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Abstract
BACKGROUND
Mediastinal emphysema is a condition in which air enters the mediastinum between the connective tissue spaces within the pleura for a variety of reasons. It can be spontaneous or secondary to chest trauma, esophageal perforation, medically induced factors, etc. Its common symptoms are chest pain, tightness in the chest, and respiratory distress. Most mediastinal emphysema patients have mild symptoms, but severe mediastinal emphysema can cause respiratory and circulatory failure, resulting in serious consequences.

CASE SUMMARY
A 75-year-old man, living alone, presented with sudden onset of severe epigastric pain with chest tightness after drinking alcohol. Due to the remoteness of his residence and lack of neighbors, the patient was found by his nephew and brought to the hospital the next morning after the disease onset. Computed tomography (CT) showed free gas in the abdominal cavity, mediastinal emphysema, and subcutaneous pneumothorax. Upper gastrointestinal angiography showed that the esophageal mucosa was intact and the gastric antrum was perforated. Therefore, we chose to perform open gastric perforation repair on the patient under thoracic epidural anesthesia combined with intravenous anesthesia. An operative incision of the muscle layer of the patient's abdominal wall was made, and a large amount of subperitoneal gas was revealed. And a continued incision of the peritoneum revealed the presence of a perforation of approximately 0.5 cm in the gastric antrum, which we repaired after pathological examination. Postoperatively, the patient received high-flow oxygen and cough exercises. Chest CT was performed on the first and sixth postoperative days, and the mediastinal and subcutaneous gas was gradually reduced.

CONCLUSION
After gastric perforation, a large amount of free gas in the abdominal cavity can reach the mediastinum through the loose connective tissue at the esophageal hiatus of the diaphragm, and upper gastrointestinal angiography can clarify the site of perforation. In patients with mediastinal emphysema, open surgery avoids the elevation of the diaphragm caused by pneumoperitoneum compared to laparoscopic surgery and avoids increasing the mediastinal pressure. In addition, thoracic epidural anesthesia combined with intravenous anesthesia also avoids pressure on the mediastinum from mechanical ventilation.
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Core Tip: Abdominal free gas from a perforated gastric ulcer may pass through the lax esophageal hiatus into the mediastinum and then travel up to the neck and chest wall. This condition should be differentiated from esophageal perforation, and upper gastrointestinal angiography can clarify the diagnosis. In such patients, the pneumoperitoneum for laparoscopic surgery increases the pressure in the abdominal cavity, not only causing elevation of the diaphragm but also allowing more gas to enter the mediastinum through the esophageal hiatus. Open surgery may be preferred. Thoracic epidural anesthesia combined with intravenous anesthesia can prevent the effect of mechanical ventilation on the mediastinum.

INTRODUCTION
The term mediastinum is used for the general name for the right and left mediastinal pleura and the organs, structures, and connective tissue contained within them. The mediastinum includes the heart, large blood vessels that enter and leave the heart, esophagus, trachea, thymus, nerves, lymphatic tissue, etc[1]. The normal mediastinum is free of gas, and mediastinal emphysema is a pathological condition in which gas accumulates in the mediastinum for a variety of reasons. Common causes of mediastinal emphysema include: (1) Alveolar rupture, where gas accumulates in the interlobular septa and diffuses into the mediastinum along the bronchial vascular sheaths; (2) tracheal and esophageal injuries, where air enters the mediastinum; and (3) after neck surgery, gas diffuses into the mediastinum along the cervical fascia space. Mediastinal emphysema due to gastric perforation has rarely been reported[2,3]. Here, we report a case of mediastinal emphysema due to gastric perforation and describe the treatment for this condition.

CASE PRESENTATION
Chief complaints
Epigastric pain with chest tightness after drinking alcohol for 7 h.

History of present illness
A 75-year-old man had a sudden onset of severe epigastric pain for 7 h after drinking alcohol, in addition to chest tightness and shortness of breath.

History of past illness
The patient suffered from chronic obstructive pulmonary disease (COPD) for 15 years.

Personal and family history
There was no family history of gastric malignancy or lung malignancy. The patient had smoked for more than 30 years (20 cigarettes/d) and drank alcohol for more than 20 years (50% alcohol, 200 mL/d).

Physical examination
The patient had a painful facial appearance, abdominal distension, full abdominal tenderness, rebound pain, board-like rigidity, and drumming sounds upon percussion in the epigastrium. A palpable crepitus sensation could be observed under the skin of the chest wall. His oxygen saturation measured by finger oximetry (with high-flow oxygen) was 95%.

Laboratory examinations
The patient's liver and kidney function parameters were normal. Blood analysis revealed leukocytosis (13.69 × 109/L) and elevated inflammatory markers, including C-reactive protein (325.9 mg/L), procalcitonin (33.63 ng/mL), and neutrophil percentage (97.4%). The arterial blood gas measurements were as follows: pH = 7.30, PaCO2 = 33 mmHg, PaO2 = 108 mmHg, lactic acid = 3.8 mmol/L, and bicarbonate = 16.8 mmol/L.

Imaging examinations
The patient's upper gastrointestinal angiography (contrast medium: Iohexol injection) showed an intact esophageal mucosa and perforation of the gastric antrum (Figure 1). Computed tomography (CT) showed free gas in the abdominal cavity, mediastinal emphysema, and subcutaneous pneumothorax (Figure 2A). 

FINAL DIAGNOSIS
Based on imaging findings and clinical symptoms and signs, we could definitively diagnose the patient as having mediastinal and subcutaneous emphysema caused by abdominal free gas from the gastric perforation.

TREATMENT
We performed open gastric perforation repair under thoracic epidural anesthesia combined with intravenous anesthesia, after which the patient was prohibited from eating and drinking, left with a gastric tube, and received high-flow oxygen. Also, we encouraged the patient to cough. In addition, the patient received acid-suppressing medication (omeprazole sodium 40 mg/12 h) and antibiotics, including cefoperazone sodium and sulbactam sodium 3 g/12 h and metronidazole 0.5 g/12 h.

OUTCOME AND FOLLOW-UP
On the first postoperative day, we performed another chest CT scan and found that the patient's mediastinal and subcutaneous air volume was significantly reduced (Figure 2B). On the third postoperative day, the patient's chest wall twisting sensation was significantly diminished, and his blood parameters also stabilized, including leukocytes (9.69 × 109/L), C-reactive protein (40.9 mg/L), procalcitonin (0.63 ng/mL), and neutrophil percentage (72.4%). The patient underwent another CT examination on the sixth postoperative day, which revealed that the mediastinal emphysema had almost disappeared (Figure 2C). We removed the patient's gastric tube. On the ninth postoperative day, the patient was successfully discharged from the hospital. Postoperative pathology revealed gastric ulcer inflammation. One month later, the patient returned to the hospital for gastroscopy, which showed chronic superficial gastritis and frosted ulcers in the antrum area.

DISCUSSION
Acute gastric perforation is a common acute abdominal disease in general surgery and is characterized by rapid onset, rapid progression, and severe conditions. If not treated in time, the acidic gastric contents will flow into the abdominal cavity after perforation, and the peritoneum will be stimulated to produce severe abdominal pain. As early as a century ago, gastrointestinal perforation was recognized to cause mediastinal and subcutaneous emphysema. Oetting et al[4] noted that the three most important underlying factors in the pathogenesis of subcutaneous or mediastinal emphysema of gastrointestinal origin are intestinal (or gastric) perforation, an adequate pressure gradient between the intestinal lumen and the tissues where the gas ultimately accumulates, and the anatomical site of the perforation. In addition, bacterial infections caused by gastrointestinal perforation may produce some amount of gas and contribute to the development of mediastinal emphysema to varying degrees[5].
In this case, the patient had an acute perforation of a gastric ulcer caused by alcohol consumption; the patient moaned with severe pain and inhaled a large amount of gas into the stomach, and the peristalsis of the stomach prompted the digestive juices and gases in the gastric lumen to pass through the site of the perforation into the abdominal cavity. The abdominal muscles contract violently in response to the stimulation of the digestive juices, thus increasing the pressure in the abdominal cavity and creating a certain pressure gradient within the mediastinum. Elderly people tend to experience widening of the esophageal hiatus and relaxation of the diaphragmatic esophageal membrane. Gas passes through the pressure gradient through the lax part of the esophageal hiatus into the mediastinum, leading to mediastinal emphysema. In addition, the gas in the mediastinum will continue to travel into the neck and chest wall.
A small number of mediastinal emphysema cases can be resolved with conservative treatment, and some of these patients do not even require any management. However, large amounts of mediastinal emphysema in a short period of time can significantly increase the mediastinal pressure, leading to circulatory or respiratory failure, and rapid decompression can be effective at relieving mediastinal pressure[6]. Kiefer et al[7] reported a case in which a patient with a duodenal perforation underwent endoscopy, resulting in a large amount of gas entering the abdominal cavity. Gas entered the mediastinum and subcutaneous tissues through a pressure gradient, and this stagnant air increased the resistance to lung filling and decreased venous return. To relieve pressure on the mediastinum, surgeons used an incision in the clavicle to allow gas to escape, thus restoring normal cardiopulmonary function. Interestingly, this procedure is similar to creating "gills" on the human body. In addition, Herlan et al[8] described four patients with respiratory compromise due to subcutaneous emphysema, in whom respiratory function was normalized by decompression of the subcutaneous emphysema through skin incisions made bilaterally under the clavicle.
Currently, scholars generally agree that laparoscopic surgery is a safe option for the treatment of gastrointestinal perforation. Compared to open surgery, laparoscopic surgery is associated with less postoperative morbidity, a lower incidence of wound infection, and shorter hospital stays[9]. However, the creation of pneumoperitoneum for laparoscopic surgery increases the pressure in the abdominal cavity, which can compress the diaphragm and displace it into the thoracic cavity, causing narrowing of the mediastinal cavity, increasing the mediastinal pressure, decreasing blood flow, and restricting circulation[10]. Upon admission, the patient's oxygen saturation measured by finger oximetry (with high-flow oxygen) was 95%, and the patient was confirmed to have gastric perforation by imaging. Therefore, we chose to perform open surgery under thoracic epidural anesthesia combined with intravenous anesthesia to relieve the abdominal pressure and break the pressure difference between the abdominal cavity and the mediastinum. During the procedure, when we incised the muscular layer of the abdominal wall, the pressure in the abdominal cavity encourages the peritoneum to expand through the incision. After continuing to incise the peritoneum, a large amount of gas was observed to escape. This confirmed that the peritoneal gas was under high pressure.
An increase in thoracic pressure during mechanical ventilation further exacerbates mediastinal pressure and increases the resistance of venous blood return, leading to a decrease in the amount of venous blood returned to the heart and even causing circulatory failure[11]. In addition, long-term smoking or COPD can make respiratory failure difficult to correct and resolve, resulting in withdrawal difficulties in mechanical ventilation patients. In this case, we chose thoracic epidural anesthesia combined with intravenous anesthesia, and during the operation, the patient experienced autonomous breathing, which prevented the effect of mechanical ventilation on mediastinal pressure and reduced the occurrence of lung injury caused by mechanical ventilation. In addition, the analgesic effect of epidural anesthesia lasts for a long time, which helps patients cough up sputum during the postoperative period, promotes alveolar expansion, and accelerates the expulsion of gases from the mediastinum.

CONCLUSION
In this case, a hasty choice of laparoscopic surgery would have further increased the volume of mediastinal pneumomediastinum, enhanced the pressure in the mediastinal cavity, and jeopardized the patient’s life. Therefore, emergency physicians must be aware that gastric perforation can cause mediastinal emphysema, and such patients can be treated by open surgery under thoracic epidural anesthesia combined with intravenous anesthesia.
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[bookmark: OLE_LINK3]Figure 1 Upper gastrointestinal imaging. A: Smooth esophageal wall, large amount of free gas visible in the abdominal cavity, and gas visible around the esophagus; B: Gastric perforation with flow of contrast into the pelvis.
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Figure 2 Computed tomography. A-I and A-II: Preoperative computed tomography (CT) showed striated and cast areas without lung texture along the fascial space in the mediastinum and both chest walls. Gas is visible around the esophagus (red arrow). The blue arrow indicates the gastric tube; B-I and B-II: CT on the first postoperative day showed significant reduction of original mediastinal emphysema and chest wall emphysema after surgical treatment; C-I and C-II: CT on the sixth postoperative day showed that original mediastinal emphysema and chest wall emphysema largely disappeared.

image1.png
VA e




image2.png




