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Usefulness of cordless ultrasonic cutting energy devices
in endoscopic nipple-sparing mastectomy:
a retrospective study
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Department of Surgery, School of Medicine, Kyungpook National University, Kyungpook National University Chilgok Hospital,
Daegu, Korea

Purpose: Endoscopic nipple-sparing mastectomy (E-NSM] is a minimally invasive surgical technique that shows good
results in patients with breast cancer. The authors compared 3 different types of commercial energy devices to examine
their efficacy and safety in E-NSM performed with breast reconstruction.

Methods: A total of 36 cases of E-NSM were conducted with either Sonicision (S group, n = 11}, Harmonic (H group, n = 6),
or Thunderbeat (T group, n = 19). The clinicopathologic factors and postoperative complications, including nipple or skin
necrosis and surgical site seroma volume, were evaluated for 3 months after surgery.

Results: The surgical duration of E-NSM was significantly shorter in the S group than in the H group (P = 0.043) and T
group (P = 0.037). However, the total surgical duration including E-NSM and breast reconstruction, and the total and daily
drainage volume of postoperative seroma did not differ significantly among the 3 groups. Even when the energy devices
were compared according to their working principle, i.e., ultrasonic (S and H) vs. hybrid (T), the total breast surgery
duration and total and daily drainage volume of seroma showed no difference between the 2 groups. Although surgeon
satisfaction did not significantly differ when using 3 devices for E-NSM (P = 0.428), surgeon’s fatigue was found to be lowest
in the S group, though it was not significant (P = 0.064).

Conclusion: Any energy device can be safely used for E-NSM with breast reconstruction without causing any major
complications. However, cordless ultrasonic energy devices allow greater mobility for the surgeon and, therefore, may
shorten surgical time in breast surgery.

[Ann Surg Treat Res 2024;106(3):147-154]
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for this procedure. In particular, endoscopic nipple-sparing
mastectomy (E-NSM) provides not only better cosmetic

INTRODUCTION

Minimally invasive breast surgery has become increasingly
popular with the development of endoscopic or robotic surgery
techniques [1,2]. Because minimally invasive surgery aims to
provide a better cosmetic outcome with only a small incision,
surgeons prefer using a robotic or an endoscopic instrument

outcomes but also lower economic burden than robotic surgery
because it only requires an endoscopic camera and energy
device [3-5].

In E-NSM, an incision of 4-5 cm is made in the lateral or
inframammary fold (IMF) with or without an axillary incision,
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which is also used for sentinel lymph node biopsy. Therefore,
the lateral half of the breast can undergo open surgery
without specific instruments. However, to perform surgery
in the medial half of the breast, longer endoscopic or surgical
instruments, an endoscopic camera, and energy devices are
needed.

Commercial energy devices can be roughly classified
into 3 types based on their working principles: ultrasonic,
vessel sealing, and hybrid [6-10]. Because no large vessels are
encountered in breast surgery except 1 or 2 internal thoracic
arteries that run from the chest wall, the bipolar vessel sealer
does not elicit a great advantage. Contrastingly, because the
breast contains soft tissues including fat and parenchyma, an
ultrasonic cutting energy device could be advantageous as it
would cut through these tissues and reduce surgical time [11,12].
A hybrid energy device combines ultrasonic cutting with vessel
sealing effects.

The authors compared 2 ultrasonic energy devices with a
hybrid energy device to examine which device has superior
safety and efficacy in breast surgery using E-NSM.

METHODS

All procedures performed in this study were in accordance
with the ethical standards of the institutional research
committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Ethical approval
for the study was obtained from the Institutional Review Board
of the Kyungpook National University Chilgok Hospital (No.
KNUCH 2020-12-002-002). Informed consent was obtained from
all individual participants included in the study.

A total of 36 cases of breast reconstruction with E-NSM,

performed between January 2017 and December 2021, were
included in this study. The E-NSM was performed using 1
of the following 3 commercial energy devices: Sonicision
(Medtronic; ultrasonic method; S group, n = 11), Harmonic
(Ethicon Endo-Surgery, Inc.; ultrasonic method; H group, n = 6),
and Thunderbeat (Olympus Corp.; hybrid method; T group, n =
19).

For E-NSM, a 5-cm incision was made in the IMF, and a
4-cm incision was made in the axillary line. Axillary surgery,
such as a sentinel lymph node biopsy or axillary lymph node
dissection, was performed according to the metastatic status of
axillary lymph nodes. After axillary surgery was completed, the
retromammary space was dissected using electrocautery or an
energy device laterally to medially through both incisions. After
the dissection of the retromammary space was completed,
hydrodissection was performed along the superficial fascia layer
of the breast with 300-400 mL of tumescent solution, which
consists of normal saline (1,000 mL), 1% lidocaine (50 mL), and
1:1,000 epinephrine (1 mL), to prevent skin burn and bleeding,
Thereafter, a blunt dissection with face-lifting scissors was
performed according to the layer dissected using the tumescent
solution. If necessary, the ductal tissue beneath the nipple was
sent to a pathologist as a frozen section to evaluate whether the
cancer involved the nipple. Both superficial and deep fasciae
of the breast were separated from the skin and chest wall, and
the lateral side was transected with electrocautery. When the
transection along with breast parenchyma reached the medial
side, where the specimen obscured the surgical field from the
surgeon's eyes, the endoscopic camera and energy device were
employed. After completely separating the breast specimen
from the skin and chest wall, the specimen was pulled out
from the IMF incision, and the weight was calculated. Finally,
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Fig. 1. Surgical process of endoscopic nipple-sparing mastectomy (E-NSM). After dissection of the anterior and posterior
aspects of the breast with tumescent solution and scissors, surgery was performed according to the red—blue—green—yellow
process. (A) The incisions on the inframammary fold were 5 cm long, whereas those in the axillary area were 4 cm long.
Although the inferior and lateral parts (blue area) of the breast can be removed by open surgery, the superior and medial parts
(white area) of the breast require endoscopic surgery. (B) Green and yellow areas of the breast required visualization with the
endoscopic camera and longer instruments for conducting E-NSM.
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the breast cavity was washed and any bleeding was checked The patients’ medical records were reviewed and all clinical
and controlled with the energy device or a surgical tie (Figs. 1,2).  data, including the following, were collected: patient’s age,

After E-NSM with or without axillary surgery was completed,  body mass index, bilaterality, location of breast cancer, clinical
the plastic surgeon reconstructed the breast using an implant or ~ tumor stage, period of drainage tube placement in the breast,
an autologous latissimus dorsi muscle flap. total and daily drainage volume, total and breast surgery time,

— \/

=
)

Fig. 2. Tips to secure a larger space in the breast cavity during endoscopic nipple-sparing mastectomy. The specimen can be
pulled out through the opposite incision. (A) To create a larger space superiorly (blue arrows), the breast specimen can be
pulled out (red arrow) through the inframammary fold incision (black line). (B) To secure a larger space inferiorly (blue arrows),
the breast specimen can be pulled out (red arrow) through an axillary incision (black line).

Table 1. Clinical characteristics of breast cancer patients who received endoscopic nipple-sparing mastectomy using an
energy device and immediate breast reconstruction

Characteristic Total Sonicision Harmonic Thunderbeat P-value
No. of patients 36 11 6 19
Age (yr) 449 +4.9 46.2 + 5.7 43.2+13.4 439 +31.8 0.120
Body mass index (kg/m?) 22.8+1.0 22.0+£1.9 24.0+0.6 229+4.6 0.501
Postmenopausal state 10 (27.8) 6 (54.5) 1(16.7) 0 (0) 0.067
Bilateral surgery 4(11.1) 2(18.2) 0 (0) 6(31.6) 0.147
Location 0.341

Right 16 (44.4) 5(45.5) 3(50.0) 8 (42.1)

Left 20 (55.6) 6 (54.5) 3 (50.0) 11 (57.9)

Clinical tumor size (cm) 42+13 3917 3.7+09 43+1.2 0.923
Clinical T stage 0.804

Tis 8(22.2) 2(18.2) 2(18.2) 6(31.6)

T1 22 (61.1) 9 (81.8) 9 (81.8) 7 (36.8)

T2 4(11.1) 0 (0) 0(0) 6(31.6)

Clinical N stage 0.136

NO 2,830 (83.3) 10 (90.9) 10 (90.9) 16 (84.2)

N1 4(11.1) 19.1) 1(9.1) 3(15.8)

Type of axillary surgery

Sentinel lymph node biopsy 30(83.3) 7 (63.6) 7 (63.6) 18 (94.7) 0.073

Axillary lymph nodes dissection 2 (5.6) 1(9.1) 1(9.1) 0(0) 0.242
Reconstruction method 0.413

Latissimus dorsi flap 18 (50.0) 7 (63.6) 7 (63.6) 9 (47.4)

Implant 18 (50.0) 4 (36.4) 4 (36.4) 10 (52.6)
Neoadjuvant chemotherapy 4(11.1) 0 (0) 0(0) 4(21.1) 0.099
Adjuvant chemotherapy 13 (36.1) 3(27.3) 3 (50.0) 7 (36.8) 0.861
Adjuvant radiotherapy 5(13.9) 1(9.1) 2 (33.3) 2 (10.5) 0.474
Adjuvant hormone therapy 25 (69.4) 6 (54.5) 3 (50.0) 16 (84.2) 0.042

Values are presented as number only, mean + standard deviation, or number (%).
Sonicision, Medtronic; Harmonic, Ethicon Endo-Surgery, Inc.; Thunderbeat, Olympus Corp.
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postoperative complications, and additional treatment for
breast cancer. Total drainage volume was calculated not only
from the seroma that was obtained from the drainage bag but
also from the seroma aspirated using a syringe in the outpatient
clinic. The postoperative complications included nipple or skin
necrosis and surgical site seroma; these were evaluated for 3
months after surgery. In addition, pathologic data including
tumor type, pathologic tumor stage, and immunohistochemical
staining results and subtypes were collated.

The statistical analysis was performed using IBM SPSS
Statistics ver. 25.0 (IBM Corp.) and a P-value less than 0.05 was
considered statistically significant. The abbreviated one-way
analysis of variance, Kruskal-Wallis test, and Mann-Whitney
test were applied to compare the 3 independent groups.
Additionally, the chi-square test and Student t-test were used to
analyze categorical and continuous data, respectively.

RESULTS

The mean age of the patients was 449 + 40 years (mean +
standard deviation, for all subsequent data in the same format)
and the mean body mass index was 22.8 + 1.0 kg/m’. As
noted in the methods, the patients were divided into 3 groups,
namely S, H, and T groups, based on the energy device used in
breast surgery. The 3 groups did not differ statistically in terms

of clinical factors including the postmenopausal state, location
of breast cancer, clinical tumor size and tumor stage, type of
surgery, and additional treatments (Table 1). And there was no
statistical difference in pathologic variables (Table 2).

The mean period from surgery to the removal of the drainage
tube was 9.4 + 3.5 days, and the period was the shortest in
the S group (89 * 4.2 days) but did not differ significantly
among the 3 groups (P = 0.512). The mean total drainage
volume was 1,186.6 + 1411.4 mL, which included the seroma
collected during hospital stay, after discharge, and in the
outpatient clinic. The mean total and daily drainage volumes
were comparable between the groups, and the mean total
drainage volume did not differ significantly among 3 groups (P
= 0.838). The mean total surgery duration including breast and
reconstructive surgery was 3635 = 42.1 minutes, and there was
no difference among the 3 groups in terms of the total surgical
time (P = 0.867). The mean surgical time for breast surgery was
019 + 30.8 minutes. Although the shortest time was noted in
the S group (69.6 = 9.9 minutes), the mean surgical duration for
breast surgery did not differ significantly among the 3 groups
(Table 3).

Thereafter, each group was compared with the other (S vs.
H, Hvs. T, S vs. T), and the results are shown in Fig. 1. The
mean total surgical time did not differ significantly in any
of the comparisons. Although the mean duration for breast

Table 2. Pathologic characteristics of breast cancer patients who received endoscopic nipple-sparing mastectomy using an

energy device and immediate breast reconstruction

Characteristic Total (n =36)  Sonicision (n=11) Harmonic (n=6)  Thunderbeat (n = 19) P-value

Tumor type 0.213

Ductal carcinoma in situ 6(16.7) 2 (18. 0(0) 5(26.3)

Invasive ductal carcinoma 26 (72.2) 7 (63. 6 (100) 13 (68.4)

Invasive lobular carcinoma 2 (5.6) 0 (0) 0 (0) 0 (0)

BRCA gene carrier” 2 (5.6) 2 (18. 0 (0) 0 (0)
Pathologic tumor size (cm) 3.0+2.7 3.4+0.2 27+1.6 2.5+35 0.366
Metastatic axillary lymph nodes 6(16.7) 2(18.2) 2 (33.3) 2 (10.5) 0.320
Pathologic T stage 0.812

Pathologic complete response 2 (5.6) 0 (0) 0 (0) 2 (10.5)

Tis 6 (16.7) 1(9.1 0 (0) 5(26.3)

T1 16 (44.4) 5 (45. 4 (66.7) 7 (36.8)

T2 9 (25.0) 2 (18. 2(33.3) 5(26.3)

T3 1(2.8) 1(9.1 0 (0) 0 (0)
Pathologic N stage 0.093

NO 28 (77.8) 7 (63.6) 4 (66.7) 17 (89.5)

N1 6(16.7) 2(18.2) 2 (33.3) 2 (10.5)
Estrogen receptor, positive 27 (75.0) 7 (63.6) 4(66.7) 17 (89.5) 0.057
Progesterone receptor, positive 26 (72.2) 7 (63.6) 3 (50.0) 17 (89.5) 0.175
HER?2 gene, positive 3(83.3) 0 (0) 0 (0) 3(15.8) 0.320
Triple-negative breast cancer 5(13.9) 2(18.2) 2 (33.3) 1(5.3) 0.413
Ki67 index, high 25 (69.4) 8 (72.7) 5(83.3) 12 (63.2) 0.187

Values are presented as number (%) or mean =+ standard deviation.
Sonicision, Medtronic; Harmonic, Ethicon Endo-Surgery, Inc.; Thunderbeat, Olympus Corp.
“Pathologic results were not available for BRCA gene carriers.
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Table 3. Comparison of surgical parameters of breast cancer patients who received endoscopic nipple-sparing mastectomy
using an energy device and immediate breast reconstruction

Parameter Total (n=36)  Sonicision (n=11)  Harmonic (n =6) Thunderbeat (n = 19) P-value

Period from surgery to 9.4+3.5 8.9+4.2 10.7 £ 1.4 10.6 £2.8 0.512

removal of drainage tube (day)
Total drainage volume (mL) 1,188.6 +1,411.4 1,2103 +1,546.4 1,201.3+1,798.2 1,189.6 +381.8 0.838
Daily drainage volume (mL) 39.8 £47.0 40.3 £51.5 429 +£59.9 39.7£12.7 0.618
Total operation time (min) 363.5 +42.1 348.7 +43.8 302.6 +12.1 3853 +71.4 0.867
Operation time for breasts (min) 91.9 +36.8 69.6 +9.9 95.5+4.9 87.7 £51.6 0.403
Postoperative complications 0.577

Long—lasting seroma (>30 days) 9 (25.0) 3(27.3) 1(16.7) 5(26.3)

Nipple necrosis 5(13.9) 0 1(16.7) 4(21.1)
Degree of surgeon’s satisfaction (0-10) 8.7+0.7 8.8+09 83+0.8 8.7+0.7 0.428
Degree of surgeon’s fatigue (0-10) 6.4+1.5 5.5+2.1 7.0+1.4 6.7+1.4 0.064

Values are presented as mean =+ standard deviation or number (%).
Sonicision, Medtronic; Harmonic, Ethicon Endo-Surgery, Inc.; Thunderbeat, Olympus Corp.
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Fig. 3. The mean surgical duration and drainage volume of postoperative seroma. (A) The mean total surgical times among
the Sonicision (S), Harmonic (H), and Thunderbeat (T) groups. (B) The mean breast surgery durations among the 3 groups.
The S group showed a significantly shorter surgical duration than the other 2 groups (P = 0.043, P = 0.037). (C, D) The mean
total drainage volume (C) and the mean daily drainage volume (D) of postoperative seroma among the 3 groups. Sonicision,
Medtronic; Harmonic, Ethicon Endo-Surgery, Inc.; Thunderbeat, Olympus Corp.
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surgery did not differ significantly in S vs. H and H vs. T, this
duration was significantly shorter in the S group than in the H
group (P = 0.043) and T group (P = 0.037). The mean total and
daily drainage volumes of seroma did not show any statistical
difference in the 2-by-2 comparisons of the S, H, and T groups
(Fig. 3).

The mean total surgery and breast surgery durations did
not differ significantly even when comparing groups based
on the working principle of the energy devices (S and H vs.
T). Furthermore, the mean total and daily drainage volumes
of seroma did not differ between the groups wherein the
ultrasonic energy device was used and the group wherein the
hybrid energy device was used (Fig. 4).

In surgeon's satisfaction (score, 0-10) in the general process of
surgery, there was no significant difference among 3 groups (S
group: 8.8 + 09, H group: 83 + 0.8, and T group: 87 + 0.7, P =
0.428). However, the surgeon's fatigue was lowest in the S group
(S group: 55 + 2.1, H group: 70 * 14, and T group: 6.7 = 14; P
= 0.064), even if there was no statistical significance (P = 0.064).
There were no energy device-induced complications, such as skin

A P =0.764

390
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1,189
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Mean total drainage volume (mL)
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burn injury or skin necrosis. Only long-lasting seroma (n = 9)
and nipple necrosis (n = 5) were observed, and their incidence
did not differ significantly among the 3 groups (Table 3).

DISCUSSION

Minimally invasive breast surgery is a trending topic in
the field of breast cancer surgery [13,14]. Although the term
"minimally invasive surgery” implies performing breast surgery
with as small an incision as possible to obtain the best cosmetic
outcome, it does not mean that the incisions are made so small
that the conventional surgical objectives are compromised.
Instead, the real objective of “minimally invasive breast
surgery” is to use only small incisions and proper surgical
instruments to maximize the cosmetic outcome and minimize
harm, while improving the prognosis and reducing the surgical
duration and complication risk in patients who undergo surgery
for breast cancer.

Minimally invasive surgery is beneficial for the patient
as well as the surgeon [15,16]. The conventional surgical
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Fig. 4. The mean surgical duration and drainage volume of postoperative seroma. There was no significant difference in
these characteristics between ultrasonic and hybrid energy devices. Comparing the mean total surgical duration (A), mean
breast surgical duration (B), mean total drainage volume of postoperative seroma (C), and mean daily drainage volume of

postoperative seroma (D) between the 2 groups.
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techniques, though preferred by experts, could lead to the
development of shoulder pain, neck pain, wrist pain, and
fatigue in the surgeon. Minimally invasive surgery, however,
employs endoscopic and robotic instruments and thus helps
reduce the burden on the surgeon. This is why the development
of minimally invasive breast surgery leads to the development
of endoscopic and robotic instruments [1,2].

E-NSM can be performed using any conventional endoscopic
surgical instrument and an energy device with a similar length.
In particular, the energy device should be able to cut as well
as electrically cauterize dense tissue to appropriately control
the bleeding during surgery. Of the 2 types of energy devices,
namely vessel sealers and ultrasonic energy devices, the latter
are more suitable for use in breast surgery because, with the
exception of the internal thoracic artery and vein, large blood
vessels that may need sealing are rarely encountered in breast
surgery. Previous studies have already proven that ultrasonic
energy devices shorten the duration of breast surgery [17-20].
In the present study, the authors compared 2 ultrasonic cutting
energy devices with an integrated, hybrid energy device that
combines ultrasonic cutting and vessel sealing functions of
energy devices. We found that the ultrasonic energy devices
were more suitable than the hybrid device for E-NSM. While
there was no difference in surgeons' overall satisfaction with
surgeries using the 3 instruments, the lowest fatigue was
observed in the S group, albeit not statistically significant.
Although confirming statistical significance was challenging
due to the small number of subjects in this study, the use of the
cordless ultrasonic energy device (S group) showed potential for
reducing surgical time and surgeon'’s fatigue.

The total surgical time was calculated as the sum of breast
surgery duration and reconstructive surgery duration, owing
to which it was difficult to accurately analyze the influence
of various reconstructive techniques, such as autologous or
implant-based reconstruction, on the total surgery duration.
However, when only considering the duration of breast surgery,
ultrasonic devices showed somewhat better results than the
hybrid device. In particular, the cordless ultrasonic energy
device (Sonicision Curved Jaw Cordless Ultrasonic Dissection
System, Medtronic) significantly shortened the operation time
owing to its unlimited mobility in E-NSM, which is a procedure
that requires the surgeon to change their position several times.

E-NSM is a minimally invasive surgery practiced by many
breast surgeons. However, repetitive, and continuous changes
in position during E-NSM may cause fatigue. Thus, safer and
more convenient techniques are essential to reduce the physical
burden on the surgeon. Although both ultrasonic and hybrid
energy devices could be safely used in E-NSM in our study, the
cordless ultrasonic energy device was more effective in reducing
surgical time,

The limitations of this study are its small sample size,

retrospective nature of the analysis, and non-randomized
selection of participants. Nonetheless, this study could assess
and compare the potential efficacies of various types of energy
devices for E-NSM. Further multicenter clinical trials with larger
populations are needed to corroborate our study's results.

In conclusion, using a cordless ultrasonic energy device for
E-NSM led to a shorter breast surgery duration than using
regular ultrasonic or hybrid energy devices. However, because
the difference was very subtle, it could relate less to the
difference in the working principle and more to the cordless
feature in Sonicision, which allowed the surgeon to move
freely while performing E-NSM. Thus, this cordless type of
energy device can be an appropriate option over other devices
for surgeries like E-NSM that require the surgeon to frequently
change positions.
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