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Multiple high-powered magnetic Buckyball ingestions may lead to a high risk of severe
complications. Great concerns have been raised by public health workers, and it
remains challenging for clinicians to solve this troublesome problem. We report a large
case series of children with Buckyball ingestion from six tertiary medical centers. The
clinical data, including demographics, medical history, diagnosis tools, management
options, intraoperative or endoscopic findings, and outcomes, were retrospectively
analyzed. Seventy-one children aged 1-13 years ingested 2-41 Buckyballs. Among
them, Buckyballs passed spontaneously on 2-10 days post-ingestion in seven cases;
gastroscopic removal was performed in 14 cases; laparoscopic removal in 13 cases;
laparoscopic-assisted surgical removal in 6 cases; and open surgical removal in 31
cases. Surgical indications included small bowel obstruction, perforation, peritonitis,
acute abdominal pain, or along with ingestion of other metallic foreign bodies. Among
those who underwent a surgical procedure, primary intestinal repair was performed in 44
cases, enterectomy with primary anastomosis in 6 cases. The postoperative hospital stay
ranged from 5 to 28 days. No major complications occurred. In unwitnessed cases, a
vague medical history and nonspecific symptoms usually make the diagnosis difficult.
The treatment options should include the watch-and-wait approach, endoscopic,
laparoscopic-assisted, or open surgical removal of Buckyballs, with primary intestinal
repair or anastomosis. Preventive measures, including children’s not having access to
Buckyballs, are essential to protect children from this kind of unintentional injury.

Keywords: foreign body ingestion, high-powered magnet, Buckyballs, acute abdomen, children

INTRODUCTION

Ingestion of foreign bodies, including coins, button batteries, bones, needles, and magnets, is one
of the common unintentional injuries in children worldwide (1). Buckyball, approximately 5 mm
in diameter, with high powered magnet, can steadily attract one another, even though six layers
of the bowel wall apart (2, 3). Infants and toddlers usually explore objects they can touch via
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their mouth (4, 5). Ingestion of two or more Buckyballs poses
a high risk of catastrophic sequelae (5). Severe alimentary tract
injuries related to Buckyball ingestion, including perforation,
small bowel obstruction, fistulae, peritonitis, and even life-
threatening events, are increasingly reported in the past decade
(6-16). Although great concerns for this preventable disease
have been raised by clinicians, public health workers, and child
caregivers, Buckyball ingestions in children are not uncommon
in clinical practice, and this remains challenging for clinicians
to solve this troublesome problem (1, 17). Herein, we present
a large case series of Buckyball ingestion in pediatric patients
from six tertiary medical centers, aiming to provide clinical
experience in early diagnosis, rational management options, and
preventive measures.

MATERIALS AND METHODS

From June 2018 to June 2021, there were 71 cases with
ingestion of multiple high-powered magnetic Buckyballs
at 6 tertiary medical centers. Patients medical records,
including age, gender, medical history, time since
ingestion,  diagnostic ~ imaging, management options,
endoscopic or intraoperative findings, and outcomes, were
retrospectively analyzed. A 6-month follow-up was conducted
after discharge.

ETHICAL CONSIDERATIONS

Informed consent was obtained from the parents/legal
guardian(s) of all children involved in the study.

RESULTS

Seventy-one children who accidentally ingested two or more
Buckyballs were enrolled in this study. Of the 71 cases, there were
48 boys (69.01%). The age ranged from 1 to 13 years (the median
age was 2), < 3 years in 40 cases (56.31%), 3-5 years in 21 cases
(29.58%), and >5 years in 10 cases (14.08%). Among females,
21/23 cases were aged 3 years or younger. The ratio was equal
for both genders, with children being < 3years of age (19 males,
21 females).

The number of ingestions of Buckyballs ranged from 2 to 41;
the median number was 5. Seventy cases were witnessed, and one
was unwitnessed. The time since ingestion of Buckyballs in the
outpatient or emergency department ranged from 3 h to 1 year,
including 3 h-9 days in 60 cases, > 10 days in 10, >1 year in one.

All cases received plain abdominal radiography, and ingestion
of 2 or more Buckyballs was confirmed. For cases planned with
conservative observation, the progression of the Buckyballs was
tracked by plain abdominal and pelvic radiography (Figure 1).
Ultrasonographys were assessed in 45 cases. The ultrasonography
revealed dilated bowel loops with bowel wall thickening, ascites,
and sphere metal foreign bodies, which are located in the
stomach (14), duodenum (3), small bowel (18), or colon (1),
undefined localization (2). The ultrasonographic findings were
consistent with the intraoperative or gastroscopic findings in 43
cases (93.33%).

In all cases, ingestion of 2-4 Buckyballs passed spontaneously
on the 2 to 10 post-ingestion days in seven cases (2 days in four, 3
days in two, 10 days in one). Fourteen cases received gastroscopic
removal of the Buckyballs. A child with a 10-day history of
ingestion of ten Buckyballs received gastroscopic removal of

days and partial small bowel obstruction relieved.

FIGURE 1 | Plain abdominal and pelvic radiographic imaging revealed the progression of the Buckyballs. The Buckyballs passed spontaneously on 5 post-ingestion
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inserted for early enteral nutrition (D).

FIGURE 2 | Plain abdominal radiograph showed ingestion of ten Buckyballs (A). Gastroscopy revealed that only one Buckyball lodged in the stomach cavity (B).
Gastroscopic removal of the Buckyballs (C,E) and primary repair of the gastric fistula using metal closure technique (D) were performed, and a nasojejunal tube was

the Buckyballs, with primary repair of the gastric fistula via
an endoscopic metal closure technique. A nasojejunal tube was
also inserted for early enteral nutrition (Figure 2). The child
recovered uneventfully without evidence of abdominal free air
to suggest perforation on abdominal radiography. The remaining
50 cases underwent a surgical procedure, including laparoscopic,
laparoscopic-assisted, or open surgical procedure.

Surgical indications included signs of peritonitis; bowel
obstruction due to adhesion, internal hernia, or volvulus; acute
abdominal pain; ring-like form, along with other metallic foreign
body ingestion (button battery, screw, or iron wire, etc). The
approach to the removal of Buckyballs included laparoscopic
in 13 cases, laparoscopic-assisted surgical in 6 cases, and open
surgical procedure in 31 cases, following primary intestinal repair
in 44 cases and enterectomy, with primary intestinal anastomosis
in 6 cases. The location of Buckyballs and the number and
location of the perforations or fistulae were summarized in
Table 1.

The postoperative hospital stay ranged from 5 days to 28
days (median, 12 days). All cases recovered uneventfully and
discharged home. No major complications occurred in a 6-
month follow-up period.

DISCUSSION

Ingestion of a foreign body is an increasingly common clinical
problem, especially in the pediatric population (1). Ingestion
of two or more high-powered magnetic Buckyballs with
unintentionally severe injury has been reported worldwide in
the last decade (2, 5, 10, 16). It occurs most frequently in
children aged 1-5 years old (19), and there is male-to-female
predominance of 1.3-3.9: 1 (15, 16, 20). In the present case
series, the ratio of male to female is about 2:1. However, our
results showed that the ratio was equal for both genders in those
aged 3 years or younger, which may provide evidence for gender
differences in the prevalence in this age group.

Symptoms of ingestion of two or more Buckyballs usually
emerge within 1-40 days (19, 21-23), and most cases present
symptoms and signs of acute abdomen, which include onset
of abdominal pain, refusal to eat, bilious vomiting, abdominal
distension, dehydration, and fever.

TABLE 1 | A summary of the location of Buckyballs and perforations or fistulae.

Buckyballs’ location

gastro-intestine
gastro-intestinal-colon

gastro-duodenum 2

intestinal-intestine 21
intestinal-colon 8
duodenal-intestine 3

duodenum 1

duodenal-intestinal-colon 1

pelvis 1

not available 3
Location of perforation or fistula

stomach iRl
duodenum 4
small intestine 35
colon 14

Number of perforation or fistula

—
o

© o o~ ®N
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For a prompt and precise diagnosis, investigations are
needed in patients with witnessed or suspected multiple magnet
ingestion (7, 12). Plain abdominal radiography may reveal the
cause of small bowel obstruction of unknown origin, as our
unwitnessed case. Biplane radiography, including neck, chest,
abdomen, and pelvis, is essential to assess the number of
Buckyballs (24) and to observe the movement of the Buckyballs
and signs of potential complications, including evidence of free
air or air-fluid levels in the abdomen. The ultrasonography
for identification of Buckyballs is reliable and safe (25). The
higher accurate rate of preoperative localization may depend on
physicians” experience (as in our case series). CT scan can assess
potential complications, such as a thickened bowel segment
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or localized pneumoperitoneum, suggesting inflammation or
perforation (18, 25). Magnetic resonance imaging is strongly
contraindicated due to a high risk of bowel perforation (18, 26).
The management options of ingestion of multiple Buckyball
are crucial to improve patients’ outcomes. Patients who present
with multiple Buckyball ingestion-related complications usually
require emergent surgical interventions, including laparoscopic,
laparoscopic-assisted, or open surgical procedures (7, 10, 17).
However, in some cases, the Buckyballs may pass through the
gastrointestinal tract spontaneously under close observation (13).

Watch-and-wait, close observation, and endoscopic removal
may reduce the need for surgical intervention in individual
patients; a well-structured management protocol needs to be
elucidated (15).

As for asymptomatic patients, radiography every 12-24h
was recommended (27). Early (<12h) upper gastrointestinal
endoscopy is recommended to retrieve Buckyballs from the
stomach prior to their passage through the duodenum. Delicate
manipulation is essential, while excessive force may lead to a risk
of gut perforation and leak (28, 29). If the time since ingestion

multiple magnet ingestion
witnessed or incidentally found by abdominal x-ray

!

no symptom;
minor abdominal pain without

rebound, tenderness and
involuntary guarding;
non-bile vomiting

U

admission for observation

serial x-rays every 6 - 8 hours

surgical indications

4

acute abdominal pain

bilious emesis
abdominal distention
peritonitis

small bowel obstruction

with other metallic foreign bodies

Iy

or ultrasonography to detect the .

4

endoscopic removal
time after ingestion <12 hours
or 28 days;

location
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D

surgical intervention
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[
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clinical observation

.

> laparotomy (unstable condition;
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discharged home and follow-up

our experience.

FIGURE 3 | A recommended flowchart for the management of multiple high-powered magnet ingestions in the pediatric population according to the literature and
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is >12 h and Buckyballs are suspected to have passed through the
pylorus into the small bowel, a series of abdominal radiography is
needed (30, 31), and surgical intervention should be considered
in those who present symptoms and signs of acute abdomen.
Laparoscopic surgery is an ideal approach depending on an
experienced surgeon team and available facilities. The metallic
tips of laparoscopic instruments may help to identify and remove
the Buckyballs (8). However, in many cases, enterotomy with
primary repair or bowel resection, along with primary bowel
anastomosis, is needed, owing to intestinal perforation, fistulae,
or bowel necrosis; a laparoscopic-assisted surgical procedure
may be the choice (11). In addition, Wang et al. (2) mentioned
coloscopic removal of Buckyballs. This technque may be another
approach in selected cases.

Based on the literature (1-4, 11, 14, 17, 27-29) and our
multicenter experience, a flow chart (Figure 3) was introduced
for the management of multiple high-powered magnetic
ingestion in the pediatric population.

CONCLUSION

Ingestion of multiple high-powered Buckyballs in children may
lead to a high risk of severe gastrointestinal injuries, which
need prompt decision-making and surgical intervention (30). In
unwitnessed cases, a vague medical history and presentation of
nonspecific symptoms often make the diagnosis difficult. The
management options should include conservative observation,
removal of the Buckyballs with primary gastrointestinal repair via

REFERENCES

1. Oliva S, Romano C, De Angelis P, Isoldi S, Mantegazza C, Felici E, et al.
Foreign body and caustic ingestions in children: A clinical practice guideline.
Digest Liver Dis. (2020) 52:1266-81. doi: 10.1016/j.d1d.2020.07.016

2. WangK, Zhang D, Li X, Wang Z, Hou G, Jia X, et al. Multicenter investigation
of pediatric gastrointestinal tract magnets ingestion in China. BMC Pediatr.
(2020) 20:95. doi: 10.1186/512887-020-1990-9

3. Kosut JS, Johnson SM, King JL, Garnett G, Woo RK. Successful treatment of
rare-earth magnet ingestion via minimally invasive techniques: a case series. J
Laparoendosc Adv Surg Tech A. (2013) 23:405-8. doi: 10.1089/lap.2012.0461

4. Kodituwakku R, Palmer S, Paul SP. Management of foreign body ingestions
in children: button batteries and magnets. Br J Nurs. (2017) 26:456—
61. doi: 10.12968/bjon.2017.26.8.456

5. Othman MY, Srihari S. Multiple magnet ingestion: the attractive hazardst.
Med ] Malaysia. (2016) 71:211-2.

6. Ilge Z, Samsum H, Mammadov E, Celayir S. Intestinal volvulus and
perforation caused by multiple magnet ingestion: report of a case. Surg Today.
(2007) 37:50-2. doi: 10.1007/s00595-006-3330-6

7. Savage J, Clarnette T, King SK. Toy magnet ingestion and small bowel
obstruction: a lesson for both paediatricians and surgeons. ] Paediatr Child
Health. (2013) 49:E461-2. doi: 10.1111/jpc.12174

8. Mas E, Michaud L, Viala J. Let’s stop lesions induced by magnet ingestion.
Arch Pediatr. (2019) 26:131-2. doi: 10.1016/j.arcped.2019.01.002

9. Lai HH, Lin HY, Chang CH, Lai MW, Chao HC, Chen CC, et al. Magnet
ingestion by children: A retrospective study in a medical center in Taiwan.
Pediatr Neonatol. (2020) 61:542-7. doi: 10.1016/j.pedneo.2020.06.003

10. Olczak M, Skrzypek E. A case of child death caused by intestinal
volvulus following magnetic toy ingestion. Leg Med (Tokyo). (2015) 17:184-
7. doi: 10.1016/j.legalmed.2014.11.007

endoscopic, laparoscopic, laparoscopy-assisted, or open surgical
procedure. Minimally invasive approaches might be one of the
choices (31). Taking preventive measures, such as restrictions on
Buckyball manufacture and sales, health education via media and
newspapers, and children’s not having access to Buckyballs, are
essential to prevent this kind of injury.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

GD, LG, ZB, and TF contributed to the conception and
designed the study. GD, HL, PZ, QN, WW, ZE SZ, and ZZ
organized the clinical data. GD, ZB, LG, and TF wrote the
manuscript. SZ, ZZ, LG, and ZB reviewed the manuscript. All the
authors contributed to revising the manuscript and approved the
submitted version.

11. Strickland M, Rosenfield D, Fecteau A. Magnetic foreign body
injuries: a large pediatric hospital ] Pediatr. (2014)
165:332-5. doi: 10.1016/j.jpeds.2014.04.002

12. Tavarez MM, Saladino RA, Gaines BA, Manole MD. Prevalence, clinical
features and management of pediatric magnetic foreign body ingestions. J
Emerg Med. (2013) 44:261-8. doi: 10.1016/j.jemermed.2012.03.025

13. Cho J, Sung K, Lee D. Magnetic foreign body ingestion in pediatric patients:
report of three cases. BMC Surg. (2017) 17:73. doi: 10.1186/s12893-017-0269-z

14. DeFilippis EM, Barfield E, Sockolow R, Kessler E. Bilious emesis and small
bowel obstruction in a young male. Clin Pediatr (Phila). (2016) 55:499-
501. doi: 10.1177/0009922815593910

15. Bolton SM, Saker M, Bass LM. Button battery
ingestions in the pediatric patient. Curr Opin Pediatr.
30:653-9. doi: 10.1097/MOP.0000000000000665

16. Zhang S, Zhang L, Chen Q, Zhang Y, Cai D, Luo W, et al. Management of
magnetic foreign body ingestion in children. Medicine (Baltimore). (2021)
100:e24055. doi: 10.1097/MD.0000000000024055

17. Altokhais T. Magnet ingestion in children management guidelines and
prevention. Front Pediatr. (2021) 9:727988. doi: 10.3389/fped.2021.727988

18. Grassi R, Faggian A, Somma F, De Cecco CN, Laghi A, Caseiro-Alves F.
Application of imaging guidelines in patients with foreign body ingestion
or inhalation: literature review. Semin Ultrasound CT MR. (2015) 36:48-
56. doi: 10.1053/j.sult.2014.10.004

19. Shaffer K, Abbott E, Novotny N. Delayed presentation of rare-earth magnets.
] Paediatr Child Health. (2017) 53:515-6. doi: 10.1111/jpc.13525

20. Sola R Jr, Rosenfeld EH, Yu YR, St Peter SD, Shah SR. Magnet foreign
body ingestion: rare occurrence but big consequences. | Pediatr Surg. (2018)
53:1815-9. doi: 10.1016/j.jpedsurg.2017.08.013

21. Taher H, Azzam A, Khowailed O, Elseoudi M, Shaban M, Eltagy G. A
case report of an asymptomatic male child with multiple entero-enteric

experience.

and magnet
(2018)

Frontiers in Public Health | www.frontiersin.org

June 2022 | Volume 10 | Article 892756


https://doi.org/10.1016/j.dld.2020.07.016
https://doi.org/10.1186/s12887-020-1990-9
https://doi.org/10.1089/lap.2012.0461
https://doi.org/10.12968/bjon.2017.26.8.456
https://doi.org/10.1007/s00595-006-3330-6
https://doi.org/10.1111/jpc.12174
https://doi.org/10.1016/j.arcped.2019.01.002
https://doi.org/10.1016/j.pedneo.2020.06.003
https://doi.org/10.1016/j.legalmed.2014.11.007
https://doi.org/10.1016/j.jpeds.2014.04.002
https://doi.org/10.1016/j.jemermed.2012.03.025
https://doi.org/10.1186/s12893-017-0269-z
https://doi.org/10.1177/0009922815593910
https://doi.org/10.1097/MOP.0000000000000665
https://doi.org/10.1097/MD.0000000000024055
https://doi.org/10.3389/fped.2021.727988
https://doi.org/10.1053/j.sult.2014.10.004
https://doi.org/10.1111/jpc.13525
https://doi.org/10.1016/j.jpedsurg.2017.08.013
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Ding et al.

Pediatric Multiple High-Powered Buckyballs Ingestion

22.

23.

24.

25.

26.

27.

28.

fistulae post multiple magnet ingestion. Int J Surg Case Rep. (2019) 58:50-
3. doi: 10.1016/].ijscr.2019.03.043

Kircher MF, Milla S, Callahan M]. Ingestion of magnetic foreign bodies
causing multiple bowel perforations. Pediatr Radiol. (2007) 37:933-
6. doi: 10.1007/500247-007-0542-x

Price J, Malakounides G, Stibbards S, Agrawal S. Ball magnet ingestion in
children: a stronger and more dangerous attraction? Emerg Med J. (2021)
39:467-70. doi: 10.1136/emermed-2021-211767

Alfonzo MJ, Baum CR. Magnetic Foreign Body Ingestions. Pediatr Emerg
Care. (2016) 32:698-702. doi: 10.1097/PEC.0000000000000927

Shiu-Cheung Chan S, Russell M, Ho-Fung VM. Not all radiopaque
foreign bodies shadow on ultrasound: unexpected sonographic
appearance of a radiopaque magnet. Ultrasound Q. (2014)
30:306-9. doi: 10.1097/RUQ.000000000000007 1

Bailey JR, Eisner EA, Edmonds EW. Unwitnessed magnet ingestion in a 5
year-old boy leading to bowel perforation after magnetic resonance imaging:
case report of a rare but potentially detrimental complication. Patient Saf Surg.
(2012) 6:16. doi: 10.1186/1754-9493-6-16

van Waas M, De Bruyne P, de Ridder
magnet ingestion. Lancet Gastroenterol
6:80. doi: 10.1016/52468-1253(20)30338-1

Tringali A, Thomson M, Dumonceau JM, Tavares M, Tabbers MM,
Furlano R, et al. Pediatric gastrointestinal endoscopy: European Society of
Gastrointestinal Endoscopy (ESGE) and European Society for Paediatric
Gastroenterology Hepatology and Nutrition (ESPGHAN) Guideline
Executive summary. Endoscopy. (2017) 49:83-91. doi: 10.1055/s-0042-11
1002

L. Paediatric multiple
Hepatol. (2021)

29. Kramer RE, Lerner DG, Lin T, Manfredi M, Shah M, Stephen TC, et al.
Management of ingested foreign bodies in children: a clinical report of the
NASPGHAN Endoscopy Committee. | Pediatr Gastroenterol Nutr. (2015)
60:562-74. doi: 10.1097/MPG.0000000000000729

30. Leva EG, Stern SP, Miele NF. “Bucking” for a diagnosis. Pediatr Emerg Care.
(2015) 31:365-7. doi: 10.1097/PEC.0000000000000427

31. Dole M, Hiremath G. Successful endoscopic removal of 42 magnetic balls. J
Digest Endosc. (2017) 8:81-2. doi: 10.4103/jde.JDE_55_16

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ding, Liu, Zhou, Niu, Wang, Feng, Zhang, Zhang, Geng, Bu
and Fu. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Public Health | www.frontiersin.org

June 2022 | Volume 10 | Article 892756


https://doi.org/10.1016/j.ijscr.2019.03.043
https://doi.org/10.1007/s00247-007-0542-x
https://doi.org/10.1136/emermed-2021-211767
https://doi.org/10.1097/PEC.0000000000000927
https://doi.org/10.1097/RUQ.0000000000000071
https://doi.org/10.1186/1754-9493-6-16
https://doi.org/10.1016/S2468-1253(20)30338-1
https://doi.org/10.1055/s-0042-111002
https://doi.org/10.1097/MPG.0000000000000729
https://doi.org/10.1097/PEC.0000000000000427
https://doi.org/10.4103/jde.JDE_55_16
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Pediatric Multiple High-Powered Magnetic Buckyballs Ingestion—Experience From Six Tertiary Medical Centers
	Introduction
	Materials and Methods
	Ethical Considerations
	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


