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Introduction

Kawasaki disease (KD) is a form of vasculitis that affects mostly medium-sized arteries. It is considered a self-limiting
inflammatory disease. It mostly affects the coronary arteries but it also affects the skin, mucous membranes, and conjunctiva
[1].

Kawasaki disease (KD) is the most common cause of acquired cardiac diseases in pediatric patients in developed countries.
It may lead to devastating complications in cases of missed diagnosis, late intervention, or refractory cases such as
aneurysms, infarctions, and even sudden death [2].

It is important to have proper knowledge about KD, its epidemiology, etiopathogenesis, diagnostic criteria, and therapeutic
options to conduct appropriate evaluation and management of such disease [3-5]. Therefore, we aim to review the published
literature that discussed KD and provide a general evaluation of this disorder.

Methods:

PubMed database was used for articles selection, and the following keys were used in the mesh ((“Kawasaki
disease"[Mesh]) AND (“management” [Mesh]) OR (“evaluation"[Mesh])).

In regards to the inclusion criteria, the articles were selected based on the inclusion of one of the following topics: Kawasaki
disease, evaluation, and management.

Exclusion criteria were all other articles, which did not have one of these topics as their primary endpoint.
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Discussion:

Kawasaki disease (KD), which is also called mucocutaneous lymph node syndrome, is a febrile vasculitis disorder that is
considered a life-threatening disease if left untreated [6]. The nomenclature, Kawasaki disease, was adopted after this form
of vasculitis was described by the Japanese pediatrician Dr. Tomakisu Kawasaki in 1967 [7].

Kawasaki disease (KD) has a higher prevalence in Asian countries compared to non-Asian countries with a significant
difference [8]. In Japan, the annual incidence is more than 200 cases per 100,000 children [9]. In Korea, Kawasaki-
diagnosed cases per year are 134 out of 100,000 children under 5 years old while the number in Taiwan is 66 per 100,000
[10, 11]. However, in non-Asian countries, the risk is significantly lower whereas 8.39 per 100,000 children under 5 years of
age have the disease in England and 9.34 per 100,000 in Australia [12, 13].

Genetics:

Kawasaki disease (KD) is considered a complicated disease in which its onset can be triggered by a variety of infections or
environmental agents in individuals who are genetically susceptible [14, 15]. Moreover, several identified susceptibility
genes are linked with KD for example Caspase-3 calcium release-activated calcium modulator 1 (ORAI1), inositol 1,4,5-
trisphosphate 3-kinase C (ITPKC), and CD 40 [16-18].

Studying and identifying the susceptibility genes are important to have better knowledge about the pathophysiology of the
disease. It is believed that different genes are associated with different risks of complications for instance the development of
coronary artery aneurysms in KD patients is associated with transforming growth factor (TGF)- variants [14, 19].

Diagnosis:

Regarding the diagnosis of KD, there is no specific diagnostic test. Therefore, the clinical features and laboratory findings
should be combined to reach the diagnosis [20].

There are criteria for diagnosing KD which rely primarily on clinical features. Kawasaki disease (KD) can be diagnosed
when there is fever lasting for more than 5 days and 4 of the 5 following features: conjunctivitis, lymphadenopathy, rash,
changes in oral mucosa, changes in the extremities. The conjunctivitis is mostly bilateral, non-suppurative, and bulbar. The
lymphadenopathy is mostly cervical and more than 1.5 cm in size. The rash is polymorphous with no vesicles nor crusts.
Examples of the changes in lips and oral mucosa include red cracked lips, strawberry tongue, and diffuse erythema of the
oropharynx. The extremities change range from erythema or edema of the palms and soles to peeling off the fingertip's skin.
Moreover, in the case of detected coronary artery abnormalities, fewer than 4 features can confirm the diagnosis of KD [21].
Erythema is one of the commonest signs that develop in KD. Besides, induration can appear at the location of previous
Bacillus Calmette—Guérin (BCG) immunization. It has been thought that the pathophysiology behind it is because of the
cross-reactivity of T cells between human heat shock proteins and specific mycobacterial epitopes in KD patients [22, 23].
Nevertheless, some KD patients may not complete all the criteria but they are or they will be at risk of coronary artery
aneurysm. Therefore, high suspicion of the index is recommended when a child presents with some KD features especially if
there is some evidence of systemic inflammation in laboratory findings for example high white blood cells (WBCs) count,
elevated erythrocyte sedimentation rate (ESR), or high C-reactive protein (CRP) levels. So, it is recommended to conduct
echocardiography to see if there is evidence of coronary vasculitis, which can be a diagnostic criterion for the confirmation
of KD. However, absent evidence of coronary vasculitis cannot rule out KD [21, 22, 24]. Aseptic meningitis, arthritis,
gastroenteritis, otitis, uveitis, pneumonitis, and dysuria and meatitis can also be present in cases of KD. Irritability is also a
common symptom of KD despite it is not a part of the diagnostic criteria. The underlying pathology behind irritability is still
unknown but it has been suggested that it is due to the possible presence of aseptic meningitis [22, 25]. Other complications
include gastrointestinal ischemia, renal impairment, cranial nerve palsy, conclusions, and ataxia [20, 22, 24].

Management:

Combined IVIG with aspirin is the recommended treatment for acute KD by the American Heart Association and the
American Academy of Pediatrics [6, 21].

The exact IVIG mechanism of action is still uncertain. However, several suggestions can be the reason behind the
effectiveness of IVIG in treating KD such as reducing the release of cytokines and inflammatory mediators, suppression of
TNF-a, neutralizing the infectious antigens, and the pathogenic autoantibodies [26, 27]. If IVIG therapy is started within the
first 10 days of the onset of symptoms, there will be an increase in the success rate. Administering IVIG for patients who
present after 10 days of the disease onset is not associated with high efficacy in reducing the risk of coronary artery
aneurysm. Therefore, it is not recommended unless there are signs of active inflammations such as persistent fever, high
ESR, and CRP [28]. However, approximately 1% of children who receive appropriate IVIG treatment develop coronary
artery aneurysms [26, 29]. The recommended dose is 2 g per kg as a single dose infused for over 12 hours [27]. Other
dosages and regimens have been suggested such as 400 mg per kg for 4-5 days but they were less effective in treating KD
and preventing its complications especially coronary artery aneurysm [30, 31].

As known, low doses of aspirin have antiplatelet effects while high doses have anti-inflammatory activities. In treating KD
cases, choosing whether to give high or low doses of aspirin is still controversial. Low-dose aspirin reduces prostaglandin
and thromboxane production by preventing the release of cyclooxygenase enzymes. High-dose aspirin prevents IkB kinase
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(IKK) activity, which will inhibit the translocation of nuclear factor kappa-light-chain-enhancer of activated B cells (NFkB).
This will prevent the transduction of TNFa signals and affect the main pro-inflammatory cytokines regulation. Nevertheless,
there is no significant difference regarding the coronary outcomes between high and low doses [32, 33]. Regarding the
proper aspirin therapy in acute KD cases, the dosage and the duration vary from region to region and from institution to
institution based on the present evidence. In North America, the usual prescribed dose of aspirin as an anti-inflammatory
during KD is 80-100 mg/kg/day divided qb6h. The usual prescribed dose in Japan is 20 mg/kg. Then, once the patient
becomes afebrile for 2 to 3 days, the anti-inflammatory aspirin dose should be reduced to the antiplatelet dose only. Others
recommend continuing high dose aspirin for 2 weeks regardless of the temperature. For antiplatelet aspirin, 3-5 mg/kg per
day is the recommended dose. Low-dose aspirin should be continued for 6-8 weeks in patients who do not show evidence of
coronary complications as well as fever and elevated inflammatory markers. However, low-dose aspirin must be continued
for life in children with coronary artery damage [34].
In the case of IVIG resistance, corticosteroids are the recommended alternative in treating severe KD. The resistance rate can
reach 20% of cases. Unfortunately, IVIG-resistant patients have a higher risk of developing coronary artery aneurysms in
case they did not receive other appropriate treatment [21, 22, 24]. Regarding combining IVIG with corticosteroids, it has
been suggested in several studies. Chen et al. [35] conducted a meta-analysis comparing IVIG therapy alone with IVIG plus
corticosteroids as primary treatment of KD patients to evaluate the coronary artery aneurysm risk in both groups. They found
that combination therapy has better outcomes regarding reducing the risk of coronary artery aneurysm in severe cases of KD
than IVIG alone. Intravenous methylprednisolone or prednisolone was the used corticosteroids in the studies [35].
Nevertheless, other studies have suggested otherwise, in which corticosteroids were associated with similar or even
increased risk of coronary artery aneurysm. It has been thought that this discrepancy in the results is due to the different
agents, regimens, doses, and duration of corticosteroid treatments. Moreover, the benefits from the corticosteroids have been
found in Japanese studies more than the American studies [36, 37]. Among these debates, the recommendations of using
corticosteroids were to administer them in particular groups of patients. These include patients who are known as IVIG-
resistant especially when there is ongoing fever, patients with persistent inflammatory signs for more than 2 days after
administering an adequate dose of IVIG, patients with a high risk of developing severe complications, and patients who
already developing coronary aneurysm especially when there is ongoing inflammation. Severe inflammation may appear as
persistent high CRP despite IVIG, low albumin level, liver dysfunction, anemia, or shock [20, 38]. The most effective
regimen of corticosteroids that have been suggested is prednisolone 2 mg/kg given intravenously for 1 week. Then, it is
preferred to switch to oral prednisolone for 2 weeks [20, 35].
Regarding follow-up, it is recommended to start with baseline echocardiography at the presentation in order to evaluate the
prognosis after 2 weeks and after 2 months as recommended [21]. However, more frequent echocardiography is
recommended in severe and refractory cases. Regarding long-term follow-up, the reevaluation should be after 10 to 20 years
in patients with a low risk of complications and did not develop any coronary abnormality. In patients who are at high risk of
complications or developing coronary artery abnormalities, adequate cardiac evaluation, electrocardiogram, and
echocardiogram are recommended to be performed twice yearly. In suspicious cases, coronary angiography is also
recommended in order to have a proper assessment. Moreover, other medications can be added besides aspirin for long-term
therapy, for example, beta-blockers and anticoagulants [8, 39].

COVID-19 and KD:

As we mentioned earlier, KD's onset can be triggered by a variety of infections or environmental agents in genetically
susceptible individuals. There has been a recent increase in children who present with KD-like symptoms in different
countries [40]. Nevertheless, these cases have similar symptoms and clinical features to COVID-19 and some of these
children have confirmed SARS-CoV-2 infection. In Italy, severe KD cases have been seen with increased incidence in a
recent COVID-19 cohort in Bergamo [41]. A link between these two conditions has been suggested but not defined yet. It
has been thought that coronavirus infection can trigger KD in children who already have a history of KD. One of the
reported cases has been treated with IVIG and aspirin which resulted in symptoms resolution [42]. Therefore, it is necessary
to monitor KD patients for potential COVID-19 infection. In cases of positive coronavirus, the children should receive IVIG
and get quarantined until the KD symptoms are completely resolved and the coronavirus test becomes negative [40].

Conclusion:

There is no specific diagnostic test for proper KD diagnosis. Therefore, the clinical features and laboratory findings should
be combined in order to reach the diagnosis.

Regarding management, combined Intravenous Immunoglobulins (IVIG) with aspirin is the recommended treatment for
acute KD. However, corticosteroids are the recommended alternative in treating severe KD in cases of IVIG resistance.
Regarding the proper regimens of the different options, the proper dosage and duration vary from region to region and from
institution to institution.
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