
Circulation

Circulation. 2026;154:1135–1150. DOI: 10.1161/CIRCULATIONAHA.126.080727� September 22, 2026

Circulation is available at www.ahajournals.org/journal/circ

1135

 

Correspondence to: Pei-Ni Jone, MD, Department of Pediatrics, Pediatric Cardiology, Ann & Robert Lurie Children’s Hospital of Chicago, Northwestern University 
Feinberg School of Medicine, 225 East Chicago Avenue, Box 21, Chicago, IL 60611. Email pejone@luriechildrens.org
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.126.080727.
© 2026 American Heart Association, Inc.

IN DEPTH
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ABSTRACT: Acute coronary syndrome (ACS) remains underrecognized in patients with Kawasaki disease (KD). The population 
at risk for KD-associated ACS is increasing, yet current ACS guidelines are largely derived from atherosclerotic disease 
and do not adequately address the distinctive mechanisms, anatomy, and thrombosis risk associated with KD. Because 
the pathophysiology and management of KD-associated ACS differ in fundamental ways from those of atherosclerotic 
coronary artery disease, its management requires a coordinated team response, with collaboration between pediatric and 
adult cardiologists. Recent advances in coronary imaging, interventional techniques, and antithrombotic therapies provide an 
opportunity to establish a more disease-specific approach. This review synthesizes current evidence on the epidemiology 
and pathophysiology of coronary artery aneurysms, interventional coronary imaging, acute management, revascularization 
strategies, antithrombotic therapy, and post-ACS surveillance in patients with KD to guide clinical decision-making and 
treatment for patients with KD presenting with ACS.
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Kawasaki disease (KD) is an acute vasculitis that 
targets medium-sized muscular arteries. Its most 
serious long-term complication is the develop-

ment of coronary artery aneurysms (CAAs).1 Although 
early treatment has reduced the incidence of CAAs, a 
subset of patients develops persistent or remodeled 
coronary lesions, leading to lifelong risk for myocardial 
ischemia and myocardial infarction (MI).2 Adults may 
also sometimes present with significant outward remod-
eling in the coronary arteries secondary to atheroscle-
rotic disease with aneurysm and formation, yet the risk 
profile and treatment of such patients differs substan-
tially from those in adult patients with KD with CAAs. 
Acute MI has emerged as a major cause of morbidity 
and mortality in pediatric and adult patients with KD.3 
Acute coronary syndrome (ACS) is defined as reduced 
blood flow to the coronary myocardium manifesting as 
ST-segment–elevation MI or non–ST-segment–eleva-
tion ACS, which includes unstable angina and non–ST-

segment–elevation MI.4 Because the pathophysiology 
and management of KD-associated ACS differ funda-
mentally from those of atherosclerotic coronary artery 
disease (ASCAD), timely recognition and a coordinated 
team response between pediatric and adult cardiologists 
are essential. Current ACS guidelines, largely based on 
atherosclerotic disease, do not adequately address the 
distinctive anatomy, mechanisms, and thrombosis risks 
specific to KD. This review synthesizes current evidence 
on the epidemiology, pathophysiology, and management 
of KD-associated ACS.

EPIDEMIOLOGY OF ACS IN PEDIATRIC 
AND ADULT PATIENTS WITH KD
In the modern era of intravenous immunoglobulin treatment, 
the incidence of persistent CAA 1 month after the onset of 
KD is 2.3% in Japan.5 However, ACS remains a concern, 
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occurring almost exclusively in those who developed gi-
ant CAA with a Z score ≥10 or ≥8 mm during the acute 
phase.6–10 Risk increases significantly in those with CA Z 
scores ≥20 or with a greater number of affected coronary 
branches.6 Chronic ischemia causing heart failure and death 
has been reported in at least 1 patient with medium-sized 
aneurysms and involvement of multiple coronary arteries.6 
In a retrospective cohort of 1006 patients, major adverse 
coronary events occurred in 7 of 425 patients (2%) with 
medium-sized CAAs, demonstrating that this subgroup re-
mains at risk for clinically significant coronary complications 
despite generally favorable long-term outcomes.9

In the pediatric population, the highest risk of ACS is 
concentrated within the first 2 years after KD onset.6,9,10 
One study of 209 patients with giant CAAs reported 
10-year event-free survival of 68%.10 Within the first 2 
years, early deaths were primarily driven by MI or CAA 
rupture. North American cohorts mirror these findings, 
with adverse events over 10 years occurring only in chil-
dren with Z scores ≥10.6

For adult survivors from childhood KD, Japanese registry 
data indicate that ACS accounts for 19.7% of hospitaliza-
tions for late KD sequelae.11 These patients had a median 
age of 39 years and were predominantly male. Unlike 
patients with ASCAD, they often presented with a normal 
body mass index, although nearly 38% were smokers. It 
is estimated that by 2030, 1 in 1600 US adults will have 
a history of childhood KD.12 In one analysis of individuals 
<40 years of age undergoing cardiac catheterization for 
suspected ischemia, 5% had CAA presumed or definitely 
secondary to KD.13 This emphasizes the need for aggres-
sive risk factor modification and longitudinal care.11,14,15

ACS IN THE ACUTE PHASE AND EARLY 
PEDIATRIC PERIOD
Approximately 81% of KD-related MIs occur within the 
first 2 years of onset, with the highest risk in the first 

2 to 3 months.2,6,16,17 Acute thrombotic coronary occlu-
sions are the common cause. Thrombosis is promoted 
by a combination of prothrombotic factors: arterial wall 
inflammation, systemic platelet activation, and abnormal 
hemodynamics.18,19 In giant aneurysms, decreased wall 
shear stress and blood stasis allow thrombi to form even 
during therapeutic antithrombotic therapy.

Clinical recognition in pediatric patients is difficult 
because classic symptoms are often absent.20 Infants and 
young children may show nonspecific signs: unexplained 
irritability, vomiting, pallor, sweating, or shock. Older chil-
dren may exhibit more typical symptoms, like chest pain 
or dyspnea, but up to 37% of MIs in children are silent, 
identified only through surveillance imaging.20,21 Notably, 
many of these events occur while the child is at rest or 
asleep. Centers managing pediatric patients with KD 
with large CAAs must maintain a high index of suspicion 
and use a dedicated ischemia protocol.3

Management of acute MI is a medical emergency 
requiring urgent restoration of coronary flow (Figure 1).2–

4,22 In infants and young children, systemic thrombolysis 
using tissue-type plasminogen activator is often the first-
line intervention.2,3,17 Recent protocols combining tissue-
type plasminogen activator with bivalirudin may offer 
thrombolysis with lower bleeding risk than heparin.23 This 
is particularly relevant for infants whose vessel size may 
preclude direct catheter-based intervention or in centers 
where specialized pediatric interventional cardiology is 
not immediately available. Percutaneous coronary inter-
vention (PCI) including intracoronary tissue-type plasmin-
ogen activator is an option for older children if specialized 
staff and appropriately sized equipment are available 
within 90 minutes. PCI in KD is technically demanding 
due to massive thrombus burden in giant aneurysms.24,25 
Coronary artery bypass grafting (CABG) is a definitive 
treatment for chronic stenosis, but rarely plays a role in 
acute MI management. Patients with refractory symptoms 
or significant myocardial dysfunction may require circula-
tory support or heart transplantation.

ANGIOGRAPHIC PHENOMENOLOGY 
OF ACS IN ADULTS AND PATHOLOGIC 
CHARACTERISTICS
Adults presenting with ACS after childhood KD exhibit 
a distinct angiographic and pathobiologic phenotype 
compared with patients with classic ASCAD (CENTRAL 
ILLUSTRATION and the Table). In the context of KD, re-
modeling of coronary arteries describes the process by 
which coronary arteries that previously had aneurysms 
appear to “normalize” in their internal luminal diameter 
through luminal myofibroblastic proliferation, layered 
mural thrombus organization, and intimal thickening, 
but the arterial wall architecture remains permanently 
abnormal.16 CAAs in KD result from necrotizing arteritis 

Nonstandard Abbreviations and Acronyms

ACS	 acute coronary syndrome
ASCAD	 atherosclerotic coronary artery disease
CAA	 coronary artery aneurysm
CABG	 coronary artery bypass grafting
CT	 computed tomography
CTO	 chronic total occlusion
DAPT	 dual antiplatelet therapy
KD	 Kawasaki disease
KDCAS	 �coronary artery sequelae of Kawasaki 

disease
LVEF	 left ventricular ejection fraction
MI	 myocardial infarction
PCI	 percutaneous coronary intervention
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with destruction of the intima, media, and elastic laminae, 
leading to vessel wall weakening and outward dilation of 
the lumen, which can be fusiform or saccular.16 The risk 
of ACS is highest in giant CAAs. A large circumferential 
proximal coronary artery calcification on fluoroscopy can 
provide the diagnosis of KD in adults presenting with 
ACS without a known history of KD.

Long-term coronary artery sequelae of KD (KDCAS) 
are predominantly characterized by CAA formation fol-
lowed by maladaptive vascular remodeling, superim-
posed thrombosis, and progressive stenosis.26,27 Culprit 
lesions in KDCAS underlying ACS most frequently 
involve the proximal epicardial coronary arteries, 
including the right coronary artery, proximal left ante-
rior descending artery, and left main coronary artery. 
There is a strong association between CAA-specific 
morphologic characteristics—size, length, and number 
of persistent or regressed CAAs—and the localization 
of culprit lesions.14,26–28 ACS in this population typically 
arises from either intraluminal thrombosis within aneu-
rysmal segments or severe stenosis at the proximal 
or distal margins of aneurysms, where turbulent flow, 
endothelial dysfunction, and neointimal proliferation 
are most pronounced.29,30 Unlike classical plaque rup-
ture in ASCAD, lipid-rich atheroma is usually minimal 
or absent in children, although mild changes may be 
observed in younger adults.29,31 Intracoronary optical 
coherence tomography has demonstrated that intimal 

and neointimal thickening is most pronounced in seg-
ments with persistent CAAs (Figure 2).29

Histopathologic findings and intravascular imaging 
consistently identify intimal hyperplasia as the dominant 
lesion, correlating with both historical maximum and cur-
rent coronary dimensions. Fibrosis and cellular infiltration 
are observed across all categories of coronary involve-
ment; more severe changes, such as media destruction, 
calcification, neovascularization, and white thrombi, are 
largely confined to segments with persistent or regressed 
CAAs.32 High expression of genes associated with vascu-
lar remodeling suggests ongoing coronary arterial degen-
eration and features of vascular senescence long after 
the initial illness.33 A high thrombus burden is a defining 
angiographic hallmark of KDCAS,13 with the risk of throm-
bosis increasing substantially as Z scores rise above 20.6 
Angiography may demonstrate aneurysm segments with 
large, organized, or laminated thrombi, which may occur 
even after long periods of clinically quiescent disease. This 
process is likely driven by flow stasis within aneurysms 
and persistent endothelial dysfunction, often appearing 
disproportionate to the degree of fixed coronary stenosis.

Thrombotic occlusions within aneurysmal segments 
may undergo recanalization, often characterized by 
the development of multiple small, parallel channels 
within the original vessel lumen, known as a “lotus 
root” appearance.34,35 These channels restore some 
degree of flow, but are vulnerable to reocclusion due 

Figure 1. Management of patients with Kawasaki disease presenting with acute coronary syndrome.
CT indicates computed tomography; NSTE-ACS, non–ST-elevation acute coronary syndrome; PCI, percutaneous coronary interventions; STEMI, 
ST-segment–elevation myocardial infarction; and tPA, tissue-type plasminogen activator. Adapted from Jone et al.2
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CENTRAL ILLUSTRATION. Mechanism of acute coronary syndrome in atherosclerosis versus Kawasaki disease.
This figure contrasts the distinct pathophysiologic pathways leading to myocardial infarction (MI) in patients with traditional coronary artery 
disease versus those with a history of Kawasaki disease (KD). Left, acute coronary syndrome (ACS) in atherosclerosis is driven by traditional 
cardiovascular risk factors, such as smoking, hyperlipidemia, hypertension, and advanced age. The primary mechanism involves the rupture or 
erosion of a lipid-rich atherosclerotic plaque, leading to acute thrombus formation, luminal occlusion, and subsequent myocardial damage (infarct). 
Right, ACS in KD stems from a pediatric history of KD and coronary artery aneurysms (CAAs). The mechanism is characterized by multivessel 
involvement and the formation of large or giant aneurysms across different territories. ACS typically occurs due to a large clot filling the aneurysm 
or calcified intramural disease rather than plaque rupture.
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to progressive intimal thickening. Multivessel coronary 
involvement is prevalent; angiographic findings typically 
include multiple aneurysms across different coronary 
territories, frequently accompanied by mixed aneurys-
mal and stenotic diseases. Although ACS presentation 
is usually attributable to a single culprit vessel, exten-
sive nonculprit coronary abnormalities are commonly 
present.26,27

Well-developed coronary collateral circulation is fre-
quently observed in adolescents and young adults, 
reflecting a process of gradual coronary obstruction that 
typically begins in childhood and provides an extended 
window for adaptive remodeling.36 Even in cases where 
angiography suggests a normal coronary artery, occlu-
sion of small distal branches may only become appar-
ent through collateral filling from contralateral vessels. 
This underscores the importance of careful angiographic 
assessment extending into the venous phase.17 Despite 
robust collateral networks, patients with KD remain at 
risk for ACS; thrombotic occlusion or distal embolization 
can occur in segments beyond the reach of established 
collateral flow.

PATHOLOGIC CHARACTERISTICS OF 
CULPRIT LESIONS IN ADULT KD PATIENTS 
WITH ACS
Culprit lesions of ACS in adult patients with KD often 
present with high thrombus burden, mimicking the an-

giographic appearance of traditional atherosclerotic 
ACS.15 However, the underlying pathophysiology of 
thrombosis is distinct. Whereas typical ACS is driven 
by plaque ruptures, erosions, or calcified nodules,37,38 
KD-related ACS arises from functional and structural 
abnormalities in the vessel wall, specifically from CAAs 
that formed during the acute phase of the disease.15,32,39 
These aneurysms result from inflammation-mediated 
damage, including necrosis of medial smooth muscle 
cells and disruption of the internal elastic lamina.35,40 
Although some CAAs regress, others persist, and can 
pose lifelong risks of MI. Large or giant aneurysms, 
defined as having a Z score of ≥10 or a diameter ≥8 
mm, are associated with lifelong risk of cardiac events, 
including MI.6,9,41 Intravascular imaging and histopathol-
ogy often reveal layered mural thrombus, indicating that 
subclinical thrombosis occurs frequently in the absence 
of acute symptoms.31,35,42

Calcification and fibrosis are frequently observed in 
coronary arteries with CAAs in adult patients with KD using 
advanced imaging (eg, computed tomography [CT] cal-
cium scoring,43 coronary CT angiography [Figure 3],44–46  
intravascular ultrasound,32 optical coherence tomog-
raphy31,47–49) and pathologic investigations.34,40 These 
changes likely represent a response to vessel inflam-
mation, but the causal relationship between calcification 
or fibrosis and the occurrence of ACS in adult patients 
with KD remains unclear. In contrast, lipid plaques are 
rarely found in the coronary arteries of adult patients with 
KD.31,47 This indicates that the pathogenesis of ACS in 

Table.  Comparative Features of Atherosclerotic Coronary Artery Disease and Kawasaki Disease–Associated Coronary Artery 
Sequelae

Domain ASCAD KDCAS

Disease paradigm Chronic, lipid-driven inflammatory vascular disease Immune-mediated childhood vasculitis with lifelong coronary sequelae

Primary coronary abnormality Progressive atherosclerotic plaque formation Coronary artery aneurysm formation with maladaptive remodeling

Dominant vascular process Lipid accumulation, inflammation, and plaque  
progression

Intimal hyperplasia, fibrosis, and altered vessel architecture

Typical coronary morphology Diffuse concentric or eccentric stenoses Mixed aneurysmal and stenotic disease, often in the same vessel

Culprit lesion location in ACS Variable; often mid-to-distal segments Predominantly proximal epicardial arteries (RCA, proximal LAD, left 
main)

Mechanism of ACS Plaque rupture or erosion with superimposed  
thrombosis

Thrombosis within aneurysms or stenosis at aneurysm margins

Thrombotic phenotype Usually proportional to plaque burden Frequently high thrombus burden, often disproportionate to fixed 
stenosis

Intravascular imaging signature Thin cap fibroatheroma, plaque rupture or erosion Marked intimal thickening, calcifications, organized thrombus

Aneurysm relevance Rare, usually iatrogenic or after MI Defining features: size, number, and persistence determine risk

Histopathologic hallmarks Lipid-rich necrotic core, macrophages, calcification Intimal hyperplasia, fibrosis, media destruction, limited lipid deposition

Calcification Frequent and progressive Mainly in persistent aneurysms or aneurysms that have regressed

Collateral circulation Develops late in chronic ischemia Often well-developed from childhood due to gradual obstruction

Disease evolution Gradual plaque accumulation over decades Dynamic remodeling: aneurysm persistence or regression, stenosis, 
thrombosis

Clinical course of ACS Often isolated event related to focal plaque instability Occurs on background of diffuse, chronic coronary abnormalities

ACS indicates acute coronary syndrome; ASCAD, atherosclerotic coronary artery disease; KDCAS, Kawasaki disease–associated coronary artery sequelae; LAD, left 
anterior descending; MI, myocardial infarction; and RCA, right coronary artery.
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adult patients with KD differs from that in typical patients 
with ASCAD, in which lipid-rich plaques are the main 
cause.

Evidence suggests that chronic inflammation may 
persist in the coronary arteries of patients with KD 
long after recovery from the acute illness; indeed, 
macrophage accumulation has been identified in CAA 
in both pathology and optical coherence tomography 
studies.31,35,47 However, whether macrophages contrib-
ute to the development of ACS in adult patients with 
KD in the same manner as in atherosclerotic ACS is 
unclear. In addition, vasa vasorum in the intima and 
adventitia are common findings in pediatric and adult 
patients with KD with CAAs.31,40,47 The vasa vasorum 
are generally thought to be linked to the progression 
of atherosclerosis,50 but their role in patients with KD 
has yet to be clarified; they may promote vasculitis and 
CAA formation or, conversely, play a role in remodeling 
of CAAs.51,52

TECHNICAL CONSIDERATIONS FOR PCI 
IN ADULTS WITH PREVIOUS KD
PCI for ACS in adults with a history of KD (Figure 4, Fig-
ure S1, and Videos 1 and 2) is technically challenging due 
to the variable presence and severity of giant CAAs, fi-
brocalcification, and organized thrombus.25,53 As with any 
PCI for ACS, the foremost goals include restoration of 
antegrade flow while minimizing embolic complications 
and long-term device-related risks. The 2025 guidelines 
for atherosclerotic lesions emphasize complete revascu-
larization of clinically significant nonculprit lesions either 
during the index procedure or as a staged event, which 
may or may not be appropriate for KD.4 Wiring strategies 
often require a departure from conventional ACS prac-
tices. In giant aneurysms, hydrophilic guidewires may 
help traverse thrombus-laden segments and distorted 
anatomy with ambiguous exit points, although they carry 
a risk of subintimal passage or perforation. Gentle wire 

Figure 3. Coronary computed 
tomography angiography.
A, A cross-section of the proximal end 
of the aneurysm demonstrates near 
circumferential heavy calcification with a 
mural thrombus. B, A giant coronary artery 
aneurysm in the proximal left anterior 
descending (LAD) artery is calcified with a 
mural thrombus at the proximal end of the 
aneurysm.

Figure 2. Optical coherence 
tomography on a regressed giant 
aneurysm site. 
Optical coherence tomography (OCT) 
imaging (central insert) from a patient with 
multiple right coronary artery aneurysms 
(top, initial angiography) at the site of 
diameter regression (bottom, angiography 
comparison) of a giant aneurysm (arrows). 
The OCT reveals a heavily hyperplastic 
neoendothelial proliferation (B = measured 
0.66 mm), histologically known to be 
generated by excess myofibroblastic 
proliferations. OCT imaging (bottom OCT 
insert) obtained from a normal never-
aneurysmal coronary artery is provided 
for comparison (note the identical scale 
between the 2 OCT inserts and blue 
opposite poles lines around the circular 
catheter). In addition to the hyperplastic 
neoendothelial proliferation, an oval 
encapsulated calcified lesion is noted 
(adjacent to A).

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.126.080727
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.126.080727
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.126.080727
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.126.080727
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manipulation with early confirmation of true-lumen posi-
tion, ideally using intravascular imaging, is essential.

Balloon angioplasty is typically appropriate as the ini-
tial intervention once luminal wire position is secured. In 
some cases, it may be sufficient to restore antegrade flow, 
particularly when coupled with aggressive antithrombotic 
therapies. Historically, “plain old balloon angioplasty” has 
been favored over stents because metal stents may be 
undersized in lesions with large thrombus burden and may 
not be deployable in densely calcified lesions that cannot 
be dilated. Drug-eluting balloons represent an emerging 
technology of interest for which experience in KD lesions 
is lacking.54 Options for PCI may be limited to balloon 
angioplasty in pediatric patients with smaller arteries and 
associated constraints on guide catheter caliber.

Given the complexity of these lesions, routine intra-
vascular imaging is warranted to guide PCI and lesion 
preparation is recommended based on the 2025 ACS 
guidelines.4 Intravascular imaging with intravascular 
ultrasound or optical coherence tomography is invalu-
able in KD-related ACS cases to define true vessel size, 
thrombus burden, presence and distribution of calcifica-
tion, and postintervention results.55

Intracoronary stenting requires special caution in 
the KD context due to heightened risk of malposition, 
particularly when culprit lesions involve or abut aneu-
rysmal segments. When target lesions encompass both 
aneurysmal and normal segments, stent sizing and 
postdilation strategies can be complicated, posing risks 
of edge dissection, geographic miss, distal emboliza-
tion, impaired endothelialization, and late susceptibility 
to both restenosis and stent thrombosis. When angio-
plasty and medical therapy yield acceptable angio-
graphic results, a decision to defer stent implantation 
may be preferred. Covered stents have been success-
fully deployed to exclude CAA, but in-stent restenosis 
has been an issue.56,57 The long-term outcomes of this 
approach are not yet known.

Whereas routine use of manual aspiration thrombec-
tomy is not recommended for PCI in ACS associated 
with ASCAD,58 it may play a role in KD-related ACS 
associated with massive thrombus burden, particularly 
when initial balloon angioplasty fails to restore flow. 
However, the safety and success rate of this approach 
has not been established. In ASCAD, meta-analysis of 
thrombus aspiration in ST-segment–elevation MI does 

Figure 4. Key technical considerations for performing percutaneous coronary intervention in adult patients with coronary 
sequelae from childhood Kawasaki disease presenting with acute coronary syndrome.
The initial step involves selection of appropriate wiring strategies, including the use of hydrophilic guidewires. This is followed by balloon 
angioplasty. The third step emphasizes the use of intravascular imaging to guide the procedure. The fourth step outlines thrombus management 
focusing on antithrombotic therapy while noting that thrombus aspiration is not established as safe or effective. Furthermore, it highlights risks 
associated with stenting, including stent malposition and inappropriate stent sizing due to large thrombus burden and dense calcifications. 
Operators should anticipate potential complications and distal embolization. ACS indicates acute coronary syndrome; IVUS, intravascular 
ultrasound; LAD, left anterior descending; LMCA, left main coronary artery; OCT, optical coherence tomography; PCI, percutaneous coronary 
intervention; and POBA, plain old balloon angioplasty.
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not show a reduction in the risk of death, MI, or stent 
thrombosis, but is associated with a small increased risk 
of stroke.59 Innovations in thrombectomy technologies 
include mechanical devices with continuous suction as 
well as stent-retriever devices that are subjects of active 
investigation with yet undetermined role in the patient 
with KD.60,61 Laser vaporization of intracoronary throm-
bus uses a pulsed ultraviolet (xenon-chloride) laser that 
directly targets and vaporizes the thrombus. Excimer 
laser coronary angioplasty has been used for thrombosed 
culprit lesions in ST-segment–elevation MI, with mixed 
results.62,63 The published experience with excimer laser 
coronary angioplasty in KD is limited to a single case 
report.64 Because the culprit lesion in KD is frequently 
associated with dense calcification, advancement of the 
excimer laser coronary angioplasty catheter may be dif-
ficult or impossible. Intracoronary shockwave lithotripsy 
is an emerging tool that may play a role in circumferential 
aneurysmal calcification in KD.65

Distal embolization must be anticipated, and consid-
ered as a mechanism of no flow, slow flow, and no reflow 
beyond epicardial occlusion. Embolization and microvas-
cular obstruction are often present at baseline and may 
be exacerbated by PCI. Distal embolization with slow 
flow due to microvascular obstruction, spasm, or edema 
can be approached pharmacologically with intracoro-
nary adenosine, calcium channel blockers, nitroprusside, 
nicorandil, or epinephrine.66 Glycoprotein IIb/IIIa inhibi-
tors can also be considered. Nitroglycerin is less effective 
for true no reflow because it works mainly on epicardial 
arteries. Distal embolic protection devices (eg, filters) are 
conceptually attractive but empirically not validated in 
KD. Systemic or intracoronary thrombolysis remains an 
important adjunct or alternative when mechanical strate-
gies are insufficient or anatomically constrained. Registry 
data from Japan indicate higher use of thrombolysis in 
KD-related ACS compared with ASCAD.67

A coronary chronic total occlusion (CTO) is defined 
as complete occlusion (100% stenosis) of a coronary 
artery with no antegrade flow (TIMI [Thrombolysis in 
Myocardial Infarction] flow grade 0) for a duration 
of ≥3 months based on angiographic evidence.68,69 
Because CTO develops gradually, the coronary capil-
lary network often compensates by building collateral 
bridging vessels, and frequently evolves to maintain 
myocardial perfusion. CTOs are distinguished from 
acute total occlusions by their chronicity and patho-
logic composition. In contrast to atherosclerotic CTOs, 
KD-associated CTOs (Figure 5) are often character-
ized by extensive calcification, long-segment disease, 
organized thrombus with recanalized “lotus root” mor-
phology, and well-developed collateral circulation. 
Therefore, PCI may be substantially more challeng-
ing than conventional CTO intervention, with lower 
procedural success rates and increased risk of com-
plications. In asymptomatic patients with preserved 

ventricular function, normal stress imaging, and robust 
collateral circulation arising from coronary arteries free 
of significant KD-related pathology, conservative man-
agement is generally favored.

Revascularization should be guided by objective evi-
dence of ischemia and myocardial viability rather than 
angiographic appearance alone and should not be 
undertaken solely because a CTO is present. The long-
term stability of the collateral supply is an important con-
sideration in clinical decision-making. Concern arises 
when the CTO territory is dependent on collateral vessels 
that may have clinically significant stenosis, progressive 
aneurysmal disease, or multiple CAAs that may predis-
pose to future thrombosis. In such circumstances, revas-
cularization may be considered even in the absence of 
demonstrable ischemia, particularly in younger patients 
with longer anticipated life expectancy. Conversely, when 
the collateral coronary artery is relatively preserved, col-
lateral flow is robust, ventricular function is normal, and 
no objective evidence of ischemia is present, conserva-
tive management remains a reasonable strategy.

Overall, decisions regarding revascularization of KD-
associated CTOs should incorporate not only symptoms, 
ischemia burden, ventricular function, and patient age, 
but also the integrity and anticipated durability of the 
collateral circulation. Given the complex anatomy, severe 
calcification, and unique lesion morphology frequently 
encountered in KD-associated CTOs, the procedural 
risks and likelihood of durable success must be carefully 
weighed against the potential benefits of intervention. If 
routine clinical surveillance reveals a new CTO in KD-
related CAA, an ECG and cardiac enzymes should be 
obtained, the patient should be assessed for inducible 

Figure 5. Left coronary artery angiography.
A selective left coronary artery angiography demonstrates patent left 
coronary circulation with rich collateral neovascularization (arrows) 
to an occluded right coronary artery with parietal macrocalcification 
(stars) along most of its length.
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ischemia using functional stress testing, and their antico-
agulation regimen should be reevaluated.

ANTITHROMBOTIC THERAPY AFTER ACS
Establishing an effective antithrombotic regimen after 
ACS in KD requires a nuanced approach that accounts 
for the patient’s existing coronary anatomy and previ-
ous treatment history. For patients with large or giant 
CAAs, standard management typically involves system-
ic anticoagulation using warfarin, low-molecular-weight 
heparin (particularly in newly diagnosed pediatric cas-
es), or direct oral anticoagulants. This anticoagulation 
is frequently combined with aspirin or dual antiplatelet 
therapy (DAPT). Although aspirin or DAPT is the pri-
mary indication for small or medium CAAs, clinicians 
may occasionally consider anticoagulation for aneu-
rysms that have regressed to medium size but remain 
at high risk for luminal narrowing due to thrombosis.2 
In instances of aspirin hypersensitivity, clopidogrel or 
another P2Y12 inhibitor serves as an appropriate al-
ternative.2,16,17

Antiplatelet Therapy
In adults with ASCAD and ACS, the standard of care in-
volves DAPT—consisting of low-dose aspirin (75–162 
mg for adults; 3–5 mg/kg for children) and a P2Y12 
inhibitor (eg, clopidogrel, ticagrelor, prasugrel)—for 12 
months.4,70 This duration is intended to prevent recurrent 
thrombosis while balancing the inherent risk of hemor-
rhage. Depending on the individual’s risk profile, DAPT 
courses may be shortened to 3 to 6 months or extended 
further. For long-term secondary prevention, although as-
pirin has historically been the gold standard, recent evi-
dence suggests clopidogrel may offer a more favorable 
clinical profile.71

For patients with KD who receive drug-eluting stents 
during ACS treatment, DAPT is generally recommended 
for a full year.4,70 In cases where the patient is already on 
anticoagulation, such as in patients with giant CAA, the 
primary challenge is balancing the risk of stent throm-
bosis against that of major bleeding. A regimen of “triple 
therapy”—combining anticoagulation with DAPT—may be 
used for up to 1 year in those with low risk of bleeding 
and high risk of recurrent coronary thrombosis. However, 
when the risk of serious bleeding is judged to be high, 
aspirin is dropped after 1 week, and an oral anticoagu-
lant plus a P2Y12 inhibitor is continued for 12 months. 
Similarly, for those undergoing CABG, DAPT with aspirin 
together with a P2Y12 inhibitor should be reintroduced 
early postoperatively to ensure graft patency.72 Aspirin 
alone may be sufficient after 6 to 12 months, but those 
with preexisting giant CAAs must continue their antico-
agulation alongside antiplatelet therapy.2,72 This same 
integrated protocol of DAPT with or without preexisting 

anticoagulation may be followed in patients with ACS 
who are treated with thrombolysis.73

Anticoagulant Therapy
Anticoagulation is indicated for patients with KD with gi-
ant CAAs after ACS, as failure to maintain this therapy 
has been linked to higher rates of recurrent events.2,16,17,74 
Because adults with atherosclerotic disease often face a 
high risk of bleeding events when on triple therapy (anti-
coagulation with DAPT), tools to stratify bleeding risk are 
used to optimize the net clinical benefit of antithrombotic 
treatment regimens.72 Children and young adults appear 
to tolerate these combinations with a lower incidence of 
major bleeding.75

Warfarin has traditionally been the most frequently 
prescribed, but there has been a progressive shift toward 
direct oral anticoagulants in both adults and children 
because they require less invasive monitoring, are not 
affected by food with vitamin K, and carry a lower risk of 
vascular calcification.2,76 Randomized trials of apixaban77 
and edoxaban78 reported that bleeding and thromboem-
bolism were uncommon. A series in predominantly adults 
with KD added to the literature on direct oral anticoagulant 
use in patients with giant aneurysms.79 Furthermore, the 
availability of reversal agents, such as 4-factor prothrom-
bin complex concentrate for apixaban and idarucizumab 
for dabigatran, provides a safety net for severe bleeding. 

LIPID-LOWERING AND ANTI-
INFLAMMATORY THERAPIES
Statins are used in KD for both their lipid-lowering capa-
bilities and their pleiotropic, anti-inflammatory effects. They 
are a foundational therapy for treatment and secondary 
prevention in ACS in the general population,80 but direct 
evidence in KD-associated ACS is lacking.81,82 Despite this 
gap, the initiation of statin therapy is considered reason-
able in patients with KD with CAA based on extrapolation 
of data from the general adult ACS population and the es-
tablished benefits of reducing low-density lipoprotein cho-
lesterol levels to prevent recurrent ischemic events.

In KD-associated ACS, coronary events most com-
monly result from thrombosis within CAAs rather than 
classic plaque rupture. Nevertheless, patients with pre-
vious KD may demonstrate persistent dyslipidemia and 
endothelial dysfunction, which may contribute to prema-
ture atherosclerosis.83–85 Beyond cholesterol manage-
ment, statins may provide disease-modifying benefits 
through anti-inflammatory mechanisms independent of 
lipid-lowering. Elevated inflammatory biomarkers, includ-
ing high-sensitivity CRP (C-reactive protein), serum amy-
loid A, and calprotectin, have been reported in patients 
with persistent CAA.39,86 Advanced imaging studies have 
demonstrated ongoing coronary arterial wall inflamma-
tion years after the acute illness.87
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In a murine model of CAA, statin therapy suppressed 
inflammatory cell infiltration within the vascular wall.88 
Small clinical studies in patients with coronary aneu-
rysms have demonstrated reductions in high-sensitivity 
CRP and improvements in endothelial function.89,90 
Imaging case reports have also suggested reductions 
in coronary inflammation with statin therapy, with recur-
rence after discontinuation.91 However, statins were not 
routinely prescribed after ACS in a Japanese real-world 
cohort, highlighting variability in clinical practice.11

Colchicine represents an additional potential anti-
inflammatory strategy. Low-dose colchicine has been 
shown to reduce major adverse cardiovascular events 
as secondary prevention in adults with coronary artery 
disease.92 However, no studies have specifically evalu-
ated colchicine in KD, and its safety and efficacy in this 
population remain uncertain.

CABG IN KD
CABG is an established revascularization strategy for 
both adults and children with KD.93,94 For adolescents 
or adults, technical considerations include graft design, 
aneurysm intervention, approach, and postoperative 
medications. Although the optimal CABG graft de-
sign for KD is not fully established, longitudinal data 
provide insights. Tadokoro et al95 analyzed a series of 
92 patients with KD who underwent CABG between 
1982 and 2017 at a mean age of 15 years. They con-
cluded that the use of multiple arterial conduits, such 
as bilateral internal thoracic, radial, or gastroepiploic 
arteries, did not significantly alter overall survival, but 
resulted in fewer cardiac events compared with the use 
of a single arterial conduit. Given that multiple arterial 
conduits have been reported to yield better long-term 
outcomes in adults with atherosclerotic disease,96 this 
concept may be applied to patients with KD. The series 
by Tadokoro et al95 also reported absence of aneurysm 
rupture, suggesting that KD-associated CAAs, which 
typically develop a calcified wall over time, rarely rupture 
over the long term. Rather, thrombosis in the aneurysms 
is the major concern,26 as 4 sudden deaths occurred 
within 6 years after the surgery. Therefore, a combined 
regimen of anticoagulation and antiplatelet therapy is 
essential after CABG in patients with residual giant 
CAAs. Furthermore, advanced surgical techniques, in-
cluding minimally invasive, robotically assisted mini-left 
thoracotomy, have proven feasible and may shorten the 
hospital stay.97

A growing population of interest is adults who under-
went CABG as children or adolescents presenting with 
ischemia in previously nonrevascularized territories. Most 
of these patients initially received a left internal mam-
mary artery graft to the left anterior descending artery. 
Some patients had saphenous vein grafts to the right 
coronary artery or circumflex territories, which became 

stenosed or occluded. Managing these patients requires 
specialized expertise in complex, repeat surgical revas-
cularization, particularly when navigating patent internal 
mammary artery grafts.

HEART TEAM AND SURVEILLANCE AFTER 
PCI AND CABG
Patients with KD with a history of ACS face increased risk 
for future cardiovascular events, including recurrent MI, 
heart failure, and death. Long-term data from Japan indi-
cate a 30-year post-MI survival rate of 62.7% and a 25-
year freedom from ventricular tachycardia rate of 28.5%. 
Higher risk of ventricular tachycardia is associated with 
lower left ventricular ejection fraction (LVEF) after MI and 
persistent myocardial perfusion abnormalities.98

After revascularization, patients require close moni-
toring and strict adherence to antithrombotic regimens. 
Revascularization addresses luminal stenosis, but CAAs 
may persist; therefore, long-term anticoagulation may 
still be required, based on aneurysm size and thrombotic 
risk.2 β-Blockers and angiotensin-converting enzyme 
inhibitors or angiotensin receptor blockers are standard 
in adult patients with previous MI and LVEF <40%,99 and 
should be considered in pediatric patients after ACS.2 
Statins may be considered in children >2 years of age 
for their pleiotropic anti-inflammatory effects, although 
randomized controlled trials specifically supporting their 
efficacy in KD are lacking.81,82 These findings emphasize 
the importance of lifelong cardiovascular surveillance 
and comprehensive secondary prevention in KDACS.

Although coronary artery abnormalities in KD arise 
through mechanisms distinct from atherosclerosis, 
patients with coronary abnormalities resulting from KD 
may also develop superimposed ASCAD. Therefore, 
long-term management should emphasize aggressive 
cardiovascular risk reduction, including blood pressure 
monitoring, lipid screening, and lifestyle counseling.2 
American Heart Association recommendations suggest 
that patients with KDCAS be treated at thresholds for 
those at high risk for premature atherosclerosis.100

Imaging surveillance in KD differs from the symptom-
driven strategies in ASCAD.99 Coronary CT angiogra-
phy (Figure 6) can be used as surveillance imaging 1 
year after PCI and CABG to assess CAAs to monitor 
for progression, recurrent thrombosis, future stenosis 
prognostication, mural changes, and additional calcifica-
tions.45 Repeat coronary CT angiography every 3 to 5 
years may be reasonable.45 Functional surveillance with 
stress echocardiography, stress perfusion cardiac mag-
netic resonance imaging, or nuclear perfusion imaging 
are performed to identify inducible ischemia and may 
predict major adverse cardiovascular events in patients 
with KD.101,102 Detailed surveillance strategies are out-
lined in the 2024 American Heart Association KD 
update and recent guidance on multimodality coronary 
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ischemia testing.2,103 Emerging imaging technologies 
may further enhance longitudinal assessment. Photon-
counting detector CT offers improved spatial resolution 
and a superior ability to overcome calcification artifacts 
compared with conventional CT angiography.104,105 This 
would be important in patients with KD with heavily calci-
fied aneurysms to exclude coronary stenosis or to evalu-
ate coronary stents after PCI, although no KD-specific 
photon-counting CT reports have been published to 
date. Ferumoxytol-enhanced coronary magnetic reso-
nance angiography has been correlated with invasive 
catheter angiography for diagnosing coronary artery ste-
nosis in KD. Coronary vessel wall imaging with 2- and 3- 
dimensional black blood turbo spin echo sequences are 
promising cardiac magnetic resonance imaging tech-
niques that may allow direct visualization of vessel wall 
remodeling and monitoring of progressive intimal prolif-
eration in patients with KD.106

Management of ACS in KD requires a lifelong, multi-
disciplinary heart team approach that integrates pediat-
ric and adult cardiovascular expertise. Revascularization 
decisions should be individualized on the basis of lesion 
complexity, patient characteristics, and anticipated long-
term outcomes, with coordinated postprocedural care 
including antithrombotic therapy, surveillance imaging, 
and cardiac rehabilitation. For adults presenting with 
non–ST-segment–elevation MI or unstable angina who 
are clinically stable, transfer to specialized centers with 
expertise in KD-related coronary interventions should be 
considered when feasible.22 Elective revascularization is 
ideally performed at dedicated KD referral centers, where 
concentrated experience facilitates optimal patient care, 
systematic outcomes assessment, and evaluation of 
emerging technologies, such as intravascular lithotripsy, 
drug-coated balloons, and novel stent strategies.

PROGNOSIS AFTER PCI AND CABG
Reports on outcomes after PCI in patients with KD re-
main limited and are based on small patient cohorts. PCI 
is more frequently used than CABG to treat ASCAD, 

but its application in KD is restricted by the presence 
of complex giant aneurysms, extensive calcification, and 
a high propensity for recurrent stenoses necessitating 
reinterventions. These procedures are inherently more 
complex than standard interventions, often necessitating 
percutaneous transluminal coronary rotational atherec-
tomy rather than plain old balloon angioplasty for treating 
severe, highly calcified coronary artery stenosis.107 Data 
on long-term PCI outcomes are constrained by small co-
hort sizes, but successful interventions have demonstrat-
ed target vessel patency >10 years.17,25,108–110 However, 
target-lesion revascularization rates remain significantly 
higher after PCI compared with CABG.107,108,111

In contrast, CABG has established an excellent track 
record of postoperative outcomes in patients with KD 
spanning >50 years.108,112,113 A Japanese nationwide sur-
vey reported a 30-day operative mortality rate of <1%.114 
Factors associated with poor early outcomes include 
acute MI, heart failure, cardiogenic shock, need for addi-
tional cardiac mechanical support, history of an arrhyth-
mia, low preoperative LVEF, New York Heart Association 
Class ≥III, and emergency surgery status. Outcomes for 
internal mammary artery grafts in children <12 years of 
age have improved with appropriate indications and plain 
old balloon angioplasty for anastomotic stenoses.115,116 
Grafts that remain patent with adequate flow 1 year after 
surgery typically remain patent for >20 years.112 For 
adult patients with low LVEF, off-pump CABG has proven 
beneficial.114,116

The 10-year survival rate after CABG in patients 
with KD is high (≈94%), but the 10-year overall car-
diac event–free survival rate, including repeat coronary 
revascularization after CABG, is only ≈66%.114 Roughly 
10% to 20% of patients will require a second coronary 
revascularization procedure within 10 years of their initial 
CABG. Furthermore, a recent review of severe KD-related 
cardiovascular events highlighted gaps in secondary 
prevention: one-quarter of patients with ACS and KD 
smoked, and fewer than one-third were discharged on 
statins after an ACS event.11 Long-term prognosis after 
CABG is closely linked to LVEF and management of  

Figure 6. Three-dimensional 
reconstruction of coronary computed 
tomography angiography.
Scans from patients with Kawasaki disease 
and right coronary artery coronary artery 
aneurysm (RCA CAA): left, 41-year-old 
woman; right, 2-year-old girl.
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cardiovascular risk factors. As this population ages, vigi-
lant management of atherosclerosis risk factors is essen-
tial to lower the risk of progressive disease in nongrafted 
native coronary arteries and to maintain long-term graft 
patency.

KD PATIENT PASSPORT
Patient passports are being used in rare disease to help 
support communication of healthcare providers with pa-
tients and families.117 Their use presents an especially im-
portant opportunity to improve care of patients with CAA 
secondary to KD. A health passport can help facilitate a 
structured healthcare transition for patients with KD as 
they move from parent-supervised pediatric care to inde-
pendent adult management. The transition to adulthood is 
a period of high vulnerability; without a planned process, 
young adults often fall through the cracks of the healthcare 
system, leading to increased morbidity and mortality.118 This 
risk is underscored by a survey in Japan, where >40% of 
patients with KD with coronary artery lesions were lost to 
follow-up.119 A health passport bridges this gap by docu-
menting clinical details that might otherwise be forgotten, 
such as the initial disease severity and maximal coronary 
internal diameter with Z scores. We hypothesize that inclu-
sion in the passport of an image file containing the latest 
known coronary artery anatomy would enhance the suc-
cess of timely, successful treatment in the event of an ACS.

The Taiwan Kawasaki Disease Children’s Health 
Passport serves as a patient-held record that documents 
diagnosis, coronary status, and therapies, such as anti-
platelet and anticoagulant treatment. It also provides a 
simplified framework for recommended surveillance and 
follow-up based on coronary involvement. Although not 
a substitute for individualized medical care, the passport 
can help families understand the importance of lifelong 
monitoring. By providing adult cardiologists with a con-
cise summary of a patient’s KD history and CAAs, the 
passport may facilitate timely recognition and treatment 
of ACS (KD Passport in the Supplemental Material). Ulti-
mately, health passports can improve continuity of care 
and reduce lapses in follow-up across the lifespan.

CONCLUSION
ACS in patients with history of KD is a distinct clinical 
entity that differs fundamentally from ASCAD in patho-
physiology, anatomy, clinical presentation, and man-
agement. Although the overall incidence of CAAs has  
declined in the era of timely intravenous immunoglobulin 
therapy, patients with large or giant aneurysms remain 
at lifelong risk for thrombosis, stenosis, MI, and sudden 
death. As this population ages, clinicians across pediatric 
and adult cardiovascular disciplines will increasingly en-
counter KD-associated ACS.

Optimal care requires early recognition of ACS symp-
toms in patients with a history of KD and understanding 
of the unique angiographic phenotype characterized by 
aneurysmal segments, high thrombus burden, calcifica-
tion, and complex multivessel involvement. Revascular-
ization strategies, whether thrombolysis, PCI, or CABG, 
must be individualized and guided by intravascular 
imaging whenever feasible. Antithrombotic regimens 
require careful balancing of thrombosis and bleeding 
risks, particularly in patients requiring combined anti-
coagulation and antiplatelet therapy. Secondary pre-
vention should include aggressive cardiovascular risk 
factor modification.

Given the ongoing risk of major adverse cardiovascu-
lar events decades after the acute illness in patients with 
large or giant CAAs, lifelong surveillance, aggressive car-
diovascular risk reduction, and structured transition from 
pediatric to adult care are essential to improve long-term 
survival. Future research should prioritize prospective 
registries, refinement of risk stratification tools, and KD-
specific therapeutic trials to move beyond extrapolation 
from atherosclerotic disease. A disease-specific frame-
work for the recognition, acute management, revas-
cularization, antithrombotic therapy, and longitudinal 
surveillance of KD-associated ACS is key to improving 
outcomes in this growing population.

ARTICLE INFORMATION
Affiliations
Department of Pediatrics, Pediatric Cardiology, Ann & Robert Lurie Children’s 
Hospital of Chicago, Northwestern University Feinberg School of Medicine, 
IL (P.-N.J.). Departments of Cardiology (J.W.N.) and Cardiac Surgery (L.G.Q.), 
Boston Children’s Hospital, MA. Departments of Pediatrics (J.W.N.) and Sur-
gery (L.G.Q.), Harvard Medical School, Boston, MA. Department of Pediatrics, 
Rady Children’s Hospital, University of California San Diego (J.C.B.). Mount Si-
nai Fuster Heart Hospital, Icahn School of Medicine at Mount Sinai, New York, 
NY (M.I.T.). Department of Pediatric Cardiology and Pediatric Intensive Care, 
Ludwig-Maximilians-University of Munich, Germany (A.J.). Department of Car-
diovascular Medicine, Wakayama Medical University, Japan (Y.S.). Division of 
Cardiac Surgery, National Cerebral and Cardiovascular Center, Osaka, Japan 
(S.F.). Department of Pediatrics, Mie University Graduate School of Medicine, 
Japan (Y.M.). Department of Pediatrics, National Taiwan University Children’s 
Hospital, Taipei (M.-T.L.). Paediatric Cardiology Services, Royal Brompton & 
Harefield NHS Foundation Trust, London, UK (A.F.). Cardiovascular Center, 
Fukuoka Sanno Hospital, Fukuoka, Japan (H.Y.). Department of Cardiology, 
Tenri Hospital, Japan (T.T.). Mount Sinai Children’s Heart Center, New York, 
NY (N.C.). San Diego Cardiac Center, CA (J.B., J.B.G.). Department of Pedi-
atric Cardiology, National Cerebral and Cardiovascular Center, Osaka, Japan 
(E.T.). Division of Pediatric Cardiology, CHU Ste-Justine, University of Montreal, 
Canada (N.D.). Department of Pediatrics and Child Health, Kurume University 
School of Medicine, Fukuoka, Japan (K.S.).

Acknowledgments
The authors thank Dylan Schellenberg for helping with the resolution and format-
ting of the figures.

Disclosures
Dr Fraisse is a consultant and proctor for Abbott, Medtronic, Venus MedTech, Oc-
clutech, and Meril. None of these relationships is relevant to this article.

Supplemental Material
Kawasaki Disease Passport
Figure S1
Videos S1–S2

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.126.080727


IN DEPTH

Circulation. 2026;154:1135–1150. DOI: 10.1161/CIRCULATIONAHA.126.080727� September 22, 2026 1147

Jone et al Kawasaki Disease Acute Coronary Syndrome

REFERENCES

	 1.	 Burns JC. History of the worldwide emergence of Kawasaki disease. Int J 
Rheum Dis. 2018;21:13–15. doi: 10.1111/1756-185X.13214

	 2.	 Jone PN, Tremoulet A, Choueiter N, Dominguez SR, Harahsheh AS, Mitani 
Y, Zimmerman M, Lin MT, Friedman KG; American Heart Association Rheu-
matic Fever, Endocarditis, and Kawasaki Disease Committee of the Coun-
cil on Lifelong Congenital Heart Disease and Heart Health in the Young; 
Council on Cardiovascular and Stroke Nursing; Council on Cardiovascular 
Radiology and Intervention; and Council on Clinical Cardiology. Update on 
diagnosis and management of Kawasaki disease: a scientific statement 
from the American Heart Association. Circulation. 2024;150:e481–e500. 
doi: 10.1161/CIR.0000000000001295

	 3.	 Burns JC, El-Said H, Tremoulet AH, Friedman K, Gordon JB, Newburger 
JW. Management of myocardial infarction in children with giant coronary 
artery aneurysms after Kawasaki disease. J Pediatr. 2020;221:230–234. 
doi: 10.1016/j.jpeds.2020.02.033

	 4.	 Rao SV, O’Donoghue ML, Ruel M, Rab T, Tamis-Holland JE, Alexander JH, 
Baber U, Baker H, Cohen MG, Cruz-Ruiz M, et al. 2025 ACC/AHA/ACEP/
NAEMSP/SCAI guideline for the management of patients with acute coro-
nary syndromes: a report of the American College of Cardiology/American 
Heart Association joint committee on clinical practice guidelines. Circulation. 
2025;151:e771–e862. doi: 10.1161/CIR.0000000000001309

	 5.	 Nakamura Y, Yashiro M, Yanagawa H. Epidemiology of Kawasaki disease 
in Japan in 2021-2022: results of the 27th nationwide survey. Pediatr Int. 
2025;67:e70007. doi: 10.1111/ped.70007

	 6.	 McCrindle BW, Manlhiot C, Newburger JW, Harahsheh AS, Giglia TM, 
Dallaire F, Friedman K, Low T, Runeckles K, Mathew M, et al; International 
Kawasaki Disease Registry. Medium-term complications associated with 
coronary artery aneurysms after Kawasaki disease: a study from the Inter-
national Kawasaki Disease Registry. J Am Heart Assoc. 2020;9:e016440. 
doi: 10.1161/JAHA.119.016440

	 7.	 Manlhiot C, Newburger JW, Low T, Dahdah N, Mackie AS, Raghuveer G, 
Giglia TM, Dallaire F, Mathew M, Runeckles K, et al; International Kawasaki 
Disease Registry. Low-molecular-weight heparin vs warfarin for thrombo-
prophylaxis in children with coronary artery aneurysms after Kawasaki dis-
ease: a pragmatic registry trial. Can J Cardiol. 2020;36:1598–1607. doi: 
10.1016/j.cjca.2020.01.016

	 8.	 Manlhiot C, Millar K, Golding F, McCrindle BW. Improved classifica-
tion of coronary artery abnormalities based only on coronary artery z-
scores after Kawasaki disease. Pediatr Cardiol. 2010;31:242–249. doi: 
10.1007/s00246-009-9599-7

	 9.	 Miura M, Kobayashi T, Kaneko T, Ayusawa M, Fukazawa R, Fukushima N, 
Fuse S, Hamaoka K, Hirono K, Kato T, et al; The Z-score Project 2nd Stage 
Study Group. Association of severity of coronary artery aneurysms in pa-
tients with Kawasaki disease and risk of later coronary events. JAMA Pedi-
atr. 2018;172:e180030. doi: 10.1001/jamapediatrics.2018.0030

	10.	 Fukazawa R, Kobayashi T, Mikami M, Saji T, Hamaoka K, Kato H, Suzuki H, 
Tsuda E, Ayusawa M, Miura M, et al. Nationwide survey of patients with giant 
coronary aneurysm secondary to Kawasaki disease 1999-2010 in Japan. 
Circ J. 2017;82:239–246. doi: 10.1253/circj.CJ-17-0433

	11.	 Mitani Y, Nakai M, Tsuda E, Tamura T, Shiono Y, Yokoi H, Ohashi H, 
Sawada H, Hirayama M. Severe cardiovascular sequelae in adults af-
ter Kawasaki disease. JAMA Netw Open. 2025;8:e2526396. doi: 
10.1001/jamanetworkopen.2025.26396

	12.	 Huang SK, Lin MT, Chen HC, Huang SC, Wu MH. Epidemiology of Ka-
wasaki disease: prevalence from national database and future trends pro-
jection by system dynamics modeling. J Pediatr. 2013;163:126–131. doi: 
10.1016/j.jpeds.2012.12.011

	13.	 Daniels LB, Tjajadi MS, Walford HH, Jimenez-Fernandez S, Trofimenko V, 
Fick DB Jr., Phan HA, Linz PE, Nayak K, Kahn AM, et al. Prevalence of Kawa-
saki disease in young adults with suspected myocardial ischemia. Circulation. 
2012;125:2447–2453. doi: 10.1161/CIRCULATIONAHA.111.082107

	14.	 Tsuda E, Abe T, Tamaki W. Acute coronary syndrome in adult patients with 
coronary artery lesions caused by Kawasaki disease: review of case reports. 
Cardiol Young. 2011;21:74–82. doi: 10.1017/S1047951110001502

	15.	 Mitani Y, Tsuda E, Kato H, Higaki T, Fujiwara M, Ogawa S, Satoh F, Nakamura 
Y, Takahashi K, Ayusawa M, et al. Emergence and characterization of acute 
coronary syndrome in adults after confirmed or missed history of Kawasaki 
disease in Japan: a Japanese Nationwide Survey. Front Pediatr. 2019;7:275. 
doi: 10.3389/fped.2019.00275

	16.	 McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz 
M, Baker AL, Jackson MA, Takahashi M, Shah PB, et al; American Heart 
Association Rheumatic Fever, Endocarditis, and Kawasaki Disease Com-

mittee of the Council on Cardiovascular Disease in the Young; Council on 
Cardiovascular and Stroke Nursing; Council on Cardiovascular Surgery 
and Anesthesia; and Council on Epidemiology and Prevention. Diagnosis,  
treatment, and long-term management of Kawasaki disease: a scientific 
statement for health professionals from the American Heart Association. Cir-
culation. 2017;135:e927–e999. doi: 10.1161/CIR.0000000000000484

	17.	 Fukazawa R, Kobayashi J, Ayusawa M, Hamada H, Miura M, Mitani Y, 
Tsuda E, Nakajima H, Matsuura H, Ikeda K, et al; Japanese Circulation 
Society Joint Working Group. JCS/JSCS 2020 guideline on diagnosis 
and management of cardiovascular sequelae in Kawasaki disease. Circ J. 
2020;84:1348–1407. doi: 10.1253/circj.CJ-19-1094

	18.	 Grande Gutierrez N, Mathew M, McCrindle BW, Tran JS, Kahn AM, Burns 
JC, Marsden AL. Hemodynamic variables in aneurysms are associ-
ated with thrombotic risk in children with Kawasaki disease. Int J Cardiol. 
2019;281:15–21. doi: 10.1016/j.ijcard.2019.01.092

	19.	 Burns JC, Glode MP, Clarke SH, Wiggins J Jr., Hathaway WE. Coagu-
lopathy and platelet activation in Kawasaki syndrome: identification of pa-
tients at high risk for development of coronary artery aneurysms. J Pediatr. 
1984;105:206–211. doi: 10.1016/s0022-3476(84)80114-6

	20.	 Kato H, Ichinose E, Kawasaki T. Myocardial infarction in Kawasaki dis-
ease: clinical analyses in 195 cases. J Pediatr. 1986;108:923–927. doi: 
10.1016/s0022-3476(86)80928-3

	21.	 Ghelani SJ, Baker AL, Friedman K, Dionne A, de Ferranti S, Cohen KF, 
Newburger JW. Myocardial infarction in Kawasaki disease. J Pediatr. 
2025;284:114638. doi: 10.1016/j.jpeds.2025.114638

	22.	 Brogan P, Burns JC, Cornish J, Diwakar V, Eleftheriou D, Gordon JB, Gray 
HH, Johnson TW, Levin M, Malik I, et al; Kawasaki Disease Writing Group, 
on behalf of the Royal College of Paediatrics and Child Health, and the 
British Cardiovascular Society. Lifetime cardiovascular management of 
patients with previous Kawasaki disease. Heart. 2020;106:411–420. doi: 
10.1136/heartjnl-2019-315925

	23.	 Wang H, Dummer K, Tremoulet AH, Newburger J, Burns JC, VanderPluym 
C. A thrombolytic protocol of bivalirudin for giant coronary artery aneurysms 
and thrombosis in Kawasaki disease. J Pediatr. 2024;275:114233. doi: 
10.1016/j.jpeds.2024.114233

	24.	 Daniels LB, Roberts S, Moreno E, Tremoulet AH, Gordon JB, Burns JC. 
Long-term health outcomes in young adults after Kawasaki disease. Int J 
Cardiol Heart Vasc. 2022;40:101039. doi: 10.1016/j.ijcha.2022.101039

	25.	 Gordon JB, Daniels LB, Kahn AM, Jimenez-Fernandez S, Vejar M, Numano 
F, Burns JC. The spectrum of cardiovascular lesions requiring intervention 
in adults after Kawasaki disease. JACC Cardiovasc Interv. 2016;9:687–696. 
doi: 10.1016/j.jcin.2015.12.011

	26.	 Kato H, Sugimura T, Akagi T, Sato N, Hashino K, Maeno Y, Kazue T, Eto G, 
Yamakawa R. Long-term consequences of Kawasaki disease: a 10- to 21-
year follow-up study of 594 patients. Circulation. 1996;94:1379–1385. doi: 
10.1161/01.cir.94.6.1379

	27.	 Gordon JB, Kahn AM, Burns JC. When children with Kawasaki disease grow 
up: myocardial and vascular complications in adulthood. J Am Coll Cardiol. 
2009;54:1911–1920. doi: 10.1016/j.jacc.2009.04.102

	28.	 Weisser J, Arnold L, Wällisch W, Quandt D, Opgen-Rhein B, Riede FT, Gräfe 
F, Michel J, Arnold R, Schneider H, et al. Specific morphology of coronary ar-
tery aneurysms in mainly White patients with Kawasaki disease: initial data 
from the Cardiac Catheterization in Kawasaki Disease Registry. J Am Heart 
Assoc. 2024;13:e034248. doi: 10.1161/JAHA.124.034248

	29.	 Dionne A, Ibrahim R, Gebhard C, Benovoy M, Leye M, Déry J, Lapierre C, 
Girard P, Fournier A, Dahdah N. Difference between persistent aneurysm, 
regressed aneurysm, and coronary dilation in Kawasaki disease: an opti-
cal coherence tomography study. Can J Cardiol. 2018;34:1120–1128. doi: 
10.1016/j.cjca.2018.05.021

	30.	 Orenstein JM, Shulman ST, Fox LM, Baker SC, Takahashi M, Bhatti TR, 
Russo PA, Mierau GW, de Chadarévian JP, Perlman EJ, et al. Three linked 
vasculopathic processes characterize Kawasaki disease: a light and trans-
mission electron microscopic study. PLoS One. 2012;7:e38998. doi: 
10.1371/journal.pone.0038998

	31.	 Shiono Y, Takahata M, Ino Y, Tanimoto T, Kakimoto N, Suenaga T, Suzuki T, 
Taruya A, Wada T, Ota S, et al. Pathological alterations of coronary arteries 
late after Kawasaki disease: an optical coherence tomography study. JACC 
Adv. 2024;3:100937. doi: 10.1016/j.jacadv.2024.100937

	32.	 Mitani Y, Ohashi H, Sawada H, Ikeyama Y, Hayakawa H, Takabayashi 
S, Maruyama K, Shimpo H, Komada Y. In vivo plaque composi-
tion and morphology in coronary artery lesions in adolescents 
and young adults long after Kawasaki disease: a virtual histology- 
intravascular ultrasound study. Circulation. 2009;119:2829–2836. doi: 
10.1161/CIRCULATIONAHA.108.818609



IN
 D

EP
TH

September 22, 2026� Circulation. 2026;154:1135–1150. DOI: 10.1161/CIRCULATIONAHA.126.0807271148

Jone et al Kawasaki Disease Acute Coronary Syndrome

	33.	 Fukazawa R, Ikegam E, Watanabe M, Hajikano M, Kamisago M, Katsube 
Y, Yamauchi H, Ochi M, Ogawa S. Coronary artery aneurysm induced by 
Kawasaki disease in children show features typical senescence. Circ J. 
2007;71:709–715. doi: 10.1253/circj.71.709

	34.	 Takahashi K, Oharaseki T, Naoe S. Pathological study of postcoronary ar-
teritis in adolescents and young adults: with reference to the relationship 
between sequelae of Kawasaki disease and atherosclerosis. Pediatr Cardiol. 
2001;22:138–142. doi: 10.1007/s002460010180

	35.	 Takahashi K, Oharaseki T, Yokouchi Y. Histopathological aspects of cardio-
vascular lesions in Kawasaki disease. Int J Rheum Dis. 2018;21:31–35. doi: 
10.1111/1756-185X.13207

	36.	 Suda K, Iemura M, Nishiono H, Teramachi Y, Koteda Y, Kishimoto S, 
Kudo Y, Itoh S, Ishii H, Ueno T, et al. Long-term prognosis of patients 
with Kawasaki disease complicated by giant coronary aneurysms: a 
single-institution experience. Circulation. 2011;123:1836–1842. doi: 
10.1161/CIRCULATIONAHA.110.978213

	37.	 Libby P. Mechanisms of acute coronary syndromes and their im-
plications for therapy. N Engl J Med. 2013;368:2004–2013. doi: 
10.1056/NEJMra1216063

	38.	 Falk E, Nakano M, Bentzon JF, Finn AV, Virmani R. Update on acute coro-
nary syndromes: the pathologists’ view. Eur Heart J. 2013;34:719–728. doi: 
10.1093/eurheartj/ehs411

	39.	 Mitani Y, Sawada H, Hayakawa H, Aoki K, Ohashi H, Matsumura M, Kuroe 
K, Shimpo H, Nakano M, Komada Y. Elevated levels of high-sensitivity C- 
reactive protein and serum amyloid-A late after Kawasaki disease: association 
between inflammation and late coronary sequelae in Kawasaki disease. Cir-
culation. 2005;111:38–43. doi: 10.1161/01.CIR.0000151311.38708.29

	40.	 Suzuki A, Miyagawa-Tomita S, Komatsu K, Nishikawa T, Sakomura Y, Horie 
T, Nakazawa M. Active remodeling of the coronary arterial lesions in the 
late phase of Kawasaki disease: immunohistochemical study. Circulation. 
2000;101:2935–2941. doi: 10.1161/01.cir.101.25.2935

	41.	 Tsuda E, Tsujii N, Hayama Y. Cardiac events and the maximum diameter of 
coronary artery aneurysms in Kawasaki disease. J Pediatr. 2017;188:70–
74.e1. doi: 10.1016/j.jpeds.2017.05.055

	42.	 Yokouchi Y, Oharaseki T, Asakawa N, Makino H, Takahashi K. Histologi-
cal studies shed new light on the initiation and characteristics of calcifica-
tion of coronary artery aneurysms in Kawasaki disease. Cardiovasc Pathol. 
2022;61:107456. doi: 10.1016/j.carpath.2022.107456

	43.	 Kahn AM, Budoff MJ, Daniels LB, Oyamada J, Gordon JB, Burns JC. Use-
fulness of calcium scoring as a screening examination in patients with 
a history of Kawasaki disease. Am J Cardiol. 2017;119:967–971. doi: 
10.1016/j.amjcard.2016.11.055

	44.	 van Stijn D, Planken N, Kuipers I, Kuijpers T. CT angiography or cardiac 
MRI for detection of coronary artery aneurysms in Kawasaki disease. Front 
Pediatr. 2021;9:630462. doi: 10.3389/fped.2021.630462

	45.	 Singhal M, Pilania RK, Basu S, Sharma A, Singh S. CT coronary angiography 
in Kawasaki disease: current perspectives. Arch Dis Child. 2025;110:499–
500. doi: 10.1136/archdischild-2024-327190

	46.	 Singhal M, Pilania RK, Jindal AK, Gupta A, Sharma A, Guleria S, Johnson 
N, Maralakunte M, Vignesh P, Suri D, et al. Distal coronary artery abnor-
malities in Kawasaki disease: experience on CT coronary angiogra-
phy in 176 children. Rheumatology (Oxford). 2023;62:815–823. doi: 
10.1093/rheumatology/keac217

	 47.	 Dionne A, Ibrahim R, Gebhard C, Bakloul M, Selly JB, Leye M, Dery J, Lapierre 
C, Girard P, Fournier A, et al. Coronary wall structural changes in patients with 
Kawasaki disease: new insights from optical coherence tomography (OCT). 
J Am Heart Assoc. 2015;4:e001939. doi: 10.1161/JAHA.115.001939

	48.	 Harris KC, Manouzi A, Fung AY, De Souza A, Bezerra HG, Potts JE, Hosking 
MC. Feasibility of optical coherence tomography in children with Kawasaki 
disease and pediatric heart transplant recipients. Circ Cardiovasc Imaging. 
2014;7:671–678. doi: 10.1161/CIRCIMAGING.113.001764

	49.	 Ma S, Chen Z, He Y, Zhou M. Stent-free PCI with OCT-guided drug-coated 
balloon angioplasty for calcified coronary stenosis after Kawasaki disease. 
Catheter Cardiovasc Interv. 2026;107:853–857. doi: 10.1002/ccd.70432

	50.	 Taruya A, Tanaka A, Nishiguchi T, Matsuo Y, Ozaki Y, Kashiwagi M, Shiono Y, 
Orii M, Yamano T, Ino Y, et al. Vasa vasorum restructuring in human athero-
sclerotic plaque vulnerability: a clinical optical coherence tomography study. 
J Am Coll Cardiol. 2015;65:2469–2477. doi: 10.1016/j.jacc.2015.04.020

	51.	 Hamaoka-Okamoto A, Suzuki C, Yahata T, Ikeda K, Nagi-Miura N, Ohno N, 
Arai Y, Tanaka H, Takamatsu T, Hamaoka K. The involvement of the vasa va-
sorum in the development of vasculitis in animal model of Kawasaki disease. 
Pediatr Rheumatol Online J. 2014;12:12. doi: 10.1186/1546-0096-12-12

	52.	 Kakimoto N, Suzuki H, Taruya A, Takeuchi T, Suenaga T, Tsuchihashi T, Suzuki 
T, Shibuta S, Ino Y, Tanaka A, et al. Vasa vasorum enhancement on optical 

coherence tomography in Kawasaki disease. Pediatr Res. 2025;97:1090–
1095. doi: 10.1038/s41390-024-03431-w

	53.	 Anzai F, Yoshihisa A, Takeishi R, Hotsuki Y, Sato Y, Sumita Y, Nakai M, 
Misaka T, Takeishi Y. Acute myocardial infarction caused by Kawasaki 
disease requires more intensive therapy: insights from the Japanese 
registry of All Cardiac and Vascular Diseases–Diagnosis Procedure 
combination. Catheter Cardiovasc Interv. 2022;100:1173–1181. doi: 
10.1002/ccd.30457

	54.	 Zheng B, Yi T, Wu Q, Bai F, Li J. Drug-coated balloon treatment for possible 
sequelae of Kawasaki disease evaluated by multi-modalities. Int Heart J. 
2022;63:773–776. doi: 10.1536/ihj.21-593

	55.	 Johnson TW, Raber L, Di Mario C, Bourantas CV, Jia H, Mattesini A, Gonzalo 
N, de la Torre Hernandez JM, Prati F, Koskinas KC, et al. Clinical use of 
intracoronary imaging: part 2: acute coronary syndromes, ambiguous coro-
nary angiography findings, and guiding interventional decision-making: an 
expert consensus document of the European Association of Percutane-
ous Cardiovascular Interventions. EuroIntervention. 2019;15:434–451. doi: 
10.4244/EIJY19M06_02

	56.	 Naimi I, Morray B, Portman MA, Steinberg ZL. Use of the PK Papyrus cov-
ered coronary stent in the treatment of Kawasaki disease-associated giant 
coronary artery aneurysms. Catheter Cardiovasc Interv. 2022;100:1267–
1272. doi: 10.1002/ccd.30458

	 57.	 Di Mario C, Kilic ID, Yeh JSM, Pighi M, Serdoz R, Gatzoulis MA, Dimopoulos 
K. Exclusion of a giant aneurysm post-Kawasaki disease with novel 
polyurethane covered stents. Int J Cardiol. 2015;184:664–666. doi: 
10.1016/j.ijcard.2015.03.036

	58.	 Jolly SS, Cairns JA, Yusuf S, Meeks B, Pogue J, Rokoss MJ, Kedev S, 
Thabane L, Stankovic G, Moreno R, et al; TOTAL Investigators. Randomized 
trial of primary PCI with or without routine manual thrombectomy. N Engl J 
Med. 2015;372:1389–1398. doi: 10.1056/NEJMoa1415098

	59.	 Taglieri N, Bruno AG, Ghetti G, Marrozzini C, Saia F, Galie N, Palmerini T. 
Target lesion failure with current drug-eluting stents: evidence from a com-
prehensive network meta-analysis. JACC Cardiovasc Interv. 2020;13:2868–
2878. doi: 10.1016/j.jcin.2020.09.014

	60.	 Kotronias RA, Walsh JL, Andreaggi S, Portolan L, Maino A, Marin F, Chai 
J, Sobirov I, Sheikh M, Cahill TJ, et al; OxAMI and RETRIEVE AMI Inves-
tigators. Stent-retriever thrombectomy in STEMI with large thrombus bur-
den: the RETRIEVE AMI randomized trial. JACC Adv. 2025;4:101893. doi: 
10.1016/j.jacadv.2025.101893

	61.	 Tamis-Holland JE, Abbott JD, Al-Azizi K, Barman N, Bortnick AE, Cohen 
MG, Dehghani P, Henry TD, Latif F, Madjid M, et al. SCAI expert con-
sensus statement on the management of patients with STEMI referred 
for primary PCI. J Soc Cardiovasc Angiogr Interv. 2024;3:102294. doi: 
10.1016/j.jscai.2024.102294

	62.	 Yamanaka Y, Shimada Y, Tonomura D, Terashita K, Suzuki T, Yano K, Nishiura 
S, Yoshida M, Tsuchida T, Fukumoto H. Laser vaporization of intracoronary 
thrombus and identifying plaque morphology in ST-segment elevation myo-
cardial infarction as assessed by optical coherence tomography. J Interv 
Cardiol. 2021;2021:5590109. doi: 10.1155/2021/5590109

	63.	 Matsuda Y, Yonetsu T, Kurihara K, Shimizu S, Ueshima D, Inagaki H, Onishi Y, 
Sakurai K, Tsuchiyama T, Ashikaga T, et al. Excimer LASER coronary ather-
ectomy for ST-segment elevation myocardial infarction: insights from a mul-
ticenter registry. J Cardiol. 2025;86:73–82. doi: 10.1016/j.jjcc.2025.01.008

	64.	 Yamamoto H, Takaya T, Oishi S, Kawai H. Combined therapy with excimer 
laser coronary atherectomy and intracoronary thrombolysis for the man-
agement of massive thrombi in coronary aneurysms of post-Kawasaki 
disease myocardial infarction. Eur Heart J Case Rep. 2022;6:ytac186. doi: 
10.1093/ehjcr/ytac186

	65.	 Donisan T, Mertens A, Luay S. Kawasaki related coronary artery disease 
refractory to angioplasty: the role of intravascular shockwave lithotripsy. Cu-
reus. 2021;13:e19020. doi: 10.7759/cureus.19020

	66.	 Khan KA, Qamar N, Saghir T, Sial JA, Kumar D, Kumar R, Qayyum D, 
Yasin U, Jalbani J, Karim M. Comparison of intracoronary epinephrine and 
adenosine for no-reflow in normotensive patients with acute coronary 
syndrome (COAR Trial). Circ Cardiovasc Interv. 2022;15:e011408. doi: 
10.1161/CIRCINTERVENTIONS.121.011408

	67.	 Harada M, Akimoto K, Ogawa S, Kato H, Nakamura Y, Hamaoka K, Saji 
T, Shimizu T, Kato T. National Japanese survey of thrombolytic therapy 
selection for coronary aneurysm: intracoronary thrombolysis or intrave-
nous coronary thrombolysis in patients with Kawasaki disease. Pediatr Int. 
2013;55:690–695. doi: 10.1111/ped.12187

	68.	 George S, Cockburn J, Clayton TC, Ludman P, Cotton J, Spratt J, Redwood 
S, de Belder M, de Belder A, Hill J, et al; British Cardiovascular Intervention 
Society. Long-term follow-up of elective chronic total coronary occlusion 



IN DEPTH

Circulation. 2026;154:1135–1150. DOI: 10.1161/CIRCULATIONAHA.126.080727� September 22, 2026 1149

Jone et al Kawasaki Disease Acute Coronary Syndrome

angioplasty: analysis from the U.K. Central Cardiac Audit Database. J Am 
Coll Cardiol. 2014;64:235–243. doi: 10.1016/j.jacc.2014.04.040

	69.	 Rempakos A, Alexandrou M, Simsek B, Kostantinis S, Karacsonyi J, Mutlu D, 
Ybarra LF, Bagur R, Choi JW, Poommipanit P, et al. Trends and outcomes of 
antegrade dissection and re-entry in chronic total occlusion percutaneous 
coronary intervention. JACC Cardiovasc Interv. 2023;16:2736–2747. doi: 
10.1016/j.jcin.2023.09.021

	70.	 Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, Claeys 
MJ, Dan GA, Dweck MR, Galbraith M, et al; ESC Scientific Document 
Group. 2023 ESC guidelines for the management of acute coronary 
syndromes. Eur Heart J Acute Cardiovasc Care. 2024;13:55–161. doi: 
10.1093/ehjacc/zuad107

	71.	 Valgimigli M, Choi KH, Giacoppo D, Gragnano F, Kimura T, Watanabe H, Kim 
HS, Kang J, Park KW, Pettersen AA, et al. Clopidogrel versus aspirin for 
secondary prevention of coronary artery disease: a systematic review and 
individual patient data meta-analysis. Lancet. 2025;406:1091–1102. doi: 
10.1016/S0140-6736(25)01562-4

	72.	 Sandner S, Gaudino M, Agewall S, Bonalumi G, Bonaros N, Czerny M, 
Jeppsson A, Milojevic M, Niessner A, Parolari A, et al. Antithrombotic therapy 
after coronary artery bypass graft surgery: a clinical consensus statement 
of the ESC Working Group on Cardiovascular Surgery, the ESC Working 
Group on Cardiovascular Pharmacotherapy, and the European Association 
for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2026;47:2419–2436. 
doi: 10.1093/eurheartj/ehaf423

	73.	 Chu Y, Xu Y, Wang C, Yu X, Ma Q, Wang H. Treatment of thrombosis in KD 
patients using tissue plasminogen activator: a single center study. Pediatr 
Rheumatol Online J. 2022;20:111. doi: 10.1186/s12969-022-00767-7

	74.	 Saito N, Ebata R, Okunushi K, Yasukawa K, Hamada H. Treatment and prog-
nosis of patients with Kawasaki disease and giant coronary artery aneurysm: 
a retrospective observational study. Cardiovasc Diagn Ther. 2025;15:78–84. 
doi: 10.21037/cdt-24-289

	75.	 Low T, Jegatheeswaran A, Devlin PJ, Chahal N, Brandao LR, McCrindle BW. 
Bleeding risk associated with combination thromboprophylaxis therapy is 
low for patients with coronary artery aneurysms after Kawasaki disease. Int 
J Cardiol. 2020;321:6–11. doi: 10.1016/j.ijcard.2020.07.022

	76.	 Poterucha TJ, Goldhaber SZ. Warfarin and vascular calcification. Am J Med. 
2016;129:635.e1–635.e4. doi: 10.1016/j.amjmed.2015.11.032

	 77.	 Payne RM, Burns KM, Glatz AC, Male C, Donti A, Brandao LR, Balling 
G, VanderPluym CJ, Bu’Lock F, Kochilas LK, et al. Apixaban for preven-
tion of thromboembolism in pediatric heart disease. J Am Coll Cardiol. 
2023;82:2296–2309. doi: 10.1016/j.jacc.2023.10.010

	78.	 Portman MA, Jacobs JP, Newburger JW, Berger F, Grosso MA, Duggal A, 
Tao B, Goldenberg NA; ENNOBLE-ATE Trial Investigators. Edoxaban for 
thromboembolism prevention in pediatric patients with cardiac disease. J 
Am Coll Cardiol. 2022;80:2301–2310. doi: 10.1016/j.jacc.2022.09.031

	79.	 Dummer KB, Miyata K, Shimizu C, Tremoulet AH, Gleason J, Gordon 
JB, Burns JC. DOACs in patients with giant coronary artery aneurysms 
after Kawasaki disease. JAMA Netw Open. 2023;6:e2343801. doi: 
10.1001/jamanetworkopen.2023.43801

	80.	 Libby P, Tabas I, Fredman G, Fisher EA. Inflammation and its resolution as 
determinants of acute coronary syndromes. Circ Res. 2014;114:1867–
1879. doi: 10.1161/CIRCRESAHA.114.302699

	81.	 Tremoulet AH, Jain S, Jone PN, Best BM, Duxbury EH, Franco A, Printz B, 
Dominguez SR, Heizer H, Anderson MS, et al. Phase I/IIa trial of atorvas-
tatin in patients with acute Kawasaki disease with coronary artery aneurysm. 
J Pediatr. 2019;215:107–117.e12. doi: 10.1016/j.jpeds.2019.07.064

	82.	 Niedra E, Chahal N, Manlhiot C, Yeung RS, McCrindle BW. Atorvastatin 
safety in Kawasaki disease patients with coronary artery aneurysms. Pediatr 
Cardiol. 2014;35:89–92. doi: 10.1007/s00246-013-0746-9

	83.	 Cheung YF, Yung TC, Tam SC, Ho MH, Chau AK. Novel and traditional 
cardiovascular risk factors in children after Kawasaki disease: implications 
for premature atherosclerosis. J Am Coll Cardiol. 2004;43:120–124. doi: 
10.1016/j.jacc.2003.08.030

	84.	 Newburger JW, Burns JC, Beiser AS, Loscalzo J. Altered lipid pro-
file after Kawasaki syndrome. Circulation. 1991;84:625–631. doi: 
10.1161/01.cir.84.2.625

	85.	 Zeng YY, Chen F, Zhang Y, Ji X. Are patients recovering from Kawasaki 
disease at increased risk for accelerated atherosclerosis? A meta-analysis. 
World J Pediatr. 2021;17:476–483. doi: 10.1007/s12519-021-00452-x

	86.	 Lech M, Guess J, Duffner J, Oyamada J, Shimizu C, Hoshino S, Farutin 
V, Bulik DA, Gutierrez B, Sarvaiya H, et al. Circulating markers of in-
flammation persist in children and adults with giant aneurysms after 
Kawasaki disease. Circ Genom Precis Med. 2019;12:e002433. doi: 
10.1161/CIRCGEN.118.002433

	 87.	 Suda K, Tahara N, Bekki M, Nakamura T, Honda A, Kishimoto S, Kagiyama 
Y, Iemura M, Fujimoto K, Abe T, et al. Ongoing vascular inflammation evalu-
ated by 18F-fluorodeoxyglucose positron emission tomography in pa-
tients long after Kawasaki disease. J Nucl Cardiol. 2023;30:264–275. doi: 
10.1007/s12350-022-03041-1

	 88.	 Motoji Y, Fukazawa R, Matsui R, Watanabe M, Hashimoto Y, Nagi-Miura 
N, Kitamura T, Miyaji K. Statin suppresses the development of excessive 
intimal proliferation in a Kawasaki disease mouse model. Physiol Rep. 
2024;12:e70096. doi: 10.14814/phy2.70096

	 89.	 Huang SM, Weng KP, Chang JS, Lee WY, Huang SH, Hsieh KS. Effects 
of statin therapy in children complicated with coronary arterial abnormality 
late after Kawasaki disease: a pilot study. Circ J. 2008;72:1583–1587. doi: 
10.1253/circj.cj-08-0121

	 90.	 Hamaoka A, Hamaoka K, Yahata T, Fujii M, Ozawa S, Toiyama K, Nishida 
M, Itoi T. Effects of HMG-CoA reductase inhibitors on continuous post-
inflammatory vascular remodeling late after Kawasaki disease. J Cardiol. 
2010;56:245–253. doi: 10.1016/j.jjcc.2010.06.006

	 91.	 Bekki M, Tahara N, Tahara A, Honda A, Igata S, Sugiyama Y, Nakamura T, 
Sun J, Kurata S, Fujimoto K, et al. Anti-inflammatory effect of statin in coro-
nary aneurysms late after Kawasaki disease. J Nucl Cardiol. 2019;26:671–
673. doi: 10.1007/s12350-018-1278-8

	 92.	 Ebrahimi F, Ebrahimi R, Beer M, Schonenberger CM, Ewald H, Briel M, 
Janiaud P, Hirt J, Hemkens LG. Colchicine for the secondary prevention of 
cardiovascular events. Cochrane Database Syst Rev. 2025;11:CD014808. 
doi: 10.1002/14651858.CD014808.pub2

	 93.	 Kitamura S, Tsuda E, Kobayashi J, Nakajima H, Yoshikawa Y, Yagihara 
T, Kada A. Twenty-five-year outcome of pediatric coronary artery by-
pass surgery for Kawasaki disease. Circulation. 2009;120:60–68. doi: 
10.1161/CIRCULATIONAHA.108.840603

	 94.	 Tadokoro Y, Kainuma S, Tsuda E, Asaumi Y, Kurosaki K, Fukushima 
S. Giant coronary aneurysms after delayed diagnosis of young adult-
onset Kawasaki disease. JACC Case Rep. 2025;30:105861. doi: 
10.1016/j.jaccas.2025.105861

	 95.	 Tadokoro N, Fujita T, Fukushima S, Shimahara Y, Matsumoto Y, Yamashita K, 
Kawamoto N, Tsuda E, Kitamura S, Kobayashi J. Multiple coronary artery by-
pass grafting for Kawasaki disease-associated coronary artery disease. Ann 
Thorac Surg. 2019;108:799–805. doi: 10.1016/j.athoracsur.2019.03.079

	 96.	 Taggart DP, Gaudino MF, Gerry S, Gray A, Lees B, Dimagli A, Puskas JD, 
Zamvar V, Pawlaczyk R, Royse AG, et al; ART investigators. Effect of total 
arterial grafting in the Arterial Revascularization Trial. J Thorac Cardiovasc 
Surg. 2022;163:1002–1009.e6. doi: 10.1016/j.jtcvs.2020.03.013

	 97.	 Matsumoto Y, Fukushima S, Shimahara Y, Kawamoto N, Tadokoro N, 
Kitamura S, Kobayashi J, Fujita T. Robotic minimally invasive direct cor-
onary artery bypass for Kawasaki disease. Gen Thorac Cardiovasc Surg. 
2020;68:1037–1039. doi: 10.1007/s11748-019-01215-2

	 98.	 Tsuda E, Hirata T, Matsuo O, Abe T, Sugiyama H, Yamada O. The 30-year 
outcome for patients after myocardial infarction due to coronary artery le-
sions caused by Kawasaki disease. Pediatr Cardiol. 2011;32:176–182. doi: 
10.1007/s00246-010-9838-y

	 99.	 Virani SS, Newby LK, Arnold SV, Bittner V, Brewer LC, Demeter SH, Dixon 
DL, Fearon WF, Hess B, Johnson HM, et al; Peer Review Committee 
Members. 2023 AHA/ACC/ACCP/ASPC/NLA/PCNA guideline for 
the management of patients with chronic coronary disease: a report 
of the American Heart Association/American College of Cardiology 
Joint Committee on Clinical Practice Guidelines. J Am Coll Cardiol. 
2023;82:833–955. doi: 10.1016/j.jacc.2023.04.003

	100.	 de Ferranti SD, Steinberger J, Ameduri R, Baker A, Gooding H, Kelly 
AS, Mietus-Snyder M, Mitsnefes MM, Peterson AL, St-Pierre J, et al. 
Cardiovascular risk reduction in high-risk pediatric patients: a sci-
entific statement from the American Heart Association. Circulation. 
2019;139:e603–e634. doi: 10.1161/CIR.0000000000000618

	101.	 Kiener AJ, Sexson Tejtel SK, Liou A, Altman CA, Doan TT. Prognostic 
value of stress perfusion cardiac magnetic resonance imaging in 
Kawasaki disease with coronary artery aneurysms: a 10-year retro-
spective cohort study. J Cardiovasc Magn Reson. 2026;28:102671. doi: 
10.1016/j.jocmr.2025.102671

	102.	 van der Bijl P, Gulati M, Saraste A, Marwick T, Kwong R, Blankstein R, 
Nieman K, Sengupta PP, van Rosendael A, Knuuti J, et al. Contemporary, 
non-invasive imaging diagnosis of chronic coronary artery disease. Lancet. 
2025;406:2577–2587. doi: 10.1016/S0140-6736(25)01586-7

	103.	 Olivieri LJ, Lee S, Chen MH, Dahdah N, Doan TT, Jegatheeswaran A, 
Krishnamurthy R, Selamet Tierney ES, Weber EM, Rao A; American 
Heart Association Council on Lifelong Congenital Heart Disease and 
Heart Health in the Young, and the Council on Cardiovascular and Stroke 



IN
 D

EP
TH

September 22, 2026� Circulation. 2026;154:1135–1150. DOI: 10.1161/CIRCULATIONAHA.126.0807271150

Jone et al Kawasaki Disease Acute Coronary Syndrome

Nursing. Multimodality approach to coronary ischemic testing in pediatric 
patients: a scientific statement from the American Heart Association. J Am 
Heart Assoc. 2026;15:e047790. doi: 10.1161/JAHA.125.047790

	104.	 Si-Mohamed SA, Boccalini S, Lacombe H, Diaw A, Varasteh M, Rodesch 
PA, Dessouky R, Villien M, Tatard-Leitman V, Bochaton T, et al. Coronary 
CT angiography with photon-counting CT: first-in-human results. Radiology. 
2022;303:303–313. doi: 10.1148/radiol.211780

	105.	 Vecsey-Nagy M, Tremamunno G, Schoepf UJ, Gnasso C, Zsarnoczay E, 
Fink N, Kravchenko D, Halfmann MC, O’Doherty J, Szilveszter B, et al. 
Coronary plaque quantification with ultrahigh-spatial-resolution photon-
counting detector CT: intraindividual comparison with energy-integrating 
detector CT. Radiology. 2025;314:e241479. doi: 10.1148/radiol.241479

	106.	 Matsumoto K, Yokota H, Yoda T, Ebata R, Mukai H, Masuda Y, Uno T. 
Reproducibility between three-dimensional turbo spin-echo and two-
dimensional dual inversion recovery turbo spin-echo for coronary ves-
sel wall imaging in Kawasaki disease. Sci Rep. 2022;12:6835. doi: 
10.1038/s41598-022-10951-0

	107.	 Akagi T. Catheter interventions for Kawasaki disease: current con-
cepts and future directions. Korean Circ J. 2011;41:53–57. doi: 
10.4070/kcj.2011.41.2.53

	108.	 Dionne A, Bakloul M, Manlhiot C, McCrindle BW, Hosking M, Houde C, 
Pepelassis D, Dahdah N. Coronary artery bypass grafting and percutaneous 
coronary intervention after Kawasaki disease: the Pediatric Canadian Series. 
Pediatr Cardiol. 2017;38:36–43. doi: 10.1007/s00246-016-1480-x

	109.	 Tsuda E, Asaumi Y, Noguchi T, Yasuda S. Long-term results of percuta-
neous transluminal coronary rotational atherectomy for localised steno-
sis caused by Kawasaki disease. Cardiol Young. 2022;32:287–294. doi: 
10.1017/S1047951121002031

	110.	 Ishi N, Tsuda E. Characteristics and outcomes of patients with stent im-
plantation for coronary artery lesions caused by Kawasaki disease: insights 
from second-generation stent implantation. Cardiol Young. 2025;35:75–
81. doi: 10.1017/S1047951124026593

	111.	 Muta H, Ishii M. Percutaneous coronary intervention versus coronary ar-
tery bypass grafting for stenotic lesions after Kawasaki disease. J Pediatr. 
2010;157:120–126. doi: 10.1016/j.jpeds.2010.01.032

	112.	 Kitamura S, Tsuda E. Significance of coronary revascularization for  
coronary-artery obstructive lesions due to Kawasaki disease. Children 
(Basel). 2019;6:16. doi: 10.3390/children6020016

	113.	 Salsano A, Liao J, Miette A, Capoccia M, Mariscalco G, Santini F, Corno AF. 
Surgical myocardial revascularization outcomes in Kawasaki disease: sys-
tematic review and meta-analysis. Open Med (Wars). 2021;16:375–386. 
doi: 10.1515/med-2021-0242

	114.	 Tsuda E, Kumamaru H, Kitagawa T, Kinukawa N, Mitani Y, Motomura N. 
National survey of coronary artery bypass grafting in patients with coronary 
artery lesions caused by Kawasaki disease in Japan from 2008 to 2019. 
JTCVS Open. 2025;24:227–238. doi: 10.1016/j.xjon.2024.10.016

	115.	 Tsuda E, Kitamura S, Kimura K, Kobayashi J, Miyazaki S, Echigo S, 
Yagihara T. Long-term patency of internal thoracic artery grafts for coro-
nary artery stenosis due to Kawasaki disease: comparison of early with 
recent results in small children. Am Heart J. 2007;153:995–1000. doi: 
10.1016/j.ahj.2007.03.034

	116.	 Jeong DS, Han W, Lee YT, Kim WS, Song J, Kang IS, Park PW. Coronary 
artery bypass grafting with arterial grafts in patients with Kawasaki disease 
affecting the coronary artery: a Korean single-center study. J Korean Med 
Sci. 2018;33:e267. doi: 10.3346/jkms.2018.33.e267

	117.	 Balfour J, Morrison V, Seed L, Clymer J, Warnants E, Lampkin A, Leiter SM, 
Chandratillake G. Patient passports for rare diseases: results of a pilot study. 
Eur J Hum Genet. 2026;34:99–107. doi: 10.1038/s41431-025-01930-w

	118.	 Dahdah N, Kung SC, Friedman KG, Marelli A, Gordon JB, Belay ED, 
Baker AL, Kazi DS, White PH, Tremoulet AH; American Heart Association 
Rheumatic Fever, Endocarditis, Kawasaki Disease Committee of the 
Council on Lifelong Congenital Heart Disease and Heart Health in the 
Young, and the Council on Arteriosclerosis, Thrombosis and Vascular 
Biology. Falling through the cracks: the current gap in the health care tran-
sition of patients with Kawasaki disease: a scientific statement from the 
American Heart Association. J Am Heart Assoc. 2021;10:e023310. doi: 
10.1161/JAHA.121.023310

	119.	 Kamiyama H, Ayusawa M, Ogawa S, Saji T, Hamaoka K. Health-care transi-
tion after Kawasaki disease in patients with coronary artery lesion. Pediatr 
Int. 2018;60:232–239. doi: 10.1111/ped.13500




