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Massive pulmonary haemorrhage due to severe trauma treated with repeated alveolar lavage combined with extracorporeal membrane oxygenation: A case report
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Abstract
BACKGROUND
Massive pulmonary haemorrhage can spoil the entire lung and block the airway in a short period of time due to severe bleeding, which quickly leads to death. Alveolar lavage is an effective method for haemostasis and airway maintenance. However, patients often cannot tolerate alveolar lavage due to severe hypoxia. We used extracorporeal membrane oxygenation (ECMO) to overcome this limitation in a patient with massive pulmonary haemorrhage due to severe trauma and succeeded in saving the life by repeated alveolar lavage.

CASE SUMMARY
A 22-year-old man sustained multiple injuries in a motor vehicle accident and was transferred to our emergency department. On admission, he had a slight cough and a small amount of bloody sputum; computed tomography revealed multiple fractures and mild pulmonary contusion. At 37 h after admission, he developed severe chest tightness, chest pain, dizziness and haemoptysis. His oxygen saturation was 68%. Emergency endotracheal intubation was performed, and a large amount of bloody sputum was suctioned. After transfer to the intensive care unit, he developed refractory hypoxemia and heparin-free venovenous ECMO was initiated. Fibreoptic bronchoscopy revealed diffuse and profuse blood in all bronchopulmonary segment. Bleeding was observed in the trachea and right bronchus, and repeated alveolar lavage was performed. On day 3, the patient’s haemoptysis ceased, and ECMO support was terminated 10 d later. Tracheostomy was performed on day 15, and the patient was weaned from the ventilator on day 21.

CONCLUSION
Alveolar lavage combined with ECMO can control bleeding in trauma-induced massive pulmonary haemorrhage, is safe and can be performed bedside.
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Core tip: Massive pulmonary haemorrhage due to trauma is a rare but life-threatening form of pulmonary contusion. In this work, we report a patient who presented with progressive massive pulmonary haemorrhage that was successfully treated with repeated alveolar lavage combined with extracorporeal membrane oxygenation. Our study indicates the efficacy of a novel option for the treatment of massive pulmonary haemorrhage. Moreover, we discuss the medication regimen of alveolar lavage and the management of heparin-free extracorporeal membrane oxygenation.

INTRODUCTION
[bookmark: OLE_LINK1]Severe trauma is a leading cause of death among young adults worldwide and is often complicated by pulmonary contusion (PC)[1], which is defined as the destruction of the lung parenchyma by blunt force trauma to the chest and pulmonary haemorrhage due to pulmonary vascular injury. Approximately 10%-35% cases of trauma are complicated by PC[2,3]. Massive pulmonary haemorrhage due to trauma is a rare but life-threatening form of PC that often manifests as marked dyspnoea, tachypnoea and haemoptysis within hours of the trauma. Massive pulmonary haemorrhage can destroy the entire lung, and the severe bleeding can cause rapid blockage of the airway resulting in severe hypoxia and shock or even death. Therefore, simultaneous respiratory maintenance and bleeding control is the main principle of treatment for massive pulmonary haemorrhage[4].
Flexible bronchoscopes have become more advanced over the last two decades. Because of its relative safety and bedside availability, flexible bronchoscopy has become a common method for localizing the bleeding sites and controlling bleeding for mild to moderate haemoptysis[5]. However, the use of flexible bronchoscopes in the treatment of massive pulmonary haemorrhage in severe trauma patients, to our knowledge, has never been reported. One main reason is that such patients cannot tolerate alveolar lavage due to severe hypoxemia. Therefore, we used repeated alveolar lavage combined with extracorporeal membrane oxygenation (ECMO) to overcome this limitation and successfully treat a patient with massive pulmonary haemorrhage.

CASE PRESENTATION
Chief complaints
A 22-year-old man was admitted to our emergency department following a road traffic accident and presented with a slight cough and a small amount of bloody sputum. Approximately 37 h after admission, he developed severe chest tightness, chest pain, dizziness and haemoptysis. His was 178 cm in height and 82 kg in weight.

History of present illness
The patient experienced multiple traumas when his motorcycle collided with a truck. On admission to our emergency department, he was conscious and had a slight cough and a small amount of bloody sputum. His blood pressure and breathing were stable, with an oxygen saturation (SpO2) of 95%-97% at 5 L/min of mask O2. Whole-body computed tomography (CT) showed a left fifth rib fracture and mild PC (Figure 1A) as well as fractures to the left clavicle and scapula, pubis, left femoral shaft and right ulna. After plaster fixation of his right upper arm, he was admitted 18 h after the onset of mild PC to the orthopaedic ward for further surgical treatment. There he received an analgesic, antibiotics and left tibial tuberosity traction treatment. However, he developed severe chest tightness, chest pain, dizziness and haemoptysis 19 h later. Clinical examination revealed severe hypoxia with an SpO2 of 68%, tachypnoea (respiratory rate: 36 breaths/min) and tachycardia (heart rate: 157 bpm). Endotracheal intubation was subsequently performed, and a large amount of bloody sputum was suctioned from the endotracheal tube. The patient was transferred to the intensive care unit (ICU) 15 min later.

History of past illness
The patient was free of relevant medical history.

Physical examination
[bookmark: OLE_LINK5]When transferred to the ICU, the patient received volume-controlled ventilation and the following parameters were set: fraction of inspired oxygen, 100%; positive end-expiratory pressure, 15 cm H2O; tidal volume, 420 mL (6 mL/kg); and respiratory rate, 20 breaths/min. The patient was maintained under deep sedation (Richmond Agitation-Sedation Scale: -3 to -4) to reduce respiratory distress, and a lung recruitment manoeuvre was performed to open his airways. Nevertheless, he developed refractory hypoxemia (SpO2: 78%) and hypotension (invasive blood pressure: 10.5/5.5 kPa). Physical examination revealed coarse, moist rales that pervaded the lung. No apparent abnormalities were found in the heart or abdomen. Both legs were deformed and swollen, and multiple skin abrasions were observed all over his body.

Laboratory examinations
Arterial blood gas analysis revealed a pH of 7.44, partial pressure of CO2 of 5.2 kPa and partial pressure of O2 of 7.9 kPa. Routine blood examination indicated mild leucocytosis (15.3 × 109 cells/L) and a reduction in haemoglobin (from 12.3 g/dL at admission to 10.3 g/dL after transfer to the ICU). Coagulation function test results showed a normal prothrombin time, activated partial thromboplastin time and thrombin time; however, his fibrinogen level was low (1.4 g/L). Biochemical examination revealed a glutamate transaminase level of 74.2 U/L and glutamate transaminase level of 44.9 U/L, indicating slightly abnormal liver function.

Imaging examinations
Bedside chest X-ray showed diffuse infiltration on both sides (Figure 2A). After ECMO was established, chest CT and pulmonary artery imaging were performed, at which point there was no evidence of a pulmonary embolism, but substantial consolidation was noted in both lungs (Figure 1B). Fibreoptic bronchoscopy revealed diffuse and profuse blood in all bronchopulmonary segments and fresh bleeding was observed in the trachea and right bronchus.

FINAL DIAGNOSIS
Massive pulmonary haemorrhage, acute respiratory distress syndrome, hypovolemic shock, multiple trauma, PC, left rib fracture, left clavicle fracture, left scapula fracture, pubis fracture, left femoral shaft fracture, right ulna fracture and mild liver injury.

TREATMENT
After the patient was transferred to the ICU, we established venovenous ECMO and performed cannulation via the right jugular vein (17-Fr cannula for inflow, Rastatt, Germany) and the right femoral vein (21-Fr cannula for outflow, Rastatt, Germany) simultaneously. After we established heparin-free venovenous ECMO (3500 rpm; pump flow, 4 L/min; O2 flow, 4 L/min), the patient’s SpO2 increased to 99%. The ventilator parameters were readjusted (fraction of inspired oxygen: 30%; positive end-expiratory pressure: 8 cm H2O; tidal volume: 380 mL; respiratory rate: 12/min) to reduce the risk of barotrauma. After chest CT and pulmonary artery imaging, therapeutic fibreoptic bronchoscopy was performed via endotracheal tube; this revealed diffuse and profuse blood in all bronchopulmonary segments. We suctioned the blood and performed alveolar lavage. Fresh bleeding was observed in the trachea and right bronchus. We repeated the cold saline lavage together with topical application of epinephrine (1:20000) and allowed the cold saline to remain within the bronchopulmonary segments on the right side for a few seconds. We continued to administer repeated alveolar lavage (once per day with 150 mL cold saline each time), antibiotic therapy, glucocorticoids and enteral nutrition. Bloody sputum was alleviated, and norepinephrine was discontinued on day 3. However, bedside chest X-ray revealed persistent, severe diffuse infiltration of both lungs (Figure 2B). We reduced the frequency of alveolar lavage (to every second day), performed negative fluid balance therapy and continued to perform ECMO without heparin. The patient’s D-dimer level gradually increased to 18.4 mg/L (Figure 3). On day 9, a large blood clot was found inside the microporous membrane oxygenator, and the O2 pressure of the blood drawn from behind the oxygenator was 11.2 kPa; hence, ECMO was replaced.

OUTCOME AND FOLLOW-UP
On day 13, fibreoptic bronchoscopy revealed blood clots on the bronchial wall but no active bleeding. Bedside chest X-ray showed significantly decreased lung infiltration (Figure 2C); thus, ECMO support was terminated on day 13. On the second day after ECMO termination (day 15), we performed another chest CT scan, which revealed further dissipation of lung consolidation (Figure 1C). Tracheostomy was performed on day 15, and the patient was weaned from the ventilator on day 21. He then returned to the orthopaedic ward and underwent surgery for his left clavicle, left femur and right ulna. The patient was discharged 1 wk later. The changes in PC and the course of treatment are presented in Table 1.

DISCUSSION
This is the first report describing a case of severe PC (presenting as massive pulmonary haemorrhage) that was successfully treated with repeated alveolar lavage combined with ECMO. PC caused by severe trauma is a major clinical challenge and may be fatal; trauma patients with PC have a significantly higher mortality rate than trauma patients without PC[6]. The pathological findings range from radiographic findings without clinical manifestations to respiratory failure requiring intubation and mechanical ventilation depending on the extent of the contusion and affected alveolar area. Massive pulmonary haemorrhage due to trauma is a rare but life-threatening form of PC. Severe hypovolemic shock from uncontrolled bleeding and respiratory failure due to airway obstruction caused by blood clots are the main causes of death. Maintenance of adequate oxygenation and bleeding control should be performed simultaneously to rescue life in cases of massive pulmonary haemorrhage.
Fibreoptic bronchoscopy plays an important role in the management of mild to moderate haemoptysis because it is relatively safe and can be performed at the patient’s bedside[5]. However, fibreoptic bronchoscopy is rarely applied in patients with massive pulmonary haemorrhage due to poor tolerance. Bronchoscopy can be used to localize the bleeding sites and clear the airways of blood to prevent infection and maintain adequate ventilation, particularly in the non-bleeding lung. More importantly, it supports the implementation of other endobronchial techniques such as alveolar lavage to control bleeding. Multiple agents, including cold saline, diluted epinephrine, ornipressin, terlipressin and tranexamic acid, are used to obtain haemostasis in alveolar lavage. Conlan et al[7] used alveolar lavage with cold saline to treat 12 patients with severe haemoptysis within 24 h and achieved haemostasis in all 12 patients. However, one patient experienced transient bradycardia, and two experienced recurrent bleeding. Epinephrine has been used in cases of massive haemoptysis to control bleeding; however, different doses and dilutions have been reported, from a 1:100000 solution to 20 mL of 1:20000 solution[8]. Unfortunately, the haemostatic effect of diluted epinephrine (1:20000) is not effective because the drug is easily flushed out with bleeding. Even at dilutions as low as 1:20000, arrhythmia, ventricular fibrillation and hypotension have been reported to occur with the use of epinephrine[9]. Tüller et al[10] reported the endobronchial application of ornipressin and terlipressin in 30 patients with mild to moderate airway bleeding following transbronchial lung biopsy. Terlipressin caused significant changes in heart rate and blood pressure; however, ornipressin did not result in any adverse events. Tranexamic acid, a synthetic antifibrinolytic agent, can also be applied endobronchially to treat massive haemoptysis following transbronchial lung biopsy, but few case reports have described its use[11,12].
Venovenous ECMO serves as the final recourse when conventional ventilation strategies fail to maintain oxygenation. This makes it possible to treat massive pulmonary haemorrhage with bronchoscopy. There have been a few case reports and small case series on the use of ECMO in trauma patients with various injury patterns, but mixed outcomes were reported[13-16]. However, ECMO is not often used in trauma patients, largely because of concerns about the risk of haemorrhage. In recent years, with advances in ECMO equipment, including centrifugal pumps, heparin-coated circuits and polymethylpentene oxygenators, the need for anticoagulants and the risk of thrombosis have decreased. This has led to a growing body of evidence on the use of heparin-free ECMO in trauma patients[17-20]. The longest reported duration of heparin-free venovenous ECMO in trauma patients is 11 d[19]. To maintain heparin-free ECMO for as long as possible, there are three recommendations: (1) The blood flow should be set at > 1.5 L/min; most reports state that the blood flow was set at 4-5 L/min to prevent blood clots; (2) All clotting factors should be administered via a peripheral vein or postoxygenator rather than via a central vein to preserve the membrane oxygenator; and (3) Coagulation indicators (activated partial thromboplastin time, prothrombin time, activated clotting time of the whole blood and D-dimer) need to be continuously monitored. D-dimer monitoring is important because it is a more sensitive indicator of thrombus formation in the membrane oxygenator[21]. Although the highest D-dimer level in our patient was lower than the cut-off value reported in the literature, his D-dimer levels steadily increased, and a large thrombus developed inside the membrane oxygenators on day 9. After the membrane oxygenators were exchanged, his D-dimer levels decreased. Regardless, heparin-free venovenous ECMO is not a first-line treatment option for respiratory failure in trauma patients with pulmonary haemorrhage due to the higher risk of thrombosis, bleeding and embolism. However, for patients with intractable hypoxemia due to trauma combined with massive pulmonary haemorrhage, ECMO is a highly effective rescue treatment option.
Our findings were merely a single case. In addition, ECMO requires an experienced team for rapid establishment, and this may be a challenge for some hospitals. 

CONCLUSION
Massive pulmonary haemorrhage is a rare but life-threatening form of PC in trauma patients. Timely and effective control of bleeding and respiratory support therapy are vital to saving the patient’s life. Applying alveolar lavage combined with ECMO could be an alternative and effective treatment in patients with massive pulmonary haemorrhage; moreover, this strategy is relatively safe and can be performed at the patient’s bedside.
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Figure 1 Changes in chest computed tomography. A: The chest computed tomography (CT) on admission showed mild pulmonary contusion on both sides of the lung; B: The chest CT after intubation and support of extracorporeal membrane oxygenation (ECMO) revealed substantial consolidation in both lungs; C: The chest CT on the second day after the termination of ECMO showed resolution of the lung consolidation.
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Figure 2 Changes in bedside chest X-ray. A: The bedside chest X-ray after intubation showed diffuse infiltration in both sides of the lung; B: The bedside chest X-ray on day 3 after admission to the intensive care unit revealed persistent, severe diffuse infiltration of both the lungs; C: The bedside chest X-ray on the day before the termination of extracorporeal membrane oxygenation showed significantly decreased lung infiltration.
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Figure 3 Trend of the D-dimer level during extracorporeal membrane oxygenation. The D-dimer level gradually increased until the extracorporeal membrane oxygenation was replaced on day 9 and then decreased.



Table 1 Timeline
	Date
	April 2, 2019
	April 3, 2019
	April 15, 2019
	April 23, 2019

	Diagnosis and treatment of PC
	Chest CT scan showed mild PC
	MV combined with ECMO to maintain oxygenation
Chest CT scan showed substantial consolidation
Bronchoscopy revealed diffuse pulmonary haemorrhage
Alveolar lavage combined with ECMO were performed
	Fibreoptic bronchoscopy found no active bleeding
ECMO support was terminated
Chest CT scan indicated consolidation dissipation
	The patient was weaned from the ventilator


CT: Computed tomography; ECMO: Extracorporeal membrane oxygenation; MV: Mechanical ventilation; PC: Pulmonary contusion.
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