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1. Introduction

ABSTRACT

We reported the case of a 36 years old woman involved in a car accident and admitted
to the Emergency Room with critical conditions. A CT scan showed hemopericardium,
pneumomediastinum and D2 unstable vertebral fracture; then a sternotomy was promptly
performed. After admittance to Intensive Care Unit a bronchoscopy showed a tear of the posterior
wall of the trachea and the complete disruption of the left main bronchus with a 2 cm gap beetwen
two consecutive cartilage rings. D2 fracture would have required stabilization, but pronation of
the patient was contraindicated by the bronchial rupture. On the nineth day the vertebral fracture
was stabilized, thus allowing a lateral decubitus and a left thoracotomy. The bronchial laceration
was wrapped all around with a pedicled pericardial flap and a bronchial stent was placed inside
the gap with a pediatric bronchoscope. Postoperative course was uneventful and the patient was
transferred to the Physical Rehabilitation Unit after 23 d. The successful outcome of this case is
the result of multidisciplinary management where every decision was shared by each specialist.
From the surgical point of view survival is uncommon in such severe association of lesions. The
use of pericardium wrap together with a bronchial stent represents an innovative solution to treat
a complicated bronchial disruption.

combination of cardiac rupture, tracheo—bronchial rupture,
cervical and thoracic vertebral fractures after blunt trauma
to the chest is one of the toughest challenges that a Trauma

Blunt trauma of the chest consequent to car accidents can
cause rapidly lethal multiple organ injuries. The rupture
of a cardiac chamber, most likely an atrium, following
blunt chest trauma leads to immediate death in 80%—90%
of patients(!l. Trauma of the major airways with bronchial
rupture leads to immediate death in many patients
and to death after hospitalisation in 30% of the other
patientsl2l. About 10% of major tracheo—bronchial traumas
are associated with cervical spinal cord injuryl3l. The
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Center can face.

2. Case report
2.1. Day 1

A 36 years old female was involved in a road car crash
while not wearing seatbelts. On scene Glasgow Coma Scale
was 6; oro—tracheal intubation was performed, and the
cervical spine was stabilized and crystalloid fluid infusion
was started. At the Emergency Room, blood pressure was
80/40. Chest X-ray and FAST ultrasound showed no major
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alterations. A cardio—pulmonary arrest was successfully
treated in the Emergency Room with CPR and ALS, and a
weak haemodinamical compensation was restored. A left
pleural tube was placed based on FAST diagnosis of left
minimal haemopneumothorax.

A subsequent whole body chest CT scan revealed
(Figure 1): haemopericardium, pneumomediastinum, D2
unstable vertebral fracture and minor injuries (C2 stable
vertebral fracture, non complicated head trauma, multiple

pulmonary contusions, multiple non complicated right

costal fractures and minimal abdominal effusion).

Figure 1. CT scan of pneumomediastinum, hemopericardium and
D2 unstable vertebral fracture.

Cardiocirculatory parameters improved dramatically
after 100 cc of blood were drained by us guided by
pericardiocentesis. The patient was then transferred to the
Operating Room where urgent exploratory sternotomy was
performed.

After opening the pericardial sac, more than 300 cc of
blood exited and this was immediately beneficial to cardiac
kinetics and blood pressure. A 1 ¢m blunt laceration of the
right auricle was detected, clamped with a haemostatic
clamp and stitched. No further cardiac lesions were found
after complete exploration. No air leakage was detectable
from airways and lungs.

The patient was transferred to the Intensive Care Unit
where a bronchoscopy, performed to assess the cause of
pneumomediastinum, showed a laceration of the trachea
in its posterior wall starting at approximately 1.5 em from
the carina, and a 2.5 ¢cm rupture of the left main stem
bronchus in its posterior—medial aspect starting from just
below the main carina (Figure 2). Only the hematoma of the
peribronchial tissue preserved continuity of the airway.
Low positive pressure ventilation was maintained, and in
spite of the severe multiple traumatic lesions the clinical

state of the patient was stable, with no air leakage from
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the chest drains. A subsequent CT scan demonstrated the

reduction of the pneumomediastinum.

Figure 2. Endoscopic view and CT scan of complete rupture of the

left main bronchus.

D2 unstable vertebral fracture at this point would have
required surgical stabilization, but the pronation of the
patient was held contraindicated in presence of the
bronchial rupture. The distance between the margins of the
bronchial rupture and the absence of cartilaginous rings
prevented the feasibility of bronchial stenting.

A thoracotomy for the surgical treatment of the bronchial
rupture was contraindicated in presence of the D2 unstable
vertebral fracture.

Any treatment was then delayed: the patient was kept
under low pressure mechanical ventilation, supine,
curarized and under broad spectrum antibiotics. During
the following days, chest drainage tubes were positioned
bilaterally to drain pleural effusion; bronchoscopies were
daily performed. The clinical condition remained stable.

No signs of esophageal lesions were detected.
2.2. Day 4

The bronchoscopy showed improved conditions:
fibrin and inflammatory tissue was covering tracheal
laceration and narrowed the mediastinal chamber around
the bronchial rupture; the evolution in a spontaneous
stabilization of the bronchial wall was considered possible

and vertebral stabilization was delayed.
2.3. Day 7

The bronchoscopic evidence was still stable, but there
was no evolution towards spontaneous healing. Due
to this stable condition, in order to reduce the risks of
neurological iatrogenic damage, surgical indication was

considered.
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2.4. Day 9

D2 vertebral fracture was stabilized: a posterior fixation,
extended from C5 to D4 was performed after detecting the
simultaneous spondylolisthesis of C6—C7 vertebrae. In
the course of pronation and spinal surgery bronchoscopic
check showed that the bronchial wall partially collapsed.
Surgery was completed under bipulmonary ventilation with

no significant problem (Figure 3).

Figure 3. Stabilization of D2 vertebral fracture and the bronchial wall.

A: D2 vertebral fracture was stabilized: a posterior fixation, extended
from C5 to D4 was performed after detecting the simultaneous
spondylolisthesis of C6—C7 vertebrae; B: The bronchial wall partially
collapsed, but there was non evidence of perforation.

2.5. Day 10

After accomplishing vertebral stabilization, posterolateral
thoracotomy could safely be performed: the aortic arch
was mobilized in order to obtain a wide approach to
distal trachea and main bronchi. The left main bronchus
was exposed and the rupture identified; thick and firm
peribronchial inflammatory tissue preserved the continuity
of the airway but hindered the feasibility of a bronchial
resection—anastomosis (Figure 4). A wide pericardial flap
was prepared posteriorly, parallel to the phrenic nerve,
to enforce the bronchial wall. In order to obtain adequate
stiffness of bronchial wall a covered metal stent (Ultraflex,
Boston Scientific®) was placed through the oro—tracheal
tube and with the aid of a pediatric flexible bronchoscope
over the bronchial gap with a 2 em proximal margin and a
1 em distal margin. The pericardial flap was then wrapped
360 degrees around the location of the rupture, to reduce the
risk that the endoprosthesis could migrate and damage vital
structures (Figure 5). Placement of a silicone stent, which
was an alternative we considered, was not feasible because
of the need of mechanical ventilation and the high risk of
further enlarging of the bronchial lesion while overcoming
the rupture with the rigid bronchoscope.
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Left main

bronchus
Figure 4. Postero—lateral thoracotomy could safely be performed: the
aortic arch was mobilized in order to obtain a wide approach to distal
trachea and main bronchi. The left main bronchus was exposed and

the rupture identified.

Pedicled flap
of pericardium
around the
bronchus

Aortic arch

\
| Bronchial stent placed
Figure 5. The pericardial flap was then wrapped 360 degrees around
the location of the rupture. A covered metal stent was placed over
the bronchial gap. (From Forti Parri and Boaron, “Surgical treatment
of thoracic trauma: mediastinum”. In: Di Saverio et al. “Trauma

Surgery” Volume 2, Springer 2014 with permission).

Both surgery and post—operative course were uneventful.
The patient was gradually weaned from mechanic ventilation
and three days after the bronchial surgery, a temporary
tracheostomy was performed to allow easier bronchial
cleaning (Figure 6).

Figure 6. CT scan of airways after surgery.
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2.6. Day 23

The patient was transferred to the Rehabilitation Unit.
The only surgical sequela was the left recurrent palsy,
determined despite the isolation and the anatomical
preservation of the left recurrent laryngeal nerve.

Complete bronchial healing was expected, even though
a periodical bronchoscopic follow up was planned to
monitor the possible mid—long term complications of the
endobronchial prosthesis.

At 3—year follow—up, the patient has a nearly normal
life, the only problems being the retention of mucus within
the stent, and the need for periodical coagulation and
removal of small granulomas arising form the proximal
and distal uncovered tracts of the metallic stent. As the
need for bronchoscopic management of these complication
is slowly increasing in frequency, the possibility of a
surgical management consisting in a bronchial end—to—end
anastomosis is being considered.

3. Discussion

Patients with cardiac rupture following blunt chest trauma
rarely reach the Operating Room, usually death occurs on
scene or early in the Emergency Room. Several mechanisms
of cardiac rupture have been debated; in the present case,
the most reasonable explanation was the crushing of the
cardiac chambers between the sternum and the spinel4l.
Often, in patients who survive enough to the Operating
Room, small atrial lacerations can be sutured via median
sternotomy without the need of cardiopulmonary bypass.
Ventricular laceration are instead usually rapidly lethalisl.

The integrity of the pericardial sac is fundamental to
retain the cardiac tamponade and its quick diagnosis
usually suggests an early transfer to the Operating Rooml6].
Pericardial ultrasonography during FAST is usually the
most valuable diagnostic tool to confirm the clinical suspect
of cardiac tamponade even though in some cases, as the
present case, the hemopericardium may not be quantified
through ultrasoundi?l. Once the cardiac tamponade is
diagnosed, an early treatment with pericardiocentesis can
be of great importance relieving the label cardiocirculatory
balance.

The tracheobronchial damage was, in the present case,
undiagnosed after the first chest CT scan. Total lack
of air leaks from the pleural drain tube, moderate and
stable pneumomediastinum and absence of subcutaneous
emphysema allowed us to delay the bronchoscopic
evaluation after the emergency sternotomy. Even though
an Abruzzini/Perelman transmediastinal approach to the
tracheal carina could be performedisl, with a deep and
narrow surgical field, the most probable option would have
been the left pneumonectomyl9l.

Three pathogenetic mechanisms of airways transections
can be taken into consideration(2l: the thorax compression
with enlargement of its lateral diameter and traction of the
main bronchi upon carinal trachea, the thoracic compression
with sudden rise in endotracheal pressure, the sudden
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deceleration with high traction applied to fixed points,
in particular to the carina. In only 17% of cases of airway
damage, the lesion is located in the left main bronchus
and in 8% of cases there are both tracheal and bronchial
lesions|101. The association of heart and left bronchial lesions
in our opinion suggest a mechanism of burst from antero—
posterior sudden compression.

The lack of air leak on this damage can be explained by
the relative integrity of the hematoma of the peribronchial
connective tissue. This probably interrupted the air supply
which had initially generated the pneumomediastinum.

The absence of major symptoms related to the
tracheobronchial damage, made it possible to maintain
positive pressure ventilation. The bronchial damage was
a clear surgical indication but the simultaneous presence
of the unstable D2 vertebral fracture contraindicated the
thoracotomic approach to the left main bronchus. Such
overlapping of rare circumstances was much more limiting
than the more frequent coexistence of a tracheal and
bronchial lesions and a cervical spine damage, treatable
with a simple external fixation with the patient lying in
lateral position(3l. The surgical reparation of the dorsal spine
fracture, whose treatment outsides this report, needs the
prone position of the patient and consequent high risk of
further worsening of the bronchial lesion.

So any further action was delayed to allow a better
consolidation of the tracheo—bronchial damage and this
approach in three days led to a dramatic improvement of
the tracheal healing. Anyway the prolonged Intensive Care
Unit stay could lead to the risk of neurological damage. To
minimize this risk an active surgical treatment had to be
planned in short times.

The vertebral stabilization treatment was performed with
C5-D4 posterior fixation, after detecting the simultaneous
spondylolisthesis of C6—C7 vertebrae. As expected, during
the pronation, the bronchial stumps were stretched and
compressed. This condition, bronchoscopically monitored,
did not trigger any complication but confirmed to be at
risk, without any reasonable expectance of spontaneous
healing and restore of autonomous ventilation. Furtherly a
late complication was expected to be the bronchial stenosis
caused by the scarring that commonly follows the untreated
bronchial fracturesi111.

In the scientific literature there is no report of delayed
bronchial reparation at such a short distance from the
trauma. The immediate treatment of a bronchial rupture is
performed debriding the bronchial margins and suturing
the two bronchial ends with single interrupted sutures in
Vycril® 4/0 and suture buttressing, following the principles
of airways reconstruction/12].

The treatment of late stenotic complications in late
diagnosis of traumatic damage to the tracheobronchial tree
has been widely described in literature and many different
techniques have been used. Laser—assisted mechanical
dilation[11], stenting{13l, and surgeryl14] have been widely
reported. As for the endoscopic techniques, laser—assisted
dilation is associated with risk of perforation and of possible
recurrence, while stenting is possibly associated with
several complications depending on the site and type of
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stent used (metallic versus silicone). As a consequence
periodical endoscopic follow—up is mandatory, especially
in patients subjected to stent placement. Surgical resection
of the stenotic tract, even after many years since trauma,
guarantees excellent results and a low incidence of
complications.

When planning bronchial repair, a direct resection—
anastomosis was considered, but the presence of thick and
woody inflammatory tissue would have required a large
devascularization of the bronchial tissue. The presence of
an optimal spontaneous aerostasis leads to the decision of
preserving the airway and reinforcing it on two sides. In
order to replace the cartilagineus skeleton of bronchus we
positionned a self—expandable, silicon coated metal stent
(Ultraflex, Boston Scientific®). The stent could jeopardize the
weak airway wall represented by just peribronchial tissue,
so a tight autologous tissue buttressing of the bronchus was
decided. Several options of autologus tissue transposition
were taken into consideration: the intercostal muscle was not
viable for the inadequate vascular supply; the prepericardial
fat tissue was damaged during the previous sternotomy and
a pleural flap was considered too thin to ensure an adequate
protection and stiffness. A pedunculated pericardial flap was
considered the best option, even considering the excellent
outcome of a previous similar casell5]. Other reliable
alternatives in the event of complications or unsatisfactory
conditions of the pericardium, were an omental flap or
an extrathoracic muscle flap. The pericardium is a robust
membrane with an excellent blood supply; its adaptability
to the surgery of the airways is well established in pediatric
surgery for tracheo—esophageal fistulaell6l, in oncologic
surgery to protect the anastomosis in sleeve resections!!7], in
heart-lung transplantation(18] and in the reconstruction of
the pars membranacea in iatrogenic tracheal lacerations[19].

The preparation of the pedunculated pericardial flap
is easy and safe, and the reconstruction of the residual
pericardial defect is not necessary except when a
pneumonectomy is performedi20l.
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