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Abstract

The use of endoscopy is critical to the management of pediatric tracheobronchial and
esophageal foreign bodies. Children may present with nonspecific symptoms, and the
diagnosis can be difficult when the ingestion or aspiration events go unwitnessed.
Advances in endoscopic techniques and the use of optical graspers in the removal of
foreign bodies in children have helped decrease morbidity and mortality. In this
chapter, the history, clinical presentations, workup, and management for pediatric
aerodigestive foreign bodies are discussed.

Keywords: foreign body, pediatric airway, esophagus, endoscopic, aspiration, in‐
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1. Introduction

The history of endoscopic management of pediatric foreign bodies was predated by significant
innovations allowing for the evolution of adult and pediatric bronchoesophagology. Prior to
these advances, tracheotomy was the accepted method for successful removal of airway
foreign bodies [1]. In 1806, Philipp Bozzini, reported using the "lichtleiter" or "light conductor"
to visualize the upper esophagus using candle illumination [2]. While his instruments and
methods did not gain wide acceptance during his lifetime, they set the stage for further
innovations that occurred over the ensuing decades. Desormeaux, a urologist, is credited with
coining the term "endoscopy" in 1867 [3] and is considered by most to be the "Father of
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Endoscopy" [4]. Kussmaul is credited with performing the first direct esophagoscopy, and his
student Killian further explored these techniques and instrumentation. Mikulicz further
refined the techniques and instrumentation of esophagoscopy, bringing it into more common
use [5].

In 1895, Alfred Kirstein, a laryngologist in Berlin who was familiar with the work of Kussmaul
and Mikulicz, was the first to directly visualize the larynx and trachea [6]. Killian became
interested in Kirstein's achievements and began to practice laryngoscopy on cadavers and
tracheotomized patients. In 1897, he was the first to remove a foreign body from the right
mainstem bronchus of an adult via the translaryngeal route. His contributions and achieve‐
ments have prompted many to consider him the "Father of Bronchoscopy" [7]. Following these
innovations, tracheoscopy and bronchoscopy became accepted surgical techniques.

Chevalier Jackson became interested in laryngology while studying medicine in Pennsylvania
and eventually furthered his studies in London. After learning the techniques of his mentors
and as an instrument maker, he created an esophagoscope allowing for direct visualization of
the esophagus. With this design, he was successful in removing esophageal foreign bodies
from both adults and children. Jackson further refined his technique and the instruments he
used, eventually developing the largest endoscopy clinic in the world [5]. Through the
innovations of Jackson and his predecessors, the techniques for removal of esophageal and
airway foreign bodies was perfected, reducing the mortality from foreign body ingestion or
aspiration from more than 50% to less than 2% [5].

2. Endoscopic equipment

Modern endoscopic equipment is available in various sizes and configurations to accommo‐
date patient age and size, and the use of flexible vs. rigid endoscopic equipment are both
available (Figure 1). There are some clear advantages to the use of rigid bronchoscopy for
removal of a tracheobronchial foreign body. The scope is designed to have ventilating ports
so the anesthesia circuit can be directly attached for active ventilation and control of the airway
during the procedure.

Flexible bronchoscopy can be done with insufflation techniques in the oropharynx or through
the scope, but the channel on the scope is small, thus limiting flow of gas. Alternatively, the
flexible scope can be passed through a secured endotracheal tube (Figure 2). If the foreign body
cannot fit through the endotracheal tube, then this creates a problem for removal with the tube
in place. The foreign body forceps have more limited sizes with flexible bronchoscopy, and
there is also less control of the scope itself since it can bend to various configurations. Certainly
in our experience, flexible bronchoscopy can be a useful adjunct to removal of foreign bodies,
as it can give more distal visualization of the lower airways for small food particles, like nuts,
that may fall further than the rigid scopes can reach. Such smaller, distal airways can be
irrigated with saline and additional attempts using flexible or rigid bronchoscopy can then be
utilized to remove these small fragments using endoscopic optical graspers or suction.
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Figure 2. Flexible bronchoscopy cart setup.

Figure 1. A) Various non-optical and optical graspers used for removal of foreign bodies from the aerodigestive tract.
B) Rigid, ventilating bronchoscopes of various sizes. Selection depends on the age of the patient and size of the airway.
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For esophagoscopy, the use of the rigid scope allows for use of the same endoscopic optical
graspers used in airway cases. While many esophageal foreign bodies are safely removed with
flexible endoscopy, the rigid scope does not require insufflation of the esophagus with air and
using rigid equipment, more direct visualization of the insertion through the upper esophageal
sphincter can be made. There are fewer options for types of graspers available for the flexible
esophagoscope. In our opinion, the endoscopic optical graspers themselves used through the
rigid scope allow for enhanced visualization and easier foreign body removal (Figure 3).

Figure 3. An example of an endoscopic, optical coin grasper, with a fine tooth at the tip, which allows the coin to pivot
or swivel through the path of least resistance through the esophagus during removal.

3. Relevant airway anatomy

The upper aerodigestive tract extends from the lips and nasal vestibule to the upper esophagus
and trachea and mainstem bronchi. It can be divided into anatomic subsites, including the
nasal cavity, nasopharynx, oropharynx, hypopharynx, larynx, trachea, bronchi, and esopha‐
gus.

With regard to the nasal cavity, foreign bodies typically get lodged between the inferior
turbinate and the septum. As the nasal cavity is part of the airway, care must be taken during
removal attempts in the office setting to avoid converting this upper airway foreign body into
a lower airway foreign body.

Several differences between the adult and pediatric airway exist that the endoscopist should
consider when evaluating and treating patients with aerodigestive foreign bodies. First, the
infantile larynx is positioned much higher in the neck. Additionally, the neonatal larynx is

Endoscopy - Innovative Uses and Emerging Technologies382



approximately one-third the size of the adult larynx, with the narrowest portion being at the
level of the cricoid cartilage and not at the level of the glottis, as in adults [8]. A small reduction
in the size of the pediatric airway can have significant and devastating consequences. The size
of the airway must be kept in mind when choosing the appropriate size of the bronchoscope.
As a general rule, the largest size ventilating scope that can be placed based on age of the child
and size of subglottis, allows for optimal ventilation, visualization, and endoscopic removal.

Figure 4. A 13-month old presented to the emergency room with wheezing and coughing. The child had reportedly
put something into its mouth earlier that day. An A-P plain film showed hyperinflation of the left lung with right-
sided mediastinal shift. There was no radiopaque foreign body noted on the plain film. Direct laryngoscopy with rigid
bronchoscopy revealed a left mainstem foreign body, consistent with half of a wooden bead that was removed with an
endoscopic optical forceps.

The presence of a foreign body within the tracheobronchial tree can lead to a ball-valve effect,
resulting in early hyperinflation of the lung ipsilateral to the foreign body (Figure 4). Over
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time, the obstructed lung segment becomes atelectatic. In addition to its physical obstruction,
the presence of a foreign body disrupts the normal mucociliary clearance of the tracheobron‐
chial tree. These factors can contribute to the rapid accumulation of secretions and subsequent
superimposed pneumonia [9].

The right  mainstem bronchus creates  a  more  obtuse  angle  with  the  trachea when com‐
pared to the left mainstem bronchus, leading to a higher incidence of right-sided airway
foreign bodies [10].

4. Relevant esophageal anatomy

There are several anatomic considerations that can lead to arrested passage of an esophageal
foreign body through the digestive tract and into the stomach. These sites include the upper
esophageal sphincter or cricopharyngeus, the mid-esophagus where the aortic arch crosses,
and the lower esophageal sphincter. Additionally, there are a few pathologic conditions that
can predispose pediatric patients to dysphasia and esophageal foreign bodies, including
vascular rings and slings.

5. Pediatric airway foreign bodies

5.1. Epidemiology

Airway foreign bodies represent an important cause of pediatric morbidity and mortality both
in developed and developing countries. According to the US CDC's Morbidity and Mortality
Weekly Report, nonfatal choking-related episodes among children less than 14 years old were
responsible for approximately 17, 000 emergency room visits in the year 2001 alone, with an
estimated rate of 29.9 episodes per 100, 000 children. The incidence was greatest in patients
less than 1 year old (140.4 per 100, 000) and steadily declined with increasing age. Seventy-
seven percent of patients presenting with chocking-related symptoms were three years old or
younger. In their data, there was a higher incidence in males (55.1%) and a higher incidence
of food-related substances when compared to nonfoods (59.5% vs. 31.4%, 9% unknown) [11].
The most commonly aspirated foreign bodies include round, hard foods such as nuts, seeds,
beans, corn, and berries [12].

In Tan et al.'s 10-year retrospective review of children treated for airway foreign bodies via
bronchoscopy, they reported a male preponderance (63.7%) in a series of 135 cases. Three
quarters of their patients were under 3 years of age [13]. Both of these trends mirror that of
other published series [14–16]. Tan proposed that the higher incidence of foreign body
aspiration in younger children was due to their poor oro-motor control and their lack of
dentition, in addition to their propensity to explore the world with their mouths.

Prior to the advent of modern endoscopic techniques, the reported mortality from aspirated
foreign bodies was as high as 50% or greater [5]. Following the advent of endoscopic techniques
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and increased public awareness, the mortality rate of patients with foreign bodies is approxi‐
mately 1% [17]. The total number of foreign body--related deaths in the United States is
estimated to be between 500 and 2000 [13].

The nasal cavity is the most common sub-site for foreign bodies when considering the entire
upper aerodigestive tract, accounting for approximately two-thirds of all foreign bodies. In
Chinski’s study of aerodigestive tract foreign bodies in Argentina, 1559 nasal foreign bodies
were reported. The most common objects found in the nose in decreasing order were pearls,
stationery, food, seeds/nuts/beans, pins/nails/metal, other inorganic materials and stones,
followed by other less common items, including 1 button battery and 11 magnets [18]. The
majority of nasal foreign bodies occur on the patient's right side, with this trend increasing
with the patient’s age [19]. Interestingly, some studies have demonstrated a decreased
incidence of nasal foreign bodies during the summer months [20]. Others have commented on
the increased incidence of nasal foreign bodies during the months of January, March, April,
and October, coinciding with the months near Christmas, Easter, and Halloween when
children are exposed to more toys and treats [19].

5.2. Clinical evaluation

5.2.1. Nasal foreign bodies

Many nasal foreign bodies are asymptomatic, presenting only because their placement was
witnessed or admitted (Figure 5). Unwitnessed or untreated nasal foreign bodies may present
with a variety of symptoms, including unilateral purulent rhinorrhea or nasal obstruction,
halitosis, epistaxis, sinusitis, or a combination of these symptoms [19, 21]. A nasal septal
hematoma should be differentiated from a nasal foreign body (Figure 6). In a European study
assessing complications and hospitalizations due to nasal foreign bodies, Gregori et al.
demonstrated that battery nasal foreign bodies were more likely to experience complications
and require hospitalizations when compared to many other types of nasal foreign bodies [21].
As with other studies regarding aerodigestive foreign bodies, they reported a fairly high
incidence of children placing nasal foreign bodies while under adult supervision (38%).

5.2.2. Laryngeal and tracheobronchial foreign bodies

Foreign bodies of the laryngotracheobronchial tree can present with varying degrees of airway
symptoms depending on their location, shape, size relative to airway, and chronicity.

Larnygeal Foreign Bodies

Foreign bodies of the larynx, while infrequent,  are associated with the most devastating
outcomes. In addition to more common symptoms associated with foreign bodies of the
trachea and bronchi,  these patients are more likely to present with hoarseness,  aphonia,
drooling,  stridor,  and  drooling.  Complete  obstruction  can  cause  cyanosis,  respiratory
distress, and respiratory arrest followed by death. Persistent irritation can lead to signifi‐
cant laryngeal edema that can persist and cause significant symptoms even after foreign
body removal [10, 22].
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Tracheal Foreign Bodies

Patients with tracheal foreign bodies may present with biphasic stridor, a dry cough with an
associated "sharp crack" or "slap" when a moving foreign body impacts the subglottis. Patients

Figure 5. Right nasal foreign body, a piece of broken glass, placed by a 5-year old boy. This was removed in the operat‐
ing room, instead of clinic setting, due to sharp edges and risk of bleeding following removal.

Figure 6. Right nasal septal hematoma after nasal trauma could be mistaken for a foreign object; the mucoperichondral
flap is fluctuant to palpation with a cotton tip applicator. Surgical drainage is the required treatment to prevent abscess
formation and cartilage necrosis.
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may place themselves in the "tripod" position, leaning forward with elbows or hands on their
knees. There may also be a dramatic shift in symptoms when the patient changes positions,
owing to the mobility of the foreign body [22].

Bronchial Foreign Bodies

In Tan et al.'s series, the most common presenting symptoms of tracheobronchial foreign
bodies were "choking, coughing, gagging" with 91.8% of patients presenting in this manner.
This  was  followed  by  "wheezing"  in  84.4%  of  patients  and  finally  the  classic  triad  of
"coughing, wheezing, and reduced breath sounds" in only 57% of patients. Less common
symptoms reported in their  series  included fever,  pneumonia,  stridor,  chest  pain,  blood
stained  mucous,  restlessness,  throat  discomfort,  sternal  discomfort,  increased  seizure
episodes, and nose bleed [13].

5.3. Radiographic evaluation

A thorough history and physical  exam are paramount in the evaluation of  a child with
suspected foreign body and can frequently lead to a diagnosis without the need for further
diagnostic workup or imaging. Traditionally, plain film radiography has been advocated
for patients with suspected foreign body aspiration. A-P and lateral plain films may reveal
a radiopaque foreign body within the tracheobronchial tree.  Additionally,  sequelae from
the presence of the foreign body may be recognized, including air-trapping with associat‐
ed mediastinal shift,  atelectasis,  or pneumonia from long-standing foreign body. Decubi‐
tus films may demonstrate lack of dependent mediastinal shift on the side ipsilateral to the
foreign body [23].

The use of plain film radiography does not need to be routinely employed in patients where
there is a high index of suspicion for foreign body based on history and physical examination.
In a 6-year retrospective review of 93 cases of possible airway foreign body cases, Silva et al.
reported a imaging study sensitivity and specificity of 74% and 45%, respectively [24]. In a
series of 232 patients with pre-operative radiography in whom foreign bodies confirmed via
bronchoscopy, 110 had plain film imaging that was considered normal by the surgeon (47%).
For patients with radiology reports, 42% of patients with bronchial foreign bodies and 81% of
patients with tracheal foreign bodies had negative imaging reports. The same study did note
that patients with long-standing foreign bodies are more likely to have positive findings on
plain film radiography when compared to patients with foreign bodies that have been present
for less than 24 h [25]. In their retrospective reviews, neither Assefa nor Brown found sufficient
evidence to support the routine use of decubitus films in the identification of airway foreign
bodies, citing the lack of sensitivity [23, 26].

Some studies have reported on the diagnostic utility of CT imaging and CT virtual broncho‐
scopy, with reported sensitivities and specificities ranging from 90% to100% [27, 28]. Foreign
bodies that are radiolucent on plain films may be identified on CT. The risks of ionizing
radiation and the inability to concurrently diagnose and treat foreign body aspiration should
be recognized when considering these modalities.
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Despite negative imaging studies, if the history is concerning for possible aspiration, then
endoscopic evaluation should still be considered given the potential morbidity and mortality
of airway foreign bodies.

5.4. Airway foreign body removal

Nasal foreign bodies can frequently be managed in the clinic if the object is in the anterior nasal
cavity. After removal, confirmation using nasal endoscopy can ensure that no additional
retained foreign body is present. Objects that are difficult to grasp or that are posterior within
the nasal cavity may require sedation or a general anesthetic removal. If the object is round,
using a right angle probe behind it and pulling anterior is safest, to avoid propelling the object
into the pharynx or causing it to be aspirated into the lower tracheobronchial tree. Other upper
airway foreign bodies require direct laryngoscopy and removal with endoscopic visualization
of the pharynx and larynx (Figure 7). These are considered an emergency as they can poten‐
tially lead to lower airway obstruction if the object is aspirated. When done in the operating
room, the endoscopist must be prepared for emergent bronchoscopy, should the object fall
distally during induction of anesthesia. Thorough discussion with the anesthesia team on the
plan prior to induction must take place. All potential non-optical and optical graspers should
be available to quickly use as needed. In addition, instrumentation for emergent tracheostomy
placement should be immediately available should the need arise. Figures 8-14 demonstrate
a variety of cases where endoscopic management was performed.

5.4.1. Anesthetic considerations

The choice of anesthetic technique should be based on a discussion between the surgeon and
anesthesiologist. Pediatric airway and esophageal foreign body removal is performed under
general anesthesia. Anesthetic induction can be achieved either by inhalation of volatile
anesthetic gas or intravenous medications. Anesthesia can then be maintained with sponta‐
neous ventilation or paralysis with control of the airway. This choice is surgeon and anes‐
thesiologist dependent, but should be agreed upon prior to the start of the procedure.

Especially in the case of tracheobronchial foreign bodies, constant and deliberate communi‐
cation regarding the airway should be maintained between the surgical and anesthesia teams.
This situation represents a true “shared airway”[29, 30].

An age-appropriate size bronchoscope and one size smaller should always be set up for
tracheobronchial foreign bodies. A back-up fiberoptic light source is helpful in case one fails
during the procedure. Given that the rigid bronchoscope itself is a means of ventilation,
strategic use of the instrument during the procedure is important. For example, if the oxygen
saturations drop, the telescope can be removed and this increases the ventilating diameter,
and therefore the volume of airflow through the bronchoscope tube with occlusion of the
proximal end with a cap. The mouth and nose can be manually sealed around the scope to
create some “positive pressure” as needed. Optical graspers of various shapes can be easily
passed through the bronchoscope while maintaining ventilation, and foreign bodies can be
removed under direct endoscopic visualization. The surgeon must ensure all equipment is
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functional, available, and all desired instruments fit through the bronchoscope size selected
prior to the patient’s anesthetic induction.

Tracheostomy is rarely required; however, equipment should be immediately available for
obtaining an emergent surgical airway in the management of airway foreign bodies. This is
always discussed with the parents during the informed consent process.

5.4.2. Adjunctive procedures

In the rare case where the foreign body cannot be removed endoscopically, additional
interventions may be required. As a temporizing measure, the use of extracorporeal membrane
oxygenation (ECMO) may allow oxygenation in a case of inability to ventilate [31]. This is a
highly specialized technique that is not available in all centers. It allows oxygenation of the
blood and maintenance of circulation until a definitive plan for removal can be facilitated.

Figure 7. An 11-month old with an open safety pin in the upper airway. The patient presented with irritability and
drooling of several hours duration, and the mother felt the child might have put something into its mouth. A-P and
lateral plain films confirmed the diagnosis.

In cases where the foreign body cannot be removed endoscopically, open approaches may be
required [32]. Cervical esophagostomy for proximal esophageal foreign bodies, or thoracoto‐
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my with bronchotomy, may be required for tracheobronchial foreign bodies. In these rare
cases, close collaboration with pediatric thoracic surgeons or pediatric surgeons is required.

Figure 8. A 9-year-old patient presenting with cough and stridor with concurrent fever. Direct laryngoscopy with rigid
bronchoscopy revealed bacterial tracheitis. Tracheal casts can cause airway symptoms similar to aspirated foreign bod‐
ies.

Figure 9. A 12-month old presented to the Emergency Department with increased work of breathing and stridor after
reportedly having swallowed a piece of a pen. Plain film imaging was unrevealing. Given the clinical presentation, the
patient underwent direct laryngoscopy with rigid bronchoscopy, revealing a plastic foreign body in the right main‐
stem bronchus.
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Figure 10. A 12-month old presenting with respiratory symptoms and concern for foreign body aspiration. Direct lar‐
yngoscopy with rigid bronchoscopy confirms a high-powered magnet sphere within the right mainstem bronchus. An‐
other was trapped in the esophagus directly behind this. This has the potential to cause a tracheoesophageal fistula
given magnetic strength and tissue necrosis between the two magnets. Severe injuries are more common in the lower
gastrointestinal tract causing perforation when more than one of these is swallowed (this child had additional magnet‐
ic spheres in the small bowel which caused transmural necrosis and perforation requiring repair).

Figure 11. While having a tooth extracted at a dentist office, this child accidently aspirated the tooth, found in the right
mainstem bronchus.
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Figure 12. Plastic bronchitis in a patient with congenital heart disease, showing a cast in the left bronchial tree.

Figure 13. A 2-year-old boy was given peanuts by an older sibling, choked, was in severe respiratory distress, found to
have several fragments in the lower airways. These were removed with optical graspers through the rigid broncho‐
scope.
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Figure 14. A 2-year-old patient presented to the Emergency Department with multiple facial lacerations following a
motor vehicle accident during which she was ejected through the passenger side window. She had no respiratory
symptoms as presentation. As part of her trauma workup, she underwent both plain film and CT imaging of the chest,
both showed a possible left-sided airway foreign body. Direct laryngoscopy with bronchoscopy confirmed the diagno‐
sis, and the object was endoscopically removed without difficulty.

6. Pediatric Esophageal Foreign Bodies

6.1. Epidemiology

Foreign body ingestion is a relatively common occurrence, with an estimated 100, 000 cases
per year in the United States alone. Like airway foreign bodies, the majority of cases occur in
children aged between 6 months and 3 years [33]. For the majority of esophageal foreign bodies,
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a child’s caregiver either witnesses or suspects that their child has ingested a foreign body [34].
While the majority of ingested foreign bodies will pass on their own, there is still a real risk of
significant morbidity and mortality. Of all patients with esophageal foreign bodies seeking
medical attention, 80%–90% pass the foreign body without any intervention, 10%--20% require
endoscopic removal, and only 1% require surgical removal [33]. It has been estimated that 1,
500 deaths occur annually in the United States alone due to foreign body ingestion [35].

Recently, there has been a sharp rise in the use of button-battery powered hand-held electronic
equipment. This has coincided with a rise in the incidence of button battery--related emergency
department visits [36].

6.2. Clinical presentation

As with airway foreign bodies, a thorough history and physical exam are critical in the workup
of the pediatric patient with a suspected esophageal foreign body. As previously stated,
frequently, a caregiver has witnessed the ingestion and can positively identify the object, which
may have implications regarding urgent intervention, such as in the case of an ingested button
battery or magnet.

Many esophageal foreign body ingestions go unwitnessed and a large proportion of these pass
without incident or development of symptoms [37]. When children do have symptoms, they
tend to be nonspecific and can lead to a missed or delayed diagnosis. In a retrospective review
by Arana et al. of 325 pediatric patients presenting with esophageal foreign bodies, only 54%
of patients had transient symptoms at the time of ingestion [38]. When patients are sympto‐
matic, they primarily present with nonspecific gastrointestinal or pulmonary complaints,
including coughing, choking, gagging, drooling, odynophagia, and/or dysphagia. Patients
may also present with stridor or wheezing due to inflammation of adjacent tracheobronchial
mucosa.

In their retrospective study of 248 cases of patients undergoing esophagogastroduodenoscopy
(EGD) for foreign body removal, Denney et al. assessed the incidence of esophageal injury as
it related to presenting symptoms. In their series, 59 children (30%) were found to have mucosal
ulceration. They found that a presenting complaint of substernal pain correlated with mucosal
ulceration, whereas symptoms of vomiting, respiratory distress, and drooling did not. The vast
majority of foreign bodies in their series were coins (81%) and 8 cases of batteries were reported.
They did not comment on any injuries from batteries [34].

6.3. Radiographic evaluation

The patient’s clinical presentation should be corroborated with imaging to ensure that a foreign
body requiring urgent removal is not misdiagnosed [35]. Imaging for esophageal foreign body
workup should typically include the chest and abdomen in both AP and lateral planes (Figure
15). It should be noted, however, that about 1/3 of foreign bodies are radiolucent [38].

Jatana et al. reported on the utility of plain film radiography in distinguishing esophageal coins
from button batteries [39]. They described the "double ring" or "halo" sign created by a button
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battery on an A-P plain film (Figure 16). The 20mm 3 volt lithium batteries consistently
demonstrate this finding. They also demonstrated the "step-off" that can be seen on lateral
plain films of button batteries, though they caution that some new thinner button batteries will
not demonstrate this finding. Clinicians must not rely on lateral x-rays alone.

Many experts argue against the use of contrast studies for diagnosing esophageal foreign
bodies given the increased risk of aspiration with a foreign body obstructing the esophagus.
The presence of contrast could compromise the ability of the endoscopist to find the foreign
body during retrieval and may also limit mucosal assessment [41]. In addition, the contrast

Figure 15. A 5-year old presented to the Emergency Department with several episodes of emesis. She admitted to swal‐
lowing a penny while at day care earlier that day. A-P and lateral plain films confirmed the diagnosis of an esophageal
foreign body. A penny was identified and removed via rigid esophagoscopy. Minimal esophageal mucosal irritation
was noted.
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typically pushes back general anesthesia 8 h, and delays operative intervention. Esophagram
does have a role in assessing for esophageal perforation or stricture due to foreign bodies, but
generally only after operative removal of the foreign body.

Figure 16. A) Button battery in upper esophagus. B) Coin in upper esophagus. By zooming into the foreign body, the
“double ring or halo sign” can be clearly seen for the battery. Zooming into the image is most helpful for differentia‐
tion. Reproduced with permission, Jatana [40].

Figure 17. Esophageal injury secondary to a button battery in a 4-year old. The injury involves the muscular layer of
the esophagus. Reproduced with permission, Jatana [40].
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Several authors have described the utility of hand-held metal detectors in the management of
patients with suspected coin ingestion. Younger et al. performed a 2-year prospective study
of patients presenting for evaluation of esophageal foreign bodies. With a hand-held metal
detector, they were able to positively identify the presence and location of esophageal coins in
all 26 patients who had positive plain films [42]. Lee et al. performed a systematic review of
11 studies and found that the sensitivity and specificity of identifying the presence of coins
was 99.4% and 100%, respectively, when compared to plain films. They do note however, that
non-coin metal objects were not detected as frequently as coins in one study reviewed. The
authors point out the benefit of avoiding ionizing radiation when using a hand-held metal
detector [43].

Repeat imaging has a role in the management of esophageal foreign bodies that are managed
expectantly. An x-ray can ensure that an esophageal foreign body has passed into the stomach.
In addition, should the object not be found in the stools over time, repeat abdominal x-ray can
confirm that there is no retained opaque foreign body in the lower gastrointestinal tract.

6.4. Esophageal foreign body removal

Management of esophageal foreign bodies varies considerably based on several factors,
including anatomic location, type of foreign body, patient presenting symptoms, and existing
complications. A button battery lodged in the esophagus is an emergency. The current
generated around the battery causes hydroxide ion to form at the negative pole, causing rapid
injury. Serious injury can occur in only 2 h. The 20 mm diameter, 3 volt lithium batteries cause
the most severe injury as they combine high power, with large enough size to get stuck; these
are frequently used in many household electronics [39]. A common misconception is that the
leaking battery acid is the major source of mucosal injury, rather than the generated electrical
current. In addition, “dead” batteries, meaning those that no longer have enough charge to
power their intended electronics, can still have enough residual electrical current to cause
mucosal injury (Figure 17).

Coins lodged in the esophagus can be managed with an initial period of observation, and if
they fail to pass into the stomach, can be removed endoscopically.

Rigid esophagoscopy allows for the scope to be placed under constant direct visualization for
removal of the foreign body using endoscopic optical graspers that are most suited for the
object. In general, a second-look esophagoscopy can not only confirm the absence of any
additional non-opaque foreign bodies, but also assess any injury to the esophageal wall. If a
perforation is suspected, keeping the patient with nothing by mouth and obtaining an
esophagram is best. When probable perforation or known severe circumferential injury exists,
consideration of placing a nasogastric tube under direct visualization through the rigid scope
can serve as temporary means of nutrition and keep the region stented open to avoid complete
stricture. It should also be kept in mind that when severe injury exists, advancing the esoph‐
agoscope past the site of injury can potentially lead to greater injury.
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7. Complications of pediatric airway foreign bodies

The most feared acute complication of airway foreign bodies is complete airway obstruction
with cardiopulmonary arrest and death. Wheezing is very common after the procedure and
close monitoring in the hospital setting is required until symptoms have stabilized. Pneumonia
is common due to lower airway obstruction and should be appropriately treated with
antibiotics. Intraoperative cultures can be taken to help guide treatment. Given that injury can
occur to the tracheobronchial tree, pneumomediastinum and pneumothorax can occur. When
the airway is severely inflamed, bleeding and granulation tissue can limit visualization, and
the decision to do a planned second-look bronchoscopy must be made to ensure no retained
foreign body is present. Laryngeal injury when removing an airway foreign body can occur.

8. Complications of pediatric esophageal foreign bodies

Children who develop a fever after removal of any esophageal foreign body should be assessed
for an esophageal perforation by esophagram. Other potential complications include: bleeding
or major arterial fistula, mediastinitis, mediastinal abscess, respiratory distress (secondary
tracheomalacia/compression), tracheoesophageal fistula, vocal cord paresis/paralysis, esoph‐
ageal stricture, and death. Repeat endoscopy to follow healing of significant esophageal injury
is an alternative to follow-up esophagram, and has the advantage of allowing for debridement
or dilation of early stricture formation.

9. Conclusions

The management of pediatric airway and esophageal foreign bodies carries the potential for
morbidity and mortality, and can be challenging to diagnose if an unwitnessed aspiration or
ingestion occurs in a young child. The symptoms can be somewhat nonspecific, not easily
differentiated from common viral illnesses in children. Clinical decision making based on
thorough history and physical examination is critical. Centers with airway surgeons and
endoscopists trained in foreign body management, and with pediatric ICU care are best
equipped to manage the most complex cases in the children.
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