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Abstract
[bookmark: OLE_LINK4][bookmark: OLE_LINK10][bookmark: OLE_LINK46][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK57][bookmark: OLE_LINK58]BACKGROUD
Kawasaki disease (KD) is an acute type of systemic vasculitis involving small to medium-sized muscular arteries and outbreaks during childhood. KD can cause myocardial ischemia, infarction, and sudden cardiac arrest. We present a case of a young adult survivor of out-of-hospital cardiac arrest as late KD sequelae.

CASE SUMMARY
[bookmark: OLE_LINK50][bookmark: OLE_LINK63]A 29-year-old man with presumed acute KD history at the age of 5 suddenly lost consciousness while jogging and was diagnosed a sudden cardiac arrest by an emergency doctor. After about 10 min cardiopulmonary resuscitation, return of spontaneous circulation was achieved, and the patient was transferred to our hospital. A coronary computed tomography angiogram and coronary angiography revealed extensive calcifications of left anterior descending and right coronary artery aneurysms. The patient was an active individual who took exercise regularly and claimed no previous symptoms of chest pain or shortness of breath on exertion. The most possible cause of his sudden cardiac arrest could be presumed as a thrombus within the coronary artery aneurysms. After that, a thromboembolism induced extensive ischemia, and this ischemia-induced arrhythmia led to a cardiac arrest.

CONCLUSION
Few patients who suffer a late sequela of KD can survive from out-of-hospital cardiac arrest. Medications, surgical intervention, and active follow-up are extremely important for this patient to prevent occurrence of adverse events in the future.
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[bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK104]Core tip: Kawasaki disease (KD) is an acute type of systemic vasculitis involving small to medium-sized muscular arteries in childhood. One of the most severe complications of KD is coronary artery aneurysms. We reported a case of out-of-hospital cardiac arrest of a young adult survivor, who probably had KD during childhood. Undiagnosed and untreated KD can have serious long-term sequelae. Few patients who suffer a late sequela of KD can survive from out-of-hospital cardiac arrest. Timely cardiopulmonary resuscitation is very critical for survival of sudden cardiac arrest.
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INTRODUCTION
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK15][bookmark: OLE_LINK32][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK85][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Kawasaki disease (KD), first reported by Kawasaki in 1967[1], is an acute type of systemic vasculitis involving small to medium-sized muscular arteries in childhood. One of the complications of KD is a coronary artery (CA) aneurysm, with an incident rate of approximately 20% if left KD untreated[2]. CA aneurysm causes stenosis or occlusion of CA due to the remodeling of aneurysm, thereby resulting in ischemic heart disease, myocardial infarction, and sudden cardiac arrest[3-5]. Few patients who suffer a late sequela of KD can survive from out-of-hospital cardiac arrest. We treated one case of a 29-year-old survivor with no previous medical history. The patient was admitted to our hospital after cardiac arrest with extensive calcifications of multiple CA aneurysms, which we surmised to be residual lesions derived from the coronary arteritis of KD.

CASE PRESENTATION
Chief complaints
A 29-year-old Chinese man presented with a sudden loss of consciousness.

History of present illness
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK6][bookmark: OLE_LINK18]A 29-year-old Chinese man suddenly passed out while jogging at the school sports field. He was found unconscious with disappearance of carotid pulsation when a doctor from the school hospital arrived in 3 min. His electrocardiogram (ECG) showed a flat line without any electrical activities (Figure 1). Then he was quickly diagnosed with sudden cardiac arrest. After about 10 min cardiopulmonary resuscitation (CPR), return of spontaneous circulation was achieved, and the patient was transferred to our hospital for assessment as soon as the ambulance arrived. After admission, the patient regained consciousness on the next day and had no symptoms of discomfort. He claimed no previous symptoms of chest pain or shortness of breath on exertion.

History of past illness
The patient was an active individual who took exercise regularly with height of 183 cm and weight of 75 kg. He suffered a high fever at the age of 5 but was not able to recall whether there was any other discomfort like a skin rash. There was no other history of past illness.

Personal and family history
[bookmark: OLE_LINK9][bookmark: OLE_LINK16]He does not drink alcohol or smoke and has no history of trauma and drug use. This patient has no family history of cardiac disease or any clinical feature to suggest connective tissue disease.

Physical examination upon admission
[bookmark: OLE_LINK65][bookmark: OLE_LINK82]Vital signs were steady during hospitalization. No abnormalities were found on cardiopulmonary examination. There were no swollen lymph nodes, and no skin rash on the whole body.

Laboratory examinations
The levels of troponin I were slightly elevated from admission to normal levels after a few days (from 0.44 ng/mL to normal, Figure 2). His liver function suggested that alanine aminotransferase was 454 U/L and aspartate aminotransferase 357 U/L at admission, which gradually decreased to normal levels, consistent with the expression of myocardial injury markers. The blood routine showed that white blood cells (13.3 × 109/L) and neutrophils (11.3 × 109/L) were slightly increased at admission to normal levels after a few days. His routine chemistry panel was normal with sodium 138.94 mmol/L; potassium 4.00 mmol/L; and magnesium 0.84 mmol/L. His renal and coagulative functions were normal. Test results of syphilis antibody, human immunodeficiency virus antibody, hepatitis series, anti-nuclear antibodies, and antineutrophil cytoplasmic antibodies were negative. The 12-lead ECG performed upon admission showed depressed ST-segments in I, II, aVF, and V2-6 leads. Followed-up ECG 4 hr later showed normal ECG parameters (Figure 1).

Imaging examinations
[bookmark: OLE_LINK37][bookmark: OLE_LINK51]Echocardiography indicated normal atrial and ventricular size, normal wall thickness, normal systolic and diastolic function, and an ejection fraction of 63.2%. Computed tomography of brain showed no evidence of intracranial hemorrhage. Coronary computed tomography angiography (CTA) revealed marked aneurysms and extensive calcifications in the proximal and mid left anterior descending (LAD) and right coronary artery (RCA), (Figure 3). Coronary angiography was performed at day 10, which showed giant aneurysms of the proximal LAD with subtotal occlusion and the proximal and mid RCA with chronic total occlusion. The RCA received left-to-right epicardial collateral circulation from left circumflex coronary artery (Figure 4).

FINAL DIAGNOSIS
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The final diagnosis of the presented case is CA aneurysms due to a cardiac sequela of KD at the age of 5.

TREATMENT
The patient was medically managed with aspirin, clopidogrel, clexane, and isosorbide mononitrate. At day 28, the surgery of coronary artery bypass grafting was performed. The left internal mammary artery was grafted onto the LAD, and saphenous vein grafts were made to the left circumflex coronary artery and RCA.

OUTCOME AND FOLLOW-UP
There was no adverse event during the surgery, and the patient recovered well postoperatively with no complications. He is being regularly followed up since the operation. There were no myocardial ischemia symptoms, change in cardiac function, or adverse events during the 9-mo follow-up period.

DISCUSSION
[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK68][bookmark: OLE_LINK69]The case described has several notable features. Firstly, to our best knowledge, the survival odds of patients with CA aneurysms after out-of-hospital cardiac arrest is low, and few cases were found in the literature. Previous studies revealed sudden cardiac death in undiagnosed KD patients was identified by histopathological analysis of the autopsy materials[6,7]. Secondly, the young adult who lives with CA aneurysms for approximately 24 years has normal heart function and is not affected by long-term cardiac ischemia. Additionally, medical treatment and coronary artery bypass grafting were successful, and long-term follow-up was well taken to this patient.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK52][bookmark: OLE_LINK53]KD is not only the most common vasculitis in children, but it is also the most common vasculitis across all age groups[8]. One of the most severe complications of KD is CA aneurysms. If KD is not treated in time, about 20% of affected patients can end up with CA aneurysms[2,9]. CA aneurysms are classified into small size (< 4 mm), medium size (4 to 8 mm), and giant size (> 8 mm) based on their diameter[10]. Larger CA aneurysms in patients with KD were proved to have a higher probability of developing calcification. Kaichi et al[11] found that the prevalence of coronary calcification with initial diameters ≥ 6 mm was 12% at 5 years, 44% at 10 years, and 94% at 20 years. In this specific case, it took approximately 24 years for a significant calcification to develop.
Other diseases leading to CA aneurysms such as atherosclerosis, infectious diseases like syphilis, and connective tissue diseases like systemic lupus erythematosus also need to be identified. However, the patient was a young man without the history of metabolic syndrome such as hypertension and diabetes. Moreover, he had no fever or rash, and his blood test showed negative syphilis antibody and anti-nuclear antibodies. Thus, according to the patient’s past medical history, clinical manifestations and examinations, the patient was diagnosed with CA aneurysms caused by KD.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Sudden cardiac arrest may occur in the acute phase of KD during infancy or develop as a late sequela of this disease during adolescence and adulthood. The incidence of CA aneurysm can be reduced by five times through standard treatment of KD with lowered rate of sudden death to less than 0.1%[12,13]. Many asymptomatic adolescents or young adults may currently live with a CA aneurysm caused by undiagnosed KD or late KD treatment[14]. Serious cardiac events may occur in those who lack awareness of this late KD sequelae. Kazuma et al[15] reported that several sudden death cases in KD patients with left ventricular dysfunction suffered non-sustained ventricular tachycardia for 10 years before death. Few patients with a late sequela of KD could survive out-of-hospital cardiac arrest. In this case, the young adult survivor has normal left ventricular function, and arrhythmia was not observed in ECG monitoring during hospitalization. According to the medical history, clinical manifestation, and image examinations of this patient, the most likely cause of his sudden cardiac arrest in the presented case could be presumed as follows: firstly, turbulent flow caused by local stenosis with intimal thickening forming a thrombus within the CA aneurysms; after that, a thromboembolism inducing extensive ischemia without infarction; and this ischemia-induced arrhythmia led to a cardiac arrest. In this case, timely CPR is the significant path for patient to survive from the sudden cardiac arrest.
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Echocardiography is typically used to evaluate cardiac structure and function. Extensive calcification at the CA may induce an acoustic shadow. Meanwhile, coronary CTA imaging is helpful to detect calcified lesions. Sengupta et al[16] reported that CA aneurysms caused by KD lead to hemodynamic effects, where markedly abnormal flow patterns might lead to increasing risk of thrombosis and severe coronary events[16]. In this reported case, patient had normal atrial and ventricular size, wall thickness, and systolic and diastolic function in echocardiography examination. Coronary CTA revealed marked aneurysms and extensive calcifications in CA.

CONCLUSION
[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK3]We reported a case of out-of-hospital cardiac arrest of a young adult survivor who probably had KD during childhood. Undiagnosed and untreated KD can have serious long-term sequelae. Few patients who suffer a late sequela of KD can survive from out-of-hospital cardiac arrest. Timely CPR is very critical for survival of sudden cardiac arrest. Meditations, surgical intervention, and active follow-up are extremely important for this patient to prevent adverse events from happening in the future.
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Figure 1 Representative electrocardiograms. A: Flat line while cardiopulmonary resuscitation; B: Recovery of spontaneous circulation after about 10 min resuscitation; C: Electrocardiogram on admission showing depressed ST-segments in I, II, aVF, and V2-6 leads; D: Normal electrocardiogram parameters 4 hr later.
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Figure 2 Serum troponin I level on admission. The levels of troponin I were slightly elevated and reached the highest value at 6 hr (1.76 ng/mL) and then gradually decreased to normal range.
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Figure 3 Coronary computed tomography angiography images from a 29-year-old man with a history of Kawasaki disease at age 5 year and coronary artery aneurysms. A: Aneurysmal dilation of left anterior descending with extensive calcification (black arrow); B: Aneurysmal dilation of right coronary artery with extensive calcification (black arrow). LAD: Left anterior descending; RCA: Right coronary artery.
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[bookmark: OLE_LINK33][bookmark: OLE_LINK36]Figure 4 Angiography images. A, B, C: Showing giant aneurysms (black arrows) of the proximal left anterior descending with subtotal occlusion (white arrows); D: Showing the proximal and mid right coronary artery with chronic total occlusion (white arrows). The right coronary artery received left-to-right epicardial collateral circulation from left circumflex coronary artery.
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