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Introduction

Introduction The presence of foreign bodies in the airways remain a diagnostic
challenge to healthcare professionals. They can become life threatening emergencies
that require immediate intervention or go unnoticed for weeks and even months.
Prevention is best but early recognition remains a critical factor in treatment of foreign
body inhalation in children.

Objective To study the diagnostic advantages of virtual over rigid bronchoscopy in
the evaluation of children with suspected foreign body in the tracheobronchial tree and
plan for early management.

Methods A crossectional study conducted at a tertiary care hospital & medical
college in India. A total 24 patients (0-12-years-old) who presented with complaints
of sudden onset of coughing, choking, and breathing difficulty were included during
the 2-year duration, from January 2018 to December 2019. All patients underwent
virtual and rigid bronchoscopy.

Results In 8 patients, foreign bodies detected by virtual bronchoscopy were con-
firmed by rigid bronchoscopy. There was one case in which virtual bronchoscopy
showed no foreign body, but rigid bronchoscopy detected it. In 15 cases virtual and
rigid bronchoscopy did not show foreign bodies. The sensitivity, specificity, positive
and negative predictive value of virtual bronchoscopy were 88.88, 100, 100, and
93.75%, respectively.

Conclusions Virtual bronchoscopy is less invasive and does not require general
anesthesia but cost and availability are limitations. It can be used as method of
investigation in children with suspected foreign body aspiration.

In suspicious of foreign body aspiration, neck and thorax
radiographs are essential. In the first 24 hours of aspiration,

Chevalier Jackson' defined a foreign body as “an object or
a substance that is foreign to its location”. According to
Fidkowski et al., foreign body aspiration is one of the most
common causes of accidental death in children under the
age of 4.2
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most of the time radiographs are normal but can be abnormal
as duration passes.' The presence of a foreign body in the
airway can lead to obstruction and/or complications like lung
infection, atelectasis, destruction of the lung parenchyma,
bronchiectasis, and even death. Timely diagnosis and removal
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is necessary for prevention of complications.>™® If there is
suspicion of foreign body aspiration, bronchoscopy is advised
for definitive diagnosis and treatment.

Computed tomography (CT) virtual bronchoscopy is soft-
ware based; three-dimensional (3D) visualization formats
created from noninvasive medical imaging methods have
the goal of creating views similar to a minimally invasive
bronchoscopy procedure. It offers a detailed image of the
tracheobronchial tree, with minimal risk of infection or perfo-
ration, which helps preoperative planning for airway inter-
ventions that would otherwise not be possible.” When chest
radiography is not conclusive and there is a positive clinical
diagnosis, CT virtual bronchoscopy must be considered.

Our objective was to study the advantages of virtual over
rigid bronchoscopy in the evaluation of children with sus-
pected foreign body in the tracheobronchial airway, and to
plan for timely management.

Methods

This crossectional study was carried out in an Indian tertiary
level hospital & medical college, between January 2018 to
December 2019. There was a total of 24 patients, from 0 to
12-years-old who presented in the pediatric and ear, nose &
throat (ENT) outpatient department, emergency, and ward
with complaints of sudden onset of coughing, choking, and
breathing difficulty were included in the study. Patients
older than 13 years, foreign body already confirmed on chest
radiography, presenting with cerebral hypoxia secondary to
foreign body aspiration, and history of foreign body in
patients with severe respiratory distress were excluded.

A detailed history regarding complaints of sudden onset
of coughing, choking while playing, difficulty in breathing,
fever, stridor, current illness, and family history were taken
into consideration. History of any obvious foreign body
inhalation was asked from parents and elder siblings. A
detailed clinical examination of the nose and throat was
done, as well as general physical, systemic, and detailed
respiratory system examinations for air entry and abnormal
sounds. Oxygen saturation (SpO2) was checked. All patients
underwent chest radiographs. Preoperative anti-inflamma-
tory and injectable steroids were given to reduce airway
inflammation and oedema. All patients underwent rigid
bronchoscopy under general anesthesia.

A CT virtual bronchoscopy was performed in all cases,
through a helical CT scanner with 2-mm collimation, 1.5
pitch, 120kV, 100 mA, and a gantry rotation speed of 360°/
sec. All images were reconstructed at 1mm intervals using a
standard reconstruction algorithm into 3D virtual images.
The image generation was performed in three stages. By
using the workstation computer, navigation through the
tracheobronchial tree was performed interactively. The axial
images, as well as virtual bronchoscopic ones, were assessed
simultaneously and then reported by the radiologist.

After adequate preoperative measures, a rigid bronchos-
copy was performed in the operation room with use of
general anesthesia and a rigid pediatric bronchoscope (Karl
Storz, Tutligen, Germany), calibers 3, 4, 5, & 6.5 according to
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the patients’ age and built.. The whole respiratory tract was
carefully examined for the presence of foreign bodies, in-
flammation, anatomic abnormalities, purulent secretions,
and granulation tissue. The removal was done by using an
alligator jaw and a cup forceps. The results of rigid bronchos-
copy were then compared with virtual bronchoscopy images.

Results

In this study, a total 24 patients were included. Among them,
17 patients (70.84%) were 0 to 3-years-old, 4 (16.67%) were
between 3 to 6-years-old, 3 patients (12.5%) were in the 6 to
9-years-old age group. The most common age group was the
0 to 3-years-old. Out of 24 cases, 20 (83.33%) were male and 4
(16.67%) were female, which showed a male preponderance,
the M:F ratio being 5:1. The most common presenting
symptoms were cough (n= 14, 54.83%) and breathing diffi-
culty (n=12, 50%). While 10 patients (41.66%) had fever as
presenting symptom. On chest radiograph examination, 10
patients (41.67%) had consolidation, 3 (12.5%) had lung
collapse, and 1 had pleural effusion. For 11 patients
(45.84%) had no abnormalities on the chest radiograph.

In virtual bronchoscopy, a foreign body was detected in 8
patients (33.34%), while 16 (66.66%) of them had
none. ~Figure 1 shows a coronal CT image in which the
foreign body is in left main bronchus. ~Figure 2 shows an
image of a virtual bronchoscopy in which the foreign body is
in the left main bronchus. Out of 24 cases, 18 had other
changes like consolidation or collapse of the lung lobe,
ground glass density in the lungs, retained secretions in
the bronchus, and pleural effusion. Furthermore, 9 cases
(37.50%) had foreign body in the rigid bronchoscopy and 15
cases (62.50%) had none. =Figure 3 shows a foreign body in
left main bronchus during rigid bronchoscopy in the same
case as mentioned above. There were also 10 cases with other
changes like excessive mucus in bronchus, mucus plug in the
bronchus, slough in the subglottic region, subglottic mem-
brane, subglottic narrowing, and polypoidal lesion the in
lateral wall of trachea. The removed foreign bodies were a
custard apple seed, a ground nut, a tamarind seed, a peanut,
and a sugarcane husk.

Virtual and rigid bronchoscopy were positive (true posi-
tive) for foreign body in 8 patients, and both were negative
(true negative) in 15. In only 1 case, virtual bronchoscopy
was negative and rigid bronchoscopy was positive for foreign
body (false negative). There were false positive cases in
which virtual bronchoscopy was positive and rigid bron-
choscopy was negative for foreign body (~Table 1).

We calculated the sensitivity (88.88%), specificity (100%),
positive (100%), and negative predictive value (93.75%) of
virtual bronchoscopy . To measure intertest variability, the
Cohen kappa test was used the results obtained were: kappa
=0.909, standard error = 0.0886, and 95% confidence inter-
val=0.735 to 1.

The kappa value measures the proportion of nonrandom
agreement between two tests or two observers. As a rule of
thumb, results greater than 0.75 are considered excellent and
lower than 0.40 are poor. Since the kappa value obtained in
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Fig. 1 Foreign body in left main bronchus on a coronal CT image (arrow).
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Fig.2 Virtual bronchoscopy image of foreign body located in the left
main bronchus (arrow).

Table 1 Comparison of results between virtual bronchoscopy and rigid bronchoscopy.

Fig. 3 Foreign body seen in left main bronchus during rigid bron-
ARY choscopy (arrow).

Rigid bronchoscopy (foreign body removed) Total
Positive Negative
Virtual bronchoscopy Positive 8 0 8
(Foreign body detected) (True positive) (False positive)
Negative 1 15 16
(False negative) (True negative)
Total 9 15 24
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the test above is 0.909, there is a strong or excellent agree-
ment between the tests used in this study, so virtual bron-
choscopy can be used as a method of investigation in children
with suspected foreign body aspiration.

Discussion

In day-to -ay otorhinolaryngological practice, aspiration
of foreign body into the tracheobronchial tree is a common
problem, seen especially in children. The swallowing reflex is
much less developed in children and during inspiration objects
are more easily inhaled. Furthermore, this is often misdiag-
nosed and treated as respiratory tract infection/pneumonia,
asthma, or laryngitis, which can lead to complications.

Most commonly, the incidence of foreign body aspiration
(70.84%) was seen in children from 0 to 3-years-old in this
study. Our findings match those of Francois et al., who had
71% children younger than ?z—yealrs—old.8 The study by Sri-
vastava et al. had 61% children between 1 and 5 years of age,”
and the male to female ratio was 4:1, which was similar to
our study.’ It is understood that male children are more
playful, active and mischievous. The majority of patients in
our study are from lower socioeconomic status. Lack of social
education, poor personal habits, and parental awareness are
also important factors.

Our study’s findings are similar to those of Kugelman et al.,
who also mentioned that the most common presenting
symptoms of foreign body aspiration are choking and acute
cough.'? Burton et al. identified cough and wheezing as the
most common symptoms.'' Shubha et al. observed that the
clinical triad of cough, respiratory distress, and stridor was
highly predictive of foreign body aspiration.'? In our study,
the most common symptoms were also coughing (54.83%)
and breathing difficulty (50%).

We observed that chest X-ray was normal in as many as
45.84% of the cases. Therefore, foreign body in airway can’t
be ruled out by a negative chest X-ray. In our study, we
included suspected cases of foreign bodies in which chest
radiograph did not identify them, so those cases were
evaluated further by 3D CT scan with virtual bronchoscopy.
All cases underwent rigid bronchoscopy, and foreign bodies
were removed in 9 of them. In the study of Williams et al.,
the nature of removed foreign bodies was organic materials,
including nuts and seeds, which was similar to our study.'>
Ramirez-Figueroa et al. also showed that 64.4% foreign
bodies were organic in nature—mainly peanut, seeds and
beans—while 35.6% were inorganic.14 There was one case in
which no foreign body was detected on virtual bronchos-
copy but, when the patient underwent rigid bronchoscopy,
a sugarcane husk was found in the left main bronchus with
associated lung changes. Long standing neglected foreign
bodies with secondary lung changes, such as diffuse con-
solidation, cavities in the left lung, and pleural effusion,
might be the cause for missed foreign body on virtual
bronchoscopy.

The sensitivity and specificity of virtual bronchoscopy
compared with rigid bronchoscopy were 88.88 and 100%,
respectively. In the study by Haliloglu et al., the sensitivity
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and specificity of CT virtual bronchoscopy, compared with
rigid bronchoscopy, were 100%,'" similar to our study.
According to various studies, the sensitivity of multidetector
computed tomography (MDCT) scan for the detection of
bronchial foreign bodies is close to 100%, with a specificity
between 66.7 and 100%.'® Virtual bronchoscopy had a 100%
positive and 93.75% negative predictive value, in our study.
Hassan et al. showed that MDCT with a positive predictive
value of 75% and negative of 100%."”

Although virtual bronchoscopy is not used for removal of
foreign body directly, it can provide an accurate location of
the foreign body, which is helpful in the preparation prior to
surgical removal through rigid bronchoscopy. A negative
virtual bronchoscopy can prevent the patient from under-
going surgery and unnecessary hazards of general anesthe-
sia, since it is the only imaging modality with 99.9%
reassurance about the presence or absence of foreign
body.’ 8 When clinical diagnosis strongly suspects aspiration
of foreign body and chest radiograph is normal, virtual
bronchoscopy can be considered a diagnostic, life-saving
tool.

Conclusion

Virtual bronchoscopy is a non-invasive modality of investi-
gation for pediatric patients with suspicions of foreign body
aspiration that does not require general anesthesia. Howev-
er, the cost of virtual bronchoscopy and unavailability of its
software in peripheral centers are limitations. As for rigid
bronchoscopy, it is the gold standard diagnostic and treat-
ment method for tracheobronchial foreign body. Virtual
bronchoscopy provides a proper non-invasive image and
location of the foreign body in the tracheobronchial tree
preoperatively, thus reducing the duration of removal by
rigid bronchoscopy.

Compliance with Ethical Standards
This article is in compliance with ethical standards.

Ethical Approval
Institutional Ethics Committee approval was taken.

Informed Consent
The study had been performed after taking consent from
the parents of patients.

Funding
There are no funding sources.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 Jackson C, Jackson CL. Diseases of the air and food passages of
foreign body origin. Laryngoscope 1936;46(10):814
2 Fidkowski CW, Zheng H, Firth PG. The anesthetic considerations
of tracheobronchial foreign bodies in children: a literature review
of 12,979 cases. Anesth Analg 2010;111(04):1016-1025

International Archives of Otorhinolaryngology ~ Vol. 28 No. 3/2024 © 2024. The Author(s).

471



472 Role of Virtual Bronchoscopy in Evaluation of Suspected Foreign Body

w

v

[e2]

~

oo

=)

International Archives of Otorhinolaryngology Vol. 28 No. 3/2024 © 2024. The Author(s).

Black RE, Johnson DG, Matlak ME. Bronchoscopic removal of
aspirated foreign bodies in children. ] Pediatr Surg 1994;29(05):
682-684

Metrangelo S, Monetti C, Meneghini L, et al. Eight years’ experience
with foreign-body aspiration in children: what is really important
for a timely diagnosis? J Pediatr Surg 1999;34(08):1229-1231
Vane DW, Pritchard J, Colville CW, et al. Bronchoscopy for
aspirated foreign bodies in children. Experience in 131 cases.
Arch Surg 1988;123(07):885-888

Zerella JT, Dimler M, McGill LC, Pippus K]. Foreign body aspiration
in children: value of radiography and complications of bronchos-
copy. ] Pediatr Surg 1998;33(11):1651-1654

Bauer TL, Steiner KV. Virtual bronchoscopy: clinical applications
and limitations. Surg Oncol Clin N Am 2007;16(02):323-328
Frangois M, Thach-Toan,Maisani D, et al. [Endoscopy for explora-
tion for foreign bodies of the lower respiratory tract of the child.
Apropos of 668 cases]. Ann Otolaryngol Chir Cervicofac 1985;102
(06):433-441

Srivastava M, Tyagi S. Usefulness of virtual bronchoscopy in evalu-
ation of suspected foreign body in tracheobronchial tree. Int ] of
Otorhinolaryngol Head Neck Surg 2016;2(01):18-21

Kugelman A, Shaoul R, Goldsher M, Srugo I. Persistent cough and
failure to thrive: a presentation of foreign body aspiration in a
child with asthma. Pediatrics 2006;117(05):e1057-e1060

11

12

13

14

15

16

17

18

Prajapati et al.

Burton EM, Brick WG, Hall ]D, et al. Tracheobronchial foreign body
aspiration in children. South Med ] 1996;89(02):195-198
Shubha AM, Das K. Tracheobronchial foreign bodies in infants. Int
] Pediatr Otorhinolaryngol 2009;73(10):1385-1389

Williams A, George C, Atul PS, et al. An audit of morbidity and
mortality associated with foreign body aspiration in children
from a tertiary level hospital in Northern India. Afr J Paediatr
Surg 2014;11(04):287-292

Ramirez-Figueroa JL, Gochicoa-Rangel LG, Ramirez-San Juan DH,
Vargas MH. Foreign body removal by flexible fiberoptic bronchosco-
py in infants and children. Pediatr Pulmonol 2005;40(05):392-
397

Haliloglu M, Ciftci AO, Oto A, et al. CT virtual bronchoscopy in the
evaluation of children with suspected foreign body aspiration. Eur
J Radiol 2003;48(02):188-192

Cevizci N, Dokucu Al, Baskin D, et al. Virtual bronchoscopy as a
dynamic modality in the diagnosis and treatment of suspected
foreign body aspiration. Eur J Pediatr Surg 2008;18(06):398-401
Hassan MA, Youssef TA, El-Gharib M. Role of virtual bronchoscopy
in foreign body inhalation in children. Egypt ] Otolaryngol 2013;
29(04):249-253

Behera G, Tripathy N, Maru YK, et al. Role of virtual bronchoscopy
in children with a vegetable foreign body in the tracheobronchial
tree. ] Laryngol Otol 2014;128(12):1078-1083



