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ABSTRACT

Introduction: Single-incision techniques limit triangulation, surgeon mobility, and organ visualization. The use of
robot-assisted platforms has addressed several of these difficulties; however, it has also generated new challenges. To
overcome these problems, we used a magnetic organ-retraction system recently approved by the U. S. Food and Drug
Administration. In the present study, we report the first single-incision cholecystectomy performed combining magnetic
and robotic technologies.

Case Description: The patient was a 48-year-old woman (BMI, 33 kg/m2) with cholelithiasis, who was scheduled for
elective cholecystectomy with a single-incision magnetic robot-assisted procedure. The total procedure took 89 minutes
(including docking); operative time was 58 minutes, where magnetic coupling was 51 minutes. Estimated blood loss was
minimal. There were no complications. The patient was discharged home on the same day and was entirely satisfied with
the surgery results.

Conclusion: The combination of these technologies is feasible and simplifies single-incision techniques.
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INTRODUCTION

Since the performance of the first laparoscopic cholecys-
tectomy in the late 1980s, several techniques have been
devised by the surgical community to keep searching for
improved outcomes, fewer complications, and improved
patient satisfaction. For many patients, the final appear-
ance of the resulting scar represents a very important
determining factor that correlates with their overall satis-
faction with the surgical experience.1 The demand for
better cosmetic results after surgical procedures has led to
an increased interest in single-incision surgery. Even
though it is very attractive from the patient’s standpoint,
single-incision techniques present challenges during sur-
gery.2–4 Instruments enter the abdomen in a parallel way

through the single port, resulting in the loss of triangula-
tion and a severe impairment in the surgeon’s mobility.5 In
addition, the parallel approach and the resulting lack of
space between instruments impair visualization and cause
collisions between the instruments and the camera. It also
compromises the ability to mobilize the target anatomy,
resulting in suboptimal tissue exposure and increasing the
time and the risk of the procedure.6 These difficulties have
been overcome partially by the use of robotic platforms.
However, limited triangulation, collision of external arms,
and static retraction by the assistant’s instrument still pres-
ents challenges and difficulties with the current tech-
nique.7,8

Recently, a novel magnetic surgical system was developed
by Levita Magnetics Corp. (San Mateo, California, USA),
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and has been cleared for commercial use by the U.S. Food
and Drug Administration (FDA). This unique technology
helps overcome the problems described in the transition
to techniques involving fewer ports. The system com-
prises an external magnet and a grasper with a detachable
grasper tip and handle. The magnetic grasper assembly
delivers and applies the detachable grasper tip to the
gallbladder. Gently squeezing the handle causes the in-
ternal mechanism to release the detachable tip. The han-
dle is then removed, leaving the introduction port avail-
able for use by another procedural instrument. With the
detachable grasper tip secured to the organ, the external
magnet is placed over the abdominal wall and a magnetic
attraction is achieved with the detachable tip. The external
magnet can then be freely moved, facilitating uncon-
strained shaftless tissue retraction and mobilization. Under
direct visualization, the desired retraction of the gallblad-
der can be obtained by mobilizing the external magnet.9

The use of this novel device has been successful in a
prospective clinical trial performed by Rivas et al and in a
series of cases reported by Haskins et al.10 These clinical
studies showed the safety and the feasibility of magnetic
surgery in a cholecystectomy performed with a reduced
(3-port)-incision technique.

This is the first report of a single-incision surgery where
magnetic and robotic technologies have been combined,
to have the best technologies available to improve the
cholecystectomy procedure.

MATERIALS AND METHODS

The patient was a 48-year-old woman with a BMI of 33
kg/m2, who presented to our clinic with postprandial pain
for about a year with exacerbations that prompted visits to
the emergency department for pain control. An ultrasound
test revealed cholelithiasis with normal common bile duct,
without any other abnormality in the laboratory data. The
patient was counseled to undergo an elective cholecys-
tectomy. The alternatives risks and benefits were dis-
cussed in detail with the patient who gave her consent to
proceed with a single-incision magnetic robot-assisted
cholecystectomy.

The case was completed with a single incision and the
assistance of a magnetic device and a robotic platform (Da
Vinci system Xi; Intuitive Surgical, Sunnyvale, California,
USA). In brief, an initial incision was made in the umbili-
cus and deepened down to the fascia. The abdominal
cavity was entered through a 2-cm incision, a figure-of-
eight 1-0 Polysorb stay suture (Medtronics, Minneapolis,
Minnesota, USA) was placed, and a single-incision laparos-

copy port (Da Vinci-Single Site port with curve cannulae,
Intuitive Surgical) inserted. Pneumoperitoneum was estab-
lished at a pressure of 15 mm Hg. Initial laparoscopic explo-
ration revealed omental adhesions to the gallbladder only.

The magnetic surgical grasper was inserted through the
single-incision assistant port, the detachable grasper tip
was attached to the fundus of the gallbladder (Figure 1A).
With the detachable grasper tip secured to the fundus of
the gallbladder, the external magnet was placed over the
skin of the abdominal wall and a magnetic attraction was
obtained (Figure 2, a). This facilitated unconstrained
shaftless tissue retraction and mobilization directed to-
wards the right shoulder, thus elevating the gallbladder
fundus (Figure 1B, C). At this point, the DaVinci system
was docked with single-incision platform instruments
(Figure 2, b). The use of magnetic retraction reduced the
collision of the robotic camera and instruments during the
procedure. The infundibulum was retracted laterally to
expose the cystic artery and duct. The assistant, under the
direction of the surgeon sitting at the console, was able to
mobilize the external magnet and change the internal
magnet to the desired position to achieve adequate expo-
sure. There was no interference between the external
magnet and the arms of the Da Vinci system. The surgeon
was able to move the robotic instruments without any
impediment or restriction. Blunt and electrocautery dis-
section was used to skeletonize both structures and to
achieve a critical field of view by following the SAGES
Safe Cholecystectomy Program.11 The cystic duct and ar-
tery were clipped with Hem-o-Loc Endoclips (Teleflex,
Wayne, Pennsylvania, USA) and divided with scissors.
Electrocautery was used to completely detach the gall
bladder from the liver. Spot fulguration was used to
achieve satisfactory hemostasis. There was no puncturing
of the gallbladder and no evidence of injury of any sur-
rounding structure. The specimen with the magnetic de-
vice tip was placed in an Endocatch bag (Medtronic). The
single-incision port was removed in conjunction with the
Endocatch bag. The DaVinci system was undocked, and
the fascia was approximated with 1-0 absorbable mono-

Figure 1. (A) Detachable grasper tip attached to the fundus of
the gallbladder. (B) *Cystic duct; **cystic Artery. (C) Dissection of
the gallbladder.
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filament sutures from either end of the incision and tied in
the middle. The skin incision was closed with 4-0 absorb-
able braided sutures with a subcuticular technique fin-
ished with skin glue.

Compliance With Ethical Standards

All procedures were in accordance with the ethical stan-
dards of the institutional and national research committees
and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. Informed
consent was obtained from all individual participants in-
cluded in the study.

RESULTS

The procedure was completed through a single incision,
without using any accessory port or additional instrument
for retraction. The estimated blood loss was less than 10
mL. The total procedure took 89 minutes (including dock-
ing), operative time was 58 minutes wherein the magnetic
coupling was 51 min. There were no complications re-
lated to the magnetic device or the procedure. The patient
was discharged home after recovery the same day.

On the next postoperative day, the patient reported no
recurrence of previous symptoms, tolerated a regular diet,
and ambulated without difficulty. She stopped the con-
sumption of oral pain medication 3 d after the procedure.
During follow-up (postoperative week 3), the patient was
entirely satisfied with the results of the surgery, in partic-
ular with the nonvisible incision.

DISCUSSION

We describe a magnetic robotic single-incision cholecys-
tectomy. Since the first report of single-incision robot-
assisted cholecystectomy, there have been a myriad of
reports advocating or opposing robot-assisted platforms.12

Single-port robotic assistance is becoming popular for
potentially improved outcomes, which may include fewer
incisions, improved cosmesis resulting in higher patient
satisfaction, and shorter recovery time. From a surgical
perspective, it can result in easier visualization, more pre-
cision, and decreased risk of injuring nearby structures.9,13

Difficulties reported on single-incision surgery have been
partially solved with the creation of a robot-assisted plat-
form that included the use of a multichannel access port
with room for 4 cannulae and an insufflation valve. Two
curved cannulae are for robotically controlled instru-
ments. The curved cannulae are integral to the system
because their configuration allows the instruments to be
positioned to achieve triangulation of the target anatomy.
This triangulation is achieved by crossing the curved can-
nulae midway through the access port. The great advan-
tage of the robotic system, is the capability to link the right
hand of the surgeon with the left crossed instrument (and
vice versa for the other side), eliminating the “mirror” effect
that increases difficulty when crossing the instruments. Nev-
ertheless, a grasper through the assistant port is needed to
retract the fundus of the gallbladder, instrument that creates
great interference in the surgical field and constant collision
with the camera and the two other instruments. Furthermore,
this clashing causes great impairment, as all the instruments
are moved in a block configuration. This is the reason that
the robotic platform is a partial solution for the challenges of
single-incision surgery.

Magnetic surgery delivers a shaftless retraction providing
the advantage of restoring triangulation without obstruct-
ing the surgical field. Because of its shaftless nature, the
device increases the working space between the camera
and instruments, thus decreasing instrument collision. In
addition, the unconstrained nature of the magnetic retrac-
tion permits dynamic repositioning of the grasper to op-
timize organ retraction, as well as liberating the assistant
access port and therefore enabling the use of an extra
instrument, if needed. The magnetic surgical system facil-
itates tissue grasping while improving the visualization in
a single-incision environment, thus enhancing the safety
of the critical view.

There are a few limitations of the magnetic surgery sys-
tem. Similar to any newly introduced technology, the

Figure 2. External magnet placed over the skin of the right
upper quadrant abdominal wall (a); single port and robotic
arms (b).
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surgical team requires training and practice which in-
volves investment of time and resources. The system is not
suitable for use in patients with large livers or an ex-
tremely high BMI; the characteristic body habitus of these
patients would decrease attraction in the magnetic field.
Furthermore, the use is contraindicated for patients with
pacemakers and metallic implants. We acknowledge that
another downside of this technology is the initial extra
direct cost of the procedure, but we consider that with a
long-term increase in case volume and technology imple-
mentation, a balanced cost–benefit will be achieved.

Detractors of the single-incision laparoscopic surgery ex-
press this technology may add little to the traditional
laparoscopic technique, whereas supporters believe it of-
fers value to patients. Certainly, there are patients who
show great interest in reduced scar techniques, such as the
willingness to change hospitals and pay a higher financial
contribution for a procedure with less scarring.14

Although the additional direct cost of use of new technol-
ogy in cholecystectomy may not seem necessary at this
stage, surgeons have to be open minded to evaluate and
challenge the current status quo of the current tech-
niques.15–17 Incremental cost has to be evaluated against
patient benefits, satisfaction, and overall savings in the
complete surgical process, considering the savings in
complications, hospital stays, and recovery time.

CONCLUSION

The combination of these 2 technologies is feasible and
enables simplifying single-incision techniques. Patient sat-
isfaction should be the goal that directs innovation in the
next stages of evolution of surgical practice.
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