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ABSTRACT

Kawasaki disease (KD) is a medium vessel vasculitis that predominantly affects the coronary arteries and is
recognized as the leading cause of acquired heart disease in children.l”? KD diagnosis is still a clinical challenge,
and there is no confirmatory lab test available to diagnose it. The KD diagnostic criteria have undergone periodic
revisions. The American Heart Association's and the Kawasaki Disease Research Committee's guidelines are the
two sets of diagnostic criteria that have been applied to this ailment the most.['? The clinical and epidemiologic
aspects of KD strongly point to an infectious cause. KD is prevalent around the world, with Japan, Korea, and
Taiwan having the highest rates because of heightened genetic vulnerability in Asian people.! Aneurysms can
occur from delayed treatment, treatment refractory conditions or missing diagnoses, and in up to 25% of affected
individuals, these events can result in severe cardiac sequelae, including myocardial infarctions. Thus, in developed
countries, KD is the most commonly acquired cardiac disease.!” The therapeutic approaches for patients with
Kawasaki disease are summed up in this review. The goal of treatment is to reduce the risk of coronary artery
aneurysm formation by reducing coronary artery inflammation with intravenous immunoglobulin (IVIG), aspirin,
corticosteroids; additionally, anticoagulant, antiplatelet, and thrombolytic agents are used to treat cardiovascular
complications of the disease. Supplementary to the primary treatment plan, supportive care is also necessary.!%

KEYWORDS: Kawasaki disease, Coronary artery aneurysm, Intravenous immunoglobulin.

INTRODUCTION

Kawasaki disease is a systemic vasculitis that affects
mostly the walls of medium-sized arteries.”® It is an
acute, self-limiting febrile disease that primarily affects
children under five years old and has no known etiology.
Fever, affection of the mucous and skin membranes,
conjunctivitis, and cervical lymphadenopathy are the
primary symptoms.®! It is known to be the primary cause
of acquired heart disease in young people.l”!

The first account of Kawasaki disease was published in a
1967 paper by Japanese pediatrician Tomisaku
Kawasaki, who provided a thorough account of 50
children who had this type of wvasculitis. In
1970, subsequent documentation of the cardiac sequelae
was observed, which resulted from an investigation into
10 post-mortem cases of abrupt cardiac death after KD
diagnosis.>®

The diagnostic criteria for KD have undergone periodic
revisions. The most frequently used diagnostic criteria

1. Kawasaki Disease Research Committee guidelines
(Japanese guidelines), 2002.
2. American Heart Association (AHA) guidelines, 2004.

These criteria have their basis in clinical observations
and bear little resemblance to the initial case reports of
KD provided by Dr. Kawasaki.®® The key difference
between the AHA and Japanese criteria is that the former
do not require a fever lasting more than five days,
whereas the japanese criteriamust.”) The American
Heart Association's (AHA) diagnostic guidelines for KD
are the most commonly used criteria worldwide.*!

Undiagnosed and untreated Kawasaki disease increases
the risk of cardiovascular problems, including coronary
artery aneurysms (CAA), Other systemic KD
complications are represented by anemia, electrolyte
imbalance (especially hyponatremia), paralytic ileus,
hypoalbuminemia, liver dysfunction, cholecystitis,
seizures, vomiting, dehydration, diarrhea and heart
failure, Pericarditis with pericardial effusion, valvulitis

for this condition are as follows: and rupture of the coronary arteries leading to
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hemopericardium and sudden death.™® There have also
been reports of macrophage activation syndrome (MAS)
in KD cases. Acute phase cardiac issues will affect
roughly 9% of individuals, whereas cardiac sequelae will
affect about 3% of patients.['")

The objectives of KD treatment are reducing fever,
edema, preventing heart damage, preventing blood clots,
and preventing or reducing damage to the arteries.
Reducing inflammation (and subsequent arterial damage)
and minimizing potentially fatal thrombosis linked to
abnormalities in the coronary arteries are the main
objectives of the early treatment of acute KD. Currently,
high-dose intravenous immune globulin combined with
aspirin is the cornerstone of treatment.™

EPIDEMIOLOGY

The prevalence of KD differs by ethnicity and
geography:

The frequency of KD is 4-25 incidents per 100,000
children under the age of five in North America, Europe,
and Australia. The incidence peaks in children between
the ages of 18 and 24 months in the US. Northeast Asia:
Compared to North America and Europe, the incidence
of KD is 10-30 times higher there.

The incidence rate in Japan is 265 cases per 100,000
children under the age of.® In India and China, rapid
economic expansion and industrialization are probably
the reason for the rising incidence of KD in these
countries.[*% 1 12

ETIOLOGY

Since its discovery in 1967, a potential agent has not
been found despite years of research. The presence of an
agent or infection that is etiologically associated to KD is
strongly suggested by epidemiological features.®=!

The etiology of KD, toxic shock syndrome, and scarlet
fever are similar, leading to the suggestion that they are
caused by Dbacterial toxins or superantigens.
Nevertheless, no bacterial toxin has been found in KD
patients' peripheral blood."”}

The lung antigen confined to intracytoplasmic inclusion
bodies, which were recognized by RNA and protein
staining.’® 1%

Different populations may have different genetic
susceptibilities, which could account for the higher rates
in Asian populations. Exogenous factors that contribute
to illness expression in genetically susceptible
individuals are suggested by seasonal and geographical
patterns as well as observed relationships with wind
directions.® Furthermore, a Viral etiology is strongly
suggested by the high expression of cytotoxic T cell and
interferon pathway genes in the coronary arteries of
children who have died of KD, as well as the presence of
CDS8T cells in the inflammatory infiltrate.™

PATHOGENESIS
1. Acute infection
Infection of the ciliated bronchial epithelium by the

KD ubiquitous agent typically results in
asymptomatic infection and KD in a small
percentage of children who are genetically

susceptible. Epidemics of KD can be explained by
an as-yet-unidentified respiratory agent, which can
occasionally cause outbreaks of sickness or rare
cases. In previously infected individuals, it may
continue to be persistent as cytoplasmic inclusion
bodies with occasional shedding.

2. Blood stream spread and immune response
The KD agent enters the bloodstream through
macrophages and targets the coronary arteries and
other locations. Antigen-specific IgA plasma cells
and other cells then mount an adaptive immune
response, but coronary arteries may sustain damage.

3. After infection
After recovery, the KD patient is nearly always
immune, which explains why 97-99% of KD
children do not recur and why the majority of them
do not experience other health issues.

4. Spread through population
The KD agent can be transmitted from a close
contact who has been infected in the past and
intermittently sheds the agent (other seasons) or
from a community contact who has a primary acute
infection (particularly in the winter and spring).

DIAGNOSIS

KD can be diagnosed using clinical criterias. Since
the distinctive clinical symptoms might not be visible at
the moment, a comprehensive history and physical
examination are crucial. The presence of at least five
days of fever and at least four out of five clinical
characteristics are prerequisites for the traditional clinical
criteria for diagnosing KD.[!

Kawasaki Disease Research Committee lists the
following as the main symptoms (at least five of them):
fever lasting longer than 5 days. bilateral conjunctivitis,
rash on the skin, alterations in the oral mucosa
(strawberry tongue, fissured lips, diffuse injection),
Peripheral extremity changes (first stage: palm and sole
edema and redness; recovery stage: fingertip peeling),
cervical lymphadenopathy that is acute, non-purulent,
and more than 1.5 cm in diameter.

If a coronary aneurysm or dilatation is found by 2D
echocardiography or coronary angiography, patients with
four of the main symptoms can be diagnosed with KD.
According to the Japanese criteria, KD can be diagnosed
as early as the first, second, third, or fourth day of a
fever, even if the symptoms do not align with the AHA
guidelines.

According to the 2017 update of the American Heart
Association's diagnostic guidelines for KD, the condition
can still be diagnosed in patients who have a fever that
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lasts longer than four days and who also exhibit at least
four of the five main clinical symptoms, particularly if
they have either palmar or plantar erythema or edema of
the hands and feet (4 limb changes) and it is called 4-4-4
rule.5%

American Heart Association Guidelines:

At least five days of fever and at least four of the five
conditions listed below: Lip cracking and erythema,
infection of bilateral bulbar conjunctivas  without
exudate, in acute phase Hand and foot edema, periungual
desquamation in the subacute phase, or maculopapular
rash, widespread erythroderma, or erythema multiforme-
like rash Usually unilateral, strawberry tongue, erythema
of the oral and pharyngeal mucosa, and cervical
lymphadenopathy (1.5 cm indiameter).

Meet each of the four requirements listed below: fever
lasting five days or more, ESR of 40 mm/h or CRP of 3.0
mg/dL are at least two of the primary clinical signs of
KD. Three or more of the six additional laboratory
requirements listed below: albumin 3.0 g/dL, anaemia for
age, a platelet count of 450,000/mm3 following the
seventh day of fever, elevated alanine transaminase,
white blood cell count of 15,000/mm3, urine white blood
cells 10/hpf.B*%

DIAGNOSIS OF
DISEASE

Young children with unexplained fever and patients who
do not fully meet the traditional clinical criteria might
also be diagnosed with incomplete KD. According to the
2017 AHA qguidelines. Incomplete KD should be
evaluated in infants who have had an unexplained fever
for at least seven days and in children who have had a
fever for at least five days while exhibiting two to three
clinical signs of KD.

INCOMPLETE KAWASAKI

Three additional laboratory criteria and non-specific
laboratory results of elevated inflammatory markers
(CRP and ESR) are regarded as reliable evaluations for
incomplete KD.

Treatment must be initiated if the laboratory and echo
results show incomplete Kawasaki disease, if CRP >3.0
mg/dL and/or ESR >40 mm/h.

3 or more Laboratory Findings:

Albumin<3.0 g/dL, Anemia for age, Plt count >450,000
after 7th day of fever, Elevated ALT, Urine WBC
>10/hpf, WBC>15,000/mm3.

Positive ECHO, is considered in dignosing incomplete
KD.!

DIFFRENTIAL DIAGNOSIS
Kawasaki disease is frequently mimicked by a number of
infections, including Adenovirus and KD both manifest

does not. By looking at whether the lymphadenopathy is
unilateral or bilateral, one can distinguish KD from
lymphadenitis; in more than half of patients, Kawasaki
usually manifests unilaterally.

Retropharyngeal edema, which may indicate a potential
retropharyngeal abscess, can be caused by KD. But
unlike KD, real RPA will have unusual imaging and
clinical symptoms. KD involves the eyes and joints,
whereas toxic shock syndrome and scarlet fever do not.

The symptoms of Kawasaki disease also resemble those
of other immunologic reactions, including infantile
polyarteritis nodosa, systemic lupus erythematosus,
juvenile idiopathic arthritis, and various drug
hypersensitivity reactions. These can be distinguished
from KD based on the number of affected joints,
chronicity, and the lack of typical clinical criteria,**?"%]

TREATMENT

PRIMARY TREATMENT REGIMEN

Reducing inflammation (and consequently arterial
damage) and averting potentially lethal thrombosis
associated with coronary artery abnormalities are the
primary goals of KD treatment. Aspirin (ASA) and high-
dose intravenous immune globulin (IVIG) are currently
the mainstaysoftreatment.’)

1. Intravenous immune globulin (1Vig):
Plasma from several blood donors is used to create this
biological product.

MOA: IVIG appears to have a broad anti-inflammatory
impact. alteration in the production of cytokines,
elevated activity of regulatory T-cells, suppression of
antibody formation, neutralisation of poisons or other
harmful chemicals, and development of anti-idiotypic
antibodies. Consequently, by stopping the evolution of
KD, coronary artery aneurysms are inhibited.[*!

DOSING: As a first line of treatment, ASA and a single
IVIG infusion at a rate of 2 mg/kg over 10-12 hours
should be administered. Children with KD should still
receive treatment after the tenth day of sickness if there
are ongoing symptoms of inflammation, even though
IVIG should ideally be given during the first ten days of
illness.*!

Aseptic  meningitis, Coombs-positive  haemolytic
anaemia, and generalised infusion reactions are among
the adverse reactions that patients should be particularly
watched for during infusion.

After high-dose IVIG, live vaccinations, especially those
for varicella, mumps, and measles, should be postponed
for 11 months.™¥

Keep an eye on your vital signs, fluid intake and output,

as conjunctival injection; the key distinction is that and responses connected to infusion. Haemolytic
adenovirus produces conjunctival exudates, whereas KD
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transfusion reaction: levels to evaluate

treatment efficacy.

track igG

SIDE EFFECTS: fever, headache, hemolytic reactions
and dyspnea.

1. Aspirin (acetylsalicylic acid/ASA)
ASA has important antiplatelet activity (at low doses)
and anti-inflammatory activity (at high doses)

MOA: It inhibits the cyclooxygenase (COX) enzyme
from producing prostaglandins (PGs), which are in turn
in charge of fever, swelling, inflammation, and
discomfort. Consequently, an anti-inflammatory action is
produced, reducing its production hinders platelet
aggregation since it also inhibits COX 2 in platelets,
which lowers the synthesis of thromboxane A2, which is
necessary for platelet aggregation and activation.

DOSING: ASA is given every 6 hours during the acute
phase of sickness, with a daily dose of 80-100 mg/kg/d
10 in the US and 30-50 mg/kg/d in Japan and Western
Europe. There is no evidence to support the superiority
of either ASA dosage.

Until the fourteenth day of the sickness and for at least
48 to 72 hours following the end of feverLow-dose ASA
(3 to 5 mg/kg/d) is started and sustained after high-dose
ASA is stopped until the patient shows no signs of
coronary abnormalities 6 to 8 weeks after the sickness
started.

Although there is no proof that moderate-dose (30-50
mg/kg/d) to high-dose (80—100 mg/kg/d) ASA decreases
coronary artery aneurysms, it is reasonable to administer
it until the patient is afebrile.[

ECG should be monitored during acute illness and at
follow-up to determine the involvement of the coronary
arteries.

SIDE EFFECTS: tarry, black stools, unusual bleeding,
severe or persistent stomach discomfort, weakness, and
blood particles that resemble coffee grounds being
vomited.

Because it counteracts the antiplatelet activity of ASA,
ibuprofen is contraindicated.™ 24

In patients who present with influenza or varicella and
KD, Alternative antiplatelet agent should replace ASA
for a minimum of 2 weeks.

ADJUNCTIVE THERAPY

1. Corticosteroids

Several studies were conducted in different countries
showed that the children treated with ASA (30 mg/kg/d)
and IVIG (1 g/kg for 2 consecutive days) plus
intravenous prednisolone or methyl prednisolone.

A) Methylprednisolone

MOA: Methylprednisolone inhibits the advancement of
coronary artery involvement by decreasing the function
of lymphocytes and other immune response cells,
reducing the migration of  polymorphonuclear
leukocytes, and reversing enhanced capillary
permeability.

DOSING: The steroid group saw a quicker drop in CRP
levels, a shorter duration of fever, and a reduced
incidence of coronary artery anomalies and retreatment
after receiving a single infusion (30 mg/kg/d) followed
by an oral taper. One As of right now, the American
Heart Association suggests that high-risk patients with
acute KD who can be identified before treatment begins
should be treated with a longer course of corticosteroids
(such as tapering over two to three weeks), IVIG 2 g/kg,
and ASA.I-9!

Multiple Japanese clinical studies support the use of
corticosteroids as adjunctive therapy for children at high
risk for IVIG resistance.

A close monitoring of vital signs, ECG, and blood
pressure is required during pulse.™ 21

SIDE  EFFECTS:  Hyperglycemia,
hypertension and hypothermia.

Bradycardia,

B) Prednisolone

MOA: By inhibiting polymorphonuclear leukocyte
movement, reversing enhanced capillary permeability,
and suppressing the extracellular release of HMGB-1 and
related inflammatory pathways, prednisolone lowers
inflammation.

DOSING: Prednisone can be taken orally after fever and
improvement of inflammatory indicators. If used in
conjunction with IVIG as a first-line treatment, the dose
is 2 mg/kg/day given intravenously in three doses.
Prednisone can be continued for five days once CRP
returns to normal. once that, it is lowered to 1 mg/kg/day
in two doses for an additional five days, and then to 0.5
mg/kg/day for an additional five days. 3

SIDE EFFECTS: diabetes, glaucoma, chorioretinopathy,
cataracts, pancreatitis, arrhythmia, congestive heart
failure, liver failure, shock, infection, gastrointestinal
bleeding or perforation, and Legg-Calvé-Perthes
disease.!

2. Infliximab

MOA: A chimeric monoclonal antibody called
infliximab blocks TNF-o to reduce inflammation.
Coronary artery lesions (CALSs) are associated with
higher levels of TNF-alpha, a pro-inflammatory
cytokine, in KD patients.

DOSAGE: IV infusion of 5 mg/kg administered over two
hours.
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For the initial treatment of acute KD, infliximab adjunct
therapy is not yet recommended.®!

Fever duration and the rate of inflammatory marker
normalisation were reduced when infliximab was added
to IVIG for initial treatment; however, neither the rate of
CAA nor the rate of IVIG resistance were lowered.?%

Infliximab successfully lowered levels of
proinflammatory cytokines, indicating a reduction in
systemic inflammation. However, markers associated
with vasculitis, like vascular endothelial growth factor
and S100 proteins, remained high, suggesting that while
systemic inflammation was addressed, the vasculitis
itself was not fully suppressed. Adding infliximab to the
initial 1VIG therap¥ is safe but does not stop the
recurrence of fever.!

SIDE EFFECTS: Potential side effects of infliximab
include infusion reactions such as itching, anaphylaxis,
skin rashes, headaches, angioedema, and bronchospasm.
Symptoms of hypersensitivity can develop up to three
days after the infusion and may include muscle pain,
among others.™

3. Etanercept

MOA: A soluble TNF receptor called etanercept attaches
itself to TNF-beta and TNF-alpha to stop them from
starting inflammatory processes.

The study on IVIG and etanercept treatment for
escalation of initial therapy was published.

DOSAGE: Three weekly subcutaneous injections of 0.8
mg/kg of etanercept.[*”

Etanercept did not significantly lower IVIG resistance;
however, it did reduce the progression of coronary artery
dilatation in individuals with baseline abnormalities and
improve IVIG resistance in patients older than one year
(p = 0.03). The American Heart Association does not
currently advise using etanercept as an adjuvant
treatment.

SIDE EFFECTS: Bleeding, headaches,
infections, diarrhoea, and pale skin.

respiratory

IVIG RESISTANT KAWASAKI DISEASE

Failure to respond to early IVIG therapy is a sign of a
resistant KD. After 36 hours following the cessation of
IVIG infusion, patients may experience a persistent or
recurrent fever (> 38 °C, axillary or rectal). Over 10% of
KD patients experience this incident. The higher
frequency of CAA in this patient subgroup is thought to
be explained by IVIG non-responsiveness, which may be
a reflection of the degree of the underlying
inflammation.™

is often treated with infliximab,
IVIG + prednisone, or a repeat

Refractory KD
retreatment with
IVIGinfusion.®

Retreatment of IVIG IVIG should be given again to
patients with refractory KD at the same dosage (2 mg/kg
as a single infusion). Series of retrospectives have
indicated effectiveness in this approach.™”

1. Corticosteroids

The best steroid treatment for refractory KD is still up
for debate. In lieu of a second IVIG infusion, high-dose
pulse steroids (IVMP 20-30 mg/kg IV for 3 days with or
without PO prednisolone taper) may be used to treat
patients who have recurrent fever following further IVIG
infusions. Another suitable regimen is to administer a
lengthier course of prednisolone (2 mg/kg/day 1V split
every 8 hours until afebrile, then PO prednisolone until
CRP normalised, followed by a 2- to 3-week taper) with
IVIG and ASA.[

2. Infliximab
Single infusion: 5 mg/kg IV given over 2h.

It may be considered to be an alternative to a
corticosteroids or 2nd infusion of IVIG for refractor KD.

3. Cyclosporine

MOA: The calcineurin inhibitor cyclosporin inhibits the
Ca2+/NFAT signalling pathway, which is linked to
immunological hyper-reactivity and has been linked to
the development of CAA and KD vulnerability.

DOSING: 1V: 3 mg/kg/day, split every 12 hours PO:
split every 12 hours, 4-8 mg/kg/d If the second IVIG
infusion, infliximab, or corticosteroids have not worked
for a patient with refractory KD, the dose may be
adjusted to reach a 2-hour peak level of 300—600 ng/mL.
After two weeks of treatment or until the patient is
afebrile and showing clinical improvement with a CRP
of less than 12 mg/dL, cyclosporin should be continued.
After then, the dosage should be reduced by 10% every
three days until it reaches 1 mg/kg/day. %

SIDE EFFECTS: hirsutism,
hypomagnesaemia, and hypercalcemia.

hypertension,

4. Anakinra
An IL-1 receptor antagonist called anakinra has been
used to treat extremely refractory KD.

MOA: It is an antagonist of the recombinant interleukin-
1 (IL-1) receptor with immunomodulatory and anti-
inflammatory properties.

DOSING: subcutaneous injection of 2-6 mg/kg/day.™

SIDE EFFECTS: They may affect the respiratory system
(sinusitis, influenza-like disease, upper respiratory
infections, and infrequently = pneumonia), the
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gastrointestinal tract (nausea, abdominal discomfort,
diarrhoea, and hyper-transaminasemia), or the skin
(bruising, local infections, and urticarial-like lesions).

OTHER TREATMENT MODALITIES

Cytotoxic agents and Plasma exchange such as
cyclophosphamide have been wused in particularly
refractory acute KD. However, given the limited data
and risks of these agents, use should be reserved for
patients for which other modalities have failed."!

Cyclophosphamide

MOA: The liver converts CYC into phosphoramide
mustard, which stops cell division by creating
irreversible DNA cross-links. By inhibiting immune
cells, this causes cell death and lowers inflammation.

DOSING: 2mg/kg/d IV.™

SIDE EFFECTS: Abdominal pain, nausea, vomiting, loss
of appetite, diarrhea, hair loss.

TREATMENT OF THE CARDIOVASCULAR
COMPLICATIONS OF KAWASAKI DISEASE
Coronary artery aneurysms (CAAs) are the primary
complication associated with Kawasaki disease. About
half of these aneurysms resolve within a few years.
Specifically, a pseudo-normalization of the luminal
dimensions is seen within 1-2 years for small aneurysms
and in approximately 80% of medium-sized ones within
five years. However, the repair process can lead to
stenosis in the areas surrounding the aneurysm due to
intimal hyperplasia or thrombotic occlusion, which poses
risks of myocardial ischemia, heart attacks, and sudden
death.!

Platelet activation is essential during all stages of
Kawasaki disease. Consequently, for patients with
persistent CAAs, a long-term regimen of low-dose
aspirin® (3-5 mg/kg/day, with a maximum of 81-325
mg) is advised.! This may be supplemented with other
antiplatelet agents, anticoagulants, or anti-anginal
medications depending on the size of the aneurysms,
blood flow characteristics, and the presence of
myocardial ischemic changes.!

ANTIPLATELET DRUGS

1. Clopidogrel

For certain patients with very severe or complex
coronary artery aneurysms at high risk of thrombosis or
with evidence of prior thrombosis, as well as moderate
coronary artery aneurysms or large or giant aneurysms
that have shrunk to moderate size, it is recommended as
thromboprophylaxis in conjunction with ASA and
anticoagulation (triple therapy). If the patient is allergic
to ASA, it can be used as a substitute for ASA.

MOA: By attaching itself to the platelet P2RY12
purinergic receptor, the thienopyridine derivative

clopidogrel stops platelets from clumping together. This
stops platelet activation caused by ADP.

DOSING: In children younger than 24 months, low
doses of clopidogrel (0.2 mg/kg/day) typically produce
an antiplatelet effect. Children older than 25 months
should take 1 mg/ch; Per day; adults should take no more
than 75 mg per day."

SIDE EFFECTS: clopidogrel include malaise, headache,
dizziness, myalgia, gastro intestinal symptoms, rash,
itching, bleeding  tendency and  thrombotic
thrombocytopenic purpura.t!

2. Dipyridamole
If the patient is allergic to or resistant to ASA, it can be
used in its place.

MOA: Dipyridamole is a platelet inhibitor that raises
cyclic adenosine monophosphate (cAMP) and cyclic
guanine monophosphate (cGMP) levels by blocking
phosphodiesterase and adenosine deaminase. Platelet
aggregation and thrombosis are inhibited by these
elevated cAMP and cGMP levels.

DOSING: oral administration of 1-5 mg/kg/d.!!

SIDE EFFECTS: headache, flushing, diarrhoea, rash,
itching, disorientation, and stomach pain.

3. Abciximab

Limited use, often administered as a single course to
individuals with coronary artery aneurysms who
experience occlusive and nonocclusive thrombosis.

MOA: By attaching itself to platelet GP2b/3a receptors,
it stops platelets from aggregating.

DOSING: 0.125 pg/kg/min every 12 hours after a 0.25
mg/kg bolus.!™

SIDE EFFECTS: blurred vision, sweating, unusual
weakness or fatigue, confusion, bleeding,
lightheadedness, fainting, or dizziness when abruptly
rising from a sitting or reclining posture.

ANTICOAGULANT THERAPY

1. UFH

MOA: Antithrombin 1l is activated, and it binds to
clotting factor to produce an anticoagulant action.

DOSING: Age-dependent dosage:
months of age: 20 U-kg/h

28 U-kgh >12

Low dose: typically between 10 and 15 U-kg/h Adjust to
the PTT goal range. administered as an ongoing
parenteral infusion.

Range of targets: Depending on local laboratory data,
anti-factor Xa (0.35-0.70 U/mL) and PTT 1.5-3 times
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baseline PTT should be checked at least every 24
hours.[*]

SIDE  EFFECTS: thrombocytopenia, diarrhoea,
derrr;a;titis, hepatic dysfunction, haemorrhage, and hair
loss.™

2. LMWH

For patients with big or enormous coronary artery
aneurysms or a history of thrombosis, especially in
young newborns or those with enlarging aneurysms early
in their illness, chronic thromboprophylaxis is an
alternative; for patients, it serves as a bridge between
UFH and warfarin.

LMWHs attach to factor Xa and catalyse its inactivation,
while MOA activates antithrombin 11, which
subsequently binds to clotting factor.

Anti-factor Xa level should be monitored at least once a
month, with a target range of 0.5 to 1.0U/mL.

SIDE EFFECTS: thrombocytopenia,  diarrhoea,
dermatitis, hepatic dysfunction, and haemorrhage.™

A) Enoxaparin

DOSING: Subcutaneously administered every 12 hours:
1.0 mg/kg per dose at 2 months of age in newborns,
higher dosages can be required; titrate to the anti-factor
Xa target range. Get levels 4-6 hours after the dose.

B) Tinzaparin

DOSING: Given every 24 h subcutaneously: 0-2 mo:
275 U/kg per dose 2-12 mo: 250 U/kg per dose 1-5 y:
240 U/kg per dose 5-10 y: 200 U/kg per dose >10y: 175
U/kg per dose Titrate to anti—factor Xa target range.
Age-dependent monitoring: < 5 y: 2 h after dose, >S5 y: 4
h after dose.

3. Warfarin

Patients who have had prior thrombosis or massive or
enormous coronary artery aneurysms should receive
long-term thromboprophylaxis.

MOA: The vitamin K epoxide reductase complex subunit
1 (VKORC1), an enzyme necessary for activating
accessible vitamin K, is competitively inhibited by
warfarin. Warfarin can decrease the generation of active
clotting factors by using this method to deplete
functional vitamin K stores.

DOSAGE: First, load 0.2 mg-kg/d, followed by 0.1
mg-kg/d; titrate the dose to INR target level (2-3). Check
INR every day until it falls into the target range, and then
at least once a month. Test INR while you're sick, taking
medicine, or changing your diet.**"

SIDE EFFECTS: bleeding (epistaxis, intracranial, gum

embryopathies (dyschondroplasia, microcephaly, and
dysostosis).[*

THROMBOLYTIC THERAPY

Alteplase

Reserved for people who have thrombosis from coronary
artery aneurysms.

MOA.: When alteplase binds to fibrin on a clot's surface,
it changes plasminogen into plasmin, which disintegrates
the fibrin molecules and dissolves the clot.

DOSING: 0.1-0.6 (usually 0.5) mg-kg/h IV for 6 hours,
especially if occlusive 0.2 mg/kg IV bolus (maximum 15
mg), 0.75 mg/kg over 30 min (maximum 50 mg), and 0.5
mg/kg over 60 min (maximum 35 mg) for a maximum
dose of 100 mg, in accordance with adult guidelines.™*”

After the infusion is finished, reevaluate the thrombus
using imaging; retreatment might be necessary until the
haematologic parameters are adequate; close patient
monitoring is necessary, and any indication of internal
bleeding should be promptly investigated.

SIDE EFFECTS: bleeding due to a puncture, bleeding
gums, difficulty with breathing or swallowing, headache,
coughing up blood, increased menstrual flow or vaginal
bleeding and nosebleeds.

NON PHARMACOLOGICAL TREATMENT OF
CORONARY ARTERY THROMBOSIS
Interventional catheterization procedures face challenges
due to the large delivery systems used for small patients,
a high risk of complications, and limited effectiveness,
which can lead to a significant chance of needing
reintervention. Coronary artery reperfusion through both
invasive cardiology interventions and cardiac surgery
may be considered following an unsuccessful initial
pharmacological thrombolysis. Cardiological options
include  percutaneous thrombolysis, percutaneous
angioplasty, and rotational ablation.™ **!

FOLLOW UP AND LONG TERM MANAGEMENT
OF KAWASAKI DISEASE

Long-term management starts at the conclusion of the
acute phase, typically 4 to 6 weeks after the onset of
fever, once symptoms have resolved and the extent of
coronary artery involvement has reached its peak. The
primary objectives of long-term management are to
prevent thrombosis and myocardial ischemia while
promoting optimal cardiovascular health. While there are
no specific treatments targeting the ongoing subacute or
chronic vasculitis and luminal dimension changes in
patients with coronary artery aneurysms, statins may
have a potential role in this context.'®® Key
components of management include thromboprophylaxis
and vigilant monitoring for coronary artery stenosis,
obstructions, and myocardial ischemia. For selected

bleeding, and intra-abdominal haemorrhage), patients experiencing myocardial ischemia,
revascularization  through  catheter  interventions,
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coronary artery bypass surgery, or, in rare cases, cardiac
transplantation may be considered.!!

CARDIAC RISK LEVELS AND LONG-TERM
MANAGEMENT

1. If no coronary artery aneurysm: Although
continuous follow-up up to 12 months may be
considered, it is appropriate to release patients from
cardiology care 4-6 weeks after the commencement of
KD. Continuous follow-up in cardiology is not
recommended. At least once, and preferably within a
year of the acute KD episode, measure blood pressure,
fasting lipid profile, body mass index, waist
circumference, dietary and activity assessment, and
smoking. After the acute KD episode, administer low-
dose ASA for up to 4-6 weeks; after that, it should be
stopped.!

2. Small aneurysm: It is permissible to evaluate patients
six months and a year after the acute KD episode,
however patients should be evaluated four to six weeks
later. It is reasonable to conduct a follow-up assessment
annually after that. Every two to three years, or if the
patient exhibits symptoms suggestive of ischaemia or
signs suggestive of ventricular dysfunction, it is
reasonable to check for inducible myocardial ischaemia
using stress echocardiography, stress with magnetic
resonance imaging [MRI], stress nuclear medicine [NM],
and positron emission tomography [PET]. Every three to
five years, further imaging with angiography (CT, MRI,
invasive) may be taken into consideration for periodic
surveillance. For non-lipid-lowering (pleiotropic) effects,
empirical statin medication may be taken into
consideration. Patients should get low-dose ASA
treatment, and clopidogrel therapy if they are ASA
resistant.

3. Medium size aneurysm: It is permissible to evaluate
patients three, six, and one year following the acute KD
event, although patients should be evaluated four to six
weeks later. It is normal to conduct follow-up
assessments every six to twelve months after that. Using
stress echocardiography, stress with MRI, stress NM
perfusion imaging, and PET, check for inducible
myocardial ischaemia every one to three years, or if the
patient exhibits symptoms of ischaemia or indications of
ventricular dysfunction. Every two to five years, further
angiography imaging (CT, MRI, invasive) may be
recommended for periodic surveillance. Consideration
may be given to statin, ASA, and dual-antiplatelet
therapy in addition to an additional antiplatelet drug
(such as a thienopyridine like clopidogrel). For patients
taking dual-antiplatelet therapy, activities involving a
risk of bodily contact, trauma, or injury should be
restricted or modified.!"

4. Gaint aneurysm: It is advisable to evaluate patients at
3, 6, 9, and 12 months following an acute Kawasaki
disease episode during the first year, and then every 3 to
6 months thereafter. Assessments for inducible

myocardial ischemia—using methods like stress
echocardiography, MRI with stress, stress nuclear
perfusion imaging, or PET—should occur every 6 to 12
months, or if the patient exhibits symptoms of ischemia
or signs of ventricular dysfunction. Further imaging with
angiography (CT, MRI, or invasive methods) may be
warranted for diagnostic and prognostic purposes within
the first year and could also be used for periodic
surveillance every 1 to 5 years afterward. Empirical
statin therapy for its non-lipid-lowering (pleiotropic)
effects may be considered. Patients should receive low-
dose aspirin, with clopidogrel prescribed if they are
resistant to aspirin. Warfarin may be used to maintain a
target international normalized ratio of 2 to 3, while low
molecular weight heparin (LMWH) can be an alternative
to achieve target anti-factor Xa levels of 0.5 to 1.0 U/mL.
In cases of extensive or distal coronary artery aneurysms,
or a history of coronary artery thrombosis, adding
another antiplatelet agent (such as clopidogrel) to the
combination of aspirin and warfarin/LMWH (triple
therapy) for thromboprophylaxis may be considered.
Additional characteristics of the patient and coronary
arteries should guide decisions on adjustments to
thromboprophylaxis strategies. Activities that pose a risk
of contact, trauma, or injury should be restricted or
modified.™

ONGOING CLINICAL TRIALS

1. Atorvastatin

Statins have been linked to antioxidant and anti-
inflammatory properties, especially when it comes to
lowering inflammatory indicators like CRP. ** According
to a PK/Safety Study of Atorvastatin in Children with
KD and CAA, statins' anti-inflammatory, antioxidant,
and endothelial-healing qualities may help prevent the
advancement of coronary artery anomalies in KD 15.
Furthermore, a clinical trial is presently being recruited
in China for the adjuvant use of statins in children with
significant CA anomalies.”

2. Doxycycline

One antibiotic that suppresses matrix metalloproteinase-9
(MMP-9) is doxycycline. MMP-9 may be a major factor
in the development of CAA.P®! and has been detected at
elevated serum levels during acute KD. Doxycycline is
presently being recruited for a phase Il research to
evaluate its safety and effectiveness in halting the
development and progression of coronary artery
aneurysms.'®)

CONCLUSION

In order to effectively treat Kawasaki Disease (KD) and
associated cardiovascular complications, especially
coronary artery aneurysms (CAAs), and prevent long-
term consequences, a multimodal strategy is necessary.
Aspirin and high-dose intravenous immune globulin
(IVIG), which together lower inflammation and prevent
thrombosis linked to CAAs, are part of the main
therapeutic  regimen.  Alternative therapies such
corticosteroids, infliximab, cyclosporine, and anakinra
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may be used for patients who are not responding to the
first IVIG therapy; however, their effectiveness in
treating refractory cases varies.

Careful monitoring and the administration of antiplatelet
and anticoagulant treatments are essential for the
management of KD, especially when there are notable
coronary artery anomalies. Medications such as low-dose
aspirin,  clopidogrel, and  anticoagulants  like
unfractionated heparin and low molecular weight heparin
play critical roles in preventing thrombotic events in
patients with CAAs. For acute thrombosis in CAAs,
thrombolytic therapy with drugs like alteplase may be
used; nevertheless, close observation for bleeding
consequences is crucial.

Moreover, KD's effects linger beyond its immediate
cure, requiring continuous monitoring of cardiovascular
health and suitable treatments, such as non-
pharmacological methods like catheterisation or surgery
in situations that don't improve. In order to maximise
patient outcomes and reduce the risks of myocardial
ischaemia and other cardiovascular events, it is
imperative to implement evidence-based strategies that
address both the acute and chronic consequences of KD
as research advances. In order to manage the
complications of Kawasaki Disease and its long-term
effects on cardiovascular health, paediatric cardiologists,
immunologists, and primary care physicians must
collaborate.
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