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Resume. Twenty clinical cases of magnetic foreign bodies in the gastrointestinal tract in children were
analyzed. The age of the affected children ranged from 7 months to 10 years, with an average of 3.7+£0.9
years. The main method of detecting magnetic objects in the gastrointestinal fract was radiographic
examination of the chest and abdominal organs. Due to the age-specific characteristics of the patients,
the anamnestic data (n=12) had a lower percentage of reliability in diagnosing foreign bodies. In three
cases, magnetic objects became an intraoperative finding during surgery for suspected appendicular
peritonitis. Clinical symptoms of passage of a single magnetic object in the gastrointestinal tract in children
were absent. In cases of multiple magnetic objects, nonspecific signs of "acute abdomen" were observed:
vomifing, abdominal pain, muscle tension of the anterior abdominal wall, and "black-colored" stool. Single
metallic objects were spontaneously evacuated from the digestive tract with conservative management
(n=10). Removal of multiple magnetic objects was performed by various methods (n=10). The position of
the magnets in the lumen of the esophagus and stomach determined the need for fibro-
esophagogastroduodenoscopy (n=3). The presence of foreign bodies at various levels of the infestine, in
the absence or presence of peritoneal symptoms, required surgical inferventions: endovideo-assisted
laparoscopy or laparotomy. Complications of magnetic foreign body ingestion were identified during
surgical procedures (n=7): intestinal wall perforation, intestinal obstruction, peritonitis, sepsis. Based on the
experience gained, a diagnostic and therapeutic strategy has been developed for managing pediatric
patients with magnetic foreign bodies in various parts of the gastrointestinal tract.
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Pesiome. [MTPOAHOAMIMPOBAHO 20 KAMHMYECKMX CAYYOEB MATHUTHBIX MHOPOAHBIX TEA >KEAYAOHYHO-
KMLLEYHOro TPAKTA Y AeTeMn. BO3pacT NOCTPAACBLUMX AETEM COCTABMA OT 7 mecaues A0 10 AeT, CpeAHuH
Bo3pacT cocTtaBmA 3,7+0,9 road. OCHOBHbIM METOAOM BbISBAEHUS MATHUTHBIX OOBLEKTOB B >XXEAYAOYHO-
KMLLIEYHOM TPOKTE HIBAJAOCH PEHTTEHOAOIMHECKOE MCCAEAOBAHME OPrAHOB PYAHOM KAETKM U OPIOLLIHOM
MOAOCTU. B CB931 C BO3PACTHbIMM OCOBEHHOCTIMM MALMEHTOB AHOMHECTUHECKME AQHHbIE (N=12) MMeEAU
MEHbBLLMM MPOLLEHT AOCTOBEPHOCTM AMATHOCTUMKU MHOPOAHBIX TEA. B TPEX CAYHASX MOTHUTHbIE MPEAMETHI
CTAAU UMHTPAOMEPALMOHHOM HOXOAKOM MpWM ONMepALMM MO MOBOAY MOAO3PEHUS HA AMMEHAMKYASOHbIN
NEPUTOHUT. KAMHMYECKME CUMMTOMbI MPOXOXKAEHUS OAMHOYHOTO MATHUTHOTO MPEAMETA MO XEAYAOYHO-
KMLLEYHOMY TPAKTY Yy A€TEM OTCYTCTBOBOAM. B CAYy4OSX MHOXECTBEHHbBIX MArHUTHBIX MPEAMETOB
HOBAIOAQAMCH HeCNeLMAOUIECKME MPU3HOKM «OCTPOro >XXMBOTAN. PBOTA, BGOAM B >KMBOTE, HAMPSKEHUE
MBbILLILL NepeaHer OPIOLLHOM CTEHKM, CTYA (4epHOro usetan. OAMHOYHbIE METOAAMMECKME MNPEAMETDI
COMOMPOU3BOABHO 3BAKYMPOBOAMCH M3 MULLLEBAPUTEABHOTO TPAKTA MPU KOHCEPBATUBHOM A€4YeHMM (N=10).
YAQAEHWE MHOXECTBEHHbIX MOTHUTHBIX MPEAMETOB MPOBOAMAOCH PA3AMYHBIMKM  MeToAOMM  (N=10).
PacnoAoxeHue MArHUTOB B MPOCBETE MULLLEBOAC U XKEAYAKA OMPEAEAIAO HEODXOAMMOCTb MPOBEAEHMA
doubpoazodpbaroracTpoayoseHockonuu (N=3). HaAMYME MHOPOAHBIX TEA HA PA3HbIX YPOBHAX KMLLEYHUKA
NPW OTCYTCTBUM MAM HOAMYUU MEPUTOHEAABHBIX CUMMATOMOB TPEDOBAAO XMPYPITMHYECKMX BMELLIATEALCTB:
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3HAOBUAEOACCUCTUPOBAHHOM AQMAPOCKOMUM MAM ACNAPOTOMMU. B XOAE XUPYPTMHYECKMX BMELLIOTEALCTB
OblAM BbIBAEHbI OCAOXHEHMS MPOTAAQTBIBAHMUS MATHUTHBIX MHOPOAHBLIX TEA (N=7): NepdPopaLMs CTEHKM
KMLLEYHMKQA, KULLIEYHAS HEMPOXOAMMOCTb, MEPUTOHUT, Cemncuc. Ha OCHOBAHMM MOAYYEHHOTO OMbITA
PA3PABOTAHA AMATHOCTMHECKAS M AEYEOHQAS CTPATErMUs BEAESHUS AETEM C MOTHUTHBIMM MHOPOAHbBIAMM
TEACQMM B PA3AMYHBIX OTAEACX XKEAYAOYHO-KMLLIEYHOTO TPAKTA.

KAaloyeBble cAOBQA: AETH, MATHUTHBIE MHOPOAHbBIE TEAQ, >KEAYAOYHO-KULLIEYHbIE PACCTPOMCTBA,
nepcbopALMM CTEHKM KMLLIEYHMKA
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Introduction. Curiosity and lack of internal and parental supervision in preschool-aged
children often lead fto unintentional ingestion of foreign objects, including metallic items of
technical or play purposes, the ingestion of which often goes unnoticed and does not cause
any early specific symptoms [1-6]. Migrating magnetic foreign bodies (MFBs) in quantities of two
or more can actively interact with each other at different levels of the gastrointestinal tract (GIT),
compressing and damaging the walls of the stomach and inftestines, which can lead to
complications such as intestinal obstruction, perforation, bleeding, fistulas, and peritonitis [1-3, 5-
7]1. Timely diagnosis of MFBs and tactical selection of their extraction remain crucial aspects in
the treatment of this pathology.

The aim of this study was to analyze clinical cases of MFBs in the gastrointestinal tract in
children to determine a rational freatment strategy in situations of detecting a magnetic object.

Material and methods. From 2013 to 2023, 20 children (14 boys, é girls) were hospitalized at
the State Autonomous Healthcare Institution "BSMP Ne 2", with ages ranging from 7 months to 10
years, with an average age of 3.7+0.9 years. In 18 cases, based on anamnestic data of ingestion
of foreign objects (n=10) and signs of "acute" abdomen (n=8), diagnostic overview radiography
of the thoracic organs (CHO) and abdominal organs (ABO) was performed. The remaining 2
pafients, due to the severity of their condition, underwent only ultirasound examination of the
abdominal organs. In children without signs of perforation and peritoneal symptoms, removal of
foreign bodies from the esophagus and stomach was performed under general anesthesia:
fibroesophagogastroduodenoscopy (FEGDS) using biopsy forceps (grasper "Storz', Germany),
esophagoscope ('Storz', Germany), fioroscope ('Olympus XPE', Japan). In situations of
prolonged presence of multiple MFBs in the intestinal lumen, and the presence of peritoneal
signs of "acute" abdomen after hospitalization, surgical intervention was performed: endovideo-
assisted laparoscopy, laparotomy. All operations were completed with radiological control of
the abdominal cavity.

Results. In 10 children with no complaints and clinical signs, single magnetic objects were
confirmed by radiographic examination of the abdominal cavity. A conservative approach was
chosen: dynamic observation and radiological monitoring of the abdominal region. In these
pafients, the magnetic foreign bodies were spontaneously evacuated from the gastrointestinal
fract. Out of 10 children with multiple magnets, in 8 observations with the presence of symptoms
of "acute" abdomen during examination, foreign objects of metallic density were visualized in
various parts of the gastrointestinal fract on overview radiography of the abdominal cavity. In 2
children who were admitted in a severe condition, ultfrasound examinatfion (USE) of the
abdominal region diagnosed diffuse peritonitis, and therefore radiological diagnosis before
surgery was not performed, and the magnetic foreign objects became an intraoperative
finding.

Clinical Observations. Patient L., 3 years 5 months old, was admitted from the Central District
Hospital of the Tomsk Region on 25.09.14. In the history, the mother reported the ingestion of
several magnetic objects by the child. On the overview radiograph of the CHO and ABO, a
foreign body (two magnets) was visualized in the lower third of the esophagus. An attempt to
remove the foreign object by FEGDS procedure was unsuccessful. Six hours after admission to
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BSMP Ne 2, the child complained of epigastric pain, and on the radiograph, a foreign body was
detected in the projection of the stomach (Fig. 1). Under general anesthesia, FEGDS was
performed: a metallic cylinder with a diameter of 8 mm, fixed to the esophageal mucosa, was
found in the cardiac part of the esophagus. Upon manual examination, another magnet was
found, which attracted each other from the stomach side. After several attempts, the magnet in
the cardiac part of the esophagus was captured and forcefully extracted. A pronounced
hematoma was visualized on the stomach mucosa in the area of fixation of the second magnet.
Due to the difficulty in removal and the absence of complications, the second single magnet
was left for spontaneous evacuation from GIT. The subsequent period was uneventful, control X-
rays of the ABO confirmed the evacuation and spontaneous passage of the magnet.

Patient F., 2 years 3 months old, was admitted on 19.02.15 fo the emergency room of BSMP
Ne 2 due to the ingestion of an unknown number of round magnets approximately 2 days prior,
according to the mother. Upon examination, the child exhibited vague discomfort, with a soft,
tender abdomen in the paraumbilical area upon palpation. On the overview radiograph of the
ABO, a chain of multiple rounded radiopaqgue shadows in the projection of the stomach and
intestines was visualized (Fig. 2). Under general anesthesia, FEGDS was performed, and part of
the magnetic foreign bodies was removed. For the removal of the remaining chain of magnets,
fixed by the magnetic field through the walls of the stomach and duodenum, an upper
laparotomy was performed: the stomach was brought out through the wound, gastrotomy was
performed, the magnetic objects were exiracted, and a two-row suture was applied to the
stomach wall. A total of 78 magnetic balls were removed. Radiological control of the
abdominal cavity: no magnetic foreign bodies were detected. The postoperative period was
uneventful, and the child was discharged in satisfactory condition for a 14-day follow-up.

In the following case, child V., é years old, on 26.12.19, swallowed approximately 30
magnetic objects with a diameter of 0.7 cm while playing and informed his mother about it.
Considering the absence of complaints, medical aftention was not sought. After 36 hours,
abdominal pain appeared, and the child was hospitalized by ambulance. The abdomen was
soft, tender in all quadrants, with negative signs of peritoneal irritation. On abdominal cavity
radiography, a foreign object composed of 32 metallic density spheres was visualized. During
FEGDS, a metallic conglomerate was found in the gastric space. The magnetic conglomerate
adhered to the endoscope, and the foreign elements were removed as a single unit, totaling 31
elements (Fig. 3). On the follow-up FEGDS, no foreign bodies were found in the gastric and
duodenal expanse. On X-ray ABO, one object of circular shape was projected in the left
mesogastrium. After 2 days, the 32-nd magnetic sphere was spontaneously evacuated, and the
child was discharged in satisfactory condition.

Patient G., 10 years old, independently presented to the emergency room of BSMP Ne 2 on
07.08.16 with complaints of abdominal pain that had started 25 hours prior, vomiting, and liquid
stool. Considering the complaints, medical history, clinical presentation, and USE cavity findings,
a diagnosis of acute appendicitis with peritonitis was made. After preoperative preparation,
endovideoassisted laparoscopy was performed: the appendix was unremarkable, but a loop of
the intestine was found twisted around a dense local connection resembling the junction of two
loops of the small intestine, in which foreign bodies of dense structure were palpated using
endoscopic forceps (Fig. 4). Conversion to midline laparotomy was performed: the intestinal
junction was separated and the magnets were extracted (? balls, diameter 4 mm). Perforations
of the small intestine (upper at 2-2.5 meters, lower at 1.5 meters from the ileocecal angle) were
sutured with two-row sutures, and abdominal cavity drainage was performed. Radiological
control of the abdominal cavity confiirmed the absence of foreign objects. The postoperative
period was uneventful, and the child was discharged in satisfactory condition on the 11-th day.

In the following case, patient M., 4 years old, was brought in by ambulance on 30.04.21 with
complaints of abdominal pain for 35 hours and recurrent vomiting. Upon palpation, the
abdomen was soft, with tenderness in the epigastrium and right iliac fossa, and negative signs of
peritoneal iritation. USE revealed an unremarkable appendix and a conglomerate of
unchanged bowel loops, maintaining their shapes and sizes during multi-positional examination.
On X-ray in the projection of the pelvis, contrast shadows in the form of a chain of balls
(diameter 0.47 mm, 7 pieces) were identified on the right side. Surgical intervention was
performed: a midline pararectal incision on the right; upon abdominal cavity exploration, up to
100 ml of serous fransparent effusion was found. During intestinal revision, two perforations were
found (the dome of the ileocecal angle and the base of the appendix) with foreign bodies
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(magnets) in their lumens (Fig. 5), and a third perforation was found on the small intestine
(distance up to 50 cm from the ileocecal angle), covered with fibrin and with leakage of
intestinal contents. Seven magnetic foreign objects were removed from the perforation in the
area of the appendix base, an appendectomy was performed, perforations were sutured with
two-row sutures, and abdominal cavity drainage was performed. Radiological control of the
abdominal cavity confiirmed the absence of foreign bodies. The postoperative period was
uneventful, the child was discharged in satisfactory condition on the 16 day.

Child T., 3 years 2 months old, was admitted on 05.02.13 as an emergency case. From the
history, it was known that the child had episodic abdominal pain, fever up to 37.5°C, two
episodes of liquid stool, and vomiting since 01.02.13. The parents were unaware of the child
ingesting any magnetic objects. Despite freatment by the local pediatrician, the abdominal
pain persisted, fever increased to 37.6°C, and vomiting became frequent. The child presented
with a severe, lethargic, and adynamic state. Visible mucous membranes and tongue were dry.
The skin was pale, dry, with a "marbled" pattern. Abdominal palpation revealed tenderness in all
quadrants. Abdominal cavity USE was performed, showing echographic signs of peritonitis, and
the appendix was not visualized. A diagnosis of acute appendicitis with diffuse peritonitis was
made. Surgical intervention included midline laparotomy, during which 9 perforations were
found in the intestines with diameters up to 0.5 cm (2 on the dome of the cecum and 7 on the
jejunum, of which two are 10 cm from the Treitz ligament and five spanning 30-60 cm from the
Treitz ligament). Nine magnetic foreign bodies were removed. Perforations in the jejunum were
sutured with two-row sutures, followed by resection of the ileocecal angle, enterocecostomy,
appendectomy, lavage of purulent fluid and intestinal contents, abdominal cavity drainage,
and laparostomy. X-ray ABO during surgery confirmed the absence of foreign objects. The
postoperative period was complicated by sepsis. The laparostomy was closed on 12.02.13. The
child was discharged on 15.03.13 in safisfactory condition with a functioning enterocecostomy.

Discussion. Our observations align with findings from various authors indicating that young
age, unsupervised presence, negative emotional reactions to examination, and the severity of
the condition hinder the collection of disease history, and the reliable visual diagnostic method
for MFBs is abdominal plain radiography [2, 3, 5-7]. Undoubtedly, the increasing magnetic
attraction between objects leads to intestinal wall damage. Our clinical examples showed that
the tfime required for the formation of a magnetic intestinal fract is significantly shorter than the
fime for the onset of intestinal perforations. Multiple magnetic objects, two or more, do not
present early symptoms, and emerging clinical manifestations correspond to the development
of complications (intestinal obstruction, perforations, formation of intestinal tracts, peritonitis) [1-
3, 5]. Differences in the localization of multiple MFBs in the digestive tfract and the presence of
signs of an ‘'acute" abdomen determine the individual therapeutic approach:
fibroesophagogastroduodenoscopy, endovideoassisted laparoscopy, or laparotomy.

Conclusions. X-ray examination of the abdominal cavity in children is a mandatory and
reliable method of identifying metallic density foreign bodies if they are suspected of ingestion
or if there are signs of an "acute" abdomen.

Patients with a single magnet are shown conservative management tactics with migration
confrol and self-evacuation from the intestinal fube.

The location of multiple magnetic bodies in the projection of the esophagus, stomach and
upper intestinal tract requires prompt fibroesophagoduodenoscopy in order to remove them
and prevent the development of complications.

Verification of multiple magnets in the underlying parts of the intestine requires emergency
surgery, individual choice of surgical access.

An infraoperative X-ray examination of the abdominal cavity is mandatory to confirm the
complete removal of magnetic objects.
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