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Abstract
The median arcuate ligament syndrome (MALS) is recognized as a rare clinical entity, characterized by chronic post-prandial abdominal pain, nausea, vomiting, and unintentional weight loss. Due to its vague symptomatology, it is mainly regarded as a diagnosis of exclusion. Patients can often be misdiagnosed for several years before a correct diagnosis is established, also due to a medical team’s clinical suspicion. We present a case series of two patients who suffered from MALS and were treated successfully. The first patient is a 32-year-old woman, presenting with post-prandial abdominal pain and weight loss that have lasted for the past ten years. The second patient, a 50-year-old woman, presented with similar symptomatology, with the symptoms lasting for the last five years. Both cases were treated by laparoscopic division of the median arcuate ligament fibers, which alleviated extrinsic pressure from the celiac artery. Previous cases of MALS were retrieved from PubMed, to assemble a better diagnostic algorithm and propose a treatment method of choice. The literature review suggests an angiography with a respiratory variation protocol as the diagnostic modality of choice, along with the laparoscopic division of the median arcuate ligament fibers as the proposed treatment of choice.
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Core Tip: Due to its rarity, reviews, meta-analyses, and guidelines regarding median arcuate ligament syndrome (MALS) are rare. Most data can be extracted by individual case reports and case series. Even though MALS has a low frequency among the general population, more and more studies continue to support the claim that an increasing percentage of people may be prone to present characteristics of the syndrome. Thus, using this case series of patients as an example, we explore the literature with an aim to propose an improved diagnostic algorithm and treatment of choice.

INTRODUCTION
The median arcuate ligament syndrome (MALS) does not represent a common clinical entity; however, its prevalence might be higher than previously considered[1]. The European Society for Vascular Surgery guidelines regarding diseases of the mesenteric arteries and veins, state that MALS is the most common cause of single vessel abdominal arterial stenosis[2]. It is characterized by recurrent episodes of post-prandial abdominal pain, nausea, vomiting, weight loss, and other more uncommon, but certainly potentially dangerous complications[3]. Due to the confusing overlapping symptomatology between MALS and other chronic mesenteric ischemic clinical entities, many researchers believe that the syndrome may be under-diagnosed, as is the case in many patients with chronic mesenteric ischemia due to diagnostic delay[4]. These factors have contributed to the lack of clinical studies and consensus guidelines for the diagnosis and treatment of this syndrome. Most clinical guidelines come from the systematic review and meta-analyses based on individual case reports and case series[5,6]. In this paper, we present two patients who were laparoscopically treated for MALS. In addition, we attempt to add a narrative review of the literature regarding diagnostic workup and treatment options for this syndrome.

LITERATURE REVIEW
We conducted a review of the literature of the past 3 years throughout the PubMed database, using the terms “median arcuate ligament syndrome”, “MALS”, “median arcuate ligament syndrome case report”, “median arcuate ligament syndrome diagnosis”, and “median arcuate ligament syndrome treatment”.

PRESENTATION OF CASE 1
A 32-year-old woman presented to the outpatient clinic, complaining of abdominal pain, nausea, vomiting, and diarrhea. She had a ten-year history of recurrent post-prandial abdominal pain and weight loss. The symptoms have caused her to reduce her food intake and sometimes skip meals entirely. Her past medical history was unremarkable. She was not taking any prescribed medication and reported no allergies. The patient had never smoked and reported no significant alcohol consumption. Physical examination findings were unremarkable, other than the patient’s weight at 38 kg and her height at 160 cm [body mass index (BMI) = 14.8 kg/m²]. An abdominal X-ray showed gastric distension and no other remarkable findings. The magnetic resonance imaging (MRI) study performed with a respiratory variation protocol showed post-stenotic dilation of the celiac artery during expiration, along with a “J-shaped” or “hook-shaped” celiac artery (Figure 1).
After careful investigation of the patient’s history and examination of the physical and radiologic findings, a diagnosis of MALS was established. The patient was scheduled for a laparoscopic median arcuate ligament release.
For the laparoscopic surgery, the patient is placed in a reverse Trendelenburg position with the legs being apart. The surgeon is standing between the patient’s legs, a camera port is placed through the umbilicus, and four more ports are also inserted into the upper abdomen. The main goal of the procedure is to sustain a good view of the operative anatomy. The left and right diaphragmatic crura are exposed to achieve good view of the surgical field prior to the division of the median arcuate ligament fibers. The dissection of the diaphragmatic crura is continued cranially with the intention of identifying the branches of the celiac artery (common hepatic artery, left gastric artery and splenic artery). The left gastric artery is controlled with the use of a vessel loop and with significant traction, to prevent injuries upon the left gastric artery and maintain adequate view of the surgical field. The dissection continues until the plane of the abdominal aorta. At this point, it is easier to identify the connective tissue comprising the median arcuate ligament, along with fibers from the celiac plexus. Using hook diathermy and a laparoscopic dissector with diathermy, the median arcuate ligament fibers are excised. Inadvertently, some fibers from the celiac plexus are also cauterized, further adding to the main goal, which is reduction of the pressure upon the celiac artery, as well as dissecting the sympathetic pain fibers of the celiac plexus. During the procedure for case 1 specifically, an aberrant blood vessel heading towards the liver was recognized and carefully preserved. This further supports the theory of development of collateral blood vessels to compensate for the reduced flow through the celiac artery (Figure 2).

PRESENTATION OF CASE 2
A 50-year-old woman presented to the outpatient clinic complaining of abdominal pain, nausea, and vomiting, with a 5-year history of post-prandial abdominal pain. She added that she had been losing weight over the referred time period. She also stated that she had undergone an extensive diagnostic workup in the past, for the same symptoms, but no diagnosis could be reached. Her past medical history was unremarkable. She was not taking any prescribed medication and reported no allergies. The patient had never smoked and reported no significant alcohol consumption. Physical examination findings were unremarkable and her BMI was in normal range (21 kg/m²). An abdominal X-ray showed gastric distension and no other remarkable findings. After reviewing her past diagnostic workups, an MRI with a respiratory variation protocol was performed. Similar to the first case, the patient’s celiac artery showed post-stenotic dilation during expiration, with a characteristic “J-shape”. A diagnosis of MALS was established and the patient underwent laparoscopic division of the median arcuate ligament fibers, thus relieving the pressure from the celiac artery. The surgical technique for case 2 was similar to that described earlier.
During subsequent follow-up checks, the most recent being a year after the procedures, both patients presented well. Physical examination and history did not reveal any findings or referred symptoms. The patients have gained weight and do not present any postoperative complications or symptoms.

DISCUSSION
The MALS, or otherwise called Dunbar syndrome, remains a rare clinical entity. Diagnosing the syndrome is a difficult task, due to the overlapping symptomatology among many other clinical entities[1]. Even though the syndrome presents a low prevalence in the population, the anatomical variations responsible for the syndrome are present at a rather large portion of the population. Normally, the branches of the celiac artery arise from the abdominal aorta at the level of the T11-L1 vertebrae, while the diaphragmatic crura arise from the level of L1-L4[7]. At that same level is where the median arcuate ligament connects the two parts of the diaphragmatic crura. In many people, a variation of the celiac artery arising at a higher level, or the diaphragmatic crura originating at a lower level, sets the circumstances for celiac artery compression. These anatomical prerequisites are found in 10%-24% of the population[1]. Based on this percentage, MALS could be responsible for more cases of chronic mesenteric ischemia than previously thought. This vascular compression theory is accompanied by some other researchers who support that extrinsic pressure upon the celiac plexus from the median arcuate ligament may also play a role in the pathophysiology of the syndrome[4]. The patients from the cases presented fit the characteristics of MALS, but the syndrome remains mostly a diagnosis of exclusion. The patient typically presents with postprandial abdominal pain, weight loss, nausea, vomiting, and diarrhea, among other complaints[8]. From the physical examination, it is reported that in up to 35% of patients, an epigastric bruit can be heard on auscultation, but it certainly is not pathognomonic[6]. These symptoms characterize a vast variety of diseases and syndromes throughout medicine, and certainly MALS is not the most common cause behind them[5]. Due to its rarity and relatively low prevalence, a radiologist may not always have this specific diagnosis in mind and thus miss the characteristic findings in routine computed tomography (CT)[9]. A study by Skeik et al[10] stated that the prevalence for MALS among other non-atherosclerotic abdominal arterial vasculopathies was found to be around 15.3%. Mainly, the diagnosis of MALS requires careful examination of the physical, clinical, and imaging findings by a team of experienced physicians and radiologists. The diagnostic modalities that are more commonly used include CT of the abdomen with IV contrast, magnetic resonance angiography (MRA), or Doppler ultrasound with a respiratory variation protocol[4]. However, the diagnosis may not be so simple in some cases, especially when the clinical presentation is not typical. One common complication of MALS due to the increased flow speed through the celiac trunk is the subsequent development of collateral blood vessels. This process causes damage to the endothelium of the arteries comprising the celiac trunk. One manifestation of this complication can be a spectrum of coagulopathies or vasculopathies, mainly affecting the organs supplied by the celiac trunk. For instance, a patient with symptomatology consistent with chronic mesenteric ischemia, along with splenic infarcts or pancreaticoduodenal aneurysms, superior mesenteric artery (SMA) thrombus, and retroperitoneal hemorrhage, should raise a question about examining the vasculature of the area for other abnormalities, to reach a definite diagnosis, which could include MALS, and also, treat the accompanying disease either via surgery or via interventional radiologic methods[11-15]. All these complications and clinical presentations from MALS are reported in the literature, and as the cases of MALS increase, more complications could be associated with it. Another reason why the diagnosis of MALS may not be as easy as perhaps expected, is because it may even coincide with other vascular anomalies, such as a common origin of the SMA with the celiac trunk, or the co-incidence of syndromes such as the SMA syndrome or the nutcracker syndrome[16,17]. A radiologist or a physician interpreting diagnostic imaging must always have in mind the case of aberrant anatomy when trying to reach a diagnosis.
In many cases, MALS may not be identified prior to other medical or surgical interventions, which could be the cause of many complex and threatening complications. During our search in the literature, in many cases the missed diagnosis caused a halt to the operative actions to re-evaluate pre-operative diagnostic imaging, thus prolonging operative time[18]. In these cases, the decreased flow through the celiac trunk branches may cause postoperative complications, either medical or surgical, some of them even endangering the viability of other abdominal organs, as is the case in the reversal of flow in the hepatic artery causing liver ischemia[18].
Another important consideration about MALS occurs in the case of orthotopic liver transplantation. In these patients, MALS is considered a predisposing factor for hepatic artery thrombosis, due to the hemodynamic compromises in the hepatic artery[19]. Specifically, the compression from the median arcuate ligament is responsible for a reduction of blood velocities in the hepatic artery. This vascular compromise may contribute to reduced blood supply to the liver graft, biliary complications, and hepatic artery thrombosis[20]. In a recent retrospective study regarding patients receiving orthotopic liver transplantation, the presence of MALS dictated different management for the graft to be preserved and the procedure to be a success[19]. According to Li et al[19], if flow from the hepatic artery is found to be reduced, the gastroduodenal arteries and the collateral branches should be preserved. Still, there is much debate regarding the surgical technique used in patients receiving orthotopic liver transplantation while suffering from MALS.
To prevent the mentioned complications and operative risks, a definitive diagnosis should be established in patients presenting with chronic mesenteric ischemic symptoms. Because these symptoms are non-specific, an extensive workup must be ordered, including right upper quadrant ultrasonography, abdominal CT, and upper endoscopy. Due to the prevalence of the disease, consensus guidelines for the diagnosis of MALS specifically are not reported. There have been some attempts to study a cohort of patients who have adhered to a strict plan for potential diagnosis and treatment of MALS, such as a recent study by Gerull et al[21]. Mostly, patients undergo an extensive workup to exclude other diseases which are easier to definitively diagnose. A diagnostic modality that has been shown to have good efficiency and sensitivity is abdominal Doppler ultrasound, but it remains an operator dependent examination. A cut-off point that has been shown to have better efficiency is at 350 cm/s during the expiratory phase. Except for this cut-off, it has been reported that the difference in speed between the expiratory and inspiratory phase more than 50% has contributed towards the diagnosis of the syndrome[21]. Even without the use of MRI or CT angiography, the characteristic “J-shape” of the celiac artery can be evident with the use of Doppler ultrasound[22]. However, given the fact that Doppler ultrasound is operator dependent, it may not ultimately be the most accurate way of setting the diagnosis of MALS. So, keeping in mind that most patients have undergone an extensive diagnostic workup in the past, as was the case in our patients presented earlier, from our experience, our suggestion is to perform tests and diagnostic imaging that provide clear results. Thus, we consider MRA with a respiratory variation protocol to be the diagnostic modality of choice in patients undergoing a workup for MALS.
As far as the treatment options are concerned, procedures have varied throughout the years. Even when endovascular or other angioplasty techniques are considered as possible choices, it is possible that a surgical operation, preferably a laparoscopic procedure, is still superior to other approaches. This conclusion is evident from the cases where a surgical operation was required to treat the patients who initially underwent angioplasty procedures but were actually not relieved or did not show any sign of improvement. The main cause for the deficiencies of angioplasties to provide symptom relief is the inability to pass the guide wire through the stenosis formed from the median arcuate ligament and the diaphragmatic crura[23]. Other than laparoscopic surgery, robotically assisted surgery is being considered as an alternative. However, data is scarce mainly due to the rarity of the syndrome and the limited experience with robotically assisted surgery in many hospitals. From studies regarding the postoperative outcomes, robotically assisted surgery is an acceptable option, providing treatment and good quality of life, as is evident from the good scores in questionnaires based on the patient’s experience[24,25].
A study by the American College of Surgeons National Surgical Quality Improvement Program which spanned for 10 years depicted that the patients in the laparoscopic group had lower length of stay, lower major complication rates, and lower reoperation rates[26]. Even though the studies comparing robotically assisted surgery with laparoscopic surgery for MALS are rare, it has been stated that the abdominal pain associated with MALS was relieved more often in the group receiving the robotically assisted operation[27].
A very recent report from an expert panel on interventional radiology, regarding the topic of mesenteric ischemia, included MALS in their attempt to provide concise and evidence-based instructions for the diagnosis and treatment of mesenteric ischemia[28]. From their recommendations, the selection of mesenteric angiography in lateral projection with a respiratory variation protocol (during both inspiration and expiration) is critical to the diagnosis of MALS and the depiction of the abdominal vascular anatomy. The development of collateral vessels, which is a complication from the celiac artery stenosis, has been found to be a poor prognostic factor in patients with MALS[28,29]. The expert panel has also provided advice regarding the angioplasty vs surgical treatment options. According to their recommendations, transluminal angioplasty with the use of a stent should be reserved for patients whose symptoms and clinical presentation have not been resolved after a surgical division of the median arcuate ligament[28,30].
We acknowledge limitations in our mini-case series presentation and literature review. Our perspective originates from the diagnostic workup and treatment of two cases, which is still a relatively small number. Even though the diagnostic pathway and treatment used were successful, the collective study of more MALS cases can yield more definite results. Our review is based on recent studies and cases, and as the reported instances of the syndrome rise, more findings and guidelines can be published in the future.

CONCLUSION
Even though MALS is considered a diagnosis of exclusion, it should be considered in patients who seem to suffer from chronic mesenteric ischemic symptoms, but without a definite diagnosis. These patients have often already undergone an extensive workup, so it is important to choose the correct diagnostic approach, to provide definitive results. In our experience, the best options remain abdominal Doppler ultrasound and MRA with a respiratory variation protocol, with an extra advantage of the MRA as being non-operator dependent. Treatment should primarily focus on surgical release of the celiac artery, either laparoscopically or robotically assisted. Endovascular techniques should be reserved for patients who have already undergone a surgical procedure with no postoperative alleviation of symptoms.
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Figure Legends
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Figure 1 Magnetic resonance angiography with a respiratory variation protocol. A-C: Evident stenosis of the celiac artery and post-stenotic dilatation.
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Figure 2 Intraoperative images. A: Vessel loop around the left gastric artery; B: Careful dissection along the diaphragmatic crura; C: Dissection continues as the aorta is starting to be exposed and relieved from the extrinsic pressure of the diaphragmatic crura and the median arcuate ligament; D: Exposure of the abdominal aorta after the dissection of the diaphragmatic crura, the median arcuate ligament, and the neural fibers of the celiac plexus; E: Final look of the abdominal aorta along with the recognition of an aberrant blood vessel towards the liver. 
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