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Abstract
BACKGROUND
Atherosclerosis is one of the main causes of coronary artery ostial lesions seen clinically. Secondary coronary artery ostial lesions are rare, and cases reported previously were associated with syphilitic vasculitis and aortic dissection. Here, we report three rare cases of secondary coronary ostial lesions. Due to their rareness, these lesions can easily be neglected, which may lead to misdiagnosis and missed diagnosis.

CASE SUMMARY
We present three patients with acute myocardial infarction and unstable angina caused by secondary coronary artery ostial lesions. In Case 1, coronary angiography (CAG) revealed 90% stenosis of the left main coronary ostium. Chest contrast computed tomography (CT) suggested thymic carcinoma invading the left main coronary ostium. Coronary artery bypass grafting and tumor resection were performed. In Case 2, echocardiography revealed a sinus of Valsalva aneurysm (SVA)-like dilatation. CAG showed a right coronary sinus giant aneurysm and complete obstruction of the right coronary artery (RCA) ostium. Aortic contrast CT confirmed these findings. The Bentall procedure was performed. In Case 3, CT CAG identified an anomalous origin of the right coronary artery (AORCA) from the left sinus of Valsalva coursing between the aorta and pulmonary trunk, causing severe RCA ostium stenosis by compression. Surgical correction of the AORCA was performed.

CONCLUSION
The cases reported here suggest that we should consider other causes of coronary ostial lesions other than atherosclerosis.
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Core Tip: We present three cases of secondary coronary artery ostial lesions. These lesions are rare and therefore easily neglected. A lack of awareness of secondary causes of coronary artery ostial lesions may lead to misdiagnosis and missed diagnosis. This case series helps clinicians by bringing attention to the possibility of secondary causes of coronary ostial lesions in clinic.


INTRODUCTION
Atherosclerosis is one of the principal causes of coronary artery ostial lesions seen clinically. Rarely, coronary ostial stenosis or occlusion can be secondary to other pathological conditions. Because these secondary conditions are rare, this phenomenon can easily be neglected, which may lead to misdiagnosis and missed diagnosis. We report three unique and rare cases of coronary artery ostial lesions caused by thymic carcinoma, sinus of Valsalva aneurysm (SVA), or anomalous origin of the right coronary artery (AORCA). The aim of our case series is to increase awareness of the possibility of coronary ostial lesions caused by conditions other than atherosclerosis. We summarize and review the clinical characteristics of secondary coronary artery ostial lesions to improve the clinical guidance in the diagnosis and treatment of the condition.

CASE PRESENTATION
Chief complaints
Case 1: A 66-year-old man patient with a 1-year history of palpitation episodes and shortness of breath, was admitted to our hospital because of the recurrence of these symptoms 4 h before admittance.

Case 2: A 67-year-old man patient was admitted to the hospital with complaints of intermittent chest pain for 3 d, with worsening symptoms during the last 10 h.

Case 3: A 68-year-old woman was admitted to the hospital with a history of chest pain on exertion for 3 years with aggravation of symptoms 1 wk prior to admission.

History of present illness
Case 1: The patient was admitted on April 15, 2020 with non-ST segment elevation myocardial infarction (NSTEMI). Initial electrocardiography (ECG) showed atrial fibrillation, complete right bundle branch block, and depressed ST segment of 0.1–0.3 mV in leads V1–V6 (Figure 1A). The values of myocardial enzymes were significantly increased and chest X-ray was normal (Figure 1B). Coronary angiography (CAG) revealed a 90% stenosis in the left main coronary ostium but no stenosis in other vessels (Figure 1C). Because the stenosis was detected only in the left main coronary ostium, whereas no stenosis or atherosclerosis was observed in other vessels, we presumed it might be secondary to other diseases. Therefore, implantation of a stent was not performed. Subsequent contrast chest CT suggested thymic carcinoma involving the middle mediastinum, which also invaded the left main coronary ostium (Figure 1D, E). The patient underwent resection of the tumor combined with coronary artery bypass grafting (CABG) on April 30, 2020.

Case 2: The patient was admitted on September 26, 2018 with acute inferior myocardial infarction. Initial ECG showed an arched upward ST segment of 0.3–0.5 mV in leads II and III, and AVF. Laboratory tests showed significantly elevated cardiac enzymes and no antibodies for syphilis. Echocardiography revealed SVA. CAG showed a giant aneurysm in the right coronary sinus and complete obstruction of the RCA ostium (Figure 2A). Implantation of a coronary artery stent was attempted with several different guide catheters but the guide wire could not reach the distal end of the obstruction. The operation was stopped until distal thrombolysis in myocardial infarction grade 2 flow was obtained (Figure 2B). The chest pain disappeared after the operation and ECG showed that the ST segment dropped by 50% in leads II and III, and AVF. Subsequent aortic contrast CT confirmed an aneurysm arising from the right coronary sinus causing severe stenosis of the RCA ostium (Figure 2C, D). The Bentall procedure was carried out on November 15, 2018.

[bookmark: OLE_LINK4]Case 3: The patient presented to our hospital due to unstable angina on November 24, 2020. The primary examination showed no abnormalities in cardiac enzymes, ECG, and echocardiography. Symptoms were significantly relieved after administration of aspirin and metoprolol tartrate. Coronary CT angiogram identified an AORCA originating from the left sinus of Valsalva and coursing between the aorta and pulmonary trunk. The ostium of the RCA was severely narrowed due to compression (Figure 3A, B). Surgical correction of the anomalous origin of the RCA was performed on March 10, 2021.

History of past illness
Case 1: The patient had a history of hypertension for > 10 years, with the highest blood pressure (BP) of 180/90 mmHg. BP could be kept around 140/90 mmHg with oral nifedipine tablets 30 mg once daily.

Case 2: The patient had a history of hypertension for > 10 years, with the highest BP of 180/100 mmHg. BP could be kept around 130/80 mmHg by long-term oral irbesartan hydrochlorothiazide tablets 150 mg once daily and amlodipine besylate tablets 5 mg once daily.

Case 3: The patient had no history of past illness.

Personal and family history
For Cases 1, 2 and 3, no further details were available aside from those mentioned above in the history of past illness section.

Physical examination
Case 1: The patient’s heart rate (HR) upon admission was 99 bpm, BP was 130/75 mmHg, respiratory rate was 20 breaths/min, and O2 saturation of 96% was measured by pulse oximeter. There were no obvious abnormalities in the cardiorespiratory examination.

Case 2: The patient’s HR upon admission was 92 bpm, BP was 130/60 mmHg, respiratory rate was 22 breaths/min, and O2 saturation of 95% was measured by pulse oximeter.

Case 3: The patient’s HR upon admission was 85 bpm, BP 120/80 mmHg, respiratory rate 20 breaths/min, and O2 saturation of 95% was measured by pulse oximeter. There were no obvious abnormalities found in the cardiorespiratory examination.

Laboratory examinations
Case 1: Laboratory examinations showed myoglobin (MYO) 664.6 ng/mL (normal < 72 ng/mL), cardiac troponin T (cTnT) 0.296 μg/L (normal < 0.014 μg/L), creatine kinase isoenzyme (CK-MB) 36.41 ng/mL (normal < 4.87 ng/mL) and pro-brain natriuretic peptide (NT-proBNP) 285.3 pg/mL (normal < 125 pg/mL).

Case 2: Laboratory examination showed MYO 1135 ng/mL (normal < 72 ng/mL), cTnT 2.1 μg/L (normal < 0.014 μg/L), CK-MB 106.1 ng/mL (normal < 4.87 ng/mL), D-dimer 0.78 μg/mL (normal < 0.5 μg/mL) and NT-proBNP 5072 pg/mL (normal < 125 pg/mL).

Case 3: Laboratory examination showed MYO 25 ng/mL (normal < 72 ng/mL), cTnT 0.001 μg/L (normal < 0.014 μg/L), CK-MB 2.3 ng/mL (normal < 4.87 ng/mL), D-dimer 0.32 μg/mL (Normal < 0.5 ug/mL) and NT-proBNP 125 pg/mL (normal < 125 pg/mL). 

Imaging examinations
Case 1: Echocardiography was normal. CAG revealed 90% stenosis in the left main coronary ostium but no stenosis in other vessels. Chest CT suggested thymic carcinoma involving the middle mediastinum, which also invaded the left main coronary ostium.

Case 2: Echocardiography revealed an SVA-like dilatation with a diameter of 64 mm, the left ventricular end-diastolic dimension was 55 mm, the inferior wall was weakened, and the left ventricular ejection fractions was 47%. CAG showed a giant aneurysm in the right coronary sinus, complete obstruction in the RCA ostium and no stenosis in other vessels. Aortic contrast CT confirmed an aneurysm arising from the right coronary sinus, which caused severe stenosis of the RCA ostium.

Case 3: Coronary CT angiogram identified an anomalous RCA originating from the left sinus of Valsalva and coursing between the aorta and pulmonary trunk. The ostium of the RCA was severely narrowed due to compression and no distinct narrowing of other vessels was observed.

FINAL DIAGNOSIS
Case 1
The patient was diagnosed with NSTEMI with thymic carcinoma.

Case 2
The patient was diagnosed with acute inferior STEMI with right coronary Valsalva aneurysm.

Case 3
The patient was diagnosed with unstable angina and AORCA.

TREATMENT
Case 1
The patient underwent resection of the tumor combined with CABG.

Case 2
The patient underwent the Bentall procedure.

Case 3
The patient underwent surgery for correction of AORCA.

OUTCOME AND FOLLOW-UP
Case 1
The patient had recovered well at 1-year follow-up.

Case 2
The 3-year follow-up after surgery continued to be satisfactory.

Case 3
The 6-month follow-up after surgery demonstrated the patient recovered well.

DISCUSSION
Coronary artery ostial lesions are mainly caused by atherosclerosis and are commonly seen clinically, while secondary coronary artery ostial lesions are rare. Secondary coronary artery ostial lesions reported previously have often involved syphilitic vasculitis, aortic dissection, and other causes[1-5]. Here, we reported three rare cases of secondary coronary ostial lesions.
Case 1 was a patient whose left main ostium was involved by thymic carcinoma. Previous studies have demonstrated that thymic carcinoma is an anterior mediastinal malignancy originating from epithelial cells of the thymus with a low incidence but high invasiveness and poor prognosis[6]. The incidence of thymic carcinoma is estimated to be approximately 0.3-0.6 per million per year. It accounts for < 20% of all thymic neoplasms[7] but its 5-year survival rate is only 36%[8]. In the early stages of thymic carcinoma, patients may experience no specific symptoms until the tumor grows large enough to compress or invade the nearby surrounding tissues and organs, leading to chest tightness, chest pain, and myasthenia graves in a few patients[9]. Because there are no obvious clinical symptoms in the early stages of the disease, invasion of local tissues or metastasis to the pleura, pericardium, and even distant organs is commonly found in patients when they are diagnosed[10]. Currently, thymic carcinoma has a 5-year overall survival rate of approximately 70% when completely resected in its early-stages[11]. If it coexists with significant triple coronary vessel disease, then complete excision of the tumor, resection of locally involved structures, and subsequent chemoradiotherapy, is associated with the most favorable outcome[12]. Previously, Juan and colleagues presented two cases of a mediastinal tumor encasing the RCA, one with recurrent metastatic thymoma and another with primary poorly differentiated neoplasm[13]. However, to the best of our knowledge, a single invasion of the left main coronary ostium by thymic carcinoma has not been reported until now. Here, we report a unique case of thymic carcinoma involving the middle mediastinum, which also invaded the left main coronary ostium resulting in NSTEMI. The patient underwent tumor resection and CABG and recovered well after surgery.
[bookmark: OLE_LINK1]Case 2 was a patient with an SVA involving the right coronary ostium and causing complete occlusion. SVA is caused by the absence or weakening of the muscular and elastic lamina at the junction of the aortic media and the annulus fibrosus. An isolated aneurysm of just one of the three sinuses of Valsalva is a rare condition reported in the literature with an incidence of 0.09%-1.5%[14]. The aneurysm originates predominantly from the right coronary sinus, approximately 70%, whereas approximately 29% originate from the noncoronary sinus; those originating from the left sinus are extremely rare[15]. SVAs may be congenital or acquired: In congenital SVAs, the condition is frequently associated with Marfans syndrome or other connective tissue disorders; whereas acquired forms of SVA are associated with infections (syphilis, bacterial endocarditis, and tuberculosis), atherosclerosis, hypertension, medial cystic necrosis, drug of alcohol abuse, and traumatic and degenerative diseases[16]. Upon expansion, SVAs can cause obstruction of the right ventricular outflow tract, aortic regurgitation, conduction disorders, and more rarely, myocardial ischemia or infarction due to compression of the coronary arteries[17]. Because aneurysmal rupture or involvement of the coronary arteries can have poor prognosis and possibly lethal consequences for patients, early detection and acceptance of timely surgery are the main treatments for SVA at present. Coronary artery stenosis or occlusion due to SVA is rare, while SVA leading to RCA occlusion is extremely rare[18]. In our case the giant right SVA combined with proximal RCA obstruction resulted in an AMI. The patient recovered well after Bentall procedure was performed. 
Case 3 was a patient with abnormal origin of the RCA from the left coronary artery sinus. The anomalous aortic origin of a coronary artery occurs rarely and has a reported incidence of 0.64% of live births, with the prevalence of an RCA arising from the left sinus of Valsalva being estimated at 0.17%[19]. Congenital coronary artery anomalies are the third cause of sudden cardiac death, with approximately 20% of AORCA[20]. When the course of the RCA runs between the aorta and pulmonary trunk, the mortality rate is as high as 25%-40%[21] and is described as a “malignant course”. AORCA with a malignant course can be associated with angina, exercise-induced syncope, cardiac arrhythmia, myocardial ischemia, or cardiac arrest[22]. Current research shows that AORCA has a large angle, and the proximal end of the coronary artery is tangent or acute to the aortic wall, so that most of the ostia are in the shape of cracks. The proximal segment of the abnormal RCA is embedded in the aortic wall, which is in the same layer as the aorta without its own adventitia. When the arterial pressure, especially the diastolic pressure, increases during strenuous exercise, the ascending aorta expands and lengthens outward, which can cause partial flattening and obstruction of the RCA in the aortic wall. Additionally, the dilated aorta can form a valve in the fissure-like opening of the RCA and block blood flow, leading to angina, myocardial infarction, malignant arrhythmia, and even sudden death. Sometimes, even a small amount of physical exertion or stress may impact the conformation of these anatomical anomalies and cause adverse cardiovascular events[23]. This kind of anomaly can be detected early by coronary CT angiogram or CAG in clinical practice. Once diagnosed as AORCA, emergency corrective surgery should be performed to prevent myocardial ischemia, arrhythmia, or sudden cardiac death[24]. Here, we report the case of a patient with chest pains on exertion who was diagnosed with AORCA with a malignant course. Subsequently, correction of the coronary artery ostia was performed. The 6-month follow-up after the surgery demonstrated that the patient recovered well. 
The cases we reported here suggest that we should consider the possibility of coronary ostial lesions caused by conditions other than atherosclerosis when the following manifestations occur in clinical practice. First, lesions occur only at the coronary ostium and no stenosis or atherosclerosis is observed in other coronary vessels; second, echocardiography or chest CT shows sinus of Valsalva aneurysm-like dilatation or mediastinum-occupying coronary artery ostial lesions; third, when coronary CT angiogram or CAG shows an anomalous origin of a coronary artery; and last, if clinical manifestations cannot be explained by coronary ostial lesions alone. In summary, as coronary ostial lesions caused by conditions other than atherosclerosis are relatively rare, they are easily neglected, which may lead to misdiagnosis and missed diagnosis. Therefore, more attention should be paid to these kinds of secondary coronary ostial lesions in clinical practice.

CONCLUSION
The cases we reported here suggest that we must consider the possibility of coronary ostial lesions caused by reasons other than atherosclerosis.
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Figure Legends
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Figure 1 Electrocardiography and imaging manifestations of Case 1. A: Electrocardiography showed atrial fibrillation, complete right bundle branch block and depressed ST segment of 0.1–0.3 mV in leads V1-V6; B: Chest X-ray was normal; C: Coronary angiography showed severe stenosis in the left main coronary ostium; D: Chest computed tomography (CT) showed thymic carcinoma involving the middle mediastinum; E: Chest CT showed thymic carcinoma involving the middle mediastinum, which also invaded the left main coronary ostium. LM: Left main.
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Figure 2 Coronary angiography and aortic computed tomography manifestations of Case 2. A: Coronary angiography (CAG) showed right coronary artery (RCA) ostium occlusion and RCA sinus aneurysm; B: After the operation, CAG showed that the distal blood flow of the RCA recovered from thrombolysis in myocardial infarction grade 2; C: Aortic computed tomography (CT) showed an aneurysm arising from the right coronary sinus, which caused severe stenosis of the RCA ostium; D: Aortic three-dimensional CT reconstruction showed an aneurysm arising from right coronary sinus, which caused severe stenosis of the RCA ostium. RCA: Right coronary artery.
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Figure 3 Coronary computed tomography angiogram manifestations of case 3. A: Coronary computed tomography angiogram (CTA) maximal intensity projection showed right coronary artery (RCA) ostia severe stenosis; B: Coronary CTA curved planar reconstruction showed abnormal origin of the RCA originating from the left sinus of Valsalva and coursing between the aorta and pulmonary trunk that caused severe stenosis of the RCA ostium. RCA: Right coronary artery.
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