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Abstract
Purpose The management of foreign body ingestion proves to be a challenge. Magnets pose a unique set of risks when 
ingested due to their attractive forces and subsequent risk of adherence, pressure necrosis, and perforation complications. 
Radiographs only provide a limited snapshot in the setting of multiple magnet ingestion when the risk of complication is 
highest. We hypothesize that abdominal ultrasound (US) has the potential to supplement radiographs in assessing ingested 
magnets by determining the presence of bowel loop entrapment and of any extraluminal fluid.
Methods We recreated various scenarios of magnet configurations using animal cadaveric bowel models. X-ray and US 
images were obtained in various bowel-magnet orientations.
Results We identified several key US features to suggest bowel wall tethering. These include direct visualization of bowel 
wall entrapment between magnets (what we term the “dangerous V sign”), anti-dependent positions of the magnets, and 
inability to separate loops of bowel with compression.
Conclusion These findings could potentially provide valuable information when directing the urgency of intervention in 
foreign body ingestion. Ultrasound may supplement and improve the current guidelines in management of magnet ingestion.
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Introduction

It is well known that young children often put objects in 
their mouths, an action driven by their curiosity to interact 
with the world. Accidental ingestion of non-food items is 
common, occurring mostly in children between the ages of 6 
months and 3 years [1] while 75% of cases occur in children 
under the age of five [2]. Children with developmental delay 
or behavioral problems are particularly at risk for multiple 
ingestions [3].

Magnets are one of the most commonly ingested foreign 
bodies [4] that result in thousands of emergency department 
visits annually and even more radiology cases over the past 
few decades [5, 6]. Novel products such as shiny magnets 
are attractive to young children and come in various shapes 
(including circular, square, and tablets) and small sizes that 
are easily swallowed, leading to products being withdrawn/
recalled [6]. Rare earth magnets, most commonly made 
from neodymium, are at least 5 to 10 times more powerful 
than traditional ferromagnets and are marketed as desk toys 
and stress relievers that can still be easily purchased from 
the internet [7]. Given the availability of these objects, the 
incidence of magnet ingestions of late has increased at an 
alarming rate [5, 8]. These rare earth magnets accounted for 
16,386 cases of emergency department visits over a 10-year 
period in the United States and are a dangerous cause of 
foreign body ingestion-related morbidity and mortality [9].

Many swallowed foreign bodies can be expected to 
pass through the gastrointestinal (GI) tract uneventfully 
[6]. However, ingestion of more than one magnet can lead 
to entrapment of the GI tract from attractive magnetic 
forces. The resulting adhesion and pressure injuries can 
result in perforation, fistulae, obstruction, or infections 
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that result in serious consequences. The North American 
Society of Pediatric Gastroenterology, Hepatology, and 
Nutrition (NASPGHAN) has provided guidance on the 
management of ingested magnets in children [7].

Once magnet (or other metallic foreign body) ingestion is 
confirmed by abdominal radiograph, ascertaining single ver-
sus multiple magnet ingestion is key in deciding subsequent 
management. A single swallowed magnet can be managed 
conservatively with appropriate education of the parents and 
child. Multiple magnet ingestions or co-ingestion of a single 
magnet with another metallic object should be treated with 
increased urgency because of the high risk of complications 
such as obstruction, perforation, and/or infection. The present 
guideline recommends obtaining a lateral abdominal radio-
graph if magnets are present on initial flat plate film [7]. How-
ever, practical limitations of radiographs arise when multiple 
magnets adhere together and partially overlap on a single view 
or shift location with changing patient positioning between 
orthogonal views leading to potential misdiagnosis and the 
inability to assess bowel loop entrapment between multiple 
magnets [10, 11]. The limitations of standard projection radio-
graphs can be understood with the aid of Fig. 1, showing 3D 
models overlapping from one view that could be confused for 
a single object, but clearly representing 2 objects when visual-
ized from an orthogonal view. Depending on the proximity 
of the objects and overlap, discriminating one from multiple 
objects on a single projection can be impossible.

The goal of this ex vivo pilot study is to assess the util-
ity of ultrasound in the evaluation and risk stratification of 
magnet ingestion. We hypothesize that abdominal ultrasound 
has the potential to be a critical adjunct to radiographs in 
assessing single versus multiple magnet ingestion as well as 
determining the presence of bowel loop entrapment between 
multiple magnets.

Materials and methods

The first step in this investigation was to create a simulated 
environment reflecting imaging properties seen with a rou-
tine abdominal ultrasound; this includes mesenteric fat, 
bowel loops, and bowel content. Commercially available 
bovine small bowel was resected into short segments, vari-
ous combinations of magnets (Fig. 2) inserted in, and ligated 
at each end (Fig. 3).

Two common varieties of magnets were used for this 
study. The first, commonly known as “Buckyballs,” are 
sold as a cluster formed by up to 216 individual round 

Fig. 1  3D models highlighting 
limits to projection radiography. 
A, B, C 3D objects shaped like 
common household magnets 
are oriented such that a single 
projection would suggest to the 
viewer that there is only one 
object present. D, E, F Orthogo-
nal views of the 3D objects 
clearly demonstrate 2 distinct 
objects are present

Fig. 2  X-ray views of magnets used in this study. Fluoroscopic spot 
images of (A) single Buckyball magnet, B 8 Buckyball magnets 
aligned, C single button magnet, and (D) stack of button magnets
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magnets about 5mm in diameter. While solid in singu-
larity, they are malleable in clusters and can conform 
to multiple different geometric shapes. The second type 
of magnets were made from neodymium and are small 
button-shaped, closely resembling common household 
magnets. Buckyball-type magnets were arranged in a lin-
ear configuration while button magnets were stacked and 
x-ray images obtained (Fig. 2).

The bowel segments were filled with water and ligated at 
both ends (Fig. 3). They were then placed in a corn starch 
and water mixture designed to attenuate sound wave trans-
mission, creating an environment mimicking the echogenic 
appearance of intrabdominal fat on sonography. Fluoro-
scopic spot images of the two types of magnets inside the 
bowel were also obtained in singular and multiples and 
shown in subsequent figures.

Sonographic images were obtained using a point-of-
care ultrasound probe and accompanying Android tablet 
with VistaScan software (Emagine Solutions Technol-
ogy, Tucson, AZ, USA). The images were acquired with 
a linear transducer set at 10MHz, image depth set at 5 
cm, and focused at 1.5-cm depth. Additionally, corre-
sponding x-ray images were obtained via fluoroscopy. 
Images were saved and transferred to a separate worksta-
tion for analysis.

All images were acquired by a radiology resident. 
Images were obtained with single or multiple bowel 
segments in various orientations. Several blinded tri-
als were also conducted where the individual scanning 
was unaware of bowel loop and magnet configuration to 
serve as a control. Color and Doppler flow images were 
not obtained as blood flow could not be reproduced in 
cadaveric bowels.

Results

Sonographic images were successfully obtained from the 
simulated abdominal environment. The corn starch mix-
ture had a homogeneous echogenic texture resembling the 
attenuation of intra-abdominal fat. Bowel segments closely 
resembled physiologic fluid-filled bowel with adjacent 
mesenteric fat.

Figure 4A shows that four disc or button magnets are 
aligned in a linear fashion on x-ray. However, due to 
variable or non-visualization of bowel loops on x-ray, 
the relationship of the magnets to the bowel loops is 
typically unknown. Figure 4B and C are a longitudinal 
and transverse, respectively, view of the same groups 
of magnets on sonography. Four semicircular echogenic 
objects are seen surrounded by a curvilinear structure 
that demonstrates classic “gut signature.” Findings are 
consistent with 4 button magnets within a single loop 
of bowel without bowel wall entrapment between the 
magnets; note the reverberation artifact caused by the 
magnets on Fig. 4B.

Eight buckyball-type magnets in linear orientation 
were placed in segments of bowel and imaged as shown 
in Fig. 5. No information regarding bowel loops can be 
meaningfully interpreted due to the limitation in soft 
tissue discrimination by x-rays (Fig. 5A). The linear 
opacities seen are from plastic bags within which bowel 
segments were contained. Figure 6B-D show two echo-
genic, curvilinear structures converging at the center 
with magnets seen on either side. Figure 6B and D show 
the two loops of bowel individually. These findings are 
in keeping with two loops of bowel tethered together by 
magnetic forces. As noted by the individual scanning, 
the two loops were not separable with graded compres-
sion with the ultrasound probe.

Four buckyball-type magnets and a stack of button 
magnets were placed in proximity within the small 
bowel segments and imaged as shown in Fig. 6. Again, it 
would be difficult to postulate the relationship between 
magnet and bowel by x-ray alone (Fig. 6A) without the 
linear outlines from plastic bags as mentioned above that 
would not be present to aid the viewer in distinguishing 
adjacent bowel loops in a real clinical scenario. How-
ever, as seen in Fig. 6B-D, two bowel walls converge 
at the center with two different types of magnets seen 
in either loop. Careful manipulation of the transducer 
revealed four anti-dependent Buckyball-type magnets in 
a loop of bowel on the image left (Fig. 6B) and a stack 
of button magnets in another bowel loop on image right 
(Fig. 6D). Sonographic findings clearly demonstrate two 
loops of bowel tethered by two different types of mag-
nets with bowel wall entrapment.

Fig. 3  Small bowel segments used in this study. A Segments of 
bovine small intestine ligated at distal ends. B A string of Buckyball 
magnets. C A stack of button magnets. D Single button magnets



592 Emergency Radiology (2023) 30:589–596

1 3

Discussion

Magnets, unlike other radiolucent foreign bodies that are 
commonly ingested, can be easily identified on plain films. 
However, radiography only provides the relative loca-
tion, orientation, and morphology of the object(s). The 
NASPGHAN guidelines recommend initial plain films to 
help determine the quantity of magnets ingested, but the 
utility of plain film ends here. In addition, radiography does 
not provide information on how the magnets will behave in 
the body. It is difficult to predict whether the magnets will 
progress along the GI tract uneventfully, cause an obstruc-
tion, or lead to further complications such as volvulus, bowel 
wall necrosis, or perforation [12, 13].

Ultrasound has been used in the past to identify the loca-
tion and nature of foreign bodies in the esophagus or stom-
ach if appropriate expertise is available. Many case reports 
and case series demonstrate the utility of ultrasound as an 
adjunct to help localize ingested foreign bodies [14–19]. Our 
work is novel in that we focus on the region past the pylorus 
while most of the foreign bodies in these previous investiga-
tions were imaged in the esophagus or stomach when still 
potentially retrievable by endoscopy. It is not unreasonable 
to suggest that abdominal ultrasound could become more 
frequently used in cases of magnet ingestion. It is a modality 
often preferred in pediatric patients for its lack of ionizing 
radiation exposure in the context of other gastrointestinal 
emergencies such as intussusception and appendicitis, and 
has been for decades [20–24].

Our work suggests that ultrasound offers several advan-
tages in the scenario of magnet ingestion. First, there are dis-
tinct sonographic findings that can complement identification 
of the magnets seen on plain film. We have shown that both 
Buckyball-type and button magnets are intrinsically highly 
echogenic and produce significant reverberation artifact due 
to their smooth and highly reflective surfaces. This is congru-
ent with findings published in a 2014 study of magnets in the 
stomach [25]. Furthermore, ultrasound allows us to further 
evaluate the orientation of magnets in relation to the bowel 
loops. Owing to the dynamic maneuverability of ultrasound 
imaging, the transducer can easily be manipulated to confirm 
the relationship of magnets to bowel loops, which would be 
impossible on conventional abdominal radiography.

Most importantly, there are several sonographic findings 
that can suggest the most dreaded complication: opposing 
bowel loops tethered together by magnetic forces. This can 
be directly visualized on ultrasound when two separate bowel 
walls converge to the center of a cluster of magnets (what we 
are referring to as the “dangerous V sign”), as with our find-
ings. Magnets orienting anti-dependent to gravity is another 
clue, which likely means that magnetic forces from another 
group of magnets are holding them in place. Finally, loop teth-
ering is suspected when bowel loops cannot be separated with 
application of graded compression with the ultrasound probe.

As with any imaging modality, ultrasound has limitations 
when evaluating bowel structures. Patient body habitus, over-
lying bowel loops, and presence of bowel gas can obscure the 
view of deeper structures or foreign bodies. These limitations 

Fig. 4  Stacked disc magnets. A Radiographic appearance of stacked 
disc magnets in longitudinal and en face configuration. B Transverse 
and (C) longitudinal views on sonography of the stack of magnets in 

horizontal orientation. Note the hypoechoic lines marking the inter-
face of each magnet
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are commonly encountered in abdominal ultrasound and are 
not specific to our application. While bowel gas may be the 
primary obstacle to ultrasound wave penetration, deep and 
directed compression allows for displacement of bowel loops 
and intraluminal gas [26]. Such deep compression could be 
more easily or accurately directed with the knowledge from a 
preceding radiograph of the general region of the foreign body 
(or bodies). We postulate a few qualities that may have the 
highest potential yield with ultrasound imaging. Low abdomi-
nal fat, low bowel gas, fluid-filled and dilated bowel loops, 
and superficial location of the affected bowel loop will all 

likely improve the sensitivity and image quality when evaluat-
ing magnets in the GI tract via ultrasound.

As valuable as ultrasound may be in assessing magnet 
ingestion, it is also important to remember that ultrasound 
should not be solely relied upon to make the clinical diagno-
sis. Ultrasound should only be used as an adjunct to (2-view) 
radiographs or other cross-sectional imaging to monitor dis-
ease progression and possible complications. For example, 
risk of bowel entrapment increases if there is space between 
multiple magnets on plain film [27]. In this scenario, it 
would be critical to conduct a thorough sweep-through to 

Fig. 5  Eight Buckyball magnets in a linear orientation. A X-ray 
appearance of 8 Buckyball magnets. Four Buckyball magnets in two 
separate loops of bowel were tethered together by magnetic forces 

as seen on accompanying ultrasound images, with the (B) left loop, 
C both loops of bowel tethered by magnets with a “V” shape in 
between, and (D) right loop



594 Emergency Radiology (2023) 30:589–596

1 3

ensure that all foreign bodies seen on plain films are identi-
fied and characterized on ultrasound. (The authors recom-
mend caution when using magnets around electronic and 
ultrasound equipment, as the effects of magnets on ultra-
sound probes is not well studied.)

Future work should include clinical studies which compare 
abdominal ultrasound to radiograph findings in patients who 
present with magnet ingestion. This would allow us to not 
only identify factors that would affect image quality but also 
to assess the reliability of identifying entrapped bowel loops 
in vivo. In addition, in vivo studies would make it possible to 
evaluate the blood supply to bowel loops with Doppler spec-
troscopy and changes in peristalsis pattern, which would pro-
vide additional information on potential ischemia or obstruc-
tion. This would help triage patients based on the likelihood 
of blood supply interruption and subsequent need for surgery. 
Finally, larger studies would be powered to answer questions 
on statistical significance and risk reduction when comparing 

ultrasound as an adjunct to radiograph versus radiograph alone 
in a head-to-head study.

Conclusions

In conclusion, there is convincing evidence that ultrasound 
has the potential to be a valuable tool in assessing and man-
aging patients with magnet ingestion, particularly in the 
case of multiple ingestions and bowel loop entrapment. 
While surgical intervention can be life-saving, surgery and 
anesthesia are not without costs and risks, so it is critical 
to appropriately diagnose and triage any complications of 
magnet ingestion for appropriate management. Single pro-
jection radiographs may be insufficient at detecting multiple 
magnets or estimating proximity of multiple objects. Ideally, 
ultrasound would provide insight for emergency medicine 
physicians and surgical specialists to quickly decide whether 

Fig. 6  Four Buckyball magnets and a stack of button magnets in 
proximity. A X-ray appearance of the magnets in fluid in bowel. 
Ultrasound images of the 4 Buckyball magnets seen in the (B) left 

loop of bowel (C) tethered in the middle (with a “V” shape) and a (D) 
stack of button magnets seen in the right loop
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patients with multiple magnet ingestion require immediate 
surgical treatment or can be monitored conservatively.
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