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ABSTRACT

Introduction: While the long-term oncologic safety of robot-assisted nipple sparing mastectomy (RNSM)
remains to be elucidated, histologically detected residual breast tissue (RBT) can be a surrogate for
oncologically sound mastectomy. The objective of this study is to determine the presence of RBT after
RNSM.
Methods: Between August 2019—]January 2020, we completed 5 cadaveric RNSMs. Full thickness biopsies
from the mastectomy skin flap were obtained from predefined locations radially around the mastectomy
skin envelop and nipple areolar complex to histologically evaluate for RBT.
Results: The first case was not technically feasible due to inability to obtain adequate insufflation. Five
mastectomy flaps were analyzable. The average mastectomy flap thickness was 2.3 mm (range 2—3 mm)
and the average specimen weight was 382.72 g (range 146.9—558.3 g). Of 70 total biopsies, RBT was
detected in 11 (15.7%) biopsies. Most common location for RBT was in the nipple-areolar complex, with
no RBT detected from the peripheral skin flaps.
Conclusions: In this cadaveric study, RNSM is feasible leaving minimal RBT on the mastectomy flap. The
most common location for RBT is in the periareolar location consistent with previous published findings
after open NSM. Clinical studies are underway to evaluate the safety of RNSM.

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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With the advances in breast reconstruction after mastectomy for
the treatment of breast diseases including breast cancer, surgical
techniques have evolved to preserve the skin flaps and nipple
areolar complex (NAC) to give better aesthetic outcome without
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compromising oncologic outcome [1,2]. The preservation of the
nipple and areola complex during mastectomy can provide psy-
chological and emotional benefits, and improve patient satisfaction
[3,4]. Nipple sparing mastectomy (NSM) can provide major psy-
chosocial benefits for patients but is technically demanding and has
variable outcomes [5—7]. Total mammary glandular excision in
NSM can be technically challenging, due to small size of the incision
and poor visualization of the dissection plane. To help overcome
the challenges in open NSM, use of the robot (da Vinci Surgical
System, Intuitive Surgical, Sunnyvale, CA) for robot-assisted nipple
sparing mastectomy (RNSM) is an emerging operation [8—20].

There are limited number of centers throughout the world
currently performing RNSM, thus the procedure is currently still
under development and optimization. The use of the da Vinci sur-
gical system is not FDA approved for use in breast surgery in the
United States [21]. To study the technical feasibility and safety of
RNSM, we performed a series of cadaveric studies using the robot.
Our goal was to master the techniques of RNSM and to assess the
potential oncologic safety by evaluating the mastectomy skin flaps
for histologically detected residual breast tissue (RBT). We hy-
pothesized that RNSM will be technically feasible, leaving minimal
residual breast tissue on the mastectomy skip flap. The technique of
RNSM is described and current literature is reviewed in detail in the
discussion.

Methods

Under The Ohio State University institutional Ethics Committee
approval (in lieu of Institutional Review Board) between August
2019—January 2020, 6 RNSM cadaveric cases were performed in
three female fresh cadavers by a single surgeon (KUP). Two of the
cadaveric surgeries were performed with the daVinci Si system
(Intuitive Surgical, Sunnyvale, CA) and one was performed with
daVinci Xi system. Robotic surgery certified breast surgical oncol-
ogist (KP) at the console performed all the surgeries with an
experienced robotic certified first assistant (DF) at the bedside.
After breast removal, the mastectomy flap was measured with a
caliper to assess the thickness of the flap.

Variations in surgical technique

The cadaver was placed in the supine position with the ipsilat-
eral arm to the operative site positioned out of the field. Prior to the
start of the procedure, the midline, inframammary fold, extent of
breast tissue, anterior axillary line, and horizontal axillary crease
were marked and used to guide the position of the linear incision
along the anterior axillary line. Next, the subcutaneous dissection
was performed using scissors and electrocautery as far as the in-
struments would reach under direct visualization to create a
‘working space’. Cadaver # 1 and #3 were performed using the
daVinci Si® system and cadaver #2 was performed using the
daVinci Xi® system.

For the first cadaveric case, we used the entire linear incision to
directly place the three robot ports adjacent to each other and
secured the ports in place using suture and surgical skin stapler as
previously described between ports [22]. Insufflation was difficult
to achieve using this technique. Therefore, for the 2nd and 3rd
cadaver cases, we modified the procedure and used the single port
system (GelPOINT Mini, Applied Medical, Rancho Santa Margarita,
CA). The single port system was inserted into the incision and the
robot ports were placed into GelSeal Cap connected to an insuf-
flator to keep the pressure at 8 mm Hg.

The robot was positioned at the cadaver’s head and docked. The
30-degree camera was placed in the middle port. Subcutaneous
dissection was performed in the lateral to medial direction using
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the monopolar-curved scissors and bipolar grasping forceps for
traction and exposure. The bedside assistant guided the surgeon at
the console on the extent of the dissection as outlined by the skin
markings prior to docking the robotic system. Using a similar
technique of sharp and cautery dissection, the gland was separated
from the pectoralis major muscle. The specimen was removed from
the anterior axillary incision by manual gentle traction using the
“waving flag technique” (move the gland back and forth gently until
it is removed). If it is not feasible to remove the entire gland easily,
the incision was extended to assure removal of the intact specimen.

Assessment of residual breast tissue

Prior to skin closure, approximately 1 cm [2] full thickness bi-
opsies from the mastectomy skin flap were obtained using fourteen
predefined locations radially around the mastectomy skin envelop
and nipple areolar complex (Supplementary Fig. 1) as previously
published [23]. Locations L, M, N, and O correspond to the area
behind the NAC. The tissue was formalin-fixed, paraffin-embedded
and stained with hematoxylin and eosin (H&E) as per standard
institutional protocol. The tissue was assessed histologically by a
board certified breast pathologist (GT) for presence of RBT.

Data availability

The authors declare that the data supporting the findings of this
study are available within the paper.

Results
Operative characteristics

Fresh non-formalin fixed female cadavers without previous
history of breast cancer were used for the study. The cadavers were
elderly and none had evidence of prior breast surgery (Table 1).
There were no skin injuries (ie. button-hole) related to use of the
robot (Table 2).

Console time was measured from the time of docking the robot
to undocking the system. The console time ranged from 46 to
247 min (Table 2). Case #5 was significantly longer as mid-case the
robot was undocked to trial a different type of single-port system,
GelPOINT Path Transanal access platform (Applied Medical, Rancho
Santa Margarita, CA). Although this helped in acquiring a complete
seal so that the CO2 did not leak at the skin-port junction, the self-
retaining sleeve was too rigid and narrow, resulting in instrument
collision.

Residual breast tissue

The average mastectomy flap thickness was 2.3 mm (range
2—3 mm) and the average specimen weight was 382.72 g (range
146.9—558.3 g) (Table 2). Of the 70 total biopsies, RBT was detected
in 11 (15.7%) biopsies. All of the RBT were detected in tissue behind
the NAC: in case 2 RBT was detected in location M,N, and O; in case
3 RBTin N, in case 4 in LLM,N, and O; in case 5 in N; and in case 6 in
L, and N (Fig. 1). There were no RBT detected outside the NAC in the
mastectomy skin flaps.

Discussion

In this cadaveric study, we demonstrate the technical repro-
ducibility of robot-assisted nipple sparing (RNSM) and low residual
breast tissue (RBT) after RNSM supporting our initial hypothesis.
We detected at least one RBT-positive biopsy in all five RNSM but
none were detected outside of the NAC. Although the cadavers in
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Table 1
Characteristics of cadavers.
Cadaver #1 Cadaver #2 Cadaver #3

Age 76 71 85
Race White Black White
Cause of death COPD Retroperitoneal neoplasm Dementia/Alzheimers
Estimated bra size A B C
Ptosis of breast (grade) 3 3 3
Body Mass Index 32.18 21.28 27.45

Table 2

Operative characteristics of robot-assisted nipple sparing mastectomies.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Case completed (yes/no) No Yes Yes Yes Yes Yes
Mastectomy flap thickness (mm) n/a 2.0 2.0 2.5 3.0 2.0
Skin injury (yes/no) n/a No No No No No
Weight of mastectomy specimen (grams) n/a 146.9 378.9 289.2 558.3 540.3
Console time (minutes) n/a 46 70 80 247 75

Fig. 1. Representative slide of preiareolar skin, subcutaneous tissue, and residual
breast parenchyma stained with hemoxylin and eosin. Arrow indicates periareolar skin
and asterisk indicates terminal ductal lobular unit. Photo is taken with 40x
magnification.

the present study were elderly with significant degree of ptosis and
hence, not the typically patient who undergoes NSM, we were able
to successfully complete five cadaveric RNSM procedures.
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Residual breast tissue after mastectomy

Technical feasibility and reproducibility of RNSM have been
demonstrated but previous studies did not evaluate for presence of
RBT after mastectomy. In this study, we demonstrate that there
were no histologically detectable RBT in the mastectomy flap
outside of the NAC. The presence of residual breast tissue in the NAC
is not surprising in this study. Presence of RBT after open NSM is not
uncommon and is most common in tissue behind the NAC [23,24].
In a study using MRI to evaluate for RBT after mastectomy, the
overall frequency of RBT was 77.8% and when the NAC region was
excluded, the frequency of RBT was 51.6% in NSMs [24]. Papasso-
tiropoulos et al. reported RBT was histologically detected in 18—28%
of central biopsies around the NAC in open NSM cases [23]. This
phenomenon may be due to lack of Cooper’s ligaments under the
NAC, leading to more difficult precise dissection in the dermis-
fibroglandular tissue junction [25]. More importantly, the inci-
dence of local recurrence after open NSM is low despite the pres-
ence of RBT [2,26—28]. Nipple areolar complex recurrence after
open NSM ranges from 0 to 7% in most recent series [25]. While the
exact clinical relevance of RBT after mastectomy remains elusive, it
is important to note that previous studies evaluating local recur-
rence and NAC recurrence demonstrate that tumor biology is a
stronger risk factor than surgical technique.

Emergence of robotic-assisted nipple sparing mastectomy

Surgeons experience greater physical symptoms such as neck
and lower back pain, mental strain, and fatigue from performing
open NSM compared to skin sparing mastectomy [6,29]. Thus, a
more ergonomically sound technique with greater visualization is
needed to improve surgeon working conditions and to improve the
ease of the operation during open NSM. Robot assisted surgery
facilitates minimally invasive surgery through 3D vision with
magnification, improved lighting, and seven degrees of motion of
the instrument tip to allow for proper dissection of the surgical
plane. Despite wide use in other surgeries, the use of the robot for
breast surgery has been limited until recently.

One of the earliest reports of RNSM is from Dr.Antonio Toesca
[30]. In this initial report of 3 consecutive successful cases, the
authors report the surgical technique in detail. Through a 2.5 cm
extra-mammary axillary line incision a subcutaneous flap is first
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Summary of published results on robot-assisted nipple sparing mastectomy as of December 2019 (case reports excluded).

Author Year of publication Number of cases Mastectomy flap or nipple areolar complex necrosis Overall complication Complication requiring
rate reoperation
Toesca [8] 2017 29 0 0 0
Sarfati [12] 2018 63 0 4.8% 3.2%
Lai [16] 2018 39 5.1% 30.8% 2.6%
Park [20] 2019 12 25% 25% 0
Houvenaghel 2019 27 3.7% 40.7% Not reported
[17]
Toesca [31] 2019 94 1.1% 22.3% 4.3%

developed. A single port access system (Access Transformer OCTO;
Seoul, Korea) was used to dock the robotic arms and to keep the
robotic arm elbows from clashing. CO, insufflation created the
necessary working space and retraction on the mastectomy flap.
The dissection was performed using Maryland Bipolar Forceps and
monopolar cautery.

Subsequently, few additional publications have described the
use of RNSM (Table 3) [8—20]. Reported complications include
nipple areolar complex necrosis, mastectomy flap necrosis, tem-
porary skin blistering, hematoma, seroma, infection, loss of implant
from infection, delayed axillary wound healing, transient brachial
plexus neurapraxia (due to arm positioning), transient common
peronal nerve neurapraxia (due to patient positioning during sur-
gery). Thus far, no local recurrences have been reported with a
mean follow-up of 20 months, although longer follow up studies
are pending [31]. The learning curve for RNSM ranged from 8 to 13
cases using the cumulative sum plot method [16,20].

Future studies in robotic mastectomy

Despite these early successes, the safety of robotic oncologic
surgery has been called to question by the FDA and some of this
may be due to inferior outcomes in minimally invasive surgery
compared to open radical hysterectomy for cervical cancer (Lapa-
roscopic Approach to Cervical Cancer [LACC] Trial) [32]. It is
important to note that in this study there were no randomization
between laparoscopic versus robotic approach and of the mini-
mally invasive surgery cases only 15.6% were performed with
robotic-assistance (N = 45). There are speculations that the use of
uterine or cervical manipulators and carbon dioxide pneumo-
peritonium promoted tumor recurrence [33]. However, other
abdominal robotic surgeries that require carbon dioxide such as
minimally invasive pancreatectomy and proctectomy report com-
parable rates of overall survival compared to open surgery [34,35].
In response to the safety concerns, our institution has received FDA
approval of an Investigational Device Exemption (IDE) to initiate a
clinical study to evaluate the safety of RNSM (clinicaltrials.gov
NCT04537312). This type of research is necessary to demonstrate
the safety and feasibility of RNSM before this technique can be
incorporated into routine practice.

Currently, there are numerous ongoing trials outside of the
United States evaluating outcomes after RNSM [36—40], including a
randomized study comparing open to robot-assisted NSM [41].
These ongoing international studies may help elucidate the long-
term oncologic safety of RNSM.

Furthermore, future studies assessing the mastectomy skin flap
viability may demonstrate low rates of flap complication and thus
improved success of immediate breast reconstruction. Although
current published number of cases are small, there is a trend for low
skin flap necrosis [8,12,16,17,31]. While the same anatomic planes
are adhered to during RNSM compared to open, the skin retraction
with CO; insufflation rather than physical retraction may be less
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traumatic through the duration of the surgery. Critical evaluation of
the mastectomy skin flap in future studies is still needed.

Conclusion

Herein, we describe the first study evaluating the presence of
RBT after robotic mastectomy. RNSM was technically feasible and
presence of RBT was comparable to that reported in previous
published literature on open NSM. The most common location of
RBT, as expected, was centrally in the tissue behind the NAC.
Further studies are underway to evaluate the safety and long-term
oncologic outcomes of RNSM.
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