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Abstract

Background: Various high-powered magnetic toy sets constitute a major hazard as the small magnets can be
easily swallowed or aspirated by young children. Multiple ingested magnets or the ingestion of a magnet with
another metallic object can pose a serious threat as this may lead to bowel perforation, fistulation, intestinal
volvulus, bowel obstruction and death.

Main body: Retrieval of ingested magnets from the stomach is routinely performed endoscopically but can
become a painstaking quest involving many tedious attempts to secure the magnet(s). Historically, pre-routine
endoscopy, magnetic retrievers were used under fluoroscopic control for the removal of metallic objects in the
stomach. With the advent of endoscopic retrieval instruments, they fell out of favour and are no longer readily
available on the market. Despite this, conventional endoscopic instruments are likely to be less effective than
endoscopic-assisted magnetic retrievers due to confounding weak bonds which form between the metal retrieval
device and the magnet.
Preoperative testing, and selection of the retrieval instrument with the strongest coupling effect with a magnet,
might be beneficial. A simple, endoscopic-assisted magnetic retriever created in theatre can allow for more
effective, time-efficient and safe removal of ingested magnets under direct vision.

Conclusion: Urgent removal of multiple ingested magnets or a single ingested magnet coupled with another
ingested metallic object should be highlighted. Stricter implementation of a widespread ban over loose magnetic
toys is needed. Standardised protocols for the surgical management of ingested magnets should be available in
every hospital.
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Background
Foreign body ingestion is a very common presentation
to any Accident & Emergency Department dealing with
children. The American Association of Poison Control
Centres has found foreign body ingestion to be one of
the five most common human exposures, accounting for
almost 80,000 cases per year reported to poison control
in children up to the age of 5 years [1]. Although magnet
ingestion is still uncommon within this group, the Elec-
tronic Injury Surveillance System in USA revealed in

excess of 22,000 cases in children in the period of 2001
and 2011 [2].
Various high-powered magnetic toy sets such as

Buckyballs and Buckycubes (Maxfield and Oberton
Holdings, Brooklyn, NY), Magnetix (Mega Brands, Mon-
treal, QC) together with tiny magnets within building
sets, dolls and accessories as “Mattel’s Polly Pocket Mag-
netic Play Sets” constitute a major hazard as they can be
easily swallowed or aspirated by young children [3]. Re-
cently, a new craze for fake tongue piercings with mag-
netic balls has prompted frequent incidents of them
being swallowed with severe implications [4]. Multiple
ingested magnets or the ingestion of a magnet with an-
other metallic object can pose a serious threat as this
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may lead to bowel perforation, fistulation, intestinal vol-
vulus, bowel obstruction and death [3, 5–8].
Efforts worldwide have recently been tried to limit this

problem including various warning labels on magnetic
toys, public warnings about the hazards of unintentional
swallowing and inhalation of magnets in children and
various awareness campaigns highlighting the potential
dangers. Industrial standards have been changed to pre-
vent detachment of loose magnets from magnetic toys
aimed at children less than 14 years of age [9]. A further
mass recall and ban from the market was held world-
wide [6, 10]. However, in spite of all these efforts, mul-
tiple studies have shown that magnet ingestion in
children is still on the rise [3, 11, 12]. According to a
survey carried out by the North American Society for
Paediatric Gastroenterology, Hepatology, and Nutrition
in 2012, warning labels and bans have failed to prevent
magnet ingestion in children [13]. This may in part be
explained by the increase in popularity of magnetic toys
amongst children which still remain available online and
many being sold as adults products such as Nanodots
(Nano Magnetics, Ontario, Canada) [3].

Main body
Increased concerns regarding the morbidity and mortal-
ity associated with magnet ingestion has led to different
algorithms and protocols set up to manage these cases.
Ingestion of multiple magnets or a magnet and a second
metallic object renders the patient at serious risk and
mandates immediate removal either endoscopically if it
is still in the stomach or through surgery whether lap-
aroscopically or a laparotomy [3, 14, 15].
Retrieval of ingested foreign bodies from the stomach

has been routinely performed endoscopically utilising re-
trieval forceps, snare nets or stone retrieval baskets.
With ingested magnets, however, endoscopic retrieval

instruments may not work optimally as the ingested
magnets may attach to the instrument’s metallic rim im-
mediately upon contact, preventing the retrieval instru-
ment from closing securely upon the ingested magnets.
It can become a painstaking quest involving many tedi-
ous attempts to secure the magnet(s). Moreover, the
weak force with which the ingested magnet(s) attach to
the metallic rim of the retrieving instrument renders
them easily dislodged upon withdrawal of the endo-
scope. Contact with the upper and lower oesophageal
sphincters is particularly troublesome. This leads to pro-
longed surgery time, increased surgical frustration and
the possibility of the ingested magnets uncoupling dur-
ing retrieval and obstructing the airway.
It is unclear from the literature how successful endo-

scopic removal of ingested magnets lying within the
stomach is. While Richard et al. reports a success rate of
66% in general, it is unclear how much of that is due to
technical difficulty in retrieving magnets from the stom-
ach versus passage of some or more of the magnets fur-
ther downstream [14]. The size and configuration of the
ingested magnets has been described as one factor in
unsuccessful endoscopic removal and need for laparot-
omy [16].
We found that by obtaining a sample of the ingested

magnets from the parents and pre-operatively testing
their coupling force with various endoscopic retrieval in-
struments, we could select the most effective retrieval
instrument in advance. Different endoscopic retrieval in-
struments have different coupling force with magnets. In
our experience with a string of ingested Buckyballs, we
found that the biopsy forceps were more effective than
the endoscopic grasper in keeping hold of the ingested
magnets while retrieving them, despite the biopsy for-
ceps being smaller in size. This may relate to the density
of iron in the different instruments.

Fig. 1 Endoscopic image of a chain of 18 Buckyball magnets inside
the stomach of a child Fig. 2 One spare Buckyball magnet inserted into a retrieval net
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Historically, magnetic retrievers were used for the re-
moval of metallic objects in the stomach under fluoros-
copy. They were formed of orogastric tubes that
consisted of a long flexible tube with a strong magnet at
its end. This was recognised to be a basic and effective
form of retrieval for ingested metallic objects which was
well tolerated awake and did not require any risks of
surgery or general anaesthesia. However, it required the
availability of fluoroscopy. Retrieval was carried out
under fluoroscopic control rather than endoscopic vision
and the potential risk of uncoupling of retrieved items
and the inability to assess mucosal injury were seen as
disadvantages [17–21]. With the recent advent of endo-
scopic retrieval instruments, magnetic retrieval devices
fell out of favour and are no longer readily available on
the market [22].
A few case reports previously described various ways

of creating and utilising a primitive magnetic retriever
under endoscopic guidance. They were used to retrieve
either metallic or magnetic items from the stomach.

Two case reports were found in adults: one included a
large refrigerator magnet placed into a Roth Net and
tightened before insertion into the stomach [23], while
the other involved a snared magnet that was filed previ-
ously to have 2 linear grooves for the snare to tighten
upon [24]. Four other reports were found in children in-
cluding a 12-Fr magnet head tube (Cook Co., Bloom-
field, IL, USA) alongside a slim paediatric endoscope
(OD 3.5 mm) [25], a magnet stuck to the end of an
endoscope [26], two magnetic disks connected by a steel
spring and wire [27] and a magnetised loop basket [28].
We believe that magnetic retrievers have the immense

advantage of having a strong magnetic force which cou-
ples with metallic objects or magnets, making it ex-
tremely hard for them to uncouple during their
extraction. We have developed a simple way of creating
a basic magnetic retrieval device that can be used along-
side the paediatric endoscope or through the working
channel to remove magnets located in the stomach in
children. The retrieval process can be done safely and ef-
fectively under vision.
Our idea of an endoscopic-assisted magnetic retriever

came during a failed endoscopic retrieval attempt of a
long bead of 16 Buckyball magnets, measuring 9 cm in
total length and lying within the stomach and duodenum
(Fig. 1). Prior attempts with various conventional re-
trieval instruments including retrieval forceps, snare nets
and retrieval nets failed as the ingested magnets repeat-
edly attached to the metallic rim of the instrument and
which hence failed to close securely upon the ingested
magnets. Moreover, it kept uncoupling while coming
out with the endoscope as it was only attached to it with
a weak magnetic force.
The basic magnetic retrieval device was created by pla-

cing a small magnet within an endoscopic retrieval net
(Fig. 2). The retrieval net was then tightened onto the
small magnet to secure it and make sure it stays
enclosed within the retrieval net (Fig. 3). This was
inserted under vision alongside (and not through) the

Fig. 3 A, B Retrieval net tightened to securely attach the Buckyball magnet to the retrieval net

Fig. 4 Endoscopic extraction of the ingested Buckyball magnets
using the basic magnetic retriever alongside endoscopic guidance
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paediatric endoscope, into the stomach of the child
where the ingested magnets were located (Fig. 4). Once
the primitive magnetic retriever contacted the ingested
magnets, they all united together to become one strong
magnet and were brought out both quickly and safely
under vision (Figs. 5 and 6). Of course, we could/should
have passed the net through the endoscope before en-
closing the magnet within its folds to create a single
instrument.

The images show a Buckyball magnet used within an
endoscopic retrieval net to create the basic magnetic re-
triever. This was readily given to us by the parents. It is
important to emphasise however that you can use any
small magnet available as along as it could pass down
easily through the oesophagus. The parents often do
come however with a similar small magnet to the ones
the child has swallowed and can easily be asked to help
out by bringing one from home. It is our impression that
both the magnet and the endoscopic retrieval net needed
to replicate this basic magnetic retrieval are standard in-
struments that can be easily obtainable in any hospital.
It is clearly important to test the magnet within the
endoscopic retrieval net preoperatively to ensure that it
stays secure within it and does not slip outside.
Simple magnetic retrievers are both easy to build and

cost effective as they are built from basic equipment that,
if not available, can be easily purchased in any children’s
theatre. It is also effective and time efficient in removing
magnets from the stomach as it strongly and promptly at-
taches to the ingested magnets rendering it difficult to de-
tach upon retrieval. Its safety also lies in the fact that the
whole insertion and retrieval process with magnetic re-
triever here is done under endoscopic vision and hence
can easily identify if uncoupling of the retrieved magnets
occurred or if there is any gastric mucosal injury or bowel
fistulation. Conventional endoscopic instruments are
likely to be less effective than endoscopic-assisted

Fig. 5 A–C Simulation of the basic magnetic retriever attaching to the ingested Buckyball magnets alongside endoscopic vision

Fig. 6 Demonstration of the strong force upon which the basic
magnetic retriever attaches to the ingested magnets
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magnetic retrievers in retrieving ingested metallic objects
located in the stomach, due to weak bonds which form be-
tween the metal retrieval device and the magnet.

Conclusion
It is important to highlight the need for urgent removal
of multiple ingested magnets or a single ingested magnet
coupled with another ingested metallic object. Stricter
implementation of a widespread ban over the use of
loose magnets in toys is needed together with increasing
public awareness of the hazards involved and the magni-
tude of this problem. Standardised protocols for the sur-
gical management of ingested magnets should be
available in every hospital.
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