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Abstract “Resistant” Kawasaki disease is defined by the
American Heart Association as failure to respond within
36 h following the first dose of intravenous immunoglob-
ulin. The optimal management of resistant Kawasaki dis-
ease remains uncertain, the outcomes are potentially
serious, and the cost of some treatments is considerable.
We review the current evidence to guide treatment of
resistant Kawasaki disease. Given the relative rarity, there
are few trial data, and studies tend to be small and
methodologically heterogeneous, making interpretation
difficult and limiting generalisability. The literature on
resistant Kawasaki disease should be interpreted with ref-
erence to current expert consensus guidelines.
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Key Points

The reported incidence of resistant Kawasaki disease
(KD) varies widely, partly due to inconsistent
definitions.

Treatment of resistant KD is important as these
patients are at a greater risk of worse outcomes.

The current American Heart Association guidelines
suggest that reasonable therapy for resistant KD
includes a second dose of intravenous
immunoglobulin, a short course of high-dose
steroids, or infliximab. The level of evidence for
these recommendations varies.

Other agents have been used for resistant KD, but
many would require larger studies with standardised
methodology to adequately assess efficacy.

1 Introduction

Kawasaki disease (KD) is an inflammatory vasculitis of
medium-sized arteries. It is the leading cause of acquired
heart disease in children in industrialised settings [1, 2],
and may result in long-term, potentially life-threatening
cardiovascular sequelae [2—7]. First described in 1967 by
Tomisaku Kawasaki, a Japanese paediatrician, the aetiol-
ogy of KD is unknown [8]. The consensus is that KD
results from an exaggerated immune response to one or
more infectious triggers in individuals with a genetic pre-
disposition [2, 9—19]. The management of acute KD aims
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to minimise systemic and vascular inflammation to prevent
cardiovascular sequelae [4, 5, 20].

Standard primary therapy consists of intravenous
immunoglobulin (IVIG) and aspirin [16]. The mainstay of
treatment for KD in the acute phase is high-dose IVIG,
usually plus aspirin. Treatment is ideally given within the
first 10 days of fever [21-23] and reduces the incidence of
coronary artery lesions (CALs) from approximately 25% to
5% [16, 24, 25].

The use and dose of IVIG is supported by high-quality
randomised controlled trial evidence [16, 24, 25], but its
mechanism(s) of action are incompletely understood
[24-27]. It is believed that IVIG has a generalised anti-
inflammatory effect, reducing pro-inflammatory cytokines,
neutralising bacterial superantigens and down-regulating
endothelial activation [3, 19, 25, 27-33]. It is worth noting
that IVIG preparations and doses vary between centres,
making direct comparisons difficult [34]. Aspirin is widely
used in conjunction with IVIG, but its use is controversial
[35-37]. There is little evidence for its role in CAL pre-
vention and lack of consensus on dosing regimens
[3, 23, 35, 36, 38, 39].

Approximately 10-20% of patients do not respond to
standard primary therapy. Patients with “resistant” KD are
at increased risk of coronary artery damage and associated
sequelae [40—49]. There is a lack of high-quality evidence
on the optimal management of this group of patients.
Infants, particularly those less than 3 months of age, are
more likely to present with incomplete KD (i.e. not ful-
filling full diagnostic criteria) [16, 50, 51] and are also at
greater risk for resistant KD [52-54].

Here we review the current evidence for different
management options for resistant KD when primary ther-
apy has failed. Discussion of adjunctive primary therapy,
such as concurrent corticosteroids, is outside the scope of
this review.

2 Defining Resistant Kawasaki Disease (KD)

Approximately 80% of KD patients defervesce following
initial IVIG, together with resolution of clinical signs and
symptoms [22, 25]. The remainder have “resistant” KD,
although various descriptive terms are used, including
refractory, recrudescent, relapsing, recurrent, IVIG-resis-
tant or IVIG non-responsive KD, and recalcitrant systemic
inflammation.

The American Heart Association (AHA) defines resis-
tant KD as “recrudescence or persistent fever at least 36 h
following completion of the first dose of IVIG” [16].
However, different definitions for resistant KD have been
used, both in terms of the timing of recurrence of fever
(both whether the time-period begins at the start or end of
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the initial IVIG and how long the period is) and fever
threshold, making comparisons difficult (Table 1). These
differences are likely to contribute to the wide range of
reported incidence (10-38.3%) of resistant KD
[24, 40-42, 49, 55].

3 Second-Line Therapies for Resistant KD

A variety of interventions have been used in the manage-
ment of resistant KD, including additional IVIG, corti-
costeroids, biologics, other immunomodulators, and statins.
The aim of treatment is to reduce systemic and local vas-
cular inflammation, although there are no robust
biomarkers of efficacy, and studies therefore rely on reso-
lution of fever, markers of systemic inflammation, and
coronary artery outcomes.

Comparing different studies of second-line treatment is
hampered by the variation in nomenclature and definitions
for resistant KD (resulting in different thresholds for
treatment). In addition, different concomitant or sequential
anti-inflammatory agents can confound cause and effect
analyses in these studies.

3.1 Further Doses of Intravenous Immunoglobulin

Many authorities suggest a second dose of IVIG at 2 g/kg
as the first choice for resistant KD, with its putative dose-
response effect [16, 41, 42]. Repeat IVIG has been
demonstrated as safe and effective, but has never been
tested in an adequately powered randomised trial
[16, 41, 42, 56]. There may be a theoretical advantage in
using a different IVIG product from that used for initial
therapy, as preparations from diverse donor pools may
have differing antibody repertoires and/or different
amounts and composition and other anti-inflammatory
factors [34, 57]. The recommended dose of IVIG for
treatment of resistant KD varies, with some suggesting a
lower dose of 1 g/kg [41, 42], especially in settings where
IVIG is expensive and may not be widely available
[58, 59]. An argument against using a second dose of IVIG
is that this strategy may delay the initiation of other
potentially more potent and effective second-line therapies.

Comparative studies investigating the efficacy of other
therapies outlined in the following sections usually com-
pare outcomes with a second dose of IVIG.

3.2 Corticosteroids

The use of steroids as treatment for resistant KD is rea-
sonably well-established, despite the long and chequered
history of steroid therapy in KD overall [60-64]. Steroids
are relatively inexpensive and widely available [59, 65].
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Table 1 Differing definitions for “resistant KD” with accompanying resistance rates
Citation Specific Definition of “resistant KD” Reported
term(s) used “resistance”
rates
American Heart Association [16] IVIG resistance “recrudescent or persistent fever > 36 h after the end of their IVIG  10-20%
infusion”
Japanese Society of Pediatric IVIG-resistant “persistent fever after 48 h of starting IVIG” 20%
Cardiology and Cardiac Surgery KD
[22]
Teraguchi et al. [66] IVIG-resistant “no resolution of fever (> 38 °C) within 36 h after completion of the 17%
KD initial IVIG or no decrease in serum level of C-reactive protein
(CRP) by 50% compared with the initial value before IVIG if the
temperature was between 37.5 and 38 °C”
Song et al. [98] Refractory KD “persistence or reappearance of fever (> 38 °C) at least 36 h after the N/A
last of more than 2 doses of IVIG therapy and high-dose ASA +/—
IVMP pulse therapy (30 mg/ kg/dose/day)”
Suzuki et al. [114] Refractory KD “persistence or recurrence of fever (temp > 37.5 °C) at the end of the 8.5%
second intravenous immunoglobulin (2 g/kg) following the initial
one”
Tremoulet et al. [113] IVIG-resistance “persistent or recrudescent fever (temp > 38 °C) at least 36 h, but not 15-23.6%
longer than 7 days, after completion of the first IVIG infusion (2 g/
kg)”
Ogata et al. [59] IVIG-resistant “no clinical response at 36-48 h after initial IVIG treatment” where 16%
KD response was defined by “resolution of fever (< 37.5 °C) and a fall
in CRP of more than 50% within 3648 h after initial IVIG
treatment”
Furukawa et al. [58] IVIG-resistant “persistence or recurrence of KD-associated fever 24-36 h after IVIG  13.3%
patients administration”
Tremoulet et al. [49] IVIG resistance “persistent or recrudescent fever (> 38 °C) at least 48 h but not 38.3%
longer than 7 days after completion of first IVIG infusion (2 g/kg)”
Durongpisitkul et al. [163] Immunoglobulin ~ “fever that lasted more than 48 h after the initial IVIG treatment or 11.6%
failure had a return of fever within 2 days to 1 week of initial treatment”
Wallace et al., 2000 [55] IVIG treatment “return of fever and one or more of the initial symptoms that led to the 23%
failure diagnosis of KD within 2-7 days of treatment with IVIG”
Burns et al., 1998 [41] Persistent or Persistent fever: “temperature > 38.3 °C during the 48 h period after 13.2%
recrudescent IVIG infusion that persisted beyond 48 h after the completion of the
fever infusion”
Recrudescent fever: “temperature < 38.3°C for 48 h after completion
of IVIG infusion, followed by temperature > 38.3 °C”
Treatment failure: “development of new coronary artery
abnormalities after IVIG treatment in a child with a normal baseline
echocardiogram”
Sundel et al., 1993 [42] Inadequate “fever (> 38 °C), with or without other signs of mucocutaneous 10%

response to
IVIG

inflammation” with recurrence within at least 72 h following
completion of initial IVIG to 4 days of completion

ASA acetylsalicylic acid (aspirin), CRP C-reactive protein, /[VMP intravenous methylprednisolone, /VIG intravenous immunoglobulin, KD
Kawasaki disease, N/A not applicable

The controversies regarding the role of steroids as primary
adjunctive therapy will not be discussed here.

Table 2 summarises studies investigating the role of
steroids in resistant KD [58, 59, 63, 66-70]. It is difficult to
draw robust conclusions because of the small numbers in
individual studies, heterogeneity in patient groups as well
as different treatment preparations and treatment regimens.
Overall, the evidence suggests that the use of steroids

results in an improvement in inflammatory markers, rapid
defervescence and possibly reduction in the incidence of
CALs [69, 71-74]. The AHA recommend that a short
course of high-dose steroids would be a reasonable alter-
native to a second dose of IVIG, or a reasonable treatment
after failure to respond following two doses of IVIG [16].
The alternative recommendation by the AHA for resistant
KD is that in addition to a second dose of IVIG with
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aspirin, a long duration of steroids could be started [16].
However, there is no clear evidence on the optimal dosing,
optimal formulation, timing and duration of corticosteroids
[58, 75].

3.3 Tumour Necrosis Factor Alpha Inhibitors

During the acute phase of KD, it is suggested that levels of
pro-inflammatory cytokines, including tumour necrosis
factor alpha (TNF-a), are elevated, increasing the risk of
CALs and resistance to IVIG [29, 33, 61, 76-81]. TNF-a. is
an inducible pro-inflammatory cytokine produced by T
cells and macrophages [22]. Excessive production of TNF-
o is associated with chronic inflammation observed in
many immune-modulated inflammatory disorders [82, 83].
A Cochrane review is underway reviewing the role of TNF
inhibition in both acute and resistant KD [84].

TNF-o inhibitors include infliximab, etanercept and
pentoxifylline. Infliximab acts specifically on TNF-a,
whilst etanercept is a soluble TNF receptor with a broader
action on both TNF-a and lymphotoxins [85]. Pentoxi-
fylline, a methylxanthine derivative, blocks the production
of TNF-o and leukotrienes (inflammatory mediators that
are part of the arachidonic acid pathway) from monocytes
and macrophages [87-89].

Infliximab is a chimeric IgG1 monoclonal antibody with
potent anti-inflammatory effects arising from blockade of
TNF-o activity [91-92]. Levels of TNF-o and other pro-
inflammatory mediators decrease after infliximab in
patients with resistant KD who respond, but remain ele-
vated in those who do not [33, 93, 94]. The use of inflix-
imab has also been studied in primary intensification
regimens in acute KD [95].

Table 3 outlines studies reporting the use of infliximab
in resistant KD [90, 93, 97-100]. The heterogeneity of the
populations between Japanese and non-Japanese, as well as
differing therapies received pre-infliximab makes the data
difficult to compare. Overall, it appears that infliximab
causes a rapid defervescence in fever, resulting in a shorter
length of hospital stay, and is relatively well tolerated. In
the largest randomised trial using infliximab as adjunctive
primary therapy with IVIG, there was no evidence that
infliximab reduced the rate of KD resistance [95]. Inflix-
imab does not appear to prevent CAL formation nor
reverse existing lesions [93, 96, 99-101]. However, rela-
tively small numbers of patients received infliximab in
these studies. Also worth noting, half of the studies out-
lined in Table 3 refer to the use of infliximab as third- or
even fourth-line therapy, i.e. following at least a second
dose of IVIG.

The AHA recommendation is that infliximab may be
substituted for a second dose of IVIG, or steroids, in
resistant KD [16]. A multicentre, prospective, randomised

study in Shanghai determining the effect of infliximab on
development of CALSs in resistant KD has been completed,
but the results have not yet been published [102].

There is little evidence for the use of etanercept
or pentoxifylline in both acute and resistant KD aside from
limited case reports [88, 89, 103, 104]. The effect of
etanercept on arteritis has previously been investigated in
mouse models, where it is most effective in suppressing
inflammatory cytokines and reducing the extent of vas-
culitis [85]. Case reports of anti-TNF-a agents in resistant
KD are summarised in Table 6 and the electronic supple-
mentary material (ESM, Table 1).

3.4 Cyclosporin A

Genetic variants in the inositol-trisphosphate 3-kinase C
(ITPKC) gene have been implicated in heightened sus-
ceptibility to KD and resistance to IVIG [106-107]. ITKPC
is also involved in inflammasome activation, a component
of the innate immune response that results in interleukin-1
(IL-1) production [109-110]. Defects in this pathway lead
to increased inflammation [108].

Cyclosporin A (CsA), a calcineurin inhibitor, suppresses
activity of T cells by targeting the Ca?*/NFAT signalling,
thus dampening the inflammatory response [105, 111]. A
trial in Japan is underway comparing the use of CsA in
combination with conventional therapy in acute treatment
of KD in high-risk patients [112].

In resistant KD, the limited evidence for CsA predom-
inately comes from case series where it is used as a third-
line agent [114-115]. Three case series are outlined in
Table 4. These demonstrate that in the majority of patients,
fever defervesced within 1-5 days of CsA introduction.
The AHA recommend consideration of cyclosporin in
patients with refractory KD where a second dose of IVIG,
infliximab or a course of steroids has failed [16]. Case
reports of where cyclosporin is used in resistant KD are
summarised in the ESM.

3.5 Methotrexate

There are a few studies which describe methotrexate use in
resistant KD. In patients with rheumatoid arthritis,
methotrexate administration leads to a reduction in pro-
inflammatory cytokines [116, 117]. Its mechanism of
action is incompletely understood, but is thought to be
mediated by the intracellular accumulation of polygluta-
mate metabolites [118]. It is commonly used in inflam-
matory conditions such as rheumatoid arthritis and both
small and large vessel vasculitides as a steroid-sparing
immunomodulatory agent. However, the pharmacody-
namics of low-dose methotrexate and its putative mecha-
nism of action are such that it is unlikely to have significant
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acute anti-inflammatory activity [119]. Not surprisingly,
the AHA does not make any specific recommendations
relating to methotrexate for resistant KD [16]. Case series
relating to the use of methotrexate in resistant KD are
summarised in Table 5 [120, 121]. Further case reports
using methotrexate are further described in Table 6 and the
ESM.

3.6 Other Agents

There are numerous reports of the use of other agents,
including other biologics, cytotoxic agents, ulinastatin, and
plasma exchange, in resistant KD. These agents should be
reserved for highly refractory patients who have failed
other therapies. There is also increasing interest in the role
of statins in the long-term management of patients with KD
to minimise ongoing vascular inflammation and
atherosclerosis [123—125]. Further prospective studies are
needed to assess the role, efficacy, and long-term safety of
these agents in the management of resistant KD.

Anakinra is a recombinant IL-1 receptor antagonist that
inhibits both IL-1o and IL-1f [126, 127]. It has been used
in other childhood inflammatory conditions
[126, 129—-130]. The role of IL-1 in inflammation, and
more specifically, in causing coronary artery inflammation,
has been demonstrated in both laboratory and animal
studies [30, 131, 132]. Notably, the elevated levels of IL-1
that have been observed during the acute phase of KD may
be associated with a higher risk of resistance to IVIG, as
well as an increased risk of CALs
[21, 28, 31, 131, 134-135]. There are currently studies
underway investigating the role of anakinra in both acute
primary treatment and resistant KD [136, 137]. The only
documented use of anakinra in resistant KD is outlined in
case reports (summarised in Table 6) [139-140].

Rituximab is a chimeric monoclonal antibody specifi-
cally directed against CD20 surface antigen present on B
cells [141, 142]. It is increasingly used in other systemic
vasculitides in children and is well-tolerated [82, 143, 144].
During the acute phase of KD, B cells are activated,

Table 5 Summary of the evidence for the use of MTX for resistant KD

Citation; Initial Definition of Regimen Effect on Effect on Effect on AEs/outcomes
study type, ~management “resistance” (1) fever laboratory CAAs
country (n); features
M:F ratio;
age range
Lee et al. IVIG (2 g/ “IVIG-resistant”: PO MTX (10 mg/ 4/17 (24%) Median CRP  13/17 No AEs observed.
[120]; kg) plus temp > 37.5 °C BSA) once patients decreased (76.5%) had ~ MTX was
case- ASA persisted or weekly until required 1 week CALs at discontinued in all
series, (100 mg/ recurred 48 h CRP normalised 2nd or 3rd after 1st baseline; 17 patients without
Korea kg/day) after initial dose of dose of unclear recurrence of fever.
n=17); L additional treatment MTX for MTX effect on Median cumulative
4 months—  qoses of fever CALs after dose of MTX was
8 years IVIG response MTX 20 mg/BSA (range
(1-5 g/kg) treatment 10-50 mg/BSA)
Ahn and IVIG (2 g/ “IVIG resistant”: PO MTX (10 mg/ Defervesced CRP 2/4 (50%) had No AEs observed.
Kim, kg) plus temp > 37.5 °C BSA) once within normalised CAAs, with Total duration of
[121]; ASA persisted or weekly until 48/24 h 1 month no therapy with MTX
case (100 mg/ recurred 48 h echocardiogram (n = 3); after MTX progression ranged from
series; kg/day); after initial showed no defervesced following 3 weeks to
Korea + additional treatment further after 2nd MTX 7 months
(n = 4); doses of progression of dose of
1 M:3 F; IVIG CALs MTX
8 months— (2-6 g/kg)a n=1)
8 years with
varying
courses of
IV dexa
(0.3 mg/
kg)

AEs adverse effects, ASA acetylsalicylic acid (aspirin), BSA body surface area, CAAs coronary artery aneurysms, CALs coronary artery lesions,
CRP C-reactive protein, dexa dexamethasone, g/kg grams per kilo (of body weight), IV intravenous, /VIG intravenous immunoglobulin, KD
Kawasaki disease, M:F male to female ratio, mg/kg/day milligrams per kilo per day (of body weight), MTX methotrexate, PO per oral

“IVIG was administered via regimen of 400 mg/kg/day for 5 days
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leading to a cytotoxic antibody response, which affects
endothelial cells [82]. The use of rituximab in resistant KD
has been described in one case report (Table 6) [145].

Ulinastatin is a urinary trypsin inhibitor, which by
inhibiting neutrophil elastase may have a dose-dependent
effect on endothelial cell injury [15, 147-148]. Its efficacy
is questionable, but it is used widely in Japan in both pri-
mary and adjunctive management of KD [15, 148]. Its use
has been described in two case reports in combination with
other agents in resistant KD (Table 6) [149, 150].

The use of plasma exchange in severe resistant KD has
been described in case series, with a focus on presumed
effects on reducing plasma cytokine levels and reducing
CALs [152-156]. All documented case series use plasma
exchange as third- or fourth-line therapy for resistant KD
[90, 97, 100].

In addition to their lipid-lowering effects, the anti-in-
flammatory and anti-oxidant properties of statins have long
been recognised [122, 125]. In KD, the proposed utility of
statins is in reducing endothelial dysfunction and min-
imising atherosclerosis; however, there are currently
insufficient data to inform timing, duration of therapy, and
potential long-term side effects [123, 124, 157, 158]. There
are currently studies underway investigating the safety and
efficacy of atorvastatin in children with KD with persistent
CALs [159, 160].

4 Limitations

There are important limitations to the data on the man-
agement of resistant KD, which make comparison between
treatment options difficult. Importantly, the definition of
“resistant KD” differs markedly between studies, with
differences in the total number of doses or total cumulative
doses of IVIG, the number of hours between the end of the
initial IVIG and fever recrudescence, the anatomical site of
temperature measurement, the threshold used to define
fever, and whether additional features are part of the def-
inition of resistance. Differing thresholds for treatment are
a major potential source of bias.

Almost all studies are retrospective, with inherent lim-
itations. These include issues regarding the certainty and
timing of the initial KD diagnosis (particularly important if
there is poor response to initial therapy). This may be
compounded by variation in dosing and administration of
initial treatment regimens, and differences in concomitant
anti-inflammatory and/or other agents during primary
therapy.

CALs and aneurysms are the most important clinical
outcome. Importantly, it should be noted that some studies

use the Japanese Ministry of Health (JMoH) criteria (based
on internal diameter of the coronary arteries), whereas
others use the AHA definition (based on coronary artery z
scores). This can lead to issues of under-estimation and
under-diagnosis of coronary lesions, as coronary artery
z scores are considered more sensitive [161, 162]. Of note,
some studies excluded patients with coronary artery
abnormalities (prior to administration of their second- or
third-line therapy) in their analysis. In addition, interpre-
tation of echocardiograms may not be blinded, and these
are potentially subject to bias.

Finally, the natural history of KD is that fever usually
resolves after 2-3 weeks without specific treatment [16].
Therefore, defervescence after this time period may be
falsely attributed to an intervention, when it may reflect the
spontaneous resolution of the acute phase of KD.

5 Conclusions

Despite over 5 decades of research, the aetiological trigger
and pathogenesis of KD remain poorly understood. It is
clear that abnormal inflammation during the acute phase of
KD increases the risk of CALs and cardiovascular seque-
lae. Management of resistant KD has thus focussed on
downregulation of the host inflammatory response, aiming
to reduce the risk of formation of new CAL and to halt
progression of existing lesions.

The current evidence to guide treatment of resistant KD
is of moderate to low quality, which is unfortunate given
the potential severity of adverse outcomes of both KD itself
and the treatments, and the cost of some proposed agents.
As suggested by the AHA, [16], it seems reasonable to
consider additional IVIG and/or steroids if the initial IVIG
does not result in sustained defervescence of fever.

The relative infrequency of resistant KD means a
prospective trial is unlikely to be sufficiently powered to
provide an evidence base for appropriate treatment. The
published data differ substantially between patient groups
and treatment approaches, making comparison problematic
and robust conclusions difficult. Expert consensus (such as
the AHA guidelines) [16] together with accumulating
published clinical experience will continue to guide man-
agement of resistant KD.

Compliance with Ethical Standards
Conflict of interest Linny Kimly Phuong, Jonathan Akikusa, Peter
Gowdie, Nigel Curtis and David Burgner declare that they have no

conflicts of interest.

Funding No financial assistance or funding was received to complete
this work.

A\ Adis



76

L. K. Phuong et al.

References

10.

11.

12.

14.

15.

16.

17.

18.

19.

. Singh S, Vignesh P, Burgner D. The epidemiology of Kawasaki

disease: a global update. Arch Dis Child. 2015. doi:10.1136/
archdischild-2014-307536.

. Newburger JW, Takahashi M, Burns JC. The present and future:

Kawasaki disease. J] Am Coll Cardiol. 2016;67:1738—49. doi:10.
1016/j.jacc.2015.12.073.

. Dajani AS, Taubert KA, Gerber MA, et al. Diagnosis and

therapy of Kawasaki disease in children. Circulation.

1993;87(5):1776-80.

. Kato H, Koike S, Yamamoto M, et al. Coronary aneurysms in

infants and young children with acute febrile mucocutaneous
lymph node syndrome. J Pediatr. 1975;86(6):892-8.

. Burns JC, Shike H, Gordon JB, et al. Sequelae of Kawasaki

disease in adolescents and young adults. J Am Coll Cardiol.
1996;1:253.

. Gordon JB, Kahn AM, Burns JC. State-of-the-art paper: when

children with Kawasaki disease grow up. Myocardial and vas-
cular complications in adulthood. J Am Coll Cardiol.
2009;54:1911-20. doi:10.1016/j.jacc.2009.04.102.

. Senzaki H. Long-term outcome of Kawasaki disease. Circula-

tion. 2008;118(25):2763-72.

. Kawasaki T. Acute febrile mucocutaneous syndrome with

lymphoid involvement with specific desquamation of the fingers
and toes in children. Arerugi = [Allergy]. 1967;16(3):178-222.

. Sano T, Makino N, Aoyama Y, et al. Temporal and geographical

clustering of Kawasaki disease in Japan (2007-2012). Pediatr
Int. 2016. doi:10.1111/ped.12970.

Nakamura Y, Yanagawa I, Kawasaki T. Temporal and geo-
graphical clustering of Kawasaki disease in Japan. Prog Clin
Biol Res. 1987;250:19-32.

Yanagawa H, Yashiro M, Nakamura Y, et al. Results of 12
nationwide epidemiological incidence surveys of Kawasaki
disease in  Japan. Arch  Pediatr  Adolesc = Med.
1995;149(7):779-83.

Nakamura Y, Yashiro M, Uehara R, et al. Monthly observation
of the number of patients with Kawasaki disease and its inci-
dence rates in Japan: chronological and geographical observa-
tion from nationwide surveys. J Epidemiol. 2008;18(6):273-9.
doi:10.2188/jea.JE2008030.

. Fujita Y, Nakamura Y, Sakata K, et al. Kawasaki disease in

families. Pediatrics. 1989;84(4):666.

Kao AS, Getis A, Brodine S, et al. Spatial and temporal clus-
tering of Kawasaki syndrome cases. Pediatr Infect Dis J.
2008;27(11):981-5. doi:10.1097/INF.0b013e31817acf4f.

Saji BT, Newburger JW, Burns JC, et al. Kawasaki disease:
current understanding of the mechanism and evidence-based
treatment. Springer Medicine eBooks. Springer Japan;
2017,9784431560395 4431560394.

McCrindle BW, Rowley AH, Newburger JW, et al. Diagnosis,
treatment, and long-term management of Kawasaki disease: a
scientific statement for health professionals from the American
Heart Association. Circulation. 2017. doi:10.1161/CIR.
0000000000000484.

Eleftheriou D, Levin M, Shingadia D, et al. Management of
Kawasaki disease. Arch Dis Child. 2014;99(1):74-83. doi:10.
1136/archdischild-2012-302841.

Wang C-L, Wu Y-T, Liu C-A, et al. Kawasaki disease: infec-
tion, immunity and genetics. Pediatr Infect Dis J.
2005;24(11):998-1004.

Galeotti C, Kaveri SV, Cimaz R, et al. Predisposing factors,
pathogenesis and therapeutic intervention of Kawasaki disease.
Drug Discov Today. 2016;21(11):1850-7. doi:10.1016/j.drudis.
2016.08.004.

A\ Adis

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Misra DP, Shenoy SN. Cardiac involvement in primary systemic
vasculitis and potential drug therapies to reduce cardiovascular
risk. Rheumatol Int. 2017;37(1):151-67. doi:10.1007/s00296-
016-3435-1.

Muta H, Ishii M, Yashiro M, et al. Late intravenous
immunoglobulin treatment in patients with Kawasaki disease.
Pediatrics. 2012;129(2):e291-7. doi:10.1542/peds.2011-1704.
Research Committee of the Japanese Society of Pediatric Car-
diology: Cardiac Surgery Committee for Development of
Guidelines for Medical Treatment of Acute Kawasaki Disease.
Guidelines for medical treatment of acute Kawasaki disease:
report of the Research Committee of the Japanese Society of
Pediatric Cardiology and Cardiac Surgery (2012 revised ver-
sion). Pediatr Int. 2014;56(2):135-58. doi:10.1111/ped.12317.
Terai M, Shulman ST. Prevalence of coronary artery abnor-
malities in Kawasaki disease is highly dependent on gamma
globulin dose but independent of salicylate dose. J Pediatr.
1997;131(6):888-93.

Newburger JW, Takahashi M, Beiser AS, et al. A single intra-
venous infusion of gamma globulin as compared with four
infusions in the treatment of acute Kawasaki syndrome. N Engl J
Med. 1991. doi:10.1056/NEIM199106063242305.

Newburger JW, Takahashi M, Burns JC, et al. The treatment of
Kawasaki syndrome with intravenous gamma globulin. N Engl J
Med. 1986;315(6):341-7.

Okuni M, Harada K, Yamaguchi H, et al. Intravenous gamma
globulin therapy in Kawasaki disease-trial of low dose gamma
globulin. Prog Clin Biol Res. 1987;250:433-9.

Burns JC, Franco A. The immunomodulatory effects of intra-
venous immunoglobulin therapy in Kawasaki disease. Expert
Rev Clin Immunol. 2015;11(7):819-25. doi:10.1586/1744666X.
2015.1044980.

Leung DY, Cotran RS, Kurt-Jones E, et al. Endothelial cell
activation and high interleukin-1 secretion in the pathogenesis of
acute Kawasaki disease. Lancet. 1989;2(8675):1298-302.
Suzuki H, Uemura S, Tone S, et al. Effects of immunoglobulin
and gamma-interferon on the production of tumour necrosis
factor-alpha and interleukin-1 beta by peripheral blood mono-
cytes in the acute phase of Kawasaki disease. Eur J Pediatr.
1996;155(4):291-6.

Arend WP, Leung DY. IgG induction of IL-1 receptor antago-
nist production by human monocytes. Immunol Rev.
1994:;139:71-8.

Okitsu-Negishi S, Furusawa S, Kawa Y, et al. Suppressive effect
of intravenous immunoglobulins on the activity of interleukin-1.
Immunol Res. 1994;13(1):49-55.

Kobayashi N, Mori M, Kobayashi Y, et al. Intravenous gamma-
globulin therapy improves hypercytokinemia in the acute phase
of Kawasaki disease. Mod Rheumatol. 2004;14(6):447-52.
Wang Y, Wang W, Gong F, et al. Evaluation of intravenous
immunoglobulin resistance and coronary artery lesions in rela-
tion to Th1/Th2 cytokine profiles in patients with Kawasaki
disease. Arthritis Rheum. 2013;65(3):805-14. doi:10.1002/art.
37815.

Manlhiot C, Yeung RSM, Chahal N, et al. Intravenous
immunoglobulin preparation type: association with outcomes for
patients with acute Kawasaki disease. Pediatr Allergy Immunol.
2010;21(3):515-21. doi:10.1111/j.1399-3038.2010.00987.x.
Durongpisitkul K, Gururaj VJ, Park JM, et al. The prevention of
coronary artery aneurysm in Kawasaki disease: a meta-analysis
on the efficacy of aspirin and immunoglobulin treatment. Pedi-
atrics. 1995;96(6):1057-61.

. Kato H, Inoue O, Akagi T. Kawasaki disease: cardiac problems

and management. Pediatr Rev. 1988;9(7):209-17.


http://dx.doi.org/10.1136/archdischild-2014-307536
http://dx.doi.org/10.1136/archdischild-2014-307536
http://dx.doi.org/10.1016/j.jacc.2015.12.073
http://dx.doi.org/10.1016/j.jacc.2015.12.073
http://dx.doi.org/10.1016/j.jacc.2009.04.102
http://dx.doi.org/10.1111/ped.12970
http://dx.doi.org/10.2188/jea.JE2008030
http://dx.doi.org/10.1097/INF.0b013e31817acf4f
http://dx.doi.org/10.1161/CIR.0000000000000484
http://dx.doi.org/10.1161/CIR.0000000000000484
http://dx.doi.org/10.1136/archdischild-2012-302841
http://dx.doi.org/10.1136/archdischild-2012-302841
http://dx.doi.org/10.1016/j.drudis.2016.08.004
http://dx.doi.org/10.1016/j.drudis.2016.08.004
http://dx.doi.org/10.1007/s00296-016-3435-1
http://dx.doi.org/10.1007/s00296-016-3435-1
http://dx.doi.org/10.1542/peds.2011-1704
http://dx.doi.org/10.1111/ped.12317
http://dx.doi.org/10.1056/NEJM199106063242305
http://dx.doi.org/10.1586/1744666X.2015.1044980
http://dx.doi.org/10.1586/1744666X.2015.1044980
http://dx.doi.org/10.1002/art.37815
http://dx.doi.org/10.1002/art.37815
http://dx.doi.org/10.1111/j.1399-3038.2010.00987.x

Treatment Options for Resistant Kawasaki Disease

77

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Dallaire F, Fortier-Morissette Z, Blais S, et al. Aspirin dose and
prevention of coronary abnormalities in Kawasaki disease.
Pediatrics. 2017;139(6):1-7. doi:10.1542/peds.2017-0098.
Kai-Sheng H, Ken-Pen W, Chu-Chuan L, et al. Treatment of
acute Kawasaki disease: aspirin’s role in the febrile stage
revisited. Pediatrics. 2004;114(6):e689-93. doi:10.1542/peds.
2004-1037.

Shulman ST, Bass JL, Bierman F, et al. Management of
Kawasaki syndrome: a consensus statement prepared by North
American participants of the Third International Kawasaki
Disease Symposium, Tokyo, Japan, December, 1988. Pediatr
Infect Dis J. 1989;8(10):663-7.

Uehara R, Belay ED, Maddox RA, et al. Analysis of potential
risk factors associated with nonresponse to initial intravenous
immunoglobulin treatment among Kawasaki disease patients in
Japan. Pediatr Infect Dis J. 2008;27(2):155-60. doi:10.1097/
INF.0b013e31815922b5.

Burns JC, Capparelli EV, Brown JA, et al. Intravenous gamma-
globulin treatment and retreatment in Kawasaki disease. US/
Canadian Kawasaki Syndrome Study Group. Pediatr Infect Dis
J. 1998;17(12):1144-8.

Sundel RP, Burns JC, Baker A, et al. Gamma globulin re-
treatment in Kawasaki disease. J Pediatr. 1993;123(4):657-9.
doi:10.1016/S0022-3476(05)80972-2.

Kitano N, Suzuki H, Takeuchi T, et al. Epidemiologic features
and prognostic factors of coronary artery lesions associated with
Kawasaki disease based on a 13-year cohort of consecutive
cases identified by complete enumeration surveys in Wakayama,
Japan. J Epidemiol. 2014;24(5):427-34. doi:10.2188/jea.
JE20140018.

Nakamura Y, Yashiro M, Oki I, et al. Giant coronary aneurysms
due to Kawasaki disease: a case-control study. Pediatr Int.
2002;44(3):254-8. doi:10.1046/j.1442-200X.2002.01551 .x.
Nakamura Y, Yashiro M, Uehara R, et al. Case-control study of
giant coronary aneurysms due to Kawasaki disease. Pediatr Int.
2003;45(4):410-3. doi:10.1046/j.1442-200X.2003.01744 x.
Sudo D, Monobe Y, Yashiro M, et al. Case-control study of
giant coronary aneurysms due to Kawasaki disease: the 19th
nationwide survey. Pediatr Int. 2010;52(5):790—4. doi:10.1111/j.
1442-200X.2010.03161.x.

Ogata S, Shimizu C, Franco A, et al. Treatment response in
Kawasaki disease is associated with sialylation levels of
endogenous but not therapeutic intravenous immunoglobulin G.
PLoS One. 2013;8(12):e81448. doi:10.1371/journal.pone.
0081448.

Hwang JY, Lee KY, Rhim JW, et al. Assessment of intravenous
immunoglobulin non-responders in Kawasaki disease. Arch Dis
Child. 2011;96(11):1088-90.

Tremoulet AH, Best BM, Song S, et al. Resistance to intra-
venous immunoglobulin in children with Kawasaki disease.
J Pediatr. 2008;153(1):117-121.e3. doi:10.1016/j.jpeds.2007.12.
021.

Levy M, Koren G. Atypical Kawasaki disease: analysis of
clinical presentation and diagnostic clues. Pediatr Infect Dis J.
1990;9(2):122-6.

Joffe A, Kabani A, Jadavji T. Atypical and complicated
Kawasaki disease in infants. Do we need criteria? West ] Med.
1995;162(4):322-7.

Chuang CH, Hsiao MH, Chiu CH, et al. Kawasaki disease in
infants three months of age or younger. J Microbiol Immunol
Infect. 2006;39(5):387-91.

Yoon YM, Yun HW, Kim SH. Clinical characteristics of
Kawasaki disease in infants younger than six months: a single-
center study. Korean Circ J. 2016;46(4):550-5. doi:10.4070/kcj.
2016.46.4.550.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Chang F, Hwang B, Chen S, et al. Characteristics of Kawasaki
disease in infants younger than six months of age. Pediatr Infect
Dis J. 2006;25(3):241-4.

Wallace CA, French JW, Kahn SJ, et al. Initial intravenous
gammaglobulin treatment failure in Kawasaki disease. Pedi-
atrics. 2000;105(6):E78-E.

Han RK, Silverman ED, Newman A, et al. Management and
outcome of persistent or recurrent fever after initial intravenous
gamma globulin therapy in acute Kawasaki disease. Arch
Pediatr Adolesc Med. 2000;154(7):694-9.

Sewell WAC, Jolles S. Immunomodulatory action of intra-
venous immunoglobulin. Immunology. 2002;107(4):387-93.
Furukawa T, Kishiro M, Akimoto K, et al. Effects of steroid
pulse therapy on immunoglobulin-resistant Kawasaki disease.
Arch Dis Child. 2008;93(2):142-6.

Ogata S, Bando Y, Kimura S, et al. The strategy of immune
globulin resistant Kawasaki disease: a comparative study of
additional immune globulin and steroid pulse therapy. J Cardiol.
2009;53(1):15-9.

Naoe S, Takahashi K, Masuda H, et al. Kawasaki disease. With
particular emphasis on arterial lesions. Acta Pathologica
Japonica. 1991;41(11):785-97.

Takahashi K, Oharaseki T, Yokouchi Y. Pathogenesis of
Kawasaki disease. Clin Exp Immunol. 2011;164(Suppl 1):20-2.
doi:10.1111/j.1365-2249.2011.04361 x.

Orenstein JM, Shulman ST, Fox LM, et al. Three linked vas-
culopathic processes characterize Kawasaki disease: a light and
transmission electron microscopic  study. PLoS  One.
2012;7(6):1-25. doi:10.1371/journal.pone.0038998.

Wright DA, Newburger JW, Baker A, et al. Treatment of
immune globulin-resistant Kawasaki disease with pulsed doses
of corticosteroids. J Pediatr. 1996;128(1):144-6.

Kato H, Koike S, Yokoyama T. Kawasaki disease: effect of
treatment on coronary artery involvement. Pediatrics.
1979;63(2):175-80.

Lo JY, Minich LL, Tani LY, et al. Coronary artery disease:
factors associated with resource utilization and coronary artery
dilation in refractory Kawasaki disease (from the Pediatric
Health Information System Database). Am J Cardiol.
2016;118(11):1636-40. doi:10.1016/j.amjcard.2016.08.039.
Teraguchi M, Ogino H, Yoshimura K, et al. Steroid pulse
therapy for children with intravenous immunoglobulin therapy-
resistant Kawasaki disease: a prospective study. Pediatr Cardiol.
2013;34(4):959-63. doi:10.1007/s00246-012-0589-9.
Kobayashi T, Kobayashi T, Morikawa A, et al. Efficacy of
intravenous immunoglobulin combined with prednisolone fol-
lowing resistance to initial intravenous immunoglobulin treat-
ment of acute Kawasaki disease. J Pediatr. 2013;163(2):521-6.
Jibiki T, Kato I, Shiohama T, et al. Intravenous immune globulin
plus corticosteroids in refractory Kawasaki disease. Pediatr Int.
2011;53(5):729-35. doi:10.1111/5.1442-200X.2011.03338.x.
Miura M, Ohki H, Yoshiba S, et al. Adverse effects of
methylprednisolone pulse therapy in refractory Kawasaki dis-
ease. Arch Dis Child. 2005;90(10):1096-7.

Hashino K, Ishii M, Iemura M, et al. Re-treatment for immune
globulin-resistant Kawasaki disease: a comparative study of
additional immune globulin and steroid pulse therapy. Pediatr
Int. 2001;43(3):211-7. doi:10.1046/j.1442-200X.2001.01373 x.
Kijima Y, Kamiya T, Suzuki A, et al. A trial procedure to prevent
aneurysm formation of the coronary arteries by steroid pulse
therapy in Kawasaki disease. Jpn Circ J. 1982;46(11):1239-42.
Yang X, Liu G, Huang Y, et al. A meta-analysis of re-treatment
for intravenous immunoglobulin-resistant Kawasaki disease.
Cardiol Young. 2015;25(6):1182-90. doi:10.1017/
S$1047951114002601.

A\ Adis


http://dx.doi.org/10.1542/peds.2017-0098
http://dx.doi.org/10.1542/peds.2004-1037
http://dx.doi.org/10.1542/peds.2004-1037
http://dx.doi.org/10.1097/INF.0b013e31815922b5
http://dx.doi.org/10.1097/INF.0b013e31815922b5
http://dx.doi.org/10.1016/S0022-3476(05)80972-2
http://dx.doi.org/10.2188/jea.JE20140018
http://dx.doi.org/10.2188/jea.JE20140018
http://dx.doi.org/10.1046/j.1442-200X.2002.01551.x
http://dx.doi.org/10.1046/j.1442-200X.2003.01744.x
http://dx.doi.org/10.1111/j.1442-200X.2010.03161.x
http://dx.doi.org/10.1111/j.1442-200X.2010.03161.x
http://dx.doi.org/10.1371/journal.pone.0081448
http://dx.doi.org/10.1371/journal.pone.0081448
http://dx.doi.org/10.1016/j.jpeds.2007.12.021
http://dx.doi.org/10.1016/j.jpeds.2007.12.021
http://dx.doi.org/10.4070/kcj.2016.46.4.550
http://dx.doi.org/10.4070/kcj.2016.46.4.550
http://dx.doi.org/10.1111/j.1365-2249.2011.04361.x
http://dx.doi.org/10.1371/journal.pone.0038998
http://dx.doi.org/10.1016/j.amjcard.2016.08.039
http://dx.doi.org/10.1007/s00246-012-0589-9
http://dx.doi.org/10.1111/j.1442-200X.2011.03338.x
http://dx.doi.org/10.1046/j.1442-200X.2001.01373.x
http://dx.doi.org/10.1017/S1047951114002601
http://dx.doi.org/10.1017/S1047951114002601

78

L. K. Phuong et al.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Millar K, Manlhiot C, Yeung RSM, et al. Corticosteroid
administration for patients with coronary artery aneurysms after
Kawasaki disease may be associated with impaired regression.
Int J Cardiol. 2012;154(1):9-13. doi:10.1016/j.ijcard.2010.08.
070.

Adachi S, Sakaguchi H, Kuwahara T, et al. High regression rate
of coronary aneurysms developed in patients with immune
globulin-resistant Kawasaki disease treated with steroid pulse
therapy. Tohoku J Exp Med. 2010;220(4):285-90.

Chen S, Dong Y, Yin Y, et al. Intravenous immunoglobulin plus
corticosteroid to prevent coronary artery abnormalities in
Kawasaki disease: a meta-analysis. Heart. 2013;99(2):76-82.
Matsubara T, Furukawa S, Yabuta K. Serum levels of tumor
necrosis factor, interleukin 2 receptor, and interferon-gamma in
Kawasaki disease involved coronary-artery lesions. Clin
Immunol Immunopathol. 1990;56(1):29-36.

Aeschlimann F, Yeung R. TNF and IL-1 targeted treatment in
Kawasaki  disease. Curr  Treat Opt  Rheumatol.
2016;2(4):283-95.

Furukawa S, Matsubara T, Jujoh K, et al. Peripheral blood
monocyte/macrophages and serum tumor necrosis factor in
Kawasaki disease. Clin Immunol Immunopathol.
1988;48(2):247-51. doi:10.1016/0090-1229(88)90088-8.
Hui-Yuen JS, Duong TT, Yeung RS. TNF-alpha is necessary for
induction of coronary artery inflammation and aneurysm for-
mation in an animal model of Kawasaki disease. J Immunol
(Baltimore, Md: 1950). 2006;176(10):6294-301.

Lin CY, Lin CC, Hwang B, et al. Serial changes of serum
interleukin-6, interleukin-8, and tumor necrosis factor alpha
among patients with Kawasaki disease. J Pediatr.
1992;121(6):924-6.

Furukawa S, Matsubara T, Umezawa Y, et al. Serum levels of
p60 soluble tumor necrosis factor receptor during acute Kawa-
saki disease. J Pediatr. 1994;124(5 Pt 1):721-5.

Eleftheriou D, Melo M, Marks SD, et al. Biologic therapy in
primary systemic vasculitis of the young. Rheumatology (Ox-
ford, England). 2009;48(8):978-86. doi:10.1093/rheumatology/
kep148.

Blandizzi C, Gionchetti P, Armuzzi A, et al. The role of tumour
necrosis factor in the pathogenesis of immune-mediated dis-
eases. Int J Immunopathol Pharmacol. 2014;27(1 Suppl):1-10.
Shoda T. TNF-a blockers for the treatment of Kawasaki disease
in children. In: Cochrane Database of Systematic Reviews.
2016. http://onlinelibrary.wiley.com/doi/10.1002/14651858.
CD012448/full. Accessed 11.

Ohashi R, Fukazawa R, Watanabe M, et al. Etanercept sup-
presses arteritis in a murine model of Kawasaki disease: a
comparative study involving different biological agents. Int J
Vasc Med. 2013:1-10. doi:10.1155/2013/543141.

Crouch SP, Fletcher J. Effect of ingested pentoxifylline on
neutrophil superoxide anion production. Infect Immun.
1992;60(11):4504-9.

Strieter RM, Remick DG, Ward PA, et al. Cellular and molec-
ular regulation of tumor necrosis factor-alpha production by
pentoxifylline. Biochem Biophys Res Commun.
1988;155(3):1230-6.

Furukawa S, Matsubara T, Umezawa Y, et al. Pentoxifylline and
intravenous gamma globulin combination therapy for acute
Kawasaki disease. Eur J Pediatr. 1994;153(9):663-7.

Best BM, Burns JC, DeVincenzo J, et al. Pharmacokinetic and
tolerability assessment of a pediatric oral formulation of pen-
toxifylline in Kawasaki disease. Curr Ther Res Clin Exp.
2003;64:96-115. doi:10.1016/S0011-393X(03)00018-3.
Sonoda K, Mori M, Hokosaki T, et al. Infliximab plus plasma
exchange rescue therapy in Kawasaki disease. J Pediatr.
2014;164(5):1128-1132.el. doi:10.1016/j.jpeds.2014.01.020.

A\ Adis

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Accomando S, Liotta A, Maggio MC, et al. Infliximab admin-
istration effective in the treatment of refractory Kawasaki dis-
ease. Pediatr Allergy Immunol. 2010;21(7):1091-2. doi:10.
1111/j.1399-3038.2010.01029.x.

Weiss JE, Eberhard BA, Chowdhury D, et al. Infliximab as a
novel therapy for refractory Kawasaki disease. J Rheumatol.
2004;31(4):808-10.

Hirono K, Kemmotsu Y, Wittkowski H, et al. Infliximab reduces
the cytokine-mediated inflammation but does not suppress cel-
lular infiltration of the vessel wall in refractory Kawasaki dis-
ease. Pediatr Res. 2009;65(6):696-701. doi:10.1203/PDR.
0b013e31819ed68d.

Masuda H, Abe J, Oana S, et al. Abstract O.51: effects of anti-
TNF-alpha antibody therapy on IVIG-resistantpatients with
Kawasaki disease. Circulation. 2015;131(Suppl 2):AO51.
Tremoulet AH, Jain S, Jaggi P, et al. Infliximab for intensifi-
cation of primary therapy for Kawasaki disease: a phase 3
randomised, double-blind, placebo-controlled trial. Lancet.
2014;383(9930):1731-8. doi:10.1016/S0140-6736(13)62298-9.
Youn Y, Kim J, Hong YM, et al. Infliximab as the first
retreatment in patients with Kawasaki disease resistant to initial
intravenous  immunoglobulin.  Pediatr Infect Dis J.
2016;35(4):457-9. doi:10.1097/INF.0000000000001039.

Mori M, Imagawa T, Hara R, et al. Efficacy and limitation of
infliximab treatment for children with Kawasaki disease
intractable to intravenous immunoglobulin therapy: report of an
open-label case series. J Rheumatol. 2012;39(4):864—7.

Song MS, Lee SB, Sohn S, et al. Infliximab treatment for
refractory Kawasaki disease in Korean children. Korean Circ J.
2010;40(7):334-8. doi:10.4070/kcj.2010.40.7.334.

Burns JC, Best BM, Mejias A, et al. Infliximab treatment of
intravenous immunoglobulin-resistant Kawasaki disease. J Pe-
diatr. 2008;153(6):833-8. doi:10.1016/j.jpeds.2008.06.011.
Burns JC, Mason WH, Hauger SB, et al. Infliximab treatment for
refractory Kawasaki syndrome. J Pediatr. 2005;146(5):662-7.
doi:10.1016/j.jpeds.2004.12.022.

Son MB, Gauvreau K, Burns JC, et al. Infliximab for intra-
venous immunoglobulin resistance in Kawasaki disease: a ret-
rospective study. J Pediatr. 2011;158(4):644-9.

Shanghai Children’s Medical Center, Shanghai 10th People’s
Hospital, Shanghai 8th People’s Hospital, et al. Infliximab for
Kawasaki disease patients resistant to IVIG: a multicentre,
prospective, randomised trial. Fudan University. 2016. https://
clinicaltrials.gov/ct2/show/NCT02298062.

Choueiter NF, Olson AK, Shen DD, et al. Prospective open-
label trial of etanercept as adjunctive therapy for Kawasaki
disease. J Pediatr. 2010;157(6):960—6. doi:10.1016/j.jpeds.2010.
06.014.

Portman MA. Clinical Trials register—etanercept in Kawasaki
disease. 2017. https://clinicaltrials.gov/show/NCT00841789.
Accessed 16 May 2017.

Onouchi Y, Gunji T, Burns JC, et al. ITPKC functional poly-
morphism associated with Kawasaki disease susceptibility and
formation of coronary artery aneurysms. Nat Genet.
2008;40(1):35-42.

Onouchi Y, Ozaki K, Buns JC, et al. Common variants in
CASP3 confer susceptibility to Kawasaki disease. Hum Mol
Genet. 2010;19(14):2898-906. doi:10.1093/hmg/ddq176.

Kuo H-C, Yu H-R, Juo S-HH, et al. CASP3 gene single-nu-
cleotide polymorphism (rs72689236) and Kawasaki disease in
Taiwanese children. J Hum Genet. 2011;56(2):161-5. doi:10.
1038/jhg.2010.154.

Alphonse MP, Duong TT, Shumitzu C, et al. Inositol-triphos-
phate 3-kinase C mediates inflammasome activation and treat-
ment response in Kawasaki disease. J Immunol (Baltimore, Md:
1950). 2016;197(9):3481-9. doi:10.4049/jimmunol.1600388.


http://dx.doi.org/10.1016/j.ijcard.2010.08.070
http://dx.doi.org/10.1016/j.ijcard.2010.08.070
http://dx.doi.org/10.1016/0090-1229(88)90088-8
http://dx.doi.org/10.1093/rheumatology/kep148
http://dx.doi.org/10.1093/rheumatology/kep148
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD012448/full
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD012448/full
http://dx.doi.org/10.1155/2013/543141
http://dx.doi.org/10.1016/S0011-393X(03)00018-3
http://dx.doi.org/10.1016/j.jpeds.2014.01.020
http://dx.doi.org/10.1111/j.1399-3038.2010.01029.x
http://dx.doi.org/10.1111/j.1399-3038.2010.01029.x
http://dx.doi.org/10.1203/PDR.0b013e31819ed68d
http://dx.doi.org/10.1203/PDR.0b013e31819ed68d
http://dx.doi.org/10.1016/S0140-6736(13)62298-9
http://dx.doi.org/10.1097/INF.0000000000001039
http://dx.doi.org/10.4070/kcj.2010.40.7.334
http://dx.doi.org/10.1016/j.jpeds.2008.06.011
http://dx.doi.org/10.1016/j.jpeds.2004.12.022
https://clinicaltrials.gov/ct2/show/NCT02298062
https://clinicaltrials.gov/ct2/show/NCT02298062
http://dx.doi.org/10.1016/j.jpeds.2010.06.014
http://dx.doi.org/10.1016/j.jpeds.2010.06.014
https://clinicaltrials.gov/show/NCT00841789
http://dx.doi.org/10.1093/hmg/ddq176
http://dx.doi.org/10.1038/jhg.2010.154
http://dx.doi.org/10.1038/jhg.2010.154
http://dx.doi.org/10.4049/jimmunol.1600388

Treatment Options for Resistant Kawasaki Disease

79

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Onouchi Y, Ozaki K, Burns JC, et al. A genome-wide associa-
tion study identifies three new risk loci for Kawasaki disease.
Nat Genet. 2012;44(5):517-21. doi:10.1038/ng.2220.

Khor CC, Davila S, Breunis WB, et al. Genome-wide associa-
tion study identifies FCGR2A as a susceptibility locus for
Kawasaki disease. Nat Genet. 2011;43(12):1241-6. doi:10.1038/
ng.981.

Dietz SM, van Stijn D, Burgner D, et al. Dissecting Kawasaki
disease: a  state-of-the-art review. Eur J Pediatr.
2017;176(8):995-1009. doi:10.1007/s00431-017-2937-5.
Aoyagi R, Hamada H, Sato Y, et al. Study protocol for a phase
III multicentre, randomised, open-label, blinded-end point trial
to evaluate the efficacy and safety of immunoglobulin plus
cyclosporin A in patients with severe Kawasaki disease (KAICA
Trial). BMJ Open. 2015;5(12):e009562-e. doi:10.1136/
bmjopen-2015-009562.

Tremoulet AH, Pancoast P, Franco A, et al. Calcineurin inhi-
bitor treatment of intravenous immunoglobulin-resistant
Kawasaki disease. J Pediatr. 2012;161(3):506-12.

Suzuki H, Terai M, Hamada H, et al. Cyclosporin A treatment
for Kawasaki disease refractory to initial and additional intra-
venous immunoglobulin. Pediatr  Infect  Dis J.
2011;30(10):871-6. doi:10.1097/INF.0b013e318220c3cf.
Hamada H, Suzuki H, Abe J, et al. Inflammatory cytokine
profiles during cyclosporin treatment for immunoglobulin-re-
sistant Kawasaki disease. Cytokine. 2012;60:681-5. doi:10.
1016/j.cyt0.2012.08.006.

Kremer JM, Lawrence DA, Hamilton R, et al. Long-term study
of the impact of methotrexate on serum cytokines and lym-
phocyte subsets in patients with active rheumatoid arthritis:
correlation with pharmacokinetic measures. RMD Open.
2016;2(1):e000287-e. doi:10.1136/rmdopen-2016-000287.
Gerards AH, de Lathouder S, de Groot ER, et al. Inhibition of
cytokine production by methotrexate. Studies in healthy volun-
teers and patients with rheumatoid arthritis. Rheumatology
(Oxford, England). 2003;42(10):1189-96.

Pan S, Stamp LK, Duffull SB, et al. Assessment of the rela-
tionship between methotrexate polyglutamates in red blood cells
and clinical response in patients commencing methotrexate for
rheumatoid arthritis. Clin Pharmacokinet. 2014;53(12):1161-70.
doi:10.1007/s40262-014-0179-5.

Dalrymple JM, Stamp LK, O’Donnell JL, et al. Pharmacoki-
netics of oral methotrexate in patients with rheumatoid arthritis.
Arthritis Rheum. 2008;58(11):3299-308.

Lee TJ, Kim KH, Chun J-K, et al. Low-dose methotrexate
therapy for intravenous immunoglobulin-resistant Kawasaki
disease. Yonsei Med J. 2008;49(5):714-8. doi:10.3349/ym;.
2008.49.5.714.

Ahn SY, Kim DS. Treatment of intravenous immunoglobulin-
resistant Kawasaki disease with methotrexate. Scand J
Rheumatol. 2005;34(2):136-9.

Blankier S, McCrindle BW, Ito S, et al. The role of atorvastatin
in regulating the immune response leading to vascular damage
in a model of Kawasaki disease. Clin Exp Immunol.
2011;164(2):193-201. doi:10.1111/j.1365-2249.2011.04331.x.
Huang S-M, Weng K-P, Chang J-S, et al. Effects of statin
therapy in children complicated with coronary arterial abnor-
mality late after Kawasaki disease: a pilot study. Circ J.
2008;72(10):1583-7.

Ozawa S, Hamaoka K, Niboshi N. HMG-CoA reductase inhi-
bitors (statins) is effective in the prevention of acute coronary
arteries injury in a rabbit model for Kawasaki disease. Cardiol
Young. 2006;16(S2):62-3.

Tremoulet AH. The role of statins in inflammatory vasculitides.
Autoimmunity.  2015;48(3):177-80.  doi:10.3109/08916934.
2015.1027818.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Hoffman HM. Therapy of autoinflammatory syndromes. J Al-
lergy Clin Immunol. 2009;124(6):1129-38. doi:10.1016/j.jaci.
2009.11.001.

Dusser P, Kone-Paut I. IL-1 Inhibition may have an important
role in treating refractory Kawasaki disease. Front Pharmacol.
2017;8:163. doi:10.3389/fphar.2017.00163.

Goldbach-Mansky R, Dailey NJ, Canna SW, et al. Neonatal-
onset multisystem inflammatory disease responsive to inter-
leukin-1beta inhibition. N Engl J Med. 2006;355(6):581-92.
Pascual V, Allantaz F, Arce E, et al. Role of interleukin-1 (IL-1)
in the pathogenesis of systemic onset juvenile idiopathic arthritis
and clinical response to IL-1 blockade. J Exp Med.
2005;201(9):1479-86.

Urien S, Bardin C, Bader-Meunier B, et al. Anakinra pharma-
cokinetics in children and adolescents with systemic-onset
juvenile idiopathic arthritis and autoinflammatory syndromes.
BMC Pharmacol Toxicol. 2013;14:40. doi:10.1186/2050-6511-
14-40.

Lee Y, Schulte DJ, Shimada K, et al. Interleukin-1[beta] is
crucial for the induction of coronary artery inflammation in a
mouse model of Kawasaki disease.  Circulation.
2012;125(12):1542-50.

Dinarello CA, Simon A, van der Meer JWM. Treating inflam-
mation by blocking interleukin-1 in a broad spectrum of dis-
eases. Nat Rev Drug Discov. 2012;11(8):633-52. doi:10.1038/
nrd3800.

Lee EJ, Park YW, Hong YM, et al. Epidemiology of Kawasaki
disease in infants 3 months of age and younger. Korean J
Pediatr. 2012;55(6):202-5. doi:10.3345/kjp.2012.55.6.202.
Fury W, Tremoulet AH, Watson VE, et al. Transcript abundance
patterns in Kawasaki disease patients with intravenous
immunoglobulin resistance. Hum Immunol. 2010;71(9):865-73.
doi:10.1016/j.humimm.2010.06.008.

Maury CP, Salo E, Pelkonen P. Circulating interleukin-1 beta in
patients with Kawasaki disease. N Engl J Med.
1988;319(25):1670-1.

Sobi. Anakinra and Kawasaki Disease (KAWAKINRA).
Assistance Publique—Hopitaux de Paris. 2015. https://
clinicaltrials.gov/ct2/show/NCT02390596.

Tremoulet AH, Jain S, Kim S, et al. Rationale and study design
for a phase I/Ila trial of anakinra in children with Kawasaki
disease and early coronary artery abnormalities (the ANAKID
trial). Contemp Clin Trials. 2016;48:70-5. doi:10.1016/j.cct.
2016.04.002.

Shafferman A, Birmingham JD, Cron RQ. High dose anakinra
for treatment of severe neonatal Kawasaki disease: a case report.
Pediatr Rheumatol Online J. 2014;12:26. doi:10.1186/1546-
0096-12-26.

Cohen S, Tacke CE, Straver B, et al. A child with severe
relapsing Kawasaki disease rescued by IL-1 receptor blockade
and extracorporeal membrane oxygenation. Ann Rheum Dis.
2012;71(12):2059-61. doi:10.1136/annrheumdis-2012-201658.
Sanchez-Manubens J, Gelman A, Franch N, et al. A child with
resistant Kawasaki disease successfully treated with anakinra: a
case report. BMC Pediatr. 2017;17(1):102. doi:10.1186/s12887-
017-0852-6.

Tacke CE, Burgner D, Kuipers IM, et al. Management of acute
and refractory Kawasaki disease. Expert Rev Anti Infect Ther.
2012;10(10):1203-15. doi:10.1586/eri.12.101.

Weiner GJ. Rituximab: mechanism of action. Semin Hematol.
2010;47(2):115-23. doi:10.1053/j.seminhematol.2010.01.011.
Ozen S, Bilginer Y. Chapter 17: IgA vasculitis (Henoch—
Schonlein purpura), polyarteritis nodosa, granulomatous
polyangiitis (Wegener granulomatosis), and other vasculitides.
In: Handbook of systemic autoimmune diseases. Elsevier Sci-
ence & Technology; 2016. p. 1571-5078.

A\ Adis


http://dx.doi.org/10.1038/ng.2220
http://dx.doi.org/10.1038/ng.981
http://dx.doi.org/10.1038/ng.981
http://dx.doi.org/10.1007/s00431-017-2937-5
http://dx.doi.org/10.1136/bmjopen-2015-009562
http://dx.doi.org/10.1136/bmjopen-2015-009562
http://dx.doi.org/10.1097/INF.0b013e318220c3cf
http://dx.doi.org/10.1016/j.cyto.2012.08.006
http://dx.doi.org/10.1016/j.cyto.2012.08.006
http://dx.doi.org/10.1136/rmdopen-2016-000287
http://dx.doi.org/10.1007/s40262-014-0179-5
http://dx.doi.org/10.3349/ymj.2008.49.5.714
http://dx.doi.org/10.3349/ymj.2008.49.5.714
http://dx.doi.org/10.1111/j.1365-2249.2011.04331.x
http://dx.doi.org/10.3109/08916934.2015.1027818
http://dx.doi.org/10.3109/08916934.2015.1027818
http://dx.doi.org/10.1016/j.jaci.2009.11.001
http://dx.doi.org/10.1016/j.jaci.2009.11.001
http://dx.doi.org/10.3389/fphar.2017.00163
http://dx.doi.org/10.1186/2050-6511-14-40
http://dx.doi.org/10.1186/2050-6511-14-40
http://dx.doi.org/10.1038/nrd3800
http://dx.doi.org/10.1038/nrd3800
http://dx.doi.org/10.3345/kjp.2012.55.6.202
http://dx.doi.org/10.1016/j.humimm.2010.06.008
https://clinicaltrials.gov/ct2/show/NCT02390596
https://clinicaltrials.gov/ct2/show/NCT02390596
http://dx.doi.org/10.1016/j.cct.2016.04.002
http://dx.doi.org/10.1016/j.cct.2016.04.002
http://dx.doi.org/10.1186/1546-0096-12-26
http://dx.doi.org/10.1186/1546-0096-12-26
http://dx.doi.org/10.1136/annrheumdis-2012-201658
http://dx.doi.org/10.1186/s12887-017-0852-6
http://dx.doi.org/10.1186/s12887-017-0852-6
http://dx.doi.org/10.1586/eri.12.101
http://dx.doi.org/10.1053/j.seminhematol.2010.01.011

80

L. K. Phuong et al.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Morishita KA, Moorthy LN, Lubieniecka JM, et al. Early out-
comes in children with antineutrophil cytoplasmic antibody-as-
sociated vasculitis. Arthritis Rheumatol. 2017;69(7):1470-9.
doi:10.1002/art.40112.

Sauvaget E, Bonello B, David M, et al. Resistant Kawasaki
disease treated with anti-CD20. J Pediatr. 2012;160(5):875-6.
doi:10.1016/j.jpeds.2012.01.018.

Zaitsu M, Hamasaki Y, Tashiro K, et al. Ulinastatin, an elastase
inhibitor, inhibits the increased mRNA expression of pros-
taglandin H, synthase-type 2 in Kawasaki disease. J Infect Dis.
2000;183(3):1101-9.

Nakatani K, Takeshita S, Tsujimoto H, et al. Inhibitory effect of
serine protease inhibitors on neutrophil-mediated endothelial
cell injury. J Leukoc Biol. 2001;69(2):241-7.

Kanai T, Ishiwata T, Kobayashi T, et al. Ulinastatin, a urinary
trypsin inhibitor, for the initial treatment of patients with
Kawasaki disease: a retrospective study. Circulation.
2011;124(25):2822-8.

Oishi T, Fujieda M, Shiraishi T, et al. Infliximab treatment for
refractory Kawasaki disease with coronary artery aneurysm a
1-month-old girl. Circ J. 2008;72(5):850-2. doi:10.1253/circj.
72.850.

Iino M, Igarashi H, Samada K, et al. A case of Kawasaki disease
in NICU. Pediatr Res. 2003;53(1):181.

Fujimaru T, Ito S, Masuda H, et al. Decreased levels of
inflammatory cytokines in immunoglobulin-resistant Kawasaki
disease after plasma exchange. Cytokine. 2014;70:156—60.
doi:10.1016/j.cyt0.2014.07.003.

Hokosaki T, Mori M, Nishizawa T, et al. Long-term efficacy of
plasma exchange treatment for refractory Kawasaki disease.
Pediatr Int. 2012;54(1):99-103. doi:10.1111/j.1442-200X.2011.
03487.x.

Mori M, Imagawa T, Katakura S, et al. Efficacy of plasma
exchange therapy for Kawasaki disease intractable to intra-
venous gamma-globulin. Mod Rheumatol. 2004;14(1):43-7.
Kashiwagi Y, Kawashima H, Akamatsu N, et al. Efficacy of
plasma exchange therapy for Kawasaki disease by cytokine
profiling. Ther Apher Dial. 2012;16(3):281-3. doi:10.1111/j.
1744-9987.2012.01065.x.

A\ Adis

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Matsui M, Okuma Y, Yamanaka J, et al. Kawasaki disease
refractory to standard treatments that responds to a combination
of pulsed methylprednisolone and plasma exchange: cytokine
profiling and literature review. Cytokine. 2015;2:339. doi:10.
1016/j.cyt0.2015.02.014.

Imagawa T, Mori M, Miyamae T, et al. Plasma exchange for
refractory Kawasaki disease. Eur J Pediatr. 2004;163(4-5):263-4.
Duan C, Du Z-D, Wang Y, et al. Effect of pravastatin on
endothelial dysfunction in children with medium to giant coro-
nary aneurysms due to Kawasaki disease. World J Pediatr.
2014;10(3):232-7. doi:10.1007/s12519-014-0498-5.

Niedra E, Chahal N, Manlhiot C, et al. Atorvastatin safety in
Kawasaki disease patients with coronary artery aneurysms.
Pediatr Cardiol. 2014;35(1):89-92. doi:10.1007/s00246-013-
0746-9.

National Science Council T. Trial of atorvastatin on the per-
sistent coronary aneurysm in children with Kawasaki disease.
National Taiwan University Hospital. 2014. https://clinicaltrials.
gov/ct2/show/NCT02114099.

Colorado Children’s Hospital, University of Colorado D. Phar-
macokinetics (PK)/safety study of atorvastatin in children with
Kawasaki disease and coronary artery abnormalities. University
of California, San Diego. 2016. https:/clinicaltrials.gov/ct2/
show/NCT01431105.

Manlhiot C, Millar K, Golding F, et al. Improved classification
of coronary artery abnormalities based only on coronary artery
z-scores  after ~ Kawasaki  disease.  Pediatr  Cardiol.
2010;31(2):242-9. doi:10.1007/s00246-009-9599-7.

De Zorzi A, Colan SD, Gauvreau K, et al. Coronary artery
dimensions may be misclassified as normal in Kawasaki disease.
J Pediatr. 1998;2:254.

Durongpisitkul K, Soongswang J, Laohaprasitiporn D, et al.
Immunoglobulin failure and retreatment in Kawasaki disease.
Pediatr Cardiol. 2003;24(2):145-8.

de Magalhdes CMR, de Magalhdes Alves NR, de Melo AV,
et al. Catastrophic Kawasaki disease unresponsive to IVIG in a
3-month-old infant: a diagnostic and therapeutic challenge.
Pediatr Rheumatol Online J. 2012;10(1):1-9. doi:10.1186/1546-
0096-11-7.


http://dx.doi.org/10.1002/art.40112
http://dx.doi.org/10.1016/j.jpeds.2012.01.018
http://dx.doi.org/10.1253/circj.72.850
http://dx.doi.org/10.1253/circj.72.850
http://dx.doi.org/10.1016/j.cyto.2014.07.003
http://dx.doi.org/10.1111/j.1442-200X.2011.03487.x
http://dx.doi.org/10.1111/j.1442-200X.2011.03487.x
http://dx.doi.org/10.1111/j.1744-9987.2012.01065.x
http://dx.doi.org/10.1111/j.1744-9987.2012.01065.x
http://dx.doi.org/10.1016/j.cyto.2015.02.014
http://dx.doi.org/10.1016/j.cyto.2015.02.014
http://dx.doi.org/10.1007/s12519-014-0498-5
http://dx.doi.org/10.1007/s00246-013-0746-9
http://dx.doi.org/10.1007/s00246-013-0746-9
https://clinicaltrials.gov/ct2/show/NCT02114099
https://clinicaltrials.gov/ct2/show/NCT02114099
https://clinicaltrials.gov/ct2/show/NCT01431105
https://clinicaltrials.gov/ct2/show/NCT01431105
http://dx.doi.org/10.1007/s00246-009-9599-7
http://dx.doi.org/10.1186/1546-0096-11-7
http://dx.doi.org/10.1186/1546-0096-11-7

	Treatment Options for Resistant Kawasaki Disease
	Abstract
	Introduction
	Defining Resistant Kawasaki Disease (KD)
	Second-Line Therapies for Resistant KD
	Further Doses of Intravenous Immunoglobulin
	Corticosteroids
	Tumour Necrosis Factor Alpha Inhibitors
	Cyclosporin A
	Methotrexate
	Other Agents

	Limitations
	Conclusions
	References




