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ABSTRACT

Introduction: Nipple sparing mastectomy (NSM) with immediate reconstruction is an option for the treatment of breast cancer or 

for risk-reducing surgery. This technique offers good aesthetic results without compromising oncological safety. Robotic nipple 

sparing mastectomy (RNSM) was first described in 2015 and has been executed in various centers ever since, but the cost-

effectiveness and oncological safety of this technique are still questioned. Objectives: The primary aim of this study was to 

critically review the literature and discuss the feasibility, advantages and limitations of robotic breast surgery. Methods: Search 

in PubMed database for publications related to “robotic breast surgery”. Selection and review of relevant articles, and analysis of 

results from these studies. Results: Our search comprised the period between 2015 and 2019. The rates of complications were low 

and the learning curve is apparently rapid, though there is still a lack of data involving cost-effectiveness. Conclusions: RNSM with 

immediate reconstruction is a great advance in the surgical treatment for breast cancer. Cost-effectiveness and oncological safety 

must still be accessed through randomized clinical trials.

KEYWORDS: breast neoplasms; robotic surgical procedures; mastectomy, subcutaneous; breast implants.

REVIEW ARTICLE
DOI: 10.29289/25945394202020190015

INTRODUCTION
Breast cancer diagnosis and surgery have evolved toward less 
invasive procedures throughout the years. Breast conserving sur-
geries are largely carried out and mastectomies no longer have to 
be disfiguring. More than ever, breast surgeons are committed to 
improve their techniques in order to offer better aesthetic outcomes, 
which relate to better quality of life and self-image appreciation1.

Nipple sparing mastectomy (NSM) was described in 1984 
by Hinton et al. as a safe alternative to simple mastectomy. In a 
series of 98 patients submitted to subcutaneous mastectomy, the 
skin envelope was preserved and reconstruction was performed 
about 6 months later; there was no increase in local recurrence 
of the skin flaps in a follow-up of 30 months2. The term NSM with 
immediate reconstruction was first used by Toth and Lappert in 
1991, and in the same year by Kroll et al., who published a series 
of 104 cases, with similar local recurrences, after a mean follow-
up of 5.6 years3,4. NSM is nowadays an option for the treatment of 
breast cancer, when following appropriate indications, and also 

for risk-reducing surgery, offering good aesthetic results without 
compromising oncological safety5. 

More recently, endoscopic breast surgery was attempted, 
but due to technical difficulties, it was not adopted in clinical 
practice6,7. In the context of minimally invasive approaches, the 
use of robotic surgery has become popular in urologic, gyne-
cological, and colorectal procedures, and more recently, in the 
fields of thyroidectomy, oropharyngeal, and plastic surgery7. 
The first report of breast robotic surgery happened in 2015 by 
Toesca et al., who performed robotic nipple sparing mastec-
tomy (RNSM)8 with a DaVinci S robotic platform and since 
then a similar procedure has been executed in other centers. 
Surgeons claim that the advantages of RNSM are better aes-
thetic outcomes, with minimal scars hidden under the arm, 
enhanced precision with three-dimensional optics, reduced 
tremor and less bleeding7-10. The objective of this review was to 
discuss the feasibility, advantages, and limitations of robotic 
breast surgery, especially RNSM.
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METHODS
A search was performed in PubMed database for articles related 
to robotic breast surgery, published from 2015, year known to be 
the first report, until June 2019. The search identified 163 related 
articles. Titles that did not relate to breast surgery or breast can-
cer were excluded. This resulted in 27 abstracts to be read, which 
mentioned internal mammary robotic surgery, robotic harvest-
ing of flaps, or RNSM with or without robotic reconstruction. 
Only the 19 abstracts mentioning RNSM were considered and 
read in their entirety. Of these, six were selected to analyze the 
data, excluding duplicates, editorials, letters to the editor, or 
response to letters to the editor. Surgeries performed in cadav-
ers were not included in the data analysis, but considered for 
technical detail information.

RESULTS
The first report of RNSM was carried out in 2015 by Toesca in the 
Istituto Europeo di Oncologia (IEO), with the objective to study an 
innovative technique and overcome the limitations of the endo-
scopic approach. Three patients with BRCA mutations, previously 
treated for unilateral breast cancer, who wanted to undergo a 
contralateral risk-reducing surgery were submitted to the pro-
cedure8. Following this, Sarfati et al. conducted a similar proce-
dure on breasts of two fresh female cadavers9.

Since then, other centers have published their cases, describ-
ing different aspects in positioning, incision, complications, and 
follow-up results. Studies data are summarized in Table 1. 

Patients
The studies involve a total of 160 patients. Toesca et al.7 reported 
that their first three cases were prophylactic contralateral RNSM 
in patients previously treated for breast cancer, but after they 
gained knowledge of how to remove the gland, they extended 
the indication for patients with breast cancer, reporting a total 
of 29 RNSM in 24 women. The tumor had to be situated at least 
1cm from the nipple areola complex (NAC), in patients with no 
associated comorbidities, body mass index (BMI) < 25, and who 
were at low risk for anesthesia. Exclusion criteria were: grade 2 
ptosis or higher, diabetes, heavy smoking, obesity or previous 
radiation therapy. In 2016, Sarfati et al. reported their first experi-
ence with RNSM in two fresh female cadavers11, and later in June 
2018, published their study involving 62 prophylactic, and only 1 
therapeutic RNSM9. The breasts had ptosis grade 1 or 2, they were 
of small breast cup size, the tumor had to be at least 2 cm away 
from the NAC, and a high-risk genetic mutation had been identi-
fied in the prophylactic group. Patients were excluded if they had 
a history of breast surgery or radiation, if post-operative radiation 
was required, and also heavy smokers or patients with uncon-
trolled diabetes mellitus. Lai et al.10 performed 39 RNSM in 33 
women, most of which (35 breasts) were therapeutic. Patients were 

diagnosed with ductal carcinoma in situ (DCIS) or invasive breast 
cancer stages I, II, or IIIA, with a tumor size < 5cm and no evi-
dence of multiple lymph node metastasis. Patients with severe 
comorbidities, skin, chest or nipple invasion, locally advanced 
or inflammatory disease were excluded. Houvenaeghel et al.12 
performed 27 RNSM in 17 patients with primary breast can-
cer and 10 with local recurrences. Characteristics of patients 
were determined and they were divided into three groups, each 
with different approaches for breast dissection. Park et al.13 and 
Rajappa et al.14 describe each, their experience with 1 case only.

Positioning
Toesca et al. first described a flat supine position, with the arm 
above the head, internal rotation, and 90º abduction, lying on a 
chopping block placed under the back8, but this patient developed 
a temporary biceps brachii strength reduction. Because of that, 
in the following cases, the upper arm hung normally alongside 
the body, and the elbow was bent at about 30º so that the hand, 
wrist, and forearm were straight and roughly parallel to the floor 
at the side of the bed7. Sarfati and Lai describe a supine position 
with abduction at 90º of the arm9,10. Houvenaeghel et al. and Park 
et al. describe a supine, dorsal decubitus, with ante-flexion of the 
arm12,13. Rajappa et al. reported positioning as Toesca’s et al.14.

Incision and technique
Different techniques were described, though having one thing in 
common: an incision under the axilla, hidden by the arm. Incision 
size varied from as small as 2.5 to 6cm, in the mid-axillary or ante-
rior axillary line. This size is mainly determined by the size of the 
breast to be removed through the same incision. In some series, 
a second small incision was made inferior to the first, in order to 
insert another trocar and the drain at the end of the procedure9,12. 
Most studies describe subcutaneous flap dissection with non-
robotic scissors or electrocautery7,9,13,14 to gain space for placing 
the port and docking. Houvenaeghel et al.12 divided their patients 
into three groups in order to compare time of procedures: 
• group 1: dissection with robotic scissors using coagulation; 
• group 2: dissection with robotic scissors without coagulation; 
• group 3: dissection with non-robotic scissors after subcutaneous 

infiltration with adrenaline serum and then robotic dissection. 

Except for Park et al.13, who used no gas but retractors to main-
tain the working space, all other surgeries were performed under 
low pressure of 7-8 mmHg of carbon dioxide7,9,10,12,14. Dissection of 
the gland was performed with monopolar curved-scissors or cau-
tery, moving from the axilla toward the nipple areola complex, 
medially, superiorly and inferiorly around the breast. An intra-
operative biopsy of the retroareolar region in therapeutic sur-
geries was usually done with intraoperative frozen sections in 
series by Toesca et al. and Park et al. Lymph node dissection was 
performed through axillary incision, so as the removal of breast 
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gland, placement of prosthesis and, in cases of reconstruction 
with the latissimus dorsi, dissection of the flap were also done 
through the same incision.

Surgery time
It is understandable that with a new technique, surgical time will 
be long. The first operation by Toesca et al. took 7 hours, needing 
conversion to open surgery, due to prolonged surgery time8. The last 
cases were completed in about 3 hours, including docking, dissec-
tion and reconstruction. All studies report the same outline, with 
a fast learning curve. In Houvenaeghel et al.’s study, the different 
groups had very different surgery times, and the longest procedures 
were those with robotic dissection12. According to Lai et al., the 
larger the breast, the longer time was needed in the initial cases, 
but operation time decreased significantly in the mature phase 
and did not fluctuate with specimen weight10. Another factor that 

has influence over surgical time is the prophylactic or therapeutic 
indication of procedure, because of the need to do a biopsy of ret-
roareolar region, with intraoperative frozen section. Surgical time 
data can also be visualized in Table 1.

Complications
The rate of complications or conversions in the studies was low, 
most of them classified as minor complications, grade I, II or 
III, according to the Clavien-Dindo classification15 (Figure 1). 
Erythema was described in one patient; small blistering of the 
skin, caused by electrocautery was reported in four patients. 
Seroma needing aspiration in one patient; dorsal lympho-
cele in one patient; and hematoma needing operation in one 
patient. Neuropraxia happened in two cases, both temporary. 
One axillary delayed wound healing was reported. There was 
partial nipple ischemia in four patients, partial skin flap (not 

Table 1. Summary of studies data.

Study Patients Positioning Incision Surgery Time
Oncological 
Outcomes

Satisfaction
Cost-

effectiveness

Toesca et al.7

24 patients - 
29 breasts: 21 
therapeutic; 8 
prophylactic 

RNSM

Flat supine 
position; arm 
alongside the 

body

3 cm on 
midaxillary line

420 min (first 
case); 180min 

(last cases)

No 
recurrence. 

8 months 
follow-up

High 
degree*

N/A

Sarfati et al.9

33 patients - 
63 breasts; 1 

therapeutic; 62 
prophylactic 

RNSM

Supine; 90° 
abduction of 

the arm

Vertical 
3–5 cm + a 

subcentimeter 
incision  8-9 cm 
below, 6–7 cm 
posterior from 

the lateral-
mammary fold

195 min (first 
case); 85 min 
(last cases)

No 
recurrence. 

9 months 
follow-up

Evaluation in 
progress

N/A. Reduction 
of operating 

time may 
overcome 

the issue of 
operating 

room efficiency

Lai et al.10

33 patients - 
39 breasts; 35 

therapeutic 
RNSM

Supine; 90º 
abduction of 

the arm

2.5-5 cm 
oblique axillary 

incision 

287.2 ± 77.43 
min (cases 1-13);     

235.6 ± 30.69 
min (cases 14-39)

No 
recurrence. 
Mean 8.6 ± 
4.5 months 
follow-up

N/A N/A

Houvenaeghel 
et al.12

27 patients - 
27 breasts; 27 

therapeutic 
RNSM

Supine, dorsal 
decubitus, with 
anteflexion of 

the arm

Vertical 4-6 cm;  
on anterior 
axillary line 

+ incision 
for trocar 
inferiorly

372.5 (group 1) 
303.4 (group 2) 
257.7 (group 3)

N/A N/A

N/A. Fixed 
costs and cost 

of robotic 
instruments 
can provide 
more costs 

than 
conventional 

surgery

Park et al.13

1 patient. 
Therapeutic 

RNSM

Supine, dorsal 
decubitus, with 
anteflexion of 

the arm

Vertical 6 cm; 
on anterior 
axillary line

409 min

No 
recurrence. 
12 months 
follow-up

N/A N/A

Rajappa et al.14

1 patient. 
Therapeutic 

RNSM

Flat supine 
position; arm 
at the side of 

the body

3 cm on 
midaxillary line

330 min N/A N/A N/A

RNSM: robotic nipple sparing mastectomy; N/A: Not applicable 
Summary of technique, oncological outcomes, patient satisfaction and cost effectiveness in the studies analyzed. * Satisfaction described in study, but no 
satisfaction questionnaire cited.
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involving the nipple) in three patients, and no cases of total 
NAC necrosis. Infection was reported in three patients, two 
of which needed revision, resulting in one implant loss in one 
series9. In another, reoperation was necessary for four patients, 
with three cases of prosthesis explantation12. Conversion to 
open surgery occurred in four cases, due to bleeding of inter-
nal mammary perforator (2 patients), malpositioning of inci-
sion causing technical problems (1 patient), and in Toesca et 
al.’s first case, due to long time of surgery (1 patient). Implant 
rotation was reported for 1 patient, and there was no infor-
mation on whether the patient was reoperated. Complication 
events are summarized in Figure 2.

Oncological outcomes
There were no recurrences in the studies analyzed, with the lon-
ger follow-ups in Park et al.’s case report — 12 months —, and in 
Sarfati et al.’s series of cases — 9 months9,13.

Satisfaction
Despite the surgery’s cost and time, the satisfaction of the patient 
must be evaluated to determine advantages of robotic procedures. 
None of the studies have objective satisfaction rates published. Toesca 
et al. describe patient satisfaction as “high degree”, but no question-
naires were used7. Sarfati et al. used the Breast-Q questionnaire before 
the procedure, another non-specified satisfaction questionnaire at 
6 months, assessing amongst other things the aesthetic result, and 
the Breast-Q and the satisfaction questionnaire were planned to be 
used again at 12 months9. Data are not yet available.

Cost-effectiveness
Robotic surgery is usually considered a very expensive procedure 
because of fixed and of robotic instruments costs12. The studies 
analyzed do not assess cost-effectiveness of RNSM. 

DISCUSSION
In an era were minimal invasive techniques arise and gain 
popularity, robotic surgery emerges with the proposal of deliv-
ering excellence in oncological treatment at the same time as 
it provides good aesthetic results. According to these recent 
studies, with short follow-ups, indeed this technique seems to 
meet its promise. 

The question is if it is really worth the price16. Robotics is 
known for its high costs, related initially to the purchase of 
the da Vinci Surgical System that costs between US$1 and 
US$2.3 million, added to maintenance fees, from US$100,000.00 
to US$150,000.00 annually. The instrument arms of the robot 
have a maximum of 10 uses, after which they can no longer be 
used17. Moreover, robotics demands adequate staff training, 
infrastructure upgrades, and increased operating room time. 
These costs are, in some cases, offset by shorter hospital stays, 
less trauma, bleeding and operative complications18,19. 

In the context of breast surgery, bleeding is not a major 
problem and patients usually are discharged from hospital in 
a few days. NSM with immediate breast reconstruction, either 
with prosthesis or a flap, is one of the largest breast procedures, 
and for this reason, robotic surgery may be a good alternative. 

Figure 1. Classification of complications in robotic nipple sparing mastectomy, according to Clavien-Dindo grade.

82%

5%
6%

7% No complications

I-Any deviation from normal  
postoperative course without  
need for pharmacological treatment

II-Requiring pharmacological treatment

III-Requiring surgical intervention
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Figure 2. Complications of robotic nipple sparing mastectomy (n = 160): (A) expressed in number of events (total complications = 36; 
no complications = 124); (B) expressed in percentage (total complications = 22,5%; no complications = 77,5%).
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Centers worldwide are studying its safety and feasibility and data 
on its cost-effectiveness are soon expected.

Earlier this year, Linhares et al. performed the first breast robotic 
surgery in Brazil at Erasto Gaertner Hospital20. Other cases have fol-
lowed and we soon expect a national publication of their experience.

CONCLUSIONS
RNSM with immediate reconstruction with breast implant is 
apparently a safe approach to the removal of the breast gland, but 
studies have short follow-ups of only a few months. Longer fol-
low-up is necessary to prove oncological safety.
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