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KEYWORDS Single-site umbilical incision laparoscopic surgery (SSULS) is increasingly being used to treat a variety
Magnet; of childhood surgical diseases. Existing SSULS approaches have inefficient triangulation and poor
Laparoscopic; ergonomics. In an effort to overcome these shortcomings, magnet-assisted laparoscopy was developed.
Children; Specialized magnetic graspers are introduced through a standard 12-mm port and are controlled by a

powerful external magnet. This study is a retrospective analysis of all magnet-assisted laparoscopic
operations performed at the Fundacion Hospitalaria Private Children’s Hospital from September 2009
to January 2011. Outcomes include demographics, diagnosis, operative time, intraoperative complica-
tions, and conversion rates. Forty-four magnet-assisted laparoscopic operations were performed. The
operations included 23 appendectomies, 8 cholecystectomies, 3 Nissen fundoplications, 2 gastrojeju-
nostomies, 2 splenectomies, 2 ovarian tumor/cyst resections, 1 retroperitoneal lymphangioma resection,
1 left adrenalectomy, 1 total abdominal colectomy and 1 pulmonary wedge resection. The mean
operative times for the most commonly performed operations were 61 minutes for appendectomy and
93 minutes for cholecystectomy. The operations were classified as follows: Group I, adjunct to
conventional laparoscopy (5 operations); Group II, adjunct to multiple-access umbilical laparoscopy
(11 operations); and Group III, true single-port laparoscopy (28 operations). Among Group II/II1
operations, 6 operations required 1 additional port outside the umbilicus. No operations required more
that 1 additional port, and no operations were converted to the open technique. There were no
intraoperative complications. Magnet-assisted laparoscopic surgery is safe and effective in children.
The use of magnetic graspers improves triangulation and ergonomics while reducing the number and
size of abdominal incisions.
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Laparoscopic surgery has supplanted open surgery as the
standard of care for many clinical conditions because it
results in decreased pain, faster recovery, and less scarring.
In an effort to further minimize the invasiveness of these
operations, surgeons are now operating through a single
incision through which all the instruments are placed.'™
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Most commonly, the single incision is made in the umbili-
cus, and instruments are introduced either through a single
specialized port or multiple small fascial incisions. So-
called single-site umbilical laparoscopic surgery (SSULS)
and it variations have the same shortcomings: poor triangu-
lation of the instruments and telescope, instrument collision,
and lack of maneuverability and reach.

Magnet-assisted laparoscopic surgery was developed to re-
capture the triangulation that is afforded by conventional lap-
aroscopy while decreasing the number and size of the abdom-
inal incisions. Specialized magnetic graspers (Dominguez
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Magnetic Grasper [DMG]; IMANLAP, Buenos Aires, Argen-
tina) are inserted into the peritoneal cavity through a 12-mm
cannula and are attached to an intraabdominal organ and are
controlled by powerful external magnets. By repositioning the
external magnet on the abdominal wall, the intraabdominal
magnet moves to provide further traction on an organ (gall-
bladder, appendix). Because the magnet is not fixed at the
level of the fascia, it can freely cruise around the peritoneal
cavity, extending the surgeon’s reach without the need for
additional ports.

Magnet-assisted laparoscopic surgery has been used in a
range of operations in adults and has proven to be safe and
effective.”® Introduction of this magnetic platform into our
surgical armamentarium has altered our approach to con-
ventional laparoscopy and has allowed us to perform true
single-port laparoscopic surgery. Herein we describe our
experience with the use of magnet-assisted laparoscopic
surgery in children.

Specialized equipment

In addition to standard laparoscopic equipment, magnet-
assisted laparoscopic surgery requires several specially de-
signed instruments. The DMG is a spring-loaded alligator
grasper attached to an 11-mm neodymium magnet (Figure
1A). The DMG is coupled to a powerful external magnet by

magnetic forces transmitted across the abdominal wall. To
grasp tissue, the jaws of the DMG are opened and closed
with 5-mm Thomas forceps made of austenitic surgical steel
that is not affected by the magnetic field (Figure 1B). Once
the DMG is engaged, repositioning the external magnet on
the abdominal wall controls the DMG. Varying the distance
between the DMG and the external magnet modulates the
force that is transmitted to the DMG. To free the surgeon’s
hands for other tasks, the external magnet is mounted on an
articulating self-retaining arm that can be easily reposi-
tioned during the operation (Figure 1C).

In general, a single 12-mm cannula is needed because it
accommodates the 11-mm DMG. However, operations re-
quiring more extensive dissection or intraabdominal sutur-
ing are undertaken with a Single-Incision Laparoscopic Sur-
gery (SILS) port (Covidien, Mansfield, MA). We prefer to
use an operative laparoscope because it allows the surgeon
to operate and drive the camera simultaneously. Further-
more, the operative laparoscope fixes visualization at the
point of dissection without the need for cumbersome roticu-
lating instruments. We use a 10-mm, 0° laparoscope with a
27-cm long, 6-mm working channel (Figure 2A; Karl Storz,
Tuttlingen, Germany). Although the operative laparoscope
accommodates commercially available 5-mm X 42-cm in-
struments, we have lengthened the Thomas forceps and 5
mm Hem-o-Lock clip applier to allow them to be inserted
through the scope. We find most existing SSULS instru-
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Figure 1

(A) Dominguez Magnetic Graspers (DMG). (B) Thomas forceps are used to open the jaws of the DMG. (C) External magnet

mounted on self-retaining retractor. (Color version of figure is available online.)
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Figure 2

(A) 10 mm, 0° operative laparoscope with 6 mm working channel. (B) Gently curved, roticulating grasper used in multiple-

access transumbilical laparoscopy. (C) Primary 12-mm umbilical port. (D) The 5-mm, flexible accessory cannula accommodates the curved

grasper. (Color version of figure is available online.)

ments with exaggerated curves or roticulating tips imprac-
tical because they transmit little torque and their movements
are counterintuitive. Thus, we prefer a 5-mm gently curved,
nonroticulating grasper (Figure 2B; Karl Storz, Tuttlingen,
Germany).

Operative technique

By using the magnets, our goal is to reduce the number and
size of abdominal incisions. Rather than adopting a one-size-
fits-all approach to SSULS operations, we sought to incorpo-
rate magnet-assisted laparoscopic surgery into a broad range of
operations. As such, operations could be grouped into 3 gen-
eral categories: adjunct to conventional laparoscopic surgery,

adjunct to multiple-access umbilical laparoscopic surgery, and
true single-port laparoscopic surgery.

Adjunct to conventional laparoscopic surgery:
reducing the number of ports

We have used magnetic graspers in laparoscopic gastroje-
junostomy and Nissen fundoplication, as well as thoraco-
scopic pulmonary wedge resection, with the objective of
reducing the number of ports needed to complete the oper-
ations. The DMG grasped and aligned the stomach with the
jejunum as the Endo GIA (Covidien) was inserted to create
the gastrojejunostomy (Figure 3). In the Nissen fundoplica-
tion, the DMG was used to retract the liver and stomach and
also proved useful in assisting with laparoscopic knot-tying.

Figure 3

Group I- Adjunct to conventional laparoscopic surgery. (A) The external magnet on the epigastrium controls the DMG during

a laparoscopic gastrojejunostomy. (B) The DMG (arrowhead) retracts the stomach as the gastrojejunostomy is sutured closed. (Color version

of figure is available online.)
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Figure 4  Group II- Adjunct to multiple-access transumbilical laparoscopic surgery. (A) Magnet-assisted cholecystectomy with the 5- and
12-mm cannulas in a single umbilical incision. (B) The DMG (arrowhead) elevates the gallbladder fundus above the liver edge and the
curved grasper (arrow) opens the triangle of Calot as the dissection is performed through the operative laparoscope. (Color version of figure

is available online.)

More recently we have used the DMG to provide traction on
the lung and feed the lung tissue into the jaws of the
Endo-stapler. In the patient who underwent the thoraco-
scopic lung biopsy, the DMG was inserted through the same
12-mm cannula that was later used to introduce the endo-
scopic stapler. A 5-mm cannula served as the camera port.

Adjunct to multiple-access umbilical laparoscopic
surgery

We have used 2 types of multiple-access umbilical ap-
proaches. In the first, a 12-mm cannula and 5-mm low
profile port were introduced through the umbilical fascia
within the same skin incision. Operations performed by this
technique have included adrenalectomy, cholecystectomy,
ovarian cystectomy, mesenteric lymphangioma resection,
and ovarian teratoma resection. During cholecystectomies, the
DMG has provided enough force to retract the fundus of the
gallbladder over the liver edge toward the patient’s right shoul-
der (Figure 4). In the other operations, a single DMG provided
traction and facilitated exposure. Generally, the gently

curved, nonroticulating grasper provided countertraction
through the 5-mm port and the dissection was performed
through the working channel on the operative laparo-
scope which was introduced through the 12-mm cannula.

The second technique used a SILS port inserted at the
umbilicus. Operations that used this approach included
cholecystectomy, splenectomy, total abdominal colec-
tomy (Figure 5), and Nissen fundoplication. A single
DMG provided traction and exposure in these operations.
We prefer to use the operative laparoscope because it
reduces the number of instruments inserted through the
port, thus reducing instrument collision. However, a
5-mm, 30° laparoscope and two 5-mm instruments were
used in operations that required intracorporeal suturing.

True single-port laparoscopic surgery

We defined true single-port laparoscopic surgery as an ab-
dominal operation that uses one standard 12-mm cannula at
the umbilicus without any additional ports or stay sutures
penetrating the fascia. Magnet-assisted appendectomies and

Figure 5

Group II- Adjunct to multiple-access transumbilical laparoscopic surgery. (A) Magnet-assisted abdominal colectomy utilizing

a SILS port. The magnet is resting on the lower abdomen. (B) The DMG (arrowhead) provides traction on the left colon as the mesentery

is transected. (Color version of figure is available online.)



228

Seminars in Pediatric Surgery, Vol 20, No 4, November 2011

Figure 6

Single port magnet-assisted appendectomy. This schematic (A) depicts the DMG retracting on the appendix. On the right (B),

the operative photograph shows the DMG (arrowhead) retracting the appendix as the mesoappendiceal dissection is performed through the

operative laparoscope. (Color version of figure is available online.)

cholecystectomies have been performed with this approach.
Appendectomies were performed intracorporeally with the
operative laparoscope and a single DMG (Figure 6). The
DMG was attached to the appendix and provided traction as
the mesoappendix was transected with a 5-mm Ligasure
device (Covidien). Next, the base of the appendix was
doubly ligated with either 3-0 chromic sutures or 5-mm
Hem-o-Lock (Teleflex Medical, Research Triangle Park,
NC) clips and then transected. The appendix was removed
through the umbilical trocar to minimize wound contami-
nation.

Single-port cholecystectomy required 2 DMGs, one
placed on the fundus of the gallbladder and the other on the
infundibulum (Figure 7). Each DMG was coupled to a
separate external magnet to provide traction in different
directions. The use of 2 DMGs provided excellent exposure
of the triangle of Calot. However, extra attention was
needed to avoid bringing the 2 DMGs into close proximity
as the magnetic force tended to “clump” the 2 DMGs
together. The dissection was performed with the operative
laparoscope and electrocautery. Once the critical view of

safety was achieved, the cystic duct and artery were doubly
ligated with 5-mm Hem-o-Lock clips and transected. The
gallbladder was dissected away from the gallbladder fossa
and removed through the umbilical incision.

Results

A total of 44 magnet-assisted laparoscopic operations in 43
patients (16 boys and 27 girls) have been performed be-
tween September 2009 and January 2011. This experience
includes 23 appendectomies, 8 cholecystectomies, 3 Nissen
fundoplications, 2 gastrojejunostomies, 2 splenectomies, 2
ovarian teratoma resections, 1 mesenteric lymphangioma
resection, 1 total abdominal colectomy for familial adeno-
matous polyposis, 1 left adrenalectomy for pheochromocy-
toma, and 1 pulmonary wedge resection for bullous disease.
The mean age was 12.5 years (range, 4-24 years) and mean
weight was 45.8 kg (range, 15-107 kg). The overall mean
operative time for the most commonly performed operations

o7 B S

Figure 7  Single port magnet-assisted cholecystectomy. In the drawing (A), two DMGs retract the gallbladder and open the triangle of
Calot while the dissection is performed through the operative laparoscope. In the operative photograph (B), two DMGs are providing traction
on the fundus (arrowhead) and infundibulum (arrow). The external view (C) shows the two external magnets controlling their intraab-
dominal DMGs during the SSULS cholecystectomy. (Color version of figure is available online.)
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Table 1 Summary of magnet-assisted laparoscopic operations

Age, Weight, Operative Total # of trocars
n  years kg time, min  Umbilical access (includes umbilical)

Group I: Adjunct to conventional laparoscopic surgery
Gastrojejunostomy* 2 7 XX 150 4 mm 3
Nissen fundoplication* 2 8 22 105 12 mm 3
Pulmonary wedge resection 1 15 50 65 12 mm + 5 mm (thoracic) 2

Group II: Adjunct to multiple-access umbilical laparoscopic surgery
Nissen fundoplication 1 13 35 180 SILS port 4 (3 via SILS)
Total abdominal coletomy 1 15 107 420 SILS port 4 (3 via SILS)
Cholecystectomy + splenectomy 1 5 24 180 SILS port 3 (all via SILS)
Splenectomy 1 12 31 150 12 mm + 5 mm 2
Left adrenalectomy 1 24 70 180 12 mm + 5 mm 3
Retroperitoneal lymphangioma resection 1 9 50 60 12 mm + 5 mm 2
Cholecystectomy™* 2 17 50 85 12 mm + 5 mm 2
Ovarian cyst/tumor resection* 2 16.2 62.5 95 12 mm + 5 mm 2

Group III: True single-port laparoscopic surgery
Cholecystectomy* 14.8 43.8 96 12 mm 1
Appendectomy* 23 12.23 46.5 61 12 mm 1

*Values expressed as mean for the group, exceptions to port placement listed in Table 2.

was 61 minutes (range, 20-105 min) for appendectomy and Discussion

93 minutes (range, 50-150 min) for cholecystectomy. There
were no intraoperative complications.

Magnetic graspers were used in 5 operations that were
otherwise performed with the use of conventional laparo-
scopic techniques. Thus, 39 operations were performed via
the transumbilical approach and includes patients from both
groups II and III (Table 1). True single-port operations,
group III, included 23 appendectomies and 6 cholecystec-
tomies. Six (15%) of these 39 operations required the use of
one additional port to complete the operation. These include
3 appendectomies, 1 cholecystectomy, 1 colectomy, and 1
adrenalectomy (Table 2). No operations were converted to
an open approach.

Table 2  Transumbilical operations (Groups II and III)
requiring additional ports
Number/type
Port of port  Indication for additional port
Nissen 1;5 mm Needed for Intraperitoneal
fundoplication Suturing
Total abdominal  1;12 mm Needed for Endo-GIA to
colectomy transect rectum
Left adrenalectomy1;5 mm Needed for difficult dissection
Appendectomy 1;5 mm Retrocecal appendix, difficult
dissection
Appendectomy 1;5 mm Perforated, gangrenous
appendicitis
Appendectomy 1;5 mm Long, tortuous appendix,

difficult dissection

Our experience shows that magnet-assisted laparoscopy in
children is a safe and effective means of reducing the
number and size of abdominal incisions while improving
exposure, triangulation, and the ergonomics of the opera-
tion. Incorporating magnets into our surgical strategy has
altered our approach to a broad range of operations. The use
of magnetic graspers as an adjunct to conventional laparo-
scopic surgery reduces the number of ports without funda-
mentally altering how the operation is performed. Thus, the
technology can readily be incorporated into surgical prac-
tice without a difficult learning curve. As an adjunct to
multiple-access umbilical surgery, magnetic graspers not
only improve triangulation but also decrease the number of
instruments entering at the umbilicus. This ameliorates the
most commonly cited problem with existing SSULS tech-
niques which is cannula crowding, instrument collision, and
hand crossing.1 Furthermore, the use of magnets allows for
true single-port surgery for routine operations, such as ap-
pendectomy and cholecystectomy. This streamlined tech-
nique eliminates large or multiple fascial incisions and
allows the surgeon to operate and drive the camera simul-
taneously using the operative laparoscope.

With the exception of cholecystectomies, in most mag-
net-assisted operations we used a single DMG. In our ex-
perience, a capable laparoscopic surgeon can quickly learn
to deploy and control a single DMG. However, there is a
longer learning curve for the use of multiple DMGs because
the DMGs tend to “clump” together if they are brought
close to one another. If 2 DMGs are used, we find that
tethering the second DMG to a prolene suture helps to
separate the DMGs should they clump together. Our pref-
erence is to use 2 DMGs for cholecystectomies, one at the
fundus and the other at the infundibulum, because this
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allows the surgeon to perform the operation alone. How-
ever, initially a novice surgeon to this technology might be
better served using a single DMG at the gallbladder fundus
and a 5-mm grasper to manipulate the infundibulum.

SSULS is becoming increasingly common in the pediat-
ric population. Hansen et al' recently reported a series of
224 SSULS cases in children. Overall, 21% of the opera-
tions required at least one additional port. When considering
commonly performed operations, additional ports were re-
quired in 15% of appendectomies (18 of 122) and 72% of
cholecystectomies (23 of 32) in this series. Our results are
similar as an additional cannula was required in 13% of our
magnet-assisted appendectomies (3 of 23), but none of our
magnet-assisted cholecystectomies (0 of 8). The need for
additional ports is a reflection of poor exposure and trian-
gulation. Rather than placing an additional port and instru-
ment, other groups use transabdominal sutures placed
through the abdominal wall and then through the gallblad-
der fundus or appendix to provide traction.*’ We have
abandoned the use of traction sutures with the development
of the DMG because these sutures can result in intraabdomi-
nal spillage of bile, gallstones, or pus. Furthermore, we are
concerned that the suture tract is a potential site for infec-
tion. We use the DMG to grasp the gallbladder directly and,
to date, have not had any problems with perforating the
gallbladder.

There were no intraoperative complications in the pres-
ent series. In a prior report in which the authors used this
technology in adults, the DMG was dropped in the abdom-
inal cavity and required fluoroscopy to retrieve the DMG.°
In our experience, when the DMG is dropped in the abdom-
inal cavity, it was easily brought to the abdominal wall by
use of the external magnet. The DMG did not cause any
pressure necrosis of the abdominal wall that we could see.
The use of a different system of magnetically coupled in-
struments in animals, Best et al® showed that there was no
gross or microscopic pressure necrosis of the abdominal
wall. Furthermore, the presence of a powerful magnetic
field did not interfere with any electronic surgical equip-
ment or anesthesia monitors nor did it have untoward effects
on patient physiology.

Other groups are exploring the use of magnetically
controlled instruments in laparoscopic surgery. Best and
Cadeddu® recently described their experience with mag-
net anchoring and guidance systems (MAGS). MAGS
uses external magnets to stabilize a base plate against the
peritoneal surface of the abdominal wall. Instruments,
such as a fan retractor, remote controlled electrocautery,
and wireless video camera are mounted on the base plate
and controlled by repositioning the platform. This tech-
nology has shown promise in porcine models in which
single-port and natural orifice transluminal endoscopic
surgery (ie, NOTES) cholecystectomies and nephrecto-
mies have been performed.'®'? Although the experience
with MAGS in humans is much more limited, Cadeddu et
al'’ has described the use of the MAGS video camera to

good effect in one SSULS appendectomy and one SSULS
nephrectomy. Unlike the DMG that can be readily repo-
sitioned to grasp tissue in a different location, MAGS and
other magnetic graspers under development are fixed to
tissue with an Endoclip, making repositioning difficult
and time-consuming.'* Kume et al'® report a novel ap-
plication of magnets that are anchored in the bowel
lumen and provide traction via an external magnet. This
technique has been used in a swine proctectomy model
but is limited by the fact that proctoscopy is required to
place and reposition the intraluminal magnet. Another
promising application for magnets is the development of
magnetically guided, wireless endocameras.'®

A potential drawback of magnet-assisted laparoscopic
surgery is that it requires specialized magnetic instruments
that are not widely available at present. In addition, per-
forming true single port operations requires a dedicated
operative laparoscope and extralong 5-mm laparoscopic in-
struments. Other authors®*'” report the use of a 20-cm
Frazee operative laparoscope that may be a better alterna-
tive because standard 36-cm long laparoscopic instruments
can be used. Although the operative laparoscope is widely
used in other surgical disciplines, pediatric surgeons have
been reluctant incorporate it into practice citing problems
with visualization at the tip of the instrument. We find that
visualization can be optimized by maintaining a short work-
ing length between the end of the telescope and tip of the
instrument. Although some authors place retraction instru-
ments through the operative laparoscope, our preference is
to insert the dissecting instrument through the scope, thus
fixing visualization at the point of dissection.

In conclusion, our experience shows that magnet-assisted
laparoscopy can be safely and effectively incorporated into
surgical practice in children. Although this technology can
be readily applied as an adjunct to conventional laparos-
copy, it also allows a means for performing true single port
laparoscopic surgery.
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