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Abstract
Background In bariatric surgery, retraction of the liver is essential to ensure appropriate visualization of the surgical field. Many
devices are currently employed for this purpose. Generally, these devices require constant use of a port, or an additional incision.
Magnetic technology provides a novel solution, by allowing liver retraction during bariatric procedures that do not require a
dedicated port nor an extra incision.
Methods Retrospective review of consecutive patients who underwent magnetic-assisted liver retraction during primary or
revisional laparoscopic bariatric surgery at the Duke Center for Metabolic and Weight Loss Surgery between October 2016
and August 2017.
Results The 73 cases were comprised of 29 primary sleeve gastrectomies, 24 gastric bypasses, 10 duodenal switches, 3 gastric
band removals, and 7 revisions. All cases were completed laparoscopically. Mean pre-operative BMI was 43.6 kg/m2 (range
18.3–67.7 kg/m2). Mean operative times for primary cases were similar to published averages. Two patients experienced minor
30-day morbidities, neither of which were attributed to the device and did not require further interventions. There were no 30-day
mortalities. Surgeons described subjective overall surgical exposure as adequate and device utilization as technically simple even
for the large livers.
Conclusions Magnetic-assisted retraction is a novel approach that allows a safe, reproducible, incision-less technique for uncon-
strained, port-less intra-abdominal mobilization. The device successfully permitted optimal liver retraction during laparoscopic
bariatric surgery, enhancing surgical exposure while decreasing the number of abdominal incisions.
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Introduction

Exposure of the surgical field is an integral part of all surger-
ies. The need for quality exposure is most pronounced in
minimally invasive surgery (MIS) where the goal of limiting
invasiveness can impact the surgeon’s ability to secure ade-
quate surgical field exposure. Throughout the evolution of
MIS, many different techniques have been employed to
achieve adequate exposure, while keeping within the bound-
aries of being less invasive.

In gastric surgery, visualization of the stomach and gastro-
esophageal junction is essential to properly assess the anato-
my. This requires retraction of the left hemi-liver, which often
covers most of the stomach and the hiatus. Over the years,
many commercial products have been developed to achieve
this retraction. These include rigid instruments that are fixed to
the operative bed, slings, or hand-held devices [1]. As well,
methods such as suturing the liver to the anterior abdominal
wall, suctioning the liver lobe [2], fashioning a modified sling
[3], or using the non-dominant hand to also elevate the liver
have been attempted with good success. While all of these
techniques provide good elevation of the left liver lobe, they
all either require a dedicated port, a dedicated hand from the
surgeon or assistant, or are quite traumatic to the liver.

As there is no perfect liver retraction method, there con-
tinues to be room for innovation in this arena. One such area is
the use of magnets for intra-abdominal retraction to indirectly
elevate the left liver. The magnetic surgical system (Levita
Magnetics, San Mateo, CA, USA) is the first magnetic retrac-
tor to receive marketing authorization from the FDA; clear-
ance was granted for use in laparoscopic cholecystectomy
based on a clinical study of the device in this procedure that
was conducted in Chile [4]. Recently, this device was success-
fully employed during laparoscopic cholecystectomies in the
USA [5] and in combination with robot-assisted single inci-
sion platforms [6].

Since this retractor does not require a dedicated port, or a
dedicated hand, it can allow for even less invasiveness during
MIS. As well, it is minimally traumatic to the liver and pro-
vides good exposure of the proximal stomach and gastro-
esophageal junction. The purpose of this study is to present
our first experience with this magnetic device for liver retrac-
tion in bariatric surgery.

Methods

This study was approved by the Institutional Review Board at
the Duke University Health System. The study population
comprised consecutive patients who were scheduled for either
revisional or primary bariatric surgery. All patients completed
a questionnaire (Fig. 1) pre-operatively to ensure that there
were no metallic or electronic objects on or in their bodies that

would interact with the magnets. All operating room staff who
would be handling the magnets completed in-service training
to ensure safe and appropriate use of the device.

All procedures were completed laparoscopically. Briefly,
pneumoperitoneum was established via Veress needle entry.
Four ports were placed in standard foregut fashion, two in the
right abdomen and two in the left abdomen. All cases required
at least one 12-mm/15-mm port for suturing or stapling.

In all cases, the magnetic system was successfully
employed for retraction of the liver. This system is comprised
of an internal metallic grasper with a detachable tip that cou-
ples with an external magnet controller (Fig. 2). The external
magnet is positioned using a standard bedrail mounted arm.
Due to its limited size, it can be easily maneuvered across the
abdominal wall and does not interfere with traditional port
placement. The grasper is introduced through an existing 12-
or 15-mm port at the end of a magnetized instrument and
clamped to the mid-portion of the left lobe’s free edge of the
liver (Fig. 3). The external magnet is then placed over the
abdominal wall and is coupled to the grasper, and magnetic
attraction allows manipulation of the grasper to retract the
liver. Once the procedure is completed, the external magnet
is decoupled, and the grasper tip is retrieved from the abdom-
inal cavity using the introducer instrument. The data was an-
alyzed retrospectively and reported in means and ranges.

Results

A total of 73 patients successfully completed laparoscopic
bariatric surgery using the magnetic surgical system. Fifty-
nine patients (81%) were female. Mean age was 43 years
(range, 16–70 years). Mean pre-operative body mass index
(BMI) was 43.6 kg/m2 (range 18.3–67.7 kg/m2) correspond-
ing to a mean total body weight of 121 kg (range 49.9–
186.9 kg).

Cases included 63 primary surgeries and ten revisions. Of
the primary cases, there were 29 sleeve gastrectomies, 24
Roux-en-Y gastric bypasses, and ten duodenal switches. In
addition, there were three adjustable gastric band removals
and seven other foregut cases (four gastric bypasses with hia-
tal hernia repair, two band removals with conversion to sleeve
gastrectomy, and one conversion of a sleeve gastrectomy to a
gastric bypass). Mean operative times separated by surgery
type are described in Table 1.

At a mean follow-up period of 2.2 months (range 0.5–
9 months), mean percent excess body weight loss was
31.5% (range − 11.2–101.4%). Two complications occurred
within the first 30 days post-operatively. One patient experi-
enced nausea and emesis significant enough to require hospi-
talization for re-hydration, and one patient suffered a transient
ischemic attack (TIA). There were no 30-day mortalities.
None of the patients experienced any liver-related
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complications, and no skin compression damage was ob-
served at the site of placement of the external magnet.

All six surgeons involved in this study cohort observed
subjectively that the device was easy to set up, manipulate,

and retrieve. The external magnet provided favorable maneu-
verability without interfering with port placement. After a
short learning period, all surgeons were able to set up the
device with adequate liver retraction in under 5 min.

Discussion

Minimally invasive foregut surgery requires an advanced skill
set, as well as innovative devices, to achieve excellent results.
In the bariatric population, this is even more important as the
size, weight, and shape of intra-abdominal contents add an
extra degree of difficulty. Since obese patients are at higher

Fig. 1 Patient questionnaire

Fig. 2 Magnetic surgical system
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risk for post-operative complications, weight loss surgeons are
constantly working to improve their ability to manage this
patient population via less traumatic approaches.

The ideal liver retraction device should be simple to use, able
to be fixed in place but also adjustable, and should not necessi-
tate the use of the hands of the surgeon or the assistant through-
out the case. This magnetic device achieves all of these goals. In
addition, other types of retraction techniques may contain sharp
edges (e.g., hooks, suture needles, and narrow tip) that could
potentially cause injury during manipulation.

Early magnetic devices were described in the urology lit-
erature over 10 years ago [7–10]. These studies attempted to
employ a magnetically manipulated camera to obviate the
need for a laparoscope. The initial descriptions were in por-
cine models, but preliminary human trials have been success-
fully completed more recently.

The initial clinical trial for the magnetic surgical system was
recently described in a cohort of laparoscopic cholecystecto-
mies [4]. Following this, a series of cholecystectomies was
performed to describe the technique and record peri-operative
outcomes [5, 6]. Our present cohort builds upon this experience
to show that this device is not only atraumatic and easy to use
but also functions well even in super-obese patients.

A prior study successfully employed an improvised magnet-
ic retractor in colon resections during single site surgery [11].
Multiple studies have demonstrated successful use of impro-
vised magnets in single port laparoscopic cholecystectomy
[12]. In these cases, the retractor is used to compensate for
the lack of triangulation, which is a major limitation of single

port surgery. This is potentially another important application
of the device and one that would provide further opportunity to
decrease invasiveness during abdominal surgery.

Our present cohort establishes magnetic retraction as a vi-
able option for advanced laparoscopic foregut surgery in the
obese and super-obese population with a well-demonstrated
proof of concept. The purpose of this case series is to show our
first experience using this magnetic device for liver retraction
in bariatric surgery. This initial experience will definitely set a
base for further studies, which we acknowledge, and should
involve a more critical comparison with other existing liver
retractors, particularly the Nathanson retractor. A follow-up
data analysis is underway to determine the impact of the de-
vice on post-operative pain scores, length of stay, and cost as
compared to other retraction techniques.

Other direct patient benefits from magnet use beyond sim-
ple retraction and visualization should be noted. The cosmetic
benefit of one less incision may seem negligible, but is an
important aspect of patient preference and discussion that is
frequently neglected and undervalued [13, 14]. Fewer inci-
sions intuitively decrease the risk for surgical site
infections—the most common hospital-acquired infection
for surgical patients and a leading cause of morbidity and
financial burden [15, 16]. While the actual risk reduction of
one less incision has not been fully elucidated, the advantages
to patient comfort and faster healing are in line with the
established principles of enhanced recovery after surgery [17].

Setting up the magnetic device for use took up to a maxi-
mum of 5 min. All of the involved surgeons in this cohort
considered device set-up simple. This time included all the
subsequent dynamic adjustments to maneuver the external
magnet, which is one of the advantages of this device against
the static Nathanson retractor. As with all new technologies,
we foresee time to set-up and maneuver the device to decrease
as surgeons progress through the learning curve.

The external magnetic controller is reusable and covered in
a sterile bag throughout the procedure, which removes the
need for sterilization following the case. After the procedure,
the external magnetic controller is cleaned with a standard
Bsani cloth^ as suggested by the manufacturer. The introducer
and grasper are both made of metal, similar to any other lap-
aroscopic instrument. At this time, both pieces are disposable,
in order to decrease the operating room personnel’s workload

Table 1 Operative times by surgery type

Surgery type LSG (n = 29) LRYGB (n = 24) Lap DS (n = 10) LAGB removal (n = 3) Revision (n = 7)

Mean Range Mean Range Mean Range Mean Range Mean Range

Operative time (min.) 68 44–119 134 95–182 240 152–373 75 61–94 167 106–228

LSG, laparoscopic sleeve gastrectomy; LRYGB, laparoscopic Roux-en-Y gastric bypass; Lap DS, laparoscopic duodenal switch; LAGB, laparoscopic
adjustable gastric band

Fig. 3 Metallic grasper coupled to the external magnet controller for liver
retraction
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with the need to standardize the sterilization of a new device.
Once the device becomes more commonly and widely used,
we anticipate it being able to be sterilized and thus completely
reusable. Being a new product, we expect the cost per case
will depend on the hospital setting in which it is used.
However, in our center, a preliminary per-case analysis
showed its use was cost-effective to our patients as the cost
of the device was offset by the reduction on the length of stay
(the reasons for which will be the subject of a further study).
We agree that more detailed cost-benefit studies should be
performed and it is the intention of our research group to
continue exploring in that direction.

As it regards to surgical field exposure, although no specific
exposure data were collected, experienced surgeons on the field
of bariatric surgery rated it as appropriate. Hiatus and crura
visualization (Fig. 4) are of particular interest especially for
sleeve gastrectomy cases; in our own experience, the device
provides appropriate visualization of the required structures in
most of our procedures. However, this device has produced
inadequate visualization in larger and more complex hiatal her-
nias, which is a limitation of the current iteration of the device.

Possible challenging scenarios using this device include
patients with large and/or nonalcoholic fat liver disease. The
device, when it is clamped to the edge of the liver, has a
potential to tear its tissue due to its small surface area.
Nevertheless, in this first experience with a large sample of
bariatric patients, where NAFLD ismore prevalent, we did not
experience any significant tear or damage to the liver. Large,
floppy livers can potentially be more challenging as well, as
they tend to bow at the superior-posterior aspect and cover the
hiatus. However, our group believes that in big and friable
livers such as those with nonalcoholic fat liver disease
(NAFLD), this new device does not add more risk than the
conventional liver retractors.

There is a potential impact of the magnet on other metallic
intracorporeal implantable devices. The American Heart

Association states that magnetic fields in magnetic devices
and machinery can inhibit pulse generators for implantable
cardioverter defibrillators and pacemakers. During this feasibil-
ity and safety series, we provided every patient with a pre-
operative questionnaire as part of our pre-operative checklist,
whichwe foresee and recommend being routinely administered
before every magnetic-assisted procedure using this device.

Limitations to our study include the retrospective nature of
the data, the lack of a control group, and the subjective per-
ception of the surgeons using the device. We believe, howev-
er, that with more widespread use of this novel device, there
will be an opportunity to accumulate enough data to challenge
the more commonly used liver retractors and compare objec-
tive clinical outcomes.

Conclusions

The magnetic surgical system is a novel device that permits an
incision-less technique for unconstrained, port-less intra-ab-
dominal mobilization. We successfully used the device to ob-
tain optimal liver retraction during laparoscopic bariatric pro-
cedures enhancing surgical exposure while decreasing the
number of incisions.
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