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Abstract
Background Foreign body (FB) aspiration is a common and serious problem in childhood, but little
information is available about this condition in Chinese context. We aimed to characterize the clinical and
epidemiological features of airway FBs in a pediatric Chinese population. Methods A retrospective review
of medical records of children aged 0-14 years who attended with a diagnosis of FB aspiration the
Shanghai Children's Hospital between 2013 and 2017 was carried out. Descriptive analysis was used to
assess patient's demographics, clinical, radiographic, bronchoscopic �ndings, time to presentation, and
characteristics of the FBs. Results Among the 200 patients included in the study, 92% were under 3 years
of age, with a peak incidence of FB aspiration occurring between 1 and 2 years. The male to female ratio
was 2.6:1. Twenty-three percent of the patients were admitted within 24 hours of the event, 40% within 1
week, 30% within 1 month, and 7% more than 1 month after aspiration. Eleven percent were
laryngotracheal FBs and 89% were bronchial FBs. The most common presenting symptoms of
laryngotracheal FBs were cough, dyspnea, and wheezing; those of bronchial FBs were cough, decreased
air entry, and wheezing. Chest X-ray was normal in four-�fths of the children with laryngotracheal FBs,
whereas most common abnormal x-ray �ndings in children with bronchial FBs were mediastinal shift,
obstructive emphysema, and pneumonia. In children younger than 2 years FBs were more frequently
found in the left bronchus, whereas in older children FBs were more frequently found in the right
bronchus. Ninety-three percent of the removed FBs were organic materials such as food items and the
most frequently aspirated FBs were peanuts. Flexible bronchoscopy was successfully performed in 80.5%
of the patients, while rigid bronchoscopy or direct laryngoscopy in 17.5% of the patients. Four patients
were subjected to thoracic surgery and 1 died during bronchoscopy due to acute respiratory failure.
Conclusions Tracheobronchial FBs should be suspected in children who have sudden onset of cough and
wheezing episode, even when physical and radiographic evidence is absent. Flexible bronchoscopy has
become the �rst choice in China used for FB removal from airways in children.

Background
The aspiration of a foreign body (FB) represents an important cause of morbidity and mortality during
childhood. The obstruction caused by the FB may lead to di�culties with ventilation and oxygenation,
resulting in signi�cant morbidity. Hypoxic-ischemic brain injury and less commonly, pulmonary
hemorrhage, are the main cause of death (1). Young children are particularly susceptible due to immature
swallowing function, lack of molars leading to ineffective chewing, oral �xation or exploration, and
tendency to play and move around while eating (2). It has been estimated that the vast majority of FB
aspirations occur in children younger than 3 years, with a peak incidence between 1 and 2 years of age
(3). FB aspiration occurred at an estimated incidence of 29.9/100,000 pediatric population and was
responsible for 160 deaths in the US in 2000 (4). While the mortality of FB aspiration was typically high (a
quarter of all cases) in the past century, the current mortality rates have substantially declined with the
advance of modern bronchoscopy techniques (5). On those occasions when nor the family, neither the
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physician suspects the FB aspiration, diagnosis can be delayed until the onset of complications which
might lead to chronic respiratory problems (6).

The presentation and the consequences of FB aspiration depend on the degree of airway obstruction, the
location of the object, as well as on the age of the child, the type of object, and the time elapsed since the
event (7). Therefore, the classic triad of cough, wheeze, and diminished breath sounds is not always
present (8). While the majority of FB aspirations are resolved spontaneously after a coughing episode or
through assisted manoeuvres that assist expulsion, a small proportion of cases do arrive at the hospital
either because the child has clinical symptoms and/or because of varying degrees of suspicion of the
event happening among relatives or carers. Radiological chest x-ray evaluations should be conducted in
patients with suspected FB aspiration. However, it is important to note that the �ndings may appear
normal within the �rst 24 h and a number of FBs are radiolucent. Bronchoscopy is a useful diagnostic
and therapeutic tool in patients with suspected FB aspiration (9). Laryngeal and tracheal FBs may need
urgent intervention in the form of urgent bronchoscopy or laryngoscopy, while FBs in the right or left
bronchus cause comparatively less airway problem (10). It has been reported that the majority of FBs in
children are located in the bronchi, and laryngeal and tracheal FBs are less common (7,8). However,
sizably voluminous FBs or those with sharp edges may be lodged in the larynx. Tracheal narrowing or
impotent respiratory effort in infants under 1 year may predispose to laryngotracheal FBs.

There is great variability in the type of aspirated objects across different countries, contingent to cultural,
regional, and feeding habits particularities in different populations. Items frequently implicated in children
include food, coins, toys, and balloons. Most common FBs are organic in nature, mainly diminutive food
items (11). Among these, nuts are the causative factor in 40% of cases in high-income and low-middle
income countries (12).

Comparisons of FB in pediatric population between US and other countries, showed that over the past 40
years, the number of FBs patients reported in international studies was 5 times higher than in the
literature reported from the US (13). Although a nationwide survey data on pediatric airway FB aspiration
in China is not available, there have been individual reports on a substantial increase in the number of
pediatric patients with airway FB aspiration during the past two decades (14). Until now, only few
domestic studies have offered detailed epidemiological data concerning the inhalation of FBs in children.
Thus, this retrospective study aimed to assess the burden of airway FB injuries in China. Using a hospital
database, we investigated the clinical and epidemiological features of FB aspirations in Chinese children
who attended a major clinical hospital in Shanghai, China.

Methods
In this retrospective, single-center, cross-sectional descriptive study, we reviewed the hospital medical
records of all children aged 0-14 years diagnosed with FB aspiration admitted to the Shanghai Children's
Hospital, Shanghai Jiao Tong University, Shanghai, China, from January 2013 to December 2017. The
following variables were abstracted for each patient in a specially designed study proforma: gender and
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age, the time lag between the inhalation and diagnosis, the presenting symptoms and signs, the �ndings
of radiologic chest X-ray examination, the nature, size, and location of the inhaled FBs, the methods used
for removal of the FBs, and the success of bronchoscopy procedure in removing the FBs, if performed. All
data were expressed as frequency (percentage) or mean ± standard deviation (SD). The variables of
interest were analyzed only in the patients with a de�nite diagnosis of FB aspiration using SPSS
statistical software (SPSS Inc., Chicago, IL).

Results
Two hundred patients who had been diagnosed with a FB aspiration during the study period were
included in the study. The average age, body height, and weight (SD) were 1.8 ± 1.3 years, 85.1 ± 11.3 cm,
and 12.4 ± 3.6 kg, respectively. The age of the patients ranged from 6 months to 11 years old. A total of
72.5% of the patients were male, and the male to female ratio of patients was about 2.6:1 (Table 1).
Overall, 92% of the patients were under 3 years of age, with the peak incidence of 69% of FB aspiration
occurring in children 1 to 2 years old (Figure 1). The lower incidence of FB aspiration in patients aged 3
years or older suggests that this event is rather sporadic in older children.

The FBs were lodged in the airways for varying lengths of time. The shortest time to reach the hospital
was less than 1 hour, while the longest time was 6 months. Twenty-three percent of the patients
presented at the hospital within 24 hours after inhaling the FB, 40% presented between 24 hours and 1
week, 30% between 1 week and 1 month, and 7% more than 1 month after aspiration (Figure 2).

Table 2 presented the clinical features including symptomatology and radiologic chest X-ray �ndings
according to the body site of FB lodgment. The most common presenting symptoms of laryngotracheal
FBs were cough (95.5%), dyspnea (72.7%), and wheezing (45.5%); those of bronchial FBs were cough
(98.9%), decreased air entry (66.9%), and wheezing (52.8%). More than four-�fths (86.4%) of the patients
with laryngotracheal FBs had no detectable pathological or radiological �ndings. In 7.3% of the patients
the bronchial FBs were opaque. Indirect radiological signs were as follows: 36.5% of the examinations
showed a shift of the mediastinum, 35.3% showed air-trapping on the affected side of the lung caused by
the FBs (obstructive emphysema), and 23.6% showed the signs of pneumonia. Nearly one-third (32%) of
the patients with bronchial FBs exhibited normal X-ray �ndings.

Table 3 summarized the location site frequency distribution of FBs according to the patient's age. Of all
the patients, in 97 cases (46.4%) the FBs were lodged in the left bronchi, 90 (43.1%) in the right bronchi,
and 22 (10.5%) in the larynx and trachea. We further analyzed the distribution of FBs localization
strati�ed by age. We found that, in children up to 2 years, the FBs were more frequently found in the left
bronchi. However, in children aged 2 and older, the FBs were more frequently found in the right bronchi.

Table 4 showed the types of FBs and their frequency of occurrence. The majority (93.3%) of FBs in
children were of organic nature, mostly food items, while inorganic FBs were less common. Almost half
(43.3%) of the FBs were peanuts, followed by watermelon (13.9%) and sun�ower seeds (9.8%).
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FBs removal was done by rigid bronchoscopy or direct laryngoscopy in 35 cases (17.5%), and by �exible
bronchoscopy in 163 cases (80.5%). Only 4 children (2.0%) were subjected to thoracic surgery.
Unfortunately, there was one demise, a child who has died of cardiorespiratory arrest during the
bronchoscopic procedure caused by acute complete obstruction of the FB in the trachea.

Discussion
Our �ndings showed that in a pediatric Chinese population, FB aspiration is more common in children
under 3 years of age, with a peak incidence between 1 and 2 years, and the peanuts were the most
commonly inhaled objects, �ndings in agreement with previously published literature. In children up to 2
years, FBs were more frequently found in the left bronchus, whereas in children aged 2 and older FBs
were more frequently found in the right bronchus. The clinical presentation varied upon the type, size,
location of the airway FB, with the most common symptoms being coughing, wheezing, and decreased
air entry.

Age and gender distribution

In our study FB aspiration was most frequently observed in boys, consistent with previous studies. We do
report, however, a slightly higher ratio, of 2.6:1 in comparison with previous reports of a male to female
ratio of 2:1 (15-18). Of note, we noticed that FB aspiration did not occur in girls older than 4 years of age.
The fact that the majority of FBs aspirations affects boys could be explained by their likely more
impulsive nature and adventurous games. Contrary to this trend, however, several studies reported a
similar incidence of FB in both genders (19,20).

In agreement with previous literature, the vast majority (92%) of the patients were under 3 years of age,
with the highest incidence (69%) of FB aspiration occurring in children 1 to 2 years old (15,21-24). The
increased incidence at this young age has been attributed to several factors: 1) chewing objects as stage
of normal oral development; 2) incomplete development of posterior teeth (molars) and, consequently, the
food placed in the mouth is not adequately chewed; 3) engagement in various activities such as playing,
running, crying, or laughing, while having various objects or food in the mouth, increasing the possibility
of making a forced air inspiration; 4) anatomic particularities of the larynx during childhood, that is
positioned high; and 5) inadequate control of deglutition (16,18,25). In addition, parents’ inattention or
thumping children for acts of naughtiness during eating seem to be contributory (26).

Time lag from inhalation to treatment

The time between FB aspiration and extraction ranged from less than 1 hour to several months.
Consistent with other reports (15,19,21,27), in this study, almost a quarter of presentations to hospital
were within 24 hours and over 90 % within 1 month. When FB aspiration is suspected, immediate hospital
admission is necessary, because a FB may suddenly dislodge from the original location, and obstruct
another vital part of the airway, that could lead to death (28). Typical signs of a chronic FB inhalation are
fever, purulent bronchitis, and bronchopneumonia that may be followed a pulmonary abscess (29). In this
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study, delay in the diagnosis of FB aspiration longer than 1 month occurred in 7% of children, which led to
a considerable incidence of complications among these, such as pneumonia (40%) and pleural effusion
(13%). The key to reaching an earlier diagnosis lies in a detailed history to identify risk factors, a thorough
examination that elicits important signs, and supportive X-ray �ndings. However, the diagnosis of FB
aspiration is frequently delayed, because the child is asymptomatic, there are no de�nitive �ndings at
physical examination, and neither clinical symptoms nor radiological �ndings are su�ciently speci�c and
sensitive to demonstrate the presence of a FB in the bronchial tree.

Symptoms and signs 

Clinical features depend on the type, location, and size of the FB, as well as the duration and degree of
obstruction (30). FBs lodged in the proximal airways such as trachea and main bronchus are probably
more prone to be acutely symptomatic than FBs located in peripheral airways. In our patients, the most
frequent symptoms were cough, followed by reduced breath sounds, and wheezing, in agreement with
previous reports (19,22,23,31). Overall, although all the clinical symptoms reported have a high positive
predictive value for FB aspiration, all also have a relative low speci�city (17,18). It should be noted that
despite having a FB in the bronchial tree, a small percent (1%) of children in our study were completely
asymptomatic. It was reported that even as many as 30% of the patients with FB aspiration have normal
physical examinations (30,32). Thus, the absence of clinical symptoms with a positive history for FB
aspiration cannot exclude the presence of a FB in the airway in a young child.

Radiologic examinations

To improve diagnostic accuracy above history and physical examination alone, imaging plays a key role
in the initial evaluation and follow-up of possible FB aspiration. However, the value of chest radiography
in making a diagnosis remains controversial. In our study, more than one-third (38%) of the patients with
laryngotracheal or bronchial FBs showed normal x-ray �ndings. It has been reported that the percentage
of patients with FB aspiration having normal chest x-ray in other retrospective studies ranged from a low
of 10% (33) to a high of 46% (18). The relative high percentage of normal x-ray �ndings may be related to
the fact that most of the FBs were radiolucent organic objects. In our study, the common abnormal x-ray
�ndings in the patients with bronchial FBs were mediastinal shift, obstructive emphysema, and
pneumonia. Similarly, previous studies reported as most common x-ray �ndings mediastinal shift (19,34),
air trapping (35,36), and atelectasis (37). However, it should be kept in mind that these signs are not
pathognomonic, and, as a result, chest radiography alone is neither su�ciently sensitive nor speci�c
enough method for diagnosis of FB aspiration. If history and clinical �ndings suggest FB aspiration, a
normal chest x-ray should never deter the physician from carrying out a bronchoscopy.

Instruments

The most suitable technique for removing an FB in children remains controversial. Although previous
studies recommended rigid bronchoscopy for extraction of FBs in children (15,16,19,20,28,31), recent
studies have demonstrated the effectiveness of �exible bronchoscopy (17,18,38-40). In contrast with rigid
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techniques, �exible bronchoscopy offers several advantages such as the possibility to reach higher order
of subsegmental bronchi and be conducted with local anesthesia, with the child under deep sedation.
(38,41). The ready availability in most medical centers and the development of new pediatric �exible
scopes with working channels combined with increased expertise and skills of the operators led to
increased used of �exible bronchoscopy in children. (41).

At our institution, we prefer �exible bronchoscopy using local anesthesia. Transient hypoxia and
tachypnea during the procedure were noted in this series although they were rare. In all cases they were
immediately alleviated by oxygen supplementation or prompt ending of the procedure. It should be noted
that proper training and experience is crucial to optimizing the outcome and minimizing the risk of
complications in tracheobronchial FB removal. With one exception, no severe complications such as
cardiac arrest, large hematorrhea, and anesthetic events occurred in our cohort. A small percentage of the
patients underwent rigid bronchoscopy due to the special location of the FBs (near epiglottis or glottis)
and the special feature of the FBs (obstructing airways completely and leaving no space for basket
forceps to reach or having a very smooth surface to be clipped by biopsy forceps). The endoscopic
procedures failed to remove the FBs which were located in the basal segment of the lower lobe in 4
patients (2%), and these patients underwent surgery for removal of the FBs.

Lodgment site

Whereas in adults the inhaled FBs most commonly lodge in the right bronchus due to anatomy of the
right and left tracheobronchial angles (42), in children, the preference of FBs location is controversial,
with some studies reporting higher frequency of the FB either in the right bronchus (19,24,31,33), or in the
left bronchus (9,29,43), whereas some other studies found an approximately even distribution (23,30,44).
In our study, in children younger than 2 years the FBs were more frequently found in the left bronchus, but
in children aged 2 and older the FBs were more frequently found in the right bronchus. The preference for
FB to lodge in the left bronchus in children younger than 2 years is not clear, it might be explained by the
particular anatomical changes of the bronchial tree during the playing times such as those described by
Van et al. (42). Another explanation might be that in young children the left main bronchus has almost
the same diameter as the right one and is not rami�ed at the same acute angle as in adults (45).

Type of foreign bodies

Our �ndings are in agreement with those presented by previous authors that 71% to 98% of the inhaled
FBs are organic in nature (15,16,18,19,24). In our study, the vast majority of the FBs were food items.
Among these, most frequently FBs encountered were peanuts, followed by watermelon and sun�ower
seeds, consistent with previous domestic studies (19,38,46). However, plastic objects (toys) were not a
frequent cause of FB aspiration in our study but they represented more than 10% of those identi�ed in the
developed world (47). The nature of inhaled FBs varies among countries and is largely dependent on
cultural, social, and economic factors that include parental attitudes and eating habits (11).
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Conclusions
In summary, we report that in a population of Chinese children, the highest incidence of FB aspiration
occurs between 1 and 2 years of age, and the peanuts are the most commonly inhaled organic objects.
The most common clinical presentation of airway FBs are coughing, wheezing, and decreased air entry,
with the FBs most commonly located in the left bronchus. We reiterate here that absence of clinical
symptoms and/or normal chest radiologic examinations with a history suggestive of potential FB
aspiration should prompt the physician to perform a diagnostic bronchoscopy. Flexible bronchoscopy is
safe and effective in removing airway FBs in pediatric populations.
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Table 1 Demographic characteristics (n = 200)
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Variables

Site  

Total

 

(n = 200) (%)

Larynx and trachea

(n = 22) (%)

Bronchi

 

(n = 178) (%)

Gender      
    Boys 14 (63.6%) 131 (73.6%) 145 (72.5%)
    Girls 8 (36.4%) 47 (26.4%) 55 (27.5%)
Age (years) (mean ± SD) 2.0 ± 1.2 1.8 ± 1.3 1.8 ± 1.3
Height (cm) (mean ± SD) 86.3 ± 11.8 85.0 ± 11.3 85.1 ± 11.3
Weight (kg) (mean ± SD) 12.8 ± 3.7 12.3 ± 3.6 12.4 ± 3.6

 

Table 2 Clinical signs and laboratory findings (n = 200)

 

Variables

Site  

Total

 

(n = 200) (%)b

Larynx and trachea

(n = 22) (%)b

Bronchi

 

(n = 178) (%)b

Signs and symptomsa      
    Coughing 21 (95.5%) 176 (98.9%) 197 (98.5%)
    Wheezing 10 (45.5%) 94 (52.8%) 104 (52.0%)
    Fever 4 (18.2%) 50 (28.1%) 54 (27.0%)
    Dyspnea 16 (72.7%) 29 (16.3%) 45 (22.5%)
    Cyanoses 6 (27.3%) 10 (5.6%) 16 (8.0%)
    Decreased air entry 9 (40.9%) 119 (66.9%) 128 (64.0%)
    Rhonchi 7 (31.8%) 58 (32.6%) 65 (32.5%)

Retractions 5 (22.7%) 4 (2.2%) 9 (4.5%)
Chest X-ray findingsa      
    Mediastinal shift 2 (9.0%) 65 (36.5%) 67 (33.5%)

Obstructive emphysema 2 (9.0%) 63 (35.3%) 65 (32.5%)
Pneumonia 1 (4.5%) 42 (23.6%) 43 (21.5%)
Atelectasis 0 (0.0%) 25 (14.0%) 25 (12.5%)
Radiopaque foreign body 0 (0.0%) 13 (7.3%) 13 (6.5%) 

    Pleural effusion 0 (0.0%) 5 (2.8%) 5 (2.5%)
    Normal 19 (86.4%) 57 (32.0%) 76 (38.0%)

aMore than one of these findings are present in some patients.

bFrequency distribution (percentage) add up to 100 on the column.

 

Table 3 Lodgment site of foreign body aspiration (n = 209)a
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Location

Children younger than 2 years
(n = 156)

Children aged 2 years and older
(n = 53)

Total
children

(n =209)

(%)b
(%)b (%)b

    Larynx 1 (0.6%) 0 (0.0%) 1 (0.5%)
    Trachea 15 (9.6%) 6 (11.3%) 21 (10.0%)
    Right lung 63 27 90
       Right main bronchus 45 (28.8%) 22 (41.5%) 67 (32.1%)
       Right intermediate
bronchus

2 (1.3%) 0 (0.0%) 2 (1.0%)

       Right middle bronchus 1 (0.6%) 0 (0.0%) 1 (0.5%)
       Right lower bronchus 15 (9.6%) 5 (9.4%) 20 (9.6%)
    Left lung 77 20   97
       Left main bronchus 55 (35.3%) 14 (26.4%) 69 (33.0%)
       Left upper bronchus 6 (3.8%) 2 (3.8%) 8 (3.8%)
       Left lower bronchus 16 (10.3%) 4 (7.5%) 20 (9.6%)

aForeign bodies were found in 2 sites from 9 patients.

bFrequency distribution (percentage) add up to 100 on the column.

  

Table 4 Type of foreign body aspiration (n = 194)a

Type of foreign body Frequency (%)b

    Organic objects 181 (93.3%)
        Peanut 84 (43.3%)
        Walnut 11 (5.7%)
        Almond 8 (4.1%)
        Chestnut 6 (3.1%)
        Watermelon seed 27 (13.9%)
        Sunflower seed 19 (9.8%)
        Pumpkin seed 4 (2.1%)
        Bone (chicken or fish) 7 (3.6%)
        Bean 6 (3.1%)
        Shrimp 3 (1.5%)
        Sugarcane bagasse 2 (1.0%)
        Chocolate 2 (1.0%)
        Grain     1 (0.5%)

Puffed rice 1 (0.5%)
    Inorganic objects 13 (6.7%)
        Plastic object 5 (2.6%)
        Silver foil paper 2 (1.0%)
        Toy 2 (1.0%)
        Pen cap (plastic or metal) 2 (1.0%)
        Drawing pin 1 (0.5%)
        Stone 1 (0.5%)

aTypes of the foreign bodies from 6 patients were not identified.
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bFrequency distribution (percentage) add up to 100 on the column.

 

 

Figures

Figure 1

Age and gender distribution of foreign body aspiration (n = 200).


