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Abstract
Background: This study aimed to evaluate the feasibility and safety of the trans-oral endoscopic
thyroidectomy vestibular approach (TOETVA) with neuroprotection techniques for the surgical
management of papillary thyroid carcinoma (PTC).

Methods: Patients with PTC who underwent TOETVA between December 2016 and July 2020 were
included in this study, and their relevant clinical characteristics, operational details, and surgical
outcomes were reviewed and extracted from their medical records for further analysis.

Results: A total of 75 patients successfully underwent TOETVA with zero conversions. Unilateral
lobectomy with isthmectomy and total thyroidectomy were completed for 58 and 17 patients,
respectively, all using our unique neuroprotective procedure and ipsilateral central neck dissection (CND).
The mean number of retrieved lymph nodes versus positive lymph nodes was 6.8 ± 3.7 vs. 1.5 ± 2.3.
Postoperative complications included three cases of transient superior laryngeal nerve (SLN) palsy
(4.0%), �ve cases of transient recurrent laryngeal nerve (RLN) palsy (6.7%), 14 cases of transient
hypoparathyroidism (18.7%), and two cases of lap perforation (2.7%). The follow-up period for patients
with PTC lasted for 15.6 ± 10.9 months, during which no other complications or tumor recurrence were
observed.

Conclusion: TOETVA can be safely performed for patients with PTC with satisfactory results during the
short-term follow-up period. Our neuroprotection techniques can be integrated into TOETVA, which is
worth recommending for PTC patients who desire better cosmetic surgical outcomes.

Introduction
The incidence rate of thyroid carcinoma has been increasing in recent years and the disease ranks �fth in
malignancies among women [1]. Thyroidectomy with or without neck lymph node dissection is the
preferred treatment for thyroid carcinoma. However, one of the biggest complaints about thyroidectomy,
especially from female patients, is the signi�cant scar along the lower neck. Thus, efforts to develop a
better operational approach with better cosmetic outcomes remain active.

Since endoscopic surgery for the thyroid was �rst reported by Huscher et al in 1997 [2], several cosmesis-
driven approaches have been applied in thyroidectomies to avoid neck scarring, including axillary, breast,
and retroauricular approaches [3–5]. However, these remote-access approaches still leave scars and
require extensive �ap dissection before the thyroidectomy. More recently, with the zeal for natural origin
transluminal endoscopic surgery [6], the �rst transoral endoscopic thyroidectomy was performed in living
pigs in Germany in 2008 [7]. The technique was subsequently offered to patients as a trans-oral
endoscopic thyroidectomy vestibular approach (TOETVA) procedure for thyroid disease with fewer
complications. Since then, TOETVA has been highlighted as a non-scar minimally invasive surgery (MIS)
among patients and surgeons because of no scar and less trauma [8].
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Different groups have reported that compared to traditional surgery, TOETVA results in an insigni�cant
difference in procedure-related complications but achieves outstanding cosmesis [9–12]. However, the
procedure is limited to the treatment of benign thyroid tumors or Graves’ disease in early practice [13–16].
Although a few sporadic studies on the application of TOETVA in papillary thyroid carcinoma (PTC) can
be found in the literature [10, 11, 17–22], these studies included a relatively small number of patients.
Thus, the promotion of TOETVA for the treatment of PTC requires more reliable data from more centers
and practical methods to reduce complications.

As one of the most dreadful complications related to thyroid surgery, nerve injury seriously harms
patients and reduces their quality of life. During the TOETVA procedure, the narrow operating space and
di�culty exposing the superior thyroid increase the likelihood of nerve damage, which raises an urgent
need for a standard method for neuroprotection during the procedure. Therefore, we designed the present
study to evaluate the safety and feasibility of TOETVA for the treatment of patients with PTC and to
provide information regarding our neuroprotection techniques during this novel thyroid resection
procedure.

Materials And Methods
Patients

The clinical data for 75 patients with PTC who underwent TOETVA at our hospital from December 2016
to July 2020 were retrieved from the medical records of the patients and retrospectively assessed. The
study protocol was approved by our Institutional Review Board for ethics. The inclusion criteria were as
follows: (1) PTC was con�rmed with �ne needle aspiration or intra-operative exploration; and (2) the
patient chose TOETVA willingly. The exclusion criteria were as follows: (1) evidence of distant metastasis;
(2) lateral lymph nodes metastasis; (3) invasion of the surrounding tissues; (4) patient previously had
surgery or radiation on the neck; (5) patient could not tolerate anesthesia or surgery; and (6) body mass
index (BMI) greater than 40 kg/m2.
Preoperative preparation for TOETVA

Patients were admitted to our hospital the day before surgery. Preoperative neck ultrasound and CT scans
were performed to evaluate the tumor in the thyroid gland and the neck lymph node status. Gargle was
provided to the patients the day before surgery, and prophylactic antibiotics (1st generation
cephalosporin, Cefazolin sodium 2 g) were administered 30 min before surgery.

Surgical procedures

The TOETVA surgical standard technique was previously described by Wang and Anuwong [13, 16, 23,
24]. Three trocars (a 10-mm trocar at midline and two 5-mm trocars at the level of the �rst premolars)
were inserted under the lower lip in the oral vestibular area (Fig. 1). After the operating space was created,
the linea alba cervicalis was divided to expose the thyroid for dissection and resection. Following
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thyroidectomy, central neck dissection (CND) was performed with forward dissection to the sternum and
lateral dissection to the carotid artery (Fig. 2).

Some operational insights for neuroprotection during TOETVA are as follows: Firstly, enough operation
space should be created using the sternocleidomastoid as the landmark for the lateral edge and the
sternum as the landmark for the superior edge (Fig. 2). Secondly, before cutting off the superior pole of
the thyroid, part of the sternothyroid should be routinely amputated to increase the visibility of the
superior pole of the thyroid, and a nerve monitor should be used to monitor and protect the superior
laryngeal nerve (SLN) (Fig. 3). To protect the recurrent laryngeal nerve (RLN), besides the use of a nerve
monitor, we also recommend "tunnel" exploration at the larynx entry point using separating pliers (Fig. 4–
5). In addition, a bipolar coagulation device is recommended for the resection of the thyroid at the larynx
entry point, which may completely remove the thyroid and protect the RLN (Fig. 6).

Postoperative management and follow-up

A single additional intravenous dose of antibiotic was administered after surgery (1st generation
cephalosporin, Cefazolin sodium 2 g) and the patients return to a normal diet 6 hours after surgery. The
drainage tubes were removed when the post-operative drainage volume was less than 30 mL/day and the
patient was discharged a day later. In addition, postoperative follow-up visits were scheduled at 1, 3, and
6 months, and annually thereafter. Hoarseness, low voice, cough, vocal cord function, parathyroid
hormone (PTH) concentration, and other complications were assessed or measured as indications of the
safety outcomes of TOETVA. The total number of lymph nodes removed, the number of positive central
lymph nodes, and tumor recurrence were used as indicators for the feasibility and effectiveness of
TOETVA. In this study, hypoparathyroidism was de�ned when the level of PTH was lower than the lower
limit (11 pg/mL) of the normal range of the hormone [4]. Low voice and choking while drinking water
were used as indicators for SLN injury, while hoarseness and vocal cord function re�ected the status of
RLN injury. If the injured nerve and parathyroid gland did not recover to preoperative normality after more
than half a year, the injury was considered permanent.

Results
A total of 75 patients were included in this study and their detailed information is shown in Table 1. All 75
cases were overseen by one surgeon. The surgeon also performed TOETVA on a small number of
patients with other diseases, but the data for these patients were incomplete and were not included in the
statistics.
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Table 1
Demographic characteristics of patients with PTC who underwent TOETVA.

Variables Value

Age 36.8 ± 10.5 (20–65)

Sex (female/male) 66/9

BMI 22.3 ± 3.5 (15.8–34.3)

BMI ≥ 25 13

Operation type, n (%)  

Total thyroidectomy with CND 17 (22.7)

Lobectomy with CND 58 (77.3)

Tumor size (cm) 0.83 ± 0.66 (0.1–3.5)

Hospital stay (days) 3.8 ± 1.1 (2–8)

Drainage time (days) 2.8 ± 1.1 (1–7)

Blood loss (mL) 21.1 ± 17.3 (5-100)

Operation time (min) 140.1 ± 48.4 (65–295)

Retrieved lymph nodes 6.8 ± 3.9 (0–17)

Positive lymph nodes 1.5 ± 2.3 (0–11)

* PTC: papillary thyroid carcinoma, TOETVA: trans-oral endoscopic thyroidectomy vestibular
approach, CND: central neck dissection.

 

Of 75 patients with PTC who underwent TOETVA, 66 patients were women and only nine were men. The
mean age of the patients was 36.8 ± 10.5 years, with an age range from 20 to 65 years old and four
patients over the age of 55 years. All patients successfully underwent TOETVA with zero conversions to
open thyroidectomy. Moreover, 58 patients had unilateral lobectomy plus isthmectomy, and total
thyroidectomies were performed for 17 patients. Ipsilateral CND was performed routinely.

Intraoperatively, the size of the resected tumor was 0.83 ± 0.66 cm with 6.8 ± 3.9 retrieved lymph nodes
and 1.5 ± 2.3 positive lymph nodes. The mean operating time was 140.1 min, ranging from 65 to 295 min.
The operating time for TOETVA for individual patients plotted in chronological sequence is shown in
Fig. 7 as an indicator for the learning course. Blood loss ranged from 5 to 100 mL, with a mean volume of
21.1 mL.

Postoperatively, the mean length of hospital stay after the operation was 3.8 ± 1.1 days with a range of 2
to 8 days (Table 1). Transient SLN palsy and transient RLN palsy were found in three patients (4.0%) and
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�ve patients (6.7%), respectively. Fourteen patients (18.7%) had transient hypoparathyroidism, and two
patients (2.7%) had �ap perforation. There was no case of permanent RLN palsy, permanent SLN palsy,
or permanent hypoparathyroidism. Moreover, none of the patients had surgical site infection,
aeroembolism, mental nerve injury, or secondary operation due to postoperative events. The mean follow-
up period for the patients was 15.6 ± 10.9 months. During the follow-up visits, no other complications or
tumor recurrence were found (Table 2).

Table 2
Postoperative complications of patients with PTC who underwent TOETVA.

Variables Value

Transient superior laryngeal nerve palsy 3 (4%)

Transient recurrent laryngeal nerve palsy 5 (6.7%)

Transient hypoparathyroidism 14 (18.7%)

Flap perforation 2 (2.7%)

Permanent superior laryngeal nerve palsy 0

Permanent recurrent laryngeal nerve palsy 0

Permanent hypoparathyroidism 0

Surgical site infection 0

Aeroembolism 0

Lip tearing 0

Postoperative bleeding 0

Other complicationsa 0

a including carotid artery injury, lymphatic leakage, lip tearing, hematoma, tracheal injury, and
esophageal injury.

* PTC: papillary thyroid carcinoma, TOETVA: trans-oral endoscopic thyroidectomy vestibular
approach

Discussion
Endoscopic thyroidectomy (ESTC) has evolved steadily over the last 20 years, and the improvements in
cosmesis and quality of life make it a popular choice for young patients. With the emergence of TOETVA,
the cosmetic effects of thyroid surgery have been further optimized and the disadvantages of large
trauma in ESTC have been minimized. However, the promotion of TOETVA for the treatment of PTC
requires more clinical data and operational experience sharing. In this study, we evaluated the safety and
feasibility of TOETVA for PTC.
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Regarding the safety of TOETVA, the main concern for surgeons is the protection of nerves. To better
protect the nerves during the dissection of the thyroid gland, some technical points need to be addressed.
During TOETVA, di�culties are routinely encountered in exposing the superior pole of the thyroid,
increasing the probability of SLN injury. Partial sternothyroid amputation does not normally affect the
quality of life of patients but is conducive to the successful exposure and protection of the SLN.
Additionally, the RLN is usually located at the larynx entry point; therefore, "tunnel" exploration is
recommended at the larynx entry point through the use of separating pliers for quick and accurate
identi�cation of the RLN. Furthermore, the thyroid closely approximates the RLN at the larynx entry point;
thus, bipolar electrocoagulation is recommended for complete resection of the thyroid at the larynx entry
point and to protect the RLN. Using these neuroprotection techniques, transient SLN palsy and transient
RLN palsy only occurred in three (4.0%) and �ve patients (6.7%) in this study, respectively. The probability
of temporary nerve injury in this study was similar to that in other reports on open surgery [25–29]. More
importantly, permanent nerve injury did not occur in the present study.

We used the extent of CND to evaluate the feasibility of TOETVA for the treatment of PTC. The boundary
for CND was marked with forward dissection to the sternum and lateral dissection to the carotid artery.
The number of lymph nodes removed with TOETVA in this study was 6.8 ± 3.9, which was no less than
that in open surgery [10], and no tumor recurrence was found during the follow-up period, suggesting that
TOETVA is effective for CND. As another parameter, the operating time for TOETVA, which was reported in
previous studies to be signi�cantly longer than that in open surgery [9], was used to judge the feasibility
of the procedure. In this study, although the average operating time was 140 minutes, the time gradually
decreased with consecutive TOETVA operations (Fig. 7), demonstrating that the operating time can be
reduced with the improvement of surgical pro�ciency through more experience.

In this study, the average tumor size removed with TOETVA was only 0.83 ± 0.66 cm, mainly because
TOETVA was offered to patients with tumors smaller than 2 cm during the preoperative imaging workup.
Four patients who had tumors larger than 2 cm in this study demanded TOETVA despite dissuasion from
the surgeon. Factually, the tumor size determined with postoperative pathology is often smaller than that
determined with preoperative ultrasound in our center.

There are several caveats related to the TOETVA procedure. Firstly, the operating space for TOETVA is
quite narrow at the beginning of the operation and may suitably accommodate the electric hook due to its
small size and �exibility. We believe that reasonable use of an electric hook, especially the electric cutting
function, will help expedite the process of initial space establishment in TOETVA. Secondly, carbon
nanoparticles can be injected into the inferior pole of the thyroid in order to solve the problem of �nding
the inferior parathyroid gland. Thirdly, because of the surgical di�culties and complications, TOETVA
should be performed by a surgeon with extensive experience in ESTC. Beginners should strictly follow the
standard operating procedures and be familiar with neuroprotection techniques. Despite the fact that our
surgeon had completed more than 1000 cases of ESTC over a period of more than 10 years, the mean
operating time for TOETVA was around 140 min, which is still much longer than that of open surgery.
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The limitations of the study are as follows: First, the clinical data for the patients who underwent open
surgery were not included in this study as a comparable reference to improve the level of evidence.
Secondly, the mean follow-up period for patients with PTC was only 15.6 ± 10.9 months, which is too
short to draw conclusions regarding the effectiveness of TOETVA in the treatment of PTC.

In summary, based on our operational savvy on neuroprotection, we believe that the safety and short-term
clinical outcomes for TOETVA are comparable to those of open surgery in our hands. However, whether
TOETVA can be upheld as one of the choices for PTC should be further tested and veri�ed with well-
designed clinical trials. For now, the TOETVA procedure should be performed on carefully selected
patients by experienced surgical endoscopists.
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Figure 1

Trocar placement for TOETVA
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Figure 2

Boundaries of operating space for central neck dissection.
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Figure 3

Amputation of sternothyroid to expose superior laryngeal nerve.
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Figure 4

Using "tunnel" exploration at the larynx entry point to protect the recurrent laryngeal nerve.
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Figure 5

Exposing the recurrent laryngeal nerve from top to bottom.
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Figure 6

Using bipolar coagulation to resect the thyroid at the larynx entry point.
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Figure 7

Changes in operating time (mins) for each case. Note: A total of 75 patients in this study, including 17
patients who underwent total thyroidectomy, and the operation time of these patients was longer than the
patients who underwent unilateral lobectomy with isthmectomy.


