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Abstract

Background: Tracheobronchial foreign body aspiration (TFBA) is a major cause of death in children. There are few reports
about lower respiratory tract infection (LRTI) caused by TFBA. This study collected the TFBA in our hospital to analyze
the LRTI and to determine its risk factors. Methods: A total of 194 children who were performed TFBA extraction in The
Children’s Hospital of Zhejiang University School of Medicine between June 2019 and April 2020 were enrolled. The clinical
data, cervicothoracic CT and operation records were collected. Chi-square test, rank sum test and multivariate logistics
regression analysis were applied. Results: The incidence of LRTI was 46.6%, 68.6% and 68.6% respectively when retention
time was within 24 hours, 1 week and more than 1 week. Cervicothoracic CT showed embedding site in and above trachea in
24 cases, in main bronchus in 134 cases, in segmental bronchus and below in 36 cases. Cervicothoracic CT showed no obvious
abnormality in 60 cases, obstructive emphysema or atelectasis in 77 cases, obstructive pneumonia in 50 cases, and the rest in 7
cases. Cervicothoracic CT diagnosis and retention time of TFBA were different between LRTI group and non-LRTI group in
univariate analysis. There was a correlation between the retention time of TFBA and LRTI in multivariate logistics regression
analysis. Conclusionss: The incidence of LRTI caused by TFBA is high. There was no difference in the incidence of LRTI
between organic and inorganic TFBA. The retention time of TFBA is an independent risk factor for LRTI.
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Abstract

Background:Tracheobronchial foreign body aspiration (TFBA) is a major cause of death in children. There
are few reports about lower respiratory tract infection (LRTI) caused by TFBA. This study collected the
TFBA in our hospital to analyze the LRTT and to determine its risk factors.

Methods: A total of 194 children who were performed TFBA extraction in The Children’s Hospital of
Zhejiang University School of Medicine between June 2019 and April 2020 were enrolled. The clinical data,
cervicothoracic CT and operation records were collected. Chi-square test, rank sum test and multivariate
logistics regression analysis were applied.



Results: The incidence of LRTI was 46.6%, 68.6% and 68.6% respectively when retention time was within
24 hours, 1 week and more than 1 week. Cervicothoracic CT showed embedding site in and above trachea in
24 cases, in main bronchus in 134 cases, in segmental bronchus and below in 36 cases. Cervicothoracic CT
showed no obvious abnormality in 60 cases, obstructive emphysema or atelectasis in 77 cases, obstructive
pneumonia in 50 cases, and the rest in 7 cases. Cervicothoracic CT diagnosis and retention time of TFBA
were different between LRTT group and non-LRTT group in univariate analysis. There was a correlation
between the retention time of TFBA and LRTI in multivariate logistics regression analysis.

Conclusionss: The incidence of LRTI caused by TFBA is high. There was no difference in the incidence
of LRTT between organic and inorganic TFBA. The retention time of TFBA is an independent risk factor
for LRTL.
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1 INTRODUCTION

Tracheobronchial foreign body aspiration (TFBA) often occurs in children, and especially in children under
3 years old!'. They tend to have hypoplasia of molars, poor masticatory function, weak choking ability, and
they are easy to cry during dining?. In a result, the incidence of them is higher. TFBA is also a major cause of
death among children®. Although the survival rate of TFBA has been greatly improved since the development
of rigid bronchoscope in 19th century?,it is still a major challenge for otorhinolaryngology. The trachea of
children is smaller than adults, which leads to a more limited operative field under rigid bronchoscope. Also,
TFBA can easily lead to varied degrees of damage in tracheal mucosa®,such as mucosal follicular hyperplasia,
hyperemia and swelling, inflammatory stenosis of bronchial lumen, blockage of bronchial lumen by purulent
secretions, all resulting in an even worse operative field. Therefore, we hope to find a clinically available
indicator to predict the high incidence of lower respiratory tract infection(LRTI), so that the operator can
be well prepared before the operation.

Emphysema, atelectasis and pneumonia are common complications of TFBAS however, there are few studies
on LRTI caused by TFBA. Studies are mainly focused on bacterial culture”®. According to previous studies,
there was no correlation between the type of TFBA and LRTI in animal studies, whereas the retention time
of TFBA was related®. A research reported that type, shape and the retention time of TFBA and age
were associated with LRTI'Y. Therefore, we retrospectively analyzed the children who were applied TFBA
extraction in our hospital in order to determine the occurrence of LRTT and analyze its risk factors.

2 Materials and methods
2.1 Collection of clinical data

This study was approved by the ethics committee of The Children’s Hospital of Zhejiang University School of
Medicine, and all patients were informed of the relevant research and provided their written consent. A total
of 194 children who were operated TFBA surgery in The Children’s Hospital of Zhejiang University School of
Medicine from June 01, 2019 to April 30, 2020 was researched. The general characteristic, clinical symptoms,
operative records, cervicothoracic CT, type and retention time of TFBA and weight were collected. The
diagnosis of cervicothoracic CT was made by two senior attending doctors in our department according to
clinical history. LRTT is defined as infection and inflammation of trachea, main bronchus and lung bronchi.
Imaging basis includes preoperative cervicothoracic CT and intraoperative rigid bronchoscopy!®. Clinical
diagnosis is based on relevant clinical guidelines!!12.

2.2 Inclusion criteria and exclusion criteria

Inclusion criteria: 1) performed surgery in our hospital and confirmed the presence of TFBA; 2) preoperative



examination can be collected; 3) the age was under 14 years old. Exclusion criteria: 1) incomplete clinical
data; 2) no TFBA was found during operation; 3) refused to do the operation; 4) with acute or chronic
infection caused by other confirmed reasons; 5) treated with antibiotics within 72 hours before operation.

2.3 Statistical methods

The Kolmogorov-Smirnov method was used to test the normal distribution. The rank sum test was used
to analyze the difference in continuous variables that are in non-normal distribution. The chi-square test
was used to analyze the difference in classified variables. The variables with statistical differences were
included in multivariate logistics regression analysis. When P < 0.05, the differences were considered to be
statistically significant. The statistical software was SPSS524.0.

3 Results

A total of 194 cases of TFBA were included in this study, 120 males and 74 females with a median age of
1.54 years (0.6-12.58 years). The types of TFBA were inorganic (n = 7), other organic (n = 33), nuts (n
= 143) and legumes (n = 11). Cervicothoracic CT showed TFBA embedded in trachea and above trachea
in 24 cases, in left and right main bronchus in 134 cases (left bronchus 87 cases, right bronchus 47 cases),
in segmental bronchus and below in 36 cases (left segmental bronchus 6 cases, right segmental bronchus 30
cases). Cervicothoracic CT showed no obvious abnormality in 60 cases, obstructive emphysema or atelectasis
in 77 cases, obstructive pneumonia 50 cases, and the rest 7 cases (pleural effusion, mediastinal displacement,
subcutaneous emphysema, pneumothorax and mediastinal emphysema). The general characteristics are
showed in Table 1.

We conducted a univariate analysis on risk factors mentioned in previous literature and clinically considered
possible. The results showed that there was a significant difference in cervicothoracic CT diagnosis and the
retention time of TFBA between LRTI group and non-LRTI group. The results of univariate analysis are
showed in Table 2.

Cervicothoracic CT diagnosis and the retention time of TFBA were included in multivariate logistics re-
gression analysis. We found that there was a correlation between the retention time of TFBA and LRTI,
while no correlation was found between cervicothoracic CT diagnosis and LRTI. The results of multivariate
logistics analysis are showed in Table 3.

4 Discussion

TFBA is a clinical emergency and a major cause of death in children'3. At present, the most effective way
to remove TFBA is through the rigid bronchoscope as soon as possible. The most important diagnosis is
based on the history of foreign body choking'*.

LRTT is easily caused by TFBA. In this study, most children had purulent secretions. Previous studies
reported that TFBA can cause obstructive emphysema and pneumonia'® based on preoperative CT. However,
as a LRTI, acute bronchitis with no positive signs in CT is often ignored. Limited studies reported LRTI
caused by TFBA, while they are mainly focused on bacterial culture”®.Only one study reported the risk
factors for LRTI'?. As a result, the situation of LRTI cannot be fully showed.

In clinical practice, LRTI plays an important role in intraoperative operation and disease prognosis. A study
reported that TFBA with LRTT have a longer hospital stay'?. Therefore, we hope to find a relevant indicator
to predict the occurrence of LRTT for operators so that they can pay more attention to prepare the operation.
This study collected the children who were applied TFBA extraction and analyzed the risk factors for LRTI.

We used to have a clinical understanding that organisms are more likely to cause inflammation and suppu-
ration in tracheobronchial tissues than non-organisms, especially plants'. In addition, it is reported that
the type of TFBA was an independent risk factor for LRTT'?. However, recent animal experiments found



that there was no difference in tracheal damage between organic and inorganic foreign bodies®. Similarly, we
found that there was no statistical difference in the incidence of LRTT among legumes, nuts, other organisms
and non-organisms. We also found a correlation between the retention time of TFBA and LRTI. In our study
the incidence of LRTT was 46.6%, 68.6% and 68.6% respectively with the retention time of within 24 hours,
one week and more than one week,which was consistent with the results of a previous animal experiment®.
In this animal experiment, it was found that most of the TFBA could cause tracheal damage within 5 days,
and pneumonia more than 5 days. No matter in animal experiments or clinical findings, LRTI caused by
TFBA could be aggravated with the increase of time.

We speculate that there are three main reasons for the differences between previous clinical understandings
and our study. Firstly, the family members have a significantly higher understanding of TFBA than before,
and the visiting time is significantly shortened. Secondly, CT has been more popular which increases the
accuracy and timeliness of diagnosis. Thirdly, it may need time to realize the impact of the type of TFBA
on trachea tissue. This suggests that no matter what type of TFBA is or where the TFBA is embedded, the
longer the time is, the more serious the LRTT is. Therefore, we suggest that for children with long retention
time of TFBA, the operators should be vigilant and fully prepared before operation. They should also inform
the parents that the operation can be more difficult and complicated than those with short retention time.

In a report of LRTT caused by TFBA'?, type, shape, the retention time of TFBA and age were independent
risk factors for LRTI. Analyzed all the related risk factors in our study, except for the shape of TFBA, there
was a correlation between the retention time of TFBA and LRTI, while there is no correlation between age,
the type of TFBA and LRTI. We speculate that the main reason is that the family members have different
understanding of TFBA, which leads to the difference in visiting time. In the above study, the median
retention time of TFBA is 15 days, while it’s only 1 day in our study. It is controversial whether there is a
difference in the degree of trachea inflammation caused by the type of TFBA. Although it has been reported
that the intratracheal granulation in TFBA is related to the degree of TFBA oil release!”, no correlation was
found in animal experiments®. As for age, we speculate that the immunity of younger children is relatively
weak so that they are easier to get LRTT when encounter the same TFBA. However, it needs time to show
this difference.

No indicator of LRTI caused by TFBA was found in clinical symptoms. When choked by foreign body, the
more severe the cough and asthma is, which indicates that the TFBA is too large, the larynx and trachea
spasm caused by it is obvious and the blockage of foreign body is serious, the more dangerous the process of
choking is. However, tracheal mucosal inflammation needs time to happen, these clinical symptoms cannot
predict the incidence of LRTI. Despite of this fact, they reflect the severity of the disease. Operations should
be done as soon as possible for children with obvious symptoms.

There is no specific standard for the subgroup classification of TFBA complications. According to previous
literature, we found that there is similar classification for obstructive pneumonia and atelectasis in non-small
cell lung cancer, which can be used as a reference. Firstly, non-small cell lung cancer respectively showed
segmental and lobar local emphysema or atelectasis in incomplete or complete blockage of the bronchial
lumen. Secondly, in the TNM stage of non-small cell lung cancer'®,non-small cell lung cancer with obstruc-
tive pneumonia or partial or whole atelectasis is classified as T2 stage. In this guideline, atelectasis and
emphysema are regarded as the same element. Furthermore, in previous prognostic studies of non-small
cell lung cancer, preoperative obstructive pneumonia and atelectasis were also put into one group without
discussed separately'®when the overall survival rate and recurrence-free survival rate of lung cancer were
compared. To sum up, we drew lessons from the classification method of non-small cell lung cancer, and put
atelectasis and emphysema into the same group, considering them as different manifestations of the same
type. Based on this method, we further divided atelectasis or emphysema and pneumonia into different
subgroups. Combined with the clinical criticality, we classified the mediastinal emphysema, pneumothorax,
subcutaneous emphysema, severe pulmonary inflammation, such as pleural effusion, and mediastinal dis-
placement as a group. In univariate analysis, we found that the worse the clinical condition was indicated
by cervicothoracic CT, the higher the incidence of LRTI would be. However, in multivariate analysis, there



was an overlapping relationship between cervicothoracic CT diagnosis and the retention time of TFBA,
suggesting that the longer the retention time was, the more serious the LRTI would be. The cervicothoracic
CT diagnosis was not related to LRTT.

This study is limited in the following ways. Firstly, the number of cases included is small, and it is a single
center study, which needs to be supplemented by a larger sample size. Secondly, this study only includes a
single race. It is not clear whether there is a correlation between race and LRTI. Thirdly, the educational
background of the families and their attention paid to children when they are eating may be risk factors for
LRTTI. Due to the lack of these information, this study is limited in its retrospective way.

Conclusions

The incidence of LRTT caused by TFBA is very high. However, the type and history of TFBA, cervicothoracic
CT diagnosis, embedded location, clinical symptoms, weight, sex and age cannot predict its occurrence.
There is no significant difference in the incidence of LRTI between organic and inorganic TFBA. Symptoms,
cervicothoracic CT diagnosis and embedded location can only indicate the severity of the TFBA. The
retention time of TFBA is the only indicator of the LRTI. Children with TFBA for a long retention time
should be paid more attention in clinic.
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