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Utility of a novel elastic
traction system in endoscopic
thyroidectomy via breast
approach: initial experience
with 34 patients
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Abstract

Objective: To summarize our experiences in using an elastic traction, space-making technique

for endoscopic thyroidectomy via breast approach in the treatment of early-stage differentiated

papillary thyroid carcinoma.

Methods: A retrospective analysis was performed on patients who underwent endoscopic

thyroidectomy via breast approach for thyroid carcinoma in our department. We used our

self-developed “mini elastic traction space-maker” in a group of 34 patients; another 45 patients

who underwent the procedure with the conventional CO2 insufflation method were enlisted as

the control group.

Results: All patients had successful unilateral lobectomy and central lymph node dissection

(CLND) surgeries. The adoption of the intraoperative elastic traction system increased the

height of the subcutaneous working space (by 1 cm) and significantly decreased the times

required for lobectomy and CLND compared with the controls (46.7� 4.7 min vs. 50.7� 4.9

min). However, there was no significant difference between the two groups in the set-up time to

create the working space.

Conclusions: The elastic traction, space-making technique is a safe and feasible technique for

endoscopic thyroidectomy via breast approach.
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Introduction

The incidence of the most common endo-
crine system malignancy, thyroid cancer,
has been increasing in recent years.
Treatments for thyroid carcinoma include
radioactive iodine therapy, targeted thera-
pies with tyrosine kinase inhibitors, and
total thyroidectomy.1 Traditionally, total
thyroidectomy is carried out via an open
transcervical incision (3–6 cm), which will
leave a prominent scar on the anterior
neck.2,3 Therefore, some patients, especially
young women, are reluctant to undergo
such surgeries because of esthetic concerns.3

Endoscopic thyroidectomy, introduced
about two decades ago, has a cosmetic
appeal to patients because of its smaller
skin scar. With the advancements in endo-
scopic technology and increased demands
for better cosmetic outcomes, endoscopic
thyroidectomy has become popular and is
a common procedure in many hospitals.
Various modifications of endoscopic thy-
roidectomy techniques, either in the surgi-
cal approach or the method for establishing
working space, have been introduced. For
example, the breast approach, endoscopic/
robotic bilateral axillo-breast approach,
endoscopic/robotic transaxillary approach,
and endoscopic/robotic facelift approach
have been developed and shown satisfacto-
ry results.4–10

Conventional endoscopic thyroidectomy
requires CO2 insufflation in the subcutane-
ous space.5,9,11 However, the working space
maintained by CO2 air pressure is often
insufficient and unstable. Other groups

showed the feasibilities of creating an endo-

scopic working space in the anterior neck

skin by mechanical lifting, such as by insert-

ing two Kirschner needles12 or with a gas-

less anterior neck skin lifting method via an

approach from the chest wall.4 The neck

skin could also be mechanically lifted by

two Kirschner wires to form an L-shaped

pole in trans-oral video-assisted neck sur-

gery.13 Similarly, in the unilateral axillo-

breast approach for endoscopic thyroid sur-

gery without gas insufflation, the working

space is established by insertion of an exter-

nal retractor through the skin incision in

the axilla and suspension by a lifting

device.14 The authors have invented a

“mini elastic traction space-maker” (patent

number: 201520962366.7), that is used

together with low-pressure CO2 insufflation

(0–3 mmHg) to establish the working space

for endoscopic thyroidectomy. Our goal

was to compare the safety and efficacy of

this system with the conventional CO2

insufflation technique.

Patients and methods

Patient groups

This research was approved by the institu-

tional ethical committee of Ningbo Medical

Center Lihuili Eastern Hospital and Taipei

Medical University Ningbo Medical Center

(Ethical approval No. DYLL2016001), and

informed consent was obtained from all

participants. Over the period from

January 2016 to May 2017, patients
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diagnosed with unilateral thyroid carcino-
ma with planned unilateral lobectomy and
central lymph node dissection (CLND)
were enrolled. Inclusion criteria included:
(1) primary thyroid carcinoma with no
prior surgical history; (2) pre-operative
ultrasound and CT assessments showing
no obvious lymphatic metastasis (cN0), (3)
pre-operative thyroid lesion fine needle
aspiration and intra-operative frozen biop-
sies confirmed papillary thyroid carcinoma.
Exclusion criteria included patients with (1)
serious cardiovascular and pulmonary dys-
function and (2) chest wall deformity.
Consecutive patients were assigned to
either the elastic traction technique group
or the conventional CO2 space-making
technique group based on their personal
preferences.

Surgical methods

All patients underwent endoscopic thyroid-
ectomy via the breast approach. Briefly,
a 1–1.5-cm incision was made 1–2 cm to
the left or right of the central cleavage.
Then 0.5-cm incisions were made in the
mammary areola for the placement of tro-
cars and CO2 was insufflated with a pressure
maintained at 6–8mmHg (conventional CO2

space-making technique). After introduction
of the endoscopic lens, the subcutaneous
loose connective tissue was separated using
the ultrasonic scalpel to the level of the
upper edge of the thyroid cartilage and the
medial margin of the sternocleidomastoids
on both sides. Then unilateral lobectomy
and CLND were performed.

In the elastic traction group, a self-
developed elastic traction suspension
system was used. This system was a “mini
elastic traction space-maker” (the hook end
of the straight “s-shaped” retractor was
connected to a spring component) and a
right-angle support rod, which was con-
nected to the operating table (Figure 1A).
During the operation, the skin flap was

vertically punctured with this mini elastic

traction space-maker, retracted towards

the head, and secured to the retractor. The

deeper surface of the skin flap was lifted

vertically to maintain its initial stiffness

and, with an elastic connector, connected

to the support rod (Figures 1B and 1C).

The CO2 insufflating pressure was then

adjusted to 0–3 mmHg and the lobectomy

was performed. Different sizes of s-shaped

retractors were available according to indi-

vidual requirements. A subcutaneous space

measuring needle, modified from a lumbar

puncture needle with indication scale (0–6

cm), was inserted at the level of the supra-

sternal fossa to measure the height of the

subcutaneous working space before and

after the suspension (Figures 2A and 2B).
Data such as operation stay, postopera-

tive hospitalization stay, postoperative

drainage volume, postoperative complica-

tions, and pathological diagnosis were

recorded for all patients. To ensure consis-

tency in the procedure, the operations were

performed by the same surgical team.

Postoperative follow-up

The first follow-up was performed 1

month after the procedure and after that,

follow-up was conducted by the outpatient

department or by phone calls every 3

months. Postoperative follow-up data

included thyroid function, ultrasound

screening for lymph node metastasis, and

complications.

Statistics

Data are expressed as mean� standard

deviation. The chi-square test and Fisher’s

exact test were used to compare dichoto-

mous variables. Student’s t-test and the

Mann–Whitney U-test were used to com-

pare continuous variables between groups

where appropriate. Pearson’s correlation

method was used to assess the relationship
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between two continuous variables. P< 0.05

was considered statistically significant.

Statistical analyses were performed using

IBM SPSS Statistics for Windows, Version

22.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 34 patients (mean age, 36� 5

years; range 23–48 years) were enrolled in

the elastic traction group; all of them were

females. Another group of 45 patients (45

women; mean age, 37� 7 years) underwent

the conventional CO2 insufflation space-

making technique. The demographic data

were comparable between the two groups

(Table 1). Endoscopic unilateral lobectomy

with CLND was completed successfully in

patients of the two groups, and none of

them required conversion to open thyroid-

ectomy. The postoperative pathology con-

firmed early-stage differentiated papillary

thyroid carcinoma in all patients.
For the elastic traction group, the height

of the subcutaneous space measured during

operation increased 1 cm after the elastic

traction. The mean overall operation time

for the elastic traction group was similar to

that of the conventional CO2 group.

However, the mean time for unilateral

lobectomy and CLND was significantly

shorter than that of the conventional CO2

group (46.7� 4.7 min vs. 50.7� 4.9 min,

P< 0.01). The elastic traction technique

Figure 1. “Mini elastic traction space-maker” and its intraoperative application. A: Elastic traction system
composed of a mini elastic space-maker (hook end of straight "s-shaped" retractor connected to a spring
component) and a right-angle support rod to connect to operating table. B: Inside view during operation
shows vertically punctured skin flap, and deeper surface of flap was vertically lifted to maintain initial
stiffness. C: Outside view during operation showed skin flap was vertically pulled by retractor connected
to support rod.
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Table 1. Endoscopic unilateral thyroidectomy via breast approach with our “mini elastic traction space-
maker” compared with conventional CO2 insufflation

Elastic Traction Group CO2 Insufflation Group P-Value

Patients (n) 34 45 –

Women (n) 34 45 –

Age, years 36� 5 37� 7 0.591

Largest tumor diameter, mm 5.9� 2.0 6.0� 1.9 0.651

Surgery duration, min

Overall 78.1� 6.6 80.4� 7.0 0.069

LobectomyþCLND 46.7� 4.7 50.7� 4.9 0.000

Space establishment 16.2� 3.0 16.0� 2.6 0.727

Dissected lymph node count 5� 2 6� 3 0.796

Drainage, mL 52.2� 11.3 53.6� 12.7 0.623

Postsurgery stay, days 3.8� 0.6 3.9� 0.7 0.538

Data are presented as mean� standard deviation unless otherwise specified.

CLND, central lymph node dissection.

Figure 2. Measurement of subcutaneous height of working space. A: Before elastic traction, a subcuta-
neous space-measuring needle was inserted at level of suprasternal fossa to measure height. B: After elastic
traction, height of subcutaneous working space was increased about 1 cm. C: Postoperative view of neck
skin showed no scar at site of fine-needle puncture 3 days after procedure.
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did not prolong the time required for set-
ting up the working space. One patient
experienced transient vocal cord palsy, but
she had full recovery 2 months after the
procedure. Although the elastic traction
technique involved puncture of the supra-
sternal fossa with a fine needle, there was no
scar left at the site of puncture 1 month
after the surgery, and the patients were sat-
isfied with the overall cosmetic effect
(Figure 2C).

There was no significant difference in
clinical outcomes between the two groups
in terms of average post-operative drainage
volume, average post-operative duration of
hospitalization, and dissected lymph node
counts (Table 1). In both groups, patients
had a full recovery in neck movement after
the operation and there was no scar, wound
pain, numbness, skin ecchymosis, burn,
necrosis, hematoma, effusion, or infection
in the anterior neck skin flap. No patient
experienced hypocalcemic convulsions
after the operation.

The patients were followed over a period
ranging from 4 months to 20 months, with
a median follow-up time of 10 months.
Post-operative ultrasound revealed no
cancer relapse or metastasis.

Discussion

Endoscopic thyroidectomy via the breast
approach is appealing to patients for its
improved cosmetic results as compared
with the other variations of endoscopic thy-
roidectomy.15,16 As for all endoscopic oper-
ations, the fundamental requirement for
endoscopic surgery is to create and main-
tain a stable working space that is spacious
enough to achieve the surgical goals. In this
study, instead of the conventional CO2

insufflation technique, we applied a self-
developed elastic traction system and
achieved satisfactory clinical results.

Endoscopy has most commonly been
used in the peritoneal, thoracic, and other

natural body cavities with the serosa acting
as a natural barrier and CO2 insufflation
was used to establish the working space.
However, because there is no natural
cavity in the neck, it is necessary to create
space in the loose connective tissue to estab-
lish the working space for endoscopic oper-
ation in that area. Many modified space-
making techniques for endoscopic thyroid-
ectomy have been proposed, including
adjusting the CO2 insufflation pressure to
6–8mmHg.5,9,17 Another potential benefit
of using the combination of traction
system plus low pressures is that it might
help avoiding the complications related to
higher CO2 insufflation pressures; for exam-
ple, mediastinal emphysema, cardiac dys-
rhythmias, and even death.12,18–21 We
believed the key to the success of endoscop-
ic thyroidectomy via the breast approach is
not only the establishment of working space
but also its maintenance. Therefore, we
developed a two-step space-making strategy
that employed both low-pressure CO2

insufflation and an elastic traction system
for space maintenance. During the breast
approach, the subcutaneous working space
created by the separation of the tissues in
the chest and neck is relatively limited.
However, if mechanical traction was
applied at that time, the subcutaneous
working space would still be insufficient,
and the space would not be uniform.
Furthermore, the technique carries
increased risks for tracheal injury and sub-
cutaneous bleeding. Therefore, CO2 insuf-
flation (6–8 mmHg) was chosen to create
more space in the loose connective tissues
and simplify the skin flap separation pro-
cess. To maintain the space, the skin flap
was then lifted vertically with our mini
elastic traction space-maker, followed by
insufflation of low-pressure CO2 to support
the mechanical force. Because this insuffla-
tion and space-making process only
accounted for a relatively small proportion
of the whole operation time, the risk of
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complications caused by CO2 insufflation

could also be decreased.
Previous studies also suggested using the

mechanical suspension insufflation method

to create the endoscopic working space,

commonly by inserting two Kirschner nee-

dles in the platysma at the level of the thy-

roid cartilage and one third of the medial

clavicle, and then using mechanical suspen-

sion to lift the anterior neck skin slap to

form a cube-shaped operating space.3,12 In

contrast to previous techniques, after sus-

pension of the skin flap, our mini elastic

traction space-maker could create a

funnel-shaped working space. This space is

similar to the dome-shaped working space

created by the traditional insufflation

method, and thus better fulfills the require-

ments of endoscopic surgery. When the

continuous negative pressure was applied

for suction, the retraction system and skin

flap would be pulled downward by the neg-

ative pressure in the work cavity. However,

the elastic components would resist the

stretching force and maintain most of the

working space (Figure 3). When the suction

was stopped, however, the elastic compo-

nent would rapidly return to its original

state, and the working space would be

restored to the initial level. Another advan-

tage of this elastic traction is that it could

avoid secondary injury to the anterior neck

skin flap caused by the tension after nega-

tive pressure suction. Therefore, this elastic

traction system would make the endoscopic

procedure simpler and less invasive.
In addition to the 34 patients who under-

went unilateral thyroidectomy, we also

successfully used this elastic traction

system for endoscopic resection of large

thyroid tumors (tumor diameter> 5 cm) in

five patients (data not shown). Our results

suggested, as compared to the conventional

CO2 insufflation method, in the elastic trac-

tion system CO2 is no longer the only factor

to maintain the “stability” of the working

space. Besides, gas leaks because of bleed-

ing or smoke suction during the operation

will not lead to interruption or delays in the

procedure. The combination of the low-

pressure CO2 insufflation and the elastic

traction system maintained a stable visual

field during the whole procedure, therefore

ensuring the safety of the operation. We

also tried to turn off the gas flow during

the operation and the mechanical lifting

Figure 3. Intraoperative view of working space when applying continuous negative pressure for suction.
Elastic components could adapt to stretching force; there was still considerable working space left
after suction.
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by our mini elastic traction space-maker

alone had satisfactorily maintained the

working space. Because of the relatively

limited working space in the neck, it was

hard to ventilate the smoke generated by

coagulation with the ultrasound scalpel.

However, the combination of elastic trac-

tion and high flow of low pressure (0–3

mmHg) CO2 insufflation for space-making

could effectively remove the smoke and

contribute to a clear vision of the working

space, which was important during the

CLND. These advantages might help to

explain why the time required for perform-

ing unilateral lobectomy with CLND was

shortened in the elastic traction group.

Moreover, there was no significant differ-

ence between the two groups in the time

required to separate the skin flap.
For endoscopic surgeries of thyroid

tumors, especially the large ones, suspen-

sion of the neck skin flap with the mini elas-

tic traction space-maker not only could

ensure the stability of the working space,

but also could create additional vertical

working space. These advantages could

therefore reduce the difficulty of the proce-

dure and expand the indications for endo-

scopic surgery in the treatment of benign

thyroid diseases.
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