ISSN 2307-8960 (online)

World Journal of

World | Clin Cases 2020 December 6; 8(23): 5835-6212

Published by

JBaishideng®



g é) World Journal of
Clinical Cases

Contents Semimonthly Volume 8 Number 23 December 6, 2020

EDITORIAL
5835  Understanding the immunopathogenesis of COVID-19: Its implication for therapeutic strategy
Shimizu Y

OPINION REVIEW
5844  What is the gut feeling telling us about physical activity in colorectal carcinogenesis?

Cigrovski Berkovic M, Cigrovski V, Bilic-Curcic I, Mrzljak A

REVIEW
5852  Latest developments in chronic intestinal pseudo-obstruction

Zhu CZ, Zhao HW, Lin HW, Wang F, Li YX

ORIGINAL ARTICLE

Case Control Study

5866  Correlation between ductus venosus spectrum and right ventricular diastolic function in isolated single-
umbilical-artery foetus and normal foetus in third trimester

Li TG, Nie F, Xu XY

Retrospective Cohort Study

5876  Clinical efficacy of integral theory-guided laparoscopic integral pelvic floor/ligament repair in the
treatment of internal rectal prolapse in females

Yang Y, Cao YL, Zhang YY, Shi SS, Yang WW, Zhao N, Lyu BB, Zhang WL, Wei D

Retrospective Study
5887  Treatment of Kiimmell’s disease with sequential infusion of bone cement: A retrospective study

Zhang X, Li YC, Liu HP, Zhou B, Yang HL

5894  Application value analysis of magnetic resonance imaging and computed tomography in the diagnosis of
intracranial infection after craniocerebral surgery

Gu L, Yang XL, Yin HK, Lu ZH, Geng CJ

5902  Focal intrahepatic strictures: A proposal classification based on diagnosis-treatment experience and
systemic review

Zhou D, Zhang B, Zhang XY, Guan WB, Wang JD, Ma F

5918  Preliminary analysis of the effect of vagus nerve stimulation in the treatment of children with intractable
epilepsy
Fang T, Xie ZH, Liu TH, Deng J, Chen S, Chen F, Zheng LL

WJCC | https://www.wjgnet.com I December 6,2020 | Volume8 | Issue23 |

Jaishideng®



World Journal of Clinical Cases

Contents
Semimonthly Volume 8 Number 23 December 6, 2020

5926  Scoring system for poor limb perfusion after limb fracture in children

Zhu T, Shi Y, Yu Q, Zhao YJ, Dai W, Chen Y, Zhang SS

5935  Overexpression of CD155 is associated with PD-1 and PD-L1 expression on immune cells, rather than
tumor cells in the breast cancer microenvironment

Wang RB, Li YC, Zhou Q, Lv SZ, Yuan KY, Wu JP, Zhao YJ, Song QK, Zhu B

5944  Application of computer tomography-based 3D reconstruction technique in hernia repair surgery

Wang F, Yang XF

5952  Effect of methylprednisolone in severe and critical COVID-19: Analysis of 102 cases
Zhu HM, Li Y, Li BY, Yang S, Peng D, Yang X, Sun XL, Zhang M

Observational Study

5962  Genetic diagnosis history and osteoarticular phenotype of a non-transfusion secondary hemochromatosis
Ruan DD, Gan YM, Lu T, Yang X, Zhu YB, Yu QH, Liao LS, Lin N, Qian X, Luo JW, Tang FQ

5976  Abdominal ventral rectopexy with colectomy for obstructed defecation syndrome: An alternative option
for selected patients

Wang L, Li CX, Tian Y, Ye JW, Li F, Tong WD

5988  Surgical treatment of multiple magnet ingestion in children: A single-center study

Cai DT, Shu Q, Zhang SH, Liu J, Gao ZG

Randomized Clinical Trial

5999  Efficacy and economic benefits of a modified Valsalva maneuver in patients with paroxysmal
supraventricular tachycardia

Wang W, Jiang TF, Han WZ, Jin L, Zhao XJ, Guo Y

CASE REPORT
6009  Duodenal giant stromal tumor combined with ectopic varicose hemorrhage: A case report

Li DH, Liu XY, Xu LB

6016  Healthy neonate born to a SARS-CoV-2 infected woman: A case report and review of literature

Wang RY, Zheng KQ, Xu BZ, Zhang W, Si JG, Xu CY, Chen H, Xu ZY, Wu XM

6026  Pleomorphic adenoma of the trachea: A case report and review of the literature

Liao ON, Fang ZK, Chen SB, Fan HZ, Chen LC, Wu XP, He X, Yu HP

6036  Neoadjuvant targeted therapy for apocrine carcinoma of the breast: A case report

Yang P, Peng SJ, Dong YM, Yang L, Yang ZY, Hu XE, Bao GQ

6043  Huge encrusted ureteral stent forgotten for over 25 years: A case report

Kim DS, Lee SH

Bishidenge WVJCC | https://www.wjgnet.com I December 6,2020 | Volume8 | Issue23 |



JBaishideng®

World Journal of Clinical Cases
Contents
Semimonthly Volume 8 Number 23 December 6, 2020
6048  Roxadustat for treatment of erythropoietin-hyporesponsive anemia in a hemodialysis patient: A case
report
Yu WH, Li XJ, Yuan F
6056  Suspected SARS-CoV-2 infection with fever and coronary heart disease: A case report
Gong JR, Yang JS, He YW, Yu KH, Liu J, Sun RL
6064  Interpersonal psychotherapy-based psychological intervention for patient suffering from COVID-19: A
case report
Hu CC, Huang JW, Wei N, Hu SH, Hu JB, Li SG, Lai JB, Huang ML, Wang DD, Chen JK, Zhou XY, Wang Z, Xu Y
6071  Optical coherence tomography angiography characteristics in Waldenstrom macroglobulinemia
retinopathy: A case report
LiJ, Zhang R, Gu F, Liu ZL, Sun P
6080  Fourty-nine years old woman co-infected with SARS-CoV-2 and Mycoplasma: A case report
Gao ZA, Gao LB, Chen XJ, Xu 'Y
6086  Endoscopic fenestration in the diagnosis and treatment of delayed anastomotic submucosal abscess: A case
report and review of literature
Zhang BZ, Wang YD, Liao Y, Zhang JJ, Wu YF, Sun XL, Sun SY, Guo JT
6095  Small-cell neuroendocrine carcinoma of the rectum — a rare tumor type with poor prognosis: A case
report and review of literature
Chen ZZ, Huang W, Wei ZQ
6103  Laparoscopic left lateral sectionectomy in pediatric living donor liver transplantation by single-port
approach: A case report
LiH, Wei L, Zeng Z, Qu W, Zhu ZJ
6110  Malignant meningioma with jugular vein invasion and carotid artery extension: A case report and review
of the literature
Chen HY, Zhao F, Qin JY, Lin HM, Su JP
6122  Neuronal intranuclear inclusion disease mimicking acute cerebellitis: A case report
Guo JJ, Wang ZY, Wang M, Jiang ZZ, Yu XF
6130 Hemophagocytic lymphohistiocytosis caused by STAT1 gain-of-function mutation is not driven by
interferon-y: A case report
Liu N, Zhao FY, Xu XJ
6136  Single door laminoplasty plus posterior fusion for posterior atlantoaxial dislocation with congenital
malformation: A case report and review of literature
Zhu Y, Wu XX, Jiang AQ, Li XF, Yang HL, Jiang WM
6144  Occipital nodular fasciitis easily misdiagnosed as neoplastic lesions: A rare case report
Wang T, Tang GC, Yang H, Fan JK
WJCC | https://www.wjgnet.com 111 December 6,2020 | Volume8 | Issue23 |



World Journal of Clinical Cases

Contents
Semimonthly Volume 8 Number 23 December 6, 2020

6150  Postoperative secondary aggravation of obstructive sleep apnea-hypopnea syndrome and hypoxemia with
bilateral carotid body tumor: A case report

Yang X, He XG, Jiang DH, Feng C, Nie R

6158  Uncontrolled central hyperthermia by standard dose of bromocriptine: A case report

Ge X, Luan X

6164  Acute celiac artery occlusion secondary to blunt trauma: Two case reports
LiH, Zhao Y, Xu YA, Li T, Yang J, Hu P, Ai T

6172  Multiple ectopic goiter in the retroperitoneum, abdominal wall, liver, and diaphragm: A case report and
review of literature

Qin LH, He FY, Liao JY

6181  Symptomatic and optimal supportive care of critical COVID-19: A case report and literature review

Pang QL, He WC, Li JX, Huang L

6190  Primary breast cancer patient with poliomyelitis: A case report

Wang XM, Cong YZ, Qiao GD, Zhang S, Wang LJ

6197  Discontinuous polyostotic fibrous dysplasia with multiple systemic disorders and unique genetic
mutations: A case report

Lin T, Li XY, Zou CY, Liu WW, Lin JF, Zhang XX, Zhao SQ, Xie XB, Huang G, Yin JQ, Shen JN

6206  Novel triple therapy for hemorrhagic ascites caused by endometriosis: A case report

Han X, Zhang ST

Bishidenge WVJCC | https://www.wjgnet.com IX December 6,2020 | Volume8 | Issue23 |



World Journal of Clinical Cases

Contents
Semimonthly Volume 8 Number 23 December 6, 2020

ABOUT COVER

Peer-reviewer of World Journal of Clinical Cases, Dr. Mohamad Adam Bujang is a Research Officer at the Institute for
Clinical Research, Ministry of Health, Malaysia. After receiving his Bachelor’s degree in Statistics from MARA
University of Technology in 2004, Dr. Adam undertook his postgraduate study at the same university, receiving his
Master’s degree (MBA) in 2008 and his PhD in Information Technology and Quantitative Sciences in 2017.
Currently, he works as a biostatistician and researcher in the Clinical Research Centre, Sarawak General Hospital.
His ongoing research interests involve such research methodologies as sampling techniques, sample size planning,
and statistical analyses. Since 2016, he has served as an active member of the Malaysia Institute of Statistics and the
Association of Clinical Registries Malaysia. (L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation
Reports/Science Edition, PubMed, and PubMed Central. The 2020 Edition of Journal Citation Reports® cites the
2019 impact factor (IF) for WJCC as 1.013; IF without journal self cites: 0.991; Ranking: 120 among 165 journals in
medicine, general and internal; and Quartile category: Q3.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Xia Xing, Production Department Director: Yun-Xiagjian Wn; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https:/ /www.wijgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2307-8960 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
April 16,2013 https:/ /www.wignet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Semimonthly https:/ /www.wijgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-gan Peng https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wijgnet.com/2307-8960/ editotialboard.htm https:/ /www.wijgnet.com/bpg/getinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
December 6, 2020 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJCC | https://www.wjgnet.com X December 6,2020 | Volume8 | Issue23 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v8.i23.5988

World Journal of
Clinical Cases

World | Clin Cases 2020 December 6; 8(23): 5988-5998

ISSN 2307-8960 (online)

Observational Study

ORIGINAL ARTICLE

Surgical treatment of multiple magnet ingestion in children: A single-

center study

Duo-Te Cai, Qiang Shu, Shu-Hao Zhang, Jia Liu, Zhi-Gang Gao

ORCID number: Duo-Te Cai 0000-
0002-3907-0589; Qiang Shu 0000-
0002-4106-6255; Shu-Hao Zhang
0000-0002-3124-9867; Jia Liu 0000-
0001-7198-0956; Zhi-Gang Gao 0000-
0003-0453-7959.

Author contributions: Cai DT
designed the study, participated in
the acquisition, analysis, and
interpretation of the data, and
drafted the initial manuscript;
Zhang SH and Liu ] participated in
data acquisition and analysis; Shu
Q and Gao ZG revised the article
critically for important intellectual
content.

Institutional review board
statement: The study was
reviewed and approved by the
Children's Hospital of Zhejiang
University Institutional Review
Board (Approval No. 2020-IRB-
120).

Informed consent statement:
Exemption from informed consent
application was approved by the
Children's Hospital of Zhejiang
University Institutional Review
Board.

Conflict-of-interest statement:
There are no conflicts of interest to
report.

Data sharing statement: No
additional data are available.

Jaishideng®

WJCC | https://www.wjgnet.com

Duo-Te Cai, Shu-Hao Zhang, Zhi-Gang Gao, Department of General Surgery, the Children’s
Hospital of Zhejiang University School of Medicine, Hangzhou 310051, Zhejiang Province,
China

Duo-Te Cai, Department of General Surgery, National Clinical Research Center for Child
Health, Hangzhou 310051, Zhejiang Province, China

Qiang Shu, Department of Pediatric Surgery, the Children’s Hospital of Zhejiang University
School of Medicine, Hangzhou 310058, Zhejiang Province, China

Qiang Shu, Department of Pediatric Surgery, National Clinical Research Center for Child
Health, Hangzhou 310058, Zhejiang Province, China

Jia Liu, Department of Ear, Nose, and Throat Surgery, the Children’s Hospital of Zhejiang
University School of Medicine, Hangzhou 310051, Zhejiang Province, China

Corresponding author: Qiang Shu, PhD, Professor, Department of Pediatric Surgery, the
Children’s Hospital of Zhejiang University School of Medicine, No. 3333 Binsheng Road,
Hangzhou 310058, Zhejiang Province, China. shuqiang(@zju.edu.cn

Abstract

BACKGROUND

Since 2017, the number of magnet ingestion cases has increased year over year in
our hospital. Almost all of the ingested magnetic foreign bodies were magnetic
beads, and most of the patients experienced intestinal perforations, causing
substantial damage.

AIM

To summarize our experience with surgical treatment of multiple magnet
ingestion in children.

METHODS

The data for general surgeries were collected from January 2010 to April 2020, and
the clinical characteristics, treatment methods, and outcomes were summarized
and analyzed. Several typical cases were selected and discussed.

RESULTS
Fifty-six cases of ingested magnetic foreign bodies were collected, of which 47
were magnetic beads. The average patient age was 4.7 * 3.0 years old. The number
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of ingested magnetic foreign bodies ranged from 2 to 73. There were 26 cases with
symptoms at the time of admission, including two cases of shock. Thirteen
patients were discharged successfully following conservative treatment and 43
were treated by surgery. Laparotomy was the main method of operation.
Laparoscopy was used in four cases, of which three were converted to open
surgery, and one was treated successfully using surgery through the navel.
Postoperative complications occurred in seven cases, incision infections were
observed in six, and adhesive ileus was observed in one.

CONCLUSION
Clinicians need to summarize their experiences with treating magnetic foreign

body ingestions in detail and carry out clinical research to reduce the damage to
children.

Key Words: Children; Magnetic foreign body; Pediatric surgery; Intestinal perforation;
Buckyball; Magnetic bead

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Since 2017, the numbers of magnet ingestion has increased year over year in
our hospital and most of the patients experienced intestinal perforations. We found
several significant clinical features: Intestinal contents did not leak into the abdominal
cavity, and gastrointestinal symptoms were caused by ileus rather than perforation,
which were obviously different from intestinal perforation caused by other reasons.
This means that the traditional treatment strategy cannot be used simply to deal with
intestinal perforation caused by magnetic beads, and a more favorable treatment
scheme should be selected according to its clinicopathological characteristics.

Citation: Cai DT, Shu Q, Zhang SH, Liu J, Gao ZG. Surgical treatment of multiple magnet
ingestion in children: A single-center study. World J Clin Cases 2020; 8(23): 5988-5998

URL: https://www.wjgnet.com/2307-8960/full/v8/i23/5988.htm

DOI: https://dx.doi.org/10.12998/wjcc.v8.i23.5988

INTRODUCTION

Foreign body ingestion is a common pediatric emergency!, and the management of
which includes allowing the foreign body to be discharged by itself, emergency
endoscopy, and surgical intervention”. The number of surgical operations accounts for
1% of the total cases’. Magnetic foreign bodies, button batteries, and expansion toys
are the main types of foreign bodies that require surgical treatment. Since 2017, the
number of magnet ingestion cases has increased year over year in our hospital. Almost
all of the ingested magnetic foreign bodies were magnetic beads, and most of the
patients experienced intestinal perforations, causing substantial damage. We
summarized our surgical experience, with the hope of providing help for optimizing
the diagnosis and treatment.

MATERIALS AND METHODS

The clinical data for multiple magnet ingestions at the General Surgery Department of
our Children’s Hospital in China were collected from January 2010 to April 2020. The
clinical characteristics, treatment methods, outcomes, and prognoses were described
and analyzed. Several typical cases were focused on and discussed.
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RESULTS

Clinical information

From January 2010 to April 2020, 85 patients with foreign bodies in their digestive tract
were admitted to our General Surgery Department, including 56 cases with magnetic
foreign bodies. Of those 56 cases, 47 were magnetic beads (Figure 1). The ratio of male
to female patients was 4:1, the average age was 4.7 + 3.0 years, and the number of
swallowed magnetic foreign bodies ranged from 2 to 73. There were 45 cases whose
time of swallowing could be confirmed by the parents or children, and ranged from 2
h to 18 d before admission. There were only six cases with abdominal pain (crying); 15
with abdominal pain (crying) and vomiting; three with abdominal pain (crying),
vomiting, and fever; two with shock; and 30 without symptoms at the time of
admission (Table 1). Twenty-six cases received emergency gastroscopy before
admission, of which two cases with intestinal magnetic residues received surgical
observation after a portion of the foreign magnetic bodies in the stomach were
removed. One patient lacking magnetic residues received surgical observation after
the magnetic beads located in the esophageal fundus were removed by gastroscopy. In
23 cases, no foreign bodies were observed in the stomach. After admission, there were
two cases where all of the magnets in the stomach were removed by gastroscopy, and
without surgery. In eight cases, all foreign bodies were discharged by themselves
without surgery, including six cases of magnetic beads, one case of a disk magnet, and
one case of a strip magnet (Table 2). In two cases, surgical observation discharged the
intestinal magnetic residues after admission. Another patient with suspected
esophageal gastric junction injury was discharged 1 wk after observation. The
remaining 43 cases were removed by surgery, and accounted for 76.8% of the total
number of magnetic foreign bodies. All patients were examined using a standing
abdominal radiograph. Positive foreign bodies were observed as a shadow, and no
cases of gas accumulation in the subphrenic space were observed.

Surgical management and prognosis
Among 43 children who underwent surgery, 36 experienced perforation of the
digestive tract. Those children accounted for 83.7% of the surgical cases, and 64.3% of
the total number of magnetic foreign bodies. Cases with two perforations in the
digestive tract were the most prevalent, accounting for 61% of all perforation cases.
The small intestine was the most frequent site for magnet adsorption (Table 3). There
were 16 cases of intestinal obstruction, two cases of peritonitis, one case of intestinal
necrosis caused by strangulation, 13 cases of internal fistulas, one case of
esophagotracheal fistulas (Figure 2), and one case of intestinal magnetic perforation
with Ascaris lumbricoides. The main surgical approach was perforation repair, while
five cases received intestinal resection. A child with an esophagotracheal fistula was
treated with a gastrojejunal tube and recovered after conservative treatment for 3 mo.
During surgery, it was found that magnets did not cause perforation in seven cases.
In six cases, the magnetic beads were adsorbed in the same intestinal tract, where in
one case, 13 magnetic beads were observed. In another case, the magnetic beads were
located in two intestinal segments that were far away from each other. Thirty-nine
cases underwent laparotomy and four cases underwent laparoscopy. The treatments of
three of the laparoscopy cases were converted to laparotomy for the following reasons:
(1) The magnetic beads were adsorbed on the back wall of the stomach and no foreign
bodies were found via laparoscopy; (2) 13 magnetic beads were combined, but no
intestinal perforations were observed by laparoscopy; and (3) The magnetic beads
were adsorbed into the front wall of the stomach to the jejunum, and could not be
removed through the umbilicus. One patient with small intestine perforation received
laparoscopic surgery as his intestines could be dragged out through the umbilicus. The
average length of hospital stay was 10.8 + 3.2 d. Postoperative complications were
observed in seven cases, incision infections were observed in six, and adhesive
postoperative intestinal obstruction was observed in one.

DISCUSSION

Banning magnetic toys for minors is the most effective way to prevent magnetic

foreign body ingestion
Foreign bodies in the digestive tract are common in children, and 80%-90% of foreign
bodies can be discharged by themselves with no medical intervention required™. In

WJCC | https://www.wjgnet.com 5990 December 6,2020 | Volume8 | Issue23 |



Cai DT et al. Surgical treatment of multiple magnet ingestion

Table 1 Clinical data of children with ingested magnetic foreign bodies at admission

n=56 Proportion (Intragroup proportion)’
The time of ingestion can be confirmed 45 80.4%
<3d (33) (73.3%)
3-14d (7) (15.6)
>14d (5) (11.1)
Unable to determine the time of ingestion 11 19.6%
Having gastrointestinal symptoms ) (81.8%)
Having no gastrointestinal symptoms 2 (18.2%)
Admission symptoms
Abdominal pain (crying) 6 10.7%
Abdominal pain (crying) and vomiting 15 26.8%
Abdominal pain (crying), vomiting, and fever 3 5.4%
Shock 2 3.6%
No symptoms 30 53.6%

Proportion is the proportion of this item to the total cases with magnetic ingestion. The intragroup proportion in parentheses is the proportion of this item
to the number of cases within the subgroup.

Table 2 Cases experiencing self-discharge of magnetic foreign bodies

Cases without gastroscope, without surgery, whose all magnetic foreign bodies were discharged by themselves

No. Age (yr) DBIG (day) NIM Type of magnet
1 4 3,6' 2 Disk magnet

2 5 3 3 Magnetic bead
3 5] 5 4 Magnetic bead
4 6 2 4 Magnetic bead
5 7 2 2 Magnetic bead
6 8 1 7 Magnetic bead
7 8 3 2 Strip magnet

8 10 2 2 Magnetic bead

Cases of intestinal magnetic residue after gastroscopy, which were discharged by themselves

No. Age (yr) DBIG (d) DBGD (d) NIM/NIMR Type of magnet
1 10 2/1 3/1 Magnetic bead
2 13 5/4 4/2 Magnetic bead

The child swallowed two magnets at different times, which were discharged on the third and sixth days after swallowing. DBIG: Days between ingestion
and discharge; DBGD: Days between gastroscopy and discharge; NIM: Number of ingested magnets; NIMR: Number of intestinal magnetic residues.

the clinical management of foreign body ingestion, conservative treatment is the main
approach, while 10%-20% of cases require endoscopic intervention!l. In the General
Surgery Department of our hospital from 2010 to 2014, there were less than five
foreign body ingestion cases admitted every year, and those cases that did present to
our department primarily included needle shaped foreign bodies, followed by button
batteries. In 2015, the first case of a disk magnet ingestion was admitted to the hospital,
while the first treatment of a child that swallowed magnetic beads was in 2016. In the
following years, the number of cases involving swallowing magnetic beads increased
rapidly. In 2019, the number of cases of swallowed magnetic beads accounted for 80%
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Table 3 List of perforation positions caused by magnetic foreign bodies in children

Position n=36 Proportion (%)
Small intestine-small intestine 15 41.7
Stomach-small intestine 8 222

Small intestine-colon 4 11.1
Duodenum-small intestine 3 8.3
Stomach-colon 2 5.6
Duodenum-colon 2 5.6
Stomach-small intestine - colon 1 2.8
Esophagus-trachea’ 1 2.8
Esophagus-stomach 1 2.8%

This case was accompanied by a perforation between the intestines.

Statistics of foreign body ingestion of children in 2010-2019
30

25 4

[ Magnetic beeds

Numbers
—
wu

|
I

[ |Other foreign bodies

Il Other magnets

SN

T
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

Figure 1 Statistics of ingested foreign body cases of children in our department from 2010 to 2019 (data from January to April 2020 are
not included).

of all foreign body ingestion cases at our hospital. Thus, such a prevalence require us
to increase our vigilance.

We found that all of the ingested magnetic beads were toys called buckyballs that
are made of neodymium magnets, and are at least 5 to 10 times more powerful than
traditional magnets’. Buckyballs were originally designed as a type of adult
decompression toy, but an increasing number of reports of swallowed rare earth
neodymium magnets were observed in the late 2000s in the United States"™!. In 2007,
the United States Consumer Product Safety Commission (CPSC) issued the first health
warning concerning the products and in 2009, issued a ban on the sale of rare earth
magnets to children younger than 14 years of agel"l.

Unfortunately, after 2010, buckyballs were introduced by businessmen in China as
an educational toy, and gradually became popular among children. However, the
CPSC ban was ignored, which led to an increase in intestinal damage caused by
buckyballs. From 2017 to 2019, the number of children admitted to our department
who swallowed buckyballs by mistake doubled every year. What is more worrisome is
that according to our statistics, the average age of ingestion of magnetic foreign bodies
was 4.7 years old, which is not the age of school children who have more opportunities
to contact such magnets. Rather, children who have elder brothers and sisters have
become the victims of the disease. The youngest patient in our department was only 16
mo old, and the ingested buckyballs were his elder brother's toy, which led to intestine
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Figure 2 Magnetic beads adsorbed between the esophagus and trachea, causing an esophagotracheal fistula. A: Two shadows from the
magnetic beads can be seen on the chest radiograph; B: One magnetic bead at the opening of the left bronchus of the tracheal carina can be seen under the
tracheoscope; C: After two magnetic beads were removed through the trachea, gastroscopy was performed to assess the esophagus, and a fistula (black arrow) was
visible.

perforation. We are sure that the most effective way to reduce the increasingly high
incidence of injury from magnetic foreign body ingestion is by banning the sale of
powerful magnetic toys like buckyballs for minors, and making sure that children
remain far away from the powerful magnetic toys in their living environments.

No leakage in the abdominal cavity

All cases of magnetic foreign body ingestion in our department, including 35 children
with gastrointestinal perforation, exhibited no pneumoperitoneum on the preoperative
abdominal standing film, and their intestinal contents were not found to enter the
abdominal cavity. It can be speculated that even though the two sections of the
intestinal tubes were perforated by the powerful magnetic foreign bodies, the
intestinal wall around the perforation remained in a closed and tight state, and the
intestinal contents did not leak from the perforation. When such a state is maintained
for a long period of time, an internal fistula will form between the two intestines. This
is also the theoretical basis for “magnetic press anastomotic technology” that has
emerged in recent years!.

Symptoms are related to intestinal obstruction

There were 30 children admitted to our department without symptoms, which
accounted for 53.6% of the total patients with magnet ingestions. The other 26 patients
with symptoms underwent surgery, all of whom experienced intestinal perforation. It
was found during surgery that the gastrointestinal symptoms were not caused by
perforation, but by mechanical intestinal obstruction due to the formation of closed
loops or compression of the proximal intestinal tract. The severity of symptoms was
related directly to the severity of intestinal obstruction. The related gastrointestinal
symptoms were mainly abdominal pain, accompanied with vomiting, fever, and even
shock (in two cases). The time since ingestion of magnets to presentation in our
department was more than 2 wk in both cases with shock. Those asymptomatic
patients presented to our hospital after experiencing sudden shock. It was found
during operation that one case exhibited a long fistula, which compressed the
proximal small intestine and caused ischemia and necrosis. Another case experienced
strap formation due to inflammatory tissue hyperplasia near the fistula, which
compressed the proximal small intestine to form a mechanical obstruction (Figure 3).
The ascites in both cases were purulent, but the compressed intestine had not yet been
perforated. Thus, it is suggested that once a clinical diagnosis that magnetic foreign
bodies are located in the digestive tract is made and there are gastrointestinal
symptoms, emergency surgical exploration should be performed as rapidly as
possible. The more serious the symptoms of obstruction, the higher the priority of
surgery.

We considered whether we could take a long-term conservative treatment approach
for asymptomatic children with a small number of ingested magnets. Until the
formation of an internal fistula, the magnetic foreign bodies can discharge by
themselves. However, this consideration was rejected after receiving the
abovementioned two children who experienced shock. Thus, we suggest that even if
patients defecate the magnetic foreign body after the formation of an internal fistula,
there is still a high risk of intestinal ischemic necrosis caused by intestinal adhesion or
internal fistula compression, which is similar to the internal hernias caused by a failure
to close the mesenteric hiatus after intestinal anastomosis.
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Figure 3 Intraoperative photos of two children with shock. A: Several disc magnets adsorbed together, forming a column fistula between two small
intestines (orange arrow shows) and resulting in ischemic necrosis of the compressed intestine; B: Inflammatory tissue hyperplasia near the fistula, which formed a
strap (blue arrow shows) that compressed the proximal small intestine.
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Magnet ingestion without perforation

It is not guaranteed that magnetic foreign bodies will cause perforations when they
enter the small intestine from the stomach. If several magnets are swallowed over a
short time, or do not adsorb when they move in the intestine, they will not cause
perforation. Magnets were discharged by themselves without operation in eight cases
(Table 2), and one patient discharged the ingested magnets at different times after
ingesting the magnets at different times (Figure 4). Combined with the five cases of
intestinal magnetic bead ingestion where no perforation was observed during
operation, 13 cases lacked perforation, and accounted for 25% of all intestinal magnetic
foreign bodies. Thus, not all magnetic foreign bodies will cause intestinal perforation,
even though they may have entered the small intestine from the stomach. Children
may also discharge magnets without intervention. In addition, children swallowing
magnetic foreign bodies at multiple different times may also discharge them at
different times, without intestinal adsorption leading to perforation. Therefore, it is
important to monitor abdominal radiographs every day.

For asymptomatic children with a changing position of the foreign body shadow,
conservative observation can be performed. Table 2 shows that eight children
discharged magnetic foreign bodies by themselves without surgery, with the times of
discharge being concentrated around 2-3 d after swallowing. The longest time
observed for magnetic bead discharge was 5 d in patient 3, while the longest time for
disk magnet discharge was 6 d in patient 1. Two cases whose ingested magnetic beads
in the stomach were removed before admission also discharged the residual intestinal
magnetic beads after 1 d and 4 d.

In seven of ten cases, the positive foreign body shadow was located in the right
lower abdomen in the final abdominal standing radiograph. The radiograph showed
that the positive foreign body shadow was fixed in the right lower abdomen for 3
consecutive days in patient 1, while it was fixed in patient 3 for 2 consecutive days,
suggesting that the ileocecal loop may have delayed entry of the foreign bodies into
the colon. Our suggestion is as follows: For asymptomatic children whose magnetic
foreign bodies enter the intestinal segment and whose abdominal standing radiograph
indicates that the foreign body is still moving, conservative observation should be
chosen during which most of the magnets will be discharged within 3 d. For
asymptomatic children whose foreign bodies have moved previously, and then
became fixed in the right lower abdomen, we suggest observing for another 3 d, as
appropriate. Such patients also can consume lactulose and other catharsis agents to
assist with defecation. Long-term adsorption of magnetic foreign bodies in the
intestinal wall can form a strap or internal fistula, leading to acute intestinal
obstruction. Thus, we suggest that if we miss the optimal conservative treatment time,
surgical exploration should be considered.

Inaccurate prognosis of radiography and emergency strategy

The position of foreign bodies can be determined from abdominal standing

radiographs, which can aid in the decision to perform gastroscopy and identify the

position of the surgical incision. However, radiographs can also mislead the surgeon.
One child who swallowed two disk magnets was admitted to our department.

Because the child failed to exhibit symptoms, he was initially given conservative
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Figure 4 One patient discharged the ingested magnets at different times after ingesting the magnets at different times. The patient was 4
years old. He swallowed two disk magnets at different times, without gastrointestinal symptoms. One magnet was excreted 3 d after swallowing, while the other was
excreted 6 d after swallowing.

treatment. We assessed abdominal standing radiographs for 4 consecutive days
(Figure 5). The position of the foreign bodies was changing, primarily in the middle
and lower abdomen. However, the magnet was not discharged by the fourth day, and
thus, we performed surgery for which we made a transverse incision 2 cm below the
umbilicus. Unexpectedly, no foreign bodies were found in any of the intestinal tubes.
However, we could not explore the stomach due to the incision being too low. We then
used intraoperative gastroscopy to investigate the location of the foreign bodies, and
found two in the stomach. Following the operation, the course of the disease was
traced back and it was found that the patient's abdominal standing radiographs were
always assessed following eating. Thus, the expansion of the stomach and gravity
caused the foreign bodies located in the great curvature of the stomach to be displayed
in the middle and lower abdomen in the abdominal standing radiograph, thus
interfering with the clinical assessment, which caused unnecessary damage to the
child. Therefore, we suggest that foreign bodies be photographed on an empty
stomach. If the foreign body shadow in the radiograph is above the L5 centrum and
there are no digestive tract symptoms, gastroscopy should be initially considered. The
selection of incision matters. Changes in body position and intestinal peristalsis may
cause the foreign body to relocate. Thus, the C-arm machine should be used to locate
the foreign body and determine the location of the incision before disinfecting after
anesthesia to avoid difficulties associated with intraoperative exposure, unnecessary
extension of the incision, or even a second incision. In addition, for children with an
unknown number of foreign bodies prior to surgery, or suspected magnet
displacement during operation, the abdominal plain radiograph should be reevaluated
with the C-arm machine after the foreign bodies are removed. Such a process will
ensure that no residual magnetic foreign bodies are present.

Surgical principles and methods

Except for two cases of gastrointestinal magnetic foreign bodies with intestinal
strangulation and intestinal necrosis leading to peritonitis, there was no celiac
pollution. Conversely, when the magnet was removed, it caused the intestinal contents
to overflow into the abdominal cavity. Therefore, the goal of surgery is to remove the
foreign body and repair the digestive tract damage without polluting the abdominal
cavity.

There are two methods of surgical exploration of foreign magnetic bodies:
Laparotomy and laparoscopy. The former is more commonly used and is applicable to
all gastrointestinal foreign bodies, especially when the patient is in critical condition or
has obvious abdominal distention. The latter is used to remove the intestinal tube
through the navel after foreign bodies are detected by laparoscopy, and then complete
the operation outside the abdomen. In our department, laparoscopy was used in four
cases, of which three were converted to laparotomy, while one case succeeded. Table 3
shows that the most common position of adsorption was between the small intestines
(41.7% of all cases), and the other positions accounted for 58.3% of cases. Magnets that
were partially located in the stomach, duodenum, or colon were not easy to remove
through the navel. If magnets were forcibly removed from the intestine by
laparoscopy, celiac pollution, intestinal injury, residual magnet beads, tiny
perforations, and mesenteric perforations may have been overlooked. Laparoscopic
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Figure 5 A 6-year-old patient swallowed two disk magnets by mistake, and presented without gastrointestinal symptoms. The abdominal
standing radiograph was obtained during conservative treatment for 4 d (The above Figure A-D showed the abdominal standing radiograph from day 1 to day 4). A
magnetic shadow located in the middle and lower abdomen was observed, with obvious relocation between the images. However, two magnets were found in the
stomach during operation.

exploration is most suitable for children with the following: (1) Ingestion occurred
more than 2 wk prior to admission; (2) No gastrointestinal symptoms are present; and
(3) Only the small intestines were adsorbed by foreign bodies. Pulling the intestinal
tube through the umbilicus at the location of the foreign body will not cause magnet
separation and displacement, and the intestinal contents will not spill into the
abdominal cavity because an internal fistula has been formed.

CONCLUSION

Until now, all of the followed patients in our hospital have had a benign prognosis and
no serious complications. However, the disease has increased in prevalence in recent
years, and the number of cases has increased rapidly. Thus, additional observation is
required to monitor long-term complications. As their primary goal is to reduce the
damage to children, clinicians need to summarize their experiences in detail and
perform clinical research. Additionally, we firmly believe that a ban on buckyballs and
similar magnetic toys for minors is the most effective way to reduce the incidence of
foreign magnetic body ingestion.

ARTICLE HIGHLIGHTS

Research background

In recent years, the incidence of magnetic foreign body ingestion has increased rapidly
in our hospital. Almost all of the ingested magnetic foreign bodies were magnetic
beads. Most of the patients had intestinal perforations and suffered substantial
damage.

Research motivation

Obvious differences exist in clinical symptoms between magnetic and non-magnetic
foreign body ingestion. We aimed to summarize clinical experiences and optimize the
diagnosis and treatment in dealing with this condition.
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Research objectives

To summarize the valuable surgical experiences of multiple-magnet ingestion in
children, such as no leakage of the intestinal contents in the abdominal cavity, ileus
related symptoms and so on.

Research methods

The experiences of surgeries within the recent 10 years were collected, and the clinical
characteristics, treatment, and prognosis were summarized and analyzed. Several
typical cases were selected and discussed.

Research results

Through the observational study of 56 cases, we are sure that the most effective way to
reduce the increasingly high incidence of injury from magnetic foreign body ingestion
is to ban the sale of powerful magnetic toys like buckyballs for minors, and keep
children stay far away from the powerful magnetic toys in their living environments.
Furthermore, magnetic beads causing intestinal perforation without intestinal content
leakage is a discovery that can be used clinically. How to make an appropriate
diagnosis and treatment plan to reduce the injury on children is an urgent problem to
be solved.

Research conclusions

The key way to reduce the incidence of magnetic foreign body ingestion is to ban the
sale of magnetic toys. Clinicians can try new operation methods and determine the
indications of this emergency according to the characteristic that intestinal contents
will not leak into the abdominal cavity because the intestines stick together tightly.
Meanwhile, additional observation is required to monitor long-term complications.

Research perspectives

The direction of the future research is to reduce the incidence of multiple magnet
ingestion, relieve the injury to patients, and apply minimally invasive technique in this
emergency.
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