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Abstract
BACKGROUND
Percutaneous coronary intervention (PCI) is extensively used to treat acute coronary syndromes (ACS). Acute mesenteric ischemia is a life-threatening disease if untreated.

CASE SUMMARY
An 81-year-old female presented with 3 d of lethargy and 1 d of dyspnea. On November 16, 2021, the patient developed a coma. Her oxygen saturation dropped to 70%-80%, the patient was admitted to the intensive care unit for further treatment. Chest computed tomography (CT) showed chronic bronchitis, emphysema, and multiple lung infections. Abdominal CT scan showed no obvious abnormalities, but have severely calcified abdominal vessels. The patient received assisted ventilation, and vasoactive, and anti-infection drugs. Troponin level was elevated. Since the patient was in a coma, it could not be determined whether she had chest pain. The cardiologist assumed that the patient had developed ACS; therefore, the patient underwent PCI via the left femoral artery approach, and no obvious abnormalities were found in the left and right coronary arteries. On the second postoperative day, the patient presented with abdominal distension and decreased bowel sounds; constipation was considered and a glycerin enema was administered. On day 4, the patient suddenly lost consciousness, and had decreased blood pressure, abdominal wall swelling with increased tension, and absence of bowel sounds. An urgent abdominal CT scan revealed gas in her hepatic portal system with extensive bowel wall necrosis. The patient died on day 5 due to intractable shock.

CONCLUSION
The potential serious complications in patients undergoing PCI, especially the patients who are hemodynamically unstable and have severely calcified abdominal vessels, should all be considered.
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Core Tip: Acute mesenteric ischemia (AMI) is a life-threatening condition. The etiology is mostly the emboli from the heart or thrombosis of atherosclerotic vessel walls involving the superior mesenteric artery. To date, AMI after percutaneous coronary intervention (PCI) has rarely been reported. Here we report a case of AMI after PCI. For hemodynamically unstable patients with sudden abdominal pain after PCI, AMI should be considered.

INTRODUCTION
Percutaneous coronary intervention (PCI) is currently indicated for the treatment of patients with acute coronary syndromes (ACS) and patients with stable angina pectoris who have failed to respond to optimal pharmacological therapy[1]. When patients present with ACS, approximately 60% will undergo PCI, with the remainder undergoing coronary artery bypass grafting or medication only. In these cases, invasive treatment may reduce myocardial infarction and death[2]. However, the potential complications of PCI treatment remain a concern.
Mesenteric ischemia (MI) is caused by insufficient blood flow to meet the metabolic demands of the internal organs. Although clinically rare, the mortality rate for acute attacks is 60% to 80%[3]. The types of MI include arterial thrombosis or embolism, mesenteric vein thrombosis, and non-occlusive mesenteric ischemia (NOMI)[4]. Acute mesenteric ischemia (AMI) following PCI is an extremely rare complication, but due to the difficulty in clinical diagnosis and the tendency to delay diagnosis, the mortality rate remains high.
The patient described in this report underwent urgent PCI due to possible ACS, but presented postoperatively with decreased bowel sounds, distended abdomen, and increased abdominal wall tension. The patient’s abdominal computed tomography (CT) findings showed extensive pneumatosis intestinalis within her hepatic portal system (part of the intestinal wall and mesenteric arteries), as well as extensive necrosis of the intestinal wall. Despite extensive treatment and close attention, the patient died. The purpose of this case report is to provide a reference for the clinical management of patients with acute intestinal ischemic necrosis resulting from PCI.

CASE PRESENTATION
Chief complaints
An 81-year-old woman attended a local hospital because of fatigue, lethargy, fever, chills, phlegm and wheezing.

History of present illness
The patient developed fatigue, lethargy, fever, chills, phlegm and wheezing three days before admission, but without treatment. On November 16, 2021, the patient developed a coma and was sent to the emergency room of our hospital. As her oxygen saturation dropped to 70%-80%, the patient was admitted to the intensive care units (ICUs) for further treatment after consultation. After admission to the ICU, the patient developed a progressive drop in blood pressure, requiring norepinephrine to maintain a mean arterial pressure > 65 mmHg.

History of past illness
The patient had a medical history of chronic obstructive pulmonary disease, and bronchial asthma for more than 50 years and received long-term home oxygen therapy. She had suffered from and chronic heart insufficiency for five years and was treated with oral bisoprolol. There was no history of abdominal pain and chronic renal failure.

Personal and family history
The patient had no history of smoking or alcohol consumption. There was no relevant family history.

Physical examination
The patient's body temperature was 36 °C, the pulse was 85 beats/min, the respiratory rate was 18 breaths/min, and the blood pressure was 105/45 mmHg. Breath sounds were decreased in both lungs, and wet rales could be heard at the bottom of both lungs. Cardiac and abdominal examinations were unremarkable.

Laboratory examinations
The initial troponin level was 0.05 ng/mL, and increased later (Figure 1). B-type natriuretic peptide was 4164 pg/mL. Results of arterial blood gas analysis were: Carbon dioxide partial pressure 58.7 mmHg, oxygen partial pressure 86.5 mmHg, and oxygenation index 172.97 mmHg; inflammatory indicators: White blood cell 8.12 × 109/L, neutrophil percentage 93.2%, C-reactive protein 298.38 mg/L, procalcitonin 6.26 ng/mL, and interleukin-6 > 5000 pg/mL. The polymerase chain reaction-severe acute respiratory syndrome coronavirus 2 test and multiple blood cultures were negative. Other blood tests, fecal examinations, and coagulation function were all normal.

Imaging examinations
The initial electrocardiogram (ECG) findings: Sinus rhythm, T wave was high and sharp; R wave: V1-V4 progression was poor, V1 was Qr type, and subsequent re-examinations revealed ST-segment elevation (> 0.05 mv) (Figure 2). Echocardiography suggested left atrial enlargement, segmental abnormal motion of the left ventricular wall, left ventricular apical bulge (considered to be ventricular aneurysm formation), decreased left ventricular diastolic function, and lower limit of normal systolic function (LVEF) was 51%. Chest CT showed chronic bronchitis, emphysema, multiple infections in both lungs (mostly in the middle and lower lobe of the right lung), right pleural cavity small effusion, and obvious calcification of aortic arch and coronary artery. An abdominal CT scan (Figure 3) showed no abnormal changes, but obvious abdominal aorta calcification.

FINAL DIAGNOSIS
AMI and septic shock.

TREATMENT
Following admission, the patient received assisted ventilation, vasoactive drugs to maintain blood pressure (the maximum dose of norepinephrine was 1 μg/kg, milrinone and amiodarone to control heart rate, as well as anti-infection and other treatments. However, it was impossible to determine whether she had chest pain as the patient was in a coma. The cardiologist assumed that the patient had developed ACS; therefore, she was scheduled for PCI. On the second day of admission (November 17, 2021), the patient underwent PCI via the left femoral artery approach, and the results showed (Figure 4) that there were no significant abnormalities in the left and right coronary arteries. On the second postoperative day (November 18, 2021), the patient developed abdominal distension and decreased bowel sounds (about 1-2/min) and, given that she was elderly, she was considered to have constipation and was prescribed a glycerin enema. On the 4th day (November 20, 2021), the patient suddenly lost consciousness, her blood pressure dropped, she developed abdominal wall swelling and increased tension, and bowel sounds disappeared. An urgent abdominal CT scan showed (Figure 5) extensive pneumatosis intestinalis within her hepatic portal system (part of the intestinal wall and mesenteric arteries), with a high probability of extensive intestinal wall necrosis.

OUTCOME AND FOLLOW-UP
The patient’s condition failed to reverse. Eventually, she died on day 5 after PCI due to refractory shock.

DISCUSSION
As the spectrum of indications for PCI continues to expand, directly performing PCI is the preferred reperfusion strategy within 12 h of the onset of symptoms in patients with ST-elevation myocardial infarction, in accordance with the clinical guidelines[5]. However, clinicians should be aware of the challenges associated with PCI. Common complications following PCI include coronary artery coarctation, coronary artery perforation, air embolism, coronary artery spasm, pseudo lesion formation, intramural hematoma, arterial thrombosis, and hemodynamic collapse[6,7]. Therefore, it is important for physicians to quickly identify complications and develop strategies to overcome them to minimize the risk of patient injury.
Although AMI is rare, when it occurs, patients are more likely to die. The pathophysiological mechanism of AMI is associated with insufficient or interrupted blood supply to the mesenteric arteries. This can be caused by arterial occlusion due to the emboli originating from the heart or acute thromboembolism secondary to atherosclerosis. AMI can be induced by any procedure involving vascular manipulation, even unintentionally, and may be induced when an atherosclerotic plaque is removed by coronary artery angiography[8]. Interventional therapy through the femoral artery approach may increase the risk of AMI, especially in patients with severe arterial calcification. Another risk is mesenteric vein occlusion, which is associated with thrombosis of the venous system. In addition, there is NOMI caused by severe splanchnic vasoconstriction. NOMI presumably is severe cerebral hypoperfusion caused by low cardiac output, the use of vasopressors and potential atherosclerosis. The key pathological mechanisms involved in the development of NOMI represent an exaggerated normal physiological response to maintain perfusion of vital organs at the expense of mesenteric perfusion. The development of persistent mesenteric vasoconstriction leads to a mismatch between intestinal supply and demand due to reduced intestinal blood flow and oxygen delivery, particularly to the fragile superficial mucosa. This mismatch can be exacerbated by increased intra-abdominal pressure, enteral nutrition, and the use of certain vasoactive drugs, ultimately leading to intestinal ischemia[9]. At the present time, there is no specific Lab test which can identify AMI. But evidence of hemoconcentration, elevated white cell count, high anion gap lactic acidosis and positive D dimer test (fibrinolytic marker) in the presence severe abdominal pain disproportionate to physical sign may indicate AMI[10]. We review published clinical studies related to AMI in recent years and summarize the types of studies, number of cases, characteristics and risk factors, and mortality (Table 1).
In our case, the patient received active therapy, and the shock was significantly improved, and blood pressure gradually stabilized. However, the serum troponin concentration of the patient continued to increase progressively, and bedside ultrasonography revealed left ventricular aneurysm, but no evidence of right ventricular enlargement. ECG indicated dynamic changes of ST segment and no atrial fibrillation was found. Therefore, the patient received PCI via femoral artery approach. But developed symptoms such as diminished bowel sounds and abdominal distension afterwards, and the dose of norepinephrine was increased [from 0.2 μg/(kg·min) to 0.8 μg/(kg·min)]. Due to her tracheal intubation status and past medical history of dementia, the patient was unable to describe her pain. Moreover, the use of analgesic medication trivialized the patient’s condition further, until abdominal CT showed hepatic portal gas and intestinal necrosis. As the patient died within a short period of time and no abdominal angiography was performed, it is difficult to determine the type of AMI in this patient. However, the patient was found to have extensive arterial calcification, and received PCI via the femoral artery approach. Therefore, the occurrence of AMI may be related to the arterial occlusion due to the shedding of calcified plaques during the interventional operation. In addition, although the patient's early shock was corrected, low-dose norepinephrine should be maintained. In case of hemodynamic instability, PCI may aggravate the AMI. Accordingly, any negative changes in the patient’s physiology, including new onset of organ failure, increase in vasoactive support and nutrition intolerance should raise the suspicion of AMI[11]. A retrospective study of 213 patients with AMI showed that the 30-d ICU mortality rate was 71%, the maximum dose of vasoactive drugs and arterial delta lactate were associated with poor prognosis, and anticoagulation therapy was associated with better survival[12]. Therefore, it is very important to detect patients at high risk of AMI as early as possible, and to provide timely diagnosis and treatment.
However, with the aim of offering some guidance and reference if such cases occur in the future, despite the sudden onset and short course of the disease in this patient, we believe our observations could be convincing if more randomized control trials were conducted as appropriate. 

CONCLUSION
When PCI is performed in patients, especially in those who are hemodynamically unstable and have severe calcification of abdominal blood vessels, it is important to consider the serious complications of PCI. The possibility of AMI should be considered and investigated in all cases of unexplained abdominal pain after PCI.
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Figure 1 Troponin level. The troponin level increased from 0.05 ng/mL to 3.92 ng/mL at admission.
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Figure 2 Electrocardiogram findings at different time points. The initial electrocardiogram (ECG) (November 16, 2021, 22:39): Sinus rhythm, high and sharp T wave; R wave: V1-V4 progression was poor, V1 was Qr type. ECG (November 17, 2021, 10:25): Sinus tachycardia, paroxysmal atrial tachycardia, atrial fusion waves, and ST segment elevation in leads II, III, and avF was 0.10mV. ECGs (November 17, 2021, 14:35 and 18:08) reported ST-segment elevation of II, III, and avF exceeding 0.05 mV.
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Figure 3 Abdominal computed tomography findings. Chest and abdominal computed tomography images of the patient at admission when the patient was admitted to the hospital (November 16, 2021). A: The patient's aortic arch has markedly extensive calcification (red arrow); B: The patient's abdominal aorta has obvious calcification (red arrow indicates the opening of the superior mesenteric artery).
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Figure 4 Percutaneous coronary intervention findings. No significant abnormalities were found in the left and right coronary arteries (November 17, 2021). A: Left anterior descending coronary artery (red arrow); B: Left circumflex coronary artery (red arrow); C: Right coronary artery (red arrow).
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Figure 5 Abdominal computed tomography findings. Extensive gas and fluid in the small intestine, multiple liquid and gas plane shadows could be seen, and the gas was accumulated in the intestinal wall and the corresponding mesangial blood vessels of the hepatic portal system, suggesting the possibility of extensive necrosis of the intestinal wall. A: A lot of gas in the hepatic portal system; B: Extensive gas and fluid in the small intestine.

Table 1 Summary of cases of acute mesenteric ischemia
	No.
	Ref.
	Year
	Type of study
	Number of cases
	Characteristics or risk factors
	Mortality

	1
	Piton et al[13]
	2022
	Randomized controlled study
	24
	EN, dobutamine use, SAPS II score ≥ 62 and hemoglobin ≤ 10.9 g/dL
	58%

	2
	Del Val et al[14]
	2021
	Case report
	1
	Transfemoral interventional therapy, Vascular Calcification
	100%

	3
	Lareyre et al[15]
	2021
	Retrospective study
	86
	Vascular calcifications in the superior mesenteric artery
	63.90%

	4
	Sun et al[16]
	2020
	Retrospective study
	58
	APACHE II score and leukocytosis
	12.10%

	5
	Renaudier et al[17]
	2020
	Retrospective study
	38
	Renal replacement therapy and onset of a second shock within the first five days
	100%

	6
	Deng et al[18]
	2017
	Systematic review and meta-analysis
	547
	Age, cardiac shock, peripheral vascular disease, emergency surgery, atrial fibrillation, CK-MB level, serum creatinine > 200 μmol/L, blood loss, prolonged ventilation, need for IABP, inotropic treatment, blood transfusion, reoperation
	66.7%-94%

	7
	Guillaume et al[19]
	2017
	Retrospective observational study
	33
	Coronary artery bypass graft, need for blood transfusion during cardiopulmonary bypass, aspartate aminotransferase at least 100 UI/L, and Simplified Acute Physiology Score II at least 50 at ICU admission
	64%-83%

	8
	Mothes et al[20]
	2016
	Retrospective case-control study
	108
	The use of norepinephrine, epinephrine, and serum lactate levels > 3 mmol/L
	68%


ICU: Intensive care unit.
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