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Foreign bodies can gain entrance to the body through several mechanisms, ie, ingestion, aspiration, and purposeful
insertion. For each of these common entry mechanisms, this article examines the epidemiology, clinical presentation,
anatomic considerations, and key imaging characteristics associated with clinically relevant foreign bodies seen in the
emergency department (ED) setting. We detail optimal use of multiple imaging techniques, including radiography,
ultrasonography, fluoroscopy, and computed tomography to evaluate foreign bodies and their associated complications.
Important imaging and clinical features of foreign bodies that can alter clinical management or may necessitate emergency
intervention are discussed. [Ann Emerg Med. 2015;m:1-13.]
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INTRODUCTION

Foreign bodies are a common cause of emergency
department (ED) visits and can gain entry into the human
body through a variety of methods, including ingestion,
aspiration, and purposeful insertion. According to the
National Hospital Ambulatory Medical Care Survey, there
were approximately 535,000 ED visits with foreign
body—related primary diagnosis in the United States in
2010." ED providers are usually the first point of contact
for patients who experience foreign body—related accidents
and therefore have an important role in coordinating care.
To ensure accurate diagnosis of the foreign bodies and
their associated complications, ED providers need to be
cognizant of the appropriate imaging modalities and
specific techniques available for both diagnostic and
follow-up evaluation of foreign bodies. This review will
discuss the epidemiology, clinical presentation, anatomic
considerations, and appropriate imaging strategies for each
foreign body’s entry mechanism, which may involve
radiographs, ultrasonography, fluoroscopy, or computed
tomography (CT). Key imaging characteristics, including
size, shape, density, anatomic location, and clinical features
of foreign bodies that can change management or
necessitate emergency interventions, will also be discussed.

Background

Radiography is the major workhorse used in initial
and follow-up imaging of foreign bodies. When foreign
bodies are evaluated on radiographs, it is important to
recognize that radiopacity and radiographic visibility are

2 different concepts. Radiopacity is an intrinsic feature of
an object that depends on its ability to absorb (attenuate) or
scatter X-ray photons.” Radiographic visibility depends

on the X-ray attenuation characteristics of the object, its
surrounding structures, and the overlying and underlying
structures that X-ray photons have to pass through to reach
the detector. In a simple experiment, Halverson and
Servaes” demonstrated that plastic toys (generally perceived
to be radiolucent) were visible on radiographs when placed
in a basin without water (surrounded by air). However,
the toys gradually became less visible and eventually
disappeared on radiographs as the depth of water in the
basin increased. By the same logic, a foreign body that is
radiographically visible in the airway may not be visible
when it is embedded in soft tissue; a foreign body that is
radiographically visible in the foot may not be visible when
it is embedded in the abdomen where soft tissue thickness
is greater. Therefore, radiographic visibility of an object
can depend not only on its size and radiopacity but also on
its anatomic location, the patient’s body habitus, and the
surrounding anatomic structures. In clinical practice, an
object is described as radiopaque when it is relatively more
radiopaque than the surrounding tissue.

Although plastic and organic foreign bodies (such as
wood) are generally radiolucent on radiographs, stone foreign
bodies are usually radiopaque. A common misconception
held by physicians about glass foreign bodies is that only
leaded glass is radiopaque on radiographs.” In fact, the
radiodensity of glass does not depend on lead content, but
rather on its density.” Therefore, all glass foreign bodies are
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Editor’s Capsule Summary

What is already known on this topic

Imaging studies are helpful in the detection of
ingested, aspirated, and inserted foreign bodies.

What question this study addressed

This systematic review discusses the ability of

W

different imaging studies to detect foreign bodies in
particular locations, according to the location and

physical properties of the foreign body.

What this study adds to our knowledge
Radiographs, ultrasonography, and computed
tomography scans are all recommended options,
depending on the clinical scenario.

How this is relevant to clinical practice
Evidence-based imaging recommendations are made
according to the suspected foreign body and its
suspected location.

radiopaque, but with various degree of radiodensity. Metal
foreign bodies are almost always radiopaque, with the
exception of thin aluminum metal, which has a lower
radiodensity and a lower sensitivity for detection on
radiographs.’

It may be necessary to take into account radiographic
magnification when measuring the size of foreign bodies if
an exact measurement is surgically or medically warranted.
Several studies report mean magnification ranging from
13.7% to 21.7% in pelvic radiographs and 18.5% to
21.7% in lateral cervical radiographs.®® Such magnification
depends on the distance between the object being measured
and the radiograph cassette and varies because of technique
and patient body habitus.” The measurements made on
radiographs represent the upper bound measurements of
the actual size. Calibration technique that involves placing
objects of known size in the same plane of interest has been
shown to be effective in reducing the magnification of
measurements made on radiographs.”

Ultrasonography is generally an excellent modality for
evaluating superficially embedded small or radiolucent
foreign bodies, but also can assist in identifying inserted
foreign bodies within the genitourinary system. Although
the results of an ultrasonographic examination can be
operator dependent, the advantages of ultrasonography
include portability and its ability to detect foreign
bodies and to provide detailed anatomic evaluation
without radiation. For more superficial foreign bodies,

a high-frequency (7 to 12 MHz) linear transducer is
recommended. This probe provides high resolution, with
corresponding sacrifice in depth of penetration. A lower-
frequency (3 to 5 MHz) curved transducer can be used
for deeper imaging.m Depending on the composition, a
foreign body has variable echogenicity with either posterior
shadowing (dark shadows deep to the structure) or
ring-down artifacts (bright echogenic lines extending
posteriorly) (Figure E1A4 to E, available online at http://
www.annemergmed.com).” Although wood, plastic, and
stone foreign bodies generally demonstrate posterior
shadowing, glass and metal foreign bodies demonstrate
ring-down artifacts. If the foreign bodies contains air

(eg, wood), “dirty shadowing” may be observed, which
is a more heterogeneous shadowing produced by sound-
reflecting material (ie, gas).

Fluoroscopy uses real-time radiography to collect
information about the dynamic functionality of the organ
system of interest. For example, it can be used to evaluate
esophageal motility in the setting of dysphagia and
movement of the diaphragm in the setting of diaphragmatic
paralysis, and it can also be used to evaluate leakage or
fistula arising from the gastrointestinal tract with oral
or rectal water-soluble contrast. For the best results,
fluoroscopy requires the patient’s ability to follow
commands and readily change position. It also requires the
presence of the interpreting radiologist throughout the
examination.

After radiography, CT is usually the next step to evaluate
for radiolucent foreign bodies and foreign body—related
complications because of its ability to provide volumetric
information and detailed spatial resolution of anatomy
and pathology. Hounsfield units are a standardized CT
measurement of density, with lower values corresponding
to less radiodense materials; the Hounsfield units scale is
centered at 0 (water), with index material values of —1,000
(air), +40 (blood), and 41,000 (bone). Because of its
porous nature and intrinsic composition, wood foreign
bodies may contain tiny air bubbles and oils, and thus
can mimic air and fat on CT and often have negative
Hounsfield units (eg, Hounsfield units of dry and fresh
pine=—650 and 24, respectively).lz’IS As the wood
foreign body absorbs more water from its surroundings, it
may become more dense on CT, mimicking soft tissue
(Figure E1F, available online at http://www.annemergmed.
com)."” Hounsfield unit values of plastic foreign bodies are
of intermediate value (100 to =500) and can vary,
depending on the composition and density."* Hounsfield
unit values of stone foreign bodies are higher, usually
greater than 1,000 (eg, sandstone =~ 1,600, limestone
~2,800)."*'® The Hounsfield unit value of glass varies,
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depending on the density, ranging from approximately 500
for windowpane glass to greater than 2,000 for bottle and
car window glass.16 On CT, the Hounsfield unit value for
metallic foreign bodies is generally greater than 3,000,
except for aluminum, which has a value in the 700s

to 800s.'*'*'° Although both stone and glass appear
hyperdense on CT (Figure E1G, available online at
http://www.annemergmed.com), they do not exhibit
streak artifacts (Figure E1H, available online at http://
www.annemergmed.com) like metal does, which can
sometimes obscure the evaluation of adjacent structure
on CT. Table 1 serves as a reference for imaging
characteristics of commonly encountered foreign body
materials discussed above under different imaging
modalities.

It is estimated that esophageal foreign bodies are
responsible for approximately 1,500 deaths annually in the
United States.'” Although the majority of ingested foreign
bodies pass through the gastrointestinal system without
complications, approximately 10% to 20% of ingestions
require intervention.'”"'® However, in the setting of
intentional foreign body ingestion, the rates of endoscopic
and surgical intervention are higher, at 63% to 76% and
12% to 16%, respectively.'”*" Pediatric patients account
for the majority of foreign body ingestion cases, with peak
incidence occurring between aged 6 months and 6 years,
and are often accidental.”’ In adult patients, intentional
foreign body ingestion is more frequently observed
with psychiatric illness, intellectual disability, substance
dependence, incarceration (seeking secondary gains), and
body packing (Table 2).***?

Adult patients with esophageal foreign body impaction
can present with dysphagia, odynophagia, chest pain,
pharyngeal discomfort, nausea, or vomiting. In severe

esophageal obstruction, which is an indication for emergency
intervention, patients may present with hypersalivation
associated with aspiration and coughing. In the younger
pediatric population, who are often unable to provide a
detailed history, drooling, choking, refusal to eat, coughing,
and respiratory distress should raise the index of suspicion for
foreign body ingestion.” Patients with ingested foreign
bodies that have passed the gastroesophageal junction are
often asymptomatic. If there are any clinical symptoms, they
are largely dependent on the physical and chemical properties
of the ingested material and may manifest as abdominal pain,
melena (sharp or corrosive object), obstruction (large object),
or drug-related toxidrome (ruptured drug packages) (Table 2).
The most common location for ingested foreign body
impaction is within the upper esophagus, at the level of
cricopharyngeus muscle (Figure E2, available online at
http://www.annemergmed.com), which accounts for
approximately 75% of all foreign body impaction cases.”*
Although foreign bodies at or above the cricopharyngeus
muscle necessitate otorhinolaryngology consultation,
below the cricopharyngeus muscle they are removed either
by endoscopy (by gastroenterologists) or surgery, if
necessary.” Other common locations of esophageal
foreign body impaction include the level of the aortic
arch, left main bronchus, or gastroesophageal junction
(Figure 1). Once objects have made their way through the
gastroesophageal junction, they usually have no problem
progressing through the remainder of the gastrointestinal
tract. In total, less than 10% of impaction occurs distal to
the gastroesophageal junction.”” Depending on the size and
shape of the foreign bodies, other potential regions of
foreign body obstruction in the gastrointestinal tract

include the pylorus, duodenal C-loop, and ileocecal valve
(Figure 1).182426

Table 1. Summary imaging characteristics for commonly encountered foreign body materials.

Materials Radiographs Ultrasonography CT
Wood Radiolucent Hyperechoic structure with posterior shadowing11 HU* can be negative (because of air) and can gradually increase as
Dirty shadowing if there is significant amount of wood absorbs more water (eg, HU of dry and fresh pine=-650
air content and -24, respectively).>1%15
Plastic Radiolucent Hypoechoic structure with posterior shadowing™* HU is of intermediate value (100-=500) and can vary slightly,
depending on composition and density**
Stone Radiopaque Hyperechoic structure with posterior shadowing™ Hyperdense object without streak artifact
High HU, usually >1,000 (eg, sandstone = 1,600, granite = 2,100,
slate =2,200, marble =2,300, limestone =2,800)***¢
Glass Radiopaque Hyperechoic structure with ring-down artifact** Hyperdense structure without streak artifact
HU variable and depends on density (eg, windowpane glass =500,
bottle glass = 2,100, car window =2,700)*16
Metal Radiopaque (except Hyperechoic structure with ring-down artifact'>** Hyperdense structure with streak artifact

for thin aluminum)>°

HU, Hounsfield units.

HU >3,000 (except for aluminum, which has HU = 700-800)*314:16

*HUs are a standardized CT measurement of density, with lower values corresponding to less dense materials; the HU scale is centered at O (water), with index material values of

-1,000 (air), +40 (blood), +1,000 (bone), and +3,000 (metal).
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Table 2. Clinical and imaging pearls for foreign body ingestion.

Risk factors
Clinical presentation
aspiration and coughing®>

Young children, psychiatric iliness, intellectual disability, substance dependence, prisoners, drug trafficking
Esophageal FB: dysphagia, odynophagia, chest discomfort, pharyngeal discomfort, nausea, vomiting, hypersalivation with

22,23

FB distal to GE junction: abdominal pain, melena (sharp or corrosive FB), obstruction (large FB), or toxidrome (ruptured drug

packets in body packers)

Children: drooling, refusal to eat, coughing, or choking

Imaging considerations
younger pediatric patients

Initial evaluation: 2-view radiographs, nose-to-rectum radiographs if physical examination and history fail to localize FB in

Negative radiograph results should not preclude further evaluation with CT or endoscopy in the setting of high clinical suspicion
CT can increase the sensitivity of detecting radiolucent FB (eg, fish bone)?” and FB-related complications, and localize the FB

with finer anatomic details

Oral contrast examination should be avoided before endoscopy21

Clinically important

imaging findings emergency endoscopic removal®*

Sharp FB or button battery in the esophagus or any FB causing symptoms of complete esophageal obstruction requires

Sharp FB in the esophagus or duodenum, long FB (>6 cm in length) at or above proximal duodenum, magnets within reach

by endoscopy warrant urgent endoscopic remova

|21

Imaging finding of complications such as pneumomediastinum, pneumoperitoneum, or intra-abdominal abscess requires

surgical consultation

FB, Foreign body; GE, gastroesophageal.

For a majority of radiopaque ingested foreign bodies,
2-view radiographs are sufficient as the initial evaluation. For
pediatric patients, a focused imaging evaluation based on
the patient’s symptoms, physical examination, and history
should be performed to reduce unnecessary radiation. Only
in cases in which localization remains difficult after obtaining
history and physical examination may “nose-to-rectum”
imaging be considered (Figure E24, available online at
http://www.annemergmed.com). On radiographs, it is
necessary to note the location, size, shape, and number of the
foreign bodies ingested, as well as any detectable associated
complications.

Many commonly swallowed objects can be radiolucent
and may be invisible on radiographs, such as thin fish or
chicken bones, plastic, wood, and thin aluminum objects
(such as carbonated soft drink tabs). Therefore, negative-
result radiographs, in the setting of high clinical suspicion
for foreign body ingestion, should not preclude further
evaluation with either CT or endoscopy.”’ Endoscopy
allows diagnosis and intervention simultaneously in the
setting of negative radiograph results with persistent
esophageal symptoms. CT may be helpful in delineating
the specific location of foreign bodies in finer detail and
improves the sensitivity of detecting radiolucent foreign
bodies and foreign body—related complications. The
American Society of Gastrointestinal Endoscopy advises
against the use of oral contrast examinations because of
risks for aspiration and the potential negative effect on
the quality of subsequent endoscopy.”’

When a sharp foreign body is present within the
esophagus, emergency endoscopic removal is indicated.”’
If the object has passed through the gastroesophageal

junction but remains within reach of endoscopy (such as

in the stomach or duodenum), urgent endoscopic retrieval
is recommended as long as the object can be withdrawn
safely (Figure 2).”" Once sharp objects pass the duodenum,
up to 35% of them can lead to perforation; therefore, they
should be followed with daily radiographs to document
passage.”"*” Surgical removal is recommended if the
patient becomes symptomatic or if sharp objects fail to
progress after 3 days and are beyond endoscopic reach.”’

In the setting of radiolucent foreign bodies, secondary
radiographic signs, such as prevertebral soft tissue swelling
on a lateral cervical spine radiograph, may suggest the
presence of cervical foreign bodies (Figure 3). However,
in the setting of negative radiograph results, CT may be
helpful. It has been shown to have high sensitivity and
specificity in detecting foreign bodies in the upper
gastrointestinal tract and also in diagnosing fish bone
impaction.”” Complications caused by a sharp ingested
object such as perforation, fistula, and phlegmon or abscess
(Figure 4) can also be evaluated with CT. The addition
of intravenous contrast allows better characterization of
these complications, should they be present.

A specific sharp radiolucent foreign body of clinical
relevance (and for which clinical history is paramount) is a
plastic bread bag clip (Figure E3, available online at http://
www.annemergmed.com), which poses a great diagnostic
challenge because all cases reported in the literature have been
invisible on both radiographs and CT.***” The design of the
clip makes it prone to complications such as small bowel
perforation, obstruction, or gastrointestinal hemorrhage.zg‘29

In general, blunt objects in the esophagus require at least
urgent endoscopic removal.”' An exception to this rule is a
coin, which is discussed in the next paragraph. However,
when symptoms of severe esophageal impaction are present,
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Esophagus
Cricopharyngeus muscle is the most

== common site of esophageal impaction
(75%).%* FB at or above cricopharyngeus
muscle warrants otorhinolaryngology
consult.?!

Aortic arch, left main bronchus, and
gastroesophageal junction are also
common levels of esophageal impac-
tion. Any FB in the esophagus should
be removed, except for coins, which
can be observed for 12-24 hours
before endoscopic removal.?!

T LLL |

Pylorus

Blunt object with width > 2.5 cm have
difficulty passing through and should
be removed endoscopically.”’

Duodenal C-loop

Blunt object with length > 6 cm have
difficulty passing through and should
be removed endoscopically.?’

Ligament of Treitz
Most common location of perforation
by long ingested object.®

lleocecal Valve
Common site of obstruction.'® 2426

Rectum/Sigmoid Colon
Objects longer than 10 cm or object
located in sigmoid colon are associated

with failure by transanal extraction.®

Figure 1. Clinically relevant anatomic sites in the gastrointestinal tract in the setting of ingested or rectal foreign bodies.

regardless of the type of foreign bodies involved, emergency
endoscopic removal is warranted. Blunt objects with width
greater than 2.5 cm often have difficulty passing the pylorus.*®
Despite limited data to support such recommendation,
American Society of Gastrointestinal Endoscopy guidelines
suggest endoscopic removal for blunt foreign bodies with
width greater than 2.5 cm.”" A conservative approach for blunt
foreign bodies retained in the stomach consists of weekly
radiographs until passage. Once the blunt objects pass the
pylorus, they usually do not have trouble passing through the
remaining gastrointestinal tract, unless the patient has distal
narrowing or stricture as a result of previous surgery or
pathologic conditions such as Crohn’s disease. If the blunt
object fails to pass the pylorus after 3 to 4 weeks, endoscopic
removal is recommended. If the patient develops any
symptom suggestive of peritonitis or if the object remains

in the same location distal to the duodenum for more than
1 week, surgical intervention is indicated.”’

According to a qualitative analysis conducted by
Jayachandra and Eslick,”* coins are the most commonly
ingested foreign bodies and account for up to 70% of
foreign body ingestion in the pediatric population. Coins
lodged in esophagus can be observed for 12 to 24 hours
before consideration of endoscopic removal as long as the
patient remains asymptomatic (Table 3). Ingested coins
are most commonly lodged near the level of cricopharyngeus
muscle (Figure E1, available online at http://www.
annemergmed.com).”**> Coinlike objects on radiographs
must be differentiated from button batteries whenever
possible because the latter in the esophagus require
emergency endoscopic removal. Once passing the
gastroesophageal junction, most coins eventually leave the

Volume m, NO. m : m 2015

Annals of Emergency Medicine 5


http://www.annemergmed.com
http://www.annemergmed.com

Imaging Foreign Bodies

Tseng et al

Figure 2. Sharp ingested foreign bodies. A, A woman repeatedly swallows a serrated knife. B, Swallowed broken glass crack pipe
(white solid arrow). C, A patient with a psychiatric history and multiple previous FB ingestions presented to the ED after ingesting a
ballpoint pen (white dashed circle). There is a metallic tip and associated spring, with a fainter plastic casing.

stomach and can be followed with weekly radiographs for up
to 4 weeks before endoscopic removal.”’

Blunt objects longer than 6 cm proximal to duodenum
usually have difficulty passing the duodenal C-loop and
warrant urgent endoscopic removal.”"* Palta et al '’ showed
that 80% of 139 objects longer than 6 cm remained in the
stomach at endoscopy. The most common site of perforation
by long objects is near the ligament of Treitz.”” Deliberate
efforts are required to ingest long foreign bodies, such as
toothbrushes, pencils, and utensils. Such incidents are often
intentional and occur more frequently in patients with
psychiatric illness.”” Both short and long blunt objects share
the same conservative management and imaging follow-up
strategy as described previously (Table 3).

Unlike other blunt objects, button batteries in the
esophagus require emergency endoscopic removal even
without symptoms of severe impaction.?">?2>034 If
untreated, esophageal button batteries are known to
cause potentially fatal complications within hours after
ingestion. Their major injury mechanisms involve
generation of an electrolytic current that hydrolyzes local
fluid and produces hydroxide, and leakage of caustic
alkaline substance. Both can cause liquefaction necrosis
and severe mucosal damage, leading to esophageal
perforation, stricture, fistula, and possibly massive
hemorrhage and death.””*>”

After button batteries have passed through the esophagus,
the majority of them progress without complications and can
be followed with radiographs every 3 to 4 days. According
to a data analysis performed by Litovitz et al,”” of all the
button batteries ingested, the larger (>2 c¢m) lithium button
batteries are the ones found to cause major disabling and fatal
complications. Endoscopic removal is recommended for
large-diameter batteries (>2 cm) that remain in the stomach

for longer than 48 hours on follow-up radiographs.”’ Once
past the gastroesophageal junction, smaller button batteries
are usually not retrieved unless the patient becomes
symptomatic.

Button batteries may mimic coins on radiographs. Some
helpful ways to differentiate the two are “halo” sign on
frontal projection or “step-off” sign on lateral projection,
which sometimes require extreme magnification to visualize
(Figure E4, available online at http://www.annemergmed.
com). If there is concern about button battery ingestion,
specifically discussing this with the radiologist may be
helpful for arriving at the correct diagnosis.

Not many data are available for cylindrical batteries
because they are less frequently ingested and no major
or fatal complications have been reported in the literature.
Endoscopic removal is recommended by the American
Society of Gastrointestinal Endoscopy when they are
lodged in the esophagus or remain in the stomach for
greater than 48 hours.”’

When multiple magnets or a pair of magnetic and metal
objects is ingested, there is a risk for bowel wall pressure
necrosis caused by the attractive force between the 2 objects.
Devastating complications such as fistula, perforation,
obstruction, volvulus, and peritonitis have been reported.” Tt
may be difficult to discern the number of ingested objects from
radiographs. Multiple radiopaque objects that appear to be
persistently in tandem or stacking on top of one another on
serial radiographs should raise the index of suspicion for
multiple magnets or magnet-metal pairs (Figure E5, available
online at http://www.annemergmed.com). American Society
of Gastrointestinal Endoscopy guidelines advise urgent
endoscopic removal of any number of known ingested
magnets. For magnets that are out of reach by endoscopy,
close observation with serial radiographs to ensure
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Figure 3. Patient who swallowed a chicken bone. Lateral neck soft tissue radiograph (A) demonstrates a faint radiopaque
curvilinear structure (white solid arrow) anterior to C4, with prevertebral soft tissue swelling at the same level (helpful secondary
sign even in absence of radiopaque FB). As a rule of thumb, prevertebral soft tissue swelling is present if soft tissues are thicker
than half a vertebral body width at C3 or above or a vertebral body width at C4 or below. Axial CT view (B) of the same patient
demonstrates a hyperdense chicken bone (black solid arrow). Sagittal view of a neck CT of another patient who swallowed a fish
bone (C) demonstrates a faint radiopaque linear structure within the vallecula (white solid arrow), consistent with a fish bone, which

would appear radiolucent on radiographs.

progression is recommended. Surgical consultation is
indicated if the patient becomes symptomatic or if the
multiple magnets or magnet-metal pairs appear immobile
on serial radiographs.”’**7°

Ingestion of illicit drugs contained by condom, balloon,
or plastic for drug trafficking (Figure E6, available online
at http://www.annemergmed.com) is referred to as “body
packing.””"*? The ability of radiographs for detecting drug
packages can be variable and dependent on the material of the
containers, with false-negative rates as high as 23%.°” CT
with intravenous contrast (without oral contrast) has been
shown to be a more reliable way for detecting intracorporeal
drug packets.37 Furthermore, the radiologist should be
made aware that the indication for CT is to search for
intracorporeal drug packets such that gastrointestinal lumen
should be carefully inspected. The American Society of
Gastrointestinal Endoscopy recommends against endoscopic

removal of drug packets because of concerns for rupturing
them during retrieval.”" Surgical removal should be
considered when drug packets fail to progress or when
the patient develops symptoms from ruptured packets.”
According to the National Safety Council, foreign
body aspiration represents the fourth leading cause of
unintentional home and community death in the United
States, with approximately 4,600 reported deaths in
2009.7® The incidence of such aspiration demonstrates a
bimodal distribution, with peaks at aged 1 to 2 years and
older than 60 years.”®’ Foreign body aspiration occurs less
frequently in adults, accounting for only 20% of the
cases.”’ Risk factors associated with it include altered
mental status, loss of consciousness (because of a variety of
reasons such as trauma, seizure, or anesthesia), age-related

1

decline in swallowing mechanism, usage of certain
medications that can impair cough reflex or swallowing
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Figure 4. Patient who swallowed a chicken bone and presented several days later with severe pain. Axial (A), coronal (B), and
sagittal (C) contrast-enhanced CT showing a heterogeneous phlegmon (white solid arrows in A, B, and C) inferior to, but contiguous
with, the second-third portion of the duodenum (arrowheads in B and C). In the center of this collection, there is a thin hyperdense

chicken bone (black solid arrows in A, B, and C).

(eg, anticholinergics, antipsychotics, anxiolytics), and
neurologic diseases such as stroke, Alzheimer’s disease, or
Parkinson’s disease (Table 4).%!

The clinical manifestations of foreign body aspiration
can vary, depending on the degree and duration of
obstruction, as well as the size and location of the foreign
body. Common acute symptoms reported in the literature
for both pediatric and adult patients include choking,
intractable cough, vomiting, wheezing, stridor, respiratory
distress, tachypnea, chest pain, chest discomfort, and, in
severe cases, breathlessness and cyanosis.””*** In adults,
presentation can be as subtle as chronic cough, leading to
delayed diagnosis and late complications such as recurrent
pneumonia, hemoptysis, bronchiectasis, lung abscess,
or empyemal.48 Severe airway injury, pneumonitis, and
fibrotic stricture have also been reported in the setting of
pill aspiration (Table 4).*

In adults, the most common site of obstruction is the
right bronchial tree, mainly because of the more obtuse
angle between the right main bronchus and trachea, and
the slightly larger diameter of the right main bronchus
compared with the left.”>”" Although several pediatric
studies that include older children show a preference

for right-sided bronchial obstruction like the adult
population, i0-424345:51.52
observed in studies that are composed of predominantly
younger children.””** More proximal tracheal airway
obstruction, which occurs more frequently in the younger
pediatric population because of smaller tracheal diameter,
usually leads to more severe symptoms.””***/

Imaging should not delay intervention in the setting of
life-threatening foreign body aspiration. Bronchoscopy
and laryngoscopy are the criterion standard methods for
diagnosing and treating such aspiration. For nonlife-
threatening or suspected foreign bodies aspiration, 2-view
chest and neck radiographs should be performed as the
initial evaluation. Diagnosis of foreign body aspiration
by imaging can be challenging because the majority of
aspirated foreign bodies are radiolucent. In a retrospective
review of pediatric foreign body aspiration cases, conducted
by Eren et al,”’ nearly two thirds of 1,160 patients presented
with negative radiograph results. Other studies have reported
lower percentages (15.7% to 32%) of normal radiograph
41744465354 Other commonly reported radiographic
findings include atelectasis, hyperinflation of the affected
lung, consolidation or pneumonia, mediastinal shift, and

such unilateral preference is not

results.
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Table 3. Summary of indications for intervention and recommendations for imaging follow-up for various types of ingested foreign

bodies.?*

FB Types Endoscopic Removal

Surgical Removal

Imaging Follow-up

Any FB causing symptoms of complete esophageal obstruction requires emergency endoscopic removal

Sharp FB Emergency endoscopic removal if it is
in the esophagus

Urgent endoscopic removal if in the
stomach

Urgent endoscopic removal if it is in the
esophagus or if the FB is >6 cm in
length and proximal to the
duodenum

If the FB is >2.5 cm in width and
proximal to the duodenum

If the FB fails to pass through the
pylorus after 3-4 wk

If asymptomatic, observe for 12-24 h
before considering endoscopic
removal

If proven to be button batteries in
esophagus on imaging, emergency
removal is required

Emergency endoscopic removal if
button battery in the esophagus

If larger (>2 cm) batteries remain in the
stomach >48 h

Urgent endoscopic removal of all
magnets within endoscopic reach

Blunt FB
for >1 wk

Coins
for >1 wk

Batteries

Magnets

If symptomatic and beyond the reach of
endoscopy or too dangerous to remove
endoscopically

If failure to progress after 3 days

If immobile and distal to the duodenum

If immobile and distal to the duodenum

If immobile or symptomatic and beyond
reach by endoscopy

If magnets appear immobile on serial
radiographs and beyond the reach of

Daily radiograph for up to 3 days
Consider CT for radiographically invisible
FB or evaluation of complications
(eg, abscess)
Weekly radiograph for up to 4 wk

If symptomatic and distal to the duodenum

Weekly radiograph for up to 4 wk

Once batteries past GE junction, initial
follow-up radiograph at 48 h

Once past the pylorus, repeated radiograph
every 3-4 days

Close follow-up with frequent serial
radiographs to ensure mobility

endoscopy, surgical consultation is

recommende

23,25,36
d

If symptoms of obstruction or perforation*®

Not recommended because of risk of
rupturing drug packets

Illicit drug
packets

If symptomatic (toxidrome) from ruptured
drug packets
If failure to progress

CT with intravenous contrast (without oral
contrast) may be helpful in the setting
of negative radiograph results®’

. . . . 41-44,46,53,54
radiopaque aspirated foreign bodies. »777% In the

setting of normal radiograph results, additional expiratory
views may help accentuate air trapping of the affected lung.
However, the quality of the study relies heavily on the
technique and the patient’s cooperativeness. For younger
patients who cannot follow directions, lateral decubitus
views can be considered. However, the amount of data
available to support the use of these specialized views is
limited. Although some studies showed that expiratory views
slightly increase the sensitivity of detecting aspirated foreign
bodies in comparison with standard views (Figure 54 and
B),”>”° a recent study showed that decubitus view does
not increase sensitivity and may increase false-positive
rates.”” Specialized views may be most helpful in limited
circumstances, such as when a round foreign body
completely or near completely blocks a unilateral main stem
or lobar bronchus.

Though not routinely used, fluoroscopic dynamic
evaluation of bilateral diaphragms has been shown to be
effective for detecting unilateral bronchial foreign
bodies.**>>°7 During fluoroscopic evaluation, the side of
the diaphragm that demonstrates diminished excursion in

comparison to the contralateral side would suggest air trapping
and possible obstruction. CT has also been shown to have
higher sensitivity than radiographs in detecting radiolucent
foreign bodies (Figure 5D through /) and can be performed to
evaluate foreign body—associated complications.*"***/-7%5
Studies have also reported high sensitivity (100%) and
specificity (81% to =100%) of 3-dimensional CT
bronchoscopy for detecting aspirated foreign bodies.
Organic food items are the most commonly aspirated foreign
bodies in both adult and pediatric populations.” %2334
Studies report nut (particularly peanut) as the most commonly
found asp&)a/tsdS iztem (up to 40%) by bronchoscopy in pediatric
patients.” """ Some other commonly ingested items
include fruit seeds, beans, fruit parts, plastic toys, pins,
animal bones, and teeth (Figure 5().10:46:53-55.58
Insertion (genitourinary and rectal) foreign bodies in
the nasal cavity or outer ear, in the nontraumatic setting,
usually can be directly examined with devices such as
otoscopes during physical examination. Imaging is not
the performed routinely as part of the initial evaluation.
However, they can appear as incidental findings on
imaging. In this review, we will focus on rectal and

59-63
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Table 4. Clinical and imaging pearls for foreign body aspiration.

Risk factors

Young children, altered mental status, loss of consciousness (from trauma, seizures, or anesthesia), age-related decline in

swallowing mechanism, usage of medications that impair cough reflex or swallowing (eg, anticholinergic, antipsychotic,
anxiolytics), or neurologic disease (eg, Parkinson’s disease, Alzheimer’s disease)**

Clinical presentation

Acute FB aspiration: choking, intractable cough, vomiting, wheezing, stridor, tachypnea, respiratory distress, chest pain,

chest discomfort, breathlessness, and cyanosis (severe cases)39
Missed/chronic FB aspiration: chronic cough, recurrent pneumonia, hemoptysis, fever, lung abscess, or empyema
Pill aspiration: airway injury, pneumonitis, or fibrotic stricture*®

Imaging considerations

Imaging should not delay intervention (bronchoscopy or laryngoscopy) in the setting of life-threatening FB aspiration

Initial evaluation (for nonlife-threatening cases): 2-view neck and chest radiographs

Additional specialized views such as inspiratory/expiratory and bilateral decubitus may be most helpful in limited
circumstances, such as when an FB completely or nearly completely blocks a unilateral main stem bronchus

CT can be considered for evaluation of radiolucent FBs and their associated complications in nonemergency

Setting41,44,47,53,58

Clinically important
imaging findings

Normal radiograph results do not exclude the possibility of aspirated radiolucent FB, which are often organic food items
Atelectasis or hyperinflation of affected lung, consolidation/pneumonia, mediastinal shift, and radiopaque aspirated FB are

common radiographic findings for FB aspiration

genitourinary foreign bodies, which typically require
imaging evaluation.

The mean age of patients with rectal foreign bodies is
approximately 45 years, with age ranging from 20 years
to older than 90 years.’” There is a strong male
predominance, with a male:female ratio of up to 37:
Common causes for rectal foreign bodies include
autoeroticism (most common), sexual assaults, self-
treating fecal impaction, body stuffing (drug packets), and

164

concealment of weapons (prisoners).’”° For genitourinary
foreign bodies, autoeroticism is the predominant cause.
According to a 2010 survey study for men who have

sex with men, 10.7% of respondents had engaged in
recreational insertion of a solid or liquid into the urethra.®’
In the setting of nonsexual rectal and urethral insertion,
psychiatric illness can be a risk factor (Table 5).65:68

Common clinical manifestations of rectal foreign

bodies include anorectal pain, anorectal bleeding, abdominal

Figure 5. Peanut aspiration in a child. No radiopaque object was identified on frontal radiograph (A). On expiratory view
(B), prominent air trapping was observed in the right lung, suggesting obstruction of the right main bronchus. A peanut was

subsequently found in the right main bronchus by bronchoscopy. C, A radiopaque tooth in the bronchus intermedius (white solid
arrow) on frontal chest radiograph. Coronal (D) and axial (E, F) noncontrast chest CT images of the same patient who aspirated a
peanut. White solid arrows in D and E point to a filling defect in the bronchus intermedius (note the narrowed bronchus). Black
dashed circle in F demonstrates postobstructive atelectasis. A peanut was subsequently found in the bronchus intermedius by
bronchoscopy.
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Table 5. Clinical and imaging pearls for foreign body insertion.

Risk factors

and mental illness®®®

Clinical presentation

Autoeroticism, sexual assaults, self-treating fecal impaction, drug trafficking, concealment of weapons (prisoners), psychiatric

Rectal FB: anorectal pain, anorectal bleeding, abdominal or pelvic pain, obstruction, incontinence, acute abdomen

Genitourinary FB: urinary frequency, dysuria, urinary tract infection, hematuria, vaginal bleeding, or abdominal or pelvic pain
Presentation often delayed because of embarrassment

Imaging considerations
from touching sharp FB
Initial evaluation: 2-view radiographs

Imaging should be conducted before digital rectal examination or removal as a safety precaution to prevent unnecessary injury

If suspecting perforation, additional upright chest radiograph can be performed to evaluate for pneumoperitoneum
CT can be used to evaluate radiolucent rectal FB and possible complications

Water-soluble contrast enema can be used to evaluate for perforation or fistula®®

Radiolucent FB in the bladder can be detected by ultrasonography with good sensitivity70

Postextraction radiographs should be performed to evaluate for complications or any residual FB

Clinically important
imaging findings

Pneumoperitoneum caused by bowel perforation should prompt emergency surgical consultation

or pelvic pain, obstruction, incontinence, and, sometimes,
acute abdomen in the setting of perforation.®”¢*%?
Symptoms of genitourinary foreign body insertion include
urinary frequency, dysuria, urinary tract infection,
hematuria, vaginal bleeding, or abdominal or pelvic pain
(Table 5).°® Patients with rectal and genitourinary
foreign bodies often have delayed presentation to the
ED because of embarrassment.

Initial imaging evaluation for rectal or genitourinary
foreign bodies involves 2-view radiographs, which will
help clinicians identify the shape, size, orientation,
location, and type of the foreign body to develop a safe
removal strategy. Imaging should be conducted before
digital rectal examination as a safety precaution to prevent
provider injury from sharp foreign bodies. For rectal
foreign bodies, additional upright chest radiograph (as part
of an acute abdomen series) is performed to evaluate for
pneumoperitoneum, which is an indication for emergency
surgical intervention (Figure E7C and D, available online
at htep://www.annemergmed.com). CT can be used to
evaluate for suspected radiolucent rectal foreign bodies
and abscess. Water-soluble contrast enema can be used
to evaluate complications such as rectal perforation or
fistula.”” For genitourinary radiolucent foreign bodies,
ultrasonography has been shown to have high sensitivity
(93.8%) for detecting foreign bodies in the bladder.””
Postextraction radiographs (along with endoscopy) are
routinely performed to evaluate for complications and any
residual foreign bodies.®

Mpyriad rectal foreign bodies have been reported,
including sex toys, batteries, light bulbs, bottles, vegetables,
fruits, cans, and drug packets.(’s’(’(’ A variety of urethral
foreign bodies has also been reported in the literature,
including intrauterine devices, sutures, pins, animal bones,
wires, and ballpoint pens.®®”” The majority of colorectal
foreign bodies can be removed through a transanal

approach. Predictors of failure by transanal extraction
include objects longer than 10 c¢m, hard or sharp objects,
objects located in the sigmoid colon, or those that have
been retained for longer than 2 days.”’

Understanding the clinical presentation, radiologic
management, and imaging characterization of foreign
bodies of different entry modalities is essential to accurate
diagnosis and associated complications in the ED setting.
Knowing the clinical implications of the size, shape,
chemical properties, and anatomic location of foreign
bodies is critical to medical decisionmaking. Certain
seemingly benign foreign bodies (such as ingested button
batteries and magnets) can cause devastating complications
and should not be overlooked. If there is doubt, radiology
consultation can be requested to develop an individualized
imaging plan to accommodate each patient’s specific
clinical scenario.

Supervising editor: Gregory W. Hendey, MD

Author affiliations: From the Department of Radiology and Imaging
Sciences (Tseng) and the Division of Emergency Radiology,
Department of Radiology and Imaging Sciences (Hanna, Shuaib,
Khosa), Emory University School of Medicine, Atlanta, GA; the
Department of Surgery, Wayne State University School of Medicine,
Detroit, MI (Aized); and Emergency Radiology, Department of
Radiology, University of Washington, Seattle, WA (Linnau).

Funding and support: By Annals policy, all authors are required to
disclose any and all commercial, financial, and other relationships
in any way related to the subject of this article as per ICMJE
conflict of interest guidelines (see www.icmje.org). The authors
have stated that no such relationships exist and provided the
following details: Dr. Khosa is the American Roentgen Ray Society
Scholar (2013 to 2016) and also receives support from National
Institutes of Health grant 1R56HL126558-01.

Publication dates: Received for publication March 2, 2015.
Revisions received June 8, 2015, and July 7, 2015. Accepted for
publication July 15, 2015.

Volume m, NO. m : m 2015

Annals of Emergency Medicine 11


http://www.annemergmed.com
http://www.icmje.org/

Imaging Foreign Bodies

Tseng et al

Presented at the American Roentgen Ray Society annual meeting, 22. Dalal PP, Otey AJ, McGonagle EA, et al. Intentional foreign object
Toronto, Ontario, Canada, April 2015. ingestions: need for endoscopy and surgery. J Surg Res. 2013;184:
145-149.
23. Sahn B, Mamula P, Ford CA. Review of foreign body ingestion and
esophageal food impaction management in adolescents. J Adolesc
REFERENCES Health. 2014;55:260-266.

1. Centers for Disease Control and Prevention. National Hospital 24. Jayachandra S, Eslick GD. A systematic review of paediatric foreign
Ambulatory Medical Care Survey: 2010 Emergency Department body ingestion: presentation, complications, and management. Int J
Summary Tables 2010. Available at: http://www.cdc.gov/nchs/data/ Pediatr Otorhinolaryngol. 2013;77:311-317.
ahcd/nhamcs_emergency/2010_ed_web_tables.pdf. Accessed July 25. Guelfguat M, Kaplinskiy V, Reddy SH, et al. Clinical guidelines for
31, 2015. imaging and reporting ingested foreign bodies. AJR Am J Roentgenol.

2. Halverson M, Servaes S. Foreign bodies: radiopaque compared to 2014;203:37-53.
what? Pediatr Radiol. 2013;43:1103-1107. 26. Mesina C, Vasile |, Valcea DI, et al. Problems of diagnosis and

3. Kaiser CW, Slowick T, Spurling KP, et al. Retained foreign bodies. treatment caused by ingested foreign bodies. Chirurgia. 2013;108:
J Trauma. 1997;43:107-111. 400-406.

4. Jarraya M, Hayashi D, de Villiers RV, et al. Multimodality imaging of 27. Watanabe K, Kikuchi T, Katori Y, et al. The usefulness of computed
foreign bodies of the musculoskeletal system. AJR Am J Roentgenol. tomography in the diagnosis of impacted fish bones in the oesophagus.
2014;203:W92-w102. J Laryngol Otol. 1998;112:360-364.

5. Valente JH, Lemke T, Ridlen M, et al. Aluminum foreign bodies: do they 28. Tang AP, Kong AB, Walsh D, et al. Small bowel perforation due to
show up on x-ray? Emerg Radiol. 2005;12:30-33. a plastic bread bag clip: the case for clip redesign. ANZ J Surg.

6. Shigematsu H, Koizumi M, Yoneda M, et al. Magnification error in 2005;75:360-362.
digital radiographs of the cervical spine against magnetic 29. Newell KJ, Taylor B, Walton JC, et al. Plastic bread-bag clips in the
resonance imaging measurements. Asian Spine J. gastrointestinal tract: report of 5 cases and review of the literature.
2013;7:267-272. CMAJ. 2000;162:527-529.

7. King RJ, Craig PR, Boreham BG, et al. The magnification of digital 30. Walker AJ, Caldera F. Corrosive esophageal injury by button battery.
radiographs in the trauma patient: implications for templating. Injury. Gastrointest Endosc. 2013;78:654; discussion 654-655.
2009;40:173-176. 31. Dray X, Cattan P. Foreign bodies and caustic lesions. Best Pract Res

8. Wimsey S, Pickard R, Shaw G. Accurate scaling of digital radiographs Clin Gastroenterol. 2013;27:679-689.
of the pelvis. A prospective trial of two methods. J Bone Joint Surg. 32. Tanigawa T, Shibata R, Katahira N, et al. Battery ingestion: the
2006;88:1508-1512. importance of careful radiographic assessment. Intern Med. 2012;51:

9. Varghese B, Muthukumar N, Balasubramaniam M, et al. Reliability of 2663-2664.
measurements with digital radiographs—a myth. Acta Orthop Belg. 33. Litovitz T, Whitaker N, Clark L, et al. Emerging battery-ingestion hazard:
2011;77:622-625. clinical implications. Pediatrics. 2010;125:1168-1177.

10. Ingraham CR, Mannelli L, Robinson JD, et al. Radiology of foreign 34. Kimball SJ, Park AH, Rollins MD 2nd, et al. A review of esophageal disc
bodies: how do we image them? Emerg Radiol. 2015;22:425-430. battery ingestions and a protocol for management. Arch Otolaryngol
11. Horton LK, Jacobson JA, Powell A, et al. Sonography and radiography Head Neck Surg. 2010;136:866-871.
of soft-tissue foreign bodies. AJR Am J Roentgenol. 2001;176:1155-1159. 35. Centers for Disease Control and Prevention. Gastrointestinal injuries
12. Pinto A, Brunese L, Daniele S, et al. Role of computed tomography in from magnet ingestion in children—United States, 2003-2006. MMWR
the assessment of intraorbital foreign bodies. Semin Ultrasound CT Morb Mortal Wkly Rep. 2006;55:1296-1300.
MR. 2012;33:392-395. 36. Otjen JP, Rohrmann CA Jr, lyer RS. Imaging pediatric magnet ingestion
13. Adesanya 00, Dawkins DM. Intraorbital wooden foreign body (IOFB): with surgical-pathological correlation. Pediatr Radiol. 2013;43:851-859.
mimicking air on CT. Emerg Radiol. 2007;14:45-49. 37. Poletti PA, Canel L, Becker CD, et al. Screening of illegal intracorporeal
14. Modijtahedi BS, Rong A, Bobinski M, et al. Imaging characteristics of containers (“body packing”): is abdominal radiography sufficiently
intraocular foreign bodies: a comparative study of plain film X-ray, accurate? a comparative study with low-dose CT. Radiology. 2012;265:
computed tomography, ultrasound, and magnetic resonance imaging. 772-779.
Retina. In press. 38. National Safety Council; Research and Statistics Department. Injury
15. McGuckin JF Jr, Akhtar N, Ho VT, et al. CT and MR evaluation of a Facts. Itasca, IL: National Safety Council; 2011.
wooden foreign body in an in vitro model of the orbit. AJNR Am J 39. Baharloo F, Veyckemans F, Francis C, et al. Tracheobronchial foreign
Neuroradiol. 1996;17:129-133. bodies: presentation and management in children and adults. Chest.
16. Bolliger SA, Oesterhelweg L, Spendlove D, et al. Is differentiation of 1999;115:1357-1362.
frequently encountered foreign bodies in corpses possible by Hounsfield 40. Casalini AG, Majori M, Anghinolfi M, et al. Foreign body aspiration in
density measurement? J Forensic Sci. 2009;54:1119-1122. adults and in children: advantages and consequences of a dedicated
17. Aronberg RM, Punekar SR, Adam S|, et al. Esophageal perforation protocol in our 30-year experience. J Bronchology Interv Pulmonol.
caused by edible foreign bodies: a systematic review of the literature. 2013;20:313-321.
Laryngoscope. In press. 41. Boyd M, Chatterjee A, Chiles C, et al. Tracheobronchial foreign body
18. Hunter TB, Taljanovic MS. Foreign bodies. Radiographics. 2003;23: aspiration in adults. South Med J. 2009;102:171-174.
731-757. 42. Bittencourt PF, Camargos PA, Scheinmann P, et al. Foreign body
19. Palta R, Sahota A, Bemarki A, et al. Foreign-body ingestion: characteristics aspiration: clinical, radiological findings and factors associated
and outcomes in a lower socioeconomic population with predominantly with its late removal. Int J Pediatr Otorhinolaryngol. 2006;70:
intentional ingestion. Gastrointest Endosc. 2009;69:426-433. 879-884.
20. Weiland ST, Schurr MJ. Conservative management of ingested foreign 43. Goyal R, Nayar S, Gogia P, et al. Extraction of tracheobronchial foreign
bodies. J Gastrointest Surg. 2002;6:496-500. bodies in children and adults with rigid and flexible bronchoscopy.
21. American Society for Gastrointestinal Endoscopy (ASGE) Standard of J Bronchology Interv Pulmonol. 2012;19:35-43.
Practice Committee, Ikenberry SO, Jue TL, et al. Management of ingested 44, Huankang Z, Kuanlin X, Xiaolin H, et al. Comparison between tracheal
foreign bodies and food impactions. Gastrointest Endosc. 2011;73: foreign body and bronchial foreign body: a review of 1,007 cases. Int J
1085-1091. Pediatr Otorhinolaryngol. 2012;76:1719-1725.
12 Annals of Emergency Medicine Volume m, NO. ® W 201§


http://www.cdc.gov/nchs/data/ahcd/nhamcs_emergency/2010_ed_web_tables.pdf
http://www.cdc.gov/nchs/data/ahcd/nhamcs_emergency/2010_ed_web_tables.pdf
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref2
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref2
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref3
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref3
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref4
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref4
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref4
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref5
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref5
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref6
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref6
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref6
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref6
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref7
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref7
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref7
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref8
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref8
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref8
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref9
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref9
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref9
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref9
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref10
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref10
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref11
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref11
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref12
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref12
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref12
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref13
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref13
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref15
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref15
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref15
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref16
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref16
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref16
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref18
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref18
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref19
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref19
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref19
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref20
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref20
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref21
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref21
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref21
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref21
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref22
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref22
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref22
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref23
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref23
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref23
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref24
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref24
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref24
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref25
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref25
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref25
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref26
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref26
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref26
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref27
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref27
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref27
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref28
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref28
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref28
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref29
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref29
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref29
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref30
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref30
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref31
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref31
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref32
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref32
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref32
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref33
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref33
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref34
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref34
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref34
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref35
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref35
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref35
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref35
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref36
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref36
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref37
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref37
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref37
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref37
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref38
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref38
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref39
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref39
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref39
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref40
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref40
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref40
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref40
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref41
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref41
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref42
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref42
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref42
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref42
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref43
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref43
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref43
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref44
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref44
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref44

Tseng et al Imaging Foreign Bodies
45. Oncel M, Sunam GS, Ceran S. Tracheobronchial aspiration of foreign 57. Blazer S, Naveh Y, Friedman A. Foreign body in the airway. A review of
bodies and rigid bronchoscopy in children. Pediatr Int. 2012;54: 200 cases. Am J Dis Child. 1980;134:68-71.
532-535. 58. Hariga |, Khamassi K, Zribi S, et al. Management of foreign bodies in the
46. Paksu S, Paksu MS, Kilic M, et al. Foreign body aspiration in childhood: aerodigestive tract. Indian J Otolaryngol Head Neck Surg. 2014;66:
evaluation of diagnostic parameters. Pediatr Emerg Care. 2012;28: 220-224.
259-264. 59. Jung SY, Pae SY, Chung SM, et al. Three-dimensional CT with virtual
47. Rodriguez H, Passali GC, Gregori D, et al. Management of foreign bronchoscopy: a useful modality for bronchial foreign bodies in
bodies in the airway and oesophagus. Int J Pediatr Otorhinolaryngol. pediatric patients. Eur Arch Otorhinolaryngol. 2012;269:223-228.
2012;76(suppl 1):S84-91. 60. Bhat KV, Hegde JS, Nagalotimath US, et al. Evaluation of computed
48. Bain A, Barthos A, Hoffstein V, et al. Foreign-body aspiration in the tomography virtual bronchoscopy in paediatric tracheobronchial
adult: presentation and management. Can Respir J. foreign body aspiration. J Laryngol Otol. 2010;124:875-879.
2013;20:€98-99. 61. Hong SJ, Goo HW, Roh JL. Utility of spiral and cine CT scans in pediatric
49. Kinsey CM, Folch E, Majid A, et al. Evaluation and management of patients suspected of aspirating radiolucent foreign bodies.
pill aspiration: case discussion and review of the literature. Chest. Otolaryngol Head Neck Surg. 2008;138:576-580.
2013;143:1791-1795. 62. Adaletli I, Kurugoglu S, Ulus S, et al. Utilization of low-dose
50. Mehta AC, Rafanan AL. Extraction of airway foreign body in adults. multidetector CT and virtual bronchoscopy in children with suspected
J Bronchology. 2001;8:123-131. foreign body aspiration. Pediatr Radiol. 2007;37:33-40.
51. Eren S, Balci AE, Dikici B, et al. Foreign body aspiration in children: 63. Haliloglu M, Ciftci AO, Oto A, et al. CT virtual bronchoscopy in the
experience of 1160 cases. Ann Trop Paediatr. 2003;23:31-37. evaluation of children with suspected foreign body aspiration. Eur J
52. Tan HK, Brown K, McGill T, et al. Airway foreign bodies (FB): a 10-year Radiol. 2003;48:188-192.
review. Int J Pediatr Otorhinolaryngol. 2000;56:91-99. 64. Cologne KG, Ault GT. Rectal foreign bodies: what is the current
53. Sumanth TJ, Bokare BD, Mahore DM, et al. Management of standard? Clin Colon Rectal Surg. 2012;25:214-218.
tracheobronchial foreign bodies: a retrospective and prospective study. 65. Ayantunde AA. Approach to the diagnosis and management of retained
Indian J Otolaryngol Head Neck Surg. 2014;66:60-64. rectal foreign bodies: clinical update. Tech Coloproctol. 2013;17:13-20.
54. Jaswal A, Jana U, Maiti PK. Tracheo-bronchial foreign bodies: a 66. Coskun A, Erkan N, Yakan S, et al. Management of rectal foreign
retrospective study and review of literature. Indian J Otolaryngol Head bodies. World J Emerg Surg. 2013;8:11.
Neck Surg. 2014;66:156-160. 67. Breyer BN, Shindel AW. Recreational urethral sounding is associated
55. Brown JC, Chapman T, Klein EJ, et al. The utility of adding expiratory with high risk sexual behaviour and sexually transmitted infections.
or decubitus chest radiographs to the radiographic evaluation of BJU Int. 2012;110:720-725.
suspected pediatric airway foreign bodies. Ann Emerg Med. 2013;61: 68. Song JB, Tanagho YS, Haseebuddin M, et al. Endoscopic management
19-26. of genitourinary foreign bodies. Rev Urol. 2013;15:84-91.
56. Martinot A, Closset M, Marquette CH, et al. Indications for 69. Kasotakis G, Roediger L, Mittal S. Rectal foreign bodies: a case report
flexible versus rigid bronchoscopy in children with suspected and review of the literature. Int J Surg Case Rep. 2012;3:111-115.
foreign-body aspiration. Am J Respir Crit Care Med. 1997;155: 70. Wang H, Ji ZG, Xiao H, et al. Medical foreign bodies in urinary bladder:

1676-1679.

a case report. Chin Med Sci J. 2013;28:192-193.

Volume m, NO. ®

m 2015

Annals of Emergency Medicine 13


http://refhub.elsevier.com/S0196-0644(15)01089-6/sref45
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref45
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref45
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref46
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref46
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref46
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref47
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref47
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref47
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref48
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref48
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref48
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref49
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref49
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref49
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref50
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref50
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref51
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref51
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref52
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref52
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref53
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref53
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref53
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref54
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref54
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref54
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref55
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref55
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref55
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref55
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref56
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref56
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref56
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref56
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref57
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref57
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref58
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref58
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref58
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref59
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref59
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref59
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref60
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref60
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref60
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref61
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref61
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref61
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref62
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref62
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref62
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref63
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref63
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref63
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref64
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref64
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref65
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref65
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref66
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref66
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref67
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref67
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref67
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref68
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref68
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref69
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref69
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref70
http://refhub.elsevier.com/S0196-0644(15)01089-6/sref70

Imaging Foreign Bodies Tseng et al

Figure E1. Ultrasonography (A to E) and CT (F to H) images of various materials. Wood (A), plastic (B), and stone (C) FBs appear as
echogenic structures (white solid arrows) with posterior shadowing (white dashed arrows). Glass (D) and metal (E) appear as
echogenic structures (white solid arrows) with ring-down artifacts (white dashed arrows). F, Intraorbital wood shrapnel (white solid
arrow) can have soft tissue density after absorbing blood. With less water content, wood can also mimic air and fat density because
of air content (image not shown). G, Ingested broken glass appears hyperdense without streak artifact. H, Metal appears
hyperdense with streak artifacts on CT (white solid arrow).
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Figure E2. Ingested coins, with common sites of impaction. A, Coin in the nasal cavity of a 5-year-old boy who was thought to have
swallowed a coin. B, Lateral radiograph with a coin in the cervical esophagus, at the level of the cricopharyngeus, the most common
area for impaction. C, Lateral radiograph in a 16-month-old with 2 days of choking and gagging. The coin is seen in the esophagus
at the level of the aortic arch. Magnified view in the same patient (D) shows anterior esophageal thickening in this region and
effacement of the posterior aspect of the trachea (black solid arrows). This suggests local esophageal edema from irritation,
compatible with 2-day history since ingestion. E, Coronal CT showing how an esophageal coin can perch and impact at the level of
the aortic arch. F, PA view with inferior margin of the coin at the level of the cricopharyngeus. G, PA view with inferior margin of the
coin at the level of the aortic arch.
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Figure E3. Plastic bread bag clips are radiolucent and pose
great diagnostic challenges in the setting of ingestion. They
have been shown to cause complications such as small bowel
perforation, obstruction, and gastrointestinal hemorrhage.

Figure E4. Battery ingestion. A, Typical appearance of a cylindrical battery. B, Four-year-old who ate a button battery (white solid
arrow). C, Extreme maghnification and close interrogation of the pattern reveal the step-off or halo sign (white dashed lines)
characteristic of a button battery and confirm this is not a coin.
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A

Figure E6. Drug packing. Numerous mildly radiopaque drug
packages are seen throughout the gastrointestinal track (white
solid arrows).

Figure E5. Magnets. A, Single supine view of the abdomen,
with a string of connected radiopaque beads, compatible with
magnets. A radiographic mimic would be an intact metallic
beaded bracelet or necklace. B, Two adherent platelike
magnets.
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Figure E7. A, Rectally inserted glass bottle. B, A nail inserted into the urethra. C, Axial contrast-enhanced CT status after sharp
rectal FB removal causing rectal perforation (white solid arrow). D, Large-volume pneumoperitoneum (white solid arrows), with
additional leakage of oral contrast, which is layering in the peritoneal cavity and surrounding the spleen and liver.
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