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Abstract
BACKGROUND
Ileal hemorrhagic infarction after carotid artery stenting (CAS) is a fatal complication. The prognosis of ileal hemorrhagic infarction after CAS is very poor if not treated in a timely manner. We describe a rare case of ileal hemorrhagic infarction due to acute embolism of the mesenteric artery after CAS. 

CASE SUMMARY
A 67-year-old man with acute ischemic stroke underwent CAS via the right femoral artery approach 21 d after intensive medical treatment. On the first day after surgery, the patient had abdominal distension and abdominal pain. Abdominal enhanced computed tomography revealed intestinal obstruction, severe stenosis of the superior mesenteric artery, and poor distal angiography. An exploratory laparotomy was performed, and pathological examination showed hemorrhagic ileal infarction. It was subsequently found that the patient had intestinal flatulence. With the guidance of an ultrasound scan, the patient underwent abdominal puncture, drainage, and catheterization. After 58 d of treatment, the patient was discharged from hospital with a National Institutes of Health Stroke Scale score of 2 points, and a Modified Rankin Scale score of 1 point. At the 6-mo follow-up, the patient had an excellent functional outcome without stroke or mesenteric ischemia. Furthermore, computed tomography angiography showed that the carotid stent was patent.

CONCLUSION
Ileal hemorrhagic infarction is a fatal complication after CAS, usually caused by mesenteric artery embolism. Thus, more attention should be paid to the complications of embolism in the vascular system as well as the nervous system after CAS, and the complications should be identified and treated as early as possible.
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Core Tip: Nervous system embolism is a common complication after carotid artery stenting (CAS), and the occurrence of vascular embolism outside the nervous system is rare, especially, mesenteric artery embolism leading to ileal hemorrhagic infarction. However, we should still pay attention to these cases in order to timely find, diagnose, and properly treat them. We report an elderly man who developed intestinal obstruction after CAS. Fortunately, the complication was found and diagnosed in timely. After surgical operation, the symptoms of intestinal obstruction were relieved. As a result, the patient's life was saved. At the 6-mo follow-up, there was no stroke or intestinal infarction.

INTRODUCTION
Ischemic stroke is the second leading cause of global death and is the main cause of permanent disability[1]. In patients with disabilities, 20%-30% of ischemic stroke cases are caused by carotid stenosis[2], especially symptomatic carotid stenosis, which increases the recurrence risk of ischemic stroke[3]. The current treatment for carotid artery stenosis mainly includes drugs and invasive treatment, which comprises carotid endarterectomy (CEA) and carotid artery stenting (CAS). However, CEA is superior to drugs in severe symptomatic carotid artery stenosis[4], and is the gold standard for the treatment of carotid stenosis[5]. The CREST (Carotid Revascularization Endarterectomy vs Stenting Trial) and other studies showed that CAS had the same effect as CEA in treating symptomatic and asymptomatic carotid stenosis, and there was no significant difference in the incidence of overall postoperative complications even though CAS was less invasive than CEA[6-9]. Embolism is a common complication after CAS, which is usually reported as nervous system embolism[10]. However, no cases of ileal hemorrhagic infarction caused by mesenteric artery embolism after CAS have been reported. 

CASE PRESENTATION
Chief complaints
A 67-year-old man presented with right limb weakness for 5 d.

History of present illness
Five days ago, the patient developed right limb weakness and non-fluent speech, without treatment, but no obviously aggravated trend in symptoms.

History of past illness
The patient had a history of hypertension for 5 years, and was taking nifedipine controlled-release tablets and irbesartan hydrochlorothiazide to control his blood pressure. In addition, he had been suffering from type 2 diabetes for 3 years and was taking acarbose and repaglinide to manage the disease; however, control of his blood sugar level was slightly worse. Furthermore, he had a history of coronary heart disease and was treated with aspirin and atorvastatin. 

Personal and family history
There was no family history of stroke.

Physical examination
The patient’s temperature was 36.7 ℃, heart rate was 72 bpm, respiratory rate was 19 breaths/min, and blood pressure was 155/95 mmHg. He was conscious with non-fluent speech, the right nasolabial sulcus was shallow and the tongue was extended to the right, the right limb had grade 4 muscle strength, the right Babinski sign was positive, and the National Institutes of Health Stroke Scale (NIHSS) score was 4 points.

Laboratory examinations
The results of laboratory examinations were all within normal limits, including complete blood count, routine urinalysis, coagulation function, kidney function, and liver function. The results of hepatic serology were also negative. The fasting blood glucose level was increased at 9.7 mmol/L (3.9-6.1 mmol/L). No atrial fibrillation was found after dynamic electrocardiography.

Imaging examinations
Diffusion-weighted imaging after admission indicated acute left frontal-parietal infarction. Computed tomography angiography (CTA) also revealed severe stenosis of the bifurcation of the left common carotid artery. The patient was maintained on 100 mg aspirin and 75 mg clopidogrel daily for 21 d. The right femoral artery approach was used for digital subtraction angiography (DSA), which showed a type III aortic arch (Figure 1A) and severe stenosis at the bifurcation of the left common carotid artery (Figure 1B). The right femoral artery approach was performed, and an embolic protection device (ev3 Spider FX 5 mm; ev3 Inc, 4600 Nathan Lane North, Plymouth, MN, United States) was placed. The left common carotid artery was dilated with a 5.0 mm balloon ( Aviator 5.0 mm × 30 mm; Cordis Europa N.V, Oosteinde 8,9301 LJ Roden, The Netherland), and a carotid stent (Precise 8 mm × 6 mm × 30 mm; Cordis Corporation, 14201 N.W. 60th Avenue Miami Lakes, FL, United States) was inserted. Angiography after CAS placement showed that the stenosis at the bifurcation of the left common carotid artery was significantly improved (Figure 1C). 
On the first day after surgery, the patient developed abdominal distension and abdominal pain, which were accompanied by inhibited defecation. Even though no vomiting was observed, abdominal enhanced computed tomography (CT) was immediately performed. The results suggested that the structure of the intestinal canal in the abdomen was unclear, and that some parts of the intestine were dilated due to pneumatosis and hydrops. The fluid level could be observed; however, the intestinal wall of the small intestine in the right lower abdomen was slightly thickened, indicating intestinal obstruction and edema of the intestinal wall (Figure 2A). It was also observed that the superior mesenteric artery showed severe stenosis with poor distal angiography (Figure 2B). 

MULTIDISCIPLINARY EXPERT CONSULTATION
After gastrointestinal surgery consultation, emergency exploratory laparotomy was recommended to confirm the diagnosis.

FINAL DIAGNOSIS
The patient’s family members agreed to the procedure, and the surgeon performed an exploratory laparotomy. A reduction of the volvulus, partial ileectomy, and release of intestinal adhesions were carried out. After surgery, pathology of the ileectomy site showed microscopic intestinal mucosa necrosis, exfoliation, full-thickness vasodilation and hyperemia, fibrinous exudation, and necrosis of serous membrane, thus indicating ileal hemorrhagic infarction (Figure 3). 

TREATMENT
Within 10 d after partial ileal resection, the patient's abdominal pain significantly improved, but his symptoms of abdominal distension were still observed. The results of color Doppler ultrasound examination suggested intra-abdominal intestinal flatulence. Thus, ultrasound-guided abdominal puncture, drainage, and catheterization were performed. A review of abdominal enhanced CT revealed that the drainage tube was unobstructed without intestinal obstruction (Figure 4A). Following the relief of intestinal flatulence, the abdominal drainage tube was removed, and abdominal enhanced CT showed no intestinal obstruction or flatulence (Figure 4B). After 58 d of treatment, the patient was discharged from hospital with a NIHSS score of 2 points and a Modified Rankin Scale (mRS) score of 1 point. 

OUTCOME AND FOLLOW-UP
A CTA review at 6 mo after CAS showed that the carotid artery stent was patent (Figure 4C). The NIHSS score of the patient at 6 mo after CAS was 1 point and the mRS score was 1 point, and both stroke and mesenteric ischemia were absent.

DISCUSSION
CAS is an effective treatment for carotid artery stenosis[6-9]. However, embolism is one of the most common and serious complications during the perioperative period[10]. A clinical study, which retrospectively analyzed 19826 consecutive patients who underwent DSA, showed that embolic complications occurred in 0.05% of all patients[11]. The CREST study findings with a 10-year follow-up period, revealed that the incidence of stroke after CAS was less than 7%[8]. When a patient’s health is complicated by acute cerebral embolism, immediate diagnosis and timely treatment are essential, which includes thrombolysis, interventional intravascular therapy, and other methods[12]. Moreover, the current advances in technology and materials have further reduced the risk of embolic stroke after CAS, especially the use of embolic protection devices during CAS[3,9]. However, embolism of small blood vessels in other parts, such as embolism of the mesenteric artery, is not easily detected. This means that the patient’s life is in danger due to delayed optimal treatment. 
The mesenteric circulation is extremely complicated, the superior mesenteric artery, inferior mesenteric artery, and celiac artery are interconnected by collateral networks between the visceral and nonvisceral circulations. These interconnections mean that the loss of a single vessel will lead to catastrophic poor vascular perfusion[13], and the ileum is supplied by the superior mesenteric artery. Acute mesenteric ischemia is usually caused by acute occlusion of the superior mesenteric artery, and embolism is the most common cause of mesenteric ischemia, accounting for approximately 40%-50%[13]. Acute mesenteric ischemia is a catastrophic complication caused by possible inaccurate or delayed diagnosis and treatment, and has a mortality rate of 60%-80%[14]. Long-term ischemia of the mesentery can also activate systemic inflammatory pathways, deteriorate intestinal vasospasm, and can develop into full-thickness injury, infarction, and death of the intestinal wall unless treated in a timely manner[13]. However, abdominal pain and tenderness and other peritoneal irritation signs are not typical in the early stage of acute mesenteric ischemia; therefore, they are often diagnosed as other diseases by clinicians[15]. This is especially true for elderly patients, as their medical history and symptom description could be unclear due to fluctuations in their mental status during the examination, thereby causing diagnostic and treatment delays in these patients[16]. The treatment for acute mesenteric ischemia currently includes mainly heparin, vasodilators, antibiotics, intravascular repair, and open surgical treatment[13]. The purpose of open surgical treatment for acute mesenteric ischemia is to rebuild occlusive blood vessels, assess intestinal viability, and remove necrotic intestine[17]. Studies have shown that up to 57% of all patients eventually undergo bowel resection and about 40% of them need to undergo second-stage surgery[18]. Our patient initially underwent a partial ileectomy, followed by an ultrasound-guided abdominal puncture at a later stage. Regular reexamination is necessary, considering the common recurrence of mesenteric ischemia[13]. Our patient was followed for 6 mo after surgery and abdominal CT showed no bowel obstruction or mesenteric ischemia.
Embolism is a common complication after CAS, and some factors, such as thrombus-containing lesions, heavily calcified lesions, very tortuous vessels, near occlusions, older age, decreased cerebral reserve, and prolonged catheter or guide wire manipulation in the aortic arch, have been associated with increased complications after CAS[19,20]. Further studies have shown that complex vascular anatomy, such as type III aortic arch, increases the incidence of complications after CAS[21-25]. Our patient had a type III aortic arch, which increased the risk of perioperative complications. Although the use of the embolic protection device in CAS can reduce the risk of embolic stroke[3,9], careful surgery is still needed to avoid embolism in other areas. Some studies have shown that transfemoral carotid artery stenting (TCAR) can reduce the incidence of perioperative embolic complications in CAS, especially in high-risk patients requiring treatment with CAS, and has a low incidence of local complications, neurological events, myocardial complications, and mortality during the early postoperative period, and is considered an acceptable alternative in patients treated with CAS[26-29]. Furthermore, transradial carotid artery stenting has demonstrated feasibility and safety in CAS[30-32]. Recently, robotic-assisted CAS has been shown to be technically feasible; however, further studies are warranted to properly establish the safety and benefits of this technique[30,33].

CONCLUSION
Mesenteric artery embolism can leads to ileal hemorrhagic infarction after CAS, which is a rare and fatal complication. Therefore, more attention needs to be paid to the complications of embolism in areas other than the nervous system after CAS. This means that before CAS, accurate diagnosis and adequate pre-operative preparation are essential, especially in patients with complicated vascular anatomy. In addition, it is important to adopt more refined operations to avoid the occurrence of complications, and these patients require intensive nursing after surgery to ensure that these complications can be identified and urgently addressed.
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Figure 1 Preoperative digital subtraction angiography findings. A: The type III aortic arch; B: The bifurcation of the left common carotid artery was severely stenosed; C: The stenosis at the bifurcation of the left common carotid artery was significantly improved.
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Figure 2 Abdominal enhanced computed tomography changes after carotid artery stenting. A: Intestinal obstruction and edema of the intestinal wall; B: The superior mesenteric artery showed severe stenosis and poor distal angiography. 
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Figure 3 Pathology of the ileectomy site after partial ileectomy. A and B: Intestinal mucosa necrosis, exfoliation, full-thickness vasodilation and hyperemia, fibrinous exudation, and necrosis of serous membrane are visible, thus indicating ileal hemorrhagic infarction. 
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[bookmark: _GoBack]Figure 4 Abdominal enhanced computed tomography changes after the abdominal drainage tube under the guidance of ultrasound. A: The drainage tube was unobstructed without intestinal obstruction; B: Abdominal enhanced computed tomography after removal of the abdominal drainage tube showed no intestinal obstruction or flatulence; C: Follow-up computed tomography angiography at the 6-mo after carotid artery stenting showed that the carotid artery stent was patent. 
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