GraphPad
Prism 6. For inter-group comparisons, Chi-
square tests were used for categorical data
and independent samples t tests were used for
guantitative data, with P<0.05 as the level of
significance.
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General data and pathological parameters of
the patients

We analyzed the general data and pathological
parameters of the 112 PTC patients enrolled
(Table 1). After comparison, it was found that
the two cohorts of patients were clinically com-
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Figure 5. Operation-related indicators of two groups. A. Comparison of operation time between open group and
laparoscopic group. B. Comparison of intraoperative blood loss between open group and laparoscopic group. C.
Comparison of postoperative drainage volume between open group and laparoscopic group.
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Figure 6. The number of central lymph node dissected and length of stay in

two groups. A. Comparison of the number of central lymph node dissected

between open group and laparoscopic group. B. Comparison of length of
stay between open group and laparoscopic group.
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Figure 7. Postoperative VAS score and aesthetic satisfaction score of the
two groups. A. Comparison of postoperative VAS scores between open
group and laparoscopic group. B. Comparison of aesthetic satisfaction
scores between open group and laparoscopic group. Note: **P<0.01 vs.
open group. VAS: Visual Analogue Scale.

parable with similar baseline data such as
average age, BMI, tumor diameter, educational
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level, place of residence, and
marital status (P>0.05).

Surgical indexes of the patients

We analyzed operation-related
indexes of the two groups
(Figure 5) and found no statisti-
cal difference in OT, IBL and
postoperative DV between the
groups (P>0.05).

Number of CLN dissected and
LOS of the patients

The number of CLN dissected
and LOS of the 112 PTC pa-
tients were further analyzed to
evaluate patients’ surgical out-
comes and recovery (Figure 6).
No statistical differences were
identified between groups in
the above two parameters
(P>0.05).

Postoperative VAS and aes-
thetic satisfaction scores of the
patients

We evaluated the postoperative
VAS and aesthetic satisfaction
scores of patients to analyze
the influences of the two surgi-
cal methods on postoperative
pain degree and aesthetic
effect (Figure 7). The data re-

vealed a similar VAS score in the two groups
(P>0.05) but a significantly higher aesthetic
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Table 2. Complications in 112 PTC patients after treatment [n (%)]

Categories Open group (n=52) Laparoscopic group (n=60) X2 value P value
Hoarseness 1(1.92) 2(3.33) 0.213 0.645
Choking cough when drinking 1(1.92) 1(1.67) 0.010 0.919
Numbness of hands and feet 0 (0.00) 1(1.67) 0.875 0.350
Infection 0 (0.00) 0 (0.00) - -

Mental nerve injury 0 (0.00) 0 (0.00) - -

Mucocutaneous hemorrhage 0 (0.00) 1(1.67) 0.875 0.350
Total 2 (3.85) 5 (8.33) 0.957 0.328

PTC: papillary thyroid carcinoma.

satisfaction in the laparoscopic group than that
in the open group (P<0.05).

Postoperative complications in the patients

In the open group, hoarseness occurred in 1
case (1.92%) and choking cough when drinking
in 1 case, with an overall complication rate of
3.85%. In addition to 2 cases (3.33%) of hoarse-
ness, choking cough when drinking, numbness
of hands and feet, and mucocutaneous hemor-
rhage were found in 1 case (1.67%) each in the
laparoscopic group, with a total complication
rate of 8.33%. The incidence of total complica-
tions in the two groups was not statistically sig-
nificant (P>0.05). In addition, both groups of
patients received at least 3 months of follow-
up, and neither group exhibited recurrence or
metastasis. See Table 2 for details.

Discussion

PTC is derived from molecular distortion, which
is related to mitogen-activated protein kinase
axis activation caused by somatic mutations
and gene fusions [17]. Its pathogenic factors
are complicated, involving internal and external
factors such as heredity, obesity, hormones,
and environmental pollutants [18]. The surgical
treatment for PTC, a commonly seen malignan-
cy related to the endocrine system of the head
and neck [19], still needs to be continuously
optimized to further improve patients’ medical
experience.

As mentioned before, PTC accounts for 95% of
all DTC cases, and the treatment is hindered by
two issues: traditional surgical scars and the
exposure of CLNs for dissection [20, 21]. In the
past, some researchers performed thyroidec-
tomy through the anterior thoracic, areola or
axillary approach, but still left scars on the
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patient’s body [22, 23]. While TOETVA is regard-
ed as the preferred approach for PTC patients
because of its favorable cosmetic and surgical
outcomes, it has two limitations in addition to
the risk of developing mandibular numbness
associated with mental nerve damage as previ-
ously described [24]. First, for large benign and
malignant thyroid nodules, the medial vestibu-
lar incision may have to be enlarged due to the
limitation of incision length and mandibular
shape, which increases the risk of mental nerve
injury. Second, patients previously received
augmentation mentoplasty may experience an
impact on the aesthetics of jaw implants due to
the effect of surgical instruments used during
the procedure [12]. On the basis of TOETVA and
by referring to past surgical experience, this
study proposed gasless ETE via submental-
transoral combined approach using Kirschner
wire suspension as an optimal therapy for PTC
patients, and compared it with traditional open
thyroidectomy.

Gasless submental-transoral ETE with Kirsch-
ner wire suspension has been clinically demon-
strated by our center to provide several bene-
fits. First, it can lower the risk of mental nerve
injury and avoid postoperative numbness of
the mental region [25]. In this study, mental
nerve injury was only found in one case from
the laparoscopic group. Second, the submental
incision can reduce the difficulty and time of
specimen retrieval, allowing for the removal of
larger tumor specimens while ensuring the sur-
gical efficacy [26]. This is attributed to the
selection of this approach to avoid the hinder-
ance of specimen removal by mental protuber-
ance. Third, the risks of adverse events, such
as hypercapnia and CO, gas embolism, are
reduced while ensuring a larger operating
space [27], because Kirschner wire suspension
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can not only freely adjust the operation space,
but also avoid the interference of CO, inflation
on the surgical field. Moreover, the use of the
special suspension retractor can maintain the
stability of the operating space for a long time,
avoiding the limitations of instability and fatigue
of the manual retractor. Fourth, the chimney
effect is avoided due to the absence of gas in
this operation [28], which reduces the risk
associated with tumor implantation [29]. Fifth,
the negative pressure suction function of the
special suspension retractor used in this study
is conducive to timely cleaning of the smoke
and water mist generated by the instruments
during the operation, which ensures a clear sur-
gical field of view and reduces the number of
lens wiping, making the operation more smooth
and safe while reducing the risk of surgical
complications [30]. Our results showed no sta-
tistical differences between the laparoscopic
group and the open group in OT, IBL, postopera-
tive DV, number of CLN dissected, LOS, and
postoperative VAS score. It is suggested that
compared with traditional open thyroidectomy,
gasless submental-transoral ETE with Kirschner
wire suspension contributes to similar surgical
effects, patient recovery and pain, which is con-
sistent with the results reported by Guo et al.
[31] and Zhang et al. [32]. But in terms of aes-
thetic satisfaction score, gasless submental-
transoral ETE with Kirschner wire suspension
showed obvious advantage, namely better aes-
thetic effect, than the open surgery, similar to
the results of Perigli et al. [33]. As far as safety
is concerned, hoarseness and choking cough
when drinking were found to be the main com-
plications in the patients, but no significant dif-
ference was identified in the total complica-
tions between the laparoscopic group and the
open group (8.33% vs. 3.85%), which agrees
with the findings of Zhao et al. [34]. In the study
conducted by Zhang et al. [14], 42 patients with
PTC were included, and the application of
gasless submental-transoral ETE with Kirschner
wire suspension showed certain clinical feasi-
bility and safety, which is consistent with our
study results. Zeng et al. [35] reported that
gasless submental approach endoscopic
removal of thyroglossal cyst was not only reli-
able and safe, but also showed a cosmetic
advantage, similar to our findings. Finally, dur-
ing a follow-up period of at least 3 months, nei-
ther group of patients experienced recurrence
or metastasis.
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The uniqueness of this study lies in the analysis
and confirmation of the clinical efficacy of
gasless submental-transoral ETE with Kirschner
wire suspension in PTC patients from the
aspects of surgical indexes, number of CLN
dissected, LOS, VAS score, cosmetic satisfac-
tion score, and complications, providing new
insights and reliable clinical basis for making
surgical decisions and optimizing management
approaches for patients with PTC. However,
this study has some limitations that require
further improvement. First, this study is single-
centered with limited cases included, so it is
necessary to increase the study sample and
expand the sample source to increase the uni-
versality of the research results. Second, there
is no long-term patient follow-up, which if sup-
plemented, can better understand the long-
term outcomes of patients undergoing this
procedure.

In summary, this study demonstrates that
gasless submental-transoral ETE with Kirschner
wire suspension is comparable to traditional
open thyroidectomy in terms of surgical effect,
recovery, and safety, and is superior in aesthet-
ic effects, making it an effective and safe pro-
cedure that can provide surgical optimization
for PTC patients.
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