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Abstract
BACKGROUND
Ischemic colitis (IC) is common, rising in incidence and associated with high mortality. Its presentation, disease behavior and severity vary widely, and there is significant heterogeneity in therapeutic strategies and prognosis. The common causes of IC include thromboembolism, hemodynamic insufficiency, iatrogenic factors and drug-induced. However, contrast-induced IC, especially isolated right colon ischemia is rarely reported.

CASE SUMMARY
A 52-year-old man was admitted to the hospital due to intermittent chest distress accompanied by palpitation. Coronary angiography was performed using 60 mL of the iodinated contrast agent iohexol (Omnipaque 300), and revealed moderate stenosis of the left anterior descending artery and right coronary artery. At 3 h post-procedure, he complained of epigastric pain without fever, diarrhea and vomiting. Vital signs remained normal. An iodixanol-enhanced abdominal computed tomography (CT) scan revealed thickening, edema of the ascending and right transverse colonic wall and inflammatory exudate, without thrombus in mesenteric arteries and veins. Following 4 days of treatment with antibiotic and supportive management, the patient had a quick and excellent recovery with disappearance of abdominal pain, normalization of leucocyte count and a significant decrease in C reactive protein. There was no recurrence of abdominal pain during the patient's two-year follow-up.

CONCLUSION
This case emphasizes that contrast-induced IC should be considered in the differential diagnosis of unexplained abdominal pain after a cardiovascular interventional procedure with the administration of contrast media. Timely imaging evaluation by CT and early diagnosis help to improve the prognosis of IC. 
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Core Tip: Ischemic colitis (IC) is the most frequently encountered intestinal ischemia and is associated with high mortality. Here, we describe a case of isolated right colon ischemia in a 52-year-old gentleman following a diagnostic coronary angiography that involved 60 mL of iohexol (Omnipaque 300). This case highlights that clinicans should be aware of contrast-induced IC and considered in the differential diagnosis of unexplained abdominal pain after a cardiovascular interventional procedure with the administration of contrast media. Risk stratification should be carried out as soon as possible based on clinical characteristics to ensure appropriate treatment strategies.

INTRODUCTION
The most commonly encountered intestinal ischemia is ischemic colitis (IC), which results from diminishing blood flow to the bowel wall. In the event of ischemic injury, there can be a variety of manifestations, including superficial injury, full-thickness necrosis and perforation of the colonic wall. Any change in systemic circulation or mesenteric vascular anatomy and function can lead to IC. Common causes of IC can be categorized into hemodynamic insufficiency (often as a result of arrhythmia, heart failure, shock), thromboembolic, iatrogenic and drug-induced. Generally, IC can affect any part of the colon. However, two-thirds of all cases occur in the left colon due to its anatomical location. Isolated right colon ischemia (IRCI) is rare and occurs in around 10%. Here, we report a case of contrast-induced IC post-coronary angiography with spontaneous recovery.

CASE PRESENTATION
Chief complaints
A 52-year-old male patient was admitted due to 3 wk of intermittent chest distress accompanied by palpitation, but no chest pain, abdominal pain, dizzy and amaurosis. 

History of present illness
Coronary computed tomography angiography performed using iohexol before admission showed local severe stenosis at the proximal and middle of the left anterior descending artery (LAD) and moderate stenosis at the middle of right coronary artery (RCA). The total coronary artery calcification score was 1009.9. The patient was referred to our hospital for further evaluation and treatment. 

History of past illness
He had a prior history of cigarette smoking, arterial hypertension, old cerebral infarction, hyperlipidemia and hyperuricemia. He had been prescribed levamlodipine besylate, bisoprolol fumarate and atorvastatin for 4 years. He denied a history of alcohol consumption, type 2 diabetes mellitus, arrhythmia, chronic constipation, chronic abdominal pain, abdominal surgery and trauma, and other drug use. 

Personal and family history
He had no family history of cardiovascular and digestive system diseases.

Physical examination
The patient’s clinical condition was relatively good with normal blood pressure of 125/72 mmHg and heart rate of 67 bpm. There were no abnormal physical findings.

Laboratory examinations
The basic laboratory values were normal with the exception of elevated plasma D-dimer of 3.14 µg/mL (normal range: 0-0.55 µg/mL). Blood leucocyte count was 8620/µL (normal range: 3500-9500/µL), hemoglobin was 151 g/dL (normal range: 130-175 g/dL) and platelet count was 311000/µL (normal range: 125000-350000/µL). Serum C-reactive protein (CRP) level was 0.52 mg/L (normal range: 0-8 mg/L). 

Imaging examinations
The 12-lead electrocardiogram (ECG), echocardiography and abdominal ultrasonography were normal. On the second day of admission, coronary angiography (CAG) was performed via right radial artery access and revealed diffuse stenosis of 50%-70% from the proximal to middle segment of the LAD and localized stenosis of 50%-70% at the middle segment of the RCA (Figure 1). A total of 60 mL of iohexol (Omnipaque 300), a low-osmolar nonionic iodinated contrast agent, was administered during the procedure. The patient was also given local anesthetic (1% lignocaine) prior to CAG and standard 3000 IU heparin intra-arterially during CAG, which were completed uneventfully. We did not perform any coronary intervention according to the CAG results. Vital signs during and immediately after CAG were normal.

New clinical presentation following diagnostic CAG
At 3 h post-CAG, the patient complained of epigastric pain and nausea without chest pain, chest tightness, vomiting, rash and pruritus. Vital signs were totally stable (temperature, 36.5℃; blood pressure, 118/62 mmHg; heart rate, 54 bpm; respiratory rate, 12 breaths/min; O2 saturation, 98% in room air). Abdominal examination showed normal bowel sounds and upper abdominal tenderness but without any peritoneal signs. ECG remained normal without any change. The patient was administered oral pantoprazole and an intramuscular injection of anisodamine in a 10-mg dose. However, his abdominal pain gradually worsened. His hemodynamic and respiratory parameters were still within the normal range without any signs of hypoperfusion. His laboratory results after CAG revealed leukocytosis (19710/µL) with neutrophilia (17580/µL, normal range: 1800-6300/µL). Hemoglobin of 14.6 g/dL, platelets of 272000/µL and CRP of 0.71 mg/L remained normal. Myocardial enzymes, amylase, lipase and lactate dehydrogenase (LDH) were also normal. Fecal occult blood test was positive. An emergency abdominal computed tomography (CT) scan (Figure 2A) revealed a thickened colonic wall corresponding to the ascending and right transverse colon segments, without obvious stenosis and without dilation of the proximal segments, accompanied by multiple exudative changes indicating inflammatory lesions. The patient was started on water deprivation, abrosia, intravenous levofloxacin 500 mg associated with rehydration by intravenously administered crystalloids. Antiplatelet drugs were stopped.
On the 2nd day after CAG, the patient complained that abdominal pain transferred to the right epigastric and subxiphoid without fever, diarrhea and vomiting. His vital signs were still stable. Physical examination showed tenderness, tension and rebound pain in the right upper abdomen and below the xiphoid. Antibiotics were replaced with latamoxef (4 g/d). On the 3rd day after CAG, an abdominal CT scan with intravenous iodixanol of 100 mL demonstrated that thickening, edema of the ascending and right transverse colonic wall and the inflammatory exudate became more serious (Figure 2B and Figure 3). There was no thrombus in the superior and inferior mesenteric arteries and veins (Figure 4). Laboratory studies revealed leukocytosis (17810/µL) with neutrophilia (14230/µL), elevated CRP (68.79 mg/dL) at 8-times the upper limit of normal and elevated D-dimer (4.3 µg/mL). Fecal occult blood test was still positive. 

FINAL DIAGNOSIS
No arterial or venous thrombosis was detected in the colonic vascularization by CT scan, and the clinical manifestation was supportive of a local inflammatory process and diagnosis of IC. Furthermore, the 48-h dynamic electrocardiogram showed sinus rhythm, ventricular premature beats with no dynamic ST-T changes and atrial fibrillation. No abnormal shunt and thrombus were found on echocardiography and the transcranial Doppler (TCD) bubble test was negative. Color Doppler ultrasound examination of the lower extremities showed no thrombosis. Anticardiolipin antibody was negative.

TREATMENT
On the 3rd day after CAG, the patient had a gradual reduction of abdominal pain. On the fourth day after CAG, the patient's abdominal pain changed from persistent pain to paroxysmal pain. Following 4 days of treatment with antibiotic and supportive management, the patient had a quick and excellent recovery with disappearance of abdominal pain on the fifth day after CAG, normalization of leucocyte count, a significant decrease in CRP (19.21 mg/dL) and D-dimer (2.27 µg/mL).  

OUTCOME AND FOLLOW-UP
One week after CAG, the patient was discharged without any further instructions regarding antibiotic therapy or IC medication. The patient did not experience recurrence of abdominal pain during the 2-year follow-up period.

DISCUSSION
Ischemic bowel disease (ISBODI) is the most common vascular disorder affecting the gastrointestinal tract. Insufficient supply of oxygenated blood to the bowel wall will lead to ISBODI and there are three main clinical types, including chronic mesenteric ischemia, acute mesenteric ischemia and IC. The morbidity and mortality associated with ISBODI is high if it is not diagnosed early or timely treated. Notably, the incidence of IC was reported to be approximately 6.1 cases per 100000 person-year in 1976-1980 after adjusting for age and gender, and increased by approximately 4-fold to 22.9/100000 person-year in 2005-2009[1]. To the best of our knowledge, IC following diagnostic CAG, such as in our case, has not previously been reported.
The common causes of IC include thromboembolism, hemodynamic insufficiency, iatrogenic factors and drug-induced. Other risk factors are as follows: Atrial fibrillation, hypertension, diabetes mellitus, hemodialysis, coronary artery disease, peripheral artery disease, severe dehydration, shock, congestive heart failure, chronic obstructive lung disease, rheumatic autoimmune diseases, irritable bowel syndrome, hereditary and acquired thrombophilia, and substance abuse[2]. Moreover, enterocolonic ischemia may also be caused by systemic or infectious vasculitis, colonic obstruction, fibromuscular dysplasia, amyloidosis and radiation. Interestingly, colonoscopy itself has been described in the literature as a cause of IC. Multiple factors can lead to IC after colonoscopy. During colonoscopy, patients may experience excessive intestinal movements and spasms that can lead to vasoconstriction. Other factors include usage of hyperosmotic laxatives for bowel preparation, long procedure time and overinflation with air during the procedure[3].
IC is commonly seen in the elderly population with mesenteric vascular atherosclerosis[4]. The middle-aged male patient in this case had multiple risk factors for IC, including hypertension, hyperlipidemia, smoking history and coronary artery disease. Iatrogenic factors should be excluded firstly as abdominal pain occurred only 3 h after CAG, which was performed via right radial artery access without further coronary interventional procedure. Therefore, the embolism caused by the interventional procedure can be ruled out. D-dimer was slightly elevated at admission, suggesting a hypercoagulable state. To avoid the occurrence of thrombosis, the patient was administered oral aspirin and clopidogrel before CAG, intravenous heparin during the procedure, and encouraged to drink more water after CAG. Abdominal enhanced CT confirmed that there was no evidence of mesenteric artery and vein thrombosis. 
Hypotension or shock can also cause IC and mesenteric ischemia will occur if mean arterial pressure is above 45 mmHg or the blood supply is reduced by more than 50%. However, this patient’s vital signs remained normal. Besides, patients with IC often have cardiovascular risk factors and have a potential cardiac precipitant of thromboembolic IC (e.g., valvular abnormality or arrhythmia). Atrial fibrillation is the most common cause and occurred in 20% of patients with IC[5]. The patient denied a previous history of paroxysmal atrial fibrillation and there was no atrial fibrillation detected on the 48-h Holter monitor. The patient also had no deep venous thrombosis and no abnormal right-to-left (R–L) cardiac shunt verified by a combination of echocardiography and the TCD bubble test.
The time course of events suggested that the IC had been precipitated by the CAG procedure. IC has four pathophysiological manifestations: Superior mesenteric artery (SMA) thrombosis, SMA embolism, non-occlusive mesenteric ischemia (NOMI) and mesenteric venous thrombosis. It is known that NOMI is associated with mesenteric vasoconstriction due to systemic hypotension and low flow status in the splanchnic circulation. In this case, we considered the probability of NOMI. As the common causes including iatrogenic factors, hemodynamic insufficiency and thromboembolism were excluded, we can speculate that IC here was related to administration of the contrast agent, Omnipaque, which induced mesenteric artery spasm and local diminution of blood supply.
Potential drugs that cause IC reported in previous studies are wide-ranging and include vasopressors, chemotherapeutic agents, cocaine, estrogen, non-steroid anti-inflammatory drugs, amphetamines, antipsychotics, sergotamine and others[6,7]. These agents should be specifically considered when collecting medical history from patients with suspected IC. Omnipaque, which is a second-generation nonionic contrast agent, is eliminated without any significant metabolism or transformation by renal excretion. In most cases of contrast-induced adverse reactions, the prognosis is excellent, with rapid recovery after supportive management only. In general, relevant symptoms appear within minutes to hours after contrast administration and recover spontaneously within 72 h, as the contrast agent is cleared by the kidneys. Another concept worth mentioning here is anaphylactic reaction to contrast agent. Nonionic and water-soluble agents, such as Omnipaque, although considered to be less toxic are capable of inducing anaphylactic reactions. Moreover, Omnipaque can induce changes in intravascular pressure and endothelial permeability. Recently, Omnipaque was reported to induce pituitary apoplexy[8], status epilepticus[9], immune hemolytic anemia[10], trigeminocardiac reflex[11] and encephalopathy[12] in some rare cases. In this case, Omnipaque-induced IC remains the most likely diagnosis based on the complete resolution of symptoms with antibiotic therapy and supportive management only.
Another striking feature of this case is IRCI. Blood is supplied to three watershed zones in the colon by two large arteries at their distal branches. When the blood supply is reduced, these watershed zones are prone to develop non-occlusive IC since they have the fewest vascular collaterals. Colonic ischemia can affect any part of the colon but the left colon, particularly the splenic flexure, is involved in two-thirds of patients[13]. Most often, the descending colon and sigmoid colon are involved. It is estimated that 10% of cases result in IRCI. In this case, IRCI might have been caused by local contraction of vessels that supply the right colon. Furthermore, the marginal artery is underdeveloped in the right colon in up to 50% of cases[14], which may explain why the right colon is fragile in low flow status and why some patients are particularly prone to have right-side involvement.
IC is mostly a benign and self-limiting disease in most cases. The most common symptoms are abdominal pain (87%), rectal bleeding (84%) and diarrhea (56%). Hypogastric pain is more commonly observed than hematochezia in patients with right colon ischemia[15], similar to this patient's clinical symptoms. Laboratory diagnostic criteria are not available for IC. Complete blood count, coagulation tests, serum lactate, LDH, creatinine phosphokinase and amylase, and complete metabolic profile can contribute to determining the severity of colonic ischemia. The prominent manifestation in this case was the obvious increase in white blood cell count and CRP. As a frequently misdiagnosed condition, it is often picked up as part of a work-up for ‘acute abdomen’, which usually recommends CT. CT should be performed with intravenous contrast when renal function allows, especially in cases with suspected right-sided colonic ischemia (RSCI) or when the diagnosis of acute mesenteric ischemia needs to be ruled out. Patients with IC often present imaging characteristics of colitis, for example pericolic fat stranding and intestinal wall thickening. Timely abdominal CT examination in this case contributed to the early diagnosis of IC. Colonoscopy with biopsy is the next step to confirm the diagnosis of IC. As there is evidence to show that the diagnostic yield reduces over time, early endoscopy is recommended within the first 48 h. Considering that the symptoms in this patient improved significantly 24 h after diagnosis and antiplatelet drugs were taken before CAG, further colonoscopy was not performed.
In clinical practice, IC is mostly managed with supportive care, but risk stratification is crucial to determine whether only supportive care or surgical intervention is needed. The American College of Gastroenterology in 2015 recommended that IC can be categorized into mild, moderate, and severe disease according to the presence or absence of certain risk factors associated with poor outcomes[16]. These risk factors include: (1) Male; (2) Abdominal pain without rectal bleeding; (3) Hypotension (systolic blood pressure less than 90 mmHg); (4) Tachycardia (heart rate > 100 bpm); (5) Leukocytosis (white blood cell count above 15000/µL; (6) Anemia (hemoglobin below 12 g/dL); (7) High serum LDH level (more than 350 units/L) and hyponatremia (less than 136 meq/L); and (8) Azotemia (blood urea nitrogen more than 20 mg/dL. The absence of rectal bleeding and right-sided colonic involvement are the most frequently cited factors for predicting poor prognosis of IC[17,18]. IC patients usually recover within 1 to 2 wk and the overall mortality is approximately 10%. The thrust of monitoring for response to treatment should include careful monitoring of vital signs and frequent clinical observations (including abdominal examination)[19-21]. In this study, the patient had only one risk factor (leukocytosis) but isolated right-sided colonic involvement. His rapid and excellent recovery was most likely due to the absence of persistent mesenteric artery ischemia.

CONCLUSION
In summary, we report a rare case of IC precipitated by iohexol (Omnipaque) administration following CAG. Clinicians should be aware of contrast-induced IC in the differential diagnosis of unexplained abdominal pain after contrast administration. Moreover, timely imaging evaluation with CT and early diagnosis help to improve the prognosis of IC. Risk stratification should be carried out as soon as possible based on clinical characteristics to ensure appropriate treatment strategies.
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Figure Legends
[image: ]
Figure 1 Coronary angiography. A: Localized stenosis of 50%-70% at the middle segment of the right coronary artery; B: Diffuse stenosis of 50%-70% from the proximal to middle segment of the left anterior descending artery.
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Figure 2 Abdominal computed tomography scan (axial plane). A: At 9 h post- coronary angiography (CAG), computed tomography revealed thickened right colonic wall accompanied by multiple exudative changes indicating inflammatory lesions; B: On the 3rd day after CAG, edema and inflammatory exudate became more serious.
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Figure 3 Contrast-enhanced abdominal computed tomography scan on the 3rd day after coronary angiography. A: Coronal plane; B: Sagittal plane showed thickened colonic wall corresponding to the ascending and right transverse colon segments and multiple exudative changes.
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Figure 4 Contrast-enhanced abdominal computed tomography scan demonstrated no thrombus in the superior and inferior mesenteric arteries and veins.
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