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Abstract
Purpose The da Vinci surgical robot systemwas developed to
overcome the weaknesses of endoscopic surgery. However,
whether robotic surgery is superior to endoscopic surgery re-
mains uncertain. Therefore, the purpose of this study was to
compare the surgical and oncologic outcomes between endo-
scopic and robotic thyroidectomy using bilateral axillo-breast
approach (BABA).
Methods Between January 2008 and June 2015, papillary thy-
roid carcinoma patients who underwent thyroidectomy with
central neck dissection using endoscopic (n = 480) or robotic
(n = 705) BABAwere primarily reviewed. We performed 1:1
propensity score matching and 289 matched pairs were
yielded.
Results Operation time was significantly longer in the robotic
thyroidectomy than in the endoscopic thyroidectomy (184.9
vs. 128.9 min, P < 0.001). A significantly higher number of
central lymph nodes (CLNs) were resected in the robotic thy-
roidectomy than in the endoscopic thyroidectomy (5.3 vs. 4.4,
P = 0.003). However, the incidence of other outcomes

including hospital stay, postoperative duration, thyroglobulin
level, radioactive iodine ablation, hemorrhage, chyle leakage,
wound infection, recurrent laryngeal nerve injury, and loco-
regional recurrence did not significantly differ between the
endoscopic thyroidectomy and the robotic thyroidectomy.
Conclusions Endoscopic thyroidectomy is comparable with
robotic thyroidectomy in view of surgical complications and
LRR. Because robotic thyroidectomy resected a larger num-
ber of CLNs than did endoscopic thyroidectomy, further long-
term follow-up studies will be required to clarify the possible
prognostic benefits of robotic thyroidectomy.
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carcinoma . Robotic thyroidectomy . Endoscopic
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Introduction

Among the various endoscopic methods, endoscopic thyroid-
ectomy using a bilateral axillo-breast approach (BABA) offers
an optimal symmetric surgical view of important anatomical
landmarks, including recurrent laryngeal nerves (RLNs), thy-
roidal vessels, parathyroid glands, and the trachea.
Additionally, the cosmetic results of BABA procedures are
excellent, with no long axillary or anterior chest scars [1].
Based on these findings, we began employing endoscopic
thyroidectomy with BABA in 2008.

Although the endoscopic approach has improved cosmetic
outcomes, there are several limitations, including the disabil-
ity to obtain adequate surgical viewing angles, precisely ma-
nipulate endoscopic instruments, and meticulously dissect
thyroid tissues, due to its accompanying two-dimensional vi-
sual representation and non-flexible endoscopic instruments
[2–4]. Because the previous studies have suggested benefits of

* Jun-Ho Choe
junho.choe@samsung.com

* Jee Soo Kim
jskim0126@skku.edu

1 Division of Breast and Endocrine Surgery, Department of Surgery,
Samsung Medical Center, Sungkyunkwan University School of
Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 135-710, South Korea

2 Department of Surgery, Changwon Gyeongsang National University
Hospital, Gyeongsang National University School of Medicine,
Changwon, South Korea

3 Division of Breast and Endocrine Surgery, Department of Surgery,
Samsung Changwon Hospital, Sungkyunkwan University School of
Medicine, Changwon, South Korea

Langenbecks Arch Surg (2017) 402:243–250
DOI 10.1007/s00423-016-1528-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s00423-016-1528-7&domain=pdf


robotic thyroidectomy [5], such as improved dexterity and
visualization [6, 7], we adopted the use of the da Vinci surgical
robot system (Intuitive Surgical, Sunnyvale, CA, USA) to
overcome the weaknesses of endoscopic thyroidectomy [8].

Nonetheless, the benefits of robotic thyroidectomy in terms
of learning curve, cost-effectiveness, and oncologic outcomes
still remain controversial [9]. Most of the previous studies
comparing endoscopic thyroidectomy and robotic thyroidec-
tomy have been based on a transaxillary approach [6, 7,
10–14]. Only one previous study compared endoscopic thy-
roidectomy with robotic thyroidectomy based on BABA [15].
Furthermore, no study has investigated prognostic impact,
such as the rate of loco-regional recurrence (LRR), between
endoscopic thyroidectomy and robotic thyroidectomy in pap-
illary thyroid carcinoma (PTC) patients.

The purpose of this study was to compare the surgical and
oncologic outcomes between endoscopic thyroidectomy and
robotic thyroidectomy using BABA. Previous comparison
studies were performed using only simple univariate analyses
[6, 7, 10–15]. However, we used propensity score matching to
compare both oncologic and surgical outcomes under a
matched condition.

Patients and methods

Patient selection Between January 2008 and June 2015, a
total of 2030 patients who underwent thyroidectomy with or
without central neck dissection (CND) using endoscopic or
robotic BABA at the Thyroid Cancer Center of Samsung
Medical Center were primarily reviewed (Fig. 1). A total of
845 patients were excluded based on the following criteria:
age less than 18 years, benign diseases, non-PTC carcinomas,
PTC combined with other histologic type of thyroid cancers,
presence of distant metastasis, cases of no CND, cases of

lateral neck dissection, or follow-up duration less than
6 months (including residual tumor or suspicious lymph node
[LN] detected within 6 months after initial surgery, reopera-
tion within 6 months of the initial surgery, or loss to follow-up
within 6 months). Ultimately, 1185 PTC patients were includ-
ed for analysis.

Surgical strategy Following the American Thyroid
Association guidelines [16], total thyroidectomy was per-
formed when the primary tumor size was >1 cm, and when
multifocality, bilaterality, extrathyroidal extension (ETE), or
regional LN metastasis was detected during the preoperative
or intraoperative examination. Therapeutic CND was per-
formed when suspicious lymphadenopathy was detected
during the preoperative or intraoperative examination.
Prophylactic CND was performed on PTC patients with
clinically uninvolved central neck, in particular, for ad-
vanced primary tumors (T3/T4) [16] or according to the
surgeon’s preference at the time of the operation. In our
institutions, a total of three surgeons (JH Choe, JH Kim,
and JS Kim) have performed endoscopic or robotic thy-
roidectomy, and we used the same surgical procedures
as described in our previous study [15].

Surgical outcomesWe defined Btransient^ as a symptom du-
ration lasting less than 6 months after initial surgery, and
Bpermanent^ as a symptom duration lasting six or more
months after initial surgery [7, 13]. RLN injuries, described
as vocal cord palsy (VCP), were determined using medical
records and/or laryngoscopy. Hypoparathyroidism was de-
fined as a serum parathyroid hormone (PTH) level less than
5 pg/ml at any point during the follow-up period [17, 18].
Hypoparathyroidismwas assessed only in total thyroidectomy
cases. Hemorrhage, chyle leakage, and wound infection were

Fig. 1 Study flowchart.
BABA bilateral axillo-breast
approach, PTC papillary thyroid
carcinoma, CND central neck
dissection
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defined as cases that were confirmed by reoperation. Total
drainage was defined as the cumulative amount of drainage.

Postoperative follow-up and management After the initial
surgery, all patients underwent regular follow-up at 6–
12 month intervals. Clinical evaluations included physical ex-
aminations, ultrasonography (US), iodine-131 scans, and se-
rum thyroglobulin (Tg) tests. Losses to follow-up, with-
drawals, and deaths were censored as of the last date of fol-
low-up. LRR was defined as presence of tumor or metastatic
LN on cytology from aspiration biopsy or on histopathology
from reoperation, which were developed at least 6 months
after the initial surgery. Although radioactive iodine (RAI)
ablation was generally proposed for aggressive features, as
recommended by American Thyroid Association guidelines
[16], the final decision was at the discretion of the physician
or patient.

Statistical analysis Statistical analysis was performed using
SPSS version 22.0 software (Chicago, IL, USA), and statisti-
cally significant differences were defined as those with P
values less than 0.05. To reduce the possibility of selection
bias and the impact of confounders, we stringently adjusted
the clinicopathological characteristics of enrolled PTC pa-
tients (sex, age, Asia-Pacific body mass index [BMI] consen-
sus [19], extent of thyroidectomy, laterality of CND, tumor
size, multifocality, and ETE) using 1:1 propensity score
matching [20]. Although we presented TNM stage in
Table 1, we did not use TNM stage as a matching variable
due to following reasons. First of all, we initially excluded
PTC patients with distant metastasis. Secondly, the compo-
nents of T-stage (tumor size and ETE) were used as matching
variables. Thirdly, retrieved CLN was used as an outcome
variable in this study to compare the efficacy of robotic and
endoscopic BABA. The use of methods that account for the
matched nature of the sample is recommended after propensi-
ty score matching [21]. Accordingly, when estimating statisti-
cal significance, unpaired methods (Student’s t test for contin-
uous variables and Chi-square test for categorical variables)
were used before propensity score matching, while paired
methods (Paired t test for continuous variables and
McNemar’s test for categorical variables) were used after pro-
pensity score matching. Kaplan-Meier methods and the
log-rank test were adopted for analysis of time-
dependent variables.

Results

Clinicopathological characteristics of PTC patients
according to the type of surgical approach (Table 1) Of
the 1185 PTC patients, 480 (40.5 %) underwent endoscopic
thyroidectomy and 705 (59.5 %) underwent robotic

thyroidectomy. Robotic thyroidectomywas significantly asso-
ciated with male gender (P < 0.001), bilateral CND
(P < 0.001), large tumor size (P < 0.001), and advanced N-
stage (P = 0.001). Propensity score matching was performed
on 1185 PTC patients, and 289 matched pairs were yielded.
After propensity score matching between endoscopic and ro-
botic thyroidectomy, there was no significant difference in the
clinicopathological characteristics.

Surgical outcomes of 578 propensity score-matched PTC
patients according to the type of surgical approach
(Table 2) Total operation time was significantly longer in
the robotic thyroidectomy than in the endoscopic thyroidecto-
my (184.9 vs. 128.9 min, P < 0.001). Particularly, the mean
docking time in the robotic thyroidectomy was 16.5 min.
Significantly, more CLNs were resected in the robotic thyroid-
ectomy than in the endoscopic thyroidectomy (5.3 vs. 4.4,
P = 0.003). However, other outcomes were not significantly
different between the two groups.

Prognostic impact of the type of surgical approach among
PTC patients (Fig. 2) The median follow-up time was
57.1 months (range, 6.0–98.5) and the endoscopic thyroidec-
tomy had a significantly longer follow-up time than the robot-
ic thyroidectomy (60.8 vs. 53.2 months, P < 0.001). LRR was
observed in nine patients (1.6 %): four (1.4 %) in the endo-
scopic thyroidectomy and five (1.7 %) in the robotic thyroid-
ectomy. As shown in Fig. 2, the 5-year recurrence-free surviv-
al (RFS) rates were 98.5 % in the endoscopic thyroidectomy
and 98.0 % in the robotic thyroidectomy, which were not
significantly different (P = 0.777).

Discussion

The purpose of this study was to compare the surgical and
oncologic outcomes between endoscopic thyroidectomy and
robotic thyroidectomy using BABA. In this study, we used
propensity score matching to adjust baseline characteristics
of PTC patients. Therefore, oncologic and surgical outcomes
were compared under a matched condition. To the best of our
knowledge, this study is the first to compare LRR between
endoscopic thyroidectomy and robotic thyroidectomy.

As shown in Table 1, before propensity score matching,
robotic thyroidectomy was significantly associated with ag-
gressive characteristics, such as large-sized tumors. This find-
ing is consistent with results reported in previous studies [6,
10, 12]. Male patients more frequently underwent robotic thy-
roidectomy than endoscopic thyroidectomy, which might be
attributable to the fact that men have more prominent
skeletomuscular structures that can pose greater technical
challenges than do those of women. Furthermore, more exten-
sive surgery (bilateral CND) was performed in the robotic

Langenbecks Arch Surg (2017) 402:243–250 245



thyroidectomy. This result might be explained by the belief of
surgeons that robotic thyroidectomy has relative technical ad-
vantages over endoscopic thyroidectomy [6].

Technical advantages of robotic thyroidectomy were as
follows: (1) a robotic system provides a three-dimensional

view and can magnify the visualization of target structures;
(2) a surgeon can easily achieve an optimal view and access
deep and narrow spaces; (3) steady vision is provided by a
robotic arm, which can reduce surgeon’s fatigue and filter out
vibrations caused by hand tremors of the surgeon; and (4) a

Table 1 Clinicopathological
characteristics of PTC patients
according to type of surgical
approach

Before propensity score matching After propensity score matching

Endoscopic

(n = 480)

Robotic

(n = 705)

P Endoscopic

(n = 289)

Robotic

(n = 289)

P

Sex
Female 470 (97.9) 640 (90.8) <0.001 287 (99.3) 287 (99.3) 1.000
Male 10 (2.1) 65 (9.2) 2 (0.7) 2 (0.7)

Age, y
Mean ± SD 38.9 ± 8.5 40.0 ± 9.1 0.058 39.6 ± 7.5 39.7 ± 7.7 0.810
10–20 5 (1.0) 14 (2.0) 0.106 0 (0.0) 0 (0.0) 1.000
20–30 86 (17.9) 112 (15.9) 38 (13.1) 38 (13.1)
30–40 181 (37.7) 237 (33.6) 120 (41.5) 120 (41.5)
40–50 166 (34.6) 253 (35.9) 109 (37.7) 109 (37.7)
50–60 39 (8.1) 85 (12.1) 22 (7.6) 22 (7.6)
60–70 3 (0.6) 4 (0.6) 0 (0.0) 0 (0.0)
70–80 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

BMI, kg/m2a

Mean ± SD 22.3 ± 3.3 22.9 ± 3.1 0.206 22.2 ± 2.7 22.2 ± 2.6 0.955
<18.5 33 (6.9) 33 (4.7) 0.168 11 (3.8) 11 (3.8) 1.000
18.5–23.0 262 (54.6) 376 (53.3) 185 (64.0) 185 (64.0)
23.0–25.0 97 (20.2) 150 (21.3) 60 (20.8) 60 (20.8)
25.0–30.0 73 (15.2) 127 (18.0) 30 (10.4) 30 (10.4)
≥30.0 15 (3.1) 19 (2.7) 3 (1.0) 3 (1.0)

Thyroidectomy
Lobectomy 267 (55.6) 358 (50.8) 0.101 175 (60.6) 175 (60.6) 1.000
Total thyroidectomy 213 (44.4) 347 (49.2) 114 (39.4) 114 (39.4)

CND
Unilateral 435 (90.6) 562 (79.7) <0.001 265 (91.7) 265 (91.7) 1.000
Bilateral 45 (9.4) 143 (20.3) 24 (8.3) 24 (8.3)

Tumor size, cm
Mean ± SD 0.6 ± 0.3 0.7 ± 0.4 <0.001 0.6 ± 0.3 0.6 ± 0.3 0.861
<0.5 167 (34.8) 150 (21.3) <0.001 87 (30.1) 87 (30.1) 1.000
0.5–1.0 261 (54.4) 429 (60.9) 181 (62.6) 181 (62.6)
1.0–2.0 50 (10.4) 117 (16.6) 21 (7.3) 21 (7.3)
2.0–4.0 2 (0.4) 9 (1.3) 0 (0.0) 0 (0.0)

Multifocality
Absent 399 (83.1) 590 (83.7) 0.798 263 (91.0) 263 (91.0) 1.000
Present 81 (16.9) 115 (16.3) 26 (9.0) 26 (9.0)

ETE
Absent 313 (65.2) 427 (60.6) 0.105 205 (70.9) 205 (70.9) 1.000
Present 167 (34.8) 278 (39.4) 84 (29.1) 84 (29.1)

T-stageb

T1 311 (64.8) 423 (60.0) 203 (70.2) 204 (70.6)
T2 0 (0.0) 3 (0.4) 0 (0.0) 0 (0.0)
T3 155 (32.3) 260 (36.9) 78 (27.0) 79 (27.3)
T4 14 (2.9) 19 (2.7) 0.138 8 (2.8) 6 (2.1) 0.863

N-stageb

N0 342 (71.3) 438 (62.1) 216 (74.7) 208 (72.0)
N1a 138 (28.7) 267 (37.9) 73 (25.3) 81 (28.0)
N1b 0 (0.0) 0 (0.0) 0.001 0 (0.0) 0 (0.0) 0.452

M-stageb

M0 480 (100.0) 705 (100.0) 289 (100.0) 289 (100.0)
M1 0 (0.0) 0 (0.0) NA 0 (0.0) 0 (0.0) NA

PTC papillary thyroid carcinoma, SD standard deviation, BMI body mass index, CND central neck dissection,
ETE extrathyroidal extension.
a Categorized by Asia-Pacific consensus.
b TNM stage was not used as a matching variable.
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surgeon can use three arms during the operation, with the
snake-like motion of the Maryland dissector and the availabil-
ity of multi-jointed Prograsp forceps. However, in an endo-
scopic system, a surgeon is limited in the ability to manipulate
non-articulated arms; (5) a robotic system is entirely con-
trolled by the operator, which reduces the possibility of prob-
lems caused by inexperienced assistants that commonly occur
during endoscopic thyroidectomy.

There was no significant difference in surgical complica-
tions between endoscopic and robotic thyroidectomy
(Table 2), which is in line with the findings of a recently
conducted meta-analysis [22]. Stimulated Tg levels and the
proportion of stimulated Tg < 1.0 ng/ml could reflect surgical
completeness in thyroidectomy [23]. In our study, mean
stimulated Tg levels and the proportion of stimulated
Tg < 1.0 ng/ml were not different between endoscopic and
robotic thyroidectomy. However, as we and others have found
[11, 13, 14], the total operation time was significantly longer
in the robotic thyroidectomy than in the endoscopic thyroid-
ectomy (184.9 vs. 128.9 min, P < 0.001), which could be

explained by several factors: (1) a robotic system generally
requires docking time; (2) although the motion of the robot
arm is more delicate than that of a human arm, the robotic
system does not allow the surgeon to experience tactile sensa-
tion; and (3) changing instruments, which requires repetitive
connection to and disconnection from the robot arm, is a time-
consuming procedure compared to endoscopic thyroidectomy
in which instruments are directly gripped by a human hand.

Robotic thyroidectomy resected a significantly higher
number of CLNs than endoscopic thyroidectomy (Table 2),
and this result has also been found in other studies [6, 7, 10,
12]. This suggests that, given the same conditions, robotic
thyroidectomy may perform more radical operations than en-
doscopic thyroidectomy. However, because a lot of recently
conducted studies have opposed the necessity of prophylactic
CND in cN0 PTC patients [24–28], this significant difference
in the number of resected CLNs may be meaningful regarding
PTC patients who will undergo therapeutic CND. Moreover,
as shown in Fig. 2, there was no significant difference in LRR
between robotic and endoscopic thyroidectomy. In our study,

Table 2 Surgical outcomes of
578 propensity score-matched
PTC patients according to type of
surgical approach

Endoscopic

(n = 289)

Robotic

(n = 289)

P

Hospital stay, day 4.3 ± 1.8 4.3 ± 1.0 0.711

Postoperative duration, day 3.3 ± 1.8 3.3 ± 1.0 0.753

Operation time, min 128.9 ± 40.0 184.9 ± 41.8 <0.001

(Docking time) NA (16.5 ± 10.1) NA

Resected CLNs, no. 4.4 ± 3.4 5.3 ± 3.7 0.003

Metastatic CLNs, no. 0.5 ± 1.3 0.6 ± 1.1 0.784

Total drainage, ml 125.7 ± 108.1 131.3 ± 105.7 0.530

Stimulated Tg, ng/mla 1.7 ± 2.6 1.4 ± 2.4 0.411

<1.0 32 (40.0) 26 (31.7)

≥1.0 48 (60.0) 56 (68.3) 0.271

RAI ablation 80 (27.7) 82 (28.4) 0.853

Administered dose, mCia 58.9 ± 34.4 67.0 ± 43.3 0.191

Hemorrhage 0 (0.0) 0 (0.0) 1.000

Chyle leakage 0 (0.0) 0 (0.0) 1.000

Wound infection 0 (0.0) 0 (0.0) 1.000

Transient VCP 11 (3.8) 13 (4.5) 0.677

Permanent VCP 1 (0.3) 2 (0.7) 1.000

Transient hypoparathyroidismb 38 (33.3) 44 (38.6) 0.408

Permanent hypoparathyroidism† 2 (1.8) 1 (0.9) 1.000

Operation cost, $c

Lobectomy 2418 6267

Total thyroidectomy 3029 8505 NA

PTC papillary thyroid carcinoma, SD standard deviation, Tg thyroglobulin, RAI radioactive iodine, VCP vocal
cord palsy, NA not applicable.
a Only included 162 (80 in endoscopic group and 82 in robotic group) patients who received RAI ablation.
b Statistical analysis was performed on only 228 total thyroidectomy cases.
c Exchange rate was 1117 Korean won to the dollar.
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the follow-up period (range, 6.0–98.5 months) might have
been too short to identify significant differences in prognostic
impact of LN retrieval. Therefore, based on the above results,
we may suggest two conclusions: (1) endoscopic thyroidecto-
my can be as good as robot thyroidectomy; or (2) robotic
thyroidectomy may be beneficial to cN1a PTC patients who
will need therapeutic CND (Fig. 3). To clarify the differences
between endoscopic and robotic thyroid thyroidectomy, fur-
ther long-term follow-up studies regarding advanced cases
such as cN1a PTC will be required.

The mean numbers of resected CLNs were 5.3 in the ro-
botic thyroidectomy and 4.4 in the endoscopic thyroidectomy
(Table 2). A previous study based on open thyroidectomy
suggested that at least five resected CLNs may be preferable

for determining the quality of unilateral CND [29]. Since al-
most enrolled patients underwent unilateral CND (91.7 %)
(Table 1), the number of resected CLNs in our study might
be acceptable. Moreover, the number of resected CLNs in our
study was comparable and/or superior to that of previous sim-
ilar studies comparing endoscopic and robotic thyroidectomy
[6, 7, 10, 12, 15, 18].

One limitation of robotic thyroidectomy compared with
endoscopic thyroidectomy is cost. As shown in Table 1, op-
eration cost was nearly three times higher in the robotic thy-
roidectomy than in the endoscopic thyroidectomy. Particularly
in Korea, since most cancer patients are reimbursed by private
medical insurance systems, the cost of robotic thyroidectomy
is generally more expensive than that of endoscopic thyroid-
ectomy. Moreover, evaluation of the requirements of robotic
systems should include the large physical space needed to
house the equipment, and the requisite high costs (operating
room charges, anesthesia fees, consumables, equipment de-
preciation, and maintenance) [30].

Our study has several limitations. First, there are inevitable
inherent features of a non-randomized retrospective cohort
study. Therefore, the patient information in our data might
not be complete and we cannot rule out the possibility of
residual confounding variables of some measured or unmea-
sured factors. Second, most of the enrolled patients have
small-sized tumor (Table 1) because we have generally rec-
ommended endoscopic or robotic thyroidectomy for early
stage patients rather than advanced stage patients. Therefore,
further studies using advanced stage patients will be required.
Third, we did not routinely perform pre-/postoperative laryn-
goscopy. Therefore, despite the detailed chart review involved
in this study, the incidence of transient VCP might be
underestimated. However, all permanent VCP cases were con-
firmed by laryngoscopy. Fourth, the follow-up period (range,
6.0–85.9 months) in this study might have been too short to
identify statistically significant differences in LRR. Fifth,
there were few male patients in our analysis. Female patients
tend to choose oncoplastic (endoscopic or robotic) techniques,
i.e., those leaving no visible scar in the neck, more commonly
than do male patients [23, 31–33]. Therefore, as seen in the
results of this and other studies [7, 10, 13, 18], few male cases
could be included in the study regarding endoscopic or robotic
thyroidectomy. Sixth, although radioactive iodine (RAI) abla-
tion was generally proposed for aggressive features, as recom-
mended by American Thyroid Association guidelines [16],
the final decision was at the discretion of the physician or
patient. Therefore, there was a possible selection bias regard-
ing RAI therapy. Finally, since we have managed patients
following 2009 American Thyroid Association guidelines
[16], there were some differences in the surgical strategies
between the 2015 revised American Thyroid Association
guidelines [34] and our study. Nonetheless, this is the first
study to compare the prognostic impact of endoscopic and

Fig. 3 Proposed guidelines to select the type of oncoplastic
thyroidectomy. PTC papillary thyroid carcinoma, BABA bilateral axillo-
breast approach, CND central neck dissection

Fig. 2 RFS in 578 propensity score-matched PTC patients. RFS
recurrence-free survival, PTC papillary thyroid carcinoma. *Calculated
using the log-rank test
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robotic thyroidectomy. Furthermore, since all comparisons,
including surgical morbidities and oncologic outcomes, were
conducted under a rigorously matched condition, our findings
might have greater weight than those of other studies.

Conclusion

Endoscopic thyroidectomy is comparable with robotic thy-
roidectomy in view of surgical complications and LRR.
Despite its longer operation time and higher operation cost,
robotic thyroidectomy resected a larger number of CLNs than
did endoscopic thyroidectomy. Therefore, further long-term
follow-up studies will be required to clarify the prognostic
benefits of robotic thyroidectomy, particularly for the treat-
ment of advanced thyroid cancer such as cN1a PTC.
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