A Short Review of Coronary

Artery Lesions in Children
Abstract

Coronary artery lesions (CAL) are not uncommon in pediatrics, but their causes are complex, such
as congenital coronary artery disease, atherosclerosis, infectious diseases, and rheumatic immune
diseases, which can lead to CAL. This review provides a systematic evaluation of the published medical
literature on potential etiologies and associated pathogenesis that may lead to CAL in children, in order to
broaden clinical diagnosis and avoid misdiagnosis and underdiagnosis. The main pathogenesis of CAL is
an innate immunity imbalance due to exposure of genetically susceptible people to various infections
and/or environmental factors. Kawasaki disease is not the only cause of CAL, and pediatricians need to
better understand the immunological mechanisms of the CAL to suspect and diagnose. In addition, attach
great importance to rheumatic immune diseases and cardiovascular diseases secondary to CAL.
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Introduction

The etiological mechanism of coronary artery lesions (CAL) coronary artery dilatation disease is
not completely clear, and its pathological manifestations are mainly the destruction of the middle layer of
the coronary artery vessel wall structure and the degradation of elastic fibers. Possible causes include
atherosclerosis, autoimmune or inflammatory reactions, vascular infectious diseases, and overexpression
of gene susceptibility 11, The disease is prevalent in patients with autoimmune diseases or Kawasaki
disease in childhood; in men with dyslipidemia, in men with hypertension, in men who are long-term
smokers, and can:betriggered by infections with autoimmune abnormalities and emotional agitation. A
variety of childhood rheumatic immune diseases can lead to coronary artery lesions (CAL). By
understanding theimmunological pathogenesis of the disease and broadening the diagnosis and
differentiation of the disease, we can help improve the diagnosis and treatment of CAL-related
rheumatologic diseases.

Main etiology

1. Atherosclerosis: coronary artery dilatation disease is a variant of obstructive coronary artery disease.

2. Autoimmune or inflammatory response: Coronary artery dilatation disease in children and adolescents
is usually a complication of Kawasaki disease, and connective tissue diseases, systemic arteritis and
Marfan syndrome can lead to coronary artery dilatation disease.

3. Vascular infectious diseases: infections such as fungal or septic emboli, syphilis, etc. can injure
coronary vessels and lead to coronary artery dilation.

4. The etiology of simple coronary artery dilation disease is unknown and may be related to genetic
susceptibility (e.g., specific HLA class Il genotype, matrix metalloproteinase gene variants),



angiotensin-converting enzyme overexpression, etc.
5. Congenital coronary artery anomalies

(a) Congenital coronary artery anomalies: This is a collective term for a variety of different congenital
malformations of the coronary arteries due to abnormalities in the origin, course, morphology, and
endpoint of the coronary arteries. The prevalence in the population is about 1% to 5%. It include
anomalous aorticorigin of a coronary artery (AAOCA), anomalous origin of the coronaryartery from the
pulmonary artery (ACAPA), and coronary artery fistula, etc. Clinically, anomalous origin of the left
coronary artery or its branches from the pulmonary artery (ALCAPA), also known as
Bland-White-Garland syndrome, is most common in about 90% of cases. [2

(b) Congenital heart disease: such as tetralogy of Fallot, a higher risk of endocarditis and arrhythmias.

6. Hereditary family cluster nesting hypercholesterolemia.
The predisposing factors
1. Infection and autoimmune abnormalities: infection may directly or indirectly injury coronaty arteries
by stimulating autoimmune reactions.
2. Emotional excitement or after strenuous activity can trigger the disease, appearing chest pain and
discomfort.
3. In addition, smoking, high blood pressure, cocaine use, etc. may trigger:this disease.
Kawasaki disease

Kawasaki disease is an infection-induced systemic inflammatery disease in children, in which
vasculitis is the main feature, mainly involving small and medium-sized arteries 1. Clinical
manifestations include fever, rash, congestion of the.conjunctiva of the eye and oral mucosa,
palmoplantar erythema, hard edema of the finger (toe) ends and enlarged cervical lymph nodes, etc. A
few children may even have Kawasaki disease:shock.syndrome (KDSS) or macrophage activation
syndrome (MAS). The disease usually has.a good prognosis, with most temporary changes in CAL and
long-term complications mainly related to the degree of coronary artery involvement. Coronary artery
dilatation to an internal diameter <8 mm and a Z value <10 often results in gradual recovery, whereas
giant coronary aneurysms (maximum internal diameter >8 mm) are highly susceptible to myocardial
infarction, arrhythmia, or. sudden death due to coronary occlusion [4-3],

The exact etiology of Kawasaki disease has not been elucidated. It has been found that Kawasaki
disease may be associated with'infection by different pathogens and genetic susceptibility. The pathology
of Kawasaki.disease shows inflammatory cells infiltrating the vascular tissue and destroying the luminal
endothelium, elastic fiber layer and middle smooth muscle cells, which eventually leads to luminal
dilation. and, aneurysm formation [€l. Inflammatory cells infiltrating the arterial vasculature include
neutrophils, T cells (especially CD8+ T cells), eosinophils, plasma cells (especially IgA-secreting plasma
cells),'and macrophages [71. Early in the course of the disease, mainly neutrophils infiltrate the arterial
wall, and after 2 weeks, monocytes and CD8+ T cells predominate [8]. Thus, Kawasaki disease may be a
systemic inflammatory disease with a predominantly innate immune disorder due to exposure of
genetically susceptible individuals to various infections and/or environmental triggers.

Multisystem inflammatory syndrome (MIS) in children

Since April 2020 several countries have reported the clinical features of cohorts of childhood MIS
cases, which occur mostly in previously healthy children and adolescents with a clinical presentation
similar to KDSS, presenting with systemic multisystemic injury and evidence of novel coronavirus
pneumonia (COVID-19). The World Health Organization defines MIS in children ¥ as (1) Age <19
years. (2) Fever >3 d. (3) Evidence of multisystem injury (>2): (i) rash, bilateral non-purulent



conjunctivitis, or skin mucosal symptoms; (ii) hypotension or shock; (iii) cardiovascular dysfunction,
pericarditis, valvulitis, or CAL; (iv) coagulation abnormalities; and (v) acute gastrointestinal symptoms
(diarrhea, vomiting, or abdominal pain). (4) Elevated inflammatory markers, such as erythrocyte
sedimentation rate, C-reactive protein, or procalcitonin. (5) Inflammation due to infection by other
pathogens is excluded. (6) Evidence related to COVID-19.

Cardiac involvement is a common manifestation of MIS in children, with 32% of patients having a
left ventricular ejection fraction of less than 55% and 11% of them having an ejection fraction of less than
30%. 23% of patients have myocarditis. 23.4% of patients with KD-like symptoms have coronary artery
dilatation/aneurysm [10, 93% of coronary artery aneurysms are mild and 7% are moderate (111, 40% to 50%
of children with MIS meet the diagnostic criteria for Kawasaki disease or incomplete Kawasaki disease,
which is very similar to KDSS. The key differences between childhood MIS and Kawasaki. disease
include a predominantly non-Hispanic black, Hispanic, or Latino population for childhood MIS, mostly
in children aged 6-15 years [221; more prominent gastrointestinal symptoms (especially abdeminal pain),
more significant elevation of inflammatory markers, lower absolute lymphocyte and platelet counts, and
evidence of COVID-19 associated with childnood MIS [13-15],

The climb in the number of cases of childhood MIS occurred several weeks after the peak of
COVID-19 community onset, and studies have shown persistent monocyte activation, elevated levels of
anti-severe acute respiratory syndrome coronavirus 1gG antibodies, enhanced CD8+ T cell activation,
and elevated levels of inflammatory cytokines, interleukin (IL), gamma interferon, and tumor necrosis
factor TNF and ferritin levels are significantly elevated, among. others [1216-171 Therefore, MIS in
children is an inflammatory cytokine storm disease caused by abnormal immune response induced after
viral infection.

Multiple aortitis (takayasu arteritis, TA)

TA is a chronic nonspecific inflammatory disease of large and medium-sized vessels, mainly
involving the aorta and its major branches, butalso'the pulmonary and coronary arteries [18]. TA often has
nonspecific systemic symptoms in itsearly stages, such as fever, rash, and malaise; while symptoms such
as ischemic limb pain and/or cyanosis, dizziness, and hypertension due to arterial stenosis, occlusion, or
dilation are not evident in infants and:ghildren [18-29], The disease is similar to Kawasaki disease and may
be characterized by abnormal inflammatory indicators, such as elevated levels of acute phase reactants,
anemia, leukocytosis and/or’ thrombocytosis; histopathology shows a predominantly cytotoxic
lymphocyte .infiltration in the arterial tissue, especially vy T cells; other inflammatory cells include
histiocytes, macrophages and plasma cells [201, These cells cause vascular injury by releasing large
amounts ofithe cytolytic protein perforin, which disrupts the vascular elastic membrane and mesothelial
muscle layer, leading to aneurysmal dilatation [22]. The incidence of TA CAL is 10%-30%, which
manifests.as focal or diffuse inflammation, dilation, stenosis or occlusion [221, and Kawasaki disease
unresponsive to IVIG treatment should be distinguished from this disease.

Systemic juvenile idiopathic arthritis (JIA)

Systemic JIA is a systemic auto-inflammatory disease [23], which may have no early manifestations
of arthritis, but more prominent extra-articular manifestations, including daily intermittent fever (fever
peak >38.5 °C), pale red maculopapular rash, enlarged liver and spleen lymph nodes, and serositis, and is
easily complicated by MAS [241. Laboratory features of systemic JIA include increased white blood cell
count, elevated granulocyte count and ratio, thrombocytosis, anemia, increased erythrocyte
sedimentation rate, and elevated C-reactive protein and serum ferritin, while being negative for
autoantibodies [2°1. Several papers have reported the finding of coronary artery dilation on cardiac



ultrasonography in children with systemic JIA [26-271 which is easily misdiagnosed as Kawasaki disease
or incomplete Kawasaki disease similar to Kawasaki disease, and the immunopathogenesis of systemic
JIA in individuals with a certain genetic background, in which the innate immune system is dysregulated
and overactivated by various promotive factors, producing large amounts of inflammatory cytokines
(IL-1, IL- 6 and IL-10, IL-17, IL-21, etc.) and pro-inflammatory proteins (S100-A8, S100-A9 and
S100A-12), which in turn lead to systemic multisystemic inflammation and even complications of MAS
[28-29] Given that systemic JIA does not respond to IVIG therapy, children with IVIG non-reactive
Kawasaki disease need to be differentiated from systemic JIA, even if coronary artery dilatation is
present.

Systemic lupus erythematosus (SLE)

SLE in children is a chronic recurrent autoimmune disease that presents with multisystemic
multi-organ involvement, positive signature autoantibodies, and decreased complement [30-311Children
with SLE are at significantly higher risk of CAL than the healthy population, and systemic inflammation
is an independent risk factor for CAL [32]. Children with SLE have larger coronary artery diameters than
healthy children, and a small number of children with SLE can be complicated by coronary arteritis
and/or coronary artery dilation, which may be diagnosed early as Kawasaki disease or incomplete
Kawasaki disease. It has been suggested that coronary arteritis may be a more common clinical feature of
childhood SLE than currently recognized, and early recognition.and management would be beneficial in
improving long-term cardiovascular outcomes in children with:SLE [33:341,

Primary immunodeficiency diseases (PID)

Some primary immunodeficiency diseases may-also involve coronary arteries, including autosomal
dominant hyperimmunoglobulin E syndrome (AD-HIE), which is caused by a subtractive variant of the
STAT3 gene [35-36]; and X-linked lymphoproliferative disease (X-linked HIE), which is caused by a
variant of the XIAP gene; and partially monogenic auto-inflammatory disease (AID) 371, AD-HIE
coronary artery involvement can manifest as atherosclerosis, tortuosity, dilatation and local aneurysms.
XLP-2 often presents as EBV-associated fulminant infectious mononucleosis and hemophagocytic
syndrome (HSP), which can lead to Kawasaki disease-like CAL, and the underlying mechanism may be
related to excessive activation.of CD8" T cells and inflammatory cytokine storm in EBV infection [38],
AID often presents as recurrent or persistent inflammation of unknown origin, and the clinical features of
the exacerbation phase are similar to those of Kawasaki diseases, such as fever, rash, serositis, arthritis,
aseptic meningitis, conjunctivitis and uveitis, among which hyper IgD syndrome caused by MVK gene
variants can present.with coronary artery dilation, which is easily misdiagnosed as Kawasaki disease or
incomplete:Kawasaki disease in early stages, and recurrent Kawasaki disease should be distinguished
from AID in particular.

Chronicactive Epstein-Barr virus (CAEBV) infection

CAEBYV infection is a rare, life-threatening lymphoproliferative disorder that manifests as persistent
infectious mononucleosis-like syndrome, EBV viremia, or EBV-associated phagocytic syndrome [39],
Untreated T-cell CAEBV-infected patients often develop systemic organ lesions due to T-cell infiltration
of tissues, phagocytic lymphocytosis, hepatic failure, and CAL [49, The incidence of coronary artery
dilation in CAEBYV is approximately 8.5% [411, with some early misdiagnosis as incomplete Kawasaki
disease. The mechanism by which CAL occurs in CAEBV may be related to abnormal secretion of
inflammatory factors (e.g. tumor necrosis factor o, IL-16 and 1L-10), and T-cell immune imbalance [42].
In children with persistent fever, hepatosplenomegaly, and abnormal liver enzymes with coronary artery
dilatation, especially those without the typical clinical manifestations of Kawasaki disease, care needs to



be taken to differentiate from CAEBV.
Conclusion

The pathogenesis of CAL is based on focal or diffuse inflammation leading to destruction of the
intima and mesostructure of the coronary vessel wall, degradation of elastic fibers followed by coronary
artery dilatation, stenosis or occlusion; as well as immunological mechanisms of over-activation of
innate immunity and/or imbalance of adaptive immunity in the presence of infection or other causative
factors in individuals with specific genetic backgrounds, followed by acute or chronic inflammatory
injury are jointly involved. CAL due to Kawasaki disease is most common in pediatrics, and timely
treatment with intravenous immunoglobulin (IVIG) has reduced the incidence of CAL from 25% to
approximately 4% [43]. However, CAL is not a unique manifestation of Kawasaki disease, and a variety
of childhood rheumatic-immune diseases can lead to coronary artery involvement.

Therefore, clinicians should deeply understand the pathogenesis of the disease, be alert to CAL
secondary to rheumatic immune diseases and cardiovascular diseases, broaden the diagnosis and
differentiation of the disease in all aspects, actively manage coronary complications through
multidisciplinary cooperation, and further improve the diagnosis and treatment of CAL lesions in
children caused by related diseases.
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