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Arterial revascularization following acute mesenteric ischemia

Introduction.

The acute mesenteric ischemia syndrome (AMI) is a life-threatening emergency.

Prognosis of superior mesenteric artery (SMA) obstruction (either by embolism or thrombosis) is poor (99% risk of mortality in the absence of treatment) [START_REF] Newton Wb 3rd | Outcomes of revascularized acute mesenteric ischemia in the American College of Surgeons National Surgical Quality Improvment Program database[END_REF][START_REF] Schermerhorn | Mesenteric revascularization : management and outcomes in the United States. 1998-2006[END_REF][START_REF] Eslami | Mortality of acute mesenteric ischemia remains unchanged despite significant increase in utilization of endovascular techniques[END_REF] .

Revascularization increases survival and decreases the risk of intestinal resection [START_REF] Kougias | Determinants of mortality and treatment outcome following surgical interventions for acute mesenteric ischemia[END_REF][START_REF] Corcos | Effects of multimodal management strategy for acute mesenteric ischemia on survival and intestinal failure[END_REF][6][START_REF] Blauw | Multidisciplinary Study Group of Mesenteric Ischemia. Retrograde open mesenteric stenting for acute mesenteric ischemia[END_REF] .

The clinical picture is dominated by abdominal pain, usually without any other associated specific sign. Onset of intestinal necrosis as well as related morbidity and mortality are directly linked to the delay in management: early diagnosis (and treatment) of arterial AMI is key to outcome. There are no specific laboratory tests, and in particular, lactates are normal in more than 50% of cases. It is essential to obtain arterial and portal phases of contrast-enhanced computerized tomography (CT) angiography [START_REF] Corcos | Effects of multimodal management strategy for acute mesenteric ischemia on survival and intestinal failure[END_REF]6 . This imaging study is essential for optimal assessment of the digestive tract and gastrointestinal vessels (mesenteric arteries and aortic wall) and for the search for other embolic sites. Management of AMI requires close collaboration between emergency physicians, radiologists, visceral and vascular surgeons. Surgical treatment should be ensured conjointly by the visceral and vascular surgical teams.

Figure 1. Anatomy of the superior mesenteric artery

The superior mesenteric artery is the main source of gastro-intestinal blood supply.

Arterial control is necessary to treat AMI and differs schematically according to the mechanism of obstruction: in the case of embolism, the vessel is usually healthy (embolic heart disease, for example). Surgical exposure and selective embolectomy should be centered on the SMA and its branches as the embolus usually lodges in the first or second portions [START_REF] Marzelle | Chirurgie des artères digestives[END_REF] . In case of thrombotic disease (claudication is usually found in patient history), the thrombosis usually completes obstruction of an atheromatous stenosis at the SMA ostium. The SMA is approached in its infra-duodenal, intra-mesenteric portion. The mesocolon is retracted cephalad while the first jejunal loop is pulled caudad and to the left. This maneuver puts tension on the mesenteric pedicle and the peritoneum can be incised along the cord.

Figure 5. Control of the superior mesenteric artery

The SMA is dissected free and isolated within the mesenteric pedicle, to the left of the superior mesenteric vein within the mesenteric tissues. Keeping the dissection as close as possible to the artery reduces the bleeding from these surrounding tissues.

Dissection progresses taking care not to injure the jejunal and ileal veins that run in front of the SMA before ligating them as needed to expose the necessary length of SMA. Once the arterial network is controlled, intra-venous heparin (usually 50 IU/kg) is administered.

Figure 6. Control of the branches of the SMA and embolectomy/thrombectomy

Dissection is pursued caudad identifying all the branches of the SMA (fig 6a). Flow must be obtained both upstream (retrograde embolectomy/thrombectomy) and downstream (selective embolectomy/thrombectomy) with appropriate-sized Fogarty balloons). Embolectomy/thrombectomy is performed after arteriotomy, which can be either transverse centered on the branch of interest, or longitudinal in case of poor arterial quality or underlying arterial disease. In the latter setting, the arteriotomy may need to be closed with a (saphenous) venous or xeno-biologic patch (fig 6b). Prosthetic material should be avoided because of the potentially septic context of emergency surgery for intestinal devitalization or perforation. This arteriotomy can also be used as a site for distal anastomosis of a bypass in case of failure of upstream embolectomy/thrombectomy. patients with atheromatous lesions. In this case, the collateral branches of the SMA are identified and looped with vascular tapes. The artery is punctured, and the introducer is inserted, either directly into the SMA, through a patch plasty??, or through a collateral branch (fig 7a). The introducer should be chosen according to the type and size of endovascular material envisioned and as long as possible (better radioprotection possible). A 0.035 hydrophilic guide is then replaced by a stiff guide to stabilize the subsequent maneuvers and is passed through the obstructing lesion after previous dilation by a small size balloon (3-4mm). The size of the stent is chosen according to the diameter of the vessel. The flared end is inserted into the aorta, to ensure the best hemodynamics (fig 7b). Arteriography is performed to control the efficacy of the stent placement. After purging the stent, the introducer entry point is repaired, either by direct suture, or patch plasty (fig 7c). This ROMS (Retrograde Open Mesenteric Stenting) technique, first described in 2004 [START_REF] Milner | Superior mesenteric artery angioplasty and stenting via a retrograde approach in a patient with bowel ischaemia, a case report[END_REF] , should avoid the need for prosthetic bypass material in a potentially septic setting.

Moreover, it allows macroscopic inspection of the small intestines and resection of non-viable segments as needed after revascularization. Several reports attest to its technical success and good long-term results [START_REF] Blauw | Multidisciplinary Study Group of Mesenteric Ischemia. Retrograde open mesenteric stenting for acute mesenteric ischemia[END_REF][START_REF] Roussel | Results of retrograde open mesenteric stenting for acute thrombotic mesenteric ischemia[END_REF] .

Conclusion

After revascularization and resection of all non-viable intestinal segments, a second look procedure at 48 hours may be proposed, according to patient status and intraoperative findings. In case of initial resection, a stoma is usually performed rather than an anastomosis.

Imaging of the revascularization is checked by echo-Doppler or CT angiography one to six months after the procedure and annually thereafter.

Patients with atheroma and/or stent insertion should receive anti-aggregation therapy and patients with embolic atrial fibrillation should be treated with anticoagulation, according to patient-by-patient risk/benefit assessment.
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 2 Figure 2. Patient position and radiology equipmentThe vascular and intestinal procedures are performed simultaneously; this hybrid technique requires an appropriate setup. The patient is positioned supine on a radiotransparent table. Both arms are tucked along the patient's side so that the mobile C-arm can rotate easily to obtain the positions necessary to visualize the SMA (fig2a). The anterior aspect of the thigh is included in the operative field in case there is need to harvest the saphenous vein (fig2b).
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 3 Figure 3. Combined visceral resection and arterial revascularizationThe sequence is as follows: midline laparotomy and initial assessment of the ischemic intestinal lesions with resection of all necrotic areas, revascularization of the SMA (performed after the first resection to avoid systemic release of toxins) (fig3a),
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 4 Figure 4. Surgical approach to the superior mesenteric artery
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 77 Figure 7. Complementary retrograde stenting in case of atheromatous ostial disease