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Abstract
BACKGROUND
[bookmark: OLE_LINK44]Mediastinal bronchogenic cysts and pericardial defects are both rare. It is extremely rare that both occur simultaneously. To the best of our knowledge, this is the first case of a coexistent bronchogenic cyst and pericardial defect reported in China. We performed a literature review and found a relationship between bronchogenic cysts and pericardial defects, which further revealed the correlation between the bronchus and pericardium during embryonic development.

CASE SUMMARY
[bookmark: OLE_LINK45]A 14-year-old boy attended a local hospital for ankylosing spondylitis. Chest radiography showed an enhanced circular-density shadow near the left mediastinum. The patient had no chest symptoms and the physical examination was normal. Because of the mediastinal occupation, the patient visited our department of chest surgery for further treatment. During surgery, a left pericardial defect was observed. The bronchogenic cyst was removed by thoracoscopic surgery, but the pericardial defect remained untreated, and a satisfactory outcome was achieved after the operation. The patient was diagnosed with a mediastinal tumor. The pathological diagnosis of the tumor was a bronchogenic cyst.

CONCLUSION
[bookmark: OLE_LINK46]This case further reveals the correlation between the bronchus and pericardium during embryonic development.
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[bookmark: OLE_LINK43]Core Tip: Mediastinal bronchogenic cysts coexistent with pericardial defects are extremely rare. Our case revealed the correlation between the bronchus and pericardium during embryonic development. In the early stages of embryonic development, the primitive heart and lungs share a common chamber and are closely linked to each other. A fold is produced in the space between the future pericardium and the pleural cavity, which separates the pleural cavity from the pericardial cavity. If this process is abnormal, bronchogenic cysts or pericardial defects may occur, or both congenital developmental malformations may occur simultaneously.

INTRODUCTION
[bookmark: OLE_LINK47]Mediastinal bronchogenic cysts are rare in mediastinal masses. Bronchogenic cysts are mainly detected by chest X-ray or chest computed tomography (CT) scans during physical examinations, without obvious symptoms[1-3]. We here report a rare case of a bronchogenic cyst. The cartilage tissue inside the cyst is mature and structures similar to bronchial bifurcation can be seen. Pericardial defect in such patients is rare. Congenital pericardial defects associated with bronchogenic cysts are even rarer. To our knowledge, this is the first case of a left pericardial defect with a bronchogenic cyst reported in China. The relationship between them was also analyzed through a literature review. Databases including MEDLINE/PubMed and CENTRAL (The Cochrane Central Register of Controlled Trials) were systematically searched up until February 2021 for relevant papers. Search terms included bronchogenic cyst, pericardial defect, absence of pericardium, and mediastinal mass.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK48]A 14-year-old boy attended a local hospital for ankylosing spondylitis. Chest radiography showed an enhanced circular-density shadow near the left mediastinum, which intersected with the mediastinum at an obtuse angle; the base was close to the mediastinum, the outer edge clear and smooth, and the mass density even. A benign lesion was considered. Because of the mediastinal occupation, the patient visited our department of chest surgery for further treatment.

History of present illness
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]The patient had no previous symptoms.

History of past illness
[bookmark: OLE_LINK51]The patient had no major illness before, and mandatory spondylitis was discovered this time because of his left hip pain.

Personal and family history
[bookmark: OLE_LINK52]The patient had no previous symptoms.

Physical examination
[bookmark: OLE_LINK53]The results of the physical examination were normal.

Laboratory examinations
[bookmark: OLE_LINK54]Blood analysis and the blood biochemistries, as well as urine analysis, were all normal. Electrocardiogram and arterial blood gas were also normal.

Imaging examinations
[bookmark: OLE_LINK55]Enhanced chest CT suggested irregular soft tissue density above the left aortic arch with a clear boundary, about 5.5 cm × 3.2 cm × 2.8 cm in size (Figure 1).

FINAL DIAGNOSIS
[bookmark: OLE_LINK56]The patient was diagnosed with a mediastinal tumor. The pathological diagnosis of the tumor after the operation was a bronchogenic cyst.

TREATMENT
[bookmark: OLE_LINK57]After excluding the contraindications, we performed a video-assisted thoracoscopic resection of the mediastinal mass. During surgery, no obvious adhesion in the left thoracic cavity was observed. The tumor was cystic; it was closely related to the aortic arch, about 4 cm × 4 cm × 4 cm in size. It had a complete envelope, with good activity. At the same time, the left pericardial defect was found, and the left atrium and left atrial appendage of the heart were completely exposed (Figure 2A). We used surgical instruments to lift the tumor and separate it along the lower edge of the tumor, and could see that the pedicle of the tumor was close to the main trachea. We continued to isolate the surrounding tissue of the tumor and lift the tumor outward so as to elongate the pedicle of the tumor. Finally, we used an ultrasound knife to cut the pedicle of the tumor and ligate the broken end of the pedicle. We removed the tumor, and the pedicle end turned out to be solid tissue rather than a lumen structure, and cartilage fragments could be seen from the pedicle (Figure 2B). The tumor contained a large amount of yellow, viscous fluid (Figure 2C), and there was a bronchial bifurcation-like structure inside the tumor (Figure 2D). The pericardial defect was not treated. The pathological diagnosis of the tumor was a bronchial cyst (Figure 3).

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK58]The patient recovered well after the operation. Echocardiography was performed 3 wk after the operation, indicating that there was no abnormality in the structure and function of the heart. There was no obvious abnormality in the chest radiography.

DISCUSSION
[bookmark: OLE_LINK59]Bronchogenic cyst is a type of anterior intestinal cyst, which is known as congenital dysplasia[3]. With regard to the pathogenesis of bronchogenic cysts, the hypothesis of germ shedding and translocation proposed by Sumiyoshi and other scholars has been widely accepted[4]: Bronchogenic cysts are derived from the abnormal germ from the primitive foregut; because of the abnormal germ's different migration time, the location of the bronchogenic cyst formation is different. Bronchogenic cysts are classified into mediastinal, intrapulmonary, and rare ectopic types according to their locations[2,4,5].
The internal cavity of a bronchogenic cyst is irregular, and the ciliated columnar epithelium, smooth muscle, and cartilage can be seen under the microscope[6]. However, the bronchogenic cyst in our patient was dissected and showed an internal bronchial bifurcation-like structure (Figure 2D) rather than irregular sacs of varying sizes. This typical condition is caused by the further development of cartilage tissue in the bronchogenic cyst.
Mediastinal bronchogenic cysts are generally asymptomatic, and it is difficult to distinguish them from other types of mediastinal tumors on imaging grounds. Symptomatic bronchogenic cysts can be treated surgically, but it is not clear whether asymptomatic patients need surgical treatment. In most cases, thoracic surgeons recommend surgery for the following reasons: The growing bronchogenic cyst will increase the difficulty of surgery and lead to the possibility of rupture; complications such as compression symptoms and pleural effusion or infection may occur when the cyst is bleeding or infected[7,8]; on the other hand, the cysts may become malignant tumors[9]. The majority of patients with asymptomatic bronchogenic cysts are young and middle-aged. It can be clearly diagnosed by surgical resection and pathological examination. Thoracoscopic surgery is now the preferred procedure[2,7], which is less traumatic and has a definite effect.
Congenital pericardial defect is rare, with an incidence of about 1/10000-1/14000, usually found by chance in thoracic surgery, autopsy, and imaging studies[10-14]. Lack of part of the pericardium usually does not cause obvious symptoms. A few patients will have atypical chest pain, dyspnea, palpitations, and other manifestations[10-12,15]. There is no significant difference in the life expectancy between patients with congenital pericardial defect and the general population. But if there are critical complications, such as pericardial hernia and large vessel torsion[12,16], surgery is required[17].
[bookmark: OLE_LINK1]At present, it is believed that the premature atrophy of the Cuvier tube at the eighth week of the embryo may lead to the lack of nourishment of the pleural pericardia, leading to developmental disorders[18]. Pericardial partial absence is more common in the left pericardia[19,20]. The same is true for our patient.
Congenital pericardial defect is associated with other congenital deformities of the heart and lung[12,14,16,19], which is not uncommon. These include congenital heart abnormalities such as patent ductus arteriosus, atrial septal defect, mitral stenosis, tetralogy of Fallot, and so on. In addition, there are congenital abnormalities outside the heart, such as bronchogenic cyst reported in this case, as well as pulmonary isolation, and diaphragmatic hernia. Congenital pericardial defect is also associated with abnormal pulmonary anatomy, such as the presence of pulmonary parenchyma between the pulmonary artery and aorta[21]. Imperatori et al[19] has reported 18 cases of bronchogenic cyst with congenital pericardial defect. A number of articles[13,22] suggest that congenital pericardial defects may be related to bronchial cysts. At the fifth week of embryonic development, the bronchial bud develops at the tail end of the larynx and grows into the pericardioperitoneal canal, which is the future pleural cavity; during this period, the primitive heart and lungs share a common chamber and are closely linked to each other[23]. In order to adapt to the growing lung buds, the pleural cavity will continue to grow and expand. A fold called pericardio-pleural membrane is produced in the space between the future pericardium and the pleural cavity, which fuse in the midline and separates the pleural cavity from the pericardial cavity[24]. If this process is abnormal, bronchogenic cysts or pericardial defects may occur, or both congenital developmental malformations may occur simultaneously.

CONCLUSION
[bookmark: OLE_LINK60]There is a relationship between bronchogenic cysts and pericardial defects. This case further reveals the correlation between the bronchus and pericardium during embryonic development.
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Figure Legends
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[bookmark: OLE_LINK66]Figure 1 Chest computed tomography scan before surgery suggested a mediastinal mass above the left aortic arch. A: Cross-section of chest computed tomography (CT); B:  Coronal section of chest CT. The yellow arrows refer to the mediastinal mass.
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Figure 2 Cysts removed during surgery, and visual field under thoracoscopy. A: The right arrow refers to the broken end of the cyst, the left arrow refers to the left atrium and left atrial appendage, and the lower right of the field of vision is the lung tissue. B: The cyst pedicle is solid tissue, and cartilage fragments can be seen from the pedicle; C: The fluid inside the cyst; D: Bronchial bifurcation-like structure in the cysts.
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[bookmark: OLE_LINK2]Figure 3 The pathological diagnosis of the tumor was a bronchial cyst. The red arrow refers to the pseudolayer ciliar epithelium, the yellow arrow refers to the bronchial glands, the blue arrow refers to the cartilage tissue, and the green arrow refers to the fat tissue. Tumor tissues were fixed with 10% neutral formaldehyde, embedded in paraffin, and then stained with hematoxylin and eosin (200 ×).
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