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Abstract

Complex bronchial ruptures are rare. Primary surgical repair is the preferred procedure. The aim of this retrospective case series
was to study the clinical presentation of these complex bronchial injuries and their management and outcomes. Patients with
injuries to the trachea or those who had simple single bronchial rupture and isolated lobar and segmental injuries were excluded.
Twenty-one patients were operated for bronchial rupture due to blunt chest trauma. Seven patients had complex bronchial injuries
and had right bronchial tree injury (n = 3), left bronchial tree injury (n = 3), and rupture of both right and left main bronchi (n = 1).
Fibreoptic bronchoscopy established the diagnosis in all patients. Postoperative complications included atelectasis in four
patients (57%) and left recurrent laryngeal nerve paralysis (n = 1; 14.3%), and one patient required tracheostomy (14.3%). All
patients had follow-up bronchoscopy 2 months later, which showed no stenosis or scar formation in any of the patients. We
concluded that primary repair of complex bronchial injuries, with preservation of the normal functioning lung, is the preferred
option as it carries favorable immediate- and long-term results.
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Introduction management of patients with these injuries is to reconstruct

the airway with maximal preservation of the normal function-

Bronchial injuries are rare. Although it was reported that their
incidence declined following introduction of safety belts and
airbags [1], they have become more common due to the in-
creasing use of high-speed transportation [2]. The complex
bronchial injuries are sometimes difficult to diagnose and
treat. They usually require a highly specialized thoracic sur-
gery center that manages such rare injuries. The priority in the
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ing lung [3].

The aim of this study is to present our experience in the
diagnosis, management, and outcome of these complex bron-
chial injuries.

Patients and methods

This is a retrospective clinical study that included the patients
who had blunt thoracic trauma and admitted to the Thoracic
Surgery Department, Chest Disease Hospital, Kuwait, with a
diagnosis of a complex bronchial injuries during the period
between January 1995 and December 2019. The study was
conducted following the approval of the medical research
ethics committee. Those patients, who had injuries to the tra-
chea or simple single bronchial ruptures (within 2.5-3 cm
from the carina on the left, and within 1 ¢m from the carina
on the right side), as well as isolated lobar and segmental
injuries, were excluded from the study. Right thoracotomy
approach through the fourth intercostal space was used for
the repair of the right-sided injuries and proximal left main
bronchus injury in one patient, while left thoracotomy
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approach was used for the patients with left-sided injuries,
except in one with bilateral bronchial injury (Table 1). The
anastomosis was achieved using 4-0 vicryl sutures (Ethicon.
Inc.) and was re-enforced with a pleural flap.

Data collected included the age, sex, cause of the thoracic
trauma, clinical presentation, operative findings, management,
and outcome. Data was analyzed and was compared with that
of the literature.

Results

Twenty-one patients were found to have bronchial injuries.
Twenty of them (95.2%) had motor vehicle accidents
(MVA), while one patient had a direct blow to the chest
(4.8%). Age of patients ranged from 2% to 49 years.
Fourteen patients had “simple” bronchial injuries, i.e., short
bronchial lesions located within 2.5-3 cm from the carina on
the left and within 1 cm from the carina on the right side.
Seven patients out of those twenty-one (33.3%) were found
to have complex bronchial injuries and were included in this
study. Six patients of the seven were involved in MVA, and
one had a direct blow. Regarding those seven patients, three
had rupture in the right bronchial tree (42.9%), three had rup-
ture in the left bronchial tree (42.9%), and one had bilateral,
right and left, main bronchial injury (14.2%).

All the seven patients presented with respiratory distress on
admission and required endotracheal intubation and mechan-
ical ventilation. Dyspnea, subcutaneous emphysema, and me-
diastinal emphysema were the most common findings in these
patients. Six patients out of the seven (85.7%) had pneumo-
thorax on admission that was associated with persistent air
leak following tube thoracostomy. Six patients (85.7%) had
fractures of upper ribs; one had clavicular fracture (14.2%).

Chest X-ray (CXR) was done as the initial radiological
investigation for all patients (Fig.la). While an urgent

Table 1

computed chest tomography (CT-Chest) was performed in 3
patients, it did not provide any more information, except for
the presence of associated lung contusion, massive pneumo-
thorax, and surgical emphysema (Fig. 1b). Fiberoptic bron-
choscopy was carried out in all patients and was diagnostic.
Six patients had an urgent surgical procedure (within 2 h from
the injury), and one had surgery 48 h after injury, due to
delayed diagnosis (Fig. 2a). All of the seven patients required
mechanical ventilation support following the surgery that
ranged between 1 and 14 days (5.43 +5.28).

The different types of the encountered complex bronchial
injuries are listed in Table 1. Follow-up bronchoscopy was
performed in all patients 2 months following the surgery and
showed good results, with no stenosis or scar formations.
Moreover, clinical follow-up for 5 years showed no compli-
cations in any of them. No perioperative mortality was record-
ed. The recorded postoperative complications were pulmo-
nary atelectasis that required bronchoscopy for aspiration of
secretions (n = 3), left recurrent laryngeal nerve paralysis (n =
1), and tracheostomy (n=1).

Discussion

Complex bronchial ruptures due to blunt trauma are rare seri-
ous injuries, with a reported mortality up to 30% [2, 4].
Around 80% of the bronchial injuries due to blunt trauma
are located within 2.5 cm of the carina [4]. Symbas et al. [5]
have divided them into three types: transverse, longitudinal,
and complex. Complex injuries were either combined trans-
verse and longitudinal injuries or multiple ruptures. In their
study, the complex injuries accounted for 8% of all airway
injuries. However, in our study, their incidence was around
33.3%. On review of the literature, only few sporadic cases of
complex bronchial injuries have been reported [3, 5].

Site of complex tracheobronchial injury and type of surgery performed

Serial Site of tracheo Surgical procedure

Type of intubation Period of postoperative Postoperative

bronchial injury ventilation in days complications

1 RMB + RUL + SSLL Primary repair + sleeve upper Single lumen 14 Tracheostomy
lobectomy and re-implantation of SSLL

2 RIB + RUL Primary repair + sleeve upper lobectomy  Single lumen 1 Atelectasis
3 RIB + RML + MBR  Primary repair + middle lobectomy Double lumen 2 -
4 LMB + LUL Primary repair + sleeve upper lobectomy  Double lumen 2 Atelectasis
5 MBR + LMB Primary repair + anastomosis Single lumen 4 Atelectasis + LLN paralysis
6 RMB + LMB Primary repair + anastomosis Double lumen 3 -
7 LMB + LUL + MBR  Primary repair + anastomosis + Double lumen 12 Atelectasis

mobilization of aortic arch

RMB right main bronchus, RUL right upper lobe bronchus, RIB right intermedius bronchus, RML right middle lobe, MBR memberanous bronchial
rupture, LMB left main bronchus, LUL left upper lobe bronchus, SSLL superior segment lower lobe, LLN left laryngeal nerve
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Fig. 1 a Plain chest X-ray showing right-sided persistent pneumothorax with two inserted intercostal drains. b CT-Chest (mediastinal window) showing
irregularity of the left upper lobe bronchus wall with two intercostal drains inserted in the left side and one intercostal drain inserted in the right side

Bronchial injuries are more common on the right side. The
transverse bronchial ruptures are more frequent than longitudi-
nal injuries. However, the longitudinal injuries are usually com-
bined with the transverse ones [5]. Deslauriers et al. [6] noted
that the bronchial rupture may be associated with a deep lobar
lung laceration. This was encountered in four of our patients.

Bronchial rupture may be diagnosed immediately in 25-60%
of patients. The left-sided bronchial ruptures usually take longer
time to be diagnosed, as explained by Taskinen et al. [2]. The
usual clinical presentation of bronchial ruptures includes dyspnea
(90%), subcutaneous and mediastinal emphysema (65%), pneu-
mothorax (66%), and less frequently hemoptysis [2, 5, 6]. A
diagnosis of bronchial rupture should be considered in all patients
with thoracic trauma, especially when there is mediastinal em-
physema or continuous air leak. The CXR usually demonstrates
pneumothorax, pneumomediastinum, or subcutaneous emphyse-
ma (90%) [1, 2, 6]. The fallen lung sign is specific for bronchial
rupture [6]. The routine use of CT-Chest in blunt trauma is con-
troversial, although its accuracy in detection of the site of injury

reaches 94% especially with the use of the multi-detector com-
puted tomogram (MDCT) [7]. Bronchoscopy is important to
establish the diagnosis and to evaluate the extent of injury. It
should be performed inside the operating room with a full anes-
thetic backup, so that endotracheal tube can be passed distally to
the rupture site, or the lung can be isolated with a double lumen.

The patients included in this study presented with severe
dyspnea that mandated endotracheal intubation. All had mod-
erate to mild surgical emphysema. CXR was performed for all
patients as initial screening and revealed subcutaneous emphy-
sema and massive pneumothorax, either on the right or the left
side. CT-Chest was performed for 3 patients after endotracheal
intubation. We depend mainly on bronchoscopy for the diag-
nosis and evaluation of such bronchial injuries, as it can accu-
rately delineate the site and extent of the lesion. Moreover, this
policy avoids losing time taken for performing CT-Chest, as
these patients usually have severe air leak with border line
oxygen saturation. Furthermore, CT-Chest do not add any fur-
ther details, except for associated small pulmonary contusions.

Proximal

segment

Fig. 2 a Pre-operative fibreoptic bronchoscopy showing intermedius and middle lobe bronchus rupture. b Intra-operative view: showing both the right
main bronchus proximally with the Fogarty catheter introduced inside and the intermedius bronchus distally after sleeve upper lobectomy
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Complex bronchial ruptures should be diagnosed and treat-
ed early to prevent complications like airway stenosis, respi-
ratory infection, and bronchiectasis. Immediate management
is directed to securing the airway. Endotracheal tube can be
placed into the uninjured bronchus providing single lung ven-
tilation. However, it should be kept in mind that the tube can
slip out of the bronchus during positioning of the patient, or
may cause future narrowing by an over-inflated cuff in a rel-
atively small bronchus. The double-lumen endotracheal tube
is the best standard for isolation, but its large size and rigidity
can cause further airway injury, especially when the rupture is
located at carina or at a proximal bronchus [8]. This was seen
in one of our patients.

Right thoracotomy approach is used for all injuries of
the trachea, carina, and right main bronchus. It is also
recommended for the repair of injuries involving the first
2-3 cm of the left main bronchus [5]. Left thoracotomy
approach is indicated for the repair of all injuries of the
left main bronchus [4, 5]. We do not recommend right
thoracotomy for the repair of the proximal left main bron-
chus in a case of complex bronchial injury, as there is
always lung contusion, and during dissection to access
the site of the left bronchial rupture, the lung has to be
compressed for long time, which may lead to ventilation
problems and desaturation.

Regarding injuries of the left main bronchus that are
close to the carina, the aortic arch can be mobilized and
repair performed. The surgeon should be ready to manage
the airway once the mediastinum is entered, as the venti-
lation may be inadequate. A separate endotracheal tube
(crossing the field) and manual ventilation using bag
mask valve system or using another ventilator is neces-
sary [9]. In the case of distal injury of the main bronchi,
intra-operative Fogarty catheter can be introduced proxi-
mally into the main bronchus (Fig.2b), thus preventing the
transient compression of the lumen during the surgical
manipulation [10]. If oxygen saturation falls to a critical
level, temporary clamping of the left or right pulmonary
artery is indicated with the use of low tidal volume and
low positive end-expiratory pressure (PEEP) [9, 10].
Extensive complex bilateral injuries, associated with dif-
ficulties in ventilation during the procedures, may be
repaired using cardiopulmonary bypass (CPB) [5], al-
though we did not use it in any of our patients. A suc-
cessful repair requires sharp dissection, saving the vascu-
lar supply, especially at the proximal end, removing all
devitalized tissues and performing precise anastomosis
with minimal tension at the suture line. The anastomosis
should be achieved with an absorbable vicryl 4-0
(Ethicon. Inc.) to avoid granuloma formation and should
be re-enforced with a pleural flap. If the damage of pul-
monary parenchyma or the bronchial injuries are exten-
sive, then lung resection may be necessary [1]. In cases

with lobar bronchial rupture and lung damage beyond the
bronchial repair, primary repair of the bronchial rupture
with sleeve lung resection should be tried. This was done
in four (57%) of our cases, thus preserving most of the
functioning lung parenchyma.

Follow-up for a period of 5 years revealed a favorable
outcome without development of bronchial stenosis or gran-
uloma formation. No mortality was recorded in our patients.
This could be attributed to the rapid transfer of the patients
from the scene of the accident to the hospital and rapid
management without full radiological investigations in such
risky patients.

Conclusion

In conclusion, complex bronchial injuries are rare. The defin-
itive diagnosis of these injuries can be made by bronchoscopy.
Surgery for reconstruction of such injuries can be challenging
and requires an experienced surgeon, who is familiar with the
lung-sparing surgical techniques and airway repair. The ipsi-
lateral postero-lateral thoracotomy is the incision of choice for
the repair of such injuries, with as limited as possible lung
resection.
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