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Introduction

Foreign body (FB) aspiration is an uncommon but potentially 
life-threatening event, accounting for 0.16–0.33% of 
adult bronchoscopic procedures (1). While the majority 
of accidental aspiration events occur in children, adults 
represent up to 25% of cases (2,3). Adult FB aspiration 
typically presents with a choking event followed by persistent 
coughing but, not uncommonly, can mimic more chronic 
diseases such as COPD, asthma, and obstructive pneumonia 
when the initial event goes unnoticed (e.g., elderly patient 
with altered mental status) (1,2,4-7). When the diagnosis 
is not established immediately, retained FBs may lead to 
recurrent pneumonias, bronchiectasis, recurrent hemoptysis, 
pneumothorax, lung abscesses, pneumomediastinum, or 
other complications (8). Extraction of aspirated FBs should 
be undertaken as soon as possible to alleviate acute symptoms 
and prevent long term complications.

The first successful FB extraction was performed by 
Gustav Killian in 1897. He extracted a bone from the 
right mainstem bronchus of a 63-year-old man using an 

esophagoscope heralding a new era in medical procedures (9).  
Following this, rigid bronchoscopy became the procedure 
of choice for removal of airway FBs, virtually eliminating 
the high mortality rate previously associated with this 
condition, and remained the most common indication for 
bronchoscopy until the advent of flexible bronchoscopy in 
the early 1970s. Flexible bronchoscopy broadened the scope 
of bronchoscopic interventions to the peripheral airway, 
allowing removal of foreign bodies lodged more distally 
with a large variety of dedicated flexible instruments (7). As 
technology advanced, technique spread, and practitioners 
became more experienced, flexible bronchoscopy gradually 
supplanted rigid bronchoscopy as the most commonly used 
technique in adults and has de facto become the modality 
of choice for a majority of patients (1,10-13). Albeit rigid 
bronchoscopy remains the traditional gold standard, 
particularly in children (2).

Symptoms and initial evaluation

Patient history is helpful in the evaluation of patients 

Review Article of Interventional Pulmonology Corner

Foreign body aspiration in adult airways: therapeutic approach

Justin C. Hewlett1, Otis B. Rickman1, Robert J. Lentz1, Udaya B. Prakash2, Fabien Maldonado1

1Division of Allergy, Pulmonary and Critical Care, Vanderbilt University Medical Center, Nashville, TN, USA; 2Department of Pulmonary and 

Critical Care Medicine, Mayo Clinic College of Medicine, Rochester, MN, USA

Contributions: (I) Conception and design: All authors; (II) Administrative support: JC Hewlett; (III) Provision of study materials or patients:  

JC Hewlett; (IV) Collection and assembly of data: JC Hewlett; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All authors;  

(VII) Final approval of the manuscript: All authors. 

Correspondence to: Fabien Maldonado, MD. 1161 21st Ave. S., T-2220 MCN, Nashville, TN 37232-2650, USA. Email: Fabien.Maldonado@vanderbilt.edu.

Abstract: Tracheobronchial foreign body (FB) aspiration is an uncommon but potentially life-threatening 
event in adults. Symptoms typically consist of a choking event followed by cough and dyspnea, however, 
these findings are inconsistent and symptoms may mimic more chronic lung diseases such as asthma 
or chronic obstructive pulmonary disease. Chest radiography and computed tomography can provide 
information regarding the location and characteristics of foreign bodies and aid in diagnosis. Bronchoscopy 
remains the gold standard for diagnosis and management of FB aspiration. The authors describe the typical 
clinical presentation, diagnostic evaluation, and bronchoscopic management of foreign bodies in adult 
airways with a focus on bronchoscopic techniques and potential complications of FB extraction. 

Keywords: Adult; aspiration; complication; bronchoscopy; foreign body (FB); technique

Submitted May 08, 2017. Accepted for publication Jun 19, 2017.

doi: 10.21037/jtd.2017.06.137

View this article at: http://dx.doi.org/10.21037/jtd.2017.06.137

3409



3399Journal of Thoracic Disease, Vol 9, No 9 September 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(9):3398-3409jtd.amegroups.com

with suspected FB aspiration. The classically described 
“penetration syndrome,” consisting of a choking episode 
followed by intractable cough is more common in children 
than in adults. Patient recollection of FB aspiration was 
variable over multiple series in adults but surprisingly low, 
averaging about 50% (1,5,7,12-17). Patients over the age 
of 65 years old are less likely to remember the aspiration 
event, with only 30% supplying a history consistent with 
an aspiration event prior to bronchoscopy (7). This often 
hinders early diagnosis and can lead to a significant increase 
in potentially life-threatening complications. Multiple 
case series have documented cough as the most common 
symptom of FB aspiration, occurring in 58–96% of patients 
(4-6,15,16). Less common symptoms include wheezing, 
dyspnea, hemoptysis, chest pain, and recurrent pneumonia. 
These symptoms are determined by the size of the FB and 
the location in which it becomes lodged. Impaction in the 
trachea leads to a more dramatic presentation of inspiratory 
stridor with frequent coughing, while occlusion of the 
lower bronchi can result in coughing, wheezing, dyspnea, 
or hemoptysis, and may be mistaken for an alternative 
diagnosis (10). Respiratory symptoms are more common in 
those who have pre-existing pulmonary conditions. Between 
2% and 10% of patients may be asymptomatic with a 
FB only incidentally identified on imaging (4-6). A good 
history may be able to identify the type of FB likely to be 

encountered in the airway. For example, nails, hair pins, and 
pen caps can be aspirated if they are placed into the mouth 
while working. Knowledge of the meal being eaten when a 
choking event occurs can identify likely FBs as well.

FB aspiration is slightly more common in males (1,6,12). 
The vast majority of adult patients with FB aspiration have 
obvious risk factors for aspiration including neurological 
deficits with swallowing difficulties or altered mental status, 
neuromuscular disease, intoxication, or have an iatrogenic 
cause. Still, 10% of adult patients with FB aspiration have 
no known risk factors (6,16-18). The average age of affected 
patients in most studies is between 50 and 60 years old, and 
FB aspiration risk appears to increase with age (4,7,17). 
Iatrogenic FB aspiration in adults is most commonly related 
to dental procedures requiring local anesthesia and supine 
positioning, or is associated with tracheostomy care (such as 
cleaning the tracheostomy with a curette). Traumatic airway 
management can lead to aspiration of teeth as well (6,18). 

The majority of FBs become lodged in the right bronchial 
tree, favoring the bronchus intermedius and the basal 
segments of the right lower lobe, owing to a more vertical 
course of the right mains stem bronchus. Interestingly, this 
anatomic asymmetry is not true in children in whom FBs 
may be found on both sides with equal likelihood. In adults, 
approximately 40% of FBs are found in the left bronchial 
tree and only 5–11% remain in the trachea (5-7,12-14).

Physical examination in a patient with suspected FB 
aspiration may be normal or may reveal nonspecific findings 
such as cough and hoarseness, especially if the FB is small. 
These symptoms may persist for a few days even if the FB 
was spontaneously expectorated. A patient with a FB lodged 
in the trachea or mainstem bronchi may present with 
stridor, persistent cough, significant dyspnea, loud wheezing 
localized to the side of the FB impaction, or absence of 
breath sounds on the affected side. Auscultation with the 
patient in the lateral decubitus positions may bring out 
wheezing on the dependent side. Hyperinflation on the side 
of the FB impaction, due to the ball-valve phenomenon, 
may lead to a larger appearing chest cage on that side. 
Conversely, complete airway obstruction by a FB with 
resultant atelectasis can present with absent breath sounds 
on the affected side. 

Standard postero-anterior and lateral chest radiographs 
should be obtained in all patients in whom FB aspiration 
is suspected. Radiographs directly identify the FB in 25% 
of patients, as only a minority of FBs such as coins, nails, 
teeth, or dental appliances are radiopaque (Figure 1). 
Most FBs are organic and radiolucent (such as food), and 

Figure 1 PA chest radiograph showing a radiopaque tooth lodged 
in the right lower lobe (the radiopaque object on the left is a 
surface ECG electrode). PA, postero-anterior.
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Figure 2 PA chest radiograph and CT scan of the chest showing minimal changes to the radiograph but very easily identified foreign body 
lodged in the right mainstem bronchus. PA, postero-anterior.

Figure 3 This CT chest easily identifies this pistachio shell in the left mainstem bronchus. This object is relatively radiolucent and was not 
visible on chest radiograph. 

therefore not directly visible on chest radiograph (Figure 2).  
Nonetheless, chest radiographs demonstrate indirect, 
albeit non-specific, findings of atelectasis, hyperinflation, 
bronchiectasis, or lobar consolidation in the majority 
of patients (18-22). Expiratory films can assess for focal 
hyperinflation related to ball-valve phenomena caused by 
a FB that is partially obstructing an airway on inhalation 
and completely obstructing an airway on expiration (20). 
In 14–35% of patients the chest radiograph will be entirely 
normal (1,6,16,20-23). 

Chest computed tomography (CT) is more sensitive for 
identification of FBs, helps with procedural planning, and 

has become the gold standard of imaging studies when a 
FB aspiration is suspected (Figure 3). In addition, virtual 
bronchoscopy via CT has been shown to have sensitivity 
of 100% and specificity of 75% in patients who were 
being evaluated for suspected FB aspiration. This can also 
be helpful in procedural planning as it can help predict 
which tools may be needed prior to bronchoscopy (23-27).  
Additional findings on CT of the chest can include: 
atelectasis, focal hyperlucency, bronchiectasis, lobar 
consolidation, tree-in-bud infiltrates, ipsilateral pleural 
effusion, ipsilateral hilar adenopathy, and thickened 
bronchial walls (23).

A B

A B
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Pre-procedural planning

The most important aspect of successful FB extraction is 
pre-procedural planning. This should involve the entire 
procedural team including the bronchoscopist, bronchoscopy 
assistants, nurses and anesthesiologist. Planning should 
involve discussion of the characteristics of the FB 
(organic, inorganic, metallic, plastic, smooth, friable, etc.),  
size, location in the airway, the anticipated step-wise 
approach to FB removal including back-up plans, as well 
as consideration of the patient’s co-morbid conditions. 
Working knowledge of the available bronchoscopy tools 
likely to be used is paramount in planning for FB removal. 
In addition, clearly defined contingency plans to maintain 
a patent airway and adequate ventilation throughout the 
case need to be carefully delineated, as interruption of a 
stable airway may be required during the procedure. Health 
care providers with expertise in airway management should 
be available to provide emergency airway management if 
needed (28,29).

Anesthesia and airway management

A variety of sedation approaches are possible including 
conscious sedation with spontaneous ventilation, general 
anesthesia with laryngeal mask airway or endotracheal 
intubation with positive pressure ventilation, or rigid 
bronchoscopy with jet ventilation (28,29). Each of these 
methods has advantages and disadvantages that need to be 
balanced in light of specific patient needs and anticipated FB 
characteristics. Use of conscious sedation and spontaneous 
respiration allows for the retrieval of objects through the 
mouth (the nose is too small to extract most foreign bodies) 
without the need for positive pressure or jet ventilation. This 
may obviate the need for general anesthesia and complete 
airway management but may require a level of cooperation 
from the patient only possible in selected cases. Patients 
may, for example, be asked to hold their breath during 
extraction to decrease airway movements for critical portions 
of the procedure. Endotracheal tubes provide a stable 
airway and allow for positive pressure ventilation which 
can be helpful in those patients in which hypoxemia may 
become an issue. However, the inner diameter is frequently 
too small for a FB to pass through, often necessitating 
removal en-bloc with the bronchoscope, retrieval device, 
and FB. In this situation, loss of airway control must occur 
temporarily to allow FB extraction. Laryngeal mask airways 
and rigid bronchoscopy also provide stable airways with 

larger inner lumens through which some FBs may be 
extracted without the need for extubation, thus eliminating 
the period of potential loss of airway. Rigid bronchoscopy 
also has the benefit of protecting the vocal cords from 
potential injury from a sharp FB. Larger objects still need 
to be removed en-bloc, resulting in temporary loss of airway 
control. Positive pressure and jet ventilation may need to 
be held though critical portions of FB extraction, including 
grasping of the FB and passage through the glottis (28).  
Spontaneous ventilation can sometimes lead to more 
collapsed airways thus making it more difficult to remove 
FBs, and positive pressure ventilation and jet ventilation 
can occasionally result in distal migration and more difficult 
FB removal (28,29). Constant communication between the 
bronchoscopist and the anesthesia team before and during 
the procedure is important to ensure safe and successful FB 
extraction. 

A carefully defined back-up plan for re-establishing 
an airway emergently should always be discussed before 
FB removal, including delineating which provider will be 
responsible for replacing an airway device that must be 
removed to deliver a large FB. It is also possible for the 
FB to become lodged in the subglottic region or in the 
retropharynx upon attempted removal resulting in complete 
airway obstruction. Preparation should include a plan for 
establishing a surgical airway in such an event (30). Magill 
forceps under direct or video laryngoscopic visualization 
can occasionally salvage such situations and obviate the 
need for emergent tracheostomy or cricothyroidotomy, and 
should always be kept on hand. 

Flexible versus rigid bronchoscopy

Flexible bronchoscopy has, in general, supplanted rigid 
bronchoscopy as the initial procedure for evaluation and 
management of FB aspiration. Flexible bronchoscopy 
allows for a more comprehensive airway survey and has 
an overall 90% success rate for retrieval (1,5,11-16,31). 
Flexible bronchoscopy is sometimes the only possible 
option, such as in the case of trauma patients with neck 
immobilization. It is noteworthy that rigid bronchoscopy 
is still considered the standard of care in pediatric patients 
by many bronchoscopists due to its intrinsic ability to 
provide ventilation and lesser chance of complete airway 
obstruction that may occur when a loose FB gets lodged 
in the sub-glottis, the narrowest portion of a child’s airway 
(10,31). Some FBs such as glass, nails, or thumbtacks 
may need to be shielded by an endotracheal tube or steel 
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Table 1 Advantages and disadvantages of flexible and rigid bronchoscopy for management of foreign body aspiration 

Flexible bronchoscopy Rigid bronchoscopy

Advantages Widely available Provides stable airway

General anesthesia not required Better able to manage central airway and asphyxiating FBs

More complete airway survey Can protect sharp objects with barrel

Can be used in setting of cervico-facial trauma or retrognathia Can remove objects without loss of airway

Can be used via endotracheal tube Additional tools available

Can perform flexible bronchoscopy through the rigid 
bronchoscope 

Disadvantages Does not provide a secure airway Limited resource

Cannot protect from sharp objects Requires higher level of training

Cannot protect objects as they transit the glottis Usually requires general anesthesia

Cannot be used in cervico-facial trauma

Cannot visualize past the central airways 

barrel of a rigid bronchoscope to avoid damaging the vocal 
cords during extraction (31). However, caution should be 
exercised when attempting to retrieve a FB through an 
endotracheal tube as it may result in FB impaction and 
precipitate acute respiratory distress. Significant bleeding, 
while a rare complication, is much easier to manage via 
rigid bronchoscopy, the barrel of which can be used to 
mechanically tamponade a bleed in accessible large airways 
and which allows for easy passage of adjunctive tools 
including large suction catheters and bronchial blockers (10).  
In general, rigid bronchoscopy is preferred in cases of 
acute respiratory distress (stridor, asphyxia), when retrieval 
via flexible bronchoscopy is expected to be particularly 
challenging, or when flexible bronchoscopy has failed. Rigid 
bronchoscopy should always be available as a backup for any 
case in which flexible bronchoscopy is chosen as the initial 
procedure. The advantages and disadvantages of flexible 
versus rigid bronchoscopy are summarized in Table 1. 

FB removal

In the absence of an asphyxiating FB, every case should 
start with a thorough airway survey. Care must be taken to 
asses both sides of the bronchial tree as 3–6% of patients 
may have bilateral FBs (31,32). In addition, coughing can 
result in expectoration of the FB or movement of the FB 
into an alternate airway than the one identified on CT scan. 
After the airway survey has been completed and the FB has 
been identified, the process of FB extraction can begin. In 

general, the bronchoscopist is responsible for maneuvering 
the bronchoscope into position and the first assistant is 
tasked with opening and closing the retrieval device. Care 
must always be taken to prevent pushing the FB more distally 
into the airway. More distal objects may need to be pulled 
back into the main airways where they can be grasped more 
easily by forceps or caught in baskets. This can be done 
by passing a Fogarty balloon catheter or flexible forceps 
beyond the object, inflating the balloon or opening the 
forceps, and then withdrawing the device to dislodge the 
FB more proximally. Once the FB is in the larger airways, 
a myriad of tools are available to the bronchoscopist for 
extraction. If the FB is not being extracted through a rigid 
bronchoscopy, care must be taken not to dislodge the FB 
from the extraction device as it passes through the glottis 
and the retropharynx by keeping it in view at all times as 
it is very carefully withdrawn (30). All attempts should 
be made to keep the FB from touching the walls of the 
trachea, vocal cords, or epiglottis during extraction as these 
are common reasons for displacement of the FB from the 
grasping instrument. Magill forceps should be available in 
the event that the FB is dislodged into the oropharynx. 

Instruments

Forceps

Forceps are the most utilized tools for FB extraction (1,5,12). 
They come in multiple configurations of teeth and bite 



3403Journal of Thoracic Disease, Vol 9, No 9 September 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(9):3398-3409jtd.amegroups.com

diameters to accommodate objects of varying size and texture, 
and are best used for extraction of objects with thin edges. 
Shark tooth, rat tooth, and alligator tips allow for the grasping 
of coins, plastic objects, and other non-friable organic FBs 
such as bones (Figure 4). Rubberized tips are best utilized 
for grasping more delicate objects or relatively smooth 
objects, and they can also be used to grasp sharp objects, 
thus protecting the airway mucosa from trauma caused by 
an exposed edge or point. Standard cupped forceps used for 
endobronchial biopsy are not as useful as the previously listed 
forceps. Forceps should generally not be used for removal of 
particularly friable objects such as food matter as this is likely 
to result in disruption of the FB into multiple fragments that 
may migrate into distal airways (31,33). 

When using forceps, fluoroscopy can be a useful adjunct 

to help identify more distal airway foreign bodies that are 
radiopaque such as pins and nails (34-36). There is one 
report of the use of navigational bronchoscopy to extract 
a distal airway pin (37). While these techniques can be 
useful in guiding retrieval, extreme caution should be 
taken to ensure that the object is not advanced into a distal 
airway beyond where it can be directly visualized by the 
bronchoscope.

Magnetic

Magnetic probes can be used for the retrieval of ferromagnetic 
objects in the airway. These probes can be advanced toward 
the FB until the magnet comes into contact with the FB 
and then slowly withdrawn towards the central airways. 
Magnetic probes do not provide a strong grasp on objects 
and loss of the FB in the upper airway on attempted 
retrieval is common. For this reason, they are typically used 
to move more distal FBs into the mainstem airways where a 
forceps or baskets are more effective (33,38-40).

Snares

Multi-prong snares are available for the extraction of larger 
objects (5,33). These consist of multiple thin wires with 
grasping tips that are pushed out into the airway and come 
together upon withdrawal of the instrument. The FB is 
then trapped in arms of the snare and withdrawn (Figure 5). 
Snares do not have the grasping power of typical forceps 
but the barbed tips allow for grasping of larger soft objects. 
Snares work best when the object has been pulled into the 
mainstem bronchi to allow room for the snare to maneuver 
and expand around the FB. 

Baskets

Baskets are the second most commonly used retrieval 
instrument in flexible bronchoscopy (1,5,12). They come 
in many shapes and sizes and provide a method for the 
removal of friable objects from the airway without breaking 
off pieces of the FB (Figure 6). In addition, these are helpful 
in the removal of round objects or objects that are too 
large for forceps to grasp. Baskets are typically composed 
of 3–8 wires attached to a lead point. The catheter is 
initially passed beyond the FB. Following this, the basket 
is deployed to allow it to open distal to the object. The 
basket is then withdrawn slowly. Minor twisting or flexing 
manipulations may be necessary for the FB to fall into 

Figure 5 Wire snare used to extract a large airway FB. FB, foreign 
body.

Figure 4 Rat toothed forceps with multiple broncholiths removed 
from a patient with history of histoplasmosis.
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the basket. Once the object is in the basket, it is pulled 
taught and the object, basket, and flexible bronchoscope 
are removed together. The number of wires in the basket 
should be determined by the size of the object. Fewer wires 
allows for larger objects to be caught in the basket, however, 
it will also make it easier for smaller FBs to fall out.

Fish net baskets can be used for larger objects or those 
that are difficult to trap in the wire basket (33). The net 
can be extended out of the working channel after which the 
bronchoscope is used to manipulate the net over the object. 
Once the object is within the net, the wire net is drawn 
back, trapping the object. The entire assembly including the 
bronchoscope can then be removed. 

Balloon catheter

A Fogarty arterial embolectomy balloon catheter is 
especially useful for objects that have been aspirated into 

the deeper airways. The catheter and balloon can be 
advanced beyond the object at which point the balloon is 
inflated and pulled back to displace the FB towards the 
mainstem airways. From the mainstem airways or the 
trachea, the FB can be grasped with forceps or caught in 
a basket. In addition, objects with central lumens, such as 
beads, may allow passage of the Fogarty catheter through 
the object allowing it to be removed without additional 
instrumentation (41-45). Fogarty catheters can also be 
advanced alongside the bronchoscope, which allows for the 
working channel of the bronchoscope to remain open for 
other tools such as baskets and forceps. Care must be taken 
with use of the Fogarty catheter, as aggressive attempts at 
withdrawal have resulted in failure of the device as well as 
pneumothoraces (46).

Cryoprobe

The use of the flexible cryoprobe for removal of foreign 
bodies has been shown to be very effective, especially for 
organic objects and those with significant surrounding 
granulation tissue (33,47-50). Cryoprobes can be used 
with both flexible and rigid bronchoscopy (Figure 7). In 
this technique, the cryoprobe is advanced towards the FB 
through the working channel. After coming into contact, 
the probe is activated to rapidly freeze the object and cause 
it to adhere to the cryoprobe tip. Once cryoadhesion has 
occurred, the object can be gently removed from the airway. 
Care must be taken not to touch the probe to the bronchial 
walls during this procedure as this can result in removal of 
bronchial tissue, bleeding and rarely airway perforation. 
The ability of FBs to cryoadhere is primarily based on the 

Figure 6 An aspirated pea has been caught in a 4-wire basket (A) and an aspirated nut caught in in a 3-wire basket (B).

Figure 7 Flexible cryoprobe has been passed through this flexible 
bronchoscope. The area of expected cryoadherence is represented 
by the frozen water surrounding the tip of the probe. 

A B
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Figure 8 This tooth lodged in the right mainstem (A) and was extracted leaving behind significant granulation tissue (B) that was 
cryoablated with repeated freeze-thaw cycles using the cryoprobe (C). 

water content of the object with objects of higher water 
content being more likely to adhere. Fruchter and Kramer 
evaluated the use of a flexible cryoprobe extraction in vitro 
with commonly aspirated objects (51). They demonstrated 
that 5 seconds of cold time lead to cryoadhesion of bones, 
vegetable matter, pills, and a few thin metal objects 
(paperclips, hair pins, stapler pins). Hard organic objects with 
lower water contents such as nuts were not adherent. Other 
objects that were not adherent included chewing gum, teeth, 
dental caps, nails, screws, metal coins, glass, and pen caps. 
Ten seconds of cold time did not improve cryoadherence 
nor did saline rinsing prior to applying cryo. Prior to 
bronchoscopy, testing of a known FB for cryoadherence can 
determine if this will be a particularly useful technique. One 
must keep in mind that organic objects will often cause a 
significant local tissue reaction with granulation tissue and 
mucus production, which may allow for cryo-adhesion even 
if in vitro testing does not support this (51).

In addition to direct retrieval of foreign bodies, the 
cryoprobe can be used for the destruction of surrounding 
granulation tissue which can free embedded objects (52).

Patient positioning

Patient positioning can be manipulated to improve the 
success of the procedure. Trendelenburg positioning can be 
useful in allowing FBs that are in the main airways to fall 
towards the upper airways rather than towards the lower 
airways thus allowing increased working space (53,54). 
This is especially useful when working with round objects 
such as beads and certain nuts which will tend to roll back 
down to the distal bronchi in supine positioning. Using a 
rigid bronchoscope, it is possible to use the Trendelenburg 

position to manipulate the FB into the barrel of the 
bronchoscope where it can be extracted without the use 
of forceps (54). In patients where the FB is soft and has 
been moved to the central airways but cannot be extracted, 
upright positioning and vigorous coughing may dislodge 
the object as well (33).

Post-retrieval care

After the FB has been retrieved, it is imperative that the 
bronchoscopist perform a repeat airway survey. A full 
airway survey should be completed to assess for additional 
FBs, which are identified in 3–6% of patients (31,32). 
Review of the area in which the FB was lodged should 
be done to assess for retained fragments of the original 
FB, bronchial stenosis, granulation tissue, or bleeding. 
If there are mucopurulent or purulent secretions, as are 
often found in chronic FB impaction with complications 
such as bronchiectasis and lung abscess, they should be 
collected for culture. Bleeding has been shown to occur 
in 1–5% of bronchoscopies for FB extraction and is 
often related to significant granulation tissue that can be 
highly vascular (1,6,12,14). This is often self-abating but 
sometimes requires management with topical epinephrine, 
electrocautery, Nd:YAG or Nd:YAP lasers, or by argon 
plasma coagulation (5,16,31,55). 

Granulation tissue occurs as a localized reaction to 
FB aspiration in up to 76% of patients and is noted 
with increasing frequency with longer duration between 
aspiration event and FB retrieval (Figure 8) (5,52). Some 
organic FBs and certain pill aspirations may result 
in exuberant granulation tissue within a few hours of 
aspiration. Peanuts, for example, have a high oil content 

A B C
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Figure 9 Cupped forceps are shown in use removing an aspirated 
sewing needle. The needle tip has been grasped in the forceps in 
order to protect the airways on extraction. 

that leads to an exuberant reaction (31,56). Occasionally 
objects can become embedded in the bronchial wall by 
granulation tissue. A short course of glucocorticoids, such as 
prednisone or methylprednisolone 0.5–1 mg/kg × 24 hours, 
has been reported to reduce granulation tissue and improve 
extraction in several case studies but evidence driving timing 
and dose of steroids is lacking (1,57). Granulation tissue can 
also be removed with electrocautery, laser, argon plasma 
coagulation, or cryoprobe prior to attempted removal to 
free the object from the bronchial wall (5,52). Care must 
be taken not to damage the bronchial wall with these 
maneuvers. After removal of a FB, residual granulation 
tissue can lead to persistent airway obstruction. In prior 
studies, residual granulation tissue often improves with 
steroids and time. However, if there is significant bronchial 
stenosis or obstruction caused by granulation tissue, removal 
at the time of initial bronchoscopy is warranted (1,5).  
Follow up imaging and/or bronchoscopy is should be 
performed to ensure resolution of granulation tissue. 

Significant bronchial stenosis can occur around, 
proximal, or distal to the FB related to inflammatory 
reaction and granulation tissue. Proximal airway stenosis can 
hinder the extraction of FBs and can be treated with balloon 
dilation prior to attempted extraction (58). Care must 
be taken to avoid compression of the FB by the dilation 
balloon during this procedure. Again, re-evaluation of the 
airway post-procedure should be complete and true airway 
stenosis should be treated with balloon dilation and/or  
destructive techniques as listed above to achieve airway 
patency (1,5). 

Challenges and complications

Sharp FBs such as nails, pins, and needles should be 
extracted by grasping the sharp point if possible. This 
protects the sharp end of the object while it is being 
retracted through the airway (Figure 9) (33). Attempts to 
grab the shaft of these objects leaves the free sharp end 
unprotected and injury to the bronchial and tracheal walls 
may occur. These objects also need to be pulled through 
the vocal cords and this is often only possible in their 
narrowest dimension to allow passage and reduce the risk of 
vocal cord and oropharyngeal injury. Rigid bronchoscopy 
should be considered in these instances, as this allows the 
bronchoscopist to guard the sharp aspect of the FB with the 
barrel of the rigid bronchoscope. 

Few objects are so excessively large that they are unable 
to be grasped with forceps or caught in a basket. These 
objects are quite difficult to remove and may require more 
coordinated care. Sehgal et al. reported the removal of a 
4.5-cm long fruit from the left mainstem bronchus using 
a cryoprobe (59). This object would not have fit into any 
basket and was friable and likely to be fragmented by 
forceps. Nd:YAG lasers have been used to break apart solid 
organic objects, such as bones, to facilitate extraction (5,60).

Attempted removal of a large object that leads to tracheal 
obstruction could lead to rapid inability to ventilate and 
an emergency situation. This is especially concerning in 
the subglottic area where FBs may become dislodged from 
forceps or baskets and remain high in the trachea. If this 
occurs, the FB should be pushed distally into one mainstem 
bronchus with the bronchoscope where it will not cause 
bilateral obstruction (30,31). Once this is completed and 
ventilation is re-established, repeat attempts at extraction 
can be undertaken. Strong consideration should be given 
to the use of rigid bronchoscopy for improved airway 
protection during subsequent attempts at extraction.

Loss of objects in the oropharynx can lead to repeat 
aspiration and tracheal obstruction/asphyxiation or can 
lead to the FB entering the esophagus. For loss above 
the glottis, Magill forceps should be available for prompt 
removal under direct or video laryngoscopy. If the FB is 
causing asphyxiation and cannot be immediately extracted, 
providers should be prepared to perform emergent 
tracheostomy or cricothyroidotomy (28,29). In the case of 
a FB entering the esophagus, transit through the GI tract 
is safe in most cases (as the majority of FBs are organic) 
with the exception of large or sharp objects. If this occurs, 
consultation with a gastroenterologist or general surgeon 
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for further management is recommended. 
In the event that a FB cannot be removed by flexible or 

rigid bronchoscopy, the procedure should be terminated and 
consultation with thoracic surgeon should be performed. 
This should represent the vast minority of cases (1,5,11-18). 
Thoracic surgery should also be available at the time of the 
procedure in the event of a significant complication, such as 
bronchial wall lacerations or airway compromise. 

Conclusions

FB aspiration, while uncommon in adults, still accounts 
for about 1 in 400 bronchoscopic procedures. This makes 
it difficult for an individual provider to develop experience 
with the available tools and techniques required for 
successful FB extraction. An experienced team including 
a bronchoscopist, bronchoscopy assistants, nurse, and 
anesthesiologist are required for successful extraction of 
airway FB. The vast majority of FBs can be extracted safely 
with flexible bronchoscopy and the use of forceps and 
baskets. However, the use of more advanced tools often not 
available in the community setting and the occasional need 
to utilize rigid bronchoscopy suggests that FB extraction 
should be performed in a facility that has advanced tools 
and trained personnel available whenever possible. 
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