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The rectus abdominis muscle is a workhorse flap for recon-
structing challenging defects. Owing to its strategic location
in the abdomen with a dual blood supply and wide arc of
transposition, it can provide substantial coverage and a
large volume for obliterating dead spaces while maintaining
a reliable vascular supply. Using traditional approaches,
however, its harvest has the potential for donor-site morbidi-
ty. We have previously highlighted the advantages of using
the robot for harvesting the latissimus dorsi muscleflap.1–3 In
this review, we discuss the applicability of this novel ap-
proach to muscle harvest for a minimally invasive harvest of
the rectus abdominis muscle flap.

Main Section

Versatile Flap: Dual Blood Supply
The rectus abdominis muscle flap has two major blood
supplies: the superior epigastric artery and its associated
venous drainage system, which provides a cephalic arc of

rotation, and the inferior epigastric artery and veins, which
provide a caudal arc of rotation. It has thus found applications
in perineal,4 extremity,5 chest wall,6 and even head and neck
reconstruction.7,8

Complications of the Traditional Harvest Technique
Harvest of the rectus muscle is typically performed through a
vertical, paramedian skin incision, followed by vertical divi-
sion of the anterior rectus sheath along the length of the
muscle (►Fig. 1). This technique is both aesthetically unde-
sirable and is associated with donor-site morbidity, including
wound infection, seroma, abdominal bulge, and hernia. Re-
ported bulge rates are between 1.7 and 4% with hernia rates
between 0.85 and 2.9%.9–12 Overall surgical-site morbidity
may be as high as 8.5 to 14.3%.9,12 Minimally invasive harvest
of the rectus abdominis muscle without violation of the
anterior rectus sheath is a desirable goal. This approachmight
not only circumvent the surgical complications associated
with the traditional approach, but could also allow for
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Abstract Harvest of the rectus abdominis muscle requires an abdominal incision as well as
violation of the anterior rectus sheath, creating the potential for significant surgical-
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learning curve, enhanced precision, tremor elimination, motion scaling, high resolu-
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ing a role in the harvest of the latissimus dorsi muscle flap and other reconstructive
procedures. In this review, the authors discuss its applicability in the harvest of the
rectus abdominis muscle.
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minimally invasive pelvic floor reconstructions and even
include the potential for intraperitoneal microvascular
anastomosis.13

Limitations of the Endoscopic and Laparoscopic
Harvest Techniques
Endoscopic extraperitoneal and traditional transperitoneal
laparoscopic techniques have been attempted by some
groups,14–16 but have not gained wide popularity among
plastic surgeons. This is because the endoscopic approach
still violates, to varying degrees, the integrity of anterior
rectus sheath, and the laparoscopic approach requires a level
of laparoscopic skills that are generally absent in modern
plastic surgery training. ►Table 1 compares the features of
both techniques with that of a robotic approach.

Robotic Harvest Technique
Robotic surgery has emerged during the past two decades as
an innovative, minimally invasive technology.17 With en-
hanced precision, tremor elimination, motion scaling, high
resolution, three-dimensional (3D) optics as well as an intui-
tive interface, it has found multiple applications across

several surgical subspecialties.18–21 Additionally, for some
procedures it has resulted in less blood loss, fewer trans-
fusions, decreased postoperative pain, less risk of infection, a
shorter hospital stay, less scarring, and a more rapid recovery
and return to activities of daily living.22–24

Recently, surgeons have adopted the use of robot-assisted
surgery in several reconstructive procedures, especially oro-
pharyngeal reconstruction,25–28 motivated by a decrease in
surgical-site morbidity such as lip splitting and mandibulot-
omy.More recently, the application of robotic-assistedmuscle
harvest, including the latissimus dorsi muscle, was developed
by the senior author (JCS) and has been performed in several
centers.1,29 Robotic harvest of the rectus abdominis muscle
has now been successfully performed in at least three centers
with the aim of avoiding violation of the anterior rectus
sheath and hence decreasing the incidence of postoperative
surgical-site complications.30 The first published case report
of robotic rectus harvest was performed on a 30-year-old
woman for a lower-extremity defect.13 The authors observed
advantages of the robotic approach, including uninhibited 3D
view of the rectus muscle and the deep inferior epigastric
artery (DIEA), dexterity levels similar to human hands, and a
clearer image than traditional laparoscopy. Interestingly,
during the dissection, it was noted that gravity serves to
autoretract the muscle and makes the perforators and in-
scriptions easier to visualize.

Experiencewith the Robotic Approach: Indications and
Key Advantages
Based on our experience, robotic harvest of the rectus
muscle is a viable option for plastic surgeons, and can be
performed for many different types of reconstructions.
Indications are classified according to the pedicle supplying
the flap. A superiorly based pedicled flap is used for the
coverage of anterior midline chest wall and sternal defects
following oncologic resection or wound debridement. In-
feriorly based flaps are used to reconstruct abdominopelvic
defects where either space obliteration or visceral protec-
tion is needed: abdominoperineal resection, radical cysto-
prostatectomy, pelvic exenteration, and coverage of major
vessels or visceral repairs. Harvest of the muscle for free-
tissue transfer can also be performed robotically, and
indications are primarily scalp and extremity, similar to
the traditional approach.

Fig. 1 Traditional harvest of the rectus abdominis muscle requires a
long paramedian incision and vertical incision of the anterior rectus
sheath. This has the potential for significant donor site morbidity
including seroma, pain, hernia, and bulge.

Table 1 Comparison of the laparoscopic, endoscopic, and robotic approaches in the harvest of the rectus abdominis muscle

Robotic Endoscopy Laparoscopy

Ease of technique þþ � �
Learning curve þþ � �
Ergonomics þþ þ þ � �
Instrumentation � þ þ
Precision þþ � �
Optics þþ � �
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Additionally, we have observed several key advantages
associated with the robotic approach for this surgery. As
outlined above, the rectus muscle is traditionally accessed
through long incisions to access both its origin and insertion.
With the assistance of the robot, these are reduced to ports,
with less risk of wound complications and improved cosm-
esis. Moreover, we have seen that maintaining the integrity of
the anterior rectus sheath resulted in a minimal incidence of
hernias and bulges. Less tissue violation is required resulting
anecdotally in markedly reduced postoperative pain and
discomfort, shorter length of hospital stay, and more rapid
functional recovery.

Finally, this procedure can easily be combined with other
pelvic procedures. This is of great value to a complex, multi-
disciplinary robotic surgery program where large resections
are being performed without a laparotomy. Following major,
intraperitoneal robotic resections, if reconstruction is required
it adds tremendous value to maintain a minimally invasive
approachwhile providing thebenefits of regional, vascularized
tissue transfer. It would be disappointing for plastic surgery to
be the reason for a laparotomy when so much work has gone
into avoiding one. Finally, in cases of free-tissue transfer, the
robot may be used for a tremor-free, technically enhanced
microvascular, intracorporeal anastomosis.

Operative Procedure

Positioning and Defining Landmarks
The patient is placed in either a supine or a low lithotomy
position with legs in Allen stirrups, depending on the proce-
dure to be performed (free-tissue transfer vs. regional pelvic
reconstruction). Bilateral arms are tucked at the patient’s
flanks after adequate padding. Care is taken to ensure proper
orientation and functioning of intravenous (IV) lines. If
necessary (depending on the anesthesiologist’s need for
access), one arm can be left abducted on the contralateral
side of the rectus muscle to be harvested. The patient is well
secured to the operating room table, with a strap across the
chest and another one over the thighs.

Incision and Port Locations
The contralateral costal margin and iliac crest are marked
along a line connecting the anterior axillary line and the
anterior superior iliac spine. Themidpoint between these two
landmarks and 2 cm lateral to it is the desired location of the
12-mm camera port. On either side of the camera port,
approximately four finger breadths away, or 1 to 2 cm from
the costal margin and iliac crest, is the proposed location of
the two 8-mm instrument ports (►Fig. 2).

A VARIS needle (Blitz, Voorschoten, The Netherlands) is
used to access the peritoneum and attain insufflation using
standard parameters (►Fig. 3). Once a pneumoperitoneum of
between 10 and 15 mm Hg is achieved, the port sites are
verified and adjusted. The aim is to have the entire length and
width of the rectusmuscle (including the pedicle) within easy
reach. A critical step in theharvest is to define themedial edge
of the muscle, especially challenging because of the steep
upward angle that must be taken from the contralateral side.

The more lateral the instrument ports, the less steep this
angle becomes; however, the lateral extent of the port is
limited by the peritoneal reflection that marks the beginning
of the retroperitoneum. This is a key consideration in port
placement (►Fig. 4).

Once pneumoperitoneum it attained, the camera port is
placed. The scope is inserted “free hand” and the other two
ports are placed under direct, laparoscopic vision.

Robotic Docking and Dissection
The surgical robot (da Vinci, Intuitive Surgical, Sunnyvale, CA)
is docked on the ipsilateral side to themuscle being harvested
(opposite side from the ports) and the camera arm is flexed at
90 degrees at the elbow. The camera port is then docked.
Arms 1 and 2 are brought in from the sides so that the elbows
are bowed out and will not conflict with the camera arm. The
8-mm ports are docked and instruments are placed (►Fig. 5).

Fig. 2 Port placement is marked along a line connecting the anterior
axillary line and the anterior superior iliac spine. The midpoint between
these two landmarks and 2 cm lateral to it is the desired location of the
12-mm camera port. On either side of the camera port, approximately
four finger breadths away, or 1 to 2 cm from the costal margin and iliac
crest, is the proposed location of the two 8-mm instrument ports.

Fig. 3 A VARIS needle (Blitz, Voorschoten, The Netherlands) is used to
access the peritoneum and attain insufflation using standard
parameters.
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A Cadiere grasper (Intuitive Surgical, Sunnyvale, CA) is placed
in the nondominant arm and the monopolar scissors are
placed in the dominant arm. The camera is angled to watch
the instruments enter the ports and ensure that the angle of
entry will not result in injury to abdominal viscera.

Muscle Harvest
The surgeon now sits at the console and performs the robotic
dissection with the first surgical assistant available at the
surgical table. First, the deep inferior epigastric pedicle is

identified at its branchpoint from the external iliac artery and
vein. The peritoneum overlying the pedicle is opened sharply
and the vessels are dissected from their origin to their
entrance into the rectus muscle.

Posterior dissection is started by incising the posterior
rectus sheath immediately lateral to the linea alba. The rectus
abdominis is dissectedwith a combination of sharp and blunt
technique in the plane between the anterior surface of the
muscle and the anterior rectus sheath. This dissection con-
tinues across the entire muscle until the other side of the
posterior sheath is visible on the other side of the muscle.

Two sets of structures require specific attention in this
process: the perforators from the DIEA/Vand the inscriptions.
As in the open technique, dissection is first performed
between the inscriptions, in a predominantly avascular plane.
Unlike in the open procedure, however, the effect of gravity
allows the muscle to be suspended by the inscriptions and
facilitates their subsequent division. The DIEA/V perforators
are identified as they are encountered. They can either be
cauterized, bipolared, or clipped, depending on size and
surgeon judgment. If clipped, a robotic clip applier can be
used in place of one of the instruments; if other ports are
available in the case of combined minimally invasive, pelvic
procedures, a laparoscopic clip applier can be operated by the
bedside assistant.

Completion of Dissection and Extraction of the Muscle
Three different scenarios for final dissection are considered
based on whether the muscle is used as a pedicled flap
(raised on the inferior or superior deep epigastric system) or
as a free flap.

1. Inferiorly based rectus muscle flap (mainly used for intra-
abdominal pelvic reconstruction): The inferior epigastric
vessels are gently dissected down to the external iliac
vessels and freed. Using the monopolar scissors, the mus-
cle is then divided cephalad at the costal margin, and
caudad between the symphysis pubis and the entrance of
the pedicle into the muscle; this will completely “island-
ize” the muscle on the pedicle. In a controlled fashion, the
muscle is then directed into the pelvis for insetting.

2. Superiorly based rectus muscle flap (used for midanterior
chest wall-defect reconstruction): The caudal part of the
muscle is divided from the symphysis pubis in a similar
fashion to the inferiorly based muscle flap. The muscle is
then turned over superiorly passed through an epigastric
tunnel created between the chest defect and the muscle.
Themuscle can be partially divided, but caremust be taken
around the superior epigastric artery and vein.

3. Rectus muscle for free tissue transfer: The muscle is
dissected in an identical fashion to the inferiorly based
muscle flap. Once islandized, a Weck clip (Intuitive Surgi-
cal, Sunnyvale, CA) is used to divide the pedicle at its origin.
The pedicle is then cut with the monopolar scissors. A
12-mmport is thenplaced in one of the lateral or accessory
ports and an Anchor retrieval sac (Anchor Products, Addi-
son, IL) is inserted. Once liberated, the muscle can be
guided into the gallbladder bag and withdrawn from the

Fig. 4 The aim of port placement is to have the entire length and
width of the rectus muscle (including the pedicle) within easy reach.
The more lateral the instrument ports, the less steep the angle toward
the medial edge of the muscle becomes; however, the lateral extent of
the port is limited by the peritoneal reflection that marks the begin-
ning of the retroperitoneum. This is a key consideration in port
placement.

Fig. 5 The surgical robot (da Vinci, Intuitive Surgical, Sunnyvale, CA) is
docked on the ipsilateral side to the muscle being harvested (opposite
side from the ports) and the camera arm is flexed at 90 degrees at the
elbow. The camera port is then docked. Arms 1 and 2 are brought in
from the sides so that the elbows are bowed out and will not conflict
with the camera arm. The 8-mm ports are docked and instruments are
placed.
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abdomen. Closure of the 12-mm port is performed at the
fascial as well as the skin level; the 8-mm ports are closed
at the skin level only. An example of a donor and recipient
site for the same lower extremity case is shown (►Fig. 6).

The posterior sheath can be handled in a variety of ways. It
can be left open with the rationale that the anterior rectus
sheath is the strength layer, and leaving the posterior sheath
should not increase the risk of hernia or bulge. Alternatively,
the posterior sheath can be closed with a running barbed
suture. Finally, a laparoscopic mesh can be used if it is felt to
be necessary or beneficial. Each technique has been used to
date and at this point, there is no clear evidence to support
one over another.

Conclusion

Robotic surgery is a greatmedical innovation that is providing
new horizons for minimally invasive procedures in plastic
surgery. It is muchmore natural than traditional laparoscopic
surgery, has a more favorable learning curve,31 and superior
user features including enhanced precision through tremor
elimination andmotion scaling, high-resolution, 3D optics, as
well as a highly ergonomic platform.32 The robotic rectus

harvest is a novel technical innovation with many benefits
that increase the versatility of an already highly useful and
commonly performed flap.
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