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Background: This study aims to analyze factors related to the location of tracheobronchial foreign bodies

in infants and children, and provide help in the assessment of the disease, surgical risk and prognosis.

Methods: The clinical data of 1,060 pediatric patients with tracheobronchial foreign bodies diagnosed from

January 2015 to December 2015 were retrospectively studied, the association of the location of the foreign

bodies with age, gender, granulation formation, chest computed tomography and 3D reconstruction results,

preoperative complications, operation time, and hospital stay was analyzed.

Results: The location of foreign bodies was not correlated with age, gender, operation time and length

of hospital stay, but was correlated to granulation formation, chest computed tomography and 3D

reconstruction results, and preoperative complications.

Conclusions: The location of foreign bodies was correlated to granulation formation, the location of

foreign bodies displayed by chest computed tomography, and preoperative complications.
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Introduction

"Tracheobronchial foreign body is one of the most common
critical diseases in otolaryngology-head and neck surgery.
Due to anatomy, physiology, eating habits, infant curiosity
and other factors, tracheobronchial foreign body mostly
occurs in 1-3-year-old infants; and the complication rate
and mortality are relatively high (1-4). The severity depends
largely on the nature of the foreign body and the degree of
obstruction determined by the location of the foreign body.
The complete blockage of the larynx or trachea by foreign
bodies is the main cause of death in infants below three years
of age. When the foreign body is located in the left and right
principal bronchi and the next lower level bronchi, it can
lead to repeated pneumonia, emphysema, atelectasis, or even
death (5). Previous studies on tracheobronchial foreign bodies
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have mostly focused on the description of the age, gender,
nature of the foreign body, diagnosis and treatment (6-10).
However, few studies were conducted on the association of
the location of the foreign body with age, gender, operation
time and length of hospital stay. In the present study, factors
related to the location of foreign bodies were investigated
and studied to provide help in the diagnosis of diseases and
related complications, the timing of operation, and the
evaluation of the operation risk and prognosis.

Methods
Clinical data

The clinical data of 1,060 infants and children, who were
diagnosed with tracheobronchial foreign bodies and
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underwent rigid bronchoscopy in Nanjing Children’s
Hospital Affiliated to Nanjing Medical University from
January 2015 to December 2015, were retrospectively
analyzed. Inclusion criteria: (I) infants and children with
or without a definite history of foreign body cough; (II)
subjects with clinical manifestations of cough, asthma, fever
and dyspnea; (IIT) pulmonary auscultation reveals weakened
unilateral respiratory sounds, coarse double lung respiratory
sounds, wheezing sounds, and dry or moist rales; (IV) chest
CT reveals emphysema, atelectasis and pneumonia; (V)
tracheobronchial 3D reconstruction reveals an obstructed
shadow of the foreign body in the airway. Exclusion criteria:
(I) patients who were able to spontaneously coughed out
the foreign body after hospitalization; (II) patients with
a history of asthma or acute infection of the superior
respiratory tract; (III) patients with foreign bodies that
could not be removed under a rigid bronchoscope, and
needs to be transferred to other departments for treatment.
A correlation analysis was performed according to age,
gender, chest CT and 3D reconstruction and complications,
the location of the foreign body (the location of the foreign
body revealed by imaging and bronchoscopic findings),
treatment outcome, and length of hospital stay. This study
was conducted with approval from the Ethics Committee of
our hospital. This study was conducted in accordance with
the declaration of Helsinki.

Therapeutic methods

Patients underwent bronchoscopy and the removal
of the foreign body under general anesthesia within
24 hours after admission. Combined intravenous anesthesia:
intravenous injections of 0.1 mg/kg of midazolam (batch
number: 20130480, Jiangsu Nhwa Pharmaceutical Co.,
Ltd., Xuzhou, China), 0.3 mg/kg of dexamethasone (batch
number: 1208176412, Shandong Chenxin Pharmaceutical
Co., Ltd., Jining, China), and 2 mg/kg of propofol (batch
number: KA500, AstraZeneca, Basilico, Italy) were
successively performed. After 30 seconds, 3 pg/kg of
fentanyl (batch number: 2121130, Hubei Yichang human
well Pharmaceutical Co., Ltd., Yichang, China) was slowly
intravenously injected (the injection was completed at
60 seconds, and the spontaneous breathing of the patient
was maintained), and 100 pg-kg"'min™' of propofol was
used for maintenance. After 4-6 minutes, the epiglottis was
stirred up with an anesthetic laryngoscope, 1% lidocaine
hydrochloride (batch number: 7A99J1, China Otsuka
Pharmaceutical Co, Ltd., Tianjin, China) was inhaled in the
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trachea with respiratory for full surface anesthesia of the
trachea. Then, after 8 minutes, the operation was begun.

Surgical methods: A rigid bronchoscope was inserted
through the throat (the bronchoscope was any type of
STORZE (Germany), and the corresponding size of the
bronchoscope was chosen according to the age of the
child). The bronchoscope was entered into the trachea and
bronchus to remove the foreign bodies. Granulation was
removed when found. If the foreign body was broken or
the mucous membrane bled, alveolar lavage was performed
with 2 mL of 1% lidocaine hydrochloride solution
containing 1:100,000 epinephrine hydrochloride (batch
number: 1606161, Zhucheng Pharmaceutical Co. Ltd.,
Zhengzhou, China). After 30 seconds, the lavage fluid was
sucked out using 50-70 mmHg of negative pressure, and
rinsing was repeated until the tracheobronchial lumen was
unobstructed. Routine electrocardiogram and blood oxygen
saturation were monitored during the operation. Routine
intravenous administration, as well as nebulized inhalation
of antibiotics and hormone, was given after the operation.
Chest fluoroscopy was performed at three days after the
operation. If no obvious abnormality was found, the patient
was discharged.

Statistical analysis

Data were statistically analyzed using statistical software
SPSS19.0. The rank correlation coefficient was used to
describe the association between two quantitative variables,
or between a quantitative and categorical variable, which
were not normally distributed. For the association analysis
of two categorical variables with at least one variable as
an unordered categorical variable, the independence of
two attributes was first evaluated using y’-test, according
to the contingency tables obtained by cross classification
and counting (if these could not be evaluated using y’-
test, Fisher’s exact probability test was used). Then, the
correlation coefficient was calculated. In the present study,
the inspection level was a=0.05.

Results

The correlation between the location of the foreign bodies
with age, operation time, and length of bospital stay

Rank correlation analysis revealed that the location of the
foreign bodies was not correlated with age, operation time

and length of hospital stay (P>0.05, Table 1).
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Tablel The relationship between the location of foreign body, age,
operation time and hospitalization time

Index Correlation coefficient P
Age (year) 0.036 0.245
Operation time (minute) 0.011 0.721

Hospitalization time (day) -0.063 0.066

The correlation between the location of foreign bodies and
gender

 -test revealed that the difference in the location of foreign
bodies between two genders was not statistically significant
at an inspection level of a=0.05 (x’=6.537, P=0.088).
Furthermore, it could not be considered that the location of
the foreign body was related to gender (Table 2).

Correlations between the location of the foreign body and
granulation formation

Fisher’s exact probability test revealed that the difference
in the location of foreign bodies between the presence and
absence of granulation formation was statistically significant
at an inspection level of a=0.05 (Fisher =16.368, P=0.001),
and the coefficient of contingency was 0.123. This indicate
that the location of the foreign body was lowly correlated to
granulation formation (Table 3).

Correlations between the location of the foreign body and
the location of foreign bodies displayed by chest CT

The difference in the actual location of the foreign bodies
among the locations of foreign bodies displayed by CT
was statistically significant at an inspection level of a=0.05
(Fisher =1,245.159, P<0.001), and the coefficient of
contingency was 0.749. Furthermore, this indicates that
the location of the foreign body was highly related to the
location of the foreign body displayed by chest CT (Tuble 4).

Correlations between the location of the foreign body and
preoperative complications

The difference in the location of foreign bodies based on
the presence of preoperative complications was statistically
significant at an inspection level of 0=0.05 (Fisher =21.328,
P<0.001), and the coefficient of contingency was 0.132.
This indicates that the location of the foreign body was
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lowly correlated to preoperative complications (7able 5).

Discussion

Tracheobronchial foreign body is one of the most common
critical diseases in otolaryngology-head and neck surgery
in a children’s hospital, which often occurs in 1-3 years
old infants. This requires doctors in otolaryngology-
head and neck surgery to provide the timely and accurate
diagnosis and treatment of tracheobronchial foreign bodies.
Bronchoscopy under general anesthesia is the gold standard
for the diagnosis of tracheobronchial foreign bodies.
Furthermore, history of foreign body cough, asymmetry of
lung auscultation and chest imaging examination are the
common clinical diagnostic bases, which play extremely
important roles in the clinical diagnosis of tracheobronchial
foreign bodies.

In the present study, 1,060 infants and children with
tracheobronchial foreign bodies were studied. Results
revealed that tracheobronchial foreign bodies accounted
for 92.5% in 0-3-year-old infants, 64.3% in male patients,
and 88.9% in patients with plant foreign bodies. This is
consistent with the results of previous reports (11-13). In
the present experiment, 1,060 infants and children who
underwent bronchoscopy were studied. Results revealed
that the location of the foreign bodies was not correlated
with age, gender, operation time and length of hospital
stay. Johnson et /. (14) reported that the location of foreign
bodies changed with the age of the children, and affected
mechanical ventilation and hospital mortality. The reason
may be that in their study, the age of the children was
0-17 years old, and the foreign bodies were located in the
larynx, trachea, bronchus and secondary bronchus. In the
present study, among the 1,060 infants and children, the
minimum age was 6 months, the maximum age was nine
years and 11 months old, and the main locations of the
foreign bodies were the trachea and left and right bronchi.
The reason may be the differences in living habits and
environment in different regions. On the other hand, the
common complication of tracheobronchial foreign bodies
is granulation formation; particularly, plant foreign bodies
that are rich in oil are more likely to induce granulation.
Previous literatures have provided various reports on risk
factors for granulation formation (15,16). However, there
has been no report on the correlation between granulation
formation and the location of foreign bodies. The present
study revealed that the difference in the location of foreign
bodies detected by bronchoscopy between the presence and
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Table 2 Association analysis of foreign body location and gender (%)
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Foreign body location

Gender X P Coefficient
Left bronchus  Right bronchus  Trachea  No foreign body detected Total
Male 308 (45.2) 320 (46.9) 32 (4.7) 22 (3.2) 682 (64.3) - - -
Female 178 (47.1) 155 (41.0) 29 (7.7) 16 (4.2) 378 (35.7) - - -
Total 486 (45.8) 475 (44.8) 61 (5.8) 38 (3.6) 1,060 (100.0) 6.537  0.088 0.078
Table 3 Association of foreign body location with granulation formation
; Foreign body location
Granul.atlon Fisher P Coefficient
formation Left bronchus  Right bronchus  Trachea  No foreign body detected Total
No 304 (32.6) 306 (32.8) 36 (3.9) 3(0.9) 649 (69.6) - - -
Yes 151 (16.2) 130 (13.9) 2(0.2) 0(0) 283 (30.4) - - -
Total 455 (48.8) 436 (46.8) 38 (4.1) 3(0.3) 932 (100.0) 16.368  0.001 0.123
Table 4 Association of foreign body location with CT foreign body location
; Foreign body location
Forelgn body Fisher P Coefficient
location Left bronchus Right bronchus Trachea No foreign body detected Total
Left bronchus 456 (45.4) 14 (1.4) 2(0.2) 4(0.4) 476 (47.4) - - -
Right bronchus 9(0.9) 440 (43.8) 6 (0.6) 2(0.2) 457 (45.5) - - -
Trachea 16 (1.6) 16 (1.6) 38 (3.8) 1(0.1) 71(7.9) - - -
Total 481 (47.9) 470 (46.8) 46 (4.6) 7(0.7) 1,004 (100.0) 1,245.159 <0.001  0.749
Table 5 Association of foreign body location with and preoperative complications (%)
i Foreign body location
Preopc.-:trat!ve Fisher P Coefficient
complications | eft bronchus ~ Right bronchus ~ Trachea No foreign body detected Total
No 335 (33.3) 324 (32.2) 44 (4.4) - - - - -
Yes 149 (14.8) 146 (14.5) 2(0.2) 0(0) 297 (29.5) - - -
Total 484 (48.1) 470 (46.7) 46 (4.6) 7 (0.7) 1,007 (100.0) 21.328 <0.001 0.132

absence of granulation formation was statistically significant
at an inspection level of a=0.05 (Fisher =16.368, P=0.001),
and the coefficient of contingency was 0.123. This indicates
that the location of the foreign body was lowly correlated
to granulation formation, and the incidence of granulation
was higher in patients with bronchial foreign bodies than in
patients with tracheal foreign bodies.

Imaging examination, especially chest CT and 3D
reconstruction, is essential to patients with tracheobronchial
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foreign bodies. The present study revealed that the
coefficient of contingency between the location of the foreign
body under a bronchoscope and the location of the foreign
body revealed by CT was 0.749 (P<0.001). This indicates
that the location of the foreign body under a bronchoscope
was highly correlated to the location of the foreign body
detected by chest CT and 3D reconstruction. Previous
studies have revealed that the sensitivity and specificity of
chest CT in the diagnosis of tracheobronchial foreign bodies
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were higher than those of X-ray chest films (17,18). Chest
CT and 3D reconstruction can be used for the diagnosis of
tracheobronchial foreign bodies in children: (I) the presence
of any tracheobronchial foreign body; (II) the determination
of whether the foreign body blocked the airway, whether
atelectasis occurred in case of complete obstruction, and
whether distal pulmonary emphysema was induced by the
valve mechanism in case of incomplete obstruction; (III) the
determination of whether pneumonia occurred; (IV) the
determination of whether complications such as subcutaneous
emphysema, mediastinal emphysema and pneumothorax
occurred; (V) the determination of whether the child has any
foreign body or related complications, who has no significant
history of foreign body, and has suspected symptoms
and signs for foreign bodies. In summary, the correlation
of the location of foreign bodies with chest CT and 3D
reconstruction revealed that the high correlation between the
locations of foreign bodies suggests that clinicians should put
importance to the use of CT, which is helpful for the accurate
diagnosis of the disease, ensuring the safety of the patient.

Common complications of tracheobronchial foreign
bodies include pneumonia, emphysema, atelectasis and
bronchiectasis. When severe, it leads to asphyxiation and
death; and the most common complication in infants is
emphysema (19). The present study revealed that the
coefficient of contingency between the location of the
foreign body under a bronchoscope and preoperative
complications was 0.132 (P<0.001). This indicates that
the location of the foreign body was lowly correlated to
preoperative complications. Understanding of the condition
and preoperative complications of children is propitious to
reducing operative complications and mortality, through the
intraoperative cooperation with the anesthesiologist (20).

In summary, the location of foreign bodies was not
correlated with age, gender, operation time and length of
hospital stay, but was associated with granulation formation,
thoracic computed tomography and three-dimensional
reconstruction results, and preoperative complications.
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