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Abstract

Tracheobronchial damage is very rare in clinical practice and
represents no more than 1% of all injuries caused by blunt
trauma. Nearly 80% of patients die before reaching the hos-
pital. Most ruptures are observed in the right main bronchus
and are located within 2 cm of the carina trachea. The high-
est mortality rate applies to patients with bilateral bronchial
injuries. Nonspecific symptoms, additionally masked by com-
plaints regarding other damaged organs, delay the diagnosis
and surgical treatment. The aim of this article is to present one
particular clinical case and to discuss it in conjunction with
a literature review.
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Introduction

Chest injuries constitute barely 3-4% of the conse-
quences of blunt trauma, whereas nearly 25% of post-
traumatic deaths are caused by injuries to the chest. Such
injuries are present in over half the patients after multifo-
cal trauma. Statistically, airway trauma is most commonly
observed among men under 40 years of age, and the male-
female ratio is 3 : 1 [1, 2]. Respiratory tract injuries con-
stitute only 0.8% of blunt thoracic traumas [3]. The most
common location is the right bronchial tree — 47% [4];
nearly 80% of injuries are located less than 2 cm from the
carina [4]. Left-sided bronchial injuries constitute 32% of
cases, while only 2% involve trauma to both main bronchi.
The rate of post-traumatic tracheal ruptures is around 19%
[4]; they are most often located in the cervical trachea (10—
15%) [5]. Most involve the cartilaginous part of the trachea
(approx. 74%), while 18% involve its membranous wall [6].

The nonspecificity of the clinical symptoms, which of-
ten overlap with symptoms arising from other injured or-
gans, results in diagnostic difficulties and delays the start
of treatment. The symptom most often mentioned in clini-
cal practice is subcutaneous emphysema; other frequently
observed symptoms include dyspnea, changes of vocal

Streszczenie

Uszkodzenia drég oddechowych s3 rzadkie w praktyce klinicz-
nej i stanowia nie wiecej niz 1% obrazen spowodowanych te-
pymi urazami. Blisko 80% pacjentéw umiera przed dotarciem
do szpitala. Uszkodzenia najczesciej stwierdza sie w prawym
oskrzelu gtéwnym, wiekszosé zlokalizowana jest w odlegtosci
do 2 cm od ostrogi tchawicy. Najwiekszy wskaznik $miertel-
nosci dotyczy pacjentéw z uszkodzeniem obejmujacym oba
oskrzela gtéwne. Niespecyficznos¢ objawdw oraz ich masko-
wanie przez dolegliwosci ze strony innych uszkodzonych na-
rzadéw opdzniajg ustalenie rozpoznania i leczenie chirurgiczne.
Celem pracy jest przedstawienie przypadku pourazowego ode-
rwania oskrzela gtéwnego ptuca lewego oraz jego oméwienie
w powigzaniu z usystematyzowang wiedza z piSmiennictwa.
Stowa kluczowe: tepy uraz klatki piersiowej, uszkodzenia
tchawiczo-oskrzelowe, uszkodzenie oskrzela, zwezenie oskrze-
la, resekcja oskrzelowa.

timbre, hemoptysis, and bleeding (if the injury involves the
bronchial arteries). Some respiratory tract injuries are as-
ymptomatic. Imaging examinations reveal pneumothorax,
sometimes bilateral. Increased air leakage in the drain-
age system after the connection of a suction device to the
pleural drain is an important symptom that suggests the
possibility of airway disruption [7]. In the case of injuries
located in the thoracic part of the respiratory tract, me-
diastinal emphysema with the accumulation of air in the
subcutaneous tissue may be the only symptom present [7].

When airway injury is suspected, the primary diagnos-
tic examination is bronchofiberoscopy, which also enables
the assessment of the extent of the injury. In the case of
intensified bleeding, classic rigid bronchoscopy is recom-
mended [7].

Case report

The patient was a 25-year-old male mine worker, who
suffered a multiorgan injury when he was buried by fall-
ing rocks. On admission to the Intensive Care Unit, he was
in a severe condition and exhibited symptoms of cardio-
pulmonary failure. The patient was intubated — mechani-
cal ventilation was introduced along with pharmacological
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therapy with catecholamines and antibiotics. After a chest
radiogram revealed right-sided pneumothorax and costal
fractures (ribs 11-V), a drain was introduced into the right
pleura. The patient’s crushed right foot was treated surgi-
cally (amputation at Chopart’s joint), while the fractured me-
dial condyle of the femur was treated conservatively. Due to
the observed incidents of reduced respiratory fitness param-
eters, computed tomography of the chest was performed
on the 3" day after the trauma. The examination visualized
irregularities in the outline of the left main bronchus and
a consolidation of gas bubbles in this area, which prompted
the suspicion of bronchial injury (Figures 1 A, B, 2 A, B pres-
ent a tomographic reconstruction of the respiratory tract).
Diagnostic investigation was supplemented with bron-
chofiberoscopic examination, revealing hyperemia and
massive edema of the mucosa in the proximal segment of

the left main bronchus, immediately next to the tracheal
bifurcation. Consequently, the attempt to reach the left
main bronchus with the endoscope was unsuccessful.

The patient was referred for further treatment at the
Thoracic Surgery Center in Wroctaw with a suspicion of
airway disruption. A decision was made to perform urgent
surgical treatment. Left posterolateral thoracotomy was
performed. Typical post-traumatic lesions were found in-
traoperatively: a pleural hematoma (approx. 500 ml in vol-
ume) and extensive hematomas in the tissues of the tho-
racic integuments. A small amount of air was found in the
mediastinum. Prepare of the mediastinal tissues revealed
the completely amputated left main bronchus; the whole
length of the membranous part of the bronchus was rup-
tured. The bronchial membrane was sutured longitudinally.
Subsequently the detached bronchus was anastomosed

Fig. 2 A, B. Tomographic image reconstructions: vascular system and lung parenchyma
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Fig. 3. Obturation of the left main bronchus at the anastomosis
site

with the trachea, and the anastomosis was wrapped with
an intercostal muscle flap.

The patient’s hospitalization continued at the Intensive
Care Unit of the Lower Silesian Lung Diseases Center. The
dosage of catecholamines and sedatives was gradually re-
duced. On the 3™ day, the drain from the left pleura was
removed; 3 days later, the right pleural drain was removed
as well. On the 6™ day after the thoracotomy, the airway
was reevaluated with an endoscope, revealing stenosis at
the tracheobronchial anastomosis; the endoscope could
not pass through this location. Additionally, a large amount
of mucous secretion, which filled the whole bronchial tree,
was evacuated. A decision was made to wake and extu-
bate the patient. Consequently, the secretion accumulated
again, resulting in a repeated bronchoaspiration after less
than 20 h. It was deemed necessary to perform tracheoto-
my. After the patient’s cardiopulmonary parameters stabi-
lized on the 14th postoperative day, the patient was referred
for further treatment on the Thoracic Surgery Department.
The treatment consisted in rehabilitation and fitness im-
provement. The patient was discharged from the Center on
the 18t postoperative day. After less than 6 weeks, the pa-
tient was readmitted with symptoms of left main bronchus
occlusion. For the past several days, the patient had mani-
fested symptoms of airway infection: he was fever and he
had dyspnea. An out-patient computed tomography (CT)
scan demonstrated anastomotic stenosis (Fig. 3), but lung
aeration was maintained (Fig. 4).

A chest radiogram (Fig. 5) taken on the day of readmis-
sion (7 days after the CT exam) revealed complete atelec-
tasis of the left lung.

Bronchofiberoscopic examination showed that the lu-
men of the left main bronchus was very narrow: its diame-
ter did not exceed 3 mm. An attempt was made to perform
mechanical dilatation, but without success.

The diagnostic investigation was supplemented with
chest CT, revealing obturation of the left bronchial tree
(Fig. 6) and a complete lung atelectasis (Figs. 7-9).

A decision was made to perform surgical intervention.
Thoracotomy was repeated with sleeve resection of the
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Fig. 4. Obstruction of the left bronchial tree with preserved lung
aeration

stenosed left main bronchus (length: 1-1.5 ¢cm), and the
bronchus was anastomosed with the trachea (the posterior
wall with single sutures, and the anterior wall with a con-
tinuous suture). Figure 9 shows the chest radiogram ob-
tained on the 1°t postoperative day, while Figure 10 pres-
ents a radiogram from the 6t postoperative day.

From the day of readmission, the patient was admin-
istered broad-spectrum antibiotic treatment. On the third
postoperative day, the drain placed in the left pleura was
removed. The patient was discharged on the 7th post-
operative day. He continued to be monitored as an out-
patient — he attended follow-up visits, during which the
site of anastomosis was evaluated with an endoscope.
The first such examination took place 2 weeks after dis-
charge, demonstrating permeability of the anastomotic
site and no signs of inflammation. Subsequent follow-up
examinations took place every three months until the end
of February, 2015. The final examination showed a stable
endoscopic image with satisfactory width of the left main
bronchial lumen.

Fig. 5. Radiological image of left lung atelectasis
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Fig. 6. Computed tomography image: obstruction of the left bron-  Fig. 7. Computed tomography image: left lung atelectasis
chial tree

Fig. 8. Chest computed tomography: bronchographic reconstruction scans

Fig. 9. First postoperative day

Fig. 10. Chest X-ray from the day preceding the patient’s discharge
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Discussion

Post-traumatic airway injuries are very rare in clinical
practice. Due to the character and multifocality of the trau-
matizing force, symptoms of other organs are often much
more pronounced and mask the symptoms related to the
respiratory system. The nonspecificity of the symptoms re-
sults in additional diagnostic difficulties.

The mortality rate is 60% for bilateral bronchial dam-
age, 26% for tracheal injuries, and, respectively, 16% and
8% for isolated injuries of the right and the left bronchial
tree [4]. Statistically, the median time until diagnosis is es-
timated at approximately 9 days, and until the start of sur-
gical treatment at 25 days. The median time until diagnosis
and treatment is, respectively, 30 and 42 days for left-sided
bronchial injuries, 1 and 3 days for right-sided injuries, and
3 and 23 days for tracheal injuries [4].

The type, extent, and possible consequences of a blunt
trauma are determined by 3 factors: compression, trunca-
tion, and shock wave. Elasticity of the affected tissues is
also significant. In the case of slow deformation, the energy
is dispersed as the tissues buckle under compression; if the
deformation is too quick, the tissues are ruptured. The lit-
erature features three theories explaining the mechanism of
airway injury. The first one assumes that the action of a vio-
lent compression force in the anteroposterior dimension
results in its transverse dispersion. Consequently, the pul-
monary parenchyma is pressed against the chest wall, and
the lateral forces cause the lung to press on the tracheal bi-
furcation. This is presumably the dominant mechanism for
crushing injuries. According to the second theory, confirmed
in experimental canine studies, the rising compression of
the chest and trachea with a closed glottis leads to a rapid
increase of airway pressure (especially in the trachea and
large bronchi). When the respiratory tract’s elasticity is over-
come, a rupture occurs (usually of the membranous part).
The third theory assumes that during quick deceleration the
force disperses, resulting in traumatization of the trachea
and the bronchial tree. This mechanism best explains the
injuries occurring in traffic accident victims [8, 9].

Injuries of the left bronchial tree are observed less
frequently; this is due to the close proximity of the aor-
tic arch, which stabilizes the bronchus. The force injuring
the bronchus simultaneously causes a rupture of the aortic
wall, which most often results death on the scene [7]. In
the present case, the traumatic mechanism was probably
somewhat different, as evidenced by the CT image and the
intraoperative situation. The dynamism of the traumatic
process was surprising in the context of the relatively in-
conspicuous clinical manifestation. The lack of sleeve re-
section of the injured bronchus during the first procedure
is worth discussing. The decision was made in view of the
patient’s severe condition including cardiopulmonary fail-
ure, the impossibility of making technical provide for the
anesthesiological and surgical team, and the intraopera-
tive surprise factor. The literature features recommenda-
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tions stating that reconstruction should be attempted in
the case of bronchial injuries located proximally to the sub-
segmental branches, while the distal segments should be
resected [10].

The survival rates of patients treated with surgery are
better than those of patients treated conservatively. The
mortality rate is lower in patients in whom bronchial recon-
struction was performed than in patients in whom the in-
jured bronchial segment was resected with the peripheral
fragment of pulmonary parenchyma (3% vs. 13%). In the
case of tracheal injuries, the mortality rate was estimated
at 6% in patients treated with surgery and 66% in patients
treated conservatively [4].

The present case raises the question whether cover-
ing the anastomotic site with a pedicled intercostal muscle
contributed to the occurrence of stenosis [11]. Recommen-
dations that can be found in the medical literature include
the use of reversed parietal pleural flaps, pericardial fat,
or fragments of the serratus anterior, pectoralis major, or
latissimus dorsi muscle [7]. In the long term, intercostal
muscles show a tendency to calcify [7, 11], as was the case
in the present patient — 9 weeks passed between the first
and the second procedure. Another question open for dis-
cussion is the possibility of dilatation the lumen of the ste-
nosed bronchus with a laser. However, in view of complete
lung atelectasis, the symptoms of infection, and the young
age of the patient, a decision was made to perform surgical
treatment.

This case study was presented at the Extended Confer-
ence of the Polish Thoracic Surgeon Club (March 20-21, 2015
in Karpacz).
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