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Abstract
[bookmark: OLE_LINK232][bookmark: OLE_LINK233]Acute mesenteric ischemia (AMI) is a rare cause of the “acute abdomen”, characterized by impaired blood flow to the intestine. The principle of treatment is restoration of perfusion to ischemic bowel and resection of any necrotic intestine. Surgery and endovascular intervention are two complementary approaches to mesenteric ischemia. Endovascular intervention is not an alternative to the surgical approach, but it has the potential to improve the prognosis of patients with AMI when judiciously combined with a surgical approach. Due to the need for emergent treatment of patients with acute mesenteric ischemia, the treatment strategy needs to be modified for each facility. This review aims to highlight cutting-edge studies and provide reasonable treatment strategies for patients with acute mesenteric ischemia based on available evidence.
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[bookmark: OLE_LINK230][bookmark: OLE_LINK231]Core Tip: The management of acute mesenteric ischemia (AMI) is challenging. An increased number of endovascular interventions were performed in past decades. Endovascular interventions have the potential to improve the prognosis of patients with AMI when combined with a surgical approach. Due to the need for emergent treatment of patients with acute mesenteric ischemia, the treatment strategy needs to be modified for each facility. We discuss the treatment strategy for patients with AMI based on cutting-edge evidence.

INTRODUCTION
[bookmark: OLE_LINK234][bookmark: OLE_LINK235]Acute mesenteric ischemia (AMI) is a rare cause of the “acute abdomen”, characterized by impaired blood flow to the intestine. The main principle of treatment is restoration of blood flow to the ischemic intestine and resection of any necrotic segments. Early revascularization is important to reduce mortality[1]. Despite advances in technology and appropriate diagnosis and treatment, mortality remains high[2]. The management of patients with AMI is still challenging. Surgery and endovascular interventions are the two major approaches to treat patients with mesenteric ischemia. Surgical embolectomy, reported in 1951, is still a standard procedure for mesenteric embolism[3]. The first successful percutaneous angioplasty for mesenteric ischemia was reported in 1983[4]. Although decades have passed, the basic concepts of treatment have not changed. Endovascular interventions have been developed for a wide range of diseases including those in cardiology, oncology, and trauma, leading to the development of innovative devices and therapeutic approaches. As a result, an increased number of endovascular interventions were performed over the past decades[5]. However, there is no definite consensus regarding the complementary use of a surgical approach and endovascular intervention.
This review aims to highlight the cutting-edge studies highlighting the roles of surgery and endovascular intervention for the treatment of patients with AMI and develop a comprehensive treatment strategy based on available evidence.

[bookmark: OLE_LINK236][bookmark: OLE_LINK237]CLASSIFICATION OF AMI AND THE DIAGNOSTIC APPROACH
AMI is commonly classified as: (1) mesenteric arterial embolization; (2) mesenteric arterial thrombosis; (3) non-occlusive mesenteric ischemia; or (4) mesenteric venous thrombosis. Other less common mechanisms include arterial dissection such as aortic dissection or superior mesenteric artery (SMA) dissection. In this review, we focus on mechanisms (1), (2), (3), and (4) above.
The prevalence of AMI has changed in recent decades. Mesenteric arterial embolization was the most common cause of mesenteric ischemia, which previously accounted for 40%-50%, and recently accounts for 25% of cases[2,6]. The most common sources of emboli include the heart and aortic atheromas. Mesenteric arterial thrombosis was the second most common cause of mesenteric ischemia, which previously accounted for 20%-35% and recently accounts for 40%[2,6]. Thrombotic occlusion occurs in a stenotic mesenteric artery when the flow in the artery decreases. Non-occlusive mesenteric ischemia previously accounted for 5% to 15% and recently accounts for 25% of cases[2,6], which results from generalized impaired perfusion of the mesenteric artery circulation. Although the mechanism is still unknown, heart failure, renal failure, cardiac surgery using cardiopulmonary bypass, and the use of catecholamine are reported as risk factors[7]. Lastly, mesenteric venous thrombosis is a unique type of mesenteric ischemia. The pathophysiology is different from the other types of mesenteric ischemia. Thrombosis in the mesenteric vein impairs blood outflow, resulting in bowel edema, impaired microperfusion, bowel dilation, and ischemia. In many cases, the underlying disease includes malignant neoplasms, inflammatory disease around the mesenteric vein, and coagulation disorders[6]. 
To establish the diagnosis, details of the clinical presentation such as sudden onset abdominal pain and abdominal pain out of proportion to physical findings are important in suspecting AMI. As a diagnostic tool, computed tomography angiography is recommended for mesenteric arterial embolism and thrombosis in some guidelines[8-10]. Non-occlusive mesenteric ischemia is more difficult to diagnose compared to mesenteric arterial embolism and thrombosis because the onset of abdominal pain is usually not sudden. Sometimes, lactic acidosis of unknown cause is the only clue to suspect non-occlusive mesenteric ischemia. For these reasons, it is reasonable to perform digital subtraction angiography or laparotomy for diagnosis and treatment.

[bookmark: OLE_LINK238][bookmark: OLE_LINK239]TREATMENT OF MESENTERIC ISCHEMIA
The principles of treatment of mesenteric ischemia include: (1) restoration of perfusion; and (2) excision of necrotic intestine. The surgical approach is the conservative approach to arterial mesenteric ischemia, in which surgeons can restore the circulation to the mesentery and remove necrotic intestine if necessary, during one procedure. However, recent advancements in endovascular intervention for patients with mesenteric ischemia are noteworthy. To determine the optimal treatment strategy, it is critical to decide whether the patient is physiologically stable, which type of mesenteric ischemia the patient has, and whether the patient has peritonitis. In this review, we will discuss the treatment for mesenteric arterial embolism, mesenteric arterial thrombosis, and non-occlusive mesenteric ischemia because the nature and strategy of the treatment of patients with mesenteric venous thrombosis are quite different from other types of mesenteric ischemia.

Endovascular intervention
The usefulness of endovascular intervention in patients with mesenteric ischemia needs to be evaluated for each type of mesenteric ischemia. Theoretically, restoring perfusion is the main goal of treatment. Endovascular intervention contributes to restoration of perfusion, only. In principle, endovascular therapy requires a patient without clinical signs of intestinal necrosis when used as the initial treatment.

Mesenteric arterial embolism and mesenteric arterial thrombosis: There are several options for endovascular intervention to treat patients with occlusive mesenteric ischemia (embolism and thrombosis). Removal of the thrombus or embolus and treatment of underlying stenosis are the primary goals of treatment. For removal of a thrombus or embolus, endovascular embolectomy and endovascular local thrombolysis can be selected. An endovascular embolectomy is an option for mesenteric arterial embolism, and is also useful for thrombosis. It is sometimes difficult to distinguish an embolism from thrombosis because multiple comorbidities are common in elderly patients. Local thrombolysis can be both an initial treatment, or a salvage option if endovascular embolectomy does not revascularize completely. In a retrospective single-center review, among 37 patients with mesenteric arterial embolisms, complete recanalization was achieved in 91.9% of patients with in-hospital mortality of 27.0%[11]. In a study of 50 patients with mesenteric embolism or thrombosis without peritonitis, local thrombolysis was used as the initial treatment and there was 88% technical success with a mortality of 33% including 6 self-limited bleeding episodes[12]. In this study, patients with peritonitis were not candidates for thrombolysis because, unlike embolectomy, thrombolysis can result in bleeding complications. Patients with peritonitis require laparotomy and intestinal resection. The decision to undertake thrombolysis should be made after a multidisciplinary discussion.
After removal of the thrombus or embolus, treatment of the underlying stenosis with angioplasty or/and stenting may be performed during the same procedure, especially in patients with thrombosis. In general, an underlying stenosis can be treated later because this is not necessarily a life-saving procedure.

Non-occlusive mesenteric ischemia: Unlike mesenteric arterial embolism or thrombosis, the major principle of treatment of non-occlusive mesenteric ischemia is management of the underlying disease which led to mesenteric ischemia. A local bolus and continuous infusion of vasodilators such as papaverine and prostaglandin E1 may decrease mortality and the need for bowel resection. In a nationwide observational study, early vasodilator therapy (within 2 d of admission) including papaverine and/or prostaglandin E1 decreased mortality and the need for surgical intervention by 11.6% (34.2% vs 22.6%) and 10.2% (15.3% vs 5.0%), respectively[13]. In patients with non-occlusive mesenteric ischemia, stenotic changes at the origin of the SMA can usually be found. Although stenotic changes are associated with high mortality, no data suggest that intervention at the site of stenosis improves mortality[14]. It is reasonable to perform endovascular angioplasty or stenting in patients whose mesenteric ischemia may be partially caused by mesenteric arterial thrombosis. Routine intervention at the stenotic arterial origin is not suggested.

Surgery
Surgery is the traditional treatment modality for patients with mesenteric ischemia except for those with non-occlusive mesenteric ischemia. The surgical approach includes procedures for (1) restoring perfusion; and (2) excision of any necrotic intestine. The priority of treatment depends on the patients’ physiologic status. In a patient in shock, removal of the necrotic intestine is the priority because sepsis due to bowel necrosis is strongly suspected. In patients without suspected intestinal necrosis, restoration of perfusion is the priority to avoid intestinal necrosis. With or without bowel resection, a second look laparotomy should be considered to check intestinal viability 24 to 48 h after the first operation.

Mesenteric arterial embolism and mesenteric arterial thrombosis: Surgery as the treatment modality for patients with mesenteric arterial embolism and thrombosis has three objectives including (1) removal of the thrombus or embolus; (2) treatment of the underlying stenosis with angioplasty or bypass; and (3) resection of necrotic intestine. Open embolectomy is still considered to be a conservative procedure for mesenteric arterial embolism[3,15]. In patients with mesenteric arterial embolism alone, open embolectomy can restore perfusion completely without additional procedures such as intestinal resection, angioplasty, or vascular bypass. In patients with mesenteric arterial thrombosis, vascular reconstruction is desirable. There are several procedures for vascular reconstruction with (infrarenal aorta-mesenteric bypass) or without a graft (iliac-ileocolic artery bypass)[16]. There is a report that antegrade bypass is preferred to retrograde bypass due to a lower re-intervention rate[17]. Although theoretically, autografts such as saphenous vein are preferred to synthetic grafts in terms of infection risk, autografts may be more time-consuming to construct than synthetic grafts.

Non-occlusive mesenteric ischemia: The major purpose of surgery in patients with non-occlusive mesenteric ischemia is resection of any necrotic intestine. Patients who are in shock or have peritonitis are candidates for immediate surgical exploration to assess intestinal viability. Diagnostic laparoscopy is reported to be a safe and reliable diagnostic tool in patients with suspected acute mesenteric ischemia[18-20]. A second look laparotomy should be considered 24 to 48 h after the first operation as in patients with mesenteric ischemia of other etiologies.

Comparison of endovascular intervention and surgery
There are several observational studies and meta-analyses comparing the outcomes of endovascular interventions and surgery. In a single-center study from Spain including 323 patients, the characteristics of patients and their treatment have changed over recent decades. Patients have increased morbidity and the prevalence of arterial embolism has decreased[2]. In light of these changes in the demographics of the patients, care should be taken to interpret the results of studies.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In a nationwide study, using the Swedish Vascular Registry including 42 endovascular and 121 open revascularizations of the SMA from 1999 to 2006, short and long-term mortality was lower in patients who underwent endovascular revascularization; 30 d and 1 year mortality were 28% vs 42% and 39% vs 58%, respectively[21]. One of the largest studies using the National Inpatient Sample database including 5237 patients (35.5% endovascular and 64.5% open revascularization) from 2000 through 2006 revealed that endovascular intervention is associated with lower mortality compared with open surgery (15.6% vs 38.6%). The latest study using the same database included 4665 patients who underwent interventional treatment (24% endovascular and 76% open revascularization) from 2005 through 2009 also showed that endovascular intervention is associated with lower mortality compared with open surgery (24.9% vs 39.3%)[5]. A study using the American College of Surgeons National Surgical Quality Improvement Program database in the United States including 439 patients (6.2% endovascular, 5.2% hybrid, and 88.6% open revascularization) from 2005 to 2010 showed that endovascular intervention was associated with decreased mortality [odds ratio (OR) 0.4, 95%CI 0.2-0.9][22]. A meta-analysis including five non-randomized studies showed that endovascular intervention had a lower prevalence of bowel resection (OR 0.37, 95%CI 0.23-0.59) and 30-d mortality (OR 0.50, 95%CI 0.30-0.83) compared with open surgery[8]. Another meta-analysis including nineteen observational studies also showed that endovascular intervention was associated with a lower prevalence of bowel resection (OR 0.45, 95%CI 0.34-0.59) and 30-d mortality (OR 0.45, 95%.CI 0.34-0.59) compared with open surgery[23]. 
Overall, endovascular interventions were reported to be superior to open surgery. These results are based on retrospective observational studies, although some of them conducted multivariable regression analysis. It is likely that there is selection bias between the populations in using these two approaches. Even with meta-analyses, there is large heterogeneity among the studies[8]. Due to the rarity and underlying nature of the disease, it will be nearly impossible to conduct a randomized controlled trial to compare the two approaches. We need to evaluate the effect of endovascular intervention based on existing studies.

Hybrid approach: endovascular intervention and surgery
Recently, retrograde open mesenteric stenting (ROMS) has been described[24,25]. This procedure includes a laparotomy and retrograde endovascular revascularization of the superior mesenteric artery[26]. Candidates for this procedure are patients with stenosis at the origin of the SMA. As previously mentioned, vascular reconstruction is desirable for this group of patients but time-consuming to conduct in an emergency setting. One of the advantages of this method over vascular bypass is significantly shorter operative time. A recent study showed that bypass procedures took a longer time than ROMS (302 vs 189 min, P < 0.01)[25]. One of the major concerns after stenting is patency, however, patency rates similar to those after bypass were reported, 76% to 88%[25,27-29]. 
This approach is a good option for patients requiring laparotomy to both resect necrotic intestine and reconstruct vascular inflow (mesenteric arterial thrombosis).

[bookmark: OLE_LINK240][bookmark: OLE_LINK241]TREATMENT STRATEGY FOR PATIENTS WITH MESENTERIC ISCHEMIA
[bookmark: OLE_LINK242][bookmark: OLE_LINK243]Endovascular intervention is not an alternative to surgery, but has the potential to improve the prognosis of patients with AMI when combined with a surgical approach as a complementary procedure. Since acute mesenteric ischemia requires emergent treatment, the strategy needs to be modified to fit each facility (Figure 1).
Although evidence for the effect of endovascular interventions is limited, there are apparent advantages to endovascular intervention over open surgery in some patients. Recent advancements in endovascular intervention added treatment options such as ROMS. There is an established role for endovascular intervention in the treatment of patients with mesenteric ischemia.
In patients with shock or peritonitis, laparotomy is the primary option due to the high degree of association of these conditions with intestinal necrosis. A subsequent procedure may be needed depending on the etiology. Even after laparotomy, an endovascular intervention can be selected if a hybrid operating room is available. In patients without shock or peritonitis, endovascular intervention is often the preferred option. If the endovascular intervention is unavailable at the facility, transferring the patient to a higher-level facility with these capabilities should be considered. Early revascularization with endovascular treatment followed by close observation or planned laparoscopic exploration is a reasonable strategy.
The major problem when managing patients with mesenteric ischemia is that multi-disciplinary interventions are required. Corcos et al[30] suggested that multidisciplinary treatment has the potential to improve survival of patients with acute mesenteric ischemia. To provide appropriate treatment, vascular surgeons, general surgeons, and interventional radiologists must collaborate. Daily simulation and creating protocols are crucial to successful treatment, and to facilitate the combination of surgery and endovascular interventions, developing a hybrid operating room is important. To rescue non-survivors, factors determining the primary treatment need to be identified in future studies. In addition to endovascular intervention and surgery, perioperative treatment such as oral antibiotics may have the potential to improve survival[31].
In this review, we constructed a decision-making flow chart synthesized from current evidence-based recommendations in recent studies which discuss the appropriate use of interventional radiology and surgery for patients with mesenteric ischemia. Although interventional radiology and surgery for mesenteric ischemia were compared in many studies, these two approaches should be treated as complementary.

CONCLUSION
[bookmark: OLE_LINK244][bookmark: OLE_LINK245]The management of patients with acute mesenteric ischemia is a challenge for the vascular surgeon, general surgeon, and interventional radiologist. Although there is not enough data to support a specific approach, an individualized strategy combining surgery and endovascular intervention based on the capabilities at each facility will improve patient outcomes. Given the current technology available, this is not the time to compare surgery and endovascular interventions, but to establish the best treatment strategy for each individual patient considering these as complementary approaches. 
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