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Abstract
BACKGROUND
[bookmark: OLE_LINK5]Median arcuate ligament syndrome (MALS) is a rare disease caused by compression of the celiac trunk artery by the median arcuate ligament (MAL). It can cause symptoms of postprandial abdominal pain, weight loss, and nausea and vomiting.
[bookmark: OLE_LINK23]
CASE SUMMARY
[bookmark: OLE_LINK16][bookmark: _Hlk133529049]A 55-year-old woman was admitted due to abdominal pain, nausea and vomiting. On admission, the patient presented with epigastric pain that worsened after eating, without signs of peritoneal irritation. Computed tomography angiography of the upper abdomen showed compression of the proximal segment of the abdominal trunk, local luminal stenosis with angular “fishhook” changes, which changed significantly during forceful inspiration and expiration; gallbladder stones; and multiple cysts in the liver. Abdominal duplex ultrasonography showed that peak systolic velocity was 352 cm/s. After diagnosis of MALS was confirmed, an arch ligament release procedure was performed. MALS has no specific symptoms and can be misdiagnosed as other abdominal diseases. Awareness of MALS should be improved to avoid misdiagnosis. The commonly used treatment option is MAL release and resection of the peripheral ganglion of the celiac trunk artery.

CONCLUSION
[bookmark: OLE_LINK18]The diagnosis and treatment of MALS must be individualized, and MAL release is effective and provides immediate symptomatic relief.

[bookmark: OLE_LINK14][bookmark: OLE_LINK29][bookmark: OLE_LINK17]Key Words: Median arcuate ligament syndrome; Celiac artery compression syndrome; Operative decompression; Case report 
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[bookmark: OLE_LINK15]Core Tip: Median arcuate ligament syndrome (MALS) is a rare disorder caused by compression of the median arcuate ligament against the celiac trunk. Patients with MALS often present with chronic postprandial abdominal pain, nausea, vomiting, diarrhea, and unexplained weight loss. Imaging examination is the preferred screening method. MALS is confused with many common diseases, and definitive diagnosis requires exclusion of other causes of abdominal pain. In this case, combination of gallbladder stones and chronic cholecystitis made it easy to miss diagnosis of MALS. Clinicians should be more aware of MALS. Surgery can provide immediate symptomatic relief and can be an effective treatment for MALS.

INTRODUCTION
[bookmark: _Hlk147415335][bookmark: OLE_LINK19][bookmark: OLE_LINK6]Median arcuate ligament syndrome (MALS), also known as celiac artery compression syndrome or Dunbar syndrome, is due to the celiac trunk artery or celiac ganglion being compromised by the fibrous ligaments that connect the fibrous crus of the diaphragm on both sides (forming the anterior edge of the aortic hiatus). Caused by external compression of the median arcuate ligament (MAL). The MAL is usually located above the starting point of the celiac trunk, and 10%–24% of people have MAL located in the front and upper part of the celiac trunk, so it is easy to compress arteries or adjacent nerves and cause chronic, recurrent abdominal pain and other clinical symptoms. The typical symptoms of MALS are postprandial abdominal pain, weight loss, nausea, and vomiting[1]. The aim of this report is to document a case of MALS treated with surgical decompression. This case report was elaborated in accordance with the SCARE criteria.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK11][bookmark: _Hlk147397857]A 55-year-old female patient presented with intermittent epigastric pain for 20 d, and the postprandial abdominal pain was aggravated without other specific manifestations.

History of present illness
[bookmark: _Hlk147400335]Symptoms started 20 d before presentation with postprandial abdominal pain. Abdominal pain was intermittent and did not radiate from the back or perineum. She visited the local hospital and underwent computed tomography (CT) examination, which suggested: (1) Gallbladder stones (Figure 1A); (2) MALS; and (3) multiple hepatic cysts (Figure 1B). Treatment with anti-inflammatory and choleretic drugs and nonsteroidal analgesic drugs, but the abdominal pain was not significantly relieved. For further treatment, she came to our hospital.

History of past illness
The patient had a past history of right upper abdominal pain, did not go to the hospital for examination, and the abdominal pain was relieved by self-administration of anti-inflammatory and choleretic drugs.

Personal and family history 
The patient denied any family history of abdominal pain.

Physical examination
[bookmark: OLE_LINK20][bookmark: OLE_LINK12]On physical examination, the vital signs were: Body temperature, 36.5℃; blood pressure, 120/78 mmHg; heart rate, 76 beats/min; respiratory rate, and 18 breaths/min. There was no yellow sclera, flat and soft abdomen, upper abdominal tenderness, and no rebound tenderness. No vascular murmur was heard in the upper abdomen. The visual pain score was 6.

[bookmark: _Hlk147438050]Laboratory examinations
Before the surgical procedure, routine blood analysis, liver and kidney function tests, amylase, blood coagulation function, inflammatory indexes (C-reactive protein, high-sensitivity C-reactive protein and procalcitonin) and tumor markers (carbohydrate antigens 19-9 and 125, carcinoembryonic antigen) were normal.

Imaging examinations
[bookmark: OLE_LINK44][bookmark: OLE_LINK21][bookmark: _Hlk148521138]Upper abdominal B-ultrasound and abdominal contrast-enhanced magnetic resonance imaging showed multiple gallbladder stones and multiple liver cysts. No obvious abnormality was found in esophagogastroduodenoscopy. CT angiography (CTA) showed that the origin of the celiac trunk was high, and the adjacent MAL compressed the initial segment of the celiac trunk with severe V-shaped stenosis (Figure 2A-C). When exhaling hard, the degree of stenosis was aggravated.

[bookmark: OLE_LINK22]FURTHER DIAGNOSTIC WORK-UP
[bookmark: _Hlk139316622]Giving antispasmodic, analgesic, cholagogic and other symptomatic treatment, the symptoms of abdominal pain were not significantly improved. Abdominal duplex ultrasound (DUS) was performed, which showed hemodynamically significant extrinsic compression of the abdominal trunk (> 70% reduction of the lumen) with peak systolic velocity of 352 cm/s.

FINAL DIAGNOSIS
Combined with the patient’s medical history, the final diagnosis was: (1) MALS, (2) gallbladder stones with chronic cholecystitis; and (3) multiple liver cysts.

TREATMENT
[bookmark: OLE_LINK24][bookmark: OLE_LINK42][bookmark: OLE_LINK43]After diagnosis of MALS was confirmed and since the patient’s symptoms remained unimproved (epigastric pain and worsening after meals), MAL release was recommended. Under general anesthesia, the patient was placed in a supine position, and a median epigastric incision was made to enter the abdomen layer by layer. Exploration showed multiple cysts in the liver, full gallbladder, slightly thickened cyst wall, and no other abnormalities. The lesser sac was opened to reveal the superior margin of the pancreas, the No.8a lymph node was removed to expose the common hepatic artery, and the proximal dissection revealed the left gastric artery and splenic artery. The anterior wall of the celiac trunk was dissected toward the root to reveal the dense and thickened fibrous tissue compressing the celiac trunk, and the ligament was freed and severed (Figure 3A and B), and the celiac trunk to the anterior wall of the abdominal aorta was fully exposed. The lateral and posterior aspects of the celiac trunk were exposed, the surrounding fibrous tissue and celiac ganglion were removed, and the junction of the abdominal trunk and abdominal aorta was skeletonized (Figure 3C). The gallbladder was resected in the conventional way, and a large hepatic cyst (3.1 cm × 3 cm) on the surface of the caudate lobe of the liver (Figure 1B) was drained by opening the cyst. The patient had an uneventful operation with intraoperative bleeding of 50 mL. The postoperative recovery was smooth, with significant relief of self-perceived abdominal pain symptoms, and she was discharged 10 d later.

OUTCOME AND FOLLOW-UP
Postoperative pathological results showed chronic cholecystitis and liver cyst. The VAS score was 2 again before discharge, and the patient was free of epigastric pain symptoms at the 3 mo follow-up.

DISCUSSION
[bookmark: OLE_LINK25][bookmark: OLE_LINK1]MALS, also known as mid-foot of the diaphragm compression syndrome, celiac artery compression syndrome, celiac artery cord syndrome, and Dunbar syndrome, is a rare disorder caused by compression of the celiac trunk by the MAL[2]. The MAL is a tough fibrous arch that connects the right and left aortic fissures (T12–L1) at the level of the diaphragmatic feet on both sides and crosses anterior to the aorta above the root of the celiac trunk. The origin of the celiac trunk is in approximately 85% of the anterior wall of the abdominal aorta between the upper third of the T11 vertebral body and the upper third of the T12 vertebral body[3]. Compression of the celiac trunk can result from a high starting point of the celiac trunk or a low attachment point of the MAL diaphragm foot. In 1971, Lindner et al[4] carried out 75 autopsy studies and noticed the anatomical variation of MAL. Harjola reported for the first time that MALS, Dunbar et al. passed angiography, summarized and reported 15 cases of MALS[5]. However, the pathophysiological mechanism of MALS is still controversial, and the related theories are as follows. (1) Compression of the celiac trunk by MAL leads to a reduction in its blood flow. Long-term compression of MAL can lead to narrowing of the arterial lumen, and histological studies have shown that arterial smooth muscle, elastic fibers and inner and outer membrane proliferation in patients with MALS may lead to complete occlusion of the artery, resulting in organ ischemia and epigastric pain[2]. (2) When the blood flow within the larger collateral circulation is inhibited by the celiac trunk stenosis, the collateral vessels proliferate to compensate for part of the blood supply. For example, blood is supplied to the celiac trunk via the collateral vessels such as the pancreaticoduodenal artery arch. Clinical symptoms are caused by a decrease in blood flow shunted to the celiac trunk supply area after feeding due to dilatation of the superior mesenteric artery[6]. (3) Neuropathic factors: long-term chronic compression and overstimulation of the nerve tissues around the celiac stem can lead to abdominal pain symptoms. This neurological compression can directly stimulate sympathetic pain fibers, and combined with sympathetic excitation causes visceral vasoconstriction, resulting in local ischemia. Pathological studies have shown that the compressed nerve fibers and perineural fibrosis with small nerve fiber proliferation, and that blockade targeting the celiac ganglion relieves abdominal pain symptoms[7]. Therefore, it has been hypothesized that neuropathic pain is one of the causes of MALS.
The true prevalence of MALS is not known due to the diverse clinical presentation. However, it is more common in women aged 30–50 years (female: male: 4:1) and in patients with a lean body mass[6], and has been reported in pediatric patients. The symptoms of MALS are: chronic abdominal pain after meals; nausea, vomiting, diarrhea and unexplained weight loss. Clinical signs include epigastric tenderness, abdominal vascular murmur and an increased end-expiratory murmur[2]. In a study of 43 patients with surgically treated MALS, 91% of patients presented with abdominal pain[8]. Of these, 62% presented with postprandial pain, 32% with postexercise pain, and 6% had abdominal pain of unknown origin. In addition, 40% of the patients had significant weight loss, 30% had nausea and vomiting, and 47% had an audible epigastric vascular murmur. Since the symptoms of MALS are similar to those of other abdominal diseases, the diagnosis of MALS requires the exclusion of other causes of abdominal pain. As in the present case, gallbladder stones were found on physical examination for > 1 year, and there was a history of epigastric pain that was relieved by oral anti-inflammatory and choleretic drugs, during which she did not seek medical attention in the hospital. The patient had no specific abdominal symptoms, no epigastric paroxysmal severe pain and radiating pain in the right back or shoulder, and abdominal symptoms did not improve after administration of antispasmodic, analgesic and choleretic drugs. Therefore, this patient’s abdominal pain may have had another cause. A thorough examination of the digestive system is required to rule out other conditions that more commonly cause abdominal pain. This includes various imaging tests: upper gastrointestinal endoscopy, colonoscopy, abdominal ultrasound (US), abdominal CT, CTA or angiography, and related laboratory tests. In this case, imaging (CT and magnetic resonance imaging) confirmed gallbladder stones and cholestasis (Figure 1). CT of the upper abdomen suggested (Figure 2C) compression and narrowing of the abdominal trunk, and further CTA and DUS examination confirmed diagnosis of MALS.
[bookmark: OLE_LINK4][bookmark: OLE_LINK2]When MALS is clinically suspected, abdominal DUS can be used as the screening tool of choice. DUS during maximal inspiration and expiration can dynamically demonstrate the site and extent of celiac arterial stenosis[9]. DUS is cheaper and radiation-free compared to CTA, which has the advantage of 3D reconstruction to obtain images of the celiac arteries, facilitating the observation of the compressed arteries from different angles. The CTA features of MALS include a sharp V-shaped depression or a characteristic hook-like appearance of the proximal wall of the celiac trunk[10]. This hooked appearance is helpful in differentiating the stenosis from atherosclerotic and aortitis stenosis. CTA also allows dynamic observation of arterial compression, and the degree of arterial compression stenosis in MALS patients varies with respiration, with heavier luminal stenosis in the expiratory phase than in the inspiratory phase. CTA can also show the establishment of collateral circulation after celiac trunk stenosis, and studies have shown that collateral circulation can be established when the degree of celiac trunk stenosis exceeds 65%, including pancreaticoduodenal artery arch type, dorsal pancreatic artery type, and intrahepatic type (phrenic artery). It is important to note that the presence of typical stenosis on imaging does not necessarily have clinical symptoms[11]. In a retrospective observational study, only one of eight patients with > 50% stenosis of the celiac artery was symptomatic[12].
Due to the rich collateral circulation between the superior mesenteric artery and the celiac trunk, abdominal trunk stenosis does not necessarily cause ischemic manifestations in the organs. In the diagnosis of gastrointestinal ischemia, gastric exercise tonometry (GET) has a high sensitivity (76%) and specificity (92%)[13]. Mensink et al[14] found that 29 (67.4%) of 43 patients with celiac trunk compression (> 70%) with significant abdominal pain had positive GET, 22 with MAL release alone, and seven with MAL release combined with celiac artery reconstruction. Follow-up at 39 mo revealed normal GET results in asymptomatic patients (83%) and abnormal GET results in patients with persistent symptoms (25%). This suggests that MALS is an ischemic syndrome with a good surgical outcome. Despite its high diagnostic accuracy, GET is a complex and time-consuming procedure that is not easily used as a routine test.
[bookmark: OLE_LINK3]The treatment of MALS focuses on its possible pathophysiological mechanisms, which involves MAL release to relieve compression of the celiac trunk, combined with or without abdominal lymph node dissection. The combination of MAL release with peripheral ganglionectomy of the celiac trunk may be an option for treating the neurological cause of pain. In contrast, MAL release combined with periceliac trunk ganglionectomy is effective and is currently a widely accepted treatment[15]. Traditionally, MALS is treated by open surgery. After dissecting and separating the MAL and celiac trunk, the MAL is cut and the proximal part of the celiac trunk is completely exposed to release the compression; at the same time, the peripheral ganglion of the celiac trunk is removed. In recent years, there has been a trend to release the pressure on the celiac trunk through laparoscopy, and laparoscopic and surgical robots have been reported abroad for the treatment of MALS[16]. Jimenez et al[17] retrospectively analyzed data from 400 patients who underwent surgical treatment for MALS. Of these, 279 underwent open surgery and 121 underwent laparoscopic surgery. Overall, 85% of the patients experienced postoperative symptom relief. Postoperative symptom recurrence rates were 6.8% and 5.7% for patients in the open and laparoscopic groups, respectively; 9.1% of laparoscopic procedures were intermediate to open due to bleeding. There were no surgery-related deaths in either group. The laparoscopic group had the advantages of shorter hospital stay, shorter fasting time, less risk of postoperative complications, less intraoperative bleeding, better postoperative pain relief, and smaller incisions. Intraoperative US multispectral or angiography can visualize the effect of postoperative abdominal stem decompression, which can be addressed by arterial reconstruction if stenosis persists. These include: Abdominal aortic bypass or peritoneal artery patch angioplasty. Percutaneous transluminal angioplasty with or without stenting provides an adjunctive treatment for persistent stenosis after MAL release. However, endovascular intervention alone does not address extrinsic compression of the celiac artery and, therefore, intervention alone is ineffective in the treatment of MALS. One report found that patients who had a percutaneous peritoneal plexus block preoperatively and whose symptoms were relieved had a better postoperative outcome. However, high-quality evidence to support this claim is lacking[18].

[bookmark: OLE_LINK30]CONCLUSION 
[bookmark: _Hlk142341221]MALS is a rare clinical syndrome for which there is no general consensus on diagnostic and therapeutic criteria. MALS can be easily confused with many common diseases. In this case, the patient also had gallbladder stones with chronic cholecystitis (which was confirmed by postoperative pathology). Gallbladder stones can also cause epigastric pain and intolerance to fried or high-fat foods (characterized by nausea and bloating), making it likely that the diagnosis of MALS will be missed. Clinicians should raise awareness of MALS, especially in patients with chronic abdominal pain, and consider it earlier. Surgery can provide immediate relief and can be an effective treatment for MALS. However, there is no consensus on the best surgical treatment. As for whether there is an intrinsic pathological link between gallstones and MALS, it remains to be confirmed by more similar cases.
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[bookmark: _Hlk147696662][bookmark: _Hlk147424060]Figure 1 Upper abdominal magnetic resonance imaging showing gallbladder stones and multiple liver cysts. A: Gallbladder stones and cholestasis. Arrow indicates gallbladder stones; B: Arrow indicates caudate lobe cyst of liver about 3 cm × 3 cm in size. 


[bookmark: _Hlk147696701]
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[bookmark: _Hlk147424478][bookmark: _Hlk147424676]Figure 2 Imaging examination of median arcuate ligament syndrome. A and B: computed tomography (CT) angiography coronal images showed a V-shaped stenosis at the beginning of the celiac trunk (the arrow indicates) and distal expansion; C: CT showed compression at the beginning of the celiac trunk (indicated by arrow).






[bookmark: _Hlk147696763]
[image: ][image: ][image: ]Figure 3 Intraoperative imaging of median arcuate ligament release surgery. A: Freeing the arcuate ligament (indicated by arrow); B: Ultrasonic knife cut the arcuate ligament (indicated by arrow); C: Ligament release + end of celiac trunk peripheral ganglion resection.b
c
a
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