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ABSTRACT

We describe a comprehensive algorithm for the management of ingested
rare-earth magnets in children. These newer and smaller neodymium
magnets sold as adult toys are much stronger than the traditional magnets,
and can attract each other with formidable forces. If >1 magnet is swallowed
at the same time, or a magnet is co-ingested with another metallic object,
the loops of intestine can be squeezed between them resulting in bowel
damage including perforations. An algorithm that uses the number of
magnets ingested, location of magnets, and the timing of ingestion before
intervention helps to delineate the roles of the pediatric gastroenterologists
and surgeons in the management of these cases.
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ngested neodymium magnets are a serious health hazard for

children, with an extremely high risk of intestinal obstruction
and perforation as loops of bowel may be trapped between multiple
magnets. Neodymium or rare-earth magnets are not our grand-
father’s magnets. Composed of iron, boron, and neodymium, they
are at least 5 to 10 times more powerful than traditional magnets.
Invented by General Motors and Sumitomo Special Metals in 1982,
these special magnets are used in many toys, modern household
products including cordless tools, hard drives, magnetic resonance
imaging, and hybrid electric engines.

The earliest report of bowel perforation with the ingestion of a
traditional magnet was from Japan in 1995 (1). In 2002, McCormick
et al (2) at Sheffield Children’s Hospital reported 24 cases of
injury from 7 x 4 x 1 mm neodymium magnets. In the present report,
nasal, aural, penile, and gastrointestinal tract injuries were noted in
children of age 7 to 15 years. In 2005, an article from The Cleveland
Clinic Foundation warned against the serious implications of
multiple magnet ingestion in pediatric patients, including develop-
ment of fistulae (eg, gastroenteric, enteroenteric), obstruction,
and perforation (3). From 2003 to 2006, 20 cases of magnet ingestion
and injury in children ages from 10 months to 11 years were reported
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in Morbidity & Mortality Weekly Report published by the Centers
for Disease Control and Prevention; 75% of those cases had bowel
perforations, 20% contracted peritonitis and their mean hospital stay
was 8.7 days (4). The magnets ingested during this time period
originated from Mattel and other children construction games,
and were usually larger disc magnets. In 2006, the US Consumer
Product Safety Commission (CPSC) raised the recommended age
for magnetic children’s toys from 3 years to 6 years to ensure
children’s safety (5,6).

Increasing reports of swallowing rare-earth neodymium
magnets began to surface in the late 2000s. Initially starting as
case reports, the numbers increased alarmingly. Many of the
reported ingestions since 2008 involve small neodymium magnets
sold as part of a cube of magnets marketed as desk toys and
stress relievers for adults. The CPSC has received reports of
toddlers finding loose magnets left within their reach. Adolescents
and teenagers are now using these high-powered magnets to mimic
body piercings by placing >2 on their ear lobes, tongue, or nose,
which has resulted in magnets being unintentionally inhaled
and swallowed.

In 2007, the CPSC issued the first warning, noting the
possibility of high-powered magnets detaching from children’s
toys causing injury and even death if swallowed (5,6). At that
time, the CPSC was aware of the death of a 20-month-old child after
swallowing such magnets, as well as 33 other cases of magnet
ingestion of which at least 18 required emergency surgery for
removal (5—7). By 2008, the CPSC had documented >200 reports,
many of which required emergency surgery to remove the magnets.
Between 2005 and 2008, the US patent rights for neodymium
expired and several manufacturers began mass production of these
new toys. In 2008, the first magnet ball cube toy, the NeoCube, was
developed followed by the buckyball in 2009. These adult desk toys
became extremely popular and increased the exposure to neo-
dymium magnets to children. Each unit of the neodymium magnet
has approximately 125 to >1000 magnetic balls (Fig. 1), and can be
purchased on the Internet and in other retail outlets. The CPSC in
2009 issued a ban on the sale of rare-earth magnets to children

FIGURE 1. High-powered ball bearing neodymium magnets in adult
toys sold on the Internet as “New Magnetic Magnet Balls Beads
Sphere Puzzle Cube.” (From www.csps.gov, November 10, 2011,
press release.)
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FIGURE 2. Deep gastric ulceration caused by opposition of 2 magnets
in a 3-year-old child who swallowed 39 small neodymium magnets,
despite removal from the stomach within 8 hours of ingestion.

younger than 14 years (7). One manufacturer failed to comply and a
recall was ordered by the CPSC on 175,000 packages of buckyballs
high-powered magnets sets labeled ‘“‘Ages 13+’ in May 2010 ().
Within months, however, the manufacturers had relabeled some
of these products as ‘“Not for Children’’ or ‘‘For Adults Only,”” and
these products continue to be widely available.

The attractive force of these neodymium magnets is
formidable. After swallowing >1 magnet or a magnet with another

piece of metal, the attractive force allows the objects in the intestine
to find each other despite being in different regions of the bowel
(9—11). The magnets can therefore cause 2 pieces of bowel to stick
together with great strength and do not separate. The resulting
ischemia and pressure injuries can cause bowel perforation,
volvulus, fistula, and severe infection that may result in serious,
lifelong, and costly consequences, including intestinal resection
(12,13). Even if these magnets are quickly removed from the gastric
lumen with prompt endoscopy, our experience demonstrates that
ulceration and indentations of the mucosa may occur in <8 hours
(Fig. 2).

Surprisingly, the magnitude and the seriousness of this
““‘magnet problem’’ remained under the radar among the vast
majority of pediatricians, pediatric gastroenterologists, pediatric
surgeons, as well as the emergency department physicians in the
United States until a recent email communication in the Pediatric
Gastroenterology LISTSERYV brought this issue into the spotlight.
An informal survey of North American Society of Pediatric
Gastroenterology, Hepatology, and Nutrition (NASPGHAN) mem-
bers in Spring 2012 identified significant morbidity in >80 magnet
ingestions, which resulted in 39 endoscopies, 26 surgeries, 26 bowel
perforations, and 3 bowel resections.

ALGORITHM FOR MANAGEMENT
The 2012 informal survey of NASPGHAN members
indicated a more prevalent problem with significant morbidity than
initially appreciated, and that magnet ingestions are a clear and

Initial presentation
¢ Obtain History
o Known magnet ingestion

¢ Determine single versus multiple magnet ingestion

o Unexplained Gl symptoms with rare earth magnets in the child’s environment
¢ Obtain an abdominal x-ray. If magnets are present on flat plate of abdomen, obtain lateral x-ray of abdomen
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Beyond the stomach
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surgeon if available
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« Discharge home after « Refer to Pediatric surgery
hospital observation to « May do serial x-rays in emergency room to
ensure tolerance of feeds check for progression by checking films 4 to 6
with appropriate follow-up hours apart
and education
, '

Progression of magnets on serial x-rays

« Educated parents on precautions and discharge
with close follow-up
o Remove any magnetic objects nearby
o Avoid clothes with metallic buttons and
belts with buckles
o Ensure no other metal objects or
magnets are in the child environment
« Confirm passage with serial x-rays
« If atany time magnets do not progress or patient
becomes symptomatic, admit to hospital for
removal of magnets

No progression of magnets on serial x-rays

« Admit to hospital for further monitoring and serial
x-rays or surgical removal
o May use PEG 3350 solution or other
laxative prep solution to aid in passage
and to help prepare for colonoscopy or
other procedure.
« Continue serial x-ray every 8 to 12 hours. If no
symptomatic then proceed with surgical removal
or endoscopic removal with surgical back-up

FIGURE 3. Rare-earth magnet ingestion algorithm. Gl = gastrointestinal.
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present danger for children. Existing algorithms (14,15) appeared
inadequate especially when defining the role of the pediatric
gastroenterologist and endoscopy in rare-earth magnet ingestions.
In May 2012, a task force consisting of NASPGHAN members
(including members of the endoscopy committee, professional
education committee, and patient education committee) agreed that
there is need for additional education of physicians and patients on
this potential health hazard. The algorithm below was developed
with the inputs of the senior leadership of NASPGHAN
along with comments from members of the endoscopy committee
(Fig. 3).

This algorithm is detailed and self-explanatory. The initial
step in the evaluation is to ascertain the diagnosis of magnet
ingestion in a child presenting with gastrointestinal symptoms
such as vomiting and abdominal pain, in an environment wherein
small magnets are present. The children may complain of gagging,
choking, or drooling at the time of the initial ingestion, but with
these small magnets they are not likely to have any initial symptoms
unless a large number of magnets have been ingested. Most of
the children remain asymptomatic thereafter, unless there is a
complication. Cases that present with abdominal pain, discomfort
or cramps, vomiting, or abdominal distension are of concern
as these may suggest an impending intestinal obstruction.
Other patients may have minimal complaints that may mimic a
viral gastroenteritis.

Once magnet ingestion is confirmed on the x-ray, the next
step is to determine whether only a single magnet was ingested
versus multiple magnet ingestion, or a single magnet with a
coingestion of another metallic object. To determine whether only
a single magnet was ingested, multiple radiologic views are necess-
ary because it is possible for magnets to stick together, overlap on a
single view, and be misdiagnosed as a single magnet. A single
swallowed magnet can be managed conservatively with appropriate
education of the parents and child (Fig. 4). Butterworth and Feltis
(16) have pointed out that misdiagnosis of multiple magnets
as solitary magnet ingestion can lead to a delay in diagnosis and
severe subsequent complications, which can be prevented by timely
intervention. Our algorithm makes specific recommendations to
rule out multiple magnet ingestion and allows for the early endo-
scopic intervention in some cases of single magnet ingestions.

Multiple magnet ingestions or coingestion of a single magnet
with another metal object should be treated with increased urgency
because of high risk of perforation(s) (Fig. 5). The time interval
between ingestion and presentation, along with the location of the

FIGURE 4. A single disc-shaped magnet swallowed by a 3-year-old
girl was managed conservatively and the magnet passed without any
serious complications.
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FIGURE 5. Multiple magnets swallowed by a 22-month-old child
resulted in multiple intestinal perforations and eventually short
gut syndrome. This child is now a candidate for small intestinal
transplantation.

magnets, determines the next step in the algorithm. Both time since
ingestion and location of magnets have not been incorporated into
earlier magnet ingestion algorithms (14,15). Children with delayed
presentation, >12 hours after ingestion, seemed to sustain more
complications such as perforations and fistulae. Significant pressure
injury (Fig. 2) has been noted as early as 8 hours in the informal
NASPGHAN survey, although perforations or fistulae have been
reported in cases wherein the magnets were removed before
12 hours from ingestion. Overall, it is prudent to remove the
magnet(s) endoscopically if possible, especially if multiple magnets
are in a location that is accessible by endoscopy.

One area of debate is whether the use of laxative agents to
expedite the progression of a magnetic object through the intestine
is indicated. Although no published data support this approach,
many clinicians use it in practice. In addition to potentially speeding
the passage of magnets through the intestine, polyethylene glycol
colonoscopy preparation solutions may have the advantage of
preparing a child for a colonoscopy if the magnets become lodged
in the distal bowel.

Endoscopic removal should be performed under general
anesthesia with a protected airway. A net retrieval device
(Roth net) is often used, but it may not be the best choice while
removing multiple magnets (usually >10) as the magnets can get
stuck on both sides of the net, making it extremely difficult to pull
the net through the lower esophageal junction. Snares, basket
retrieval devices, or multiprong forceps can be used if the location
and number of magnets do not allow the use of a net retrieval
device. Hinged types of forceps (ie, alligator forceps) are probably
not the best choice because the ball shape of the magnets tends to
cause the magnets to be pushed out the sides or pushed forward
away from the forceps during closure.

Pediatric surgeons should be involved early in compli-
cated cases, especially those with multiple magnet ingestion
located distal to the stomach or those who have had a signi-
ficant period elapsed between magnet ingestion and medical
intervention.

CONCLUSIONS

We recommend that the health care professionals involved
in the care of children should be educated about the serious risks
posed by magnetic toys. If magnet ingestion has occurred in a child,
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this new NASPGHAN algorithm should aid in the evaluation and 8

. Buckyballs High Powered Magnets Sets Recalled by Maxfield and Ober-
treatment of the affected pediatric patient.

ton Due to Violation of Federal Toy Standard. Release #10-251. http://
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