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INTRODUCTION

Nipple-sparing mastectomy with immediate breast reconstruc-
tion has become the preferred surgical option for therapeutic 
and prophylactic mastectomy because it offers higher patient 
satisfaction and superior aesthetic outcomes without compro-
mising oncologic safety [1,2]. Traditionally, skin envelope inci-
sion is inevitable, even in nipple-sparing mastectomy. A new en-
doscopic technique for nipple-sparing mastectomy has been 
tried, with oncologic outcomes that were not inferior to those of 

traditional mastectomy [3]. However, the endoscopic approach 
remains hampered by a limited degree of freedom, an inade-
quate dissection angle, and interference between instruments at 
a single axillary access point [4]. A robotic system with flexible 
arms with several degrees of freedom that provides high-quality 
3-dimensional (3D) images has shown great promise for im-
proving the operative technique and postoperative outcomes in 
various fields, including head and neck surgery, colorectal sur-
gery, and genitourinary surgery [5]. While recent reports have 
described in detail the use of robotic breast surgery for nipple-
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sparing mastectomy [6,7], the current study focused on recon-
structive techniques with an acellular dermal matrix (ADM) 
sling using a robotic device. We describe several patients with 
invasive ductal carcinoma who underwent robot-assisted nip-
ple-sparing mastectomy and implant-based immediate breast 
reconstruction with satisfactory results.

CASE REPORT

Although an endoscopic transaxillary approach is a familiar sur-
gical route for plastic surgeons, in the preclinical stage, we per-
formed robot-assisted expander insertion in four breasts from 
two fresh cadavers. This cadaveric study tested the feasibility of 
mastectomy and reconstruction, including an assessment of sig-
nificant considerations such as patient arm position, incision 
length, incision site, the setup and positioning of patient cart in-
struments (Intuitive Surgical Inc., Sunnyvale, CA, USA), the 
type of EndoWrist instruments (Intuitive Surgical Inc.), and 
how to secure sufficient working space (Fig. 1).

Four patients were referred to the breast cancer clinic for inva-
sive ductal carcinoma. Prosthetic reconstruction was recom-
mended due to their non-ptotic and moderate-sized breasts. 
Since they expressed a strong desire to avoid breast scars, we 
proposed robot-assisted nipple-sparing mastectomy and imme-
diate reconstruction using expanders. Operations were carried 
out using the da Vinci Xi Surgical System (Intuitive Surgical 
Inc.). A 6-cm-long extramammary axillary incision was made in 
the axillary fossa, parallel to the anterior axillary line; the result-
ing scar was invisible in the frontal view and hidden by arm ab-
duction in the lateral view (Fig. 2). Sentinel lymph node biopsy 
and robot-assisted nipple-sparing mastectomy were performed 
by oncologic surgeons [8]. Breast tissue was removed through 

the axillary incision. After mastectomy, the patient cart and En-
doWrist instruments were sterilized and redraped for reuse dur-
ing the reconstruction procedure. The surgeons determined the 
range of dissection and selected an appropriate expander size 
considering the specimen weight and chest wall width. Next, 
the pectoralis major muscle was elevated from the chest wall, 
beginning from the superolateral border and extending to the 
nipple level under direct vision. From the nipple level, chest wall 
curvature interfered with further dissection to the inferomedial 
border of the muscle. However, the robotic system could pro-
vide clear vision and accurate manipulation, and further dissec-
tion to the inferomedial origin of the muscle was therefore per-
formed using the robotic system. The center column and cam-
era arm of the patient cart axis was aligned from the axilla to the 
inferomedial sternal origin of the muscle. The working space 
was secured with a long and wide blade of an external retractor 
(modified Chung retractor) that was customized for minimiz-
ing skin flap tension [9]. An 8-mm Maryland Bipolar Forceps 
EndoWrist instrument (Intuitive Surgical Inc.) was fitted on the 
left robotic arm for traction and counter-traction, and an 8-mm 
Monopolar Permanent Cautery Spatula EndoWrist instrument 
(Intuitive Surgical Inc.) was used on the right robotic arm for 
dissection (Fig. 3A). The inferior origin of the pectoralis major 
was then cut, and an ADM sling was made with Vicryl inter-
rupted sutures. The deep sutures were made with a Mega Sutu-
reCut Needle Driver (Intuitive Surgical Inc.) on the right robot-
ic arm (Fig. 3B). After preparing a subpectoral pocket for the 
mammary expander, a 200-mL negative drainage system was in-
troduced, and copious irrigation with saline containing antibiot-
ics was performed. An expander was inserted into the subpecto-

A 6-cm incision was made on the axilla. Nipple-sparing mastecto-
my and prosthetic reconstruction were performed by oncologic 
surgeons and plastic surgeons, respectively.

Fig. 1. Fresh cadaveric demonstration

Fig. 2. Axillary incision
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ral pocket. Intraoperatively, the expander was inflated as appro-
priate, considering skin tension.

Assessment
A digital camera was used to take preoperative and postopera-
tive clinical photographs. Patient satisfaction was assessed with 
the breast reconstruction module of the BREAST-Q. A control 
group was selected from age- and cancer stage-matched patients 
who underwent nipple-sparing mastectomy with a conventional 
method and reconstruction with 2-staged prosthetic recon-
struction without a contralateral balancing procedure.

Results
No patients had major complications such as hematoma, sero-
ma, infection, capsular contracture, or nipple-areolar necrosis. 
One patient experienced mastectomy flap congestion, which 
subsided without a major operation. The mean operation time 
for expander insertion was 1 hour and 26 minutes. The first case 
took 1 hour and 47 minutes, while the subsequent three cases 
took approximately 1 hour and 20 minutes, indicating that the 
operation time decreased with the learning curve.

Only the first patient completed first- and second-stage pros-
thetic reconstruction, while other patients were preparing for 
second-stage reconstruction at the time of publication; the first 

Fig. 3. Robotic reconstruction

(A) Subpectoral plane dissection. (B) Acellular dermal matrix sling fixation.

A B

Fig. 4. Preoperative and postoperative frontal views

(A) Preoperative. (B) At 1 month postopera-
tively.

A B
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patient was satisfied with her results, especially the unnoticeable 
scar. Preoperative and postoperative clinical photos of the pa-
tients are shown in Fig. 4. The BREAST-Q scores of the first pa-
tient calculated 1 month after second-stage reconstruction were 
compared with the those of the control group calculated at an 
average of 35.5 days after second-stage reconstruction (Fig. 5). 
The score for satisfaction with one’s breasts was 73 in the robot-
ic case, compared to a mean of 49.5 in the conventional ap-
proach group. Satisfaction with the outcome was also higher in 
the robotic case (100 vs. a mean of 61 in the control group). The 
scores for psychosocial well-being and sexual well-being were 57 
and 60, respectively, in the robotic case, in contrast to mean val-
ues of 39.7 and 62.3 in the control group, respectively. However, 
physical well-being (chest) was similar in the two groups, with a 
score of 60 in the robotic case and a mean score of 62.5 in the 
control group. Otherwise, the scores for satisfaction with infor-
mation, the surgeon, the medical staff, and the office staff were 
higher in the robotic case (74, 91, 100, and 91, respectively) 
than in the control group (67, 82, 82, and 82, respectively). 

DISCUSSION

Avoiding direct scars on the breast envelope is an important 
strength of this robotic approach, as doing so contributes to pa-
tient satisfaction and improves aesthetic outcomes. This robotic 
approach is similar to an endoscopic approach, which plastic 
surgeons commonly use for augmentation mammoplasty. 

There are several advantages of the robotic approach, such as 
clear 3D vision with magnification, 7 degrees of freedom of mo-
tion (including in/out, rotation, pitch at wrist, yaw at wrist, 
pitch at fulcrum, yaw at fulcrum, and grip strength), delicate 
manipulation, and being easy to learn compared with an endo-
scopic approach. 

Recreating a symmetric inframammary fold is an essential step 
in breast reconstruction. For this, accurately suturing ADM in 
an appropriate position in the chest wall is important. When the 
endoscopic approach is used, it is not easy to suture ADM on 
the chest wall. To the best of our knowledge, suturing ADM in 
place has not been discussed in previous reports describing en-
doscopic or robotic mastectomy and reconstruction. However, 
with the advantages of the robotic approach, symmetrically su-
turing ADM is facilitated by the presence of 7 degrees of free-
dom. These advantages make the robotic device more ergo-
nomic than an endoscopic approach, and it is therefore expected 
to reduce postoperative complications and to enable better aes-
thetic outcomes [10]. Robot-assisted free flap reconstruction, 
including robot-assisted microanastomosis in head and neck re-
construction procedures, has been reported [11]. Similarly, we 
believe that free flap reconstruction could be possible in breast 
reconstruction with the advantages of a robotic system.

Despite these advantages, the remaining technical difficulty in 
robot-assisted mastectomy and reconstruction is to secure suffi-
cient working space for robotic surgery. To overcome this diffi-
culty, we used a modified Chung retractor. Selber et al. [12] de-
scribed the use of carbon dioxide insufflation of the skin flap 
with 10 mmHg of pressure, whereas Chung et al. [13] reported 
a robotic latissimus dorsi muscle harvest technique with a light-
ed retractor. Retraction provided more space for the robot arms 
than carbon dioxide insufflation; however, skin flap retraction 
may apply too much tension on the overlying mastectomy skin 
flap, which can result in skin flap ischemia and necrosis. None-
theless, subcutaneous emphysema and hypercarbia can occur 
with carbon dioxide insufflation [14]. Further practical experi-
ence is needed to clarify which approach is more suitable for ro-
botic mastectomy and reconstruction. In addition to securing 
the operative field with proper retraction, careful dissection and 
elevation of the medial side of the pectoralis muscle from the 
chest wall is required to prevent bleeding in perforators from the 
internal mammary artery. Once a perforator starts bleeding, the 
bleeding is harder to control than when the direct approach is 
used. Furthermore, due to chest wall curvature, the dissection of 
the sternal origin of the pectoralis major muscle is likely to be in-
sufficient, which can cause lateral displacement of the implant.

The primary problem of robotic mastectomy and reconstruc-
tion is the high cost. The usual cost of a robotic system is more 

Fig. 5. BREAST-Q scores

Comparison of BREAST-Q scores between the case and control 
groups.
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than US $2,000,000, and that of the disposable instruments 
used in a single case is more than US $2,000. Due to the high 
costs, further analysis of cost-effectiveness is needed [15].

In this article, we described our experiences and results. Fur-
ther analyses of others’ results are necessary to obtain reliable 
clinical evidence.
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