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Abstract
BACKGROUND
Pneumothorax is one of the most common causes of acute dyspnea. In patients under general anesthesia, the symptoms may not be obvious, which may diagnosis and treatment. Computed tomography is the gold standard for the diagnosis of pneumothorax, but is not suitable for rapid diagnosis of this complication. In contrast, lung ultrasonography can provide rapid diagnosis and treatment of pneumothorax.

CASE SUMMARY
The patient was a 53-year-old man admitted for rupture of the spleen caused by an accidental fall; emergency splenectomy was planned. Anesthesia was induced, and tracheal intubation was performed successfully with a video laryngoscope. About 2 min after tracheal intubation, the airway peak pressure increased to 50 cm H2O and the oxygen saturation dropped to 70%. According to the BLUE protocol, a recommended area of the chest was scanned by ultrasound. The pleural slide sign disappeared and obvious parallel line sign could be seen in the left lung. The boundary of pneumothorax (lung points) were rapidly confirmed by ultrasound. To avoid lung injury, a closed thoracic drainage tube was placed in the involved area. On day 9 after surgery, the patient was discharged from the hospital without any complications.

CONCLUSION
Perioperative pneumothorax is rare but dangerous. It can be rapidly diagnosed and treated with ultrasound guidance.
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Core Tip: Perioperative pneumothorax is a rare but dangerous complication that requires rapid diagnosis and urgent treatment. Computed tomography is the gold standard for diagnosis but is not applicable to confirm pneumothorax during surgery. Lung ultrasonography, with the advantages of being radiation-free and convenient, can provide rapid diagnosis and treatment of this complication.


INTRODUCTION
Pneumothorax is one of the most common causes of acute dyspnea. Sudden chest pain, shortness of breath, or even respiratory failure are the main clinical features. Because of the sudden change in pressure in the pleural cavity, the venous return blood flow is blocked and the stability of the circulatory system is affected. Therefore, early diagnosis and treatment are urgently needed. In patients under general anesthesia, the symptoms may not be obvious, which can delay diagnosis and treatment. Pneumothorax is a rare but serious perioperative complication leading to perilous hypoxemia during general anesthesia. Especially for patients with poor cardiopulmonary reserve, early diagnosis has a great impact on the prognosis[1].
Although chest computed tomography (CT) is the gold standard for the diagnosis of pneumothorax[2], it is not suitable for rapid diagnosis because of its high radiation exposure and long transport time. In contrast, lung ultrasound (LUS) has the advantages of being radiation-free and convenient, which can provide dynamic assessment and rapid diagnosis[3].
It was first reported that pneumothorax can be diagnosed by ultrasound in 1987. Wernecke et al[4] reported that it can be indicated by the disappearance of lung sliding. When pneumothorax is suspected during surgery, ultrasound scanning can be performed rapidly in the suspected area following the BLUE protocol[5]. Abnormal sonographic signs such as the pleural slide sign, parallel line sign in M-mode, and lung points indicate pneumothorax. Moreover, lung points can not only be a gold standard for the diagnosis of pneumothorax, but also determine the boundary of the pneumothorax and guide the placement of a closed thoracic drainage tube. It takes 2-3 min to complete the examination, and pneumothorax can be excluded or diagnosed within 1 min[6]. In this case, the prompt ultrasound diagnosis and treatment of pneumothorax resulted in an excellent patient prognosis.

CASE PRESENTATION
Chief complaints
A 53-year-old man (85 kg and 170 cm) was admitted for rupture of spleen caused by an accidental fall.

History of present illness
Emergency splenectomy was planned under general anesthesia. Preoperative emergency ultrasound examination including the heart, chest, and abdomen were performed, and it was found that spleen had been ruptured and was accompanied by active bleeding, complicated with progressive hemochrome reduction, which the main reason for the patient to undergo emergency surgery. Preoperative ultrasound showed no heart or chest abnormalities. The patient did not complain of dyspnea preoperatively, and preoperative CT showed no hemothorax or pneumothorax (Figure 1). Initial vital signs before anesthesia were a blood pressure of 126/82 mm Hg, heart rate of 75 bpm, and an oxygen partial pressure (SpO2) of 95% while inhaling air. Anesthesia was induced with sufentanil 0.3 µg/kg, rocuronium 0.1 mg/kg, and propofol 3 mg/kg. Tracheal intubation was successfully performed with video laryngoscopy, and positive pressure ventilation was performed with an airway peak pressure of 14 cm H2O. Because the patient's thick chest wall, breath sounds were difficult to auscultate. About 2 min after tracheal intubation, ventilation was difficult. The airway peak pressure increased progressively, reaching a maximum of 50 cm H2O and SpO2 dropped, reaching a minimum of 70%. Because of obesity and the thick chest wall, the cause of respiratory failure could not be determined by traditional auscultation. Following the BLUE protocol, a recommended area of the chest was scanned by bedside ultrasound. The pleural slide sign disappeared in the upper and lower blue points of the left lung, and in M-mode, an obvious parallel line sign could be seen below the pleura. The boundary of pneumothorax (lung points) was rapidly confirmed by ultrasound. To avoid lung injury and secondary pneumothorax, a closed thoracic drainage tube was placed in the area guided by ultrasound. The interval from suspicion of pneumothorax to placement of the drainage tube was less than 3 min. After many bubbles had emerged from the water seal bottle, the airway pressure dropped to 20 cm H2O and the SpO2 returned to 96%-100%. After the patient's vital signs stabilized, the splenectomy continued and was successfully completed. The patient was sent to the intensive care unit (ICU) with a endotracheal tube for further treatment after surgery. On day 1 after surgery, the endotracheal tube was removed. On day 6, the closed thoracic drainage tube was removed. On day 9, the patient was discharged from the hospital without any complications.

Laboratory examinations
Anemia (hemoglobin 85 g/L).

Imaging examinations
Focused assessment with sonography in trauma (FAST) has been extensively utilized and studied in blunt and penetrating trauma[7]. Following the FAST protocol, organ damage can be rapidly evaluated by the amount of free fluid in the chest, abdominal, and pelvic cavities. In this case, preoperative emergency ultrasound examination of the heart, chest and abdomen found that spleen had been ruptured and active bleeding was complicated by progressive hemochrome reduction, which was also the main reason for the patient to undergo emergency surgery. Preoperative ultrasound showed no abnormalities in the heart or chest. Following the BLUE protocol, LUS confirmed that the pleural slide sign had disappeared in the recommended area of the left lung, and in M-mode, an obvious parallel line sign was seen below the pleura (Figure 2B). The boundary of the pneumothorax (lung points) was rapidly confirmed by ultrasound (Figure 2C).

FINAL DIAGNOSIS
A clear diagnosis perioperative pneumothorax was based on imaging examination and intraoperative findings.

TREATMENT
To avoid lung injury and secondary pneumothorax, a closed thoracic drainage tube was placed in the area guided by ultrasound. From suspicion of pneumothorax to the placement of closed thoracic drainage tube, the total time was less than 3 min.

OUTCOME AND FOLLOW-UP
After a large number of bubbles emerged from the water seal bottle, the airway pressure dropped to 20 cm H2O and the oxygen saturation returned to 96%-100%. After the patient's vital signs stabilized, the splenectomy continued and was successfully completed. The patient was sent to ICU with a endotracheal tube for further treatment after surgery. On day 1 after surgery, the endotracheal tube was removed. On day 6, the drainage tube was removed. On day 9, the patient was discharged from the hospital without any complications.

DISCUSSION
If pneumothorax occurs under general anesthesia, positive pressure ventilation causes accumulation of a large amount of air in the pleural space, leading to intractable hypoxemia. Because of absence of specific symptoms like chest pain, cough, and dyspnea under general anesthesia, pneumothorax may be not diagnosed promptly. Pathological changes leading by pneumothorax can provide a large amount of diagnostic information. Because of the high sensitivity of CT, it is the gold standard for the diagnosis of pneumothorax. However, patients often require long-distance transport for CT examination, which is time-consuming and risky for critical patients. It is not suitable for the rapid diagnosis required for perioperative pneumothorax. Ultrasound is a reliable modality to provide rapid and accurate information, it has been shown that pulmonary ultrasound is superior to X-ray for the diagnosis of lung disease[8]. The diagnostic accuracy of ultrasound for a variety of lung diseases is comparable to CT, and it is becoming the preferred tool for rapid assessment of pulmonary disease[9].

How ultrasound is performed: BLUE protocol
The examiner's hands placed on the patient's anterior chest wall (excluding the thumbs), with the little finger of the upper hand close to the clavicle and the fingertips close to the median sternal line. The upper BLUE point is at the third and fourth metacarpophalangeal joints of the upper hand, and the lower BLUE point is at the center of the lower palm. The two points are thought to be the highest points at which gas is the most concentrated. The two BLUE points are recommended for rapid diagnosis or exclusion of pneumothorax during the perioperative period. (Figure 3) It was reported that small-volume pneumothorax caused by blunt trauma mainly occurs in the parasternal regions[10], which is consistent with the BLUE protocol recommendation for the rapid localization of the upper and lower BLUE dots adjacent to the sternum to diagnose the complication[11].

How to diagnose pneumothorax by ultrasound features
Ultrasound diagnosis of pneumothorax is based on both exclusion and confirmed diagnosis. If pneumothorax is suspected in perioperative period, bedside ultrasound should be performed immediately. Pneumothorax can be excluded by the pleural slide sign[12], which is a normal pulmonary sign of relative movement between the visceral and parietal pleura which is visible by ultrasound during respiratory movement. The negative predictive value for the diagnosis of pneumothorax by pleural slide sign has been reported as 100%. Pneumothorax can thus be excluded quickly and accurately by the existence of the surface pleural slide sign[13]. When pneumothorax is present, the visceral and parietal pleurae will be separated by gas. Therefore, the disappearance of the pleural slide sign on ultrasound is the initial step in the diagnosis of pneumothorax[14]. However, the positive predictive value of the disappearance of pleural slide sign for the diagnosis of pneumothorax is estimated as 87% in the normal population, 56% in ICU patients, and only 27% in cases of respiratory failure[15]. Tracheal intubation, single lung ventilation, atelectasis, pulmonary fibrosis, ARDS, pleural adhesion, phrenic nerve palsy, cardiac and respiratory arrest, and other factors may also lead disappearance of the pleural slide sign. In M-mode echocardiography, normal lung tissue resembles a beach with respiratory movement. (Figure 2) Without respiratory movement, lung tissue in cases of pneumothorax resembles parallel lines. (Figure 2) Ultrasound diagnosis of pneumothorax depends on lung point and is regarded as a gold standard with a specificity of 100%. For the patients with pneumothorax, as the probe moves laterally along the chest wall, a specific area (lung point) can be detected. A pleural slide sign, meaning that the parietal pleura is in contact with the visceral pleura, is observed on one side, and no slide is observed on the other, which means that the pleurae are separated by air[16]. The lung points can slide along the pleural line with respiratory movements, and determine the boundary of pneumothorax[15]. Lung point indicates the area of transition between collapsed lung tissue, with loss of sliding between the pleurae, and normal lung tissue. In M-mode echocardiography, A "beach sign," which indicates normal tissue, suddenly changes to a "parallel lines sign," which indicates pneumothorax[14] (Figure 2).
In addition to the rapid diagnosis of perioperative pneumothorax, pulmonary ultrasound can also be used to guide the management of pneumothorax. In this case, once the pneumothorax was diagnosed, ultrasound was used to guide the placement of a closed thoracic drainage tube by indicating the pneumothorax boundary (lung points). After drainage, the patient's airway pressure significantly decreased and oxygenation returned to normal. Pulmonary ultrasound to guide catheter location has the advantages of increased safety and reduced risk. A meta-analysis has shown that ultrasound-guided thoracic puncture reduced the incidence of secondary pneumothorax[17]. Patel et al[18] reported that ultrasound-guided thoracic catheterization reduced the cost of treatment, length of hospital stay, and incidence of complications such as pneumothorax and hemorrhage. Lung ultrasound is easy to learn. In a randomized controlled trial, anesthesiologists were found to be proficient in diagnosing pneumothorax by ultrasound after 4 wk of online or classroom training[19].
Although ultrasound can help anesthesiologists diagnose pneumothorax quickly and conveniently, there are limitations. It is difficult to obtain satisfactory images in patients with open trauma, obesity, or pulmonary disease, which may lead a missed diagnosis of pneumothorax[20]. Many studies have confirmed lung points as the gold standard to diagnose pneumothorax by ultrasound, but a lung point detected by ultrasound in an 83-year-old patient, was found to be a pulmonary bulla on CT and X-ray examination. That was the first reported case of lung points in a patient who not diagnosed with pneumothorax[14]. Mild and moderate pneumothorax can be diagnosed by lung points, but lung points may not be seen in severe pneumothorax because of complete disappearance of lung sliding and the parallel lines sign, which are recommended to diagnose this complication.

CONCLUSION
Perioperative pneumothorax is a rare but dangerous complication requiring urgent diagnosis and treatment. Once it occurs, the positive pressure generated by mechanical ventilation may cause the lung on the affected side to collapse rapidly, leading to intractable hypoxemia. Lung ultrasound is a bedside modality that is becoming widely and for the rapid diagnosis and treatment of pneumothorax
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Figure Legends
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Figure 1 Preoperative computed tomography showing the absence of hemothorax or pneumothorax.
[image: ]
Figure 2 Chest computed tomography and ultrasound. A: Computed tomography of pneumothorax. Position 1: Pneumothorax; Position 2: Boundary of pneumothorax (lung point); Position 3: No pneumothorax; B: Parallel lines sign with the sonography probe at position 1; C: Lung point sign with the sonography probe at position 2; D: Beach sign with the sonography probe at position 3. White arrows indicate the pleura.
[image: ]
Figure 3 BLUE points recommended for rapid diagnosis or exclusion of perioperative pneumothorax. A: The upper BLUE point is at the third and fourth metacarpophalangeal joints of the upper hand; B: The lower BLUE point is at the center of the lower palm; C: The black line indicates the clavicle; M: The black line indicates the medial sternal line.
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