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Foreign body ingestion poses a significant health 
concern due to its prevalence, particularly among 
pediatric patients. Annually, approximately 
100,000 incidents of foreign body ingestion are 
documented in the United States, with 80% of 
these cases involving children aged between 6 
months to 3 years.1-3 While many cases of foreign 

body ingestion result in uncomplicated transit 
through the gastrointestinal tract, the ingestion 
of button batteries and multiple magnets has 
been associated with complications, including 
potentially life-threatening conditions.4,5 In 
fact, fatalities have been reported following the 
ingestion of multiple magnets.6 The tendency 
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ABSTRACT

Introduction. In recent years, there has been a significant rise in the number of pediatric cases involving 
multiple magnet ingestion, resulting in increased incidence and morbidity of injuries. When a metal object 
and magnet are ingested, either single or multiple, they can cause serious complications such as intestinal 
obstruction, ischemia, necrosis, fistula, perforation, and even death. This study aims to detail the complications 
and treatment approaches associated with magnet ingestion in children.

Materials and Methods. In our study, we conducted a retrospective analysis of all cases involving the ingestion 
of a magnet along with a second metal object at two training and research hospitals in our province, which 
admit pediatric patients, between the years of 2013 and 2023.

Results. A total of 42 patients had a history of magnet ingestion, with the number of ingested magnets ranging 
from 1 to 41. The median magnet size was 11 mm (range: 5.5-17.5 mm) and the median time to presentation 
was 24 hours (range: 3-48 hours). Thirteen patients (30.9%) required either endoscopic or surgical intervention 
to extract the magnets or address complications. Endoscopy was performed on eight patients, while surgical 
intervention was required for five patients. Among those who underwent surgery, four experienced 
complications, including intestinal perforation, ileoileal fistula, and internal herniation. Notably, no fatalities 
occurred following intervention. There was no statistically significant difference in age or magnet size between 
the interventional and non-interventional groups. However, the length of hospital stay was significantly longer 
in the interventional group compared to the non-interventional group (P<0.05).

Conclusions. The ingestion of magnets by children can result in serious complications, such as intestinal fistula, 
perforation, and volvulus. These conditions pose significant health risks and may require endoscopic or surgical 
intervention.
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of toddlers to explore their environment orally 
leads to with increased instances of ingestion, 
while adolescents often ingest foreign bodies as 
a result of improper tongue and lip piercings. 
Less than 1% of foreign bodies in the stomach 
require surgery or cause complications, whereas 
10–20% require endoscopic intervention.7,8

The notable rise in pediatric injuries related to 
magnets over the past two decades is a significant 
concern.4,9-12 This increase coincides with the 
growing sales of small, potent neodymium-
iron-boron magnets, which are frequently sold 
as part of toy sets. This study aims to increase 
awareness of the potentially life-threatening 
consequences associated with the ingestion 
of multiple magnets by children, which may 
include obstruction, fistula formation, and 
perforation. This article serves as a reminder of 
the dangers associated with magnet ingestion 
and aims to highlight this issue.

Materials and Methods

This study was a retrospective, two-center 
analysis. The study was approved by the 
Kocaeli University Faculty of Medicine Clinical 
Research Ethics Committee (reference number 
GOKAEK-2024/01.13). A comprehensive 
collection and analysis of all cases of magnet 
ingestion admitted to Kocaeli University 
Hospital and Kocaeli City Hospital from 
January 2013 to December 2023 was conducted. 
The collected data encompassed demographic 
information, including age and sex, as well 
as medical history, symptoms, physical 
examination findings, diagnostic methods, 
treatments, post-treatment follow-up, and 
details regarding the ingestion of magnets, 
such as their quantity, size, localization, and 
the endoscopic and surgical interventions 
performed. Morbidity was defined as any injury 
directly attributable to magnets, encompassing 
perforation, fistula formation, obstruction, 
bleeding, infection, volvulus, and/or intestinal 
herniation. Patients who ingested magnets were 
categorized as follows: those who passed them 
spontaneously through the gastrointestinal 

tract were classified as mild; those requiring 
intervention were classified as moderate; and 
those presenting with complications were 
classified as severe. Patients were categorized 
into groups based on the ingestion of a single 
magnet or multiple magnets. Because patients 
who ingested multiple magnets exhibited 
similar clinical behavior to those who ingested 
a magnet alongside a metallic object, the latter 
were included in the multiple magnet ingestion 
group. Furthermore, distinct groups were 
established for patients who required medical 
intervention and those who did not. Statistical 
analysis was conducted using the chi-squared 
test to compare these groups. Categorical 
variables are presented as frequencies 
(percentages), whereas numerical variables are 
reported as the median with the interquartile 
range (25th-75th percentile, Q1-Q3). Statistical 
significance was determined by a p-value of less 
than 0.05, consistent with established statistical 
conventions.

Results

During the period spanning 2013 to 2023, the 
total number of emergency department visits 
for pediatric patients was 1,110,812. Of these, 
2,078 patients (0.18%) had swallowed foreign 
bodies, and 42 patients (2.02%) had ingested 
magnets. The study sample comprised 42.8% 
male and 57.1% female patients, with 47.6% 
of the participants being under the age of four 
years. Statistical analysis revealed no significant 
difference between the groups concerning sex 
(P>0.05).

The median age, sex, magnet size and number, 
localization, duration of presentation, duration 
of hospital stay, and comparisons between 
patients who underwent intervention and those 
who did not, as well as between those who 
ingested a single magnet and those who ingested 
multiple magnets, are presented in Table I. 
The study revealed that severe consequences 
resulted in 9.5% of the cases. The outcomes for 
the 13 patients who underwent the intervention 
are outlined in Table II.
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Among the children who ingested magnets, 22 
(52.3%) ingested a solitary magnet, while 20 
(47.7%) ingested multiple magnets. The number 
of magnets swallowed ranged from 1 to 41. 

Median magnet size was 11 mm (Q1-Q3: 5.5-
17.5 mm). A statistically significant difference 
was observed between the single and multiple 
magnet groups, as well as between the 
interventional group and that did not (P < 0.05). 
Median hospital stay was 24 hours (Q1-Q3: 3-48 
hr). A statistically significant difference was 
identified between the single- and multiple-
magnet groups, as well as between the 
intervention and non-intervention groups (P < 
0.05) (Table I).

Most patients were asymptomatic (88.2%), while 
one patient experienced diarrhea (2.3%), and 
four patients had abdominal pain, restlessness, 
and fever (9.5%). The ingestion of magnets in 
asymptomatic patients was confirmed through 
the patient’s statement, family observation, 
and incidental plain radiography. Indications 
for intervention and medical follow-up in the 
interventional and non- interventional groups 
are given in Fig. 1.

Among the patients who underwent endoscopic 
procedures, seven received esophagogastric 
interventions, while one underwent a 
colonoscopy. In one case, a single magnet 
located in the initial esophageal stricture was 
extracted via esophagoscopy. In six patients, 
magnets ranging from 1 to 41 were identified 
in the stomach, all of which were successfully 
removed through esophagogastroscopy 
(Fig. 2A). In one patient, a magnet was located in 
the stomach, with another found in the jejunum, 
adhering to the stomach magnet (Fig. 2B). The 
portion of the magnet attached to the jejunum, 
which was removed from the stomach by 
gastroscopy, passed through the digestive tract 
spontaneously the following day.

Five patients required surgery. Each patient 
underwent laparotomy; with the exception of 
one patient whose surgery was incidental. The 
indications for surgery included peritoneal 
signs, intestinal perforation, or intestinal 
obstruction. A 12-month-old male patient 
who ingested seven magnets presented with 
two perforations in her duodenum (Fig. 2C). 
A two-year-old female patient who ingested 
twenty-seven magnets presented with two 

Fig. 1. Treatment algorithm in the groups with and without interventional procedures.
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perforations in the stomach and jejunum, which 
were surgically repaired using primary closure 
(Fig. 2D). A ten-year-old male patient who 
ingested 28 staples after swallowing a magnet 
developed an ileoileal fistula and internal 
herniation (Fig. 3A1-A3). A three-year-old male 
patient who ingested two magnets presented 
with an ileoileal fistula and a perforation 

(Fig. 3B1-B2). Primary repair was performed in 
three patients and resection in one patient. In 
one patient, a magnet found incidentally in the 
cecum was removed from the appendix and an 
appendectomy was performed. There were no 
postoperative or postprocedural complications, 
and all patients were discharged after recovery. 
No deaths occurred during the study period.

Fig. 2. A) Radiographic image of magnets in the stomach of an 18-month-old female, who ingested 41 magnets. B) 
Endoscopic image of the stomach in a 20-month-old male. C) Radiographic image of magnets in the duodenum 
and colon (hepatic flexure) of a 12-month-old male, who ingested seven magnets. D) Radiographic image of 
magnets in the stomach and jejunum of a 24-month-old female, who ingested 27 magnets.
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Fig. 3. A) Depictions of a 10-year-old male, who ingested a single magnet along with multiple metallic objects. 
A1: Radiographic image illustrating numerous metal staples adhering to the magnet. A2: Intraoperative 
photograph depicting an ileoileal fistula and internal herniation induced by the magnet. A3: Magnet and metallic 
objects affixed to the resected intestinal segment. B) Images of a 3-year-old male, who ingested two magnets. B1: 
Radiographic image of the magnets causing ileal fistula and perforation. B2: Intraoperative photograph of ileal 
fistula and perforation in the ileum.
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Discussion

The ingestion of foreign bodies represents a 
significant concern across all age groups, with 
evidence indicating that 75% of such cases 
involve patients under the age of four.13,14 In 
our study, we observed that only 20 (47.6%) 
patients were under the age of 4 years, and 
therefore, pediatric patients of any age should 
be considered in the differential diagnosis.

Rare earth metals, such as neodymium-iron-
boron, are extensively employed in industry 
due to their exceptional power-to-size ratio, 
rendering them ideal for use in high-power 
magnets. These magnets exhibit a confining 
force that is 5-30 times stronger than that of 
conventional magnets.4,15,16 Specifically, the 
magnetic attraction force between 5 mm balls 
is approximately half a kilogram. This strong 
magnetic attraction between the intestines 
results in compression at pressure points, which 
cuts off blood flow and causes rapid damage to 
the wall of the intestine. This damage can cause 
ischemia, necrosis, and perforation. 

Since the groundbreaking report by McCormick 
et al on magnet ingestion, there has been a 
proliferation of published material detailing 
the clinical manifestations, complications, 
and management of this phenomenon.4,11,12,17 
In a single-center study conducted in 
China, the first instance of magnet ingestion 
was registered in 2015. By 2019, magnets 
accounted for a staggering 80% of all young 
children’s foreign body ingestion cases, and 
an astonishing 76.8% of these cases required 
surgical intervention.18 The literature is replete 
with evidence suggesting that the ingestion 
of multiple magnets significantly heightens 
the likelihood of hospitalization and surgical 
intervention, as well as the risk of developing 
complications.14,16,19 There have been reports of 
a high incidence of magnet ingestion in older 
children who use magnets to mimic facial 
piercings such as those in the lips, tongue, and 
nostrils.9 One such adolescent patient ingested 
two magnets while attempting to pierce his lip. 

In the initial stages of magnet ingestion, 
children typically exhibit no symptoms. While 
the majority of children who ingested a single 
magnet remained asymptomatic, those who 
ingested multiple magnets exhibited symptoms 
of gastrointestinal distress, including fever, 
vomiting, diarrhea, and abdominal pain. 
Nausea/vomiting and abdominal pain are the 
most common non-specific symptoms, with 
their intensity and duration influenced by the 
quantity, strength, and location of the ingested 
magnets, as well as the time elapsed between 
ingestion and symptom manifestation.20 
Following the confirmation of magnet ingestion 
through radiographic examination, the 
subsequent step involved assessing whether 
a single magnet, multiple magnets, or other 
metallic objects had been ingested. The 
expulsion of a foreign body, such as a coin or 
a small round object, can occur naturally and 
can be managed as an outpatient with daily 
X-ray examinations. In our study, laxatives 
were employed as a conservative treatment for 
69% of the patients, and this method generally 
proved to be effective in most cases. 

The likelihood of sustaining significant 
gastrointestinal injuries, such as perforation 
and obstruction, increases with the ingestion of 
an increased number of magnets. In instances 
where multiple magnets or a single magnet 
is ingested with additional metallic objects, 
it is advisable to conduct serial radiographic 
examinations at 4 to 6 hour intervals. In this 
study, all patients underwent plain radiographs 
(anteroposterior and lateral views) of the neck, 
chest, and abdomen, as plain X-rays have a high 
diagnostic yield. Computerized tomography 
scans were performed in more complex cases to 
detect inflammation and small perforations. If 
it is not possible to distinguish between single 
and multiple magnet ingestions with certainty, 
inpatient treatment following the multiple-
magnet regimen should be initiated. When 
there are several magnets, one magnet, or a 
secondary metallic foreign body in the stomach, 
endoscopic intervention is necessary. Multiple 
magnets or a single magnet with a secondary 
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metallic foreign body in the stomach should 
be surgically removed, especially if there are 
symptoms or obstructive findings visible on 
abdominal radiographs. Nonsurgical inpatient 
therapy, including a bowel regimen and serial 
radiographic surveillance, is recommended for 
asymptomatic patients with several magnets 
or one magnet plus another metallic foreign 
body in the stomach. Endoscopic or surgical 
intervention may be considered if there is 
no progression of the magnet after 48 hours. 
Modifications to the algorithm proposed by 
Sola et al. in 2018 were made by Mostafa et al. 
in 2021.11,21 

It is imperative to acknowledge that the 
ingestion of metal objects, aside from a solitary 
magnet, can pose substantial risks comparable 
to those associated with the ingestion of 

multiple magnets. One of our cases involved 
a patient who ingested 28 staples along with a 
magnet, resulting in a fistula and perforation in 
the intestines, a scenario similar to the ingestion 
of multiple magnets (Fig. 3A1-A3). The 
management of magnet ingestion in pediatric 
patients should be tailored to the specific 
characteristics of the magnet, the duration since 
ingestion, and the patient’s clinical condition. 
Prompt endoscopic or surgical intervention can 
prevent severe complications. The diagnostic 
clues and treatment algorithms for clinicians 
dealing with pediatric patients are presented in 
Fig. 4. 

Patients who ingest multiple magnets should 
be closely monitored in a controlled clinical 
setting due to their potential for complications, 
even if they do not exhibit clinical symptoms. 

Fig. 4. Diagnostic clues and treatment algorithms for single and multiple magnets.
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Magnets with smaller diameters pose a greater 
risk of complications and should be approached 
with caution. When more than one magnet is 
ingested, complications can arise in 11-50% of 
cases, including intestinal perforation, which 
may require surgical intervention.22,23 Of the 13 
patients who underwent surgery in our series, 
30.7% had bowel perforation at baseline, and 
the most common site of perforation was the 
small intestine.19 In our study, the intervention 
rate in the multiple magnet group also showed 
a significant difference (P<0.05). Our hospital 
admission rate was 36.1%, aligning with the 
reported range of 27-68%.24,25 Notably, in 
our study, the duration of hospitalization 
for patients who ingested multiple magnets 
showed a statistically significant difference 
between those who required intervention and 
those who did not (P<0.05). 

If magnet fragments are in the esophagus, 
stomach, duodenum, or colon, prompt removal 
by endoscopy within the first 24 hours is crucial. 
Delaying medical intervention allows magnetic 
beads to travel from the stomach and eventually 
reach the intestine, thereby increasing the risk 
of complications. The success rate of endoscopic 
removal of magnets is reported to be between 
66% and 89% in most cases.11,21 In our series, 62.5% 
of the patients who underwent endoscopy has 
magnets successfully removed within the first 
24 hours, while the others were removed after 
24 hours.20,26 The efficacy of endoscopic removal 
is significantly influenced by the positioning of 
the magnets, the duration before the endoscopic 
procedure, and the expertise of the medical 
professionals involved. Magnets that have 
penetrated the mucosa are particularly difficult 
to remove. It is important to note that magnets 
may adhere to the device or be displaced during 
the endoscopy process. In one of our cases, we 
were unable to detect the magnets in the cecum 
during colonoscopy, but we were able to locate 
them after they had adhered to the device 
and were identified after removing it from the 
rectum. In instances where endoscopic removal 
is unfeasible or complications arise during 
the procedure, surgical intervention may 

become necessary. Depending on the available 
resources and the expertise of the medical team, 
surgical removal can be performed using either 
laparotomy or laparoscopy. Nonetheless, the 
laparoscopic extraction of magnets presents 
challenges due to their tendency to adhere to 
surgical instruments.

Due to the significant health hazards associated 
with strong magnets, it is imperative to prevent 
young children from ingesting these objects. 
The small and shiny nature of magnets can 
attract the curiosity of children. In order to 
reduce these risks, parents and caregivers 
must make sure that magnetic toys adhere to 
strict safety regulations and keep all magnets, 
especially those made of rare earth elements like 
neodymium, in places that are out of children’s 
reach. Public awareness initiatives, child-
resistant packaging, and clear warning labels 
on products that contain magnets are essential. 
Ultimately, prevention can be achieved through 
responsible product design and vigilant adult 
supervision.

One possible limitation of this study is that 
the data were collected retrospectively, which 
inherently carries the risk of bias or missing 
information. Data may not have been fully 
transferred due to changes in the hospital 
database system. Thus, we may have missed 
cases of ingested foreign bodies and not reached 
the true incidence rates. However, we would 
like to highlight the strengths of our study. This 
study presents comprehensive information 
about why magnetic attraction continues to be 
a danger to children and how it poses risks. 
In addition, it offers physicians a detailed 
algorithm for both diagnosis and treatment.

Conclusions

The incidence of severe injuries resulting from 
magnet ingestion in children is on the rise. In 
instances where a child presents to the pediatric 
emergency department with suspected magnet 
ingestion, it is crucial to achieve a prompt 
and accurate diagnosis to prevent serious 
complications. Early detection is essential, as 
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delays may lead to severe outcomes, including 
gastrointestinal perforation, volvulus, and 
fistula formation, particularly when multiple 
magnets are involved. These high-risk scenarios 
can often be mitigated through timely imaging 
and intervention. Therefore, it is imperative 
that magnet ingestion is neither overlooked 
nor misdiagnosed, as early recognition is vital 
for preventing life-threatening sequelae and 
ensuring optimal patient outcomes.
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