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Review Article

ABSTRACT

Kawasaki Disease (KD) is a vasculitis of unknown etiology commonly seen in infants and children.
Children with Kawasaki disease are at risk for serious cardiovascular sequelae, especially coronary
artery abnormalities, which can lead to myocardial ischemia, myocardial infarction, and sudden
death. Coronary artery lesions (CAL) caused by Kawasaki disease has become one of the common
acquired heart diseases in children in some countries and regions. This article reviews the current
research progress on the mechanism, risk factors and treatment of coronary artery damage in
Kawasaki disease, aiming to improve the long-term prognosis of vascular health management in
children with KD, in order to provide references for clinicians.
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1. INTRODUCTION

Kawasaki disease, also known as cutaneous
mucosal lymph node syndrome, was first
reported by Dr. Tomisaku Kawasaki in Japan in
1967.The etiology of Kawasaki disease is
unknown, but it is generally believed that
Kawasaki disease is an acute systemic immune
vasculitis triggered by infectious factors, which
may be complicated by coronary artery lesions
(CAL).CAL caused by Kawasaki disease has
become one of the common acquired heart
diseases in some countries and regions.
Kawasaki disease tends to occur in children
under 5 years of age, and can occur throughout
the year, with a male to female incidence ratio of
1.7:1. “The incidence is significantly higher in
East Asia, and the incidence is increasing, while
the incidence is lower in European and American
countries. Data published in Beijing and
Shanghai in recent years show that there are
more than 100 new cases of Kawasaki disease
every year in every 100,000 children aged 0 to 4
years” [1].In recent years, many studies have
shown that the pathogenesis of KD is
significantly related to infection, genetic
susceptibility and immune response [2].The
mechanism, risk factors and treatment of
coronary artery damage in Kawasaki disease in
recent years are reviewed.

2. MECHANISM OF CORONARY ARTERY
DAMAGE

2.1 Vascular Endothelial and

Endothelial Dysfunction

Injury

In normal blood vessel walls, endothelial cells
(ECs), which act as an endodermal barrier, come
into direct contact with plasma and blood cell
components and transmit these signals to the
media. KD acute vascular injury, including rapid
destruction of endothelial cells, elastic layer and
medial smooth muscle cells. When endothelial
cells are injured, they release a variety of
vasoactive substances to the vascular wall, such
as nitric oxide (NO) and endothelin. These
vasoactive substances participate in the
contraction or relaxation of the vascular wall, the
adhesion of inflammatory cells to the vascular
wall, vascular permeability, and the regulation of
coagulation and fibrinolysis systems, ultimately
causing endothelial cell dysfunction [3].NO is a
vasodilator synthesized by endothelial NO
synthase (eNOS) and induced NO synthase
(iNOS), which is expressed by neutrophils,
monocytes and endothelial cells at different

stages of KD acute phase. Among them, NO
synthesized by iNOS in neutrophils plays an
important role in the early initiation of endothelial
dysfunction of KD [4].In addition, in the acute KD
stage, the platelet count is often elevated, which
can lead to hyperplatelet function, platelet
adhesion, deformation, aggregation and release
of various cytokines and inflammatory factors,
forming a state of blood hypercoagulation,
causing vascular endothelial damage, collagen
exposure, triggering chemotaxis of various
cytokines, and eventually forming vasculitic
lesions [5].The upregulation of neuroproteinase 1
(NRP1) and vascular endothelial growth factor
receptor 2 (VEGFR2) in endothelial cells (ECs)
and the increase of vasoactive factor ANGPTL4
and vascular endothelial growth factor (VEGF) in
serum also participate in the increase of
endothelial cell permeability, resulting in vascular
hyperosmosis in the context of KD [6].It can be
seen that vascular endothelial injury and
endothelial dysfunction play an important role in
the vascular lesions of KD.

2.2 Production of Inflammatory Factors
and Proteases

“‘During KD acute phase, peripheral blood
mononuclear macrophages were significantly
activated. Activated macrophages play an
important role in the development of KD coronary
artery disease. Macrophages can produce tumor
necrosis factor-a, vascular endothelial growth
factor, interleukin-1 and other inflammatory
factors, which will further amplify the
inflammatory response and have a direct
inflammatory  effect on coronary artery
endothelial cells. Macrophages also produce
proteases, including matrix metalloproteinase-2
(MMP-2) and matrix metalloproteinase-9 (MMP-
9), which degrade elastin fibers within artery
walls, leading to coronary artery dilation and
aneurysms’ [1,7]. “In addition, tissue inhibitor of
metalloproteinase-1 (TIMP-1) is an active
inhibitor of MMP-9, which binds with MMP-9 in a
ratio of 1:1 to form a complex, blocking the
binding of MMP-9 to the substrate and
inactivating it” [8,9]. “Under physiological
conditions, MMP-9 and TIMP-1 are in a state of
dynamic equilibrium. When KD occurs, a large
amount of MMP-9 is produced, thus disrupting
the dynamic balance between MMP-9 and TIMP-
1 and degrading the matrix of the blood vessel
wall, further causing the migration of
inflammatory cells to deep blood vessels, thus
leading to the reconstruction of blood vessel
structure” [10].



Lu et al.; Asian J. Pediatr. Res., vol. 13, no. 4, pp. 1-9, 2023; Article no.AJPR.106501

23CD36 and AlIM2
Inflammasome Pathway

Activate the

“Effective clearance of apoptotic cells by
macrophages and dendritic cells is important for
maintaining immune homeostasis and cultivating
peripheral  tolerance. Macrophages  help
phagocytic apoptotic cells and cell debris and
induce self-tolerance by expressing scavenger
receptors (including SCARF1, CD305, CD11b,
CD11c, and CD36)” [11]. “Patients in the acute
phase of KD may have a higher burden of
apoptotic cell debris, higher expression of CD36
(a scavenger receptor that helps clear apoptotic
debris), and higher expression of interferon-
induced protein AIM2 (an inflammasome
receptor protein), which may lead to subsequent
involvement of the inflammasome pathway.
Apoptotic cells secrete plasma mitochondrial
DNA, and particles including mitochondrial DNA
can enter cells through endocytosis, bind to
intracellular toll-like receptor 9(TLR9), activate
transcription factor NF-kb, and increase the
transcription of pro-inflammatory genes pro-IL-1
and prolL-18, CD36 amplifies the immune
response by helping to clear plasma
mitochondrial DNA and activating the
inflammasome pathway through interferon-
induced protein AIM2 (an inflammasome
receptor protein), thereby causing the occurrence
and development of KD” [12,13].1t was found that
both CD36 and AIM2mRNA were decreased
after IVIG treatment, and a larger decline in their
percentages at 21 days after IVIG treatment also
suggested that they were associated with the
development of coronary artery disease [12].

2.4 Other Mechanisms

Some IgM antibodies are thought to be involved
in the pathophysiology of coronary artery disease
because of its regulatory role in vascular
remodeling. The level of antiphosphorylated
choline IgM decreased in patients with major
acute cardiovascular events, and the study of
Zheng et al. suggested that the decrease of IgM
in KD patients 6 months after IVIG treatment was
associated with the increase of coronary artery z
score [14]. “It has also been found that one of the

KD related molecules is the oxidized
(hydroxylated) form of phosphatidylcholine.
Oxidized phospholipids, including oxidized

phosphatidylcholine (PCs), are involved in the
regulation of inflammation, thrombosis,
angiogenesis, endothelial barrier  function,

immune tolerance and other important processes.

Oxidized phospholipids play a multidirectional

role through receptor-mediated and receptor-
independent biological mechanisms, and may
play a role in the pathogenesis of atherosclerosis
and its complications” [15,16].

3. RISK FACTORS

“Coronary artery lesions (CAL) is a common
complication of KD, which can lead to ischemic
heart disease, myocardial infarction, sudden
death and other serious consequences.
Therefore, timely diagnosis and treatment are the
key to reducing Kawasaki disease CAL.
Mastering the risk factors of CAL and providing
targeted treatment to children can minimize the
risk of CAL” [17].Early identification of risk factors
to accurately predict CAL or aneurysm formation
is still the focus of current research [18].The
author summarized the risk factors of CAL as
follows.

3.1Long-Term Fever, Age and Various
Biomarkers

Li have shown that “long-term fever before IVIG
treatment is an independent risk factor for CAL in
KD children younger than 6 months” [19].Wang
et al. also confirmed that “IVIG treatment over 10
days and hypersensitive CRP over 100mg/L are
independent risk factors for CAL” [20]. “Studies
have analyzed a variety of possible risk factors
and found that children with long fever, younger
than 1 year old, increased NT-proBNP and
decreased Hb may be independent risk factors
for the development of CAL in KD children” [17].
“Other studies have also found that matrix
metalloproteinase-9 (MMP-9) is an independent
risk factor for CALs after adjusting for other
variables (male, fever duration, incomplete
Kawasaki disease, platelet, aloumin, CRP, ESR)
[10].Cao et al. found that decreased AST/ALT
was a risk factor for CALs on admission, but not
for progressive CALs” [21].Nakashima et al.
confirmed that “oxidized phosphatidylcholine
(PCs) increased in the acute phase of KD, and
oxidized phosphatidylcholine (PCs) is a widely
accepted molecule that causes vascular
inflammation, so oxidized PCS and its related
products can be used as useful biomarkers for
KD coronary arteritis in Japanese and non-Asian
patients” [22]. “Studies have found that most
children with KD have elevated serum IgE levels,
and compared with non-CALS patients, the
serum IgE level in patients with KD combined
with CALs is elevated, so the serum IgE level
may be an independent risk factor for CALs,
which can provide reference for monitoring CALs”
[23]. “Penetrin 3 (PTX3) is of high value in the
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diagnosis of KD and is an excellent biomarker to
distinguish KD cases from non-KD cases
(including subjects with high suspicion of KD).
For example, PTX3 plasma values are increased
more in patients with acute early CAL than in
patients without acute early CAL. Pre-ivig PTX3
levels are a strong and sensitive predictor of IVIG
non-responsiveness and subsequent CAL
formation, and may help identify high-risk
patients who require additional second-line
therapy, not just repeated IVIG therapy”
[24].Watanabe et al. found that “serum soluble
lipoprotein receptor 11 (sLR11) was elevated in
patients who did not respond to IVIG treatment
and was a potential biomarker for evaluating
vascular disease, including atherosclerosis and
coronary artery disease. The serum sLR11 level
of KD patients with CALs was significantly higher
than that of patients without CALs and healthy
controls. Therefore, sLR11 may be a novel
biomarker for post-KD vascular disease” [25].

3.2 IVIG Resistant Patients

“Patient age, Pro-BNP, CRP, ESR, total bilirubin,
AST, ALT and other biomarkers were positively
correlated with IVIG resistance. Subgroup
analysis showed that the incidence of CAL in
IVIG resistance group was still higher than that in
IVIG response group under different regions,
different diagnostic criteria for IVIG resistance,
different CAL diagnostic criteria and different
study types. This indicates that under various
conditions, IVIG-resistant groups have a higher
CAL risk than IVIG-responsive groups” [26].

3.3 Standard Deviation of Red Blood Cell
Distribution Width (RDW-SD) and
Coefficient of Variation of Red Blood
Cell Distribution Width (RDW-CV)

“High RDW-SD is independent marker of CALS in
patients with complete KD, and this association
is independent of multiple potential confounding
factors. They included age, sex, IVIG resistance,
hemoglobin, RDW-CV, glutamyltranspeptides,
procalcitonin, AST/ALT, albumin and serum
sodium. In patients with incomplete KD, high
RDW-CV was an independent marker of CALs
after adjusting for age, sex, mean red cell volume,
and total bilirubin. Therefore, in patients with
complete KD, RDW-SD may be superior to
RDW-CV as a predictor of CALs. RDW-SD is an
independent predictor of CALs in patients with
complete KD, while RDWCV is only an
independent risk factor for CALs in patients with
incomplete KD” [27].

3.4 Brachial Artery Flow-Mediated

Dilation (FMD)

FMD= (internal diameter after brachial artery
filling-basic internal diameter of brachial

artery)/basic internal diameter of brachial artery
x100%, the normal value of brachial artery FMD >
10%[28].FMD can sensitively reflect the

pathological process of acute coronary artery
dilatation by showing incipient arterial endothelial

dysfunction in KD, especially in aneurysms

smaller than 3.44%.Therefore, FMD<3.44% can

be regarded as the signal of KD acute coronary
artery disease [29].The percentage change of
flow-mediated vasodilation (%FMD) reflects

endothelial nitric oxide dependent vasodilation,

the decrease of FMD% reflects endothelial cell

dysfunction, and the significant decrease of FMD

% indicates endothelial injury and the risk of
atherosclerosis [30].

3.5 Integrin a2 (ITGA2)

ITGA2 gene polymorphism is one of the
important factors affecting CAL in children with
KD combined with CAL, and the risk of KD

combined with CAL associated with
ITGA2rs1126643 genotype is significantly
increased.Stratified analysis showed that

ITGA2rs1126643 could inhibit the formation of
coronary artery small aneurysms (SCAL) and
coronary artery medium aneurysms (MCAL)
induced by KD, among which, compared with
rs1126643CC genotype, the harmful effects of
CT/TT variant genotype were more obvious in
children <60 months and men [31..

3.6 Others

For KD patients with no history of antibiotic use,
the increase of immature granulocyte percentage
(neutrophil percentage, lymphocyte percentage)
and total protein is an independent risk factor for
the development of CAL, and the use of
antibiotics can affect the physiological indicators
and predictive diagnosis of KD patients with CAL
[32].Suzuki et al. found that water retention in the
acute phase of Kawasaki disease may be a risk
factor for CAL, and water retention may lead to
changes in ion concentration of patients
[33].Wang et al. showed that breastfeeding and
longer duration of breastfeeding did not reduce
CALs in patients with KD [34].

4. TREATMENT

The most important aspect of the treatment of
KD in the acute phase is the prevention of CAL,
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and effective treatment of CAL prevention can
not only reduce the risk of subsequent
coronary complications, but also prevent the
development of systemic vascular
atherosclerosis [35].

4.1 Intravenous Immunoglobulin (IVIG)

The successful management of intravenous
immunoglobulin (IVIG) in the acute phase of KD
is very important for the prevention of CAL. IVIG
has become a first-line drug with good safety in
the treatment of Kawasaki disease and can
effectively reduce the incidence of cardiovascular
complications. It is extremely important to
standardize the use of IVIG for CAL caused by
Kawasaki disease. For complete Kawasaki
disease, the dose of IVIG is 2g/kg, a single
intravenous infusion within 12 to 24 hours, and
oral aspirin; The incidence of CAL in children
with incomplete Kawasaki disease is higher than
that of complete Kawasaki disease, and IVIG
should be given in time to reduce the occurrence
of CAL. The recommended dose of IVIG is 2g/kg,
and the recommended dose is a single
intravenous infusion within 12 to 24 hours,
combined with aspirin orally. The dose of IVIG for
recurrent Kawasaki disease was 2g/kg, a single
intravenous infusion within 12 to 24 hours,
combined with oral aspirin; For non-reactive
Kawasaki disease (IVIg-resistant Kawasaki
disease), it is recommended to re-apply IVIG as
soon as possible, the dose is still 2g/kg, a single
intravenous infusion within 12 to 24 hours, and
there are still fever, and glucocorticoids can be
combined with IVIG [36].In addition, the
appropriate timing of IVIG standard therapy is
also crucial for limiting coronary artery lesions
(CALs) [37].The best time is 5 to 10 days after
onset, and the best time is within 7 days. Use
within 5 days after onset may lead to increased
incidence of IVIG resistance; Patients with
severe conditions, such as hypotension, shock,
hemodynamic instability of myocarditis, paralytic
ileus, etc. should still be used in time. The
children of more than 10 d, rule out other causes
of persistent fever accompanied by a red blood

cell sedimentation rate  (erythrocytesedi-
mentationrate, ESR) or elevated c-reactive
protein (Creactionprotein, CRP), or elevated

inflammatory indicators combined with CAL,IVIG
therapy is still required [36].IVIG treatment within
7 days of onset was found to be sufficient to
prevent coronary artery abnormalities in KD
patients. Early IVIG treatment on day 4 may not
increase the higher incidence of coronary artery
abnormalities and IVIG resistance [38].

4.2 Aspirin (Asp)

Aspirin is a common antipyretic and analgesic
drug. After taking Aspirin in children, it can act
on the body temperature regulation center of
hypothalamus, thereby causing peripheral
vascular dilation, so as to increase the skin blood
flow, sweat and heat dissipation of children. Asp
can also acetylate serine residues at position 530
of the active part of the cyclooxygenase-1
polypeptide chain in children, completely
inactivating  cyclooxygenase, blocking the
conversion of arachidonic acid to thromboxane
A2, and playing an anti-platelet aggregation
effect, thus effectively avoiding embolism in the
children and affecting blood circulation.
Therefore, Aspirin in the treatment of KD children
will play a role in antipyretic analgesia, prevent
thrombosis and other curative effects, is a more
effective drug. Standardized use of Asp has
important clinical significance for prevention and
treatment of cardiovascular sequelae caused by
KD [39-41].Because Asp is the standard
treatment for acute treatment, if KD is diagnosed
and fever is present, an oral moderate dose of
aspirin [30 to 50mg/(kg-d), 3 times daily] should
be initiated. After fever reduction, aspirin is
reduced to a low dose [3 to 5mg/(kg-d), once
daily, orally], which is continued even in the
absence of coronary aneurysm (CAA) until 2 to 3
months after onset, and if CAA is present, to
resolution [42].

4.3 Combination Therapy

Asp combined with IVIG in the treatment of KD
has become a safe and reliable first-line therapy,
which can effectively reduce the incidence of
cardiovascular complications #11.23% to 43% of
patients taking Asp alone developed CAL later in
life, compared to 8% to 15% of patients with
IVIG+Asp [43,441.Yu et al. found that compared
with IVIG responders, IVIG-resistant KD patients
had a higher risk of CAL [4]. For high-risk
patients with IVIG resistance, the efficacy of
adding prednisolone or cyclosporine to the
standard treatment (IVIG+Asp) as first-line
treatment has been confirmed by randomized
controlled trials [35,45.Studies have also shown
that traditional herbal medicine combined with
conventional western medicine is more effective
in reducing the prevalence rate of CAL in KD
patients and improving the cure rate and total
effective rate of CAL, and the clinical efficacy is
higher than that of conventional Western
medicine [46lIt can be seen that the efficacy of
drug combination therapy for KD is better than



Lu et al.; Asian J. Pediatr. Res., vol. 13, no. 4, pp. 1-9, 2023; Article no.AJPR.106501

that of single drug therapy, and it is a high clinical
value therapy.

4.4 Other Treatments

In the activated T nuclear factor (NFAT) gene
family, NFAT2 has been determined to play an
important role in the Ca+/NFAT pathway.
Forkhead like transcription factor 04 (FOXO4)
acts as a transcription suppressor to inhibit
vasculitis and maintain  endothelial cell
homeostasis through negative regulation of
NFAT2, thereby controlling vasculitis in KD.
Therefore, the FOXO4/NFAT?2 signaling pathway
can be used as a new therapeutic target, and its
related intrinsic inhibition mechanism can be
used to develop new therapies to prevent and
treat KD [47].Previous studies have also reported
that NFAT inhibitors, such as cyclosporine, can
prevent the progression of arterial wall
inflammation by preventing cytotoxic CD8+T
cells from infiltrating into the artery wall
[48].

5. CONCLUSION

KD is a kind of acute self-limited febrile disease,
CAL is its common complication, CAL can lead to
ischemic heart disease, myocardial infarction,
sudden death and other serious consequences.
The prevalence of KD in children has increased
in recent years, which is more important for the
identification and diagnosis of CAL. This article
reviews the pathogenesis, risk factors and
treatment of KD, which provides a new clinical
idea for the cardiovascular prevention and
treatment of KD in children. However, due to the
limited research on KD, the relevant mechanism
and treatment need to be further studied. It is
believed that with the development of medical
technology, there will be more effective clinical
methods for the pathogenesis and prevention of
KD CAL.
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