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Objective To define the criteria for bronchoscopy in children with suspected foreign body (FB) inhalation.
Study design Health history, physical examination, and radiologic examination were performed before bron-
choscopy in all children referred for suspected FB inhalation between 2003 and 2005.
Results A total of 142 children, ranging in age from 3 months to 14 years (median age, 20 months), were referred
with a history of suspected FB inhalation. An FB was found in 42 children with abnormal physical and radiologic
findings, in 17 children with abnormal physical or radiologic findings, and in 2 children with normal physical and ra-
diologic finding but persistent cough. Bronchoscopy revealed no FB in the children with normal physical and radio-
logic examinations and no symptoms (n = 16).
Conclusion In children with a history of choking, bronchoscopy is mandatory in the presence of persistent
symptoms, such as cough, dyspnea, and fever, or any abnormal physical or chest radiography findings.
Bronchoscopy is not necessary in asymptomatic children with normal physical and radiographic examinations.
(J Pediatr 2009;-:---).

F
oreign body (FB) inhalation in children is a dangerous event. It is the most common cause of accidental death in children
under age 1 year,1 and the risk for FB inhalation remains very high up to age 3 years. The majority of inhaled FBs are food
items, predominantly seeds and dried fruits.2-4 Prevention and rapid diagnosis can be lifesaving.5-7 The clinical presen-

tation and radiologic findings may be variable, can change with time, can be interpreted differently by different examiners, or
may even be normal.8-11 Inhalation of an FB into the airways is usually a dramatic event that can result in sudden suffocation,
choking, and paroxysms of coughing, followed by tachypnea and dyspnea. After the acute event, the effects may change, ranging
from minimal to signs and symptoms of complete airway obstruction.

The indications for bronchoscopy in cases of suspected FB inhalation are not well defined. Usually, a clear history of sudden
suffocation, a choking event combined with abnormal chest examination, or radiologic findings are accepted as reliable criteria
justifying the performance of bronchoscopy. A dilemma arises when a child with a suspected inhalation event presents with
a normal physical examination or a normal chest radiograph. In our institution, there once was no unified approach for de-
termining when to perform bronchoscopy in such cases. Most children were referred for bronchoscopy based on a positive
history only; however, some physicians required at least an abnormal physical or radiologic examination. To develop reliable
criteria for bronchoscopy, we conducted a prospective 3-year study during which all children who presented to our emergency
room (ER) with a history of suspected FB inhalation underwent bronchoscopy. The results of the bronchoscopy were analyzed
according to the initial ER assessment.
ENT Ear, nose, and throat

ER Emergency room

FB Foreign body
Methods
Between 2003 and 2005, all children age 3 months to 14 years who presented to the ER of the Hadassah University Hospitals
with a suggestive history of suspected FB inhalation within the past month were referred for bronchoscopy (n = 142). A sug-
gestive history included either a witnessed report of an acute episode of choking (n = 106) or an acute persistent cough (n = 36).

Before bronchoscopy, each child was examined by an experienced team comprising a pediatrician, a pediatric pulmonologist,
and/or an otolaryngologist, who reevaluated the history, symptoms, physical, and radiologic findings. Symptoms included
cough, dyspnea, labored breathing, drooling, dysphagia, vomiting, and fever. Abnormal physical findings included cough, fe-
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ver, tachypnea, hypoxemia, decreased lung sounds, wheezes, and crackles. Ab-
normal radiologic findings included air-trapping, atelectasis, infiltration,
mediastinal shift, and radioopaque FB.
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Figure 1. Incidence of FB inhalation found on bronchoscopy.
Group categorizations: Group 1, children with abnormal
physical and radiologic findings (n = 63); group 2, children with
abnormal physical and normal radiologic findings (n = 22);
group 3, children with normal physical and abnormal radio-
logic findings (n = 10); group 4, children with normal physical
and radiologic examination with symptoms (n = 31); group 5,
children with normal physical and radiologic examination and
no symptoms (n = 16).
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All 142 children were assigned before bronchoscopy to 1 of
5 groups according to symptoms and physical and radio-
graphic findings: (1) children with abnormal physical and ra-
diologic findings (n = 63), (2) children with abnormal
physical findings and normal radiologic findings (n = 22),
(3) children with normal physical findings and abnormal ra-
diologic findings (n = 10), (4) children with normal physical
and radiologic findings but with symptoms (n = 31), and (5)
children with normal physical and radiologic findings and no
symptoms (n = 16).

Bronchoscopy was performed in all children within
24 hours of hospitalization. Written informed consent to
perform bronchoscopy was provided by all parents before
the procedure.

Flexible or rigid bronchoscopy was performed after
6 hours of fasting, under general anesthesia with sevofluorane
gas or intravenous propofol. All of the bronchoscopies were
performed by experienced physicians, either ear, nose, and
throat (ENT) surgeons or pediatric pulmonologists. Our in-
stitution is unusual in that both the ENT surgeons and the
pediatric pulmonologists are experienced in performing rigid
bronchoscopy, whereas only the pediatric pulmonologists
perform flexible bronchoscopy. Children with abnormal
physical and radiologic findings are usually referred and
treated by the ENT surgeons unless an ENT surgeon or an op-
erating room is unavailable. All other children are referred to
the pediatric pulmonologists, who perform flexible bron-
choscopy as the first procedure and continue with rigid bron-
choscopy (under the same anesthesia) when an FB is found.

All children were observed in the hospital for 6 to 24 hours
after the procedure for immediate complications and over
the subsequent month for late complications.

Statistical Analysis
Two-sided Fisher exact tests were used to compare results
and calculate sensitivity, specificity, and positive and negative
predictive values of each variable. P values < .05 were consid-
ered significant.

Results

An FB was found in the airway in 61 of the 142 children
(43%). In all of these children, the FB was completely re-
moved. The mean age of the children who inhaled an FB
was 2.8 years (range, 3 months to 14 years; median, 19.5
months); 75% were under age 3 years, and 62% (n = 38)
were boys. Most of the inhaled FBs were seeds or dried fruits
(67%). Of the 61 FBs found, 5 were radioopaque and 4 were
found in children over age 5 years (scarf pins in Muslim
girls). Of the 61 children with an inhaled FB, 42 (69%)
were of Arab origin and 19 (31%) were Jewish. Some 87%
of the inhaled FB events occurred at home. Of the 106 chil-
dren with a history of choking, only 51 (48%) had an FB de-
tected by bronchoscopy.

The incidence of FB inhalation confirmed by bronchos-
copy was analyzed by the presence or absence of clinical
and radiological findings (Figure 1). The primary symptom
2

after the acute event was cough (n = 115; 81%), but fever
(n = 34), oxygen desaturation (n = 11), labored breathing
(n = 2), drooling (n = 1), and dysphagia (n = 1) also were ob-
served.

Clinical Findings
Localized areas of decreased lung sounds and wheezes were
significantly more common in the children with FB inhalation
compared with the children with normal bronchoscopy find-
ings (decreased lung sounds, 57% vs 15%; wheezes, 43% vs
17%). There were no significant differences in the prevalence
of crackles, signs and symptoms of upper respiratory tract
infection, or history of asthma between the 2 groups
(Table).

Chest Radiographic Findings
Mediastinal shift and radioopaque FBs were found only in
the children with an inhaled FB. Localized air-trapping was
significantly more common in the children with an inhaled
FB (50% vs 14%) (Table).

Of the 61 children with a bronchoscopy-proven FB inhala-
tion, 4 (7%) had normal chest auscultation, 16 (26%) had
normal chest radiographs, and 2 (3%) had both normal chest
auscultation and normal chest radiographs. However, it
should be emphasized that these 2 children suffered from
persistent cough, which began immediately after the sus-
pected inhalation event.

There was no clinical or radiologic finding with a suffi-
ciently high sensitivity and specificity or positive or negative
predictive value that could reliably differentiate between the
children with or without FB inhalation (Table).
Cohen et al



Table. Clinical and radiologic findings in the 142 children with suspected FB aspiration

FB found (n = 61),
% (n)

FB not found (n = 81),
% (n) Sensitivity Specificity PPV NPV P

History: Witnessed choking event 84% (51) 68% (55) 0.92 0.32 0.50 0.84 .0008
Symptoms: Cough 92% (57) 72% (58) 0.92 0.28 0.49 0.82 .003
Physical examination

Fever > 37.8 �C 31% (19) 43% (35) NS
SaO2 < 94% 15% (9) 2% (2) 0.25 0.97 0.88 0.63 <.0001
Dyspnea/tachypnea 15% (9) 7% (6) NS
Localized decreased lung sounds 57% (35) 15% (12) 0.57 0.85 0.74 0.73 <.0001
Localized wheeze 43% (26) 17% (14) 0.43 0.83 0.65 0.66 .001
Localized crackles 25% (15) 14% (11) NS
Normal auscultation 7% (4) 65% (53) 0.07 0.35 0.07 0.33 <.0001

History of asthma 10% (6) 9% (7) NS
Upper respiratory tract infection 26% (16) 36% (29) NS
Chest radiographs

Localized air-trapping 50% (30) 14% (11) 0.51 0.86 0.74 0.70 .001
Localized atelectasis 7% (4) 4% (3) NS
Localized infiltrate 15% (9) 21% (17) NS
Mediastinal shift 13% (8) 0 0.13 1.00 1.00 0.60 .001
Radioopaque FB 10% (6) 0 0.10 1.00 1.00 0.60 .01
Normal 26% (16) 67% (54) 0.26 0.33 0.23 0.36 <.0001

NPV, negative predictive value; NS, not significant; PPV, positive predictive value; SaO2, oxygen saturation.
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Bronchoscopy Findings
The mean time from the suspected inhalation event to bron-
choscopy was 93 hours (range, 3 hours to 30 days; median, 48
hours). Some 90% of the FBs found were removed during
rigid bronchoscopy. In 6 children (10%), the FB was re-
moved during flexible bronchoscopy using a Pentax 15 bron-
choscope and alligator forceps. Most of the inhaled FBs were
seeds or dried fruits (67%). In terms of location, 46% of the
FBs were found in the left-side airways, 37% were found in
the right-side airways, 15% were found in the trachea, and
2% were found in the larynx.

An FB was found in all 6 children with a radioopaque for-
eign body, in all 8 children with a mediastinal shift, and in 23
of 28 children (82%) with unilateral wheezes or decreased
lung sounds combined with unilateral hyperinflation or
atelectasis (Table).

Minor complications after bronchoscopy (eg, mild tempo-
rary hypoxia, fever within 24 hours) were noted in 12 chil-
dren, 10 of whom had undergone rigid bronchoscopy. One
immediate major complication developed during rigid bron-
choscopy in a child with an FB that was blocking the trachea.
This child had transient severe hypoxemia and bradycardia
that resolved after the FB was removed.
Discussion

In children with a suggestive history of FB inhalation, bron-
choscopy is mandatory in those with abnormal physical and/
or radiologic findings, and also in those with symptoms (eg,
cough, fever, dyspnea, dysphagia) but no physical or radio-
logic abnormalities. In our study group, we did not detect an
FB in any of the asymptomatic children with normal physical
and radiologic findings. Thus, we believe that these children do
not require immediate bronchoscopy; rather, they can be fol-
lowed and treated according to their clinical status (Figure 2).
Suspected Foreign Body Inhalation in Children: What Are the Ind
The accurate diagnosis of FB inhalation cannot rely on his-
tory alone even if based on a witnessed choking event. Al-
though such a history was obtained in 84% of the children
with a proven FB inhalation, it also was obtained in 68% of
the children without FB inhalation (sensitivity, 0.92; specific-
ity, 0.32; Table). An FB was not detected in 52% of the chil-
dren with a witnessed choking event.

Although numerous published retrospective studies ad-
dress the role of symptoms, signs, and radiography in the di-
agnosis of children with suspected FB inhalation, only a few
prospective studies have been published to date.12-15 Righini
et al13 reported a prospective study of 70 children with sus-
pected FB inhalation. An inhaled FB was found in 50 of these
children (71%), 7 of whom had normal physical and radio-
logic examinations. However, 5 of these children had a refrac-
tory cough, and 2 had cough and fever.

In our study group, of the 61 children with bronchoscopy-
proven FB inhalation, 7% had normal chest auscultation,
26% had normal chest radiographs, and 3% (2 children)
had both normal chest auscultation and chest radiographs
(Table). Note, however, that these latter 2 children were
symptomatic and exhibited persistent coughing starting im-
mediately after the suspected inhalation event.

The prevalences of a previous history of asthma and clin-
ical signs and symptoms of upper respiratory tract infection
were not significantly different in the children with FB inha-
lation and those without FB inhalation. Thus, such a history
should not influence the decision of whether or not to per-
form bronchoscopy.

The rate of positive bronchoscopies in our study was 43%
of all children. Excluding the 16 asymptomatic children from
the analysis, as we recommend, would increase the rate of
positive bronchoscopies to 48%. In the literature, the rate
of positive bronchoscopies ranges from 25% to 90%7,16-18

and depends mainly on the strictness of the indications for
performing bronchoscopy.
ications for Bronchoscopy? 3



Children with a suggestive history of foreign body inhalation

asymptomatic children with
normal physical findings and

normal chest radiographs

symptomatic children and/or
abnormal physical findings and/or

abnormal chest radiographs

immediate rigid
bronchoscopy if:

1. asphyxia 

2. radio-opaque FB 

3. mediastinal shift 

4. localized findings  

on chest a uscultation
and chest radiograph

flexible
bronchoscopy

clinical follow- up
no bronchoscopy

Figure 2. A recommended decision tree for FB aspiration in
children.
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In most centers, patients with suspected FB inhalation
are treated by ENT surgeons, who generally perform rigid
bronchoscopy because of their training and experience. In
some centers, the children are first evaluated by pediatric
pulmonologists, who generally are familiar only with flexi-
ble bronchoscopy. We believe that bronchoscopy for sus-
pected FB inhalation should be performed by a team of
physicians (pediatric pulmonologists and ENT surgeons)
well experienced in both types of procedures. How should
such a team determine the appropriate procedure? Wood
and Gauderer19 and the American Thoracic Society20 rec-
ommend that flexible bronchoscopy should be the first pro-
cedure in cases of equivocal FB inhalation, to avoid
unnecessary rigid bronchoscopies. In view of our findings,
we recommend that rigid bronchoscopy be performed as
the first procedure in children with one of the following:
a radioopaque FB, a mediastinal shift, or localized wheezing
or decreased lung sounds combined with unilateral atelec-
tasis or hyperinflation. Another indication for immediate
rigid bronchoscopy (although not observed in our study)
is to treat an asphyxiating child with a history of suspected
FB inhalation. In all other cases, flexible bronchoscopy
should be done first, continuing with rigid bronchoscopy
as needed under the same anesthesia. These procedures
can be done either in a bronchoscopy suite or in the oper-
ating room which are appropriately equipped with all the
necessary facilities and thus avoid an unnecessary second
anesthesia. This approach has been adopted and the setup
exists in our institution. It should be emphasized that the
second best and legitimate approach is a 2 stage procedure:
a flexible diagnostic bronchoscopy followed by a rigid bron-
choscopy in the operating room when needed.

Recently, several articles have been published addressing
the usefulness of flexible bronchoscopy in extracting inhaled
FBs in children. Swanson et al21 reported that in 26 of 39 chil-
4

dren, the inhaled FB could be extracted with a flexible bron-
choscope. This was done through an endotracheal tube,
a laryngeal mask airway, or a rigid bronchoscope. The FBs
were grasped with urologic forceps or a basket. Ramirez-
Figueroa et al22 reported extracting an FB in 21 of 22 children
using a flexible bronchoscope. In our study, it was possible to
extract the FB during flexible bronchoscopy in 6 of the 61
children. These children had aspirated dry seeds or other
flat FBs that could be easily grasped and extracted with the
alligator biopsy forceps of the flexible bronchoscope. Extract-
ing soft FBs, such as peanuts, is more difficult with such for-
ceps, because these FBs are usually crushed and fragmented
into small pieces. It should be emphasized that such a proce-
dure must be performed through the mouth or using a laryn-
geal mask airway,23 to prevent the FB from becoming stuck in
the nasal passages. We agree with the conclusion of Swanson
et al21 that a rigid bronchoscope should be readily available
when FB extraction is being attempted using a flexible
bronchoscope.

In our study, 46% of the FBs were found in the left-side air-
ways and 37% were found in the right-side airways. In most
previous studies, FB were found predominately in the right-
side airways;21,22 however, Sameh et al24 reported findings
58% of inhaled FBs in the left-side airways.

The nature and rate of the FBs found differed in the 2
groups in our study. The rate of FB detection by bronchos-
copy was 56% in the Arab children, compared with only
28% in the Jewish children. Given that Arabs comprise about
1/3 and Jews comprise almost 2/3 of the total population in
Jerusalem, the risk of FB inhalation is 4 times higher in the
Arab children. Similar findings were reported by Even
et al.14 The high rate of FB inhalation in Arab children can
be attributed to the fact that eating seeds and dried fruits is
a widespread custom in this population. The inhaled FBs
were dried fruits in 76% of the cases in Arab children, com-
pared with 52% in Jewish children (P = .08). Five of the 61
FBs found were radioopaque, and 4 of these FBs were found
in children over 5 years old (scarf pins in Muslim girls).

The main goal in treating FB inhalation in children is pre-
vention.25 This should be facilitated by educating parents of
young children to avoid keeping seeds and dried fruits in the
home. n
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