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KEY POINTS

� Although there is a learning curve for robotic nipple-sparing mastectomy, this option may decrease
nipple-areolar complex necrosis and mastectomy skin flap necrosis compared with traditional
nipple-sparing mastectomy.

� Robotic nipple-sparing mastectomy can be combined with either subcutaneous, prepectoral with
acellular dermal matrix, or submuscular alloplastic reconstruction as well as autologous
reconstruction.

� Robotic harvest of deep inferior epigastric flap pedicle and latissimus muscle flaps is safe and de-
creases donor site morbidity.

� Robotic microanastomosis in autologous breast reconstruction and lymphedema surgery may pro-
vide improved precision through motion scaling and tremor elimination and improved ergonomics
compared with traditional microsurgery.
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HISTORY

A “robot” was first defined in 1979 by the National
Bureau of Standards and the Robot Institute of
America as “a reprogrammable, multifunctional
manipulator designed to move materials, parts,
tools, or specialized devices through various pro-
grammed motions for the performance of a variety
of tasks.”1 The first robot adapted for use in sur-
gery, the programmable universal machine for as-
sembly 200 (PUMA) was developed by Stanford
researcher Victor Scheinman for General Motors
in 1978.2 The PUMA200 consisted of a single
arm and computer control monitor. This would
go on to be used by a group of radiologists at Me-
morial Medical Center in Long Beach, California
for use in CT-guided brain tumor biopsies.3 The
success of this group encouraged translation in
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the urology field for the use of the PUMA in prosta-
tectomies in the late 1980s.4 However, early appli-
cations were constrained to fixed targets due to
the limitations of an immobile arm.

Government-funded research on robotic appli-
cations in surgery was spurred by an initiative to
send a human to Mars announced in 1989 by
former president George H.W. Bush as well as in-
terest by the US Department of Defense in
providing remote wartime medical assistance.
NASA began researching applications of
remotely controlled surgical instruments to
perform emergency surgical procedures on as-
tronauts.5 Early ideas for robotically controlled
surgical gloves evolved to robotic arms.5 Robotic
technology and applications have continued to
evolve since the birth of robotics. Modern robotic
technology now allows for precise surgical
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control in dynamic environments, allowing for an
ever-growing number of applications of this
technology.
Robotic technology was applied in the setting of

prophylactic nipple-sparing mastectomy (NSM)
for breast cancer gene (BRCA) patients in
2016.6,7 Although criticized for having a steep
learning curve, robotic NSM is now regarded as
a viable option, which may improve patient out-
comes.8,9 Improved visualization and ergonomics
were reported as early advantages of robotic
NSM.6 Robotic NSM has been shown to have su-
perior outcomes in terms of overall complication
rates, wound healing complications, and nipple
necrosis rates, likely due to decreased traction
on the skin and remote incision placement.6,7,9–11

Patient satisfaction and esthetic outcomes have
also been shown to be high with robotic mastec-
tomy, and oncologic safety data are promising.9,12

Consensus statements regarding robotic NSM
were developed by the Expert Panel from Interna-
tional Endoscopic and Robotic Breast Surgery
Symposium in 2019.13 A summary of their recom-
mendations includes:

� Indications for robotic NSM include:
a
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� Prophylactic mastectomies
� Small breast size with Stage II or less tumor
(up to 5 cm) and adequate skin-tumor dis-
tance on preoperative imaging

� Stage IIIA tumors with adequate response
to neoadjuvant therapy

� No skin involvement
� Contraindications for robotic NSM include:

� Large or ptotic breasts due to technical dif-
ficulty (relative contraindication)

� High-anesthetic risk patients (relative
contraindication)

� Pectoralis muscle or chest wall invasion
� Inflammatory breast cancer
� Nipple-areolar complex involvement

� Technical considerations:
� Recommended incision placement is ante-
rior axillary line at the level of the nipple-
areolar complex

� Recommended skin flap development pre-
docking with blunt tunneling with scissors
and post-docking dissection with monopo-
lar scissors

� Recommend intraoperative sub-nipple
frozen biopsies

� Standard postoperative drainage
Institutions participating in the multicenter Investigationa
omy include: University of Texas M.D. Anderson Cancer Ce
ayo Clinic Rochester, NorthShore University Health System
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� In the United States, there is currently a multi-
center Investigational Device Exemption trial
sponsored by Intuitive Surgical in collabora-
tion with the Food and Drug Administration
(FDA) to achieve an FDA-approved indication
for the Da Vinci robot for robotic NSM.a End
points include 30-day complications, conver-
sion to open technique, adverse events
related to the device, and reconstructive com-
plications. Approval is anticipated.
CURRENT APPLICATIONS OF ROBOTICS IN
BREAST RECONSTRUCTION
Alloplastic Reconstruction Following Nipple-
Sparing Mastectomy

Background

Immediate reconstruction of the breast may be
completed with either autologous tissue or al-
loplastic devices following robotic NSM.

Patient positioning and robot setup
The patient remains in supine for the duration of
the procedure. Placement of the ipsilateral arm
over the head is the preferred position for robotic
mastectomy and implant-based reconstruction.13

Alternatively, the arm can be abducted to 90� and
secured on an arm board. The robot (da Vinci Sur-
gical System, Intuitive Surgical, Sunnyvale, CA) is
positioned at the patient’s head. Tumescence so-
lution with epinephrine may be infiltrated into the
breast before mastectomy to assist with hemo-
stasis and visualization.7,11,14 Blue dye may be
injected using a hypodermic needle at the bor-
ders of the breast to prevent over dissection.15

A 4 to 4.5 cm incision is made at the anterior axil-
lary line to allow access for both the mastectomy
and reconstruction. Our preference is to place
this incision at the level of the nipple-areolar com-
plex to allow for unobstructed rotation of the
robot with the arm secured on an arm board,
whereas more superior incision placement in the
axilla can place the arm at risk of injury from the
robot (Fig. 1). Mastectomy is completed using a
single port and 8 mm Hg of insufflation.6,16 Insuf-
flation allows for uniform doming of the skin
without the use of external retractors (Fig. 2).
The breast tissue is raised first off of the pectora-
lis muscle, followed by anterior dissection, to
allow for easier identification of the end point of
superficial dissection.15
l Device Exemption Trial for Nipple Sparing Mastec-
nter, University of Pennsylvania, Northwell Health,
, and Mayo Clinic Florida.
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Fig. 1. Incision and specimen from a robotic nipple-
sparing mastectomy.

Fig. 2. Robot setup and patient positioning for
nipple-sparing mastectomy are shown. The breast is
transilluminated which aids with dissection.

Fig. 3. Acellular dermal matrix inset is planned before
insertion.
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Operative technique
Following completion of the mastectomy, recon-
struction may be completed in either a prepectoral
or subpectoral plane. Subpectoral reconstruction
proceeds with the development of the subpectoral
plane through direct visualization from the lateral
chest wall incision. The single-port system is
then reintroduced, and insufflation commences.
The subpectoral plane is then developed using
monopolar scissors. The robot is then undocked
and removed. Partial serratus may be elevated un-
der direct visualization for a complete submuscu-
lar pocket. A silicone implant sizer is then placed
to verify pocket dissection. If pocket revisions
are necessary, these may be completed using a
lighted surgical light emitting diode (LED) retractor
(OBP Surgical, Lawrence, MA). The field is the re-
prepped, and the silicone implant is placed. The
muscle is then reapproximated with sutures using
a lighted retractor. Irrigation is performed, and two
drains are placed before skin closure.

Subcutaneous implant placement is also
possible given the remote incision location if
adequate mastectomy flap thickness is preserved.
Alternatively, placement of acellular dermal matrix
using robotic techniques has been described and
is our preferred technique.17 An implant sizer is
placed in the subcutaneous plane, and the implant
borders are marked externally on the skin surface
to be used as landmarks (Fig. 3). Acellular dermal
matrix is then trimmed to the appropriate size and
contour on the back table for the chosen implant. If
a tissue expander has been chosen, it is then
placed into the pocket and the robot is used to
secure the tabs. The expander is filled with air to
the desired volume (Fig. 4). Acellular dermal matrix
is then introduced into the mastectomy pocket
and draped over the expander. The robot is then
reintroduced, and external skin markings are
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library 
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palpated by an assistant to guide robotic suturing
of the acellular dermal matrix into the appropriate
position using a parachute method. Alternatively,
for direct-to-implant reconstruction, the acellular
dermal matrix is secured into the appropriate posi-
tion in the pocket first using robot-assisted sutures
medially, superiorly, and laterally. The implant is
then inserted followed by completion of suturing
of the lateral border of the acellular dermal matrix
under direct visualization. Pocket control and su-
turing of the internal mammary fold may also be
completed with the robot.
of Health and Social Security de ClinicalKey.es por Elsevier en abril 28, 2023. 
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Fig. 4. Tissue expander is place into the mastectomy
pocket and inflated to the desired fill volume with
air. Acellular dermal matrix (ADM) is draped over
the expander and secured in place using the robot us-
ing a parachute method.
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Robotic Deep Inferior Epigastric Perforator
Flap Harvest

Background
As autologous breast reconstruction, with the
abdominal donor site as the workhorse, has
become the gold standard, efforts have long
been directed at reducing donor site morbidity.
The evolution of muscle preserving techniques,
culminating with the deep inferior epigastric perfo-
rator (DIEP) flap, has helped to decrease abdom-
inal wall complications to some extent. However,
hernia and bulge remain a concern, with rates of
abdominal wall weakness of up to 20% being re-
ported after DIEP flap harvest (Fig. 5).18–22

Although flap dissection using the lateral row per-
forators results in lower incidences of fat necrosis
and a more expedient flap harvest due to a shorter
Fig. 5. Fascial incision is shown in a traditional DIEP
flap harvest.
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intramuscular course compared with medial row
perforators, hernia and bulge weakness is
increased due to the sacrifice of motor nerves to
the rectus abdominis muscle.21,23–26

Robotic DIEP flap harvest overcomes these
challenges by allowing for rapid pedicle harvest
from a submuscular approach, allowing for all mo-
tor nerves to be spared while limiting the fascial
incision. A robotic, intraperitoneal approach to
the DIEP flap pedicle harvest was first described
by Gundlapalli and colleagues.27 Initial reports by
several centers have been promising for excellent
outcomes using the robotic approach to DIEP flap
harvest, with no flap losses, intra-abdominal com-
plications, or postoperative hernia/bulge having
yet been reported in the literature.28–31 We recently
reported the largest series of intraperitoneal ro-
botic DIEPs to date with no microvascular compli-
cations and subjectively improved donor site
discomfort.29 Currently, four major US centers
are performing intraperitoneal robotic DIEPS na-
tionally, including MD Anderson, Northwell Health,
University of Pittsburgh, and Cleveland Clinic.
Other minimally invasive approaches including
laparoscopic and extraperitoneal approaches
have also been explored with more limited
adoption.

Preoperative planning
Preoperative imaging is mandatory for planning for
robotic DIEP flap harvest. A computed tomogra-
phy angiography or magnetic resonance angiog-
raphy may be performed at the preference of the
surgeon. Perforators are identified on imaging. Pa-
tients with a single-dominant perforator or two
closely grouped perforators with a short intramus-
cular course are considered candidates for robotic
DIEP flap harvest. If multiple perforators or rows
are required for harvest, an open approach is
used. After identifying target perforators, intra-
muscular course is determined. A lateral row
perforator is selected if possible for a shorter intra-
muscular course. The intramuscular course is
measured and subtracted from the total pedicle
length to the external iliac origin to determine the
benefit of spared fascial incision length (Fig. 6).32

In appropriate candidates, an average of 9.1 cm
of fascial incision benefit has been reported on im-
aging studies.33 An estimated 27% of abdominally
based flap patients are candidates for robotic flap
harvest.33 This is based on a cutoff of a 4-cm intra-
muscular course. If indications are expanded to
include any patient for whom dissection below
the arcuate line can be avoided, the number of
eligible patients goes up to 70%. Avoiding dissec-
tion below the arcuate line is hypothesized to be
the functional cutoff that makes the most
lth and Social Security de ClinicalKey.es por Elsevier en abril 28, 2023. 
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Fig. 6. Sagittal view of deep inferior epigastric CT
angiography analysis showing length intramuscular
course (red), length of pedicle (yellow) and derived
benefit from subtraction of length of intramuscular
course from pedicle length (green).

Fig. 7. Length of fascial incision for a periumbilical
perforator is shown.

Fig. 8. Port placement for robotic DIEP flap harvest is
shown. The patient’s head is to the left in the photog-
raphy. Left DIEP flap harvest is being completed.
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difference in abdominal wall morbidity as the ante-
rior layers of the sheath provide the most structural
integrity above the arcuate line.

Patient positioning and robot setup
Standard abdominal flap markings are performed
preoperatively. The patient is positioned in a su-
pine position with bilateral arms abducted on
arm boards at 90�. The operation begins with stan-
dard DIEP flap harvest with flap elevation and
isolation on target perforators based on preopera-
tive imaging. Following confirmation of adequate
perfusion on chosen perforator(s), the fascia is
incised and intramuscular dissection of the perfo-
rator is performed. The fascial incision is typically
limited to 2 to 4 cm (Fig. 7). When the submuscular
portion of the pedicle is encountered, the flap is
secured and the robot is brought into the operating
field. The robot is positioned with arms at 90� at
the patient’s side, on the ipsilateral side of the
flap for unilateral harvest with arms docked across
the patient on the contralateral side of the
abdomen. For a bilateral harvest, central docking
above the umbilicus provides exposure to both
DIEP pedicles. A Da Vinci Si or Xi robot system
can be used for DIEP flap harvest; however, rota-
tion of the arms on a boom with the Xi allows for
completion of bilateral reconstruction without
repositioning the robot.

Operative technique
Our preferred method to access the peritoneal cav-
ity is with a Veress insufflation needle technique. An
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library 
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AirSeal port is placed (CONMED, Utica, NY) and
pneumoperitoneum established at 10 to 15 mm
Hg. A 30� camera scope is placed through the
insufflation port. Three 8 mm ports are then placed
through the fascia under direct visualization on the
contralateral side for unilateral flaps at a line con-
necting the anterior axillary line and the anterior su-
perior iliac spine (ASIS). The cranial port should be
placed inferior to the costal margin and the caudal
port superior to the ASIS. The middle port is placed
between these two ports. The ports are placed
lateral to the semilunar line to maximize the visual-
ization and freedom of movement (Fig. 8).

Following docking of the robot, the inferior
epigastric pedicle is visualized superficial to the
peritoneum. The peritoneum is sharply incised us-
ing monopolar scissors and bipolar graspers.
Dissection starts near the origin of the pedicle
from the external iliac vessels and proceeds to
the perforator. When the fascial opening is
encountered, gas may leak from this opening
of Health and Social Security de ClinicalKey.es por Elsevier en abril 28, 2023. 
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and can be controlled by gentle pressure with a
moist lap pad by the sterile assistant. When the
pedicle is freed, a clip is placed across the origin
of the vessels. The pedicle is then divided and
removed through the fascial opening (Fig. 9). The
pneumoperitoneum is then decreased to 8 to
10 mm Hg to allow for a tension-free robotic
closure. The posterior rectus sheath is closed
with a running barbed suture. Our practice is to
complete the peritoneal closure, although the
flap is ischemic, as this typically takes less than
15 minutes. Microsurgical anastomosis of the
flap then proceeds in typical fashion.

Future directions
Jung and colleagues34 reported early findings
from robotic harvest of the DIEP pedicle in an
extraperitoneal plane. They report the use of a da
Vinci SP robot (Intuitive Surgical, Sunnyvale, CA).
Using a single-port system allowed for access
into the narrow preperitoneal potential space and
development of a dissection plane. Their early
findings are promising, and further experience
with this technique is needed. The senior author
has used the single-port system in the laboratory
for bilateral DIEP harvests from a central, subxi-
phoid dock and it seems to be smooth and rela-
tively straightforward.35
Fig. 9. Pedicle length compared with fascial incision
in robotic DIEP flap harvest is shown. Note that the
less than 2 cm fascial incision in the bottom left corner
of figure. Patient’s head is toward the bottom of the
photograph.
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Robotic-Assisted Microsurgery

Robotic microanastomosis
Some of the earliest reported applications of ro-
botic technology were to perform vascular anasto-
moses. Robotic coronary artery bypass grafting
was first reported in animal models and then suc-
cessfully applied in human trials with high graft
patency rates.36–39 This was followed by preclini-
cal feasibility studies in microsurgery.40–43 The first
in vivo robotic microanastomosis in plastic surgery
was reported by Selber in reconstruction of a floor
of mouth defect using an anterolateral thigh flap.
The 2-mm arterial vessels were anastomosed
end-to-end using Black Diamond robotic needle
drivers.44 Robotic systems allow for magnification
with high-definition optics, motion scaling, and
tremor elimination, making the applicability to
microsurgery appealing. Acquisition of robotic
microsurgery skills has been shown to be
rapid.45–47

If being used in conjunction with a robotic NSM,
the thoracodorsal vessels may easily be accessed
through the anterior axillary incision for use as
recipient vessels. Robotic anastomosis may be
completed in this scenario for a uniquely inte-
grated robotic breast reconstruction experience.
The robot allows for the completion of microana-
stomosis in a narrow space and may also be
used with DIEP flap reconstruction to internal
mammary vessels, allowing for a rib-sparing
vessel harvest with excellent pedicle length trans-
posed through a proximal rib opening.48 Robotic
microanastomosis allows for ergonomic operating
and may evolve to be the standard for microsur-
gical technique in the future, especially as robotic
systems specialized for microsurgery continue to
evolve.46,49
Robotic supermicrosurgery
Two things have occurred to push the field of ro-
botic microsurgery forward. One is that surgical
robots continue to differentiate into more task-
oriented and specific devices. This allows smaller,
more compact devices with better optical systems
and more extreme motion scaling to have
emerged. At the same time, lymphedema surgery
and supermicrosurgery have become more impor-
tant parts of care of the patient with breast cancer.
Supermicrosurgery on vessels between 0.2 and
0.8 mm challenges the limits of human physiology.
Our operating microscopes have enhanced our
vision exponentially, but we have had no such en-
hancements of our physical movements. Two
microsurgical robots have emerged to address
supermicrosurgery, specifically treatment and
prophylactic lymphovenous bypass. These
lth and Social Security de ClinicalKey.es por Elsevier en abril 28, 2023. 
. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Modern Innovations in Breast Surgery 363
procedures are technically challenging and in the
case of prophylactic lymphovenous bypass are
performed at steep angles in the axilla. The
MUSA (Microsure, Maastricht, Holland) is one
such robot that takes the advantage of existing
microsurgical instruments but uses hand controls
and allows continuous motion scaling and tremor
elimination.46,50 The SYMANI (MMI, Calci, Italy)
has built its own instrumentation based on a
massively scaled down version of Intuitive pulley
technology.51 Both of these devices are CE (Con-
formité Européenne) marked in Europe and should
be expected to make landfall in the States. These
robots will likely find a place in precision anasto-
moses in lymphedema and other applications.

Robotic Latissimus Dorsi Pedicled Muscle Flap
Reconstruction

Background
Latissimus dorsi pedicled muscle flap for implant
coverage remains an option for reconstruction in
patients who are not candidates for free tissue
transfer or at institutions without microsurgical ca-
pabilities. As traditional latissimus muscle harvest
requires a lengthy incision for visualization and
pedicle isolation, early attempts at improving
donor site morbidity through minimally invasive
harvest using an endoscope were trialed in the
late twentieth century.52–54 However, this proved
to be limited by endoscope rigidity, the curvature
of the thoracic cage and the lack of fine move-
ments or multiple degrees of freedom at the instru-
ment tips. The first report of robotic latissimus
muscle harvest feasibility in cadavers was pub-
lished by Selber.55 A case series including five
pedicled latissimus for implant-based breast
reconstruction was then reported by Selber and
colleagues, 56,57 showing a rapid, shallow learning
curve with decreased operative time for flap har-
vest. Latissimus harvest both in conjunction with
robotic NSM and for use in a delayed fashion for
robotic implant-based breast reconstruction has
since been reported to be safe and with good out-
comes and by several groups.11,58,59

Patient positioning and robot setup
The latissimus borders are marked preoperatively.
The patient is positioned in lateral decubitus,
similar to open latissimus muscle flap harvest. A
short, vertical incision at the anterior axillary line
may be used to access both the mastectomy
and latissimus dissection for immediate recon-
struction. Alternatively, a previously made axillary
or mastectomy incision can be reused when per-
forming delayed reconstruction. Superficial
dissection is initiated under direct visualization us-
ing monopolar electrocautery and a lighted
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library 
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surgical LED retractor to allow for port placement.
The robot is then placed at the side of the table
posterior to the patient with the arms aligned in
the plane of the muscle and parallel to the floor.
Operative technique
Following superficial dissection, three ports are
placed subcutaneously. Ports are placed at 7,
14, and 21 cm from the posterior axillary crease
in a line just anterior to the edge of the muscle.
Insufflation commences and is set to 10 mm Hg.
The dissection of the muscle begins first along
the deep surface. This plane is relatively avascular,
and insufflation assists with dissection. Monopolar
scissors and a grasper are used for dissection,
and vessels are mostly cauterized. If particularly
large, a vessel can be clipped with robotic clip ap-
pliers, but this is rare. The subcutaneous dissec-
tion is performed after the superficial dissection
is complete to prevent insufflation pressure com-
pressing the muscle against the chest wall during
deep dissection. The superficial dissection is
completed in a similar manner, and themuscle dis-
inserted from inferior and posterior attachments.
The arm may need to be repositioned by an assis-
tant at the inferior and superior extents of the mus-
cle dissection to avoid collisions among the robot
arms at the extremes of dissection. The axillary
dissection is completed last with division of the
tendon, taking care to avoid injury to the pedicle.
The robot is then undocked, and the muscle is
passed through the access incision. Drains are
placed in the donor site through the two lower
ports before closure. For patients that require a
muscle only latissimus for breast reconstruction,
the robotic approach offers a minimally invasive
technique that is reliable and safe. Indications
are mostly for patients who had good expansion
despite postmastectomy radiation, but whose
overlying skin would be jeopardized by a proper
capsulectomy and implant placement, making a
vascularized muscle layer valuable. It is inset and
serves a similar function to ADM; only it carries a
robust blood supply and has better excursion
and lower pole support than the pectoralis.
Robotic applications to breast-conserving
therapy
A pedicled latissimus muscle flap has also been
described as a safe option for the reconstruction
of segmental mastectomy defects in patients
with low breast volume or high relative tumor
size to breast volume.60 Robotic harvest of the la-
tissimus muscle flap may also be applied safely for
this application. Lai and colleagues61 have
described excellent outcomes using a robotic
of Health and Social Security de ClinicalKey.es por Elsevier en abril 28, 2023. 
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latissimus to preserve breast volume in oncoplas-
tic reconstruction.

DISCUSSION

Several applications of robotic surgery exist both
in breast surgery and plastic and reconstructive
surgery. However, at this time, US FDA approval
has not yet been obtained for robotic mastectomy
or for any plastic surgery applications of robotic
surgery. Therefore, all applications are currently
considered off-label. Robotic mastectomy and
reconstructive surgery have been shown to be
safe and viable options. A 501(k) FDA approval
prospective safety and outcomes study of robotic
latissimus harvest was recently published by our
group.62

SUMMARY

Robotic surgery allows for minimal access inci-
sions and decreased donor site morbidity in breast
surgery and breast reconstruction. Although a
learning curve exists for use of this technology, it
can be safely applied with careful preoperative
planning. Robotic NSM may be combined with
either robotic alloplastic or autologous reconstruc-
tion in the appropriate patient.

CLINICS CARE POINTS
� Ensure safe positioning of the arms during ro-
botic breast surgery to avoid neurovascular
injury and impingement from the robot.

� Carefully plan both incision placements and
port placements to maximize access to surgi-
cal areas and robotic camera view.

� It is easier to become disoriented with breast
borders during robotic mastectomy and acel-
lular dermal matrix parachute suturing;
therefore, attention to marking of breast
borders and planning is necessary.

� The standard use of drains is recommended
for robotic flap donor sites and mastectomy
sites.

� Preoperative imaging is mandatory to deter-
mine which patients will benefit from robotic
deep inferior epigastric perforator flap har-
vest through evaluating the potential fascial
benefit by subtracting the intramuscular
length from the total pedicle length.

� A pedicle latissimus muscle flap may be used
in breast reconstruction for implant coverage
or for reconstruction of breast conserving
therapy defects in patients with small breasts

gado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Hea
Para uso personal exclusivamente. No se permiten otros usos sin autorización
DISCLOSURE

The authors have no disclosures. No funding was
received for completion of this article.
REFERENCES

1. Albus JS, United S, Robot Institute of A, Center for

Mechanical E, Process T. NBS/RIA Robotics

Research Workshop: proceedings of the NBS/RIA

Workshop on Robotic Research, held at the National

Bureau of Standards in Gaithersburg, MD, on

November 13-15, 1979. NBS special publication

;602. U.S. Dept. of Commerce, National Bureau of

Standards : For sale by the Supt. of Docs., U.S.

G.P.O.; 1981:iv, 49 p.

2. �Sabanovi�c PAS. Victor Scheinman, an oral history.

Bloomington, Indiana: Indiana University; 2010.

3. Kwoh YS, Hou J, Jonckheere EA, et al. A robot with

improved absolute positioning accuracy for CT

guided stereotactic brain surgery. IEEE Trans Bio-

med Eng 1988;35(2):153–60.

4. Davies BL, Hibberd RD, Ng WS, et al. The develop-

ment of a surgeon robot for prostatectomies. Proc

Inst Mech Eng H 1991;205(1):35–8.

5. Leal Ghezzi T, Campos Corleta O. 30 years of robotic

surgery. World J Surg Oct 2016;40(10):2550–7.

6. Toesca A, Peradze N, Galimberti V, et al. Robotic

nipple-sparing mastectomy and immediate breast

reconstruction with implant: first report of surgical

technique. Ann Surg 2017;266(2):e28–30.

7. Sarfati B, Honart JF, Leymarie N, et al. Robotic da

Vinci Xi-assisted nipple-sparing mastectomy: first

clinical report. Breast J 2018;24(3):373–6.

8. Lai HW, Wang CC, Lai YC, et al. The learning curve

of robotic nipple sparing mastectomy for breast can-

cer: an analysis of consecutive 39 procedures with

cumulative sum plot. Eur J Surg Oncol 2019;45(2):

125–33.

9. Lai HW, Chen ST, Mok CW, et al. Robotic versus con-

ventional nipple sparing mastectomy and immediate

gel implant breast reconstruction in the manage-

ment of breast cancer- A case control comparison

study with analysis of clinical outcome, medical

cost, and patient-reported cosmetic results. J Plast

Reconstr Aesthet Surg 2020;73(8):1514–25.

10. Lee J, Park HS, Lee H, et al. Post-operative compli-

cations and nipple necrosis rates between conven-

tional and robotic nipple-sparing mastectomy.

Front Oncol 2020;10:594388.

11. Houvenaeghel G, Bannier M, Rua S, et al. Robotic

breast and reconstructive surgery: 100 procedures

in 2-years for 80 patients. Surg Oncol 2019;31:

38–45.

12. Toesca A, Invento A, Massari G, et al. Update on the

feasibility and progress on robotic breast surgery.

Ann Surg Oncol 2019;26(10):3046–51.
lth and Social Security de ClinicalKey.es por Elsevier en abril 28, 2023. 
. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0094-1298(22)00113-4/sref2
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref2
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref2
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref3
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref3
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref3
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref3
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref4
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref4
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref4
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref5
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref5
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref6
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref6
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref6
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref6
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref7
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref7
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref7
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref8
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref8
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref8
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref8
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref8
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref9
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref9
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref9
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref9
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref9
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref9
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref9
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref10
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref10
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref10
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref10
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref11
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref11
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref11
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref11
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref12
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref12
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref12


Modern Innovations in Breast Surgery 365
13. Lai HW, Toesca A, Sarfati B, et al. Consensus state-

ment on robotic mastectomy-expert panel from inter-

national endoscopic and robotic breast surgery

symposium (IERBS) 2019. Ann Surg 2020;271(6):

1005–12.

14. Sarfati B, Struk S, Leymarie N, et al. Robotic nipple-

sparing mastectomy with immediate prosthetic

breast reconstruction: surgical technique. Plast Re-

constr Surg 2018;142(3):624–7.

15. Selber JC. Robotic nipple-sparing mastectomy: the

next step in the evolution of minimally invasive

breast surgery. Ann Surg Oncol 2019;26(1):10–1.

16. Lai HW, Lin SL, Chen ST, et al. Robotic nipple-

sparing mastectomy and immediate breast recon-

struction with gel implant. Plast Reconstr Surg

Glob Open 2018;6(6):e1828.

17. Jeon DN, Kim J, Ko BS, et al. Robot-assisted breast

reconstruction using the prepectoral anterior tenting

method. J Plast Reconstr Aesthet Surg 2021;74(11):

2906–15.

18. Park JW, Lee H, Jeon BJ, et al. Assessment of the

risk of bulge/hernia formation after abdomen-

based microsurgical breast reconstruction with the

aid of preoperative computed tomographic

angiography-derived morphometric measurements.

J Plast Reconstr Aesthet Surg 2020;73(9):1665–74.

19. Siegwart LC, Sieber L, Fischer S, et al. The Use of

semi-absorbable mesh and its impact on donor-

site morbidity and patient-reported outcomes in

DIEP flap breast reconstruction. Aesthetic Plast

Surg 2021;45(3):907–16.

20. Haddock NT, Culver AJ, Teotia SS. Abdominal weak-

ness, bulge, or hernia after DIEP flaps: an algorithm

of management, prevention, and surgical repair with

classification. J Plast Reconstr Aesthet Surg 2021;

74(9):2194–201.

21. Elver AA, Matthews SA, Egan KG, et al. Character-

izing outcomes of medial and lateral perforators in

deep inferior epigastric perforator flaps. J Reconstr

Microsurg 2022. https://doi.org/10.1055/s-0042-

1744310.

22. Mortada H, AlNojaidi TF, AlRabah R, et al. Morbidity

of the donor site and complication rates of breast

reconstruction with autologous abdominal flaps: a

systematic review and meta-analysis. Breast J

2022;2022:7857158.

23. Uda H, Tomioka YK, Sarukawa S, et al. Comparison

of abdominal wall morbidity between medial and

lateral row-based deep inferior epigastric perforator

flap. J Plast Reconstr Aesthet Surg 2015;68(11):

1550–5.

24. Rozen WM, Ashton MW, Kiil BJ, et al. Avoiding

denervation of rectus abdominis in DIEP flap harvest

II: an intraoperative assessment of the nerves to

rectus. Plast Reconstr Surg 2008;122(5):1321–5.

25. Kamali P, Lee M, Becherer BE, et al. Medial row per-

forators are associated with higher rates of fat
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library 
Para uso personal exclusivamente. No se permiten otros usos sin autor
necrosis in bilateral DIEP flap breast reconstruction.

Plast Reconstr Surg 2017;140(1):19–24.

26. Hembd A, Teotia SS, Zhu H, et al. Optimizing perfo-

rator selection: a multivariable analysis of predictors

for fat necrosis and abdominal morbidity in DIEP flap

breast reconstruction. Plast Reconstr Surg 2018;

142(3):583–92.

27. Gundlapalli VS, Ogunleye AA, Scott K, et al. Ro-

botic-assisted deep inferior epigastric artery perfo-

rator flap abdominal harvest for breast

reconstruction: a case report. Microsurgery 2018;

38(6):702–5.

28. Wittesaele W, Vandevoort M. Implementing the Ro-

botic deep inferior epigastric perforator Flap in daily

practice: a series of 10 cases. J Plast Reconstr Aes-

thet Surg 2022;75(8):2577–83.

29. Bishop SN, Asaad M, Liu J, et al. Robotic harvest of

the deep inferior epigastric perforator flap for breast

reconstruction: a case series. Plast Reconstr Surg

2022;149(5):1073–7.

30. Daar DA, Anzai LM, Vranis NM, et al. Robotic deep

inferior epigastric perforator flap harvest in breast

reconstruction. Microsurgery 2022;42(4):319–25.

31. Piper M, Ligh CA, Shakir S, et al. Minimally invasive

robotic-assisted harvest of the deep inferior epigas-

tric perforator flap for autologous breast reconstruc-

tion. J Plast Reconstr Aesthet Surg 2021;74(4):

890–930.

32. Selber JC. The robotic DIEP flap. Plast Reconstr

Surg 2020;145(2):340–3.

33. Kurlander DE, Le-Petross HT, Shuck JW, et al. Ro-

botic DIEP patient selection: analysis of CT angiog-

raphy. Plast Reconstr Surg Glob Open 2021;9(12):

e3970.

34. Jung JH, Jeon YR, Lee DW, et al. Initial report of ex-

traperitoneal pedicle dissection in deep inferior

epigastric perforator flap breast reconstruction us-

ing the da Vinci SP. Arch Plast Surg 2022;49(1):

34–8.

35. Choi JH, Song SY, Park HS, et al. Robotic DIEP flap

harvest through a totally extraperitoneal approach

using a single-port surgical robotic system. Plast

Reconstr Surg 2021;148(2):304–7.

36. Stephenson ER Jr, Sankholkar S, Ducko CT, et al.

Robotically assisted microsurgery for endoscopic

coronary artery bypass grafting. Ann Thorac Surg

1998;66(3):1064–7.

37. Damiano RJ Jr, Ducko CT, Stephenson ER Jr, et al.

Robotically assisted coronary artery bypass graft-

ing: a prospective single center clinical trial.

J Cardiovasc Surg 2000;15(4):256–65.

38. Damiano RJ Jr, Tabaie HA, Mack MJ, et al. Initial pro-

spective multicenter clinical trial of robotically-

assisted coronary artery bypass grafting. Ann Thorac

Surg 2001;72(4):1263–8 [discussion: 1268-9].

39. Li RA, Jensen J, Bowersox JC. Microvascular anas-

tomoses performed in rats using a microsurgical
of Health and Social Security de ClinicalKey.es por Elsevier en abril 28, 2023. 
ización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0094-1298(22)00113-4/sref13
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref13
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref13
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref13
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref13
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref14
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref14
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref14
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref14
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref15
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref15
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref15
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref16
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref16
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref16
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref16
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref17
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref17
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref17
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref17
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref18
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref18
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref18
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref18
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref18
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref18
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref19
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref19
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref19
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref19
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref19
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref20
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref20
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref20
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref20
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref20
https://doi.org/10.1055/s-0042-1744310
https://doi.org/10.1055/s-0042-1744310
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref22
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref22
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref22
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref22
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref22
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref23
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref23
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref23
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref23
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref23
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref24
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref24
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref24
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref24
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref25
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref25
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref25
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref25
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref26
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref26
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref26
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref26
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref26
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref27
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref27
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref27
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref27
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref27
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref28
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref28
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref28
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref28
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref29
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref29
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref29
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref29
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref30
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref30
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref30
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref31
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref31
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref31
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref31
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref31
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref32
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref32
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref33
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref33
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref33
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref33
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref34
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref34
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref34
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref34
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref34
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref35
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref35
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref35
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref35
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref36
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref36
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref36
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref36
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref37
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref37
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref37
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref37
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref38
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref38
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref38
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref38
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref39
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref39


Egan & Selber366

Descar
telemanipulator. Comput Aided Surg 2000;5(5):

326–32.

40. Karamanoukian RL, Finley DS, Evans GR, et al.

Feasibility of robotic-assisted microvascular anasto-

moses in plastic surgery. J Reconstr Microsurg

2006;22(6):429–31.

41. Katz RD, Rosson GD, Taylor JA, et al. Robotics in

microsurgery: use of a surgical robot to perform a

free flap in a pig. Microsurgery 2005;25(7):566–9.

42. Katz RD, Taylor JA, Rosson GD, et al. Robotics in

plastic and reconstructive surgery: use of a telema-

nipulator slave robot to perform microvascular anas-

tomoses. J Reconstr Microsurg 2006;22(1):53–7.

43. Knight CG, Lorincz A, Cao A, et al. Computer-assis-

ted, robot-enhanced open microsurgery in an ani-

mal model. J Laparoendosc Adv Surg Tech A

2005;15(2):182–5.

44. Selber JC. Transoral robotic reconstruction of

oropharyngeal defects: a case series. Plast Re-

constr Surg 2010;126(6):1978–87.

45. Alrasheed T, Liu J, Hanasono MM, et al. Robotic

microsurgery: validating an assessment tool and

plotting the learning curve. Plast Reconstr Surg

2014;134(4):794–803.

46. van Mulken TJM, Boymans C, Schols RM, et al. Pre-

clinical experience using a new robotic system

created for microsurgery. Plast Reconstr Surg

2018;142(5):1367–76.

47. Selber JC, Alrasheed T. Robotic microsurgical

training and evaluation. Semin Plast Surg 2014;

28(1):5–10.

48. Boyd B, Umansky J, Samson M, et al. Robotic har-

vest of internal mammary vessels in breast recon-

struction. J Reconstr Microsurg 2006;22(4):261–6.

49. Lindenblatt N, Grünherz L, Wang A, et al. Early

experience using a new robotic microsurgical sys-

tem for lymphatic surgery. Plast Reconstr Surg

Glob Open 2022;10(1):e4013.

50. van Mulken TJM, Schols RM, Scharmga AMJ, et al.

First-in-human robotic supermicrosurgery using a

dedicated microsurgical robot for treating breast

cancer-related lymphedema: a randomized pilot

trial. Nat Commun 2020;11(1):757.

51. Ballestı́n A, Malzone G, Menichini G, et al. New ro-

botic system with wristed microinstruments allows

precise reconstructive microsurgery: preclinical

study. Ann Surg Oncol 2022. https://doi.org/10.

1245/s10434-022-12033-x.
gado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Hea
Para uso personal exclusivamente. No se permiten otros usos sin autorización
52. Fine NA, Orgill DP, Pribaz JJ. Early clinical experience

in endoscopic-assisted muscle flap harvest. Ann

Plast Surg 1994;33(5):465–9 [discussion: 469-72].

53. Van Buskirk ER, Rehnke RD, Montgomery RL, et al.

Endoscopic harvest of the latissimus dorsi muscle us-

ing the balloon dissection technique. Plast Reconstr

Surg 1997;99(3):899–903 [discussion: 904-5].

54. Lin CH, Wei FC, Levin LS, et al. Donor-site morbidity

comparison between endoscopically assisted and

traditional harvest of free latissimus dorsi muscle

flap. Plast Reconstr Surg 1999;104(4):1070–7

[quiz: 1078].

55. Selber JC. Robotic latissimus dorsi muscle harvest.

Plast Reconstr Surg 2011;128(2):88e–90e.

56. Selber JC, Baumann DP, Holsinger CF. Robotic har-

vest of the latissimus dorsi muscle: laboratory and

clinical experience. J Reconstr Microsurg 2012;

28(7):457–64.

57. Selber JC, Baumann DP, Holsinger FC. Robotic latis-

simus dorsi muscle harvest: a case series. Plast Re-

constr Surg 2012;129(6):1305–12.

58. Lai HW, Lin SL, Chen ST, et al. Robotic nipple

sparing mastectomy and immediate breast recon-

struction with robotic latissimus dorsi flap harvest -

technique and preliminary results. J Plast Reconstr

Aesthet Surg 2018;71(10):e59–61.

59. Fouarge A, Cuylits N. From open to robotic-assisted

latissimus dorsi muscle flap harvest. Plast Reconstr

Surg Glob Open 2020;8(1):e2569.

60. Mericli AF, Szpalski C, Schaverien MV, et al. The la-

tissimus dorsi myocutaneous flap is a safe and

effective method of partial breast reconstruction in

the setting of breast-conserving therapy. Plast Re-

constr Surg 2019;143(5):927e–35e.

61. Lai HW, Chen ST, Lin SL, et al. Technique for single

axillary incision robotic assisted quadrantectomy

and immediate partial breast reconstruction with ro-

botic latissimus dorsi flap harvest for breast cancer:

a case report. Medicine (Baltimore) 2018;97(27):

e11373.

62. Shuck J, Asaad M, Liu J, et al. Prospective pilot

study of robotic-assisted harvest of the latissimus

dorsi muscle: a 510(k) approval study with U.S.

food and drug administration investigational device

exemption. Plast Reconstr Surg 2022;149(6):

1287–95.
lth and Social Security de ClinicalKey.es por Elsevier en abril 28, 2023. 
. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0094-1298(22)00113-4/sref39
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref39
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref40
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref40
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref40
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref40
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref41
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref41
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref41
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref42
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref42
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref42
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref42
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref43
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref43
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref43
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref43
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref44
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref44
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref44
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref45
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref45
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref45
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref45
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref46
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref46
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref46
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref46
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref47
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref47
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref47
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref48
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref48
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref48
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref49
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref49
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref49
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref49
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref50
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref50
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref50
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref50
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref50
https://doi.org/10.1245/s10434-022-12033-x
https://doi.org/10.1245/s10434-022-12033-x
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref52
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref52
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref52
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref53
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref53
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref53
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref53
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref54
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref54
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref54
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref54
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref54
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref55
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref55
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref56
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref56
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref56
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref56
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref57
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref57
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref57
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref58
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref58
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref58
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref58
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref58
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref59
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref59
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref59
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref60
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref60
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref60
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref60
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref60
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref61
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref61
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref61
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref61
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref61
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref61
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref62
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref62
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref62
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref62
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref62
http://refhub.elsevier.com/S0094-1298(22)00113-4/sref62

	Modern Innovations in Breast Surgery: Robotic Breast Surgery and Robotic Breast Reconstruction
	Key points
	History
	Current applications of robotics in breast reconstruction
	Alloplastic Reconstruction Following Nipple-Sparing Mastectomy
	Background
	Patient positioning and robot setup
	Operative technique

	Robotic Deep Inferior Epigastric Perforator Flap Harvest
	Background
	Preoperative planning
	Patient positioning and robot setup
	Operative technique
	Future directions

	Robotic-Assisted Microsurgery
	Robotic microanastomosis
	Robotic supermicrosurgery

	Robotic Latissimus Dorsi Pedicled Muscle Flap Reconstruction
	Background
	Patient positioning and robot setup
	Operative technique
	Robotic applications to breast-conserving therapy


	Discussion
	Summary
	Clinics care points
	Disclosure
	References


