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Abstract

Purpose To examine the diagnosis and treatment of traumatic bronchial rupture in children at the Children’s Hospital of
Chongqing Medical University, Chongqing, China.

Methods The diagnosis and treatment of eight cases of traumatic bronchial rupture were analyzed retrospectively from
January 2014 to December 2019 in our hospital.

Results Diagnosis of the eight patients was clear after a chest CT with three-dimensional reconstruction techniques and
fiberoptic bronchoscopy; six of the patients had a delay in diagnosis of at least 2 weeks. Among the patients, six had left
bronchus rupture, and the other two had right bronchus rupture. All eight patients received surgery; seven patients received
a bronchial end-to-end valgus anastomosis, and one received right middle lobe lobectomy. There were no deaths in this
group, and all patients were cured and discharged. Follow-up was conducted for 3 months to 2 years; the patients who
received surgery showed mild bronchostenosis within 2 weeks after the trauma, and the other six patients showed moderate
bronchostenosis upon CT examination.

Conclusion Being alert to bronchial rupture after trauma in children is helpful for diagnosis. Chest CT with three-dimensional
reconstruction techniques and fiberoptic bronchoscopy are the most valuable diagnostic methods. The patients can show
excellent results if the operation for a continuous valgus anastomosis of the posterior wall and interrupted end-to-end valgus
anastomosis of the anterior wall on the ruptured side is performed in the early stage of traumatic bronchial rupture.
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Introduction

Traumatic bronchial rupture in children is often caused by
blunt chest trauma, which is rare in chest trauma. Because
trauma in children is often combined with brain injury,
abdominal organ injury, limb fracture and other complex
injuries, the diagnosis of traumatic bronchial rupture in
children is easily missed or delayed, resulting in different
degrees of pulmonary infection and consolidation; in severe
cases, lobectomy may be performed, or death may even
result [1]. Early diagnosis and surgical treatment are ben-
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eficial to the prognosis of traumatic bronchial rupture in chil-
dren. This article analyzes and summarizes the experience
of the diagnosis and treatment of eight cases of traumatic
bronchial rupture at the Children’s Hospital of Chongqing
Medical University from January 2014 to December 2019,
as reported below.
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Materials and methods
General information

A total of eight cases of traumatic bronchial rupture in
children were collected from January 2014 to December
2019 in the cardio-thoracic surgery ward of our hospital,
involving five males and three females aged from 2.5 to
9.7 years with a median age of 6.5 years. All patients had
a different trauma history, including traffic accident in four
cases (the cases refer to pedestrians injured by vehicles),
falls from heights in three cases (the height of falling in
falls from heights is about 3~10 m), and object smashing
injury in one case (object smashing injury means blunt
injury to the chest caused by objects). Eight patients had a
closed injury. The diagnosis time was 1-52 days after the
injury (median time of 27.5 days). Two cases were admit-
ted to our hospital for emergency treatment, whereas six
cases were treated at the beginning of the trauma in a local
hospital and then transferred to our hospital for treatment
due to chest tightness, shortness of breath and atelectasis
(with a time from the injury of more than 2 weeks). All
patients had reduced or absent breath sounds on physical
examination, and 4 of them reported a twisting sensation
under the skin of the neck and chest. All patients received
chest radiographs, chest CT with three-dimensional recon-
struction techniques and fiberoptic bronchoscopy.

Treatment

Four patients received thoracic closed drainage in the
early stage, and one patient received endotracheal intu-
bation and ventilator-assisted ventilation due to dyspnea.
The patient was in the lateral position during the opera-
tion. The posterior lateral incision of the lesion side was
selected, and the chest was entered from the 4th intercostal
space. After the chest was entered, the inferior lung liga-
ment was first cut off. Patients in emergency surgery were
given healthy-side single-lung ventilation immediately
after anesthesia. In cases of delayed surgery, there were
granulation growth and local bronchial lumen occlusion
in the bronchial stump, so anesthesia began with two-lung
ventilation, and then the anesthesiologists inserted a fiber
bronchoscope through the tracheal tube into the ruptured
upper end of the bronchus on the lesion side. The surgeons
searched for the upper broken end of the bronchus accord-
ing to the light from fibrobronchoscopy. After freeing the
upper end of the bronchus, the tracheal tube was inserted
into the healthy bronchus under the guidance of the fiber
bronchoscope and changed to single-lung ventilation. The
surgeons continued to search for the ruptured lower end
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of the bronchus around the hilum and aspirated the yel-
low transparent jelly-like secretion in the distal bronchus.
The right middle lobe of one patient was resected due to
severe bronchial fragmentation, an unclear tissue structure
and infection, and the other seven cases were treated by
trimming the ruptured end of the bronchus (the bronchus
was trimmed by less than 1 cm at each end). Continuous
valgus anastomosis of the posterior wall and interrupted
end-to-end valgus anastomosis of the anterior wall at the
ruptured side were performed with a 5-0 PDS line or 4-0
Dacron line (Fig. 1). The distance between the needles was
1.5-2 mm. To prevent tracheo-pleural fistula, part of the
pleura was freed to cover the anastomosis. After bronchial
anastomosis, the bronchial tubes needed to be lavaged,
and the lung needed to be expanded. Fibrobronchial lav-
age treatment was repeated for those with postoperative
atelectasis.

Results

After admission to our hospital, interruption of the bron-
chus and atelectasis of the diseased side was found in eight
patients by chest CT with three-dimensional reconstruction
(Fig. 2). Interruption of the bronchus was found in all cases
by fiberoptic bronchoscopy (Fig. 3). There were six cases of
left main bronchus rupture, one case of right main bronchus
rupture and one case of right middle bronchus rupture in the
group. Injuries other than those involving the bronchi and
lungs included six cases of rib fracture, two cases of limb

Fig. 1 Continuous valgus anastomosis of the posterior wall and inter-
rupted end-to-end valgus anastomosis of the anterior wall at the rup-
tured side of the bronchus



Pediatric Surgery International (2020) 36:1019-1025

1021

Fig.2 Preoperative CT image

Fig. 3 Fiberoptic bronchoscopy
images before and after opera-
tion

fracture, two cases of abdominal closed injury, two cases of
craniocerebral injury, one case of clavicular fracture, and
one case of spinal injury.

In this group, the time from trauma to diagnosis was
1-52 days (median time 27.5 days). Four cases (50%) were
type I bronchial rupture, and four cases (50%) were type 11
bronchial rupture. One case was treated by an emergency
operation. Another case was not treated with emergency
bronchial rupture surgery due to another serious comor-
bid injury, and bronchial rupture surgery was performed
1 week after the condition stabilized. The rest performed
bronchial rupture surgery at least 2 weeks after trauma.
The distance between the bronchial stump and the trachea

carina in all patients was approximately 2 cm. The postop-
erative ventilator-assisted breathing time was 8.5-129.4 h
(median time: 101.4 h). There was no bronchopleural
fistula after the operation. Seven patients received bron-
chial end-to-end valgus anastomosis, and one received
right middle lobe lobectomy. There were no deaths in this
group, and all patients were cured and discharged. Follow-
up was conducted for 3 months to 2 years, and the patients
subjected to the operation showed mild bronchostenosis
within 2 weeks after trauma upon CT examination. The
other six cases showed moderate bronchostenosis (Fig. 4),
and they were followed-up for observation.
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Fig.4 Postoperative CT images

Discussion

Etiology and pathogenesis of traumatic bronchial
rupture in children

Children are naturally active, curious, playful, and less
vigilant in avoiding accidental injuries. A child’s behavior
may be a causative factor, other factors are that drivers are
careless when driving on the road and adults’ supervision
is not in place. Thus, children are relatively vulnerable to
accidental trauma. The primary cause of traumatic bron-
chial rupture of the children in our center was traffic acci-
dent injury, accounting for 50% of cases, and fall injury
was the second cause of injury, accounting for 37.5% of
cases, which is consistent with other reports [2].

The possible mechanisms of traumatic bronchial rupture
in children are as follows [3—-6]. (1) Physiological expla-
nation: the cricoid cartilage and tracheal carina are fixed
anatomically, whereas the two lungs hang from both sides;
when the chest is compressed by front and back pressure,
the lungs are pressed to both sides, and the two bronchi
near the carina produce shear force, leading to bronchial
rupture. (2) Pressure-related explanation: when the chest
wall is squeezed suddenly, the glottic reflex is closed, the
thorax shrinks, and the internal pressure of the bronchus
increases sharply. If the pressure exceeds the tolerance
limit of the bronchus, the bronchus ruptures. The bronchus
walls are weak in children, who often hold their breath
at the moment they are injured due to startling; this can
increase the airway pressure and the relative movement
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of the bronchus and lung, which is a special feature of
traumatic bronchus rupture in children.

Diagnosis of traumatic bronchial rupture in children

The clinical manifestations of bronchial rupture include
cough, dyspnea, hemoptysis, voice changes and subcutane-
ous emphysema of the neck and chest [7]. A small number
of patients do not receive timely diagnosis and treatment,
and they may die within a short period of time. When a
large amount of gas compresses the trachea and mediasti-
num, it can lead to an increase in airway pressure, dyspnea,
blood pressure drop, and urine volume reduction [8]; when
these fatal complications occur, emergency chest closure and
drainage, incision and drainage of subcutaneous emphysema
are important treatments. Some patients may also present
ongoing air leak after placement of a chest tube or failure
to expand the lung with a chest tube, if the patients’ oxygen
saturation cannot be maintained, they need emergency bron-
chosurgery, or they will be life threatening. Fortunately, the
cases are rare because there is secretion blocking the rupture
of the bronchus, and tension pneumothorax is not easy to
occur. Clinically, there are two types of bronchial ruptures:
type I, where the bronchus rupture is connected to the pleu-
ral cavity and tension pneumothorax and hemothorax are the
main manifestations; and type II, where the rupture of the
bronchus opening is not connected with the pleural cavity,
pneumothorax is not obvious, and the main manifestation is
mediastinal emphysema.
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The clinical manifestations and life-threatening risks of
traumatic bronchial rupture in children are often not as seri-
ous as those in adults and are less common than those in
adults [9]. Therefore, the diagnosis of most cases of trau-
matic bronchial rupture in children is easily delayed. The
diagnosis time of the injuries in this group was 1-52 days.
Except for two children who were admitted to our hospital in
an emergency and received early diagnosis, the diagnosis of
the remaining six children was delayed. The possible reasons
for the delayed diagnosis of the children in this group are
as follows: (1) the health system in western China is under-
developed. Emergency chest CT examination after trauma
does not necessarily show bronchial interruption and lung
consolidation. The knowledge of bronchial rupture of medi-
cal staff is also relatively inadequate. (2) The condition of
the acute stage of trauma is unstable; thus, it is not suitable
for fiberoptic bronchoscopy. (3) The clinical manifestations
of traumatic bronchial rupture in children are mostly mild
shortness of breath, if the child’s condition is complicated
by other organ damage, bronchial rupture is more likely to be
ignored [10-14]. Therefore, to avoid missed diagnosis and
delayed diagnosis, it is necessary to be aware of the occur-
rence of traumatic bronchial rupture in children after trauma,
shortness of breath or dyspnea, subcutaneous emphysema
of neck and chest, tension pneumothorax, and a persistent
large amount of air leakage after closed drainage of the chest
[15]. For the children suspected of bronchial rupture, tar-
geted auxiliary examination should be performed with the
following methods: (1) Chest X-ray examination, which can
show mediastinal emphysema, neck subcutaneous emphy-
sema, pneumothorax or hydropneuma. (2) Chest CT with
three-dimensional reconstruction, which can directly show
the interruption of the bronchus, pneumothorax, pleural effu-
sion, pulmonary contusion and laceration and other com-
bined injuries and determine the location of the bronchus
rupture. Eight patients in our center underwent imaging of
the bronchus rupture through chest CT with three-dimen-
sional reconstruction; hence, we recommend it as the first
choice for suspected diagnosis of bronchus rupture in chil-
dren. (3) Fiberoptic bronchoscopy, which can be performed
in hospitals in children where conditions permit. It can be
used to determine the extent, location, local wall inflamma-
tion and granulation growth of the ruptured bronchus [2].
It can also play a guiding role in laser treatment and liquid
nitrogen freezing to remove scar tissue.

Treatment of traumatic bronchial rupture
in children

As with adults with traumatic bronchial rupture, children
should be treated as early as possible after diagnosis of
bronchial rupture [9]. Early surgery can quickly restore the
continuity of the bronchus and terminate the pneumothorax,

mediastinal emphysema and secondary pulmonary infection
caused by bronchial rupture, reduce granulation of tissue
in the bronchi, and even reduce lung consolidation, endo-
bronchial dilation and other pathological conditions. For
children with bronchial rupture who have a delayed diagno-
sis for more than 2 weeks, if there is lung infection such as
expectoration and fever, anti-infection and supportive treat-
ment can be used first, and surgery should be arranged after
the infection is controlled as much as possible.

The purpose of the operation is to restore the continu-
ity of the bronchus, to preserve the lung tissue as much as
possible and to restore the lung function. The patient was in
the lateral position during the operation, and the posterior
lateral incision of the lesion side was selected for entering
the chest from the 4th intercostal space. After the chest was
entered, the inferior lung ligament was first removed. For
early operation cases, because of the fresh wound, slight
inflammation, and clear anatomy of the mediastinum and
pulmonary hilum, one-lung ventilation was given at the
beginning of anesthesia to avoid air leakage of the bronchial
fissure, and it was convenient for the surgeons to operate.
For cases of delayed surgery, bronchial stumps are often
closed due to inflammation of the hilum and mediastinum
and granulation tissue proliferation; thus, it is often difficult
to find bronchial stumps during surgery. Anesthesia began
with two-lung ventilation, and then the anesthesiologists
inserted the fiber bronchoscope through the tracheal tube to
the upper broken end of the bronchus on the lesion side. The
surgeons searched for the upper broken end of the bronchus
according to the light from fibrobronchoscopy. After freeing
the upper end of the bronchus, the tracheal tube was inserted
into the healthy bronchus under the guidance of the fiber
bronchoscope, changing to one-lung ventilation. The sur-
geons continued to find the lower broken end of the bronchus
around the hilum and sucked up the yellow transparent jelly-
like secretion in the distal bronchus. Intraoperative bron-
chial stumps should be trimmed according to the situation,
or the granulation tissue of the stump hyperplasia should
be removed; however, the free bronchus should not be too
much. It should not exceed 1 cm at each end so as not to
affect the blood supply of the bronchial wall after anastomo-
sis [16]. There are three approaches to bronchial end-to-end
anastomosis: a full-thickness interrupted suture, partially
continuous—partially interrupted suture, and full-thickness
continuous suture. Because the full-thickness interrupted
sutures require for more time and the full-thickness con-
tinuous sutures can cause more airway scar stenosis, we
recommend continuous valgus anastomosis of the posterior
wall and interrupted end-to-end valgus anastomosis of the
anterior wall to reduce the operation time, reduce the ste-
nosis of the bronchus and facilitate the healing of the bron-
chus. For patients with severe bronchial fragmentation and
no reconstruction or with a long time between the operation
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and the trauma (more than 3—6 months) or whose lungs still
cannot be dilated after the bronchial anastomosis, lobec-
tomy may be performed, but total pneumonectomy should
be avoided as much as possible [15]. The right middle lobe
of one patient in the group was resected due to severe bron-
chial fragmentation, unclear tissue structure and infection.
Patients with atelectasis and endo-bronchial dilation found
in the postoperative chest imaging should be treated with
bronchofiberscope lavage. If the growth of the granulation
tissue of the anastomotic mouth leads to the restenosis of the
bronchus, an interventional treatment such as laser, freezing
or stent can be performed, and lobectomy or pneumonec-
tomy on the affected side can be performed if necessary [5,
17]. Some studies have found that delaying operation for
2 months can lead to the decline of lung function and airway
stenosis, which indicates the necessity and importance of
early surgery. Because the lung tissue can be fully reopened
in early surgery, less scars are formed in the bronchus, and
the adhesion is light, it is easy to repair the bronchus; there
is no infection in the lung and less secretion, and complica-
tions do not easily occur after operation. It is difficult to
reconstruct the bronchus in patients with delayed diagnosis
because of lung collapse for a long time or infection and the
large amount of granulation tissue in the lesion. Even if the
reconstruction of the bronchus is successful, the lung tissue
still exhibits consolidation, endo-bronchial dilation, and the
lung function still decreases; sometimes lobectomy must be
performed [18]. However, it has also been reported that the
death rate of emergency operation for traumatic bronchial
rupture is 11.8%, and the causes of death are cardiac arrest
and brain hypoxia, whereas no deaths have occurred in the
delayed operation group [2].

In summary, although traumatic bronchial rupture is rare
in trauma in children, attention needs to be paid to the diag-
nosis and treatment of childhood trauma cases so as not to
delay the diagnosis. Chest CT with three-dimensional recon-
struction techniques and fiberoptic bronchoscopy are effec-
tive auxiliary examinations to determine bronchial rupture.
The bronchial rupture patients receive closed chest drain-
age and anti-infection and supportive treatment during the
perioperative period; active preoperative preparation can be
done as early as possible but not necessarily for emergency
surgery. We recommend operation within 2 weeks after
trauma. The first choice of operation is continuous valgus
anastomosis of the posterior wall and interrupted end-to-end
valgus anastomosis of the anterior wall at the ruptured side.
Multidisciplinary joint diagnosis and treatment, combined
with perioperative examination and lavage using fibrobron-
choscopy or respiratory interventional therapy, in children
with traumatic bronchial rupture can achieve good results.
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