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Abstract

Objective: This study aimed to describe preliminary experiences associated with removal of
tracheobronchial foreign bodies (TFBs) by cystourethroscopy (CU).

Methods: We performed a retrospective analysis of 127 paediatric cases of TFB removal by CU
at our centre from January 2009 to August 2016. Data that were extracted from the medical
records included age, sex, location and nature of the TFBs, operation time, and complications.
Results: All TFBs were successfully removed by CU. The mean time of the procedure was 3.38
=+ 2.86 minutes. A total of 102 (80.31%) patients had successful removal of TFBs by CU during the
initial trial, 19 (14.96%) were successfully treated in the second trial, and six (4.72%) required a
third trial. Otolaryngologists with 2, 5, and 7 years of professional CU training showed a mean
TFB removal time of 3.38 £ 2.13, 3.40 £ 3.60, and 3.37 £ 2.86 minutes, respectively. In the oper-
ations, oxygen saturation fell below 90% at an average occurrence of 0.39 times, but no patients
showed a decrease below 85%. Only one patient experienced laryngeal oedema after
the procedure.

Conclusion: CU is a useful technique and minimizes complications and operational risks during
removal of paediatric TFBs.
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Background

Aspiration of tracheobronchial foreign
bodies (TFBs) plays a large role in morbid-
ity and accidental deaths of the paediatric
population.! Aspiration of TFBs is respon-
sible for 7% of deaths in children aged
younger than years in the USA, and is the
fourth leading cause for accidental mortal-
ity in paediatric patients.>* Interestingly,
75.4% of TFB inhalation accidents occur
in male children younger than 3 years.'
Inhaled objects in choking cases mainly
consist of organics, such as seeds and
pieces of food, or inorganic objects, such
as metals and plastics.> The main symptoms
of TFB inhalation consist of persistent
coughing, recurrent pneumonia, bronchiec-
tasis, severe respiratory failure, and other
complications, which can be serious
enough to require a lobectomy because of
irreversibility.*

Currently, rigid bronchoscopy (RB) is
the standard treatment for paediatric
patients with TFB inhalation.™® RB is a
safe method for removing TFBs in children
because of its ability to control the airway
and ventilation.” More importantly, RB is
exclusively used for managing paediatric
TFBs, particularly if extraction is
attempted.® However, use of RB in paedi-
atric patients is limited by the small size of
the field of view during an operation.
Therefore, surgeons sometimes need to
exercise creativity in selecting other endo-
scopic tools for extracting a foreign body
that is not amenable for removal by routine
bronchoscopy. A flexible bronchoscope is
an effective tool for removal of foreign

bodies, but it is usually used in older children
or adults, and is hard to control.” We con-
sidered that a cystourethroscope could be
useful for TFB removal. Cystourethroscopy
(CU) has been used for removing aspirated
TFBs in children since January 2009 in our
department, and excellent results have been
achieved. Although this operation is simple,
no studies have reported its use.

In this study, we describe our prelimi-
nary experience with TFB removal using
CU. This surgical method was designed
based on the accumulated experience in
our department.

Materials and methods

All paediatric patients had TFB removal
performed with a  cystourethroscope
(Hangzhou Huida Concord China Medical
Instrument Co., Ltd., Zhejiang China). The
cystourethroscope had an external diameter
of 4.0 mm or 2.7mm, a length of 350 mm,
a field angle of 70°, a television monitoring
system that magnified objects 600-fold, and
a strong 600-W xenon lamp with a cold
light source that could be useful for TFB
removal (Figure 1). The children were not
allowed to eat or drink for 6 hours before
the start of the operation.

To avoid large leakage of inhalational
anaesthesia, intravenous anaesthetic agents
were used to maintain a controlled level.
Penehyclidine (0.5 mg), ondansetron
(5mg/m?), and dexamethasone sodium
phosphate (2-5 mg) were administrated by
intravenous infusion to inhibit gland secre-
tion, vomiting, and prevent the likelihood
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Figure I. Removal of a tracheobronchial foreign body by cystourethroscopy. (a) Cystourethroscopy.
(b) An otolaryngologist used cystourethroscopy to remove a tracheobronchial foreign body.

of airway oedema, respectively. Pulse,
oxygen saturation, and heart rate were
monitored, while an appropriate concentra-
tion of oxygen was provided by mask.
Sedation was accomplished by an initial
intravenous  infusion of midazolam
(0.1 mg/kg) and ketamine (2mg/kg), fol-
lowed by sufentanil (0.5ug/kg) and cis-
atracurium (0.1 mg/kg) once the children
breathed smoothly. After sedation, the glot-
tis was topically anesthetized with a 2%
lidocaine spray. Pulse oximetry was main-
tained above 99% by high-flow oxygen
after tracheal secretions were rapidly
exhausted under exposure of the glottis
via laryngoscopy intubation. A cystoureth-
roscope was then gently inserted into the
pharynx and oesophagus, and sufficiently
extended to look for TFBs. Forceps were
moved forward under guidance of the cys-
tourethroscope until they made contact
with the foreign body. The forceps were
gently withdrawn after the TFBs were
clamped with an appropriate amount of
strength, and the forceps and foreign body
were removed. Patients had tracheal bron-
choscopy performed again to exclude the
existence of other TFBs or fragments of
the removed TFB after removal of the TFB.

Descriptive statistics were conducted
with distribution of frequencies. SPSS

version 12.0 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis.

This study received ethical approval
from the Ethics Committee of Hezhou
City People’s Hospital. The patients provid-
ed written or verbal informed consent for
participation in the study.

Results

A total of 127 paediatric patients with a
diagnosis of TFBs were studied. Of these
patients, 96 (75.59%) were boys and 31
(24.41%) were girls. The average age was
2.3 years and age ranged from 5 months
to 14 years, with 105 (82.68%) patients
aged younger than 3 years (Table 1). The
duration of TFB retention ranged from
1 hour to 3.5 years, with a median of
2 weeks. TFB inhalation often caused signs
and symptoms, including pneumonia in 24
(18.90%) patients, cough with dyspnoea in
22 (17.32%), cough in 19 (14.96%), dyspnoea
in 13 (10.24%), emphysema in 12 (9.45%),
pneumonia emphysema in five (3.94%), and
obstructive emphysema in one (0.79%).
Thirty-one (24.41%) patients presented with
no obvious signs and symptoms.

The right bronchial tree was the most
common location of TFBs. The second
most common location of TFBs was the
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Table |I. Data of the patients’ age, symptoms, and
duration of removal of tracheobronchial for-
eign bodies

Variable Number Percentage
Patients’ age (years)
<l 20 15.75
1-3 85 66.93
4-7 18 14.17
>7 4 3.15
Symptoms
Emphysema 12 9.45
Pneumonia, emphysema 5 3.94
Obstructive emphysema | 0.79
Pneumonia 24 18.90
Dyspnoea, cough 22 17.32
Dyspnoea 13 10.24
Cough 19 14.96
None 31 2441
Duration (days)
<l 48 37.80
1-7 33 25.98
7-30 21 16.54
>30 25 19.69

trachea, followed by the left bronchial tree.
A total of 123 (97.63%) of the aspirated
foreign bodies were organic and included
melon seeds (n=51), peanuts (n = 28), sun-
flower seeds (n=17), peanut shells (n=4),
fragments of fish bones (n=4), beans
(n=3), water chestnuts (n=3), wampee
seeds (n=2), chestnuts (n=2), sunflower
seed shells (n=2), a melon seed shell
(n=1), a nut (n=1), a raisin (n=1), an
almond (n=1), a grapefruit sced (n=1),
a tooth (n=1), and a sputum scab (n=1).
Four of the foreign bodies were inorganic
materials, such as plastic tubes (n =2), frag-
ments of a plastic horn (n=1), and frag-
ments of a plastic whistle (n=1) (Table 2).

All TFBs were successfully removed by
CU (including two cases of failure via RB
and optical forceps) The mean (SD) time
of this procedure in this series was 3.38
+2.86 minutes (range: 0.4-15 minutes).
Otolaryngologists with varying years of

Table 2. Localization and nature of tracheobron-
chial foreign bodies

Variable Number Percentage
Localization

Trachea 45 35.43

Right bronchial tree 55 43.31

Left bronchial tree 27 21.26
Nature

Organic 123 96.85

Inorganic 4 3.15
experience in professional CU training

appeared to show similar mean times of
TFB removal (Table 3). Overall, 102
(80.31%) patients had successful removal
of TFBs using CU during the initial trial,
19 (14.96%) patients were successfully
treated in the second trial, and only six
(4.72%) patients required a third trial.
A Chinese wampee seed, which was inhaled
in a child aged 2 years, could not be removed
by RB. The seed was not able to be suffi-
ciently gripped and easily slipped out during
the removal process because of the limited
field of view and smooth surface of the seed.
Several additional attempts were made using
RB, but all of them failed. A cystourethro-
scope with forceps (crocodile-jaw, double
open, 2.0x360 mm) was used instead.
Under the guidance of a CU magnification
system on a TV display, the forceps could
easily clamp the relatively flat sides of the
seed. The Chinese wampee seed was able to
be rapidly extracted from the right bronchus
according to its structure (Figure 2).

In this study, oxygen saturation fell
below 90% among patients at an average
occurrence 0.39 times, but no patients
showed a decrease below 85%. Only one
patient experienced laryngeal oedema after
the procedure.

Discussion

Aspiration of TFBs is the most common
cause of death from acute asphyxia among
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Figure 2. A Chinese wampee seed in the right bronchus was removed by cystourethroscopy. (a) Chest
computed tomography showing emphysema in the right bronchus that was induced by a Chinese wampee
seed. (b) An otolaryngologist removed the Chinese wampee seed by cystourethroscopy. (c) The removed

wampee seed.

Table 3. Mean time of doctors performing cys-
tourethroscopy according to different years of
surgical experience

Operation
Surgical Number time (min),
experience of cases mean + SD
2 years 22 3.38+2.13
5 years 37 3.40 £ 3.60
10 years 68 3.37+2.86

children aged between 1 and 3 years. The
seeds of sunflowers and watermelons, and
peanuts are the most common TFBs found
in children in China.>'®'"" In this study,
82.68% of the TFB inhalation accidents
occurred in children aged younger than 3
years among whom 75.59% were boys.
RB remains the gold standard for managing
many complex TFBs.'? In recent years, an
increasing amount of studies has supported
the use of a flexible bronchoscope for TFB
removal.'>'* This use is based on the small
and soft outer diameter of a flexible bron-
choscope, which makes it easier to access a
grade III or deeper bronchus. However, the
situation where the location of TFB inhala-
tion is a grade III or deeper bronchus is
rare.'>'7 Additionally, a flexible broncho-
scope is hard to control because of the soft
outer diameter. However, we believe that

neither the flexible or rigid bronchoscope
is mandatory in each case of TFB removal.

With a small outer diameter, a cystoureth-
roscope can easily access the tracheal bron-
chus of paediatric patients. Additionally,
this instrument can be combined with a
wide variety of forceps necessary for remov-
ing different types and shapes of TFBs. Most
TFBs in this study were red melon seeds and
peanuts, and forceps with a crocodile-jaw or
a peanut-jaw were used. They were mutually
separated from the cystourethroscope, which
increased flexibility of the cystourethroscope
and forceps in extraction of TFBs. Even
though the forceps and cystourethroscope
could not continue to access a deeper posi-
tion of the bronchus together, the forceps
alone were able to keep extending until
grasping the TFB under guidance of the
cystourethroscope. A cystourethroscope
(2.7-mm outside diameter) with forceps
(crocodile-jaw, double open, 2.0 x 360 mm)
can be considered when a TFB is in a deeper
position of the bronchus with limited space
for access of optical forceps. In our study,
otolaryngologists could clearly observe the
structure of the tracheal bronchia and
promptly adjust the posture of the TFB
through the cystourethroscope with a large
field and high-definition view. This reduced
the chance of TFBs slipping out of the cap-
turing instrument during the removal
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process, especially when passing through the
glottis. Once this occurred, the otolaryngol-
ogist immediately pushed the TFB into
one of the main bronchi for ventilation and
oxygenation. TFB inhalation is usually a life-
threatening emergency and rapid removal of
the foreign body while maintaining adequate
oxygenation helps to ensure the child’s life
and reduces complications. In our study,
102 (80.31%) patients had TFBs successfully
removed by using CU in the initial trial. Less
frequent insertions probably contributed to a
reduction of the operation time and the inci-
dence of complications. The average time
of the procedure performed by CU was
3.38 minutes (range: 0.2-15 minutes), and
only one patient showed laryngeal oedema.
A pulmonologist was available during the
procedure and open surgical procedures,
such as tracheotomy, tracheostomy or thora-
cotomy, could be immediately carried out if
removal of the TFB failed and airway
obstruction occurred. Fortunately, no
patients suffered from airway obstruction.
Our experience in this study shows that the
removal of TFBs with CU can be safely per-
formed with few complications.

The skill of surgeons and the equipment
used have a greater effect on the number of
incidences of airway obstruction than the
type of ventilation.'"® To maximize safety,
these TFB removal operations should only
be performed by those with experience
and professional training. China is a large
populous country with a relatively low pro-
portion of doctors, which has led to a large
amount of pressure on its medical environ-
ment. In our study, after more than 2 years
of professional CU training, the experience
of otolaryngologists had little effect on the
outcome of TFB removal. Young doctors
can quickly accumulate experience depend-
ing on the CU technique with an image
enlargement system, which may relieve ten-
sion in the medical environment.

Although CU has achieved excellent out-
comes in removal of TFBs, it still has some

disadvantages. Our institution has not used
a rigid or flexible bronchoscope to remove
TFBs since 2010. All inhalations of TFBs
have been successfully treated with a cys-
tourethroscope without a rigid broncho-
scope. This means that young doctors
have difficulty in finding the opportunity
to become trained on extraction of TFBs
with RB in paediatrics. Nevertheless, the
best method for extracting TFBs in children
is still in dispute.'® If we encounter an emer-
gency and needed a rigid or flexible bron-
choscope to remove a TFB, an experienced
doctor with training could be scheduled.
One solution is to train young doctors for
using flexible and rigid bronchoscopes so
that they can assist in TFB removal.

In summary, our experience shows that
CU is a useful method that minimizes com-
plications and operational risks during the
removal of paediatric TFBs. CU only costs
USD 639. Not only is CU used for TFB
removal, it is also used for urological sur-
gery. Full use of all medical resources is
required because of the lack of medical
equipment and doctors, especially in devel-
oping countries with a large population.
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