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Abstract

Background

Foreign-body aspiration is common in children aged 6 months to 3 years. However, with the

aging population and increasing prevalence of disabilities such as hemiparesis and neuro-

muscular diseases in adults, an increased incidence of aspiration is expected.

Methods

This was a multicenter retrospective, observational study in four major referral hospitals in

Daegu, South Korea, between 2000 and 2019. We included patients aged over 18 years

who were evaluated for tracheobronchial foreign-body aspiration by flexible bronchoscopy.

Comorbidities, type and location of foreign body, and radiologic findings were recorded.

Results

Of 138 patients who underwent flexible bronchoscopy for tracheobronchial foreign body

aspiration, 91 (65.9%) were men; the mean age was 66.3 (range: 29–87) years. A history of

definite choking was present in 60 (43.5%) patients. The most common site of the foreign

body was the right bronchus intermedius (27.5%). The most common type of aspirated for-

eign body was teeth (37.7%), followed by chicken bone (15.2%), nuts (14.5%) and fish bone

(9.4%). Iatrogenic events accounted for 37.0% of the cases of aspiration, and the foreign

body was successfully removed by flexible bronchoscopy in 91.3% of cases.

Conclusion

Foreign-body aspiration is not rare, even in adults who do not have predisposing factors. Iatro-

genic events accounted for about 40% of all cases of foreign body aspiration. In adults, flexible

bronchoscopy is relatively safe and has a high success rate for foreign-body removal.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0269493 July 6, 2022 1 / 9

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Jang G, Song JW, Kim HJ, Kim EJ, Jang

JG, Cha S-I (2022) Foreign-body aspiration into the

lower airways in adults; multicenter study. PLoS

ONE 17(7): e0269493. https://doi.org/10.1371/

journal.pone.0269493

Editor: Alessandro Marchioni, University Hospital

of Modena (Italy), Respiratory Diseases Unit,

ITALY

Received: November 11, 2021

Accepted: May 22, 2022

Published: July 6, 2022

Copyright: © 2022 Jang et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript.

Funding: HJK received the Grant. This research

was supported by the Bisa Research Grant of

Keimyung University in 2020. The funders had no

role in study design, data collection and analysis,

decision to publish, or preparation of the

manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0002-1878-1111
https://doi.org/10.1371/journal.pone.0269493
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0269493&domain=pdf&date_stamp=2022-07-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0269493&domain=pdf&date_stamp=2022-07-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0269493&domain=pdf&date_stamp=2022-07-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0269493&domain=pdf&date_stamp=2022-07-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0269493&domain=pdf&date_stamp=2022-07-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0269493&domain=pdf&date_stamp=2022-07-06
https://doi.org/10.1371/journal.pone.0269493
https://doi.org/10.1371/journal.pone.0269493
http://creativecommons.org/licenses/by/4.0/


Introduction

Tracheobronchial foreign bodies (TFBs) may be found incidentally or present with life-threat-

ening symptoms that require immediate intervention [1, 2]. Although aspiration into the

lower airways is common among children aged 5 years or less, it is rare in adults [3–5]. Alcohol

intoxication, sedative or hypnotic drug use, primary neurologic disorders, and seizure are pre-

disposing factors for TFBs [6, 7].

Previous studies of TFBs in adults reported that the type of foreign body differed according

to the medical environment and table manners [4, 7]. The most common TFBs were metallic

(41%) and organic (25.6%) in India [8]; chicken bone and fish bone in China [5]; and food and

garden peas in Belgium [1]. However, no data are available for Korean adults.

TFBs are not common in adults; however, aspiration is often seen in clinical practice. We

hypothesized that the aging of the population and prolonged survival of patients with disabili-

ties may lead to an increase in the incidence of TFBs, and alter the type thereof and predispos-

ing factors. No data have been published from Korea regarding hospital visits for TFBs or TFB

types in adults. Therefore, the aim of this study was to retrospectively analyse TFB types, and

their predisposing factors, clinical presentation, and treatment methods in adults.

Methods

Medical records were retrospectively collected from four major referral hospitals in Daegu,

South Korea, for the period 2000–2019. We excluded patients aged less than 18 years and

those with broncholith or bronchial tumors. We recorded the demographic information,

choking history, mental status, daily performance status, type of foreign body, radiologic find-

ings, and location of foreign body for 138 patients. The patients were categorized into those

with acute, subacute, chronic, or uncertain TFB. Acute TFB was diagnosed on bronchoscopy

within 7 days of the aspiration, subacute within 7–30 days of aspiration, and chronic 30 days

or more after aspiration. In the absence of a definite aspiration event, we defined TFB as uncer-

tain. Differences between acute and chronic groups were analysed. Relationship of age and

predisposing factor were analysed using chi-square test.

All patients underwent elective or emergent bronchoscopy for reasons such as aspiration,

foreign body on imaging, and chronic cough. Flexible bronchoscopy was performed under

light sedation administered through the mouth or a previously inserted endotracheal tube,

with spontaneous breathing or mechanical ventilation. Foreign-body removal was attempted

using suction, forceps, or a wire basket inserted through the bronchoscope channel. In case of

failure, additional procedures, such as rigid bronchoscopy, surgery, or transfer, were per-

formed. After the aspirated material had been removed, patients were monitored for adverse

events.

This study was approved by the Institutional Review Board of Keimyung University Dong-

san Medical Center, Korea (no. 2020-09-057).

Results

Baseline characteristics

The study participants included 91 male patients (65.9%) and the mean age was 66.3 ± 11.6

years (range: 29–87 years). Sixty patients (43.5%) had a history of aspiration and most (73.9%)

were able to perform activities of daily living independently. No predisposing factor was

detected in 97 patients (70.3%), while the most common predisposing factor was cerebrovas-

cular accident in 19 patients (13.8%), followed by traumatic loss of consciousness, Parkinson’s

disease, and seizures. At the time of bronchoscopy, 111 patients (80.4%) were alert. The most
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common location of the aspiration was at home (25.4%), followed by dental clinics (21.0%),

nursing hospitals (8.0%), hospitals (7.2%), and accident sites (3.6%). Table 1 summarizes the

baseline characteristics of the participants.

Clinical presentation and radiologic findings

The most common presenting symptom of TFB was cough (60.9%), and 61 patients (44.2%)

had dyspnea. Other clinical presentations were fever (23.9%), blood-tinged sputum (17.4%),

and wheezing (15.9%). Supplemental oxygen was required in 43 patients (31.2%) at the time of

presentation.

Table 2 summarizes the radiologic findings of the study participants. Foreign-body opacity

was seen in 51 (37.0%) of the 138 cases. The chest radiograph showed pneumonia in 37

patients (26.8%), atelectasis in 23 (16.7%), obstructive emphysema in 1 (0.7%), and normal

findings in 26 (18.8%).

Chest CT scans were taken in 127 (92.0%) patients before performing bronchoscopy and

TFBs were found in 78 (60.9%) chest CT scans. In 29 (22.8%) cases, no obvious foreign body

Table 1. Demographic characteristics of the patients (N = 138).

Parameters Values

Age 66.3 ± 11.6 (29–87)

Male 91 (65.9)

History of aspiration 60 (43.5)

Mental status

alert 111 (80.4)

not alert 27 (19.6)

Impairment of protective airway mechanism 41 (29.7)

alcohol or sedatives 2 (1.4)

brain tumor 1 (0.7)

cerebrovascular accident 19 (13.8)

dementia 2 (1.4)

mental retardation 2 (1.4)

Parkinson disease 3 (2.2)

seizure 3 (2.2)

traumatic loss of consciousness 4 (2.9)

Etc.� 5 (3.6)

Daily activity

without any help 102 (73.9)

cane / wheelchair 17 (12.3)

bed-ridden 19 (13.9)

Place of aspiration event

home 35 (25.4)

dentistry 29 (21.0)

nursing hospitals 11 (8.0)

in-hospital 10 (7.2)

accident 5 (3.6)

Chest CT scan 127(92.0)

Data are presented as n (%) or mean ± SD (range).

� Etc. includes intubation, hanging and psychosis.

https://doi.org/10.1371/journal.pone.0269493.t001
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was observed on chest CT scan, but CT findings such as suspicious endobronchial lesion,

mucus and atelectasis indicated the need for bronchoscopy.

Bronchoscopic findings

Emergency bronchoscopy was performed in 59 (42.8%) of 138 patients; ventilator support was

required for 14 patients (10.1%) during bronchoscopy. Table 3 lists the reasons for bronchos-

copy. The most common indication for bronchoscopy was aspiration (39.1%), followed by for-

eign body on imaging (29.0%), suspicious endobronchial lesion (13.0%), chronic cough

(8.7%), recurrent pneumonia (5.8%), and hemoptysis (3.6%).

The foreign bodies were located in the trachea in 1 patient (0.7%), right bronchial tree in 95

patients (68.8%), and left bronchial tree in 42 patients (30.4%) (Fig 1). In total, 38 foreign bod-

ies (27.5%) were located in the right bronchus intermedius and 32 (23.2%) in the right lower

lobe basal segment.

Relationship of age and predisposing condition

Among 36 patients aged less than 60 years, 16 (44.4%) had predisposing factors, such as mental

retardation, traumatic loss of consciousness, or stroke. However, among the 102 patients aged

60 years or older, 27 (26.5%) had risk factors for aspiration. (p = 0.073) (Table 4).

Comparison of patients with acute and chronic aspiration

Acute, subacute, and chronic aspirations were detected in 60 (43.5%), 19 (13.8%), and 16

(11.6%) patients. Forty-three (31.1%) patients had no history of aspiration.

In the acute group, 42 patients (70.0%) had a history of aspiration and underwent emer-

gency bronchoscopy, whereas 39 patients (65.0%) had a radiopaque foreign body on imaging.

In the acute group, the most common foreign-body type was tooth or dental prosthesis

(53.3%), followed by chicken or fish bones (33.3%) and pills (8.3%).

In the chronic group, only 1 patient underwent emergency bronchoscopy, and 15 (93.8%)

underwent elective bronchoscopy. In the chronic group, only two patients had a history of

Table 2. Radiographic findings in patients with tracheobronchial foreign bodies.

Radiologic findings N (%)

Foreign body opacity 51 (37.0)

Pneumonic infiltration 37 (26.8)

Normal 26 (18.8)

Atelectasis 23 (16.7)

Obstructive emphysema 1 (0.7)

https://doi.org/10.1371/journal.pone.0269493.t002

Table 3. The indication of bronchoscopy.

Reason of bronchoscopy N (%)

Aspiration history 54 (39.1)

Foreign body on image 40 (29.0)

Suspicious endobronchial lesion on image 18 (13.0)

Unexplained chronic cough 12 (8.7)

Recurrent pneumonia 8 (5.8)

Haemoptysis 5 (3.6)

Suspicious bronchopulmonary fistula 1 (0.7)

https://doi.org/10.1371/journal.pone.0269493.t003
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aspiration and the most common indications for bronchoscopy were recurrent pneumonia

and unexplained chronic cough (56.3%). Suspicious endobronchial lesions were noted on the

chest radiograph of three patients.

Foreign-body types

Table 5 summarizes the TFB types. The most common TFB material was tooth (37.7%), fol-

lowed by chicken bone (15.2%), nuts (14.5%) and fish bone (9.4%). Iatrogenic causes of aspira-

tion were found in 51 patients (37.0%), and included dental procedures, intubation, and

tracheostomy tube change.

Fig 1. Distribution of the location of foreign body in bronchus. (Total N = 138).

https://doi.org/10.1371/journal.pone.0269493.g001

Table 4. Relationship of age and predisposing factors.

Age < 60 Age� 60 P-value

With predisposing factor 16 (44.4) 27 (26.5) 0.073

Without predisposiong factor 20 (55.6) 75 (73.5)

Presented as N (%)

https://doi.org/10.1371/journal.pone.0269493.t004
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Outcome of flexible bronchoscopic removal of foreign-bodies

Flexible bronchoscopic foreign-body removal was successful in 91.3% of patients. Most

patients experienced no adverse events. After bronchoscopy, minor bleeding occurred in five

patients (3.6%) and fever occurred in one patient (0.7%). Of the 126 cases in which foreign

bodies were successfully removed by flexible bronchoscopy, bronchoscopic forceps were used

in 84 cases, and wire baskets were used in 21 cases. Of the 12 cases in which flexible bronchos-

copy failed to remove the foreign body, foreign bodies were removed spontaneously by cough-

ing in two cases. One patient underwent rigid bronchoscopy, two underwent surgery, and two

were transferred to other hospitals. Three remained without additional treatment, and two

had lost follow-up.

Discussion

The incidence of TFB among adults is relatively low. We collected data from four major uni-

versity hospitals in our city and identified 138 cases of TFB in the past 20 years. In our study,

iatrogenic causes of aspiration were seen in 37.0% of patients and the most common aspirated

materials were teeth. Additionally, most TFBs (91.3%) were successfully removed by flexible

bronchoscopy without serious adverse events.

We expect that the incidence of TFB may increase due to an increase in predisposing condi-

tions, such as stroke, Parkinson’s disease, and motor neuron disease. However, people with no

predisposing factors accounted for 70.3% of the cases in this study. Even healthy people are at

risk of aspiration during dental treatment, and the risk is increased by local anesthesia, a

supine position, and decreased cough reflex because of sedation [9]. In this study, teeth were

the most common identified foreign material, which explains why people without risk factors

for aspiration had to undergo bronchoscopy because of TFBs. Due to the aging of society, the

number of dental treatments may increase. Moreover, the increase in the number of implant

procedures, which are popular in Korea and increase the risk of aspiration, may also contribute

to an increase in TFBs during dental treatment [10–12].

While the relationship of age and predisposing factor was statistically insignificant in this

study, foreign-body aspiration may occur during seizure, or due to trauma or predisposing

condition in relatively young people. On the other hand, even those without predisposing fac-

tors, aspiration may occur more frequently in elderly people. This is, in contrast to previous

reports that many young patients accidentally aspirate small plastic or metal objects intro-

duced into the mouth [13].

Table 5. The type of tracheobronchial foreign bodies.

Aspirated material N (%)

Tooth 52 (37.7)

Chicken bone 21 (15.2)

Nuts, seeds, bean and cone 20 (14.5)

Fish bone 13 (9.4)

Food particle 12 (8.7)

Unknown 7 (5.1)

Pills 5 (3.6)

Tracheostomy tube 2 (1.4)

Etc. 6 (4.3)

�Etc. includes a cotton swab, a Go stone, a nail, a nut, a drawing pin and a piece of rubber

https://doi.org/10.1371/journal.pone.0269493.t005
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The clinical manifestations of TFB are variable and nonspecific [5]. In our study, 20 patients

(14.5%) did not have cough, wheeze, bloody sputum, or dyspnea. A history of aspiration was

not found in 60 patients (43.5%). The diagnosis is usually clear in cases of choking or an aspi-

ration history. However, in the absence of such a history, and among patients who cannot ver-

bally explain their symptoms, the correct diagnosis cannot be made. Occult TFBs in adults can

remain undetected for years, leading to incorrect diagnoses [14, 15]. In this study, recurrent

pneumonia and unexplained cough were the most common indications for bronchoscopy in

the chronic TFB group. Foreign body aspiration occurs infrequently in adults and has nonspe-

cific clinical manifestations; therefore, a high index of clinical suspicion is required to make

the correct diagnosis. Patients with unexplained chronic respiratory symptoms (hemoptysis,

cough, or recurrent pneumonia) should undergo bronchoscopy, even if the chest radiograph is

normal and there is no history of choking, because TFBs may cause nonspecific chronic respi-

ratory symptoms in adults without predisposing factors [15, 16].

Radiopaque foreign bodies were found in 37.0% of the patients in this study, a higher rate

than in previous studies, which reported radiopaque foreign bodies in 10–20% of patients [17,

18]. Many types of radiopaque materials may be aspirated, including implant screws and den-

tal and medical devices. Most iatrogenic TFBs are radiopaque; chest radiography is a non-inva-

sive and useful tool for the diagnosis of TFB. Even if the foreign body is not radiopaque, chest

radiographs may reveal signs such as atelectasis or obstructive pneumonitis, which are indica-

tions for bronchoscopy. Chest CT scan showed almost twice the foreign body detection rate

compared to simple chest radiography in this study. Chest CT scan s not only useful for find-

ing non-radio-opaque TFBs, but also for finding complications of TFBs such as aspiration

pneumonia, pneumomediastinum and bronchiectasis [19].

The most common TFB type in this study was tooth; however, previous studies reported

that the most common TFBs were fish and chicken bones in adults [3, 20], and magnets in

children [3]. With the aging of the population, the number of people receiving dental treat-

ment, and the frequency of TFBs, will increase. Dentists have recognized this problem and

developed methods to prevent aspiration [21, 22]. Iatrogenic foreign-body aspiration

accounted for 37% of all cases in this study. During intubation, teeth were aspirated in three

cases, and pills, tracheostomy tubes, and cotton swabs were aspirated through the tracheos-

tomy holes. As patients with risk factors for aspiration receive more medical interventions, the

incidence of iatrogenic TFBs is expected to increase in the future. Therefore, more precautions

are required to prevent aspiration during medical practices that increase aspiration risk.

Flexible bronchoscopy was successful in removing TFBs under light sedation in 91.3% of

our patients. Several studies have reported the safety and effectiveness of TFB retrieval by flexi-

ble bronchoscopy [23, 24]. Delayed diagnosis of TFBs may increase the risk of lung resection

[25]. TFBs may represent an especially significant problem for patients with mental or physical

handicaps. Flexible bronchoscopy can be performed without general anesthesia [7]. In addi-

tion, removal by flexible or rigid bronchoscopy avoids the need of lung resection and preserves

lung function. In our study, the most common cause of failure of removal the TFBs with flexi-

ble bronchoscopy was risk of bleeding due to inflammation with the surrounding tissues. In

particular, rigid bronchoscopy could be a good option for these cases to remove TFBs and pre-

serve lung volume. Also, flexible bronchoscopy is valuable in patients at high risk for general

anesthesia [26].

Our study has several strengths and limitations. This data is representative, because for-

eign-body aspiration in adults is uncommon and we collected the data for past 20 years from

all major university hospitals where bronchoscopy is available in our city. And the type of for-

eign body may vary depending on the table manners, medical environment, subjects’ age and

times. This is the first data that iatrogenic foreign-body aspiration is the major cause of TFB.
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This is an important information that reminds the clinicians of the need to pay more attention

in their practice. On the other hand, it has the limitations because of its retrospective observa-

tion study design; selective bias for only including patients who had taken bronchoscopy, a

limitation of relying solely on the medical records left and not being able to investigate addi-

tional data.

Foreign-body aspiration can occur even in people without predisposing factors. The most

common aspirated material in this study was tooth, and iatrogenic events accounted for 37%

of TFBs. Flexible bronchoscopy with light sedation was relatively safe and effective for remov-

ing TFBs.
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