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Introduction

Robot-assisted mastectomy was first introduced by Toesca  
et al. in 2017 (1), marking a significant milestone in 
minimally invasive breast surgery. Robot-assisted nipple-
sparing mastectomy (RNSM) has since emerged as a 
potential alternative to conventional nipple-sparing 
mastectomy (CNSM) with the potential benefits of minimal 
scarring hidden in the axillary region. Systems like the 
multi-port Da Vinci Xi and the single-port Da Vinci 
SP have been utilized, with the latter offering improved 
ergonomics for small-cavity procedures. The Da Vinci 
SP system, equipped with an articulating robotic camera 
and three 6-mm, double-jointed, articulated instruments, 
enables precise visualization of the surgical dissection 
field and enhances accuracy and efficiency across various 
specialties (2).

Robotic technology, with its high-resolution three-
dimensional (3D) imaging and precise, flexible instruments, 
was naturally extended to breast cancer surgery after its 
success in urology, gynecology, and colorectal surgery. 
It was anticipated to offer minimal scarring and precise 
flap dissection along the superficial fascial layer through a 
remote incision. However, as the breast is predominantly 
superficial and lacks the superficial fascia in more than 40% 
of cases, unique challenges arise (3). Achieving consistent 
skin flap thickness is particularly difficult in larger breasts 

due to variations in tissue density and volume. Robotic 
tools and indirect access may complicate implant symmetry, 
nipple-areola complex (NAC) positioning, and adaptation 
to complex anatomies. Conversely, CNSM provides greater 
tactile control and flexibility, though it may result in more 
visible scars and variable flap quality. The aesthetically 
pleasing periareolar incision used in CNSM provides 
adequate access to all regions of the breast and axilla (4). 
However, robot-assisted mastectomy may enhance access 
to the upper pole of the breast when using inframammary 
incisions, particularly in larger breasts where traditional 
retractors are less effective. This potential benefit of RNSM 
warrants validation in future studies.

Current evidence

Evidence  support ing RNSM remains  sparse  and 
inconclusive. The only published randomized controlled 
trial (RCT) to date, involving 69 patients with breast 
cancer, reported no significant difference in complications 
but found higher patient satisfaction scores for RNSM. 
However, operative times were extended by 78 minutes 
compared to CNSM (5). The small sample size limits the 
ability to draw meaningful conclusions.

Concerns about oncological safety arise from longer 
operative durations (5), which could influence tumor 
microenvironment dynamics and promote adverse 

Editorial 

The role of robot-assisted mastectomy: promise, challenges, and 
evidence gaps

Mariam Rizk^, Kefah Mokbel^

The London Breast Institute, Princess Grace Hospital, London, UK

Correspondence to: Kefah Mokbel, MB, BS, MS, FRCS. The London Breast Institute, Princess Grace Hospital, 42-52 Nottingham Place, London, 

Greater London W1U 5NY, UK. Email: Kefah.Mokbel@hcahealthcare.co.uk.

Keywords: Nipple-sparing mastectomy (NSM); breast cancer surgery; robot-assisted mastectomy; robot-assisted nipple-sparing mastectomy 

(RNSM); conventional nipple-sparing mastectomy (CNSM)

Submitted Jan 13, 2025. Accepted for publication Apr 11, 2025. Published online Apr 25, 2025.

doi: 10.21037/gs-2025-16

View this article at: https://dx.doi.org/10.21037/gs-2025-16

583

	
^ ORCID: Mariam Rizk, 0000-0002-9708-6482; Kefah Mokbel, 0000-0001-7255-7850.

mailto:Kefah.Mokbel@hcahealthcare.co.uk
https://crossmark.crossref.org/dialog/?doi=10.21037/gs-2025-16


Rizk and Mokbel. Is robot-assisted mastectomy ready for prime time?580

© AME Publishing Company. Gland Surg 2025;14(4):579-583 | https://dx.doi.org/10.21037/gs-2025-16

outcomes. Patient-reported satisfaction scores, without 
blinding, are prone to biases such as expectation bias, 
the novelty effect, and self-justification. A prospectively 
designed multicenter trial involving 73 RNSM procedures 
demonstrated that RNSM was a safe alternative to CNSM 
in terms of perioperative morbidities, with a trend toward 
improved wound healing (6). Patient-reported outcomes 
regarding aesthetics and quality of life indicated parity 
between the approaches, though RNSM incurred higher 
costs, averaging $4,000 more per procedure (6). 

Notably, the study (6) used unconventional incisions for 
CNSM, predominantly along the lateral breast, differing 
from standard practices in advanced centers (4).

A meta-analysis of 13,866 RNSM cases found no 
significant difference in postoperative complications 
compared to CNSM, including wound infection, hematoma, 
skin and nipple necrosis, and implant loss (7). A smaller 
meta-analysis confirmed similar findings but noted longer 
hospitalization, reduced blood loss, and a lower incidence 
of nipple necrosis in RNSM. However, the authors 
observed a trend toward a higher incidence of positive 
surgical margins in RNSM (8). In centers with advanced 
expertise, nipple necrosis rates in CNSM are significantly 
lower than the reported (14.2%) in this meta-analysis. We 
previously reported a 0% incidence of nipple necrosis and 
a 3.2% overall complication rate in CNSM with immediate 
implant-based reconstruction using a hemi periareolar 
incision (4). Patients reported satisfaction scores with the 
aesthetic outcomes were excellent (4). Figure 1 showcases 
examples of postoperative outcomes of CNSM at various 
stages of follow-up in patients with differing breast sizes. 
The results highlight excellent symmetry and aesthetically 
pleasing periareolar scars, even when positioned on the 
dome of the breast (9).

The current evidence, drawn from a single RCT and 
meta-analyses of retrospective and prospective studies, 
suggests that RNSM offers no clear advantages over 
CNSM regarding postoperative complications. This is 
despite longer operating times, higher costs, and limited 
oncological follow-up (typically 2–3 years) (5). The 
predominance of younger women with smaller cup sizes 
and early-stage disease in RNSM groups introduces 
selection bias, potentially skewing outcomes. Additionally, 
the majority of RNSM studies have been conducted in 
South Korea and Taiwan, where surgeons have pioneered 
the technique and accumulated substantial experience with 
robotic platforms. This concentration of expertise within 
specific regions may limit the generalizability of findings to 
diverse healthcare settings (8).

Challenges and limitations

RNSM has yet to demonstrate clear advantages over 
CNSM. The procedure entails higher costs due to the 
expensive robotic systems and disposable instruments (6). 
Cost-effectiveness is an increasingly critical consideration 
for healthcare systems striving for financial sustainability. 
Extended operative times increase risks associated with 
prolonged anesthesia, including potential complications 
and adverse oncological outcomes (8). Prolonged operative 
times increase surgical stress, potentially triggering systemic 
inflammation that can contribute to tumor progression 
and recurrence. This stress can directly alter the tumor 
microenvironment, accelerating micro metastatic growth. 
Additionally, prolonged surgery can enhance tumor cell 
dissemination and immune evasion, facilitating metastasis. 
Minimizing operative times and surgical stress is crucial to 
reducing these risks, though further research is needed to 
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Figure 1 The postoperative outcome of bilateral CNSM through periareolar incisions illustrating excellent symmetry and aesthetically 
pleasing periareolar scars (9). (A) Cup size B, 1 month after surgery. (B) Cup size C, 1 month after surgery. (C) Cup size D, 10 years after 
surgery. CNSM, conventional nipple-sparing mastectomy.
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clarify the mechanisms and develop mitigation strategies 
(10,11). However, this underscores the need for long term 
oncological safety data for RNSM prior to routine adoption.

While minimal scarring is an advantage, challenges 
with symmetry and the viability of NAC positioning may 
reduce patient satisfaction, especially in patients with larger 
breasts. RNSM in such patients requires meticulous planning 
and potentially modified techniques to mitigate risks.  
Figure 2 presents the early postoperative photograph of 
a patient who underwent robot-assisted mastectomy, as 
reported in academic publications. The image demonstrates 
good symmetry and the absence of visible surgical scars 
on the breast (12). Moreover, the lateral component of the 
dissection is often performed blindly through the axillary 
incision, using scissors or finger dissection, raising concerns 
regarding precision. The most important the sensory 
supplied to the nipple travels from the lateral aspect of the 
breast via the facial plane.

The learning curve for RNSM is steep, with significant 
improvements in operative time and complication rates 
observed after 10–15 cases. This curve is influenced by 
factors such as the surgeon’s familiarity with robotic systems 
and experience with traditional mastectomy techniques (13).

Two ongoing RCTs are designed to further assess 
the performance of RNSM in comparison to CNSM. 
NCT05720039 is a multi-center, two-arm, prospective study 
comparing RSNM to open nipple-sparing mastectomy (NSM). 
This investigation focuses on the oncological safety, surgical 
outcomes, and patient-reported experiences with the da Vinci 
SP Surgical System in 150 participants (14). Another study, 
NCT03440398, titled “Robotic vs Conventional Nipple-
Sparing Mastectomy” is a prospective randomized trial 
aimed at evaluating patient satisfaction while comparing 

RNSM with immediate robotic breast reconstruction to the 
traditional open approach (15).

While promising, the small sample sizes of these 
trials emphasize the need for larger, high-quality studies. 
Selection criteria, perception bias due to non-blinding 
and variability in surgeon experience remain inherent 
limitations. Furthermore, the procedure is the focus 
of several ongoing prospective registry studies. The 
Mastectomy with Reconstruction Including Robotic 
Endoscopic Surgery (MARRES) study is  a multi-
institutional cohort that prospectively collects data on 
patients undergoing mastectomy and reconstruction (16).

Ethical and practical concerns

The lack of evidence supporting long-term oncological 
safety and clear benefits over CNSM raises ethical concerns 
about promoting RNSM for its aesthetic appeal. Axillary 
incisions marketed as “hidden” are anatomically part of 
the torso and may still be visible. Periareolar scars from 
CNSM are typically minimal and well-tolerated, as patients 
prioritize outcomes like breast contour and symmetry over 
minor scarring (4). RNSM adoption must be guided by 
robust evidence especially regarding long-term oncological 
safety, which is currently lacking.

Ongoing prospective registry trials (14-16) face 
limitations such as selection bias, heterogeneity in 
techniques, and incomplete data capture, often focusing 
on short-term outcomes while neglecting long-term 
oncological safety. There are concerns about surgeons 
performing RNSM outside clinical trials without a Food 
and Drug Administration (FDA)-approved Investigational 
Device Exemption (IDE). These issues, compounded 
by inferior outcomes in minimally invasive radical 
hysterectomy for cervical cancer (17), prompted the FDA 
to issue safety communications cautioning against robotic 
platforms for mastectomy outside research settings. In 
parallel, on 17 April 2025, the National Institute for Health 
and Care Excellence (NICE) published new early value 
assessment guidance recommending that robotic-assisted 
surgery for soft tissue procedures such as RNSM, be 
adopted within structured evidence-generation frameworks. 
Although we support the FDA and NICE position 
statements, we believe that RNSM may be a viable option 
for risk-reducing surgery in breast cancer-naive women with 
high-penetrance pathogenic mutations and those diagnosed 
with non-invasive breast cancer, provided it is performed 
by experienced surgeons and patients make an informed 

Figure 2 The image illustrates the postoperative outcome of 
bilateral RNSM through a single axillary incision (12). RNSM, 
robot-assisted nipple-sparing mastectomy.
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decision, accepting the longer operative times and higher 
costs involved (9).

Endoscopic-assisted mastectomy is another form of 
minimally invasive surgery that has been in use longer 
than robot-assisted mastectomy and is currently the focus 
of prospective studies such as MARRES. This study aims 
to provide evidence on surgical and oncologic outcomes, 
as well as patient satisfaction, comparing RNSM and 
endoscopic NSM with CNSM (18).

Conclusions

Robot-assisted mastectomy is a promising yet experimental 
surgical option, offering satisfactory short-term outcomes. 
Limited evidence supports its clinical benefits and 
oncological safety, while high costs, prolonged operative 
times, and aesthetic challenges hinder its routine adoption. 
Until robust data from large-scale trials confirm its long-
term oncological safety and cost-effectiveness, therapeutic 
RNSM for breast cancer should be restricted to research 
settings. CNSM remains the gold standard, delivering 
excellent oncological and aesthetic outcomes backed by 
decades of evidence-based practice.
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