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Introduction

Since the introduction of endoscopic parathyroidectomy 

by Gagner1) in 1996 and endoscopic thyroidectomy by 
Hüscher, et al.2) in 1997, various endoscopic techniques have 
been developed for thyroid surgery. These include the cervi-
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Background and ObjectivesZZThere have been various approaches introduced for endoscop-
ic thyroidectomy. This study evaluates and compares the surgical outcomes of two such ap-
proaches: the unilateral axillo-breast approach (UABA) with gas and the gasless transaxillary 
approach (TA).
Subjects and MethodZZWe retrospectively analyzed 279 patients who underwent endoscopic 
thyroidectomy via UABA with gas or gasless TA from March 2008 to August 2012. Studied 
variables were clinicopathologic data, surgical outcomes, complications, and cosmetic satis-
factions.
ResultsZZOf the 279 patients, 195 (69.9%) underwent UABA with gas and 84 (30.1%) under-
went gasless TA. All of the variables related to clinicopathologic characteristics showed no 
significant differences between the two groups. The mean operation time was significantly 
shorter in the UABA with gas group (131.76±44.37 min) than in the gasless TA group (191.01± 

55.90 min) (p＜0.001). The mean postoperative pain Visual Analogue Scale scores in the 
UABA with gas group were 2.61±0.96 and 1.85±0.79, respectively, and those in the gasless 
TA group were 3.12±1.02 and 2.17±0.76, respectively, at 1 and 3 days after surgery. Incidences 
of postoperative complications were similar except for the higher rate of seroma in the gasless 
TA group. Cosmetic satisfaction scores of UABA with gas were higher than those of the 
gasless TA.
ConclusionZZUABA with gas may be a good option for endoscopic thyroidectomy because this 
approach is less invasive than the gasless TA is.
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cal, anterior chest wall, breast, and axillary approaches, as well 
as their combinations.3-11) Yoon, et al.7) developed a new meth-
od of endoscopic thyroidectomy via a gasless transaxillary ap-
proach (TA). This approach offers good magnified surgical 
view, handling of instruments, and cosmetic results. There-
fore, endoscopic and robotic thyroidectomies via the gasless 
TA have been the most extensively used procedures world-
wide.11,12) 

However, the invasiveness of the gasless TA has been con-
stantly debated, because the flap elevated in this approach is 
much bigger than that used in conventional open thyroidec-
tomy.13-16) To cope with these critical limitations, we intro-
duced a novel endoscopic thyroidectomy technique via a uni-
lateral axillo-breast approach (UABA) with gas insufflation.10) 
This approach provides good surgical view and instrument 
handling similar to those afforded by the gasless TA, but is less 
invasive because of the smaller workspace created by CO2 gas 
insufflation.

Many studies have compared the gasless TA with conven-
tional open thyroidectomy or the gasless transaxillary robot-
ic approach.16,17-20) However, no single-center study has com-
pared the gasless TA and other newly developed approaches 
with respect to reduced invasiveness.

The aim of this study was to evaluate and compare the ear-
ly surgical outcomes between the UABA with gas and gasless 
TA for endoscopic thyroidectomy, and to determine whether 
the UABA with gas is superior to the gasless TA in terms of 
invasiveness.

Subjects and Method

Patients
We enrolled 279 patients who underwent endoscopic thy-

roid lobectomy via the gasless TA or the UABA with gas at 
the Department of Otolaryngology between March 2008 and 
August 2012. The surgeries were performed by three surgeons 
with extensive experiences and expertise in the thyroid sur-
gery. The surgical approaches were applied differently depend-
ing on the period. Out of 279 patients, 84 underwent endo-
scopic lobectomy via a gasless TA since March 2008, and 195 
via a UABA with gas since February 2011. Randomization was 
not conducted because we did not intend to compare each ap-
proach. 

All patients were diagnosed as having benign or malignant 
thyroid tumors by preoperative fine-needle aspiration cytol-
ogy with ultrasonography. Physical and neurologic examina-

tions, including laryngoscopy and computed tomography of 
the neck, were performed. All female patients also underwent 
a breast ultrasonography to detect breast masses.

The eligibility criteria for endoscopic thyroid lobectomy 
were the presence of a benign thyroid tumor measuring less 
than 5 cm in diameter or a single, small (＜2 cm), intrathyroi-
dal papillary thyroid carcinoma with no regional and distant 
metastasis on preoperative imaging studies. The patients with 
a definite extrathyroidal extension, central or lateral neck 
lymph node metastasis, distant metastasis, history of previous 
neck surgery or radiation therapy, severe Graves’ disease, and 
lesion close to the trachea, esophagus, or recurrent laryngeal 
nerve were excluded. Indications for lobectomy were consis-
tent with the American Thyroid Association guidelines.21)

All patients were given oral acetaminophen for pain con-
trol after surgery for 1 week in a regular dose.

Informed consent was obtained from all patients after a 
thorough explanation concerning the disease, surgical proce-
dures, possible complications, and possibility of conversion 
from endoscopic to open thyroidectomy. The Institutional Re-
view Board of the Korea Cancer Center Hospital approved 
this study.

Surgical techniques
The original operative techniques of the gasless TA and 

UABA with gas have been described in previous publica-
tions.7,10) We applied a modified technique for the gasless TA 
introduced by Koh, et al.9) The only difference from the origi-
nal technique was a change in the chest wall incision to the 
superior circumareolar incision to minimize chest scar. The 
summaries of each approach are as follows. 

The position was identical for both approaches. Under gen-
eral anesthesia, the patient was placed in the supine position 
with a slight neck extension. The lesion side arm was raised 
naturally under the range of shoulder motion to avoid brachi-
al plexus injury. The arm was then fixed to achieve the short-
est distance between the axilla and thyroid gland.

Gasless TA 
After usual preparation and draping, a 5- to 6-cm vertical 

skin incision was made in the axillary fossa. A subplatysmal 
skin flap was elevated off the pectoralis major fascia from 
the axilla through the sternocleidomastoid muscle (SCM) bi-
furcation. An external retractor (Meditech Inframed, Seoul, 
Korea) was used to elevate the sternal head of the SCM and 
strap muscles until the isthmus of the thyroid was visualized 
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(Fig. 1A). After setting up the external retractor to maintain 
sufficient workspace, a second skin incision was made on 
the ipsilateral circumareolar margin of the breast in order to 
place the trocar for the endoscopic instruments or Harmonic 
ace (Johnson & Johnson Medical, Cincinnati, OH, USA). Un-
der the direct visual guidance of a 10-mm, 30° rigid endo-
scope inserted through the upper part of the axillary vertical 
incision, the operator began the dissection with an endo-
scopic dissector or a Harmonic ace through the axillary inci-
sion and circumareolar port. First, we usually identified the 
trachea and the inferior pole of the thyroid gland because we 
thought that the trachea was the single most important land-

mark for thyroidectomy. After dividing the inferior thyroid 
artery and vein, the recurrent laryngeal nerve and inferior 
parathyroid gland were identified and preserved. During the 
whole procedure near the recurrent laryngeal nerve, meticu-
lous care was taken not to damage the recurrent laryngeal 
nerve with the heat from the Harmonic ace. 

Next, we divided the superior thyroid vessels close to the 
upper pole taking care not to injure the external branch of 
the superior laryngeal nerve (Fig. 2A). The superior parathy-
roid gland was identified and saved during the dissection of 
the upper pole. After dissecting the upper and lower parts of 
the thyroid gland, we severed the Berry ligament taking care 
to prevent thermal injury to the recurrent laryngeal nerve 
from the Harmonic ace. 

Finally, we dissected the thyroid gland off the trachea and 
resected the isthmus. The operative specimen was delivered 

A

B
Fig. 1. External view of the gasless transaxillary approach (A) 
and the unilateral axillo-breast approach with gas (B). During the 
gasless transaxillary approach, an external retractor (star) is ap-
plied for lifting the flap up and maintaining the workspace, so the 
workspace (reddish illuminated area) is large (A). During the uni-
lateral axillo-breast approach with gas, three trocars are used for 
operation and workspace (reddish illuminated area) is relatively 
small (B). 

A

B
Fig. 2. Intraoperative view of the gasless transaxillary approach 
(A) and the unilateral axillo-breast approach with gas (B). Left 
thyroid lobe (star) is seen. Endoscopic forceps are used to grasp 
the left superior thyroid vessels (black arrow). During operation, 
an external retractor (white arrow) is applied for lifting the flap in-
cluding strap muscle (black circle) up to maintain the workspace 
(A). Left thyroid lobe (star) is seen. Left superior thyroid vessels 
(arrow) are cut while endoscopic forceps retract the strap muscle 
(black circles). Contrary to the gasless transaxillary approach, CO2 
insufflation is used for maintaining the workspace during whole 
procedures instead of an external retractor (B).
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through the axillary incision. After antiadhesive material 
and a suction drain were inserted, the skin was sutured and a 
surgical brassiere was applied to compress the skin flap. 

UABA with gas
Three 10-mm skin incisions were used for this approach 

(Fig. 1B). Initially, a 10-mm skin incision was placed in the 
axillary crease 1 cm posterior to the anterior axillary line. 
Another 10-mm incision was made 6 cm below the first inci-
sion. Two 12-mm trocars were inserted through each inci-
sion onto the suprafascial plane of the pectoralis major mus-
cle and approached toward the midpoint of the clavicle. With 
CO2 gas insufflated at a pressure of 5 to 8 mm Hg, we made 
a workspace around the clavicle to the SCM with a vascular 
tunneller and a Harmonic ace. The final 10-mm incision was 
made in the ipsilateral circumareolar area of the breast. Un-
der the guidance of a 0° or 30° rigid endoscope inserted via 
the upper axillary port, we operated using a Harmonic ace 
and endoscopic dissector through the lower axillary and 
breast ports. We started the dissection through the space be-
tween the sternal and clavicular heads of the SCM. In this 
space, we usually dissected the omohyoid muscle for enough 
exposure of the upper pole. After performing the dissection 
between the sternothyroid muscle and internal jugular vein, 
we identified the thyroid gland. The following procedures 
were almost identical to those of the gasless TA except that 
no external retractor was needed to maintain the workspace 
(Fig. 2B). In contrast, UABA with gas used CO2 gas to main-
tain the workspace. The resected lobectomy specimen was 
placed in a plastic bag and extracted through the upper axil-
lary port. Similar to the gasless TA, antiadhesive material and 
a suction drain were inserted into the workspace. The three 
10-mm skin incisions were closed using 4-0 absorbable mono-
filament sutures, and a surgical brassiere was applied for com-
pression. 

Outcomes
We retrospectively evaluated and compared the following 

variables between the two study groups: clinical characteris-
tics, tumor size, pathologic type, operating time, total amount 
of drainage for 3 consecutive days (from operation day to post-
operative day 2), duration of drainage, duration of postopera-
tive hospital stay, and postoperative complications. As for the 
duration of drainage, we retained the drain until the drainage 
for 24 hours measured less than 30 mL. An examination of 
vocal cord mobility with flexible laryngoscopy was performed 

to evaluate the presence of vocal cord paralysis preoperative-
ly and 1 day postoperatively in all patients. Permanent vocal 
cord palsy was diagnosed when no recovery was identified 
within 6 months. Postoperative pain was evaluated using a 
Visual Analogue Scale (VAS) at 1 day, 3 days, and 1 month 
postoperatively. Subjective pain intensity was graded as 0 (no 
pain), 1 (very slight), 2 (slight), 3 (moderate), 4 (moderately se-
vere), or 5 (severe). We evaluated the subjective satisfaction 
with cosmetic results by using a VAS at 1 and 3 months post-
operatively. The VAS scores for cosmetic satisfaction ranged 
from 1 to 5 (very dissatisfied, dissatisfied, average, satisfied, 
and very satisfied, respectively).

Statistical analysis
All statistical analyses were performed using SPSS for 

Windows/Macintosh, Version 14.0 (SPSS Inc., Chicago, IL, 
USA). Data were represented as mean±standard deviation, 
proportions, and/or absolute numbers. Chi-square tests or 
Fisher’s exact tests were used to compare categorical vari-
ables, and a t-test was used to compare continuous variables 
between the two groups. A p value less than 0.05 was consid-
ered statistically significant.

Results

The clinical and pathological characteristics of the patients 
are summarized in Table 1. Of the 279 patients, 195 (69.9%) 
underwent UABA with gas and 84 (30.1%) underwent the 
gasless TA. The mean ages and sex proportion showed no 
statistical differences between the two groups. The mean 
primary tumor diameter was 8.32±8.23 mm in the UABA 
with gas group and 9.34±7.09 mm in the gasless TA group. 
The malignant lesions in the UABA with gas group comprised 
168 papillary thyroid cancers (86.1%) and four follicular thy-
roid cancers (2.1%). The malignant lesions in the gasless TA 
group comprised 71 papillary thyroid cancers (84.5%) and 
two follicular thyroid cancers (2.4%). There were 23 (11.8%) 
benign lesions in the UABA with gas group and 11 (13.1%) 
in the gasless TA group. The extrathyroidal extensions were 
found in 23.1% of patients in the UABA with gas group and 
30.9% of patients in the gasless TA group. We did not do ad-
ditional immediate treatment even if pathology reports indi-
cated that extrathyroidal extensions were found. Thyroiditis 
was found in 24.6% of patients in the UABA with gas group 
and 34.5% of patients in the gasless TA group. Mean follow-
up periods were 18.43±8.12 months in the UABA with gas 
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group and 32.13±13.84 months in the gasless TA group. Dur-
ing follow-up period, we identified 2 cases of recurrence (1.0%) 
in the UABA with gas group and 1 case (1.2%) in the gasless 
TA group. None of the clinicopathologic variables showed 
significant intergroup differences.

The surgical outcomes are presented in Table 2. The mean 
operation time was significantly shorter in the UABA with gas 
group (131.76±44.37 min) than in the gasless TA group (191.01± 

55.90 min) (p＜0.001). The mean postoperative pain VAS 
scores at 1 and 3 days after surgery were 2.61±0.96 and 
1.85±0.79, respectively, in the UABA with gas group and 
3.12±1.02 and 2.17±0.76, respectively, in the gasless TA group. 
The VAS scores were significantly lower in the UABA with 

gas group than in the gasless TA group in the early postop-
erative period. 

The duration of postoperative drainage was also signifi-
cantly shorter in the UABA with gas group (3.81±1.48 days) 
than in the gasless TA group (4.63±1.21 days) (p＜0.001).

The cumulative total amounts of drainage for 3 consecu-
tive days were significantly lower in the UABA with gas group 
(142.57±51.87 mL) than in the gasless TA group (168.66±
66.53 mL) (p＜0.001). The mean postoperative hospital stay 
was shorter in the UABA with gas group (5.89±3.02 days) 
than in the gasless TA (6.55±2.20 days), but the difference 
was not statistically significant (p=0.074). 

Postoperative complications were compared between the 
two groups (Table 3). Transient and permanent vocal cord pa-
ralysis occurred less frequently in the UABA with gas group 
(8.7% and 1.5%, respectively) than in the gasless TA group (14.3% 

Table 1. Clinicopathologic characteristics of the patients in the UABA with gas and the gasless TA groups

UABA with gas Gasless TA p value

No. of patient 195 (69.9%) 84 (30.1%)

Mean age 039.96±9.47* 40.02±10.01* 0.959
Female:male 183:12 81:3 0.380
Pathology 0.807

Papillary thyroid cancer 168 (86.1%) 71 (84.5%)

Follicular thyroid cancer 004 (2.1%) 02 (2.4%)

Benign 023 (11.8%) 11 (13.1%)

Tumor size, mm 008.32±8.23* 09.34±7.09* 0.327
Extrathyroidal extension 045 (23.1%) 26(30.9%) 0.073
Thyroiditis 048 (24.6%) 29(34.5%) 0.089
Follow-up periods (months) 018.43±8.12 32.13±13.84
Recurrence 002 (1.0%) 01 (1.2%) 0.094

*values are mean±standard deviation. UABA: unilateral axillo-breast approach, TA: transaxillary approach

Table 2. Surgical outcomes in the UABA with gas and the gasless TA groups

UABA with gas (n=195) Gasless TA (n=84) p

Operation time (min) 131.76±44.37 191.01±55.90 ＜0.001
Pain score POD#1 02.61±0.96 03.12±1.02 ＜0.001
Pain score POD#3 01.85±0.79 02.17±0.76 0.020
Duration of drain (days) 03.81±1.48 04.63±1.21 ＜0.001
Amount of drain (mL) 142.57±51.87 168.66±66.53 ＜0.001
Hospital stay (days) 05.89±3.02 06.55±2.20 0.074

UABA: unilateral axillo-breast approach, TA: transaxillary approach, POD: postoperative day

Table 3. Postoperative complications in the UABA with gas and 
the gasless TA groups

UABA with gas
(n=195)

Gasless TA
(n=84)

p

Transient VCP 17 (8.7%) 12 (14.3%) 0.253
Permanent VCP 03 (1.5%) 02 (2.4%) 0.627
Seroma on the chest 02 (1.0%) 07 (8.3%) 0.002
Bleeding/hematoma 00 (0%) 01 (1.2%) 0.127
Wound infection 00 (0%) 00 (0%) 1.000
UABA: unilateral axillo-breast approach, TA: transaxillary ap-
proach, VCP: vocal cord paralysis

Table 4. Cosmetic Satisfaction in UABA with gas and the gasless 
TA groups

Cosmetic satisfaction UABA with gas
(n=195)

Gasless TA
(n=84)

p

Postoperative 1 month 4.57±0.57 4.09±0.67 ＜0.001
Postoperative 3 months 4.38±0.98 3.97±1.27 0.012
All values in the table are mean± standard deviation. UABA: 
unilateral axillo-breast approach, TA: transaxillary approach
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and 2.4%, respectively), but without statistical differences. 
The incidence of postoperative seroma was lower in the 

UABA with gas group (1.0%) than in the gasless TA group 
(8.3%) (p=0.002). Postoperative bleeding occurred in one pa-
tient in the gasless TA group. However, no patients in either 
group experienced wound infection or conversion to the open 
approach.

Cosmetic satisfaction scores were excellent in both groups 
and significantly higher in the UABA with gas group than in the 
gasless TA group at 1 and 3 months postoperatively (Table 4).

Discussion 

The present study documented our experiences with two 
techniques of endoscopic thyroidectomy and compared the 
surgical outcomes of these two approaches in terms of inva-
siveness.

The incidence of thyroid disease has been increasing, es-
pecially among women.22) Female patients are interested not 
only in the results of treatment but also in the appearance of 
the postoperative neck scar. Furthermore, female patients 
are concerned about postoperative pain and quick return to 
everyday life and job because differentiated thyroid cancer 
has an excellent prognosis. To satisfy these patient needs and 
overcome their concerns, many surgical approaches have 
been introduced. Among those approaches, the gasless TA is 
an outstanding and representative approach for thyroid sur-
gery. Many institutions worldwide have adopted and prac-
ticed this approach for thyroidectomy.11,12,23,24) This approach 
does not leave a scar around the neck because skin incisions 
are made in the axillary and circumareolar areas far from the 

thyroid. However, this increases the distance between the in-
cision site and operation field, consequently requiring inevi-
table larger flap elevation, longer operation time, more pain, 
longer hospital stay, and more patient discomfort because of 
the invasiveness of the procedure. Therefore, some patients ex-
perience seroma, upper chest and neck pain, numbness, and 
soft-tissue or muscle fibrosis (Fig. 3).15,16)

We started performing endoscopic thyroidectomy via a 
gasless TA in 2008. After we experienced some complications 
because of the invasiveness of the procedure, we devised the 
UABA with gas in 2011.10) This newly devised UABA with gas 
provides good surgical view and instrument handling similar 
to the gasless TA. However, this approach does not require 
flap elevation from the axilla to the surgical field because gas 
insufflation through the trocar replaces the flap elevation. 
Hence, some surgeons call our UABA with gas as the gas TA. 
These characteristics make the UABA with gas less invasive 
than the gasless TA. Although there are no clear definitions 
or criteria for invasiveness of a surgery, certain procedures 
that require long skin incisions, large flap elevation, and 
long operation time, and produce many postoperative com-
plications including pain, are commonly considered invasive. 
In this study, we tried to investigate the superiority of the 
UABA with gas over the gasless TA in terms of invasiveness. 
To the best of our knowledge, this is the first study to com-
pare the gasless TA and modified TA using gas insufflation.

No significant differences were observed between the two 
approaches in demographic (sex, age, etc.) and pathologic 
data because the indications for both approaches were identi-
cal (Table 1).

With respect to surgical outcomes, the UABA with gas 
had a shorter operation time than did the gasless TA (Table 2). 
This was because the surgeon performing the UABA with 
gas need not elevate the flap between the incision site and 
surgical field, and has to close only 1 cm-sized skin incisions 
in the axillary and periareolar areas. Shortened operation time 
is an important factor in decreasing the invasiveness of an 
approach. 

In addition, the pain at postoperative days 1 and 3, duration 
of drainage, and the total amount of drainage for 3 consecu-
tive days postoperatively were lesser or shorter in the UABA 
with gas group than in the gasless TA group (Table 2). We as-
sume these features could be attributed to the smaller flap and 
workspace, and shorter operation time in the UABA with gas. 
We expect this may encourage surgeons and patients to choose 
the UABA with gas for thyroidectomy instead of the gasless 

Fig. 3. Postoperative complications after the gasless transaxillary 
approach. This patient suffered from a seroma in the right chest 
(star), and a muscle and soft tissue fibrosis in the right neck (ar-
row) after right thyroid lobectomy via the gasless transaxillary ap-
proach.
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TA, because the majority of patients are anxious about post-
operative pain and recovery. 

Interestingly, no intergroup difference in hospital stay was 
observed even though the patients who underwent the UABA 
with gas showed less pain and shorter duration of drainage. 
In South Korea, patients tend to stay longer at the hospital be-
cause of relatively generous public and private health insur-
ance policies. If there were stricter rules regarding hospital 
discharge and health insurance, it is certain that patients in 
the UABA with gas group would leave the hospital sooner. 

In terms of the safety of these surgical approaches, the rates 
of complications such as vocal cord palsy, bleeding/hemato-
ma, and wound infection were not statistically different be-
tween the two groups (Table 3). We presume this is because 
the surgical view and manipulation of endoscopic instruments 
are identical in both procedures (Fig. 2). However, the inci-
dence of seroma was higher in the gasless TA group than in 
the UABA with gas group (Fig. 3). We think that more ex-
tensive tissue damage from the long and wide flap over the 
chest, and the rigid retraction applied with an external re-
tractor throughout the surgery in the gasless TA could account 
for the seroma. Although seroma is not a fatal or serious com-
plication, it can prolong hospital stay and annoy the patients 
through repeated aspiration and compression. In contrast, in 
the UABA with gas, trocars are used to create the workspace 
instead of invasive flap elevation, so the incidence of seroma 
was none.

Between the two endoscopic approaches, the UABA with 
gas was significantly superior to the gasless TA in helping pa-

tients achieve cosmetic satisfaction (Table 4). The unilateral 
axillary scar from the gasless TA, which is vertically orient-
ed and approximately 5 to 6 cm long, can be conspicuous, 
especially when the patient is wearing sleeveless clothes and 
swimsuits (Fig. 4A). However, the two small unilateral inci-
sions in the UABA with gas are not so noticeable (Fig. 4B). 
Besides, the small upper incision becomes inconspicuous af-
ter 1 or 2 months, because it is hidden in the axillary crease. 

A limitation of this study is its retrospective design. It was 
inevitable because we have not performed the gasless TA 
since we devised the UABA with gas. Therefore, our consid-
erable experience with the gasless TA could have biased the 
results, because the experience gained would have enabled 
the surgeons to better perform the UABA with gas. Howev-
er, even though the experience of performing the gasless TA 
could be helpful because the surgical view and instrumenta-
tion during the main procedure are similar, the approach to 
the surgical field with a trocar, use of CO2 gas, delivery of 
specimen, closure of skin incision, and etc., are completely 
new procedures in the UABA with gas. Therefore, we think 
that the better outcomes of the UABA with gas are not entire-
ly derived from the experience gained by performing many 
surgeries via the gasless TA. 

In summary, the UABA with gas and gasless TA showed 
similarities in clinicopathologic characteristics and most com-
plication rates. However, in terms of invasiveness, including 
operation time, postoperative pain, and duration and amount 
of drainage, the UABA with gas showed better results than 
did the gasless TA.

In conclusion, the current study evaluated and compared 
the early surgical outcomes between the UABA with gas and 
gasless TA for endoscopic thyroidectomy, and determined that 
the UABA with gas is superior to the gasless TA in terms of 
invasiveness. This research may help thyroid surgeons per-
forming endoscopic thyroidectomy choose between the UABA 
with gas and gasless TA. 
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