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ABSTRACT: Coronary artery aneurysm (CAA), the most risky late complication of Kawasaki disease (KD), is associated with 
severe adverse cardiac events, such as acute myocardial infarction (AMI), in young patients. Herein, we describe a 16-year-old boy 
who suffered from occasional angina attack after a recent myocardial infarction due to multiple giant CAAs during the 
asymptomatic period of KD. Coronary angiography (CAG) revealed multiple large CAAs of about 9 mm in diameter at the left 
anterior descending artery (LAD) and more than 12 mm at the left circumflex coronary artery (LCX). To optimize the management 
and reduce the morbidity and mortality of giant CAAs, it is imperative to consider antecedent KD at the earliest possible stage, 
particularly in young patients with angina pectoris or AMI but lacking traditional risk factors for atherosclerosis. Long-term follow-
up with an electrocardiogram (ECG), echocardiogram, or coronary computed tomography angiography (CCTA) is essential and 
should not be overlooked. In addition, this case highlights the great significance of working out a more comprehensive and effective 
management strategy for such KD juveniles, including drugs, percutaneous coronary intervention (PCI) or even surgery. 
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1. Introduction 

Kawasaki disease (KD) is an acute, self-limited vasculitis affecting medium to small vessels, predominantly in 
infants and young children, with an unknown etiology. Although 80% of patients are younger than 5 years of age, KD 
can also occur during adolescence. The disease primarily affects cardiovascular structures, especially the coronary 
arteries, often leading to the development of coronary artery aneurysms (CAAs). These aneurysms are commonly 
observed in affected individuals [1]. CAAs are defined as focal dilations of coronary segments that are at least 1.5 times 
the diameter of adjacent normal segments and are rarely observed in 0.3–5% of patients undergoing coronary 
angiography (CAG) [2]. In older patients with traditional cardiovascular risk factors, atherosclerosis is considered the 
main cause of CAAs. However, in children and adolescents, KD is the primary cause of CAA, which can lead to adverse 
cardiovascular events such as myocardial infarction (MI) [3]. The 2017 American Heart Association (AHA) scientific 
statement classifies CAAs into three categories—small, medium and large/giant—based on the diameter and Z-Score 
[4]. It is generally accepted that small and medium CAAs in KD tend to regress. In contrast, giant aneurysms (Z-Score 
≥ 10 or absolute dimension ≥ 8 mm) typically do not regress and are associated with a poorer prognosis. These giant 
CAAs are more likely to lead to stenosis, thrombosis or calcification, resulting in myocardial ischemia, infarction and 
even sudden cardiac death [5,6]. Here, we report a typical case of a juvenile with KD and a history of acute myocardial 
infarction (AMI) caused by multiple giant coronary aneurysms. 
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2. Case Presentation 

A 16-year-old boy with a medical history of KD presented to the cardiology clinic with occasional precordial discomfort 
for 3 months, following a recent hospital admission for acute inferior myocardial infarction (AIMI) on 15 July 2022. 

The patient’s “atypical KD” was first diagnosed in 2012 when he was 6 years old. Initially, the boy presented with 
persistent fever for more than 2 weeks, accompanied by cervical lymph node swelling and erythema multiforme. 
Echocardiography showed no obvious coronary ectasia at that time. Therefore, the boy was diagnosed as KD somewhat 
empirically. However, his parents couldn’t provide enough information about the specific drug regimen then, except 
for the nonacceptance of standard medication, including intravenous immunoglobulin (IVIG). According to his parents’ 
description, the boy has not experienced any acute recrudescence or accepted any specific therapy during the past 10 
years. Given the low overall recognition of KD, this family ignored a close follow-up, including any cardiac imaging. 

Three months ago, the juvenile presented to the local emergency department at 6:06 a.m., complaining of a 2-h 
history of aggravating chest pain with sweating, shortness of breath, malaise and even an unconscious apopsychia for 
5 min. Vital signs on arrival were unremarkable except for a severe decrease in blood pressure (BP) to 74/41 mmHg. 
Electrocardiogram (ECG) demonstrated an inferior-wall MI. Emergency CAG revealed a total obstruction in the middle 
of the left circumflex coronary artery (LCX) and ectasia at the proximal portion with TIMI 0 level. The left anterior 
descending artery (LAD) was also observed to have proximal ectasia and distal occlusion with TIMI 0 level. Severe 
tortuosity and ectasia existed in the middle of the right coronary artery (RCA), while maintaining a TIMI III level 
(Figure 1A,B). Thus, the diagnosis of CAAs was confirmed. Given diffuse ectatic changes of all coronaries with no 
suitable lesion identified for stenting, he was only managed with balloon angioplasty and intracoronary thrombolysis 
for LCX, the culprit vessel (Figure 1C). After the BP stabilized at a normal level, the patient was admitted to the 
Coronary Care Unit (CCU) for comprehensive medical treatment.Upon admission, laboratory findings revealed several 
abnormalities: the routine blood test exhibited a white blood cell (WBC) count at 12.2 × 109/L (normal range, 4 × 109–
10 × 109/L), a neutrophil count at 8.5 × 109/L (normal range, 1.8 × 109–6.3 × 109/L) and a monocyte count at 1.23 × 
109/L (normal range, 0.1 × 109–0.6 × 109/L). Additionally, cardiac biomarkers were also notable, with an elevated serum 
creatine kinase (CK) level of 2468.00 U/L (nomal range, 0–190 U/L), a creatine kinase isoenzyme level of 164.4 U/L 
(normal range, 0–24 U/L), a cardiac troponin I (cTnI) level of 1.48 ng/mL (normal range, ≤1.75 ng/mL) and an N-
terminal pro-brain natriuretic peptide (NT-proBNP) level of 509.76 pg/mL (normal range, 0–125 pg/mL). Liver function 
tests indicated elevated serum aspartate aminotransferase (AST) at 288.6 U/L (normal range, 0–38 U/L), alanine 
aminotransferase (ALT) at 73.2 U/L (normal range, 0–38 U/L) and total bilirubin (TBIL) at 48.2 ummol/L (normal 
range, 2–20.4 ummol/L). Lipid panel showed a low-density lipoprotein cholesterol of 1.99 mmol/L (normal range, 0–
3.36 mmol/L), high-density lipoprotein cholesterol of 1.01 mmol/L (normal range, 1.03–1.55 mmol/L) and that the total 
cholesterol and triglyceride were both within normal limits. The patient received medical treatment comprising 
anticoagulation with low-molecular-weight heparin (LMWH), dual antiplatelet therapy (DAPT) with aspirin and 
clopidogrel, a β-receptor blocker (betaloc), a lipid-lowering drug (atorvastatin), diuretics (furosemide and 
spironolactone) and a proton pump inhibitor (PPI) (pantoprazole). By the second hospital day, the serum cTnI level had 
decreased to 0.68 ng/mL. By the third day, the blood routine results had normalized, although mild hepatic insufficiency 
persisted. An echocardiography performed on July 20th revealed a left ventricular ejection fraction (LVEF) of 54% and 
segmental dyskinesia in the inferior posterior wall of the left ventricle. After 12 days of medical treatment, the patient’s 
general condition improved significantly, leading to his discharge from the local hospital. 

 

Figure 1. Representative emergency CAG images during the AMI in April 2022. (A) Proximal large ectasia, total obstruction of 
LCX, and proximal large ectasia and distal occlusion of LAD. (B) Severe tortuosity and diffuse ectasia of RCA. (C) Still, nearly 
80% remnant stenosis in the middle segment of LCX after balloon angioplasty and intracoronary thrombolysis. 
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After a period of extramural oral medication, the boy presented to our cardiology department with a 3-month 
history of chest stuffiness and precordial discomfort, raising concerns about another acute heart attack. A 24-h ECG 
revealed frequent ventricular premature contractions. Echocardiography indicated left ventricular systolic dysfunction 
with a LVEF of 0.40 and motion abnormality of the left ventricular inferior wall. CAG detected multiple giant CAAs 
at the proximal LAD and LCX, with no distal stenosis and TIMI II flow (Figure 2A,B). Additionally, a spiral meander 
was observed in the middle segment of RCA without significant stenosis (Figure 2C). Macroscopically, the coronary 
aneurysmal dilations were notably larger than before. Intravascular ultrasound (IVUS) further assessed the coronary 
lesions, revealing a maximum diameter of at least 9 mm for the LAD ectasia and an aneurysm exceeding 12 mm in the 
LCX, with ambiguous boundaries likely due to previous balloon angioplasty (Figure 3). Although elective coronary 
artery bypass grafting (CABG) was recommended, the patient’s family refused the procedure. Serum levels of 
antinuclear antibody, C-reactive protein, antistreptolysin O, rheumatoid factor and antineutrophil cytoplasmic antibody 
were inconclusive, ruling out active vasculitis, rheumatic or immunologic diseases. Further review of familial history 
revealed that no cardiovascular disease (CVD) had been diagnosed for the patient’s parents so far, while his grandfather 
had ischemic stroke and hypertension. Based on the medical history and characteristic coronary lesions, we speculated 
that the patient’s large CAAs probably originated from KD. Concurrently, ischemic heart disease (IHD) and 
microvascular changes in the coronary arteries were believed to be present and worsening. Consequently, we optimized 
the drug treatment plan. Because of frequent epistaxis, clopidogrel of 75 mg was substituted for aspirin, and warfarin 
of 3 mg qd was administered with a target international normalized ratio (INR) of 2.0–3.0. Rosuvastatin was used not 
for intensive lipid-lowering therapy but for its anti-inflammatory and protective effects on vascular endothelial cells. 
Nicorandil, trimetazidine and ivabradine were added to manage heart rate control and coronary microcirculatory 
disorder. The patient also received standard quadruple therapy for heart failure (HF), including spironolactone, 
metoprolol, sacubitril/valsartan and dapagliflozin, which also addressed old myocardial infarction (OMI) and IHD. The 
dose of β-blockers and angiotensin receptor-neprilysin inhibitors reached 118.75 mg qd and 50 mg bid, respectively, 
before discharge. Importantly, the patient was told to get regular outpatient reviews to adjust the drug dosage. 
Echocardiography and ECG were scheduled to be performed at 1, 2, 3, 6, 9, and 12 months during the first year, and every 3 
to 6 months thereafter, to monitor changes in CAA size and assess heart function parameters, such as ejection fraction.  

 

Figure 2. Representative CAG images from Qilu Hospital in July 2022. (A,B) Giant CAAs (white arrows) at the proximal LAD 
and LCX with no distal stenosis. (C) Spiral meander at the middle segment of RCA with no obvious stenosis. 

 

Figure 3. Representative IVUS images of the giant aneurysms. (A,B) CAAs with about 9 mm in diameter in LAD and more than 
12 mm in LCX with ambiguous boundaries. 
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3. Discussion 

Myocardial infarction due to atherosclerosis is predominantly observed in older patients with classical 
cardiovascular risk factors. In contrast, the occurrence of MI in younger individuals remains under-researched and 
presents a distinct risk profile characterized by fewer traditional cardiovascular risk factors compared to the older 
population. What’s more, as adolescents or young adults are predisposed to developing collateral circulation, their 
symptoms and signs of myocardial ischemia may be masked and sometimes even ignored. However, the risk of adverse 
cardiovascular events, such as MI, heart dysfunction and sudden cardiac death, is persistent. In other words, these young 
individuals require longer and more consistent follow-up than adults throughout their lifetime, which places a greater 
socioeconomic burden. While plaque rupture continues to be the most common etiology of MI across all age groups, 
younger individuals exhibit a higher prevalence of rare causes and syndromes [7]. This case aims to highlight an 
uncommon etiology of MI in juveniles—coronary artery aneurysms resulting from KD in childhood—thereby drawing 
attention to the need for further investigation into early-onset cardiac events due to these unique risk factors. 

When a patient develops significant coronary artery ectasia or aneurysm formation at a young age and with minimal 
risk factors for atherosclerotic coronary artery disease (CAD), KD should be speculated as a potential diagnosis [8]. 
Kawasaki disease, also known as mucocutaneous lymph node syndrome, has been reported in more than 60 countries 
and regions worldwide since first reported by doctors in Japan in 1967. This disease is most prevalent in Japan, followed 
by Korea, and its incidence has been increasing recently in various countries around the world[9]. Though the etiology 
and pathogenesis of KD remain unclear, it is generally considered to be a self-limiting disease with acute systemic 
vasculitis, primarily affecting small and mediun-sized arteries, such as the coronary arteries. KD predominantly, but 
not exclusively, affects children aged 6 months to 5 years. In developed countries, KD with coronary artery lesions, 
including coronary artery stenosis, dilation and the formation of CAAs, has now surpassed rheumatic fever as the 
leading cause of acquired heart disease in children [10]. It has been reported that the familial history of CVD, including 
hypertension, dyslipidemia, myocardial infarction, stroke and diabetes, is associated with increased risk of KD for 
newborns [11], which seems to be the only risk factor for our patient to suffer from KD.  

Coronary artery aneurysm represents the most common and hazardous late complication of KD, typically 
manifesting several years post-onset. Notably, up to 25% of untreated KD juveniles develop coronary aneurysms. Even 
with treatment, the incidence of persistent aneurysms remains between 3% and 5% [12]. The most frequent sites of 
aneurysm formation, in descending order of prevalence, are the proximal LAD, proximal RCA, left main coronary 
artery, LCX, and, finally, the distal RCA. [13]. These young patients with persistent coronary ectasia face a lifelong 
risk of thrombosis and the development of stenotic lesions during vascular remodeling, which can lead to myocardial 
ischemia, infarction or even cardiac death. As children with KD-induced CAAs age, the risk of acute ischemic events 
escalates, particularly in those with large or giant aneurysms [14], as observed in our patient. 

Giant CAAs are relatively rare, with an incidence of only 0.02% in patients with coronary aneurysms [15]. Notably, 
cases involving simultaneous multiple giant CAAs in two or more major coronary arteries are exceedingly uncommon. 
Our patient presents a rare instance of large CAAs, with dimensions of approximately 9 mm in LAD and more than 12 
mm in LCX. This case underscores the diagnostic and therapeutic challenges associated with giant CAAs in KD patients. 
According to Z-score and diameter, the aneurysms are categorised as small (2.5 ≤ Z score < 5), medium (5 ≤ Z score < 
10, and absolute dimension <8 mm), and giant (absolute dimension ≥ 8 mm or Z score ≥ 10). Large or giant CAAs do 
not “resolve”, “regress”, or “remodel”, and while they rarely rupture, they almost always contain thrombi, which can 
calcify and become occlusive [4,16,17]. Consequently, complications such as stenotic lesions, thrombosis, and major 
cardiac events, including MI, are more likely to occur in giant CAAs [18]. A long-term study involving 1215 KD 
patients found that 64(5%) developed giant CAAs. Subgroup analysis revealed that 3(5%) of these cases showed 
regression, 30(47%) experienced occlusion or stenosis and 15 (23%) suffered from MI [19]. Therefore, it is evident that 
the larger the aneurysm, the poorer the prognosis. This case was a typical example of multiple giant CAAs in more than 
one major coronary artery and sudden thrombotic occlusion of an aneurysm precipitating MI. 

ECG, echocardiography, computed tomographic angiography (CTA), magnetic resonance imaging (MRI) and 
CAG are the main methods to examine coronary arteries. Among these, CAG is the most invasive imaging examination 
for KD and is the gold standard for evaluating the severity, prognostic prediction and therapeutic indications of CAAs 
[4,16]. CAG provides detailed image assessment of the coronary artery lumen and characteristic angiographic findings 
suggestive of KD, such as marked proximal ectasia followed by a sudden transition to an angiographically normal distal 
segment. Another pathognomonic feature is the presence of calcification along the arterial wall at sites where former 
aneurysms have been remodeled [8]. A better estimation of luminal size and arterial wall changes can be achieved 
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through intravascular ultrasound (IVUS), which aids in evaluating the severity of intimal hyperplasia, as well as 
detecting thrombi, calcification, and luminal narrowing[20]. In our case, the young boy underwent CAG twice. Initially, 
an ECG showed acute inferior myocardial infarction and then emergency CAG revealed distinct ectasias in all three 
coronary arteries. During the second CAG, combined with IVUS, we confirmed the presence of giant CAAs in both the 
LAD and LCX. Given the typical ECG results, elevated myocardial injury markers, severe hemodynamic disorder, and 
most importantly, the features of coronary lesions, it was retrospectively further clarified that the definitive diagnosis 
was MI secondary to giant coronary aneurysms associated with KD. Patients diagnosed with giant CAAs are 
recommended to undergo long-term follow-up assessments with echocardiography frequently and possibly angiography 
to monitor for increases in luminal dimensions, thrombotic risk, and signs of ventricular dysfunction, enabling timely 
intervention [4]. Unfortunately, this patient could not provide detailed echocardiogram results of the coronary arteries 
since his last MI.  

The standard medical protocol for CAA, particularly giant ones, remains inadequately addressed. Despite the 
absence of fixed guidelines for managing giant CAAs in acute settings, it is imperative to prevent further dilatation and 
even rupture, as well as thrombus formation. Several case reports have documented the successful management of 
patients with super-giant CAAs during the acute phase by stabilizing hemodynamic status and maintaining 
anticoagulation [21]. According to the Japanese Circulation Society guideline, patients with KD who develop angina or 
MI are treated similarly to those with such conditions due to other causes [16]. For KD patients with large or giant 
aneurysms (≥8 mm or Z score ≥ 10) and a high risk of coronary artery thrombosis, available therapeutic options include 
double antiplatelet agents such as aspirin and clopidogrel, as well as anticoagulants like warfarin or LWMH [20,22], 
which also helps prevent severe cardiovascular complications at the early stage. What’s more, the combination of 
warfarin and aspirin is known to have been associated with high cardiac-event-free survival in patients with giant CAA 
caused by KD [23]. However, in our case, frequent massive epistaxis indicated the patient’s intolerance to aspirin. 
Finally, we chose clopidogrel instead of aspirin, which is also consistent with the current guidelines for antithrombotic 
medication[4]. Hemodynamic forces play a crucial role in the further dilation of aneurysms, necessitating strict control 
of blood pressure and heart rate through β-blockers and other antihypertensive medications. The AHA scientific 
statement incorporates β-blocking agents into the long-term management algorithm for KD patients with large or giant 
aneurysms. It was reported that KD is associated with accelerated atherosclerosis and early-onset heart failure [4,24]. 
For the juvenile in our case, there was no history of diabetes or hypertension, he had never smoked, maintained a normal 
body mass index (BMI) of 22.2, and his lipid panel was within normal limits. A familial history of CVD was considered 
to be the only risk factor. However, it is still crucial for him to accept the early intervention and aggressive medical 
management of CAD, even without a typical risk profile. Consequently, empirical treatment with low-dose statins is 
recommended for these KD patients with past or current aneurysms regardless of age or sex, on account of the 
pleiotropic effects of statins on inflammation, endothelial function, oxidative stress, platelet aggregation, coagulation, 
and fibrinolysis. Effective medical treatment of angina pectoris and heart failure is also beneficial for our patients [4].  

For patients with coexisting obstructive lesions and ongoing ischemia, percutaneous and/or surgical coronary 
revascularization are available options [20]. However, percutaneous coronary intervention (PCI) and stent placement 
have limited roles in managing ectatic infarction-related arteries compared to non-ectatic coronary disease [25]. It is 
always too difficult to select an appropriate scaffold size to match the aneurysmal coronary lesions. Such patients are 
also at high risk for stent malapposition, evagination or migration in the future [26]. Thus, in our case, thrombolytic 
therapy with urokinase-type plasminogen activator was administered for occlusive coronary artery thrombosis to re-
establish blood flow as rapidly as possible. Moreover, the long-term prognosis of CABG in young KD patients with 
severe coronary lesions remains uncertain [27]. At present, there is not a standard guidline on the selection of 
revascularization methods against thrombosis caused by CAA. According to our case, it may be beneficial for such 
patients to accept early thrombolytic therapy as soon as possible. Fortunately, during the patient’s second CAG in our 
hospital, no severe stenosis or total occlusion was found in any of the three coronary arteries, and the TIMI blood flow 
level was adequate. Hence, neither PCI nor CABG is urgently required.  

Current guidelines about CAAs associated with KD recommend that it is reasonable to stratify patients according 
to their risk of myocardial ischemia related to thrombosis and stenosis, which mainly depends on the extent of maximal 
involvement in coronary arteries, together with the evolution of coronary abnormalities over time [4]. The risk 
stratification varies as a result of follow-up changes. Therefore, it is essential to conduct close follow-up with cardiology 
assessments, including echocardiography, electrocardiography, and CCTA, for the boy in our case to monitor for future 
major adverse cardiovascular events (MACE) post-discharge.  
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4. Patient’s Perspective 

I never expected that a fever of unknown origin at the age of six could lead to such severe heart issues later in my 
life. The myocardial infarction I suffered in 2022 continued to be a significant event in my life. Fortunately, due to the 
prompt intervention and the administration of drug therapy from doctors, I was able to recover. However, my concern 
for my cardiac health prevented me from fully participating in campus life after discharge. With the support of my 
parents, I adhered to regular outpatient reviews and adjusted my medication as necessary. Although coronary aneurysms 
persisted, my cardiac function gradually improved over the past two years, with the ejection fraction rising to over 50%. 
As a college student now, I am able to lead a nearly normal life and engage in moderate exercise. The guidance and the 
prescribed medication from my doctors have been crucial in my recovery. I hope that increased attention will be given 
to young patients like me, who suffer from CAAs related to KD. 

5. Conclusions 

Thrombosis or rupture of coronary artery aneurysms is a rare cause of AMI in juveniles, typically associated with 
a history of KD from childhood. Approximately 25% of untreated KD patients develop coronary aneurysms, whereas 
this incidence decreases to 3–5% with appropriate treatment. Giant coronary aneurysms, defined as those with a 
diameter of ≥8 mm or a Z score ≥ 10, are particularly uncommon. It is widely recognized that the larger the aneurysm, 
the poorer the prognosis, especially the giant ones. KD juveniles with large or giant CAAs are recommended to get 
long-term follow-up with echocardiography and possibly angiography. Optimal medical therapeutic options include 
dual antiplatelet therapy as well as anticoagulants, with additional cardiovascular medications prescribed based on 
specific conditions, such as treatment for microvascular lesions, chronic heart failure (HF), and ischemic heart disease 
(IHD). It remains a challenging problem to deal with super-ectatic infarction-related arteries properly through PCI and 
stent placement. Therefore, unlike other MI patients, conservative drug treatment plays a more crucial role here. CABG 
and other various surgical options are reserved for these patients despite undefined long-term prognostic improvement. 
Thus, the development of a standardized guideline for the management of such patients is urgently needed. 
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