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Introduction: Patients with pulmonary sequestration (PS), a rare congenital lung
malformation, are mostly asymptomatic. Recurrent localized infection is a major
complication, while sudden hemothorax is extremely rare. We present a case of
intralobar PS presenting as hemothorax secondary to spontaneous pneumothorax and
comprehensively review the relevant literature.

Case Report: A 16-year-old male presented with chest pain after strenuous exercise.
Chest X-ray showed a moderate pneumothorax. After admission and conservative
treatment, he developed dizziness, amaurosis, and urinary incontinence. Bedside chest
X-ray suggested a massive pleural effusion, and hemothorax was further identified via
catheter drainage. Contrast-enhanced computed tomography was performed, and no
abnormal blood vessels or leakage of contrast agent were observed. As the hemoglobin
level continued to drop, exploratory thoracoscopic surgery was performed immediately.
The abnormal systemic artery supplying the lung tissue was found to be ruptured,;
therefore, ligation of the abnormal artery with resection of the diseased lung tissue was
performed. Pathological examination revealed non-specific manifestations of PS. He
was followed up for 1 year without related complications.

Conclusion: Our case suggests that the abnormal supply vessels of PS are unstable,
which may cause sudden hemothorax. Therefore, patients with PS should undergo
surgery promptly after diagnosis. In patients with hemothorax, we should consider the
diagnosis of PS; however, contrast-enhanced computed tomography or angiography
cannot confirm the diagnosis in all cases. Surgical intervention is recommended in
emergency settings.

Keywords: pulmonary sequestration, intralobar, hemothorax, pneumothorax, spontaneous

Abbreviations: PS, pulmonary sequestration; CT, computed tomography; MRA, magnetic resonance angiography; CEA,
carcinoembryonic antigen.
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INTRODUCTION

Pulmonary sequestration (PS), with an incidence of 0.15-1.8%,
is a rare congenital lung malformation, manifesting as a non-
functional cystic mass of lung tissue supplied by abnormal
systemic arteries (1). Most patients with PS are asymptomatic,
while the major complication is recurrent localized infection.
Symptomatic patients require surgical resection of the diseased
lung tissue. However, whether asymptomatic patients require
surgical intervention is controversial (2, 3). Hemothorax due
to PS has not been reported in retrospective studies from
multiple centers (4). We present a case of intralobar PS
presenting as hemothorax following an initial spontaneous
pneumothorax. Additionally, we discuss the possible causes,
clinical manifestations, diagnosis, and management of this rare
complication based on a comprehensive literature review and
our experiences.

CASE REPORT

A 16-year-old male presented to our center with sudden-onset
left chest pain after strenuous exercise. For 6 months prior
to presentation, he experienced slight left chest pain several
times after exercise, which could be relieved by rest. He denied
other previous symptoms or comorbidities. On admission, his
pain was persistent, severe, prickling-like, with radiation to the
back, and was accompanied by mild wheezing and dyspnea. He
was of leptosome type and presented with the following: body
temperature of 36.7°C, pulse rate of 100 beats/min, respiration
rate of 28 beats/min, and blood pressure of 117/73 mmHg. His
left lung had diminished breath sounds and tympanic percussion.
Hemoglobin and leukocyte levels were 147 g/L and 7.06 x 10°/L,
respectively. Two chest X-rays 3 h apart showed a pneumothorax
volume of approximately 30% and slight dulling of the left
costophrenic angle, without tendencies to worsen (Figure 1A).
The patient was initially diagnosed with spontaneous
pneumothorax. After admission, he was monitored and treated
conservatively, which provided pain relief. At the 14th hour
after admission, he developed dizziness, amaurosis, and urinary
incontinence twice, and the symptoms resolved spontaneously
after brief rest. When the symptoms occurred, he had pale
lips with profuse sweating, but with good skin elasticity. Blood
glucose level was normal. Blood pressure of the two times
was 115/64 and 108/60 mmHg, respectively. Bedside chest
X-ray suggested left pneumothorax with massive pleural effusion
(Figure 1B), and hemoglobin level was 105 g/L. Furthermore,
he underwent closed thoracic drainage under local anesthesia,
and dark red bloody fluid was drained. After slowly releasing
860 mL of fluid, the drainage tube was clamped. Considering
the massive blood loss, he was given intravenous fluids. To
clarify its etiology, contrast-enhanced computed tomography
(CT) was performed and suggested a high-density lesion in
the left dorsal pleural cavity without enhancement, which was
considered to be a blood clot. Meanwhile, the dorsal side of the
left lower lobe was significantly enhanced, which was considered
as consolidation and atelectasis after compression. No large

blood vessels with abnormal morphology and density or contrast
agent leaking into thoracic cavity were found (Figures 2A,B).
Additionally, no intrathoracic space-occupying lesions were
found by ultrasonography. At the 21st hour after admission,
the hemoglobin level was 105 g/L, while blood biochemistry
and coagulation were normal. Considering the stable condition
and hemoglobin level of the patient, the patient was closely
monitored. At the 27th and 37th hours after admission,
hemoglobin levels were 99 and 94 g/L, respectively. However,
after transfusing 1 unit of red blood cells and 200 mL plasma,
the hemoglobin level dropped to 88 g/L at the 51st hour. As
unexplained active bleeding was considered, urgent exploratory
thoracoscopic surgery was performed.

During intraoperative exploration, 700 mL of old bloody
effusion was seen in the pleural cavity wherein blood clots were
found. An abnormal branch from the left subclavian artery at
the top of the thoracic cavity was ruptured, and the ruptured
end was 2 mm in diameter. The proximal end was spasmodic,
and the distal end formed a thrombus, which was bleeding
slowly (Figure 3A). Meanwhile, abnormal lung tissue, measuring
1 x 1 x 1 cm in the apical segment of the upper lobe of the left
lung, eroded and appeared red. A ruptured blood vessel supplying
the abnormal lung tissue could be seen, with a diameter of 2 mm
(Figures 3B, 4A). The abnormal blood vessel, arising from the
left subclavian artery and suppling the abnormal lung tissue,
ruptured and caused the hemothorax. Finally, the ruptured blood
vessel from the abnormal branch was ligated, and the abnormal
lung tissue in the apical segment was resected.

Microscopic examination of the specimen revealed
lymphocytic infiltration in the pulmonary interstitium and mild
hyperplasia of the pleural fibrous tissue. Numerous foam cells,
cholesterol crystals, and multinucleated giant cell reactions were
seen in the alveoli near the pleura (Figure 4B). These non-specific
manifestations were considered as emphysema and endogenous
lipoid pneumonia secondary to sequestered lung tissue.

The hemoglobin level and chest X-ray findings returned to
normal after surgery, and the patient was discharged on the 6th
day of hospitalization after removing the chest drainage tube. He
was followed up for 1 year without related complications.

DISCUSSION

Pulmonary sequestration was first named by Pryce in 1946.
It is considered when the lung bud is separated from the
gastrula in early embryonic development and the connection
between the splanchnic vascular plexus surrounding the lung bud
and dorsal aorta is absorbed incompletely, forming abnormal
branching blood vessels of the aorta that pull, separate, and
supply the sequestered lung tissue (5). The sequestered lung tissue
is cystic and without oxygenation function. It is supplied by
abnormal branches of systemic arteries and is generally not in
communication with the normal bronchial tree. According to the
presence or absence of separate visceral pleura, PS is divided into
the intralobar and extralobar types (6).

Intralobar PS was first described by Huber in 1777 (6),
accounting for approximately 75% of PS. Intralobar sequestered
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FIGURE 2 | Contrast-enhanced chest computed tomography. (A) The lung window shows left hydropneumothorax; dorsal side of left lower lobe shows
consolidation, which presents as atelectasis after compression. (B) The mediastinal window shows left hydropneumothorax; consolidation of the dorsal side of the
left lower lobe is enhanced, which presents as atelectasis after compression; high-density lesion in the left dorsal pleural cavity has no enhancement, which is a
blood clot; no blood vessels with abnormal morphology and density or contrast agent leaking into the thoracic cavity are found.

lung tissue and adjacent lobe are covered by the same visceral
pleura, which may form communication with the normal
bronchial tree. In most cases, the sequestered lung tissue is
located in the posterior basal segment of the left lower lobe.
Its arterial blood supply mainly comes from the thoracic and
abdominal aorta, and its venous blood mainly flows back to the
pulmonary vein (7).

Extralobar PS was first described by Rokitansky and Rektorzik
in 1861 (6). Extralobar sequestered lung tissue is covered

by a separate visceral pleura outside the normal lobe, which
has no communication with the normal bronchial tree. The
sequestered lung tissue is mostly located between the left lung
base and diaphragm, or in the abdominal cavity, diaphragm,
mediastinum, etc. Its arterial blood supply mainly comes
from the thoracic and abdominal aorta, and its venous
blood mainly flows back to the azygos and hemiazygos
veins. However, the supplying arteries usually have several
variations and smaller diameters. Additionally, extralobar PS is
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FIGURE 3 | Intraoperative exploration. (A) The abnormal branch of the left subclavian artery is ruptured, with a diameter of 2 mm. The proximal end is spasmodic,
and the distal end forms thrombus, which is bleeding slowly. (B) The abnormal lung tissue in the apical segment of the upper lobe of the left lung, measuring
1 x 1 x 1 cm. The ruptured blood vessel supplying the abnormal lung tissue can be seen, with a diameter of 2 mm.

FIGURE 4 | Pathological specimen and microscopic findings. (A) The abnormal supply vessel in the upper lobe apical segment of the left lung is ruptured, with a
diameter of 2 mm. The surrounding lung tissue erodes and appears red. (B) There are many lymphocytic infiltration in the pulmonary interstitium along with mild
hyperplasia of the pleural fibrous tissue. Numerous foam cells, cholesterol crystals, and multinucleated giant cell reactions are seen in the alveoli near the pleura.

often combined with diaphragmatic hernia, pulmonary cystic
disease, bronchopulmonary foregut malformation, and other
diseases (1, 7).

The sequestered lung tissue and normal bronchial tree may
form a connection for some reason, which can cause recurrent
lung infection. Normal pulmonary arteriovenous atrophy and
abnormal systemic arterial supply can cause a blood shunt. A left-
to-left shunt caused by a systemic artery-pulmonary vein shunt
produces symptoms of congestive heart failure, and a left-to-right
shunt caused by a systemic artery-azygos vein shunt produces
symptoms of hypoxia (6). Generally, intralobar sequestered lung
tissue can communicate with the normal bronchial tree; hence,
patients can present with cough, sputum, fever, and other signs

of infection. Infection can invade the pulmonary interstitium and
cause bloody infiltration of the alveoli, leading to hemoptysis.
Infection also can spread to the pleura, leading to chest pain and
exudative pleural effusion. However, extralobar sequestered lung
tissue has no communication with the normal bronchial tree;
hence, patients usually have no obvious symptoms (1).

A preoperative diagnosis of PS mainly depends on prenatal
ultrasound, angiography, contrast-enhanced CT, or magnetic
resonance angiography (MRA) to find the abnormal supply
arteries. Surgical intervention requires identification and ligation
of the abnormal supply vessels and resection of the sequestered
lung tissue. Thoracoscopic surgery is preferred over thoracotomy
or vascular embolization (8, 9).
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Hemothorax is a rare, urgent, serious, and misleading clinical
manifestation of PS. The PubMed database was searched with
the keyword “pulmonary sequestration and hemothorax,” and
25 related cases were retrieved. Unfortunately, two cases had
incomplete information (10, 11). Finally, 13 patients with
intralobar PS and 10 patients with extralobar PS presenting as
hemothorax were reviewed.

A total of 13 cases of intralobar PS manifested as hemothorax,
with a median onset age of 30 years and a predilection for
males. Initial symptoms mainly included chest pain (11/13),
hemoptysis (11/13), and respiratory discomfort (7/13); seldom
accompanied by fever (4/13) or elevated carcinoembryonic
antigen (CEA) in pleural effusion (1/13); and up to 7
patients developed shock. CT examination mainly showed
intrapulmonary mass (10/13), pleural effusion (9/13), and
pulmonary consolidation (2/11). It should be noted that after
confirming pleural effusion to be bloody by puncture or
catheter drainage, five patients underwent further contrast-
enhanced CT examination. Abnormal supply arteries were
observed in four patients, two of which showed concentrated
mass-like enhancement focus, while no patient had contrast
agent leakage into the thoracic cavity. Additionally, four
patients underwent further arteriography, and abnormal supply
arteries were observed in all cases. The final diagnosis
mainly depended on vascular imaging (8/13) or surgical
exploration (4/13).

The causes of hemothorax in intralobar PS were analyzed
along with intraoperative condition and pathological
examination. Rupture or obstruction of the cystic sequestered
lung tissue and abnormal supply vessels were reported in all
cases, while arterial thrombosis, fibrinoid necrosis, arteritis,
inflammatory necrosis, and hemorrhage of lung tissue could
be observed microscopically. This might be due to the invasive
effect of Aspergillus infection, or changes of state in blood vessel
and blood flow caused by hypertension, aneurysm, salicylic acid
drugs, and mechanical compression of the pectus excavatum.
An additional excel file shows the details of these cases (see
Supplementary Material 1) (12-24).

A total of 10 cases of extralobar PS manifested as hemothorax,
with a median onset age of 33 years and a predilection for
males. Initial symptoms mainly included chest pain (9/10) and
respiratory discomfort (8/10); seldom accompanied by fever
(3/10) or hemoptysis (1/10); and only one patient developed
shock. CT examination mainly showed pleural effusion (10/10),
extrapulmonary mass (8/10), and pulmonary compression
and consolidation (5/10). After confirming a bloody pleural
effusion, four patients underwent further contrast-enhanced
CT examination. No abnormal supply arteries were found,
two of which showed concentrated mass-like enhancement
focus, and one patient had contrast agent leakage into the
thoracic cavity. Additionally, two patients underwent further
arteriography, one of whom presented with an abnormal supply
artery, while the other patient did not. The final diagnosis
mainly depended on surgical exploration (7/10) or pathological
examination (2/10).

The causes of hemothorax in extralobar PS were analyzed.
Mechanical torsion or rupture of the extrapulmonary part of

the abnormal supply vessels was reported in two cases, while
hemorrhage and necrosis of the lung tissue could be observed
microscopically. This might be because pregnancy, cough, and
tumor changed the spatial structure of the pleural cavity. In
contrast, obstruction or rupture of the abnormal supply vessel
inside the sequestered lung tissue was reported in other cases,
while vascular occlusion, hemorrhage, and necrosis of the lung
tissue could be found microscopically. This might be because
smaller blood vessel diameter, aneurysm, and anticoagulant
treatment affected the state of the blood vessel and blood flow.
An additional excel file shows the details of these cases (see
Supplementary Material 2) (25-33).

Pulmonary sequestration is a predisposing factor of
hemothorax. First, the pressure from the abnormal systemic
artery is higher; however, it forms a direct supply to the artery
of the sequestered lung tissue. Second, from the center to the
periphery of the abnormal supply artery, there is a change from
muscular to elastic artery. Abnormal supply artery with elastic
component is similar to pulmonary artery, which is relatively
fragile (34, 35). Third, most of the abnormal supply vessels have
atherosclerosis, occlusive endarteritis, or venosclerosis (36).
Although angiosclerosis is associated with age, these changes in
the abnormal supply vessels can also be found in the pediatric
population, which further confirms the vulnerability of the
abnormal supply vessels (37).

Our patient initially developed spontaneous pneumothorax,
which caused apparent separation of the visceral and parietal
pleura. Afterward, the abnormal supply vessel exposed in the
pleural cavity was pulled and ruptured, resulting in a hemothorax.
Non-traumatic hemothorax can be secondary to malignancy,
vascular malformation, pulmonary infarction or hemorrhage,
coagulation disorder, aortic aneurysm or dissection, infection,
endometriosis, rib exophytic osteosarcoma, and other diseases
(38). When patients develop symptoms of chest pain, respiratory
discomfort, and hemoptysis, and CT examination shows pleural
effusion and mass, especially a cystic mass located in the left
inferior pulmonary ligament, we must consider a diagnosis
of hemothorax caused by PS. In this case, after hemothorax
was confirmed by catheter drainage, the patient underwent
contrast-enhanced CT examination. However, no abnormal
blood vessel and contrast agent leaking into the thoracic cavity
was found. This might be due to spasm and thrombosis after
rupture of the abnormal supply vessel and the reduction of
negative pressure in the pleural cavity after pneumothorax,
leading to reduced blood leakage. Meanwhile, the diameter
of the abnormal supply vessel was smaller and the bleeding
was slow, which could not be displayed in the time window
of the contrast-enhanced CT. Therefore, a diagnosis of PS
cannot be completely ruled out when the abnormal supply
artery is not definitely displayed by contrast-enhanced CT
or arteriography.

Similar to most cases in the literature, after the identification
and ligation of the abnormal blood vessel and resection of the
abnormal lung tissue through thoracoscopy, our patient had a
good prognosis. However, it cannot be denied that shock may
occur after hemothorax due to PS; hence, untimely diagnosis
and treatment may even lead to death (20). There are numerous
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patients with PS who do not undergo surgical intervention
or are not diagnosed for many years (I, 6, 37). Since
the abnormal supply vessel is a destabilizing factor for
the occurrence of hemothorax in PS patients, we suggest
that patients with PS should undergo surgery regardless
of symptoms. In cases of sudden hemothorax due to PS,
vascular embolization can effectively block the abnormal supply
vessels (16); however, simple vascular pedicle embolization or
ligation will further cause infection of the residual sequestered
lung tissue. Hence, surgical intervention is necessary and
recommended. Conversion from thoracoscopic surgery to
thoracotomy may be required in complex or emergency
situations (17, 21, 24).

CONCLUSION

We report a case of intralobar PS presenting as hemothorax
following an initial spontaneous pneumothorax. The risk of
surgery should be weighed against the risk of complications
attributed to PS. Since an abnormal supply vessel is a destabilizing
factor for hemothorax in patients with PS, we suggest these
patients should undergo surgery in time after diagnosis. For
patients with hemothorax, the diagnosis of PS needs to be
considered; however, contrast-enhanced CT or angiography
cannot confirm the diagnosis in all cases. The final diagnosis
may depend on surgical exploration or pathological examination.
Surgery is a necessary and recommended intervention for cases
with hemothorax due to PS.
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