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Surgical treatment of delayed partial bronchial ==
rupture under venovenous extracorporeal
membrane oxygenation support: a case

report
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Abstract

Background Chest trauma may precipitate a spectrum of injuries, among which tracheal laceration represents

an uncommon but critical sequela. The occurrence of tracheal laceration could significantly impair respiratory and
cardiovascular homeostasis, thereby posing a life-threatening risk to the patient. Expeditious surgical intervention is
paramount for therapeutic management, and in certain instances, the administration of venovenous extracorporeal
membrane oxygenation (VV ECMO) may be necessitated to support the patient’s respiratory function.

Case presentation This case report discusses the surgical management of a delayed partial bronchial

rupture following thoracic trauma, supported by VV ECMO. The patient, who sustained multiple rib fractures,
hemopneumothorax, and scapular fractures due to a motor vehicle accident, developed progressive dyspnea one
month post-trauma. Imaging revealed right lung atelectasis and pleural effusion, necessitating emergency surgery.
VV ECMO was used to stabilize oxygenation, allowing for successful right main bronchus resection and anastomosis.
Intraoperative bronchoscopy played a crucial role in identifying the rupture site and ensuring effective anastomosis.
The patient recovered well, with no significant complications at follow-up.

Conclusions This case highlights the importance of timely surgical intervention in bronchial rupture, the utility of VW
ECMO for respiratory support, and the role of bronchoscopy in managing airway injuries. It underscores that delayed
bronchial rupture, though rare, requires prompt recognition and treatment to prevent life-threatening complications.
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Introduction

Thoracic trauma could lead to various injuries, with tra-
cheal rupture being a relatively rare but serious com-
plication [1]. Once tracheal rupture occurs, it could
compromise respiratory and circulatory stability, endan-
gering the patient’s life. Emergency surgical interven-
tion is crucial for management, and some patients may
require venovenous extracorporeal membrane oxygen-
ation (VV ECMO) support due to hypoxemia to main-
tain adequate oxygenation during surgery [2, 3]. This
case report describes a rare instance of delayed tracheal
rupture following chest trauma, successfully treated with
surgery and VV ECMO support, providing valuable ref-
erence for clinical practice.

Case presentation

A 55-year-old female patient with no history of diabetes,
hypertension, or coronary artery disease presented fol-
lowing a motor vehicle accident one month prior, which
caused multiple rib fractures, hemopneumothorax, and
scapular fractures. She initially underwent emergency
surgery, including bilateral rib fracture reduction and fix-
ation (L4-7, R6-7) and repair of a left lung lingular lacera-
tion, and was discharged two weeks later. However, five
days before the current admission, she developed pro-
gressive dyspnea of unclear etiology and was admitted to
a local hospital. Chest CT revealed right lung atelectasis,
and the patient was intubated and placed on mechani-
cal ventilation. She was subsequently transferred to our
hospital for further management.On admission, physi-
cal examination revealed a collapsed right chest wall,
reduced respiratory movement on the right side, and
diminished breath sounds over the right lung. Chest CT
showed increased density in the right lung, atelectasis,
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right-sided pleural effusion with blood, and left-sided
pleural effusion with partial expansion defect (Fig. 1).
The patient was on mechanical ventilation with 100%
oxygen, and arterial blood gas analysis indicated a PaO,
of 67 mmHg, PaCO, of 34 mmHg, and oxygen satura-
tion of 88%. Despite this, no mediastinal emphysema was
observed. Due to the inability to maintain oxygen satu-
ration despite mechanical ventilation, a right main bron-
chus rupture was suspected, necessitating emergency
surgery.

Under ultrasound guidance, ECMO cannulas were
inserted into the right femoral vein and right internal
jugular vein for VV ECMO support. Following ECMO
initiation, oxygen saturation increased to 100%. The
patient was anesthetized, and a right-sided intercostal
incision was made at the sixth rib space. Intraoperatively,
extensive adhesions were found between the right lung
and chest wall. After careful dissection, the right main
bronchus was exposed. The innominate vein was found
to be densely adherent to the bronchus and was clamped
and divided. The right main bronchus was dissected free,
and a bronchoscope was inserted to identify the site of
obstruction approximately 1 cm from the carina. The
bronchus was incised, revealing granulation tissue filling
the lumen (Fig. 2). The obstructed segment was resected,
and the bronchus was anastomosed with 3-0 Prolene
sutures. Post-anastomosis bronchoscopy confirmed a
complete and non-stenotic anastomosis. Extensive spu-
tum suction and lavage of all lung segments were per-
formed. After confirming no air leaks, hemostasis was
achieved, a chest drain was placed, and the chest was
closed in layers. The patient was extubated and weaned
off ECMO, with stable vital signs and oxygen saturation
of 100% on 60% oxygen supplementation.

Fig. 1 Coronal CT scan and 3D reconstruction of tracheobronchial anatomy. (A) Coronal chest CT demonstrating significant pathological changes. The
red arrow indicates a suspected tracheal lesion near the carina. The right lung (R) shows signs of collapse or atelectasis. (B) 3D reconstruction of the
tracheobronchial tree highlighting the structural anatomy. The right bronchus (R) is not visualized, suggesting a possible rupture, consistent with the

findings on the CT scan
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Fig. 2 Intraoperative findings and gross pathology of the tracheobronchial lesion. (A) Intraoperative bronchoscopy showing the tracheal lesion with vis-
ible mucosal irregularities and narrowing, consistent with the suspected rupture. (B) Surgical field during the resection of the tracheal lesion, with white
arrows indicating the location of the rupture. Careful dissection was performed to free and resect the affected area, followed by bronchial anastomosis. (C)
Gross specimens of the resected tracheal segments, demonstrating severe damage and disruption of the tracheal wall, further supporting the diagnosis

of tracheal rupture. The scale bar represents 1 cm
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Fig. 3 Postoperative CT findings and 3D reconstruction of the tracheobronchial tree. (A) Postoperative coronal chest CT showing resolution of the
previously noted right lung atelectasis (R). The tracheobronchial anatomy appears restored, with no evidence of residual obstruction or rupture. (B) 3D
reconstruction of the tracheobronchial tree illustrating the restored continuity and patency of the airway. The previously absent right bronchus (R) is now

fully visualized, indicating successful surgical repair and anastomosis

The patient was transferred to the ward with a trache-
ostomy, continued mechanical ventilation, and received
prophylactic antibiotics, fluid resuscitation, and anal-
gesia. The extubation was removed 17 h postopera-
tively, and respiratory care was intensified to promote
coughing and sputum clearance to prevent pulmonary
infection. Postoperative chest CT revealed linear and
increased density shadows in both lungs, suggestive of
resolving pulmonary contusion, and high-density shad-
ows in the right hilum. Multiple rib fractures with post-
fixation changes were also noted. On postoperative day
8, the patient’s vital signs were stable, with slightly coarse
breath sounds and no significant rales or rhonchi, lead-
ing to discharge. A follow-up chest CT one month after
discharge showed minimal pleural effusion, pleural

thickening, adhesions, multiple rib fractures, and post-
fixation changes, with no other abnormalities (Fig. 3).

Discussion

Sudden chest compression leading to tracheal rupture is
a complex biomechanical event [4]. Abrupt chest com-
pression decreases the anteroposterior diameter of the
thoracic cage while increasing the transverse diameter,
pushing the lungs posteriorly and laterally. This cre-
ates significant tension near the carina, which may lead
to tracheal rupture. The rapid closure of the glottis dur-
ing such events could also cause a sudden increase in
intrabronchial pressure. Larger bronchi, particularly
the main bronchi, have relatively thinner walls and may
exceed their elastic limits, resulting in rupture. Addition-
ally, rapid deceleration during high-speed impacts can
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generate shear forces that act on fixed points of the tra-
chea, such as the cricoid cartilage and the carina, caus-
ing tears or fractures. The left main bronchus is more
protected by surrounding structures compared to the
right, making right-sided injuries more common in
blunt trauma [5]. In this case, the patient sustained chest
trauma from a motor vehicle accident, causing sudden
chest compression and high-speed deceleration, which
likely injured the right main bronchus without complete
rupture. During recovery, abnormal proliferative repair
could have increased internal bronchial pressure, lead-
ing to delayed rupture. Several studies have reported that
delayed bronchial rupture following chest trauma could
have an acute onset and be life-threatening if not treated
promptly [2].

Given the patient’s compromised lung function, right
lung atelectasis following bronchial rupture, and low oxy-
gen saturation despite ventilator support, the patient’s
functional reserve of the left lung was likely poor. Since
bronchial anastomosis requires one-lung ventilation, it is
challenging to ensure adequate oxygenation if the healthy
lung is not functioning optimally [6]. Delayed bronchial
rupture is often complicated by other chest injuries and
adhesions at the site of injury, adding to the difficulty of
surgical manipulation and prolonging surgery time [7].
Therefore, intraoperative ECMO support was neces-
sary to ensure respiratory and circulatory stability. In
this case, VV ECMO was selected due to stable circula-
tion and isolated respiratory dysfunction. Once initiated,
ECMO support rapidly improved oxygen saturation,
providing a stable platform for surgery. In thoracic sur-
gery, VV ECMO provides effective gas exchange support,
ensuring adequate oxygenation and CO, clearance during
thoracic surgeries [8]. However, its use also comes with
notable downsides. The requirement for anticoagulation
increases the risk of bleeding, particularly in patients
with coagulopathies or those undergoing complex pro-
cedures. Additionally, VV ECMO does not address the
underlying lung pathology, often serving as a temporary
solution that could delay necessary treatment. Prolonged
use may lead to complications such as cannula-related
infections, thrombosis, and mechanical failure. More-
over, extended ECMO support may exacerbate systemic
inflammation, contributing to multiorgan dysfunction.
Therefore, while VV ECMO is a crucial tool in managing
respiratory failure during thoracic surgery, careful moni-
toring and management of potential risks are essential for
optimal outcomes.

Proper management of abnormal proliferation follow-
ing chest trauma requires accurate identification of ana-
tomical structures and removal of abnormal tissue while
avoiding vital structures like blood vessels [9]. Intraop-
erative bronchoscopy is a reliable tool to assist in locating
bronchial rupture sites and confirming anastomosis [10].
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In this case, the bronchoscope’s illumination light was
used to identify the rupture, aiding anastomosis. Post-
anastomosis, the bronchoscope facilitated assessment of
anastomosis and lung segment lavage, helping to prevent
postoperative infection.

Conclusions

Bronchial rupture following chest trauma is a rare but
serious complication that can endanger patients’ lives
if untreated, particularly when delayed rupture occurs,
as it is often overlooked. Timely surgical intervention
is essential when bronchial rupture leads to atelectasis.
When lung function is compromised and circulation
remains stable, VV ECMO support should be considered
for surgical treatment. Intraoperative bronchoscopy aids
in localizing the injury, assessing anastomosis, and per-
forming lung segment lavage to prevent infection. In this
case, the patient achieved a favorable prognosis and satis-
factory outcomes with timely and effective treatment.
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