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Abstract

Purpose of Review Provide an updated review of the clinical management and diagnosis of Kawasaki disease with inclusion
of potential diagnostic difficulties with multisystem inflammatory syndrome in children (MIS-C) given the ongoing
COVID-19 pandemic.

Recent Findings Adjunctive corticosteroid therapy has been shown to reduce the rate of coronary artery dilation in
children at high risk for IVIG resistance in multiple Japanese clinical studies (most notably RAISE study group).
Additional adjunctive therapies (etanercept, infliximab, cyclosporin) may also provide limited benefit, but data is limited
to single studies and subgroups of patients with cardiac abnormalities. The efficacy of other agents (atorvastatin,
doxycycline) is currently being investigated. MIS-C is a clinically-distinct entity from KD with broad clinical manifes-
tations and multiorgan involvement (cardiac, GI, hematologic, dermatologic, respiratory, renal). MIS-C with Kawasaki
manifestations is more commonly seen in children < 5 years of age.

Summary The 2017 American Heart Association (AHA) treatment guidelines have included changes in aspirin dosing
(including both 80-100 mg/kg/day and 30-50 mg/kg/day treatment options), consideration of the use of adjuvant
corticosteroid therapy in patients at high risk of IVIG resistance, and the change in steroid regimen for refractory KD
to include both pulse-dose IVMP and longer course of prednisolone with an oral taper. A significant proportion of
children diagnosed with MIS-C, a post-infectious syndrome of SARS-CoV-2 infection, meet criteria for Kawasaki
disease. Further investigation is warranted-to-further delineate these conditions and optimize treatment of these condi-
tions given the ongoing COVID-19 pandemic.
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Introduction

This article is part of the Topical Collection on Pediatric Infectious Kawasaki disease (KD), also known as mucocutaneous lymph
Diseases node syndrome, is an acute self-limited vasculitis of unknown
etiology with characteristic clinical features first described in
Japanese children in 1967 [1]. These characteristic clinical
features of > 5 days of fever, bilateral non-purulent conjunc-
tivitis, rash, cervical lymphadenopathy, and mucocutaneous
changes remain the mainstay of diagnosis of KD [2ee].
However, the diagnosis of KD can be challenging given that
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patients, and KD is now the leading cause of acquired pediat-
ric heart disease in the USA [3]. Treatment with high-dose
intravenous immunoglobulin (IVIG) significantly decreases
the incidence of cardiac involvement (25% to 3—5%) [4].

Epidemiology

The significant variation in the worldwide incidence of KD is
a reflection upon the differing racial and ethnic composition
around the globe. Japan has the highest incidence of KD of
any country in children < 5 years (369/100,000 in 2018) [5],
followed by Korea (195/100,000 in 2014) [6], and Taiwan
(75/100,000 in 2011) [7]. By comparison, the incidence of
KD is significantly lower in Western countries varying from
4 to 25/100,000 in children < 5 years (17.5-20.8/100,000 in
the USA) [8]. The overall incidence of KD in the West has
plateaued in the last decade following an initial increase at-
tributed to initial diagnosis [9], while the incidence in East
Asian countries continues to increase [6, 7, 10, 11].

The racial variation in the incidence of KD in the Western
countries suggests genetic susceptibility as the driving factor
behind the higher prevalence of KD in East Asia. Compared to
Caucasians, the incidence of KD is significantly higher in
Americans of Asian/Pacific Islander (2.5 times) and African
American (1.5 times) descent [8]. Indeed, Americans.of
Japanese ancestry in Hawaii exhibit a similar incidence of
KD to that of the general population of Japan{(> 200/
100,000 in children < 5 years) [12].

KD predominantly affects males (1.5:1 male:female ratio
in all countries) and young children (80%/f KD in children
under 5 years and 50% of those in children under 2 years). The
seasonality of KD varies by region (winter peaks in Japan and
winter-spring peaks in the USA){13].

Etiology

Despite significant investigations since its discovery in 1967,
a putative agent has not been identified. Epidemiological fea-
tures strongly suggest the presence of an inciting infection or
agent that is etiologically linked to KD. The correlation of the
seasonality of KD with tropospheric winds from northeastern
China to Japan suggests a possible windborne pathogen [14].
Outbreaks of KD in Japan with simultaneous or sequential
cases in siblings, twins, or other contacts can suggest both
genetic susceptibility and common exposure to potentially
infectious agents [13].

Bacterial and viral pathogens which have been isolated
from KD patients include Staphylococcus aureus,
Streptococcus pyogenes, Epstein-Barr virus, adenovirus, par-
vovirus B19, human herpes virus 6, measles, rotavirus,
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parainfluenza type 3, dengue virus, varicella-zoster virus,
2009 HINI1 pandemic influenza, human coronavirus NL63,
and bocavirus [15]. However, the etiologic importance of
these pathogens is unclear given the breadth of infectious
pathogens isolated. A bacterial toxin/superantigen etiology
has been suggested given the similar desquamation seen in
scarlet fever, toxic shock syndrome, and KD. However, no
bacterial toxin has been detected in the peripheral blood of
KD patients [15].

The clinical features which comprise KD may be the result
of a common pathway of immune-mediated vascular inflam-
mation after a variety of inciting infections rather than infec-
tion with a specific pathogen [16]. Similar clinical features are
seen in multi-system inflammatory syndrome in children
(MIS-C), a post-infectious syndrome of SARS-CoV-2 infec-
tion. A total of 10-20% _children diagnosed with MIS-C met
the criteria for Kawasaki disease in-a case series from the UK
[17-].

Diagnosis

KD is diagnosed thorough the presence of clinical criteria. A
thorough history and physical examination is essential as the
characteristic clinical features of KD may not be present con-
currently. The classic clinical criteria for the diagnosis of KD
require the presence of > 5 days of fever and > 4/5 clinical
features (Table 1). Alternatively, KD can be diagnosed with
only 4 days of fever and the presence of > 4 clinical criteria
(particularly when redness and swelling of the hands and feet
are present) and some experienced clinicians have treated KD
with only 3 days of fever [2¢].

Fever

KD is typically characterized by high spiking (> 39-40 °C)
and remittent fever. Untreated fever can last for 1-3 weeks but
can spontaneously resolve after 1 week. Fever will typically
resolve within 36 h after treatment with IVIG.

Conjunctivitis

Bilateral conjunctival injection which spares the limbus typi-
cally begins shortly after fever onset. Anterior uveitis (during
the first week of fever), subconjunctival hemorrhage, and
punctate keratitis can also be observed.

Extremity Changes
In the acute phase of KD, extremity changes present as ery-

thema, induration, and swelling of the hands and/or feet. Later
findings after fever resolution include desquamation of the
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Table 1 Kawasaki diagnostic

criteria Classic clinical criteria

Fever persisting for at least 5 days
Plus

At least 4 of the following
principle features:
1. Extremity changes

2. Rash

3. Changes in lips and oral cavity

4. Conjunctival injection

5. Cervical lymphadenopathy
Supplemental laboratory criteria
Hypoalbuminia

Alanine aminotransferase (ALT)
Anemia for age

Leukocytosis

Sterile pyuria (urinalysis)
Thrombocytosis after 7 days

Erythema of palms/soles, edema of hands/feet, periungual peeling of
fingers, toes in weeks 23

Polymorphous exanthema, NOT bullous/vesicular

Erythema, cracked lips, strawberry tongue, diffuse injection of oral and
pharyngeal mucosa

Bilateral, bulbar sparing limbus, non-purulent

> 1.5 cm in diameter, usually unilateral

< 3.0 mg/dL

Elevation above reference range (varies by laboratory)
Decreased in hemoglobin below reference range for age
White blood cells > 15,000/mm’>

> 10 WBC/HPF (high power ficld)

Platelets > 450,000/mm’ after 7 days

fingers and toes (2-3 weeks) and deep traverse grooves across
the nails known as Beau’s lines (1-2 months).

Oral Cavity Changes

Oral changes in KD include generalized erythema of the lips and
oropharyngeal mucosa, peeling/cracking/fissuring of the lips,
and “strawberry tongue” (erythema and prominent fungiform
papillae on the tongue). However, strawberry tongue is not
unique to KD as it is also associated with 'streptococcal scarlet
fever. Oral ulcers and pharyngeal exudates are not seen in KD.

Rash

The polymorphous exanthem/of KD usually appears within 5
days of fever onset. Rash pattern includes diffuse
maculopapular (most common), scarlatiniform erythro
derma/erythema multiforme (common), to urticarial/fine
micro-pustular eruptions (less common). KD is not associated
with.bullous; vesicular, and petechial rashes. Psoriasis with
plaques and pustules can rarely occur during or after acute
KD [18]. Early desquamation and accentuation in the groin
region are a-characteristic feature and strong indicator for KD.

Cervical Lymphadenopathy

Cervical lymphadenopathy is the least commonly observed
clinical criteria. Diagnostic criteria require > 1 lymph node
which is > 1.5 cm in diameter. Presentation is usually unilat-
eral and classically located in the anterior cervical triangle.

Incomplete KD

Incomplete KD can be diagnosed in patients who do not
completely fulfill the classic clinical criteria and in young chil-
dren with unexplained fever. Children under 6 months of age
may have only prolonged fever as the sole clinical finding and
are at substantial risk for development of CAA. Therefore, the
2017 AHA guidelines were updated to recommend evaluation of
incomplete KD in infants with > 7 days of unexplained fever and
in children with > 5 days in the presence of 2-3 clinical features
of KD [2e¢]. The evaluation of incomplete KD includes initial
screening for elevation in inflammatory markers, followed by
evaluation for supplementary laboratory criteria, ECHO, and se-
rial clinical and laboratory re-examination (Fig. 1).

The presence of 3 supplementary laboratory criteria and non-
specific laboratory findings of elevated markers of inflammation
(erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP)) are considered a positive evaluation for incomplete KD.
Supplementary laboratory criteria include hypoalbuminemia (<
3.0 mg/dL), anemia for age, elevation of alanine aminotransfer-
ase (ALT), thrombocytosis after 7 days (> 450,000/mm>), leu-
kocytosis (> 15,000/mm?), and sterile pyuria (> 10 WBC/hpf).
Elevation of ESR and CRP is nearly universally present, but
CRP is generally more useful given its faster elevation/normali-
zation. Thrombocytosis is characteristic late finding, occurring in
the 2nd week of disease and resolving by weeks 4-6.
Thrombocytopenia can be seen in acute KD (first 1-2 weeks)
and is a risk factor for the development of CAA. A total of 40—
60% of patients will have mild transaminitis or gamma glutamyl
transpeptidase elevation, and 10% present with mild
hyperbilirubinemia. Sterile pyuria is present in up to 80% of
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Child with fever =5 days and 2 or 3 clinical criteria of KD
OR Infant with fever 27 days without other explanation

Assess Laboratory Criteria

l

CRP<3.0 mg/dL and ESR<40 mm/h

A 4

Serial Clinical and laboratory re-
evaluation if fevers persist.

ECHO if typical peeling (under nail X NO
beds of fingers/toes) occurs
Treat | VES

| OR

Fig.1 Incomplete Kawasaki algorithm

children, but this finding lacks specificity [19]. Approximately
30% of children who undergo LP have CSF pleocytosis with
mononuclear predominance and normal glucose/protein [20].

Atypical KD

Atypical KD, in which patients present with symptoms typ-
ically not seen in KD, should be considered a separate entity
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v
CRP>3.0 mg/dL and/or ESR>40 mm/h

3 or more Laboratory Findings:

Anemia for age

PIt count 450,000 after 7" day
of fever

Albumin<3.0 g/dL

Elevated ALT
WBC>15,000/mm3

Urine=10 WBC/hpf

N

oV kW

Positive ECHO: Any of the following

Z score of LAD or RCA >2.5,
Coronary artery aneurysm

>3 of the following suggestive
features: decreased LV function,
mitral regurgitation, pericardial
effusion, Z score of LAD or RCA
of 2—2.5

to incomplete KD. These symptoms include transient uni-
lateral peripheral facial nerve palsy, transient high-
frequency sensorineural hearing loss, hepatic enlargement
with jaundice, and acalculous gallbladder distention.
Testicular swelling, pulmonary nodules, pleural effusions,
and hemophagocytic syndromes have also been reported
but are less common. Kawasaki shock syndrome, the pre-
sentation of KD disease with systolic hypotension or
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clinical signs of poor perfusion, has also been described as a
rare presentation of KD [21].

Multiorgan Involvement

KD is a vasculitis that affects all medium-sized arteries in
multiple organs/tissues, resulting in systemic inflammation
and pathology can develop in multiple organ systems.
Cardiac complications include CAA, pericarditis, myocardi-
tis, valvulitis, new valvular regurgitation, and cardiogenic
shock. Arrhythmia, prolonged PR interval, and nonspecific
ST and T wave changes may be present on EKG. Additional
organ involvement includes liver (hepatitis), GI (gallbladder
hydrops/biliary sludging, abdominal pain), pancreas (pancre-
atitis), lymph nodes (lymphadenopathy), lung (interstitial
pneumonitis), and urinary tract (sterile pyuria).

Diagnostic Challenges

The diagnosis of KD can often be challenging due to both its
broad spectrum of clinical features and atypical presentations.
Incomplete KD is of considerable concern given the lack of
enough diagnostic clinical features can ultimately result is
both misdiagnosis and delayed diagnosis of KD.
Additionally, the overlap between KD and MIS-C continues
to confound the diagnosis of KD, especially given the current
SARS-CoV-2 pandemic.

MIs-C

Atthe end of March 2020, a variety of European countries (the
UK, France, Italy), Middle East (Saudi Arabia, Israel), and
North America (the USA, Canada) began to report increased
hospitalizations of children hospitalized with fever and multi-
system inflammation with a‘history of SARS-CoV-2 infection
[22], and the CDC case definition for MIS-C has been pub-
lished (Table 2). In contrast to-KD, MIS-C occurs in non-
Asian countries with no significant outbreaks in East Asian
countries reported. These symptoms were often similar to KD
or KD shock syndrome [23; 24], including the presence of
CAA. American case series have demonstrated that the peak
of SARS-CoV-2 infection rate precedes the peak of MIS-C
cases by 25-31 days [25, 26]. This temporal relationship and
the high prevalence of positive IgG (83%) in these patients
with only intermittent nasal PCR positivity (26%) [17¢] sug-
gestthat MIS-C is likely due to a post-infectious syndrome
from prior SARS-CoV-2 infection.

MIS-C is a clinically distinct entity from KD. Case series have
shown significant divergence in age, sex, and race of MIS-C
patients. Whittaker et al. reported a case series of 58 MIS-C
patients from 8 UK hospitals. These patients were predominantly
Black (38%), followed by Asian (31%), Caucasian (21%) and

other (10%). Of the 58 patients, 3 distinct clinical patterns were
described: fever and elevated inflammatory markers (23/58), fe-
ver and shock +/— cardiac dysfunction (29/58), and meeting
criteria for KD (7/59, but 13/59 met criteria when CAA were
included). When compared to a historical cohort of KD and KD
shock syndrome patients from Rady Children’s from 2002 to
2019, patients were found to have older age (median age MIS-
C 9, KD 2.7 years, KD shock syndrome 3.8 years), with higher
neutrophil count, CRP, more profound lymphopenia, and ane-
mia. Additional laboratory differences include lower platelet
counts, higher fibrinogen levels, greater elevation of troponin,
and BNP. While children in the KD patient group were on aver-
age 4 years younger than the other groups of MIS-C patients,
CAA abnormalities were found in a subset of all 3 groups of
MIS-C patients. Additional comparison of children with MIS-C
who developed CAA did not show any difference in clinical or
laboratory markers [17¢, 25, 26¢]

Clinical manifestations of MIS-C are broad and often affect
more than 1 organ system. A US case series showed that up to
80% of all patients had some sort of cardiac involvement which
included elevated troponin (50%), BNP > 400 pg/mL (73%),
pericarditis or pericardial effusion (26%), ejection fraction <
55% (38%), abnormal LAD or RAD Z score > 2.5 (8%), and
arrhythmia (12%). Non-cardiovascular involvement includes GI
(hepatitis, pancreatitis, gallbladder hydrops), hematologic in-
volvement (DVT, coagulopathy), dermatological manifestations
(rash), respiratory involvement (respiratory insufficiency, CXR
infiltrate, pleural effusions), musculoskeletal involvement (myo-
sitis, myalgia, arthritis, arthralgia), neurologic involvement
(headache, confusion, altered mental status), and renal involve-
ment (acute kidney injury) [26¢]. Additionally, clinical manifes-
tations of MIS-C vary with age. A case series of 95 children in
New York State showed that the 05 years group had distinctly
higher rates of dermatological manifestations (87% 0-5 years vs
78.6% in 6-12 years, 61 % in 13-20 years), higher rates of KD
or atypical KD features (58.4% 0-5 years, 43% 612 years, 12%
13-20 years), lower rates of GI symptoms (74.2% 0-5 years,
83% 6-12 years, 81% 13-20 years) and lower rates of cardio-
myopathy (38.7% 0-5 years, 50% 6—12 years, 73% 13-20 years)
and neurological symptoms (13% 0-5 years, 38% 6—12 years,
39% 13-20 years) [25].

The diagnosis of MIS-C should be considered in any patient
with clinical features of KD and history of SARS-CoV-2 infec-
tion or known exposure to SARS-CoV-2. Suspicion of MIS-C
should be particularly high in older patients with atypical labo-
ratory findings (significant lymphopenia, profound elevation of
CRP, high fibrinogen, troponin elevation), gastrointestinal com-
plaints, or significant myocardial dysfunction/shock.

Node-First Presentation of KD

NFKD occurs when fever and cervical adenopathy present
prior to other clinical features of KD. As such, NFKD is often
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Table 2 CDC MIS-C case

definition Criteria Specifications
Age <21 years
AND
Fever > 38.0 °C for > 24 h or report of subjective fever > 24.h
AND

Laboratory evidence of inflammation

AND

Evidence of clinically significant illness requiring
hospitalization with multisystem organ

involvement
AND

Evidence of recent or current SARS-CoV-2

infection

AND

No alternative plauusible diagnoses

> 1 of the following: CRP, ESR, fibrinogen,
procalcitonin, D-dimer, ferritin, lactic acid
dehydrogenase, IL-6, elevated neutrophils, reduced
lymphocytes, low albumin

> 2 organ involvement (cardiac, kidney, respiratory,
hematologic, gastrointestinal, dermatologic,
neurological)

Positive RT-PCR, serology, antigen test, or COVID-19
exposure within the 4 weeks prior to the onset of
symptoms

misdiagnosed as bacterial cervical adenitis. Patients with
NFKD are typically older (median 4.2 years vs 1.6 years) with
higher inflammatory markers (median CRP 13.7 mg/dL vs 6.1
mg/dL) than cervical adenitis. Bacterial cervical adenitis tends
to present as a single node or conglomerations/suppuration of
nodes rather than the multiple discrete nodes of NFKD [27].

Kawasaki Shock Syndrome

Kawasaki shock syndrome (KSS) is a rare manifestation of
KD which is characterized by systolic hypotension or clinical
signs of poor perfusion. When compared to classic KD, pa-
tients with KSS tended to have higher CRP; lower hemoglo-
bin; more frequent hyponatremia, hypoalbuminemia, and co-
agulopathy; increase in-cardiac troponins; and elevations in
cytokines (IL-6, IL-10, IFN-y) [21, 28]. There is a significant
overlap between KSS with both MIS-C (discussed previously)
and toxic shock syndrome (TSS). Anemia, thrombocytosis,
and presence of cardiac abnormalities are more suggestive of
KD [29].

Adenovirus Infection

Adenoyiral infection and KD can both present with conjunc-
tivitis in conjunction with fever and elevated inflammatory
markers. Adenovirus conjunctivitis typically presents with
unilateral onset, prominence of tearing, and follicular hyper-
plasia, while KD conjunctivitis is bilateral with limbal sparing.
Additionally, pharyngoconjunctival fever (conjunctivitis and
nonexudative or exudative pharyngitis) is seen with adenovi-
rus infections but not KD. Extremity changes and the
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unilateral cervical lymphadenopathy of KD are not typically
seen in adenovirus.

Retropharyngeal Abscess

The retropharyngeal edema that is a rare presentation of KD
can be misdiagnosed as retropharyngeal abscess. This has
resulted in delayed diagnosis as well as unnecessary needle
aspiration/antibiotic therapy [30]. Therefore, a high index of
suspicion of KD should be maintained in patients with sterile
culture results from aspiration. Additionally, clinical symp-
toms such as stridor, neck pain, dysphagia, and radiographic
findings of ring enhancement/mass effect on CT are uncom-
mon in KD and are suggestive of retropharyngeal abscess
[31].

Systemic onset juvenile idiopathic arthritis

Early clinical features of systemic onset juvenile idiopathic
arthritis (SoJIA) have significant overlap with KD (fever, rash,
thrombocytosis, increased inflammatory markers, arthritis).
Features suggestive of SoJIA include more severe arthritis,
intermittent rash, early thrombocytosis, and IVIG resistance.
The arthritis of SoJIA is persistent and severe, requiring im-
munosuppressive agent treatment for resolution, while arthri-
tis in KD is mild and self-limited [32]. The rash of SoJIA is
more intermittent and often presents with fever spikes rather
than the persistent rash of KD. SoJIA should be considered in
patients diagnosed with KD refractory to IVIG with the ap-
propriate symptoms. Compared to the late thrombocytosis of
KD (typically in the 2nd week), thrombocytosis is typically
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found in the early stages of SoJIA. Mucocutaneous findings
are also more suggestive of KD [33].

Treatment
Primary Treatment Regimen

The goal of initial treatment of acute KD is the reduction of
inflammation (and subsequently arterial damage) and the pre-
vention of potentially catastrophic thrombosis associated with
coronary artery abnormalities. The mainstay of therapy is cur-
rently high-dose intravenous immune globulin (IVIG) togeth-
er with aspirin (ASA).

Intravenous Immune Globulin IVIG is a biological product
made from the pooled donor plasma. The exact mechanism
of action remains unknown but the generalized anti-
inflammatory effect of IVIG appears to inhibit the progression
of KD with subsequently preventing the development of cor-
onary artery aneurysms. Treatment with IVIG within the first
10 days of illness reduces the risk of development of coronary
artery abnormalities to approximately 5% from 25% [4, 34,
35].

A single infusion of IVIG (dosed at 2 mg/kg over 10—12 h)
should be given together with ASA as the initial treatment for
KD [2¢¢]. While IVIG should ideally be administered within
the first 10 days of illness, treatment should still be.adminis-
tered to children diagnosed with KD after the 10th day of
illness if persistent signs of inflammation are present (persis-
tent fever without explanation, CAA with engoing levitations
in inflammatory markers) [2¢]. Patients should be closely
monitored for adverse reactions duting infusion, including
aseptic meningitis, Coombs-positive hemolytic anemia, and
generalized infusion reactions.

Live vaccines (particularly measles, mumps, varicella)
should be deferred for<11 months after receiving high-dose
IVIG. Children at high risk for measles may receive the vac-
cination earlier but will require re-immunization 11 months
after IVIG administration.

Aspirin ASA is administered at moderate to high doses during
the acute phase of KD (80—100 mg/kg/day divided every 6 h
in the USA, 3050 mg/kg/day in Japan and Western Europe)
and subsequently transitioned to a low dose (3—5 mg/kg/day)
until the patient has no evidence of CAA by 6-8 weeks after
onset of illness. Low-dose ASA can be initiated after the child
has been afebrile for 4872 hours, although some clinicians
will continue high-dose ASA until the 14™ day of illness and
at least of 48—72 hours without fever.

There is currently no data to suggest that which of the 2
high-dose ASA regimens (80-100 mg/kg/day vs 30-50
mg/kg/day) is superior. Despite the lack of comparative trials,

the rates of CAA are essentially identical despite these differ-
ences in ASA dosing [36]. Some experts recommend the use
of ASA at the lower of the two dosing regimens (30-50
mg/kg/day divided q6h) [37] given concerns for side effects
(GI bleed, Reye’s syndrome).

Children are at risk for development of Reye syndrome
when on prolonged high-dose ASA, but low-dose ASA has
not been associated with Reye’s syndrome. In patients who
present with influenza or varicella and KD, ASA should be
replaced with an alternative antiplatelet agent for a minimum
of 2 weeks. Children on long-term ASA therapy should re-
ceive influenza vaccine, but ASA should be avoided for 6
weeks after administration of varicella vaccine. Many clini-
cians will substitute another antiplatelet medication for ASA
in that period [2e°].

Adjunctive Therapy

Corticosteroids The use of adjunctive corticosteroids as initial
therapy for KD remains controversial. Newburger et al. con-
ducted a randomized, double-blind, placebo control trial
which-compared the efficacy of adding a single-dose pulsed
IV.methylprednisolone (IVMP) dosed at 30 mg/kg to the stan-
dard regimen of IVIG (2 mg/kg) and ASA. This study did not
show any reduction in the prevalence of CAA or total length
of hospital stay. However, children with persistent fever re-
quiring repeat IVIG did have significantly lower rates of CAA
[38].

The use of corticosteroids as adjunctive therapy for chil-
dren at high risk for IVIG resistance is supported by multiple
Japanese clinical studies. These include the Okada et al. which
compared the effectiveness of a single dose of 30 mg/kg
IVMP plus IVIG and ASA as primary treatment for high-
risk Japanese children described by the Sano score in a mul-
ticenter study [39], Egami et al. and Ogata et al. which com-
pared the effectiveness of the same single-dose 30 mg/kg
IVMP plus IVIG and ASA as primary treatment for high-
risk Japanese children described by the Egami score in a
single-center study [40, 41], and the RAISE study group
(Kobayashi et al.) compared the effectiveness of an IV pred-
nisolone 2 mg/kg/day for 5 days followed by an oral taper
over weeks plus IVIG and ASA in patients predicted to have
IVIG resistance based on the Kobayashi score in a multicen-
ter, prospective, randomized, open-label, blinded-end point
trial [42e+]. Despite the varying steroid regimens used, a
meta-analysis including these trials found that the use of cor-
ticosteroid with standard-dose IVIG as initial treatment in
high-risk patients reduced the rate of CAA [43].

The AHA currently recommends that a longer course of
adjunct corticosteroid therapy (tapered over 2-3 weeks) may
be considered for treatment of KD patients at high risk for
IVIG resistance when such a risk can be identified in patients
before initiation of treatment [2¢¢]. This treatment regimen
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most closely resembles the regimen of the RAISE study group
based on the strength of its study design. However, it should
be noted that the sensitivity of Japanese risk-scoring systems
for predicting IVIG resistance has been found to be low when
used in different ethnic groups, most notably in North
America [44].

Infliximab Infliximab is a chimeric monoclonal antibody
which inhibits inflammation through TNF-« blockade.
Currently, infliximab adjunct therapy is not routinely indicat-
ed for the initial treatment of acute KD. This recommendation
based upon a 2-center randomized, double-blind, placebo-
controlled trial conducted by Tremoulet et al. The addition
of infliximab to IVIG for initial treatment shortened fever
duration and inflammatory marker normalization rate but did
not decrease the rate of CAA or rate of IVIG resistance [45].
However, there was a significant decrease in the Z score for
the LAD in the infliximab treatment group which suggests
infliximab may inhibit progression of CAA but not prevent
development of CAA.

Etanercept Etanercept is a soluble TNF receptor inhibitor that
was recently completed a multicenter double-blind, placebo-
controlled trial comparing the effectiveness of adjunctive
etanercept to IVIG alone. Etanercept did not show significant
reduction in IVIG resistance in the entire population.
However, benefit in IVIG resistance in patients > 1 year of
age (p = 0.03) and reduction in progression of coronary artery
dilation in patients with baseline abnormalities' was noted
[46]. The AHA has not yet updated the 2017 AHA guidelines
to incorporate this study, and the use of etanercept as adjunc-
tive therapy is not currently recommended [2e¢].

Cyclosporin Cyclosporin is a calcineurin«inhibitor, which tar-
gets the Ca>*/NFAT signaling pathway which is associated
with immune hyper-reactivity and has beenimplicated in both
KD susceptibility and CAA formation [47]. The KAICA trial,
a phase III multicenter, randomized, open-label, blinded-end
point trial to evaluate the efficacy of primary treatment with
IVIG and cyelosporin vs IVIG alone for the prevention of
CAA in patients identified as high risk for IVIG resistance
demonstrated significantly lower rates of CAA in the cyclo-
sporin group (14% cyclosporin vs 31% in IVIG, p = 0.01).
The dose of cyclosporin was started at 5 mg/kg/day with a
target trough of 60200 ng/mL and continued for 5 days [48].
The AHA has not yet updated the 2017 AHA guidelines to
incorporate this study, and therefore, the use of cyclosporin as
adjunctive therapy is not currently recommended [2¢¢].

Refractory Kawasaki Disease

Refractory KD is defined as the development of recurrent or
persistent fever 36 h after the completion of their initial [IVIG
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infusion and occurs approximately 10-20% of patients [49,
50]. The most likely explanation for persistent fever in these
patients is failure of initial IVIG to abort the disease process of
KD. These patients have also been classified as IVIG-
resistant.

The most common treatment regimens for refractory KD
are a repeat infusion of IVIG, retreatment with IVIG plus
prednisone, or infliximab.

IVIG Retreatment Patients with refractory KD should receive a
repeat infusion of IVIG at the same dose (2 mg/kg as a single
infusion). Retrospective series have suggested efficacy in this
approach [51, 52].

Corticosteroids There is no_current consensus on the optimal
steroid regimen for refractory KD. High-dose pulse steroids
(IVMP 20-30 mg/kg IV for 3.days . with or without PO pred-
nisolone taper) may be considered an alternative to a 2nd
infusion of IVIG or for retreatment of patients with recurrent
fever after additional IVIG infusions. Alternatively, adminis-
tration of a longer course of prednisolone (2 mg/kg/day IV
divided-g8h until afebrile then PO prednisolone until CRP
normalized followed by 2-3-week taper) with IVIG and
ASA is also an acceptable regimen [2¢¢]. The regimen closely
resembles aretrospective study by Kobayashi et al. who found
significantly lower rates of failure to respond, CAA in the IV
prednisolone group [53].

Infliximab Infliximab may be considered to be an alternative
to a 2nd infusion of IVIG or corticosteroids for refractor KD.
Son et al. conducted a retrospective review of 2 centers that
consistently administered 2nd-dose IVIG or infliximab to
IVIG-resistant patients which showed shorter hospitalization
and fever duration be similar outcomes with CAA [54].

The Kawasaki Disease Comparative Effectiveness Trial
(KIDCARE) is a phase III, 2-arm, randomized, multicenter, su-
periority treatment study to compare infliximab to the 2nd-dose
IVIG for treatment of children with IVIG resistance that was
recently completed with results to be published. (Clinicaltrials.
gov ID NCTO03065244). In patients with KD, IVIG
administration was shown to influence the pharmacokinetics of
infliximab, resulting in lower volume of distribution [55].
Therefore, this trial currently uses a higher dose of infliximab
(10 mg/kg) than the currently recommended 5 mg/kg.

Cyclosporin Cyclosporin (IV 3 mg/kg/day divided q12h, PO 4-8
mg/kg/day divided q12h; target trough 50150 ng/mL; 2 h peak
300-600 ng/mL) may be considered in patients with refractory
KD in which the 2nd IVIG infusion, infliximab, or corticoste-
roids have failed. Cyclosporin should be continued until the pa-
tient is afebrile and clinically improving with CRP < 12 mg/dL or
after 2 weeks of therapy. The dose should then be tapered by
10% every 3 days until the dose has reached 1 mg/kg/day [2ee].
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Limited clinical data for the use of cyclosporin in the treat-
ment of refractory KD exists. Tremoulet et al. demonstrated
successful use of cyclosporin or tacrolimus in a small study
group of 10 IVIG-resistant children [56]. A small Japanese
single-arm pilot trial in Japan with 28 IVIG-resistant children
showed a response in 78% of patients treated with 4—-6 mg/kg/
day of PO cyclosporin [57].

Anakinra Anakinra (2-6 mg/kg/day given by subcutane-
ous injection) is an IL-1 receptor antagonist that has
been used in cases of highly refractory KD. However,
data is limited to 2 successful case reports [58, 59].
Clinical trials with anakinra are currently recruiting.
This includes the ANAKID trial, phase I/II trial of
anakinra in KD patients < 2 years of age with coronary
artery abnormalities is ongoing in the USA. Subjects
will receive a 2- or 6-week course of daily anakinra
injections. The study aims to evaluate the safety and
tolerability of anakinra to prevent/attenuate coronary ar-
tery damage in patients with KD (Clinical Trials.gov ID
NCT021798953).

The results of the KAWAKINRA trial, a phase Ila multi-
center trial of anakinra in KD patients who fail to respond to
initial IVIG therapy (persistent fever up to 48 hours after in-
fusion) (Clinicaltrials.gov ID NCT02390596), have not yet
been published. However, an oral presentation noted that
8/14 patients had CAA at inclusion with resolution of all but
3 cases by day 14. Further reduction in the Z score was
decreased at day 45 [60].

Other Treatment Modalities Plasma exchange [61] and cyto-
toxic agents [62] such as cyclophosphamide have been used 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.

Ongoing Clinical Trials

Atorvastatin‘Statins have been associated with anti-
inflammatory and anti-oxidant effects, in particular with lower
inflammatory markers such as CRP [63]. The anti-inflamma-
torys anti-oxidant, and endothelial healing properties of statins
have been postulated to be beneficial in blocking the progres-
sion of coronary artery abnormalities in KD [64], and im-
provement in endothelial function and reduction in CRP was
noted in 13 children with KD with medium to giant CAA
treated with pravastatin [65]. Recently, a PK/Safety Study of
Atorvastatin in Children with KD and CAA was completed
(ClinicalTrials.gov ID NCTO01431105). Additionally, a
clinical trial for the adjunctive use of statins in children with
severe CA abnormalities is currently recruiting in China
(ClinicalTrials.gov ID NCT03915795).

Doxycycline Doxycycline is an antibiotic that inhibits matrix
metalloproteinase-9 (MMP-9). MMP-9 has been found at el-
evated serum levels during acute KD [66] and may play a
significant role in the development of CAA [67]. A phase 11
study to assess the efficacy and safety of doxycycline in
preventing coronary artery aneurysm formation and progtes-
sion is currently recruiting (ClinicalTrials.gov 1D
NCT01917721).

Conclusion

The diagnosis and initial treatment of KD with IVIG and
aspirin remains unchanged in the most recent 2017
American Heart Association (AHA) treatment guidelines.
Prompt treatment with IVIG and aspirin remains the
mainstay of treatment. However, attention should be paid
to the minor changes in treatment regimens for ASA (dos-
ing can now be either 80—100 mg/kg/day or 30-50 mg/kg/
day), consideration of the use of adjuvant corticosteroid
therapy in patients at high risk of IVIG resistance, and the
change in steroid regimen for refractory KD to include
both pulse-dose IVMP and longer course of prednisolone
with oral taper. Additionally, the overlap of clinical fea-
tures of KD with other common pediatric illnesses con-
tinues to provide significant diagnostic challenges. This is
illustrated in the diagnostic and treatment dilemmas due to
the overlap of KD and MIS-C in the ongoing COVID-19
pandemic. Further investigation is warranted to optimize
treatment of these conditions as the number of COVID-19
cases continues to increase.
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