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Abstract
BACKGROUND
Median arcuate ligament syndrome (MALS) is relatively rare and is due to extraluminal compression of the coeliac artery by the median arcuate ligament of the diaphragm. Here, we report a case of MALS found in a patient with abdominal pain and retroperitoneal haemorrhage for education and dissemination.

CASE SUMMARY
This article describes a 46-year-old female patient who was admitted to our hospital with abdominal pain as her chief complaint. She had experienced no obvious symptoms but had retroperitoneal bleeding during the course of the disease. Contrast-enhanced computed tomography (CT) and noninvasive CT angiography (CTA) led to an initial misdiagnosis of pancreaticoduodenal artery aneurysm (PDAA) causing retroperitoneal hemorrhage. After intraoperative exploration and detailed analysis of enhanced CT and CTA images, a final diagnosis of MALS was made. The cause of the haemorrhage was bleeding from a branch of the gastroduodenal artery, not rupture of a PDAA. The prognosis of MALS combined with PDAA treated by laparoscopy and interventional therapy is still acceptable. The patient was temporarily treated by gastroduodenal suture haemostasis and was referred for further treatment.

CONCLUSION
MALS is very rare and usually has postprandial abdominal pain, upper abdominal murmur, and weight loss. It is diagnosed by imaging or due to complications. When a patient has abdominal bleeding or PDAA, we should consider whether the patient has celiac trunk stenosis (MALS or other etiology). When abdominal bleeding is combined with an aneurysm, we generally think of aneurysm rupture and hemorrhage first, but it may also be collateral artery rupture and hemorrhage.
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Core Tip: Median arcuate ligament syndrome (MALS) is relatively rare and is due to extraluminal compression of the coeliac artery by the median arcuate ligament of the diaphragm. Here, we report a case of MALS found in a patient with abdominal pain and bleeding, for education and dissemination.

INTRODUCTION
Median arcuate ligament syndrome (MALS) is a rare disease that results from extraluminal compression of the coeliac artery by the median arcuate ligament of the diaphragm[1]. MALS occurs in 2 per 100000 patients[1-3]. Typical clinical findings include postprandial abdominal pain, upper abdominal murmur, and weight loss. Other symptoms include nausea, vomiting, diarrhoea, and fatigue. However, most patients are asymptomatic[4-6]. MALS typically manifests as abdominal pain and weight loss. Although these symptoms are usually found, diagnosis is often late due to the rarity of this syndrome and to other much more common causes for epigastric pain. One known complication of MALS is collateral circulation aneurysm, which mostly occurs in patients with severe stenosis or occlusion of the initial segment of the abdominal artery, including pancreaticoduodenal artery aneurysm (PDAA), abdominal aneurysm, and gastric omentum aneurysm. Among these, PDAA is most common[7]. Here, we describe a patient who was admitted to the hospital for acute abdomen without any symptoms, and had retroperitoneal haemorrhage during the course of the disease; we discuss the evaluation from the consideration of ruptured PDAA haemorrhage to the diagnosis of MALS.

CASE PRESENTATION
Chief complaints
A 46-year-old female patient was admitted to our department on December 12, 2019 due to the presence of abdominal and back pain for 2 d and aggravation of these symptoms for 1 d.

History of present illness
The patient had no obvious inducement for upper abdominal pain or back pain 2 d before admission. Her discomfort was mainly located in the middle and upper left abdomen, and she exhibited persistent, paroxysmal aggravation; no nausea and vomiting; and no fever and chills. At the outpatient department of our hospital one day prior, after first ruling out angina pectoris, the patient was sent to the Department of Cardiology, where cardiac enzyme analyses, electrocardiograms, and other tests were performed to rule out ischemic heart diseases; next, she went to the emergency department of our hospital to undergo laboratory analyses. Amylase levels were normal and routine blood tests showed normal white blood cells and a haemoglobin (Hb) level of 125 g/L. After symptomatic treatment, the patient’s abdominal pain worsened, and she was admitted to the Department of Gastroenterology.

History of past illness
The patient reported no history of chronic abdominal pain, upper abdominal murmur, or weight loss during the disease course. She reported a history of “arrhythmia” for 3 years, and no history of hypertension, diabetes, coronary heart disease, etc.; additionally, she had no history of pancreatitis or abdominal trauma and no family history of genetic diseases.

Personal and family history
N/A.

Physical examination
The patient’s body temperature was 36.8 °C, blood pressure was 120/80 mmHg (1 mmHg = 0.133 kPa), and heart rate was 100 beats/min. She had a face of acute ill, painful expression, clear consciousness, mild pallid eyelid conjunctiva, flat abdomen, tenderness and rebound pain throughout the abdomen, no obvious mass, and no muscle tension. No murmurs were heard in the upper abdomen on inhalation or exhalation.

Laboratory examinations
The blood test showed that Hb was 88 g/L, liver and kidney function was normal, C-reactive protein was 12 mg/L, and blood and urinary amylase levels were normal.

Imaging examinations
Computed tomography (CT) of the abdomen revealed haematomas around the head of the pancreas and retroperitoneum. To further determine the cause of the haematoma, CT and CT angiography (CTA) examinations of the whole abdomen were performed, suggesting a superior mesenteric artery (SMA) mural thrombus (Figure 1A), with stenosis of the lumen, local pancreaticoduodenal artery dilation, 1.2 cm wide diameter (Figure 2A), uneven thickness (Figure 3), and a haematoma around the head of the pancreas and retroperitoneum. Moreover, an abnormal collateral vessel was formed between the gastroduodenal artery and the SMA. The preliminary diagnosis was “retroperitoneal haemorrhage, PDAA, and SMA mural thrombus”. The cause of bleeding was considered to be PDAA rupture. The blood examination showed an Hb level of 69 g/L, and the red blood cell suspension was used to correct anaemia. Because the patient was critically ill and our hospital has not yet performed coil vascular embolism and interventional therapy, surgical exploration was performed in combination with the above conditions.

Further diagnostic work-up
After layer-by-layer laparotomy, the omentum and gastrocolic ligament were dissociated along the greater curvature of the stomach to expose the retroperitoneal hematoma and remove the hematoma adjacent to the duodenum and above the pancreas. The hepatoduodenal ligament was dissected and the gastroduodenal artery isolated. There was active bleeding approximately 1 cm below the branch of the gastroduodenal artery. PDAA rupture was ruled out due to the location of the bleeding. We read the enhanced CT and the CTA films in detail, and found that the initial segments of the celiac artery and SMA were narrow and that the celiac artery origin was V-shaped (Figures 3 and 4). In addition, abnormal collateral blood vessels were formed between the arteria gastroduodenalis and the SMA.

FINAL DIAGNOSIS
The final diagnosis was “MALS, retroperitoneal haemorrhage, PDAA, and SMA mural thrombosis”.

TREATMENT
Our hospital has not yet performed coil vascular embolism and interventional therapy. Therefore, we did an exploratory laparotomy. After layer-by-layer laparotomy, the omentum and gastrocolic ligament were dissociated along the greater curvature of the stomach to expose the retroperitoneal hematoma and remove the hematoma adjacent to the duodenum and above the pancreas. The hepatoduodenal ligament was dissected and the gastroduodenal artery isolated. The lower branch of the gastroduodenal artery was located above the gastroduodenal artery with active bleeding, and the active bleeding artery were sutured with No. 4 vascular suture needle.

OUTCOME AND FOLLOW-UP
The patient was ventilated for 7 d after the operation and recovered after 13 d. At the 3-mo follow-up, the patient recovered well without obvious discomfort. One year later, the patient was followed without obvious discomfort, and abdominal enhanced CT showed that PDAA disappeared (Figure 2B), SMA mural thrombosis was not observed, and lumen filling was good (Figure 1B). Celiac artery stenosis was still present and the patient was advised to go to a superior hospital for treatment, but the patient refused.

DISCUSSION
MALS, also known as coeliac artery or axial compression syndrome, is considered a complex disease with multiple aetiologies. The most commonly accepted theory is that coeliac artery pressure leads to decreased blood demand, eventually leading to foregut ischaemia[8]. The compression of the abdominal cavity by the median arch ligament and the resulting intestinal ischaemia usually lead to collateral circulation of the SMA branch. Providing connections between and increased flow through these vessels may lead to the formation of a PDAA[9].
MALS is more common in females than males and occurs mostly between 20 and 50 years of age[10]. Most patients are asymptomatic, and typical imaging findings of MALS are found during a medical examination or after complications develop. In our case, the patient was asymptomatic in the early stages, and she experienced abdominal pain due to bleeding from a ruptured branch of the gastroduodenal artery. When we focused on the retroperitoneal haemorrhage, it was easy to miss a rare abnormal vascular anatomy, such as MALS, which was the initial condition. Thus, we failed to discover MALS. When considering the cause of the patient's PDAA after surgery, we carefully reviewed the patient's enhanced CT and CTA images and found typical imaging manifestations consistent with MALS and a sharp “V” depression of the upper edge of the proximal tube wall of the celiac trunk. In radiology, the detection rate of MALS is relatively low, which may also be due to the difficulty of detecting the main abdominal stenosis by conventional axial and coronary CT reconstruction. If there is no obvious congestive collateral circulation, radiologists also tend not to report stenosis of the celiac axis with only collateral circulation (unless this condition is accompanied by an aneurysm in asymptomatic patients) because they are not familiar with the clinical significance of the disease[5].
The diagnosis of MALS is difficult (particularly when based on clinical manifestations alone) and is reached after excluding other common causes of abdominal pain. If MALS is suspected, conventional angiography, CTA, and magnetic resonance angiography (MRA) can be used to verify the location of the celiac trunk. A common form of MALS screening is Doppler ultrasound[11,12], which shows stenosis if the proximal blood flow in the abdominal cavity is disrupted or increased. The advantages of Doppler ultrasound include its non-invasiveness and ease of operation. Although conventional angiography is considered the gold standard for the diagnosis of MALS, angiography has been largely replaced by CTA and MRA[13]. CTA is a very effective diagnostic method. The 3D reconstruction of CTA can clearly show the location and degree of celiac artery stenosis. The sagittal position is the best plane for observing the thickened median arcuate ligament and characteristic hooked stenosis. The coronary surface is more conducive to spatial tracking of the arteries[14]. Because this patient had haemorrhage, to determine the cause of the bleeding and observe the surrounding blood vessels, we performed full abdominal enhanced CT and CTA examinations, and reached a clear diagnosis of MALS with PDAA and SMA mural thrombosis.
Common complications of MALS are collateral aneurysms, including PDAA, abdominal aneurysm, and gastric omental aneurysms. Among them, PDAA is the most common[7], and it has been reported that gastroparesis is also a complication of MALS[11]. We review the reports of MALS published in the past five years in PubMed Central (PMC) and found that 12 articles reported MALS combined with retroperitoneal haemorrhage. The cause of haemorrhage was PDAA rupture and bleeding in ten cases[1,15-23], right gastric aneurysm rupture in one[4], and aneurysm rupture in the arc of Bühler in another one[24]. In the present case, the patient’s condition was complicated by a PDAA with retroperitoneal haemorrhage, and the cause of the bleeding was not related to the PDAA. In addition, the patient formed abnormal collateral circulation blood vessels between the gastroduodenal artery and the SMA, because of coeliac artery stenosis. The blood flow and pressure on the branch vessel wall of the gastroduodenal artery were too large, and finally the vessel wall ruptured, resulting in bleeding.
The treatment of MALS aims to restore normal blood flow to the celiac trunk and prevent the reformation of compression. Laparoscopy and open surgical decompression are two treatment options for MALS. Laparoscopy is being adopted by an increasing number of people due to its advantages such as shortening the length of hospital stay, reducing the risk of postoperative complications, decreasing blood loss, and minimizing postoperative pain. Laparoscopy advocates four operative approaches for MALS: coeliac artery decompression and celiac gangliectomy or coeliac artery dilation or coeliac artery reconstruction, and coeliac artery endovascular stent placement[25]. After laparoscopic or open operative decompression, the patient has a good prognosis, and the cure rate is approximately 80%[12]. For the management of patients with MALS who have a concurrent PDAA, there are currently no treatment guidelines. It has been reported that the two conditions must be treated at the same time. However, considering the morbidity and mortality related to surgery, laparoscopy and endovascular techniques are less invasive treatments and have advantages over open surgery[26]. In our case, considering the actual situation in our hospital, we could only choose surgical suture haemostasis, which saved the patient's life. Although this intervention failed to achieve a complete cure, it provided the patient with an opportunity for the next step of treatment, such as laparoscopic and interventional therapy. Interestingly, in our case, PDAA and SMA thrombosis disappeared after more than 1 year of follow-up after gastroduodenal artery suture hemostasis, suggesting that postoperative pressure on the celiac artery and SMA was reduced to some extent and blood flow was improved. The patient was satisfied with the short-term outcome, but long-term follow-up is still required.

CONCLUSION
MALS is very rare. It is generally asymptomatic and is diagnosed after the development of complications. In the present case, MALS was missed because, at that time, we did not fully understand the disease. The treatment for MALS with aneurysms is mainly surgical or interventional therapy, but surgical decompression can not only decompress the coeliac artery, but also eliminate the formed aneurysms, with good prognosis. 
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Figure Legends
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Figure 1 Comparison of superior mesenteric artery thrombosis on enhanced abdominal computed tomography before operation and one year after operation. A: Preoperative enhanced computed tomography (CT) showed mesenteric mural thrombosis; B: One year after surgery, enhanced CT showed that the superior mesenteric artery thrombosis disappeared.
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Figure 2 Comparison of pancreaticoduodenal aneurysms on abdominal enhanced computed tomography before operation and one year after operation. A: Preoperative computed tomography (CT) showed pancreaticoduodenal aneurysm with retroperitoneal bleeding, with a size of 1.2 cm; B: One year after surgery, enhanced CT showed that pancreaticoduodenal aneurysm disappeared.
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Figure 3 Vessel reconstructions based on computed tomography angiography images. The origin of the celiac trunk is narrow, and the upper edge of the proximal tube wall is a sharp “V-shaped” depression (as shown by the red arrow). The thickness of the inferior duodenal artery is uneven, an aneurysm about 1.2 cm in diameter is seen (as shown by the yellow arrow), and abnormal collateral blood vessels are formed between the arteria gastroduodenalis and the superior mesenteric artery.
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Figure 4 Abdominal enhanced computed tomography examination showed that the abdominal cavity was narrow. A: Sagittal image (as shown by the yellow arrow) showing that the abdominal cavity aortic opening is at the T12 level. The starting point of the celiac trunk is narrow and abnormal, and the upper edge of the proximal wall of the celiac trunk is a sharp “V-shaped” depression; B: Coronal image (as shown by the red arrow) showing abnormal stenosis at the origin of the celiac trunk.
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