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Magnets in the GI tract
The American Society for Gastrointestinal Endoscopy
(ASGE) Technology Committee provides reviews of exist-
ing, new, or emerging endoscopic technologies that
have an impact on the practice of GI endoscopy.
Evidence-based methodology is used, with a MEDLINE
literature search to identify pertinent preclinical and
clinical studies on the topic, and a MAUDE (U.S. Food
and Drug Administration Center for Devices and Radio-
logical Health) database search to identify the reported
adverse events of a given technology. Both are supple-
mented by accessing the “related articles” feature of
PubMed and by scrutinizing pertinent references cited
by the identified studies. Controlled clinical trials are
emphasized, but, in many cases, data from randomized
controlled trials are lacking. In such cases, large case se-
ries, preliminary clinical studies, and expert opinions are
used. Technical data are gathered from traditional and
Web-based publications, proprietary publications, and
informal communications with pertinent vendors. For
this review, the MEDLINE database was searched through
February 2013 by using the keywords magnet, gastroesoph-
ageal, capsule, enteral feeding, colonoscopy, NOTES, en-
doscopic submucosal dissection, magnetic nanoparticle,
reflux, incontinence.

Reports on Emerging Technologies are drafted by 1 or 2
members of the ASGE Technology Committee, reviewed
and edited by the committee as a whole, and approved
by the governing board of the ASGE. These reports are sci-
entific reviews provided solely for educational and infor-
mational purposes. Reports on Emerging Technologies
are not rules and should not be construed as establishing
a legal standard of care or as encouraging, advocating,
requiring, or discouraging any particular treatment or
payment for such treatment.
BACKGROUND

Magnets are of interest to the endoscopist or surgeon
because they exert a force over a distance and can there-
fore be used to control instruments remotely or to create
compression forces. Applications of magnets or magnetic
materials in the GI tract will be reviewed.
American Society for Gastrointestinal Endoscopy
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EMERGING TECHNOLOGY AND POTENTIAL
APPLICATIONS

Magnetic capsule manipulation
Until recently, capsule endoscopes have not been

maneuverable. Currently available systems are propelled
by spontaneous GI motility, which may result in areas of in-
terest being passed too quickly and large cavities (eg,
stomach, colon) being inadequately visualized. Capsules
that use external magnetic fields for steering are being
evaluated in clinical trials.

There are currently two device systems in late-stage
development. The Magnetic Maneuverable Capsule (MMC,
NEMO, and Given Imaging, Yoqneam, Israel) is a modifica-
tion of a standard Given Imaging colon capsule, with mag-
netic disks inserted inside one dome. The capsule is
maneuvered with the help of a handheld external magnet
moved across the patient’s abdominal surface. The MMC
transmits images from one end of the capsule to the data
recorder via a set of skin sensors. The images can be
viewed in real time or after the examination is complete.1

The other magnetic capsule system (Siemens Medical,
Erlangen, Germany and Olympus America, Center Valley,
Pa) consists of a guidance magnet, an image processing
and guidance information system (consisting of a console
viewed by the operator and a scanner for the patient to
lie in), and a capsule endoscope. After swallowing the
capsule (11 � 33 mm), the patient is positioned on a
bed that resembles a magnetic resonance imaging scanner,
with the upper abdomen at the center of an electromag-
netically generated field. The magnet system generates
varying magnetic fields that are controlled by a “joystick”
to navigate the capsule. Cameras at both ends of the
capsule transmit images.2,3 Neither of these systems are
currently commercially available.

The performance of the MMC in the stomach was eval-
uated in a small study of 10 healthy volunteers with the use
of a handheld magnet. The procedure appeared to be safe,
well-tolerated, and technically feasible. Maneuverability of
the capsule within the gastric lumen was considered excel-
lent by the authors, and visualization of the mucosa was
high in the majority of patients. However, visualization of
the mucosa was not complete because of fluid blocking
the view of the most apical parts of the fundus and subop-
timal gastric distention.1 Another study of 10 healthy
volunteers evaluated the performance of the MMC in the
esophagus. Magnetic forces were not strong enough to
hold the capsule against peristalsis when it approached
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Figure 1. The Cortrak EAS system is based on the same principle as elec-
tromagnetic navigation colonoscopy. Changes of a magnetic field gener-
ated by a moving magnet are registered by an external antenna and
rendered as an image by a viewing application. Image courtesy of CORPAK
MedSystems.

Magnets in the GI tract
the gastroesophageal junction. The dwell time in the
esophagus was found to be highly variable, leading to
the conclusion that remote control of the MMC in the
esophagus of healthy volunteers is feasible, but higher
magnetic forces may be needed.4

The performance of the Siemens-Olympus system in the
stomach was evaluated in a feasibility study of 53 partici-
pants (29 healthy volunteers and 24 patients). There was
technical failure in 1 individual. In the 52 remaining cases,
examiners determined that the antrum, body, fundus, and
cardia were fully visualized in 98%, 96%, 73%, and 75% of
cases, respectively. The mean duration of the examinations
was 30 minutes (range 8-50 minutes). No significant
capsule-related adverse events occurred. The authors also
report that results improved with practice.2

Magnet-assisted enteral tube placement and
electromagnetic tube tracking

Placement of nasoenteric feeding tubes past the pylorus
is often done blindly at the bedside or under fluoroscopic
guidance. Failure to pass the tube beyond the pylorus
occurs frequently. Bedside methods that could confirm
the correct placement, with the ability to guide the tube
directly into the duodenum or monitor the progress of
the tube while it is being manipulated, would be helpful.

Two magnet-assisted feeding tubes are commercially
available. The Syncro-BlueTub (Syncro Medical Innova-
tions, Macon, Ga) is a feeding tube (8F and 12F) with a sty-
let that has small magnets at its tip.5 The distal end of the
tube contains a magnetic field sensor that is connected to
an indicator light at the proximal end of the tube. A hand-
held external steering magnet is used to maneuver the
tube through the pyloric sphincter. The indicator light
signals when the external magnet has captured the magnet
on the distal tip. To verify placement in the duodenum,
duodenal fluid is aspirated and applied to pH paper that
comes with the kit. The presence of alkaline fluid suggests
post-pyloric placement, which should be verified by radi-
ography. The Syncro-BlueTube was evaluated in 288 criti-
cally ill patients (329 intubations). Mean procedure time
was 15 minutes. In 293 cases (89.1%), the tube was placed
beyond the pyloric sphincter. In 139 insertions (42.2%),
the tube tip was in the distal portion of the duodenum
or the jejunum.5

The Cortrak enteral access system (Corpak MedSystems,
Buffalo Grove, Ill) consists of a feeding tube with a magnetic
stylet. An electromagnetic sensing device is used to track
the path of the feeding tube during placement; this device
does not allow for external magnetic manipulation of the
tube (Fig. 1). The Cortrak 2 enteral access system has
U.S. Food and Drug Administration (FDA) clearance for
use in confirming tube tip location in lieu of radiography.6

The Cortrak enteral feeding system was evaluated in
66 critically ill patients randomly assigned (2:1 ratio) to
receive an electromagnetically visualized jejunal feeding
tube or an endoscopically placed jejunal tube. The correct
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jejunal tube position was reached in 21 of 22 patients with
the endoscopic technique and in 40 of 44 patients with the
electromagnetically visualized jejunal tube (95% vs 91%;
P Z not significant).7

Magnetic endoscopic imagingdmagnetic
navigation colonoscopy

Loop formation during colonoscopy often can impede
colonoscope advancement, especially for trainees. Visuali-
zation of loops may be advantageous when a redundant co-
lon is encountered and for teaching colonoscopy.

The ScopeGuide system (Olympus, Center Valley, Pa)
uses electromagnetic fields to display colonoscope prog-
ress and loop formation. The original system used a
through-the-scope probe, which is still commercially avail-
able. Newer Olympus colonoscopes have built-in magne-
tic coils, obviating the need to pass a probe through the
colonoscope. Low-strength magnetic fields are generated
by a series of tiny wire coils positioned along the length
of the colonoscope or probe. The magnetic fields from
these wire coils induce an electric current in an external
sensor coil. The positional raw data are converted into
real-time 3-dimensional views of the colonoscope shaft
configuration and its location within the abdomen on a
separate computer monitor.

A study of 810 consecutive patients randomized to mag-
netic endoscopic imaging (MEI) or standard colonoscopy
with on-demand fluoroscopy showed that the cecal intuba-
tion rate for inexperienced endoscopists was significantly
higher in the MEI group (77.8%) compared with that of
the standard group (56.0%; P Z .02) but not for experi-
enced endoscopists (94.0% for MEI and 96.0% for standard
group; P Z .87).8
www.giejournal.org
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Figure 2. A, A strong external permanent magnet attracts a biliary or
pancreatic stent equipped with a magnetic proximal end. B, By use of
appropriate maneuvers, the stent can be dislodged from its initial posi-
tion to pass naturally. Reprinted with permission from the American
Society for Gastrointestinal Endoscopy: Ryou M, Cantillon-Murphy P,
Shaikh SN, et al. Magnetic pancreaticobiliary stents and retrieval system:
obviating the need for repeat endoscopy (with video). Gastrointest Endosc
2012;75:888-92.e1.

Magnets in the GI tract
A study of 1000 patients who were randomized to MEI
and conventional colonoscopy showed similar results;
time to cecal intubation did not differ between the groups.
However, the duration of abdominal compression was sig-
nificantly shorter in MEI-guided colonoscopy, and fewer
turn maneuvers were needed per patient.9

A recent, randomized, controlled study evaluated the
potential benefits of MEI in nonsedated colonoscopy
(n Z 160). No difference was seen in patient perception
of pain or willingness to undergo unsedated examinations
when the MEI versus the conventional colonoscope was
used.10

Magnet-assisted stent and foreign body removal
There are numerous options for foreign body removal

in the upper digestive tract and rectum. Most involve the
use of snares, baskets, forceps, or a combination of these
instruments passed through the working channel of an
endoscope. Multiple case reports describe how magnets
can be used in conjunction with endoscopy to aid in
removal of ingested ferromagnetic objects such as batte-
ries.11 Removal of endoscopically placed biliary and
pancreatic stents by using an external magnet could
obviate the need for a second endoscopy (Fig. 2). A
feasibility study of 5 pigs with ferromagnetic biliary stents
found that all could be removed with the use of an
external magnet.12 Currently, no systems for foreign body
removal are commercially available.

Magnetic anchor–assisted endoscopic
submucosal dissection

Gotoda et al have reported their experience of using a
magnetic anchor in assisting 25 endoscopic submucosal
dissection (ESD) procedures.13 ESD is more difficult to per-
form in certain locations of the stomach than in others
where retractors would be helpful. A magnetic anchor is
used to overcome the limitation of the standard ESD
procedure of “one-hand surgery” by placing it at the edge
of the incised mucosa of the lesion. Magnetic traction
can be applied to the anchor from any direction by using
an extracorporeal electromagnet control system (Fig. 3).
With the magnet traction, the incised mucosa can be
opened to expose the submucosal layer for further
dissection. The authors concluded that magnetic-anchor-
guided ESD is a feasible and safe method that enables
excellent visualization of the tissue and facilitates gastric
ESD in patients with early gastric cancer.13
SURGICAL APPLICATIONS

Linx, Fenix, and other devices
In 2012, the FDA approved the Linx Reflux Management

System (Torax Medical, Shoreview, Minn) for patients with
GERD who are symptomatic despite maximal medical ther-
apy. The Linx system is composed of a series of titanium
www.giejournal.org
beads, each with a magnetic core, connected with inde-
pendent titanium wires to form a ring shape. The magnetic
beads are wrapped around the lower esophageal sphincter
by using laparoscopy. A tunnel is created between the pos-
terior esophageal wall and the posterior vagal trunk, where
the device is passed through and then wrapped around the
esophagus, and the ends are then secured to each other.

A prospective, uncontrolled trial of 100 patients with the
Linx device, with 3-year follow-up, was recently published.14

The primary endpoint was a normalization of esophageal
acid exposure or 50% reduction in acid exposure at
1 year; this endpoint was met by 64% of patients. The
secondary endpoints were a 50% improvement in GERD-
related quality of life or 50% reduction in proton pump
inhibitor use; these endpoints were met by 93% and 92%
of patients, respectively. The most frequently reported
adverse event was dysphagia, occurring in 68% immediately
Volume 78, No. 4 : 2013 GASTROINTESTINAL ENDOSCOPY 563
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Figure 4. Principle of magnetic compression anastomosis. Two ring mag-
nets opposed to each another will compress the opposing walls of, for
example, bowel loops. Pressure necrosis occurs, and within a few weeks
an anastomosis will be created. Smaller magnets may pass spontaneously
but may not create a large enough lumen. To obtain immediate function-
ality, the intervening mucosa could be excised (Fig. 5). Reprinted with
permission from Elsevier: Jamshidi R, Stephenson JT, Clay JG, et al.
Magnamosis: magnetic compression anastomosis with comparison to
suture and staple techniques. J Ped Surg 2009;44, 222-8.

Figure 3. External magnetic forces transmitted through the abdominal
wall can be used intra-abdominally in a multitude of ways; for example,
to retract tissue during endoscopic submucosal dissection, as shown
here, but also to move cameras and other instruments, potentially obvi-
ating the need for additional incisions. Reprinted with permission from
the American Society for Gastrointestinal Endoscopy: Gotoda T, Oda I,
Tamakawa K, et al. Prospective clinical trial of magnetic-anchor–guided
endoscopic submucosal dissection for large early gastric cancer (with
videos). Gastrointest Endosc 2009;69:10-15.

Magnets in the GI tract
postoperative; this decreased to 11% at 1 year. Bloating and
pain also were reported frequently (14% and 25%, respec-
tively). Serious adverse events occurred in 6 patients
(dysphagia in 3, nausea/vomiting in 3); 4 patients required
removal of the device.

A similar device, the Fenix Continence Restoration Sys-
tem, is intended for the treatment of fecal incontinence
and has received CE (Conformité Européenne) Mark
approval for treatment of fecal incontinence and is
currently available for sale only in Europe. It is tunneled
around the anal sphincters by use of a single incision.

The initial experience with the Fenix magnetic anal
sphincter (MAS) (n Z 14) was published in 2010. The
study demonstrated significant improvement in fecal in-
continence and quality of life. Pain after magnetic anal
sphincter device implantation was mild and localized and
resolved without surgical intervention. Three patients
developed wound infections. Overall, at the end of the
study, two patients had the devices explanted and one
patient passed the device spontaneously.15

Minimal access surgery, natural orifice transluminal
endoscopic surgery (NOTES), and magnetic compression
anastomosis magnets also are being developed to assist
in minimal access surgery and NOTES.16-22

Creation of magnetic compression anastomoses (suture-
free anastomoses) exploits the fact that two opposing mag-
nets in the GI tract will cause necrosis of the intervening
tissue (Fig. 4). Different types and shapes of magnets
have been used to create magnetic anastomoses.23-33

The “magnamosis” technique uses two symmetrical mag-
netic rings. One magnetic ring is delivered into each of the
two intestinal segments to be anastomosed. When brought
564 GASTROINTESTINAL ENDOSCOPY Volume 78, No. 4 : 2013
into magnetic proximity, the magnetic rings self-align and
mate, compressing the intervening bowel walls together.
The center can be opened for immediate patency. Over 3
to 7 days, the inner edge necroses, and the outer circumfer-
ence remodels and heals. Complete necrosis of the inter-
vening tissue is avoided by a graded magnetic effect, in
which the magnetic attraction at the outer circumference
is not as great. The “bowel sandwich” created by the two
mated magnetic rings and the intervening necrosed bowel
walls falls into the lumen and is expelled, leaving a patent
and secure anastomosis.24 The device is not yet commer-
cially available but, according to the developers, a 510(k)
application has been filed with the FDA.25

The smart self-assembling magnets for endoscopy
(SAMSEN) device was evaluated in a proof-of-concept study
in a porcine model. The device consists of hinged magnets
that, when lined up longitudinally, can be delivered
through a catheter. Once outside the catheter, these mag-
nets self-assemble into a predetermined shape. When the
magnets occupy the stomach and jejunum, the magnetic
shapes approximate to form a gastrojejunostomy after the
intervening tissue necroses or is cut (Fig. 5).26 The device
www.giejournal.org
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Figure 5. Smart, self-assembling magnets for endoscopy (SAMSEN) are a potential solution to some of the problems encountered with ring magnets. The
following illustrates the steps of their deployment: A, Natural orifice transluminal endoscopic surgery gastrotomy is followed by small-bowel mobilization
and enterotomy creation by using a custom grasping overtube. B, Injection of the small-bowel magnet. C, Opening of the small-bowel magnet followed by
deployment of the gastric magnet. D, Mating of magnets followed by immediate gastrojejunostomy access. Reprinted with permission from the American
Society for Gastrointestinal Endoscopy: Ryou M, Cantillon-Murphy P, Azagury D, et al. Smart self-assembling magnets for endoscopy (SAMSEN) for transoral
endoscopic creation of immediate gastrojejunostomy (with video). Gastrointest Endosc 2011;73:353-9.

Magnets in the GI tract
is currently undergoing commercial development by GI
Windows, an affiliate of Beacon Endoscopic (Newton,
Mass).27

The Cook Magnetic Anastomosis Device (Cook Medical,
Bloomington, Ind) consists of two magnetic rings used to
create a compression anastomosis. However, after a fistula
is created, the magnets are removed, and a special self-
expandable covered metal stent with wide flanges is
deployed to maintain patency. This device has been inves-
tigated in a multicenter clinical trial for the palliation of ma-
lignant gastric outlet obstruction. A success rate of 66.7%
(12/18 patients) was achieved; one serious adverse event
(stent perforation) occurred leading to the death of the pa-
tient and early termination of the study. Three patients
(25%) experienced an adverse device effect (stent migra-
tion).28 This device is not commercially available.

Magnetic compression anastomoses have been used clin-
ically in the nonsurgical treatment of esophageal atresia,29 in
the treatment of biliary strictures after liver transplantation,30

to create biliary-enteric anastomoses to bypass malignant
obstruction,32 and to create a cyst-gastrostomy.33
Other applications
Magnetic nanoparticles are a class of nanoparticles (ie,

engineered particulate materials of!100 nm) that can be
manipulated under the influence of an external magnetic
www.giejournal.org
field.34 The application of nanotechnology in GI endo-
scopy is still in its infancy, but interest in related devices
and techniques is emerging.35 Biological applications of
magnetic nanoparticles recently have been reviewed com-
prehensively.36,37 Endoscopists and endosonographers
may be involved in deploying magnetic nanoparticles
in specific target locations. Magnetic nanoparticles could
be used as a drug delivery system, especially for cyto-
toxic drugs, and as heat mediators for hyperthermia
for localized tumor therapy and for a number of other
applications.38-45
Research agenda
Clinical research of magnetic capsule manipulation is

currently in early stages, and further work is necessary.
Hybrid systems with capsules that can propel themselves
independently but are steered from the outside may
need to be developed. The potential benefits of MEI in
the setting of difficult colonoscopies or in the training
of gastroenterology fellows need to be further defined.
Prospective studies are necessary to evaluate whether
magnet-assisted methods of feeding tube placement are
associated with efficacy, safety, and cost benefits. Whether
external magnets can be used to remove magnetized
pancreas and/or biliary stents in humans has not been eval-
uated. Long-term data about the safety and efficacy of the
Volume 78, No. 4 : 2013 GASTROINTESTINAL ENDOSCOPY 565
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Linx device are needed. The Linx band is currently being
deployed laparoscopically; however, a NOTES approach
could be explored. Compression anastomosis that uses
magnets has potential applications in a wide variety of set-
tings, but further work is required before these devices and
methods can become mainstream. Delivery methods,
especially in narrow lumens, need to be optimized.
Summary
There are many different applications of magnetic tech-

nology in the GI tract. Some are in early stages of develop-
ment, whereas others have attained or are in the process of
attaining FDA approval or clearance. This is a vibrant field
with many opportunities for device development and clin-
ical research.

Abbreviations: ESD, endoscopic submucosal dissection; FDA, Food and
Drug Administration; MEI, magnetic endoscopic imaging; MMC,
Magnetic Maneuverable Capsule; NOTES, natural orifice transluminal
endoscopic surgery.
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