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Objective. Kawasaki disease (KD) is a self-limited vasculitis affecting medium-sized vessels with a predilection for 
the coronary arteries. Although treatment reduces the likelihood of developing of coronary artery aneurysms, 5% of 
patients still develop aneurysms despite treatment, making KD the leading cause of acquired heart disease in children 
in the United States. Consequently, there is a great deal of interest in optimizing treatment regimens, particularly for 
higher-risk patients, to decrease morbidity. The aim of this systematic review is to support the development of the 
American College of Rheumatology/Vasculitis Foundation for the diagnosis and management of KD, focusing on the 
more complex scenarios in which rheumatologists may become involved, such as high-risk and refractory disease.

Methods. Eighty-nine articles were considered for full review in this systematic literature review to address 16 
Population, Intervention, Comparison, and Outcome questions related to KD. Data were abstracted in hierarchical 
fashion. Randomized control trials (RCTs) were considered first; if none were identified or if they contained insufficient 
information, comparative observational studies were then viewed, followed by single-arm observational studies/
single arms from comparative studies. Only observational studies with more than 10 subjects with vasculitis were 
included.

Results. Eight RCTs and 28 observational studies that addressed the questions were identified. Two questions 
were addressed by RCTs, seven questions had at least some comparative observational studies, three questions 
were only addressed by single-arm data, and four questions had no relevant studies.

Conclusion. This systematic review evaluates the benefits and harms of treatments for KD beyond first-line 
therapy.

INTRODUCTION

Kawasaki disease (KD) is an acute necrotizing vasculitis 
of the medium-sized arteries with a predilection for the cor-
onary arteries (1). KD is diagnosed based on having fever 
and at least four of the five following clinical characteris-
tics: mucocutaneous changes, conjunctivitis, rash, extremity 
changes, and lymphadenopathy. Although KD is generally a 

self-limited process, if untreated, it may cause coronary artery 
ectasia and/or aneurysms in 15% to 25% of children (2,3). 
Children with incomplete KD (fewer than four of the five clin-
ical characteristics) are at higher risk for delay in treatment 
and development of coronary artery disease (4,5). Treatment 
with intravenous immunoglobulin (IVIG) and aspirin (ASA) dur-
ing the acute phase of illness decreases the risk of coronary 
abnormalities to approximately 5% (6,7). These coronary 
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artery abnormalities lead to risk for future ischemic heart dis-
ease, myocardial infarction, and sudden death. In the United 
States, KD is the leading cause of acquired heart disease in 
children (8).

Aside from coronary artery abnormalities, patients may 
develop other, potentially life-threatening complications that require 
additional diagnostic and treatment considerations. Patients with 
KD may present with or develop Kawasaki shock syndrome (KSS), 
KD with associated systolic hypotension, or other signs of poor 
perfusion (9). There has also been increasing recognition that a 
subset of children may develop macrophage activation syndrome 
(MAS) secondary to KD (10).

Uncomplicated KD in the United States is typically managed 
by pediatric hospitalists, cardiologists, and, infectious disease 
specialists but is uncommonly managed by rheumatologists. In 
some institutions, rheumatologists may become involved when 
there is uncertainty as to the diagnosis or in cases of severe illness 
or illness unresponsive to standard therapy. Consequently, the 
American College of Rheumatology/Vasculitis Foundation (ACR/
VF) guideline committee elected to develop guidelines for rheu-
matologists to address the scenarios for which rheumatologists 
are most likely to be consulted.

The aim of this systematic review is to compare the bene-
fits and harms of different treatment options for patients with KD 
beyond first-line treatment with IVIG and ASA. This review includes 
randomized control trials (RCTs) and nonrandomized studies 
and presents the evidence and an assessment of its certainty for 
important outcomes. These reviews were used to inform evidence-
based recommendations on diagnostic and management strate-
gies for KD by the ACR/VF vasculitis management guidelines.

METHODS

Search strategy and data sources. An information 
specialist made systematic searches of the published English 
language literature, including Ovid Medline, PubMed, Embase, 
and the Cochrane Library (including Cochrane Database of Sys-
tematic Reviews, Database of Abstracts of Reviews of Effects, 
Cochrane Central Register of Controlled Trials, and Health Tech-
nology Assessments) from the inception of each database through 
August 2018 to obtain direct evidence in vasculitis patient popu-
lations relating to vasculitis questions (Supplementary Appendix 
1). The information specialist updated the searches conducted 
on August 2019. The methods team used DistillerSR software 
to identify duplicate records (https://disti​llerc​er.com/produ​cts/
disti​llers​r-syste​matic​-revie​wsoft​ware/). The search was specific 
to address the Population, Intervention, Comparison, and Out-
come (PICO) questions asked for each vasculitis type. The ACR/
VF Vasculitis Guideline core team developed 16 PICO questions 
for KD that addressed relevant or commonly encountered patient 
diagnostic, treatment, and management scenarios (Supplemen-
tary Appendix 2).

Study selection. Studies. We included studies that would 
provide the highest certainty evidence. We included RCTs first. 
When RCTs were not available, we included observational stud-
ies (cohort and case-control studies) that reported on patient-
important outcomes for the intervention and comparison. When 
studies with comparative data were not available, we included 
case series that present patient-important outcomes for either 
the intervention or the comparison.

Participants. Studies including pediatric patients (<18 years 
of age) presenting to inpatient or outpatient settings with sus-
pected or confirmed KD were eligible for inclusion. When studies 
addressed multiple vasculitis types, we included data when re-
sults were presented separately or when more than 80% of the 
population included were patients with KD.

Interventions. Studies reporting outcomes comparatively for 
the intervention and comparison specified in the PICO question 
or reporting outcomes for either the intervention or the compar-
ison were included.

Exclusion criteria. The following studies were excluded: 
studies that have an irrelevant population, intervention, or out-
come; studies that have no primary data such as letters, opin-
ion pieces, and commentaries; narrative reviews; systematic 
reviews; epidemiological studies that only include prevalence or 
incidence results; any study that had fewer than 10 patients with 
vasculitis; any study that addressed an organ-limited vasculitis 
(except renal-limited vasculitis); and any study about basic re-
search in animals.

Screening and data extraction. Pairs of two independ-
ent reviewers conducted title and abstract screening and full-text 
review in duplicate to identify eligible studies. Data extraction was 
also conducted independently and in duplicate, and conflicts 
were resolved by a third reviewer (MAK). Each panel of reviewers 
included at least one of five clinical experts (KB, AD, KEJ, YCCL, 
and JS). Data extracted included general study characteristics 
(authors, publication year, country, and study design), duration 
of follow-up, outcome data for the intervention and/or compar-
ison, and diagnostic index test and reference standard, along 
with parameters to determine test accuracy (ie, sensitivity and 
specificity of the index test) when relevant.

Risk of bias and data synthesis. When direct compara-
tive results were available from RCTs, reviewers entered the results 
into RevMan v.5.3 software (http://tech.cochr​ane.org/revman), 
which was used to calculate pooled effect estimates. Review-
ers evaluated the risk of bias using the Cochrane risk of bias tool 
(http://handb​ook.cochr​ane.org/).

When direct comparative results were available from observa-
tional studies (cohort and case-control studies), reviewers entered 
the results into RevMan v.5.3 software, which was used to calcu-
late pooled effect estimates. Reviewers evaluated the risk of bias 
using a modified Newcastle-Ottawa scale for observational studies 
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(http://www.ohri.ca/progr​ams/clini​cal_epide​miolo​gy/oxford.  
asp). When comparative results were not available, reviewers 
abstracted data describing details of the population, interventions, 
and results into summary tables.

Two investigators familiar with the GRADEpro software 
(https://grade​pro.org) (MAK and NH) formulated Grading of 
Recommendations Assessment, Development, and Evaluation 
(GRADE) summary of findings tables for each PICO question 
when direct comparative data or test accuracy results were avail-
able. The investigators used the GRADE framework to assess 
overall certainty by evaluating the evidence for each outcome on 
the following domains: risk of bias, imprecision, inconsistency, 
indirectness, and publication bias.

Data analysis. For questions addressing treatment options, 
relative risks (eg, risk ratios [RRs] and odds ratios [ORs]) were cal-
culated by pooling results from RCTs and from observational stud-
ies comparing treatments. When no direct comparisons between 
treatments within a study were available, the risk of an event (or 
proportion) in a study (eg, disease relapse) was calculated, and 
then the weighted proportions from each study were combined 
and presented in the outcome description section of the summary 
tables.

RESULTS

Description of studies. This guideline effort was devel-
oped in conjunction with the guideline development effort for six 
other systemic vasculitides (giant cell arteritis, Takayasu arteritis, 
polyarteritis nodosa, and three Anti-Neutrophilic Cytoplasmic 
Autoantibodies-associated vasculitides). The initial search for 
these seven vasculitides retrieved 13 800 nonduplicate studies, 
of which 2596 were included for full-text review. Following full-
text review, 1156 articles were identified as potentially eligible 
for data abstraction and inclusion in the systematic reviews for 
the seven different types of vasculitis. A total of 89 articles were 
considered for data abstraction for KD. Reasons for exclusion at 
full-text review were ineligible study design, study population, or 
intervention; sample size of fewer than 10 patients; and unac-
ceptable reference standard or index test. Ultimately eight RCTs 
and 28 observational studies were identified as having informa-
tion relevant to the PICO questions used to inform the guidelines 
(Figure 1).

Study outcomes. A wide variety of outcomes were identi-
fied in the selected studies and were largely consistent with those 
identified by the ACR/VF Guidelines Committee as important. 
Coronary artery abnormalities were the primary outcome in many 
studies; however, there was significant variability in how coronary 
artery abnormality was defined. In some cases, there was no dif-
ferentiation between coronary artery ectasia, dilation, and aneu-
rysm, whereas others reported aneurysm separately from other 

abnormalities. Some studies used different definitions of dilation 
and aneurysm, although the Japanese Ministry of Health defini-
tion of coronary aneurysm was most commonly used (11). There 
were also differences in which coronary arteries were measured 
and at what time point; most studies reported a 4- to 6-week 
time point, and some reported multiple timepoints. Some arti-
cles reported mean z scores of multiple coronary arteries at mul-
tiple timepoints without reporting overall rates of abnormality or 
aneurysm. These differences in reporting made it challenging to 
determine the rates of coronary artery abnormalities/aneurysms 
for meta-analysis. Refractory disease was another common 
primary outcome; most defined refractory disease as a persis-
tence or recurrence of fever more than 12 to 36 hours after the 
completion of IVIG treatment. Some studies separated patients 
resistant to initial treatment (never defervesced) from those who 
had relapsing disease (a recurrence of fever after defervescing), 
whereas others combined this outcome. Other secondary out-
comes included time to defervescence, duration of hospital stay, 
and adverse events. Death was not reported in any of the RCTs, 
as no deaths occurred. Other longer-term outcomes reported in 
observational studies included persistent coronary artery lesions, 
coronary stenosis, myocardial ischemia, and stroke (12).

Below is a summary of the results of the comparative data 
abstracted. Results from studies providing data on a single arm of 
a question can be found in the Supplementary Appendix.

IVIG versus IVIG and glucocorticoids as initial ther-
apy in high-risk patients. Several RCTS evaluated the use of 
IVIG versus IVIG plus glucocorticoids (GCs) in the initial treatment 
of KD (13–21). Two studies and one secondary analysis of an RCT 
focused only on those with high-risk scores (13,16,21). Multiple 
GC regimens were used (generally, 30 mg/kg ×1 dose methyl-
prednisolone or 2 mg/kg ×1 dose methylprednisolone/predni-
solone with varying tapers). Some studies used heparin (16) or 
dipyridamole in addition to IVIG with or without GCs (14,17). The 
quality of evidence is shown in Supplemental Table 1. Unfortu-
nately, all studies addressing this question specifically in the 
high-risk population used different measures of coronary artery 
outcomes, limiting the ability to perform meta-analysis. Kobayashi 
et al demonstrated an OR of 0.11 (95% confidence interval [CI]: 
0.04-0.34) (low certainty of evidence) for development of any cor-
onary artery abnormality at any point and an OR of 0.24 (95% CI: 
0.08-0.75) (low certainty of evidence) for coronary artery abnor-
mality at 4 to 6 weeks in those with high-risk scores given 2 mg/
kg/day of prednisolone in addition to the standard therapy of IVIG 
and ASA (13). Ogata et al showed lower z scores in the left main 
coronary at 36 hours and 1 month after treatment with IVIG, ASA, 
and a single 30-mg/kg dose of methylprednisolone versus IVIG 
and ASA alone; however, rates of coronary artery aneurysm/
abnormality were not reported (16). Sleeper et al performed a sec-
ondary analysis of patients with high-risk disease from the RAISE 
trial comparing IVIG and ASA versus IVIG and ASA with a single 
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dose of 30 mg/kg of methylprednisolone (18,21). After adjusting 
for baseline differences in the two groups, there was “no evidence 
of a differential effect of steroid therapy in the low vs high-risk sub-
groups” on the maximum coronary artery z score at 1 week and 
5 weeks when using the Kobayashi risk score, and there were 
similar findings when using the Egami and Sano risk scores. Of 
note, this study was performed in a North American population, 
whereas the other RCTs in high-risk populations were performed 
in Asian countries (21).

The meta-analysis was performed by looking at coronary 
artery outcomes including studies that looked at all patients with 
KDs, as there were limited data on high-risk patients specifically. 
Coronary artery aneurysms at the 4- to 6-week time point were 
decreased with IVIG and GC over IVIG (OR: 0.15; 95% CI: 0.04-
0.65) (low certainty of evidence) (Figure 2). A similar trend was seen 
with coronary artery abnormalities at the 4- to 6-week time point 
(OR: 0.30; 95% CI: 0.10-0.85) (low certainty of evidence) (Supple-
mental Figure 1). Coronary artery abnormalities at any point in time 
after the start of treatment were reported in two studies; however, 
one study showed no subsequent development of coronary artery 
abnormalities in either arm (14) (Supplemental Figure 1).

Several RCTs evaluated the duration of fever after treatment 
(looking at both all KD populations and high-risk KD populations), 
and demonstrated a standard mean difference of 0.97 lower 

(95% CI: 1.64 lower to 0.31 lower) (low certainty of evidence) in 
those receiving GCs versus those not receiving GCs (Figure 2). 
One study (15) in a non–high-risk population showed a slight 
decrease in duration of hospital stay, and another comparative 
observational study (19) showed a decrease in refractory disease 
(Supplemental Table 1). Need for retreatment (either refractory or 
relapsing disease) was decreased in those receiving GCs. Serious 
adverse events were not significantly increased with the addition 
of GCs (Figure 2).

IVIG versus IVIG and non-GC immunosuppressive 
agents as initial therapy in high-risk patients. Little com-
parative evidence was available on the use of IVIG in combination 
with other non-GC immunosuppressants as initial therapy in KD 
(Table 1). In a 2019 study, Hamada et al compared IVIG with IVIG 
plus 5 days of cyclosporine in high-risk patients (as defined by the 
Kobayashi score). The authors did note that the overall incidence of 
coronary artery abnormality at any point was lower in the IVIG and 
cyclosporine group (RR: 0.45; 95% CI 0.25-0.86) (low certainty of 
evidence). The incidence was significantly lower at 2 weeks after 
treatment (4% versus 16%; P = 0.009), but this difference in inci-
dence was not seen at Day 3 or at Weeks 1, 4, or 12. There was 
a shorter duration of fever in those receiving cyclosporine. Fewer 
patients in the cyclosporine group failed to have an initial response 
to treatment (17% versus 37%; P = 0.004), but more had a relapse 
(27% versus 8%; P = 0.016), with no difference in the overall num-
ber needing second-line therapy (44% versus 45%; P = 0.99) or 
third-line treatment (17% versus 16%; P = 0.81) (22).

IVIG versus GCs alone as initial treatment for KD. No 
comparative studies, RCTs, or observational studies were found 
that directly addressed this question. Observational data as well as 
RCTs have strongly demonstrated the efficacy of IVIG at reducing 
the risk of coronary artery aneurysms in KD, and IVIG is the current 
standard comparator arm in RCTs (7,14–18,24,25). Early data sug-
gested that GCs alone are insufficient for treating KD (26). A more 
contemporary observational study looking at delay in IVIG treat-
ment reported on the outcomes of several patients who received 
GCs alone before IVIG. However, all subjects must have eventually 
received IVIG, so it was biased to include only those who failed 
GC monotherapy (5) (single-arm data; Supplementary Appendix 3).

Glucocorticoids versus a second dose of IVIG for 
treatment of refractory disease. There were several com-
parative observational studies, but no RCTs, comparing GCs with 
IVIG as the second-line therapy after the initial IVIG treatment failed. 
Three studies used 30 mg/kg/day methylprednisolone pulses daily 
for 3 days (27–29), two of which used a subsequent 1-week taper 

Figure 1.  Study flow diagram for included studies in the Kawasaki 
Disease (KAW) Metanalaysis.

Number of articles from Ovid MEDLINE, Ovid 
Embase, Pubmed and Cochrane Library (August 

2019): n= 13800 

Screened after duplicates and non-English 
publications removed: n= 13800

Excluded after title and abstract 
screening: n = 11204

Full-text articles assessed: n = 2596 

Full-text articles excluded: n = 
1440

Studies considered for evidence report for all 7 
vasculitides: n = 1156

Studies considered for KAW: n= 89

Figure 2.  Forest plot results of meta-analysis of studies addressing the question of intravenous immunoglobulin (IVIG) versus IVIG plus 
glucocorticoids (GCs) as initial treatment in high-risk Kawasaki disease (KD). A, Coronary artery aneurysm at 4- 6-week time point. B, Duration 
of fever. C, Need for retreatment (includes refractory and relapsing disease). D, Serious adverse events. CI, confidence interval; Std, standard.
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(28,29), and one used 2 mg/kg/day prednisolone with a 15-day 
taper (13). No statistically significant difference was seen in terms 
of clinical response to therapy, failure to respond to rescue therapy, 
and coronary artery aneurysm at one month. The quality of evi-
dence was low (Supplementary Table 2) [13,27,28,30].

GCs and non-GC immunosuppressives versus GCs 
alone in treatment of disease refractory to initial IVIG. 
One case-control study of KD with and without giant coronary 
artery aneurysms directly addressed this question. Of the 318 
needing second-line therapy, 22 received GCs alone (six with 

Figure 3.  Forest plot of studies evaluating low-dose aspirin versus higher-dose (moderate- or high-dose aspirin) aspirin during the acute 
phase of Kawasaki disease (KD) for the following outcomes: any coronary abnormality at any time (A), coronary artery aneurysm at any time 
point (B), duration of fevers (as standard mean difference) (C), giant aneurysm (D), and refractory disease (requiring retreatment for either initial 
nonresponse or recurrence of fever) (E). CI, confidence interval.

(A)

(B)

(C)

(D)

(E)
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giant aneurysms) and 68 received GCs and IVIG (25 with giant 
aneurysms), giving an OR of 1.55 (95% CI: 0.54-4.47) of having 
received GCs and IVIG versus GCs alone (31).

Several case series as well as RCTs on initial therapy report 
outcomes of refractory disease with a variety of treatments, includ-
ing GC, IVIG, cyclosporine, and infliximab, alone or in combination 
with GCs and/or IVIG (Supplementary Appendix 3). Unfortunately, 
in these case series, many of the patients had failed multiple 
courses of IVIG and/or other non-GC immunosuppressive agents 
prior to going on to receive GCs alone or GC and additional 
non-GC immunosuppressive agents, leaving a lack of standard-
ization of initial therapy that may have affected outcomes. Out-
comes of refractory patients were frequently combined regardless 
of treatments. Furthermore, many studies noted patients having 
coronary artery abnormalities before starting second-line treat-
ments without then differentiating how many were new coronary 
abnormalities after the second-line treatment, making it difficult to 
assess outcomes relative to treatment (32–38).

ASA in acute disease management. ASA has been 
a mainstay of treatment for acute KD management for decades, so 
there is little data comparing ASA with no ASA in combination with 
the current standard of care IVIG as first-line therapy. One observa-
tional study addressed this by prospectively giving all patients meet-
ing criteria for KD over a 1-year period IVIG without ASA during the 
acute phase, followed by low-dose ASA (3-5 mg/kg/day) after defer-
vescence and compared them with a historical control that received 
high-dose ASA (80-100 mg/kg/day) during the acute phase fol-
lowed by low-dose ASA in addition to IVIG. They identified no sta-
tistically significant difference in terms of duration of fever, incidence 
of coronary artery lesions at 4 weeks or at any point, and response 
to IVIG (39). Another retrospective study looked at the ASA dose 
during the acute phase, with three groups (no ASA, low-dose ASA, 
and moderate-dose ASA [30-50 mg/kg/day]) and dosing decisions 
based on the degree of inflammation and physician choice, intro-
ducing a significant risk for bias. There was no difference in risk for 
coronary artery lesions between any of the three dosing regimens. 
Combined, there was no difference in the incidence of coronary 
artery lesions (40) (Supplemental Table 3).

Several observational studies compared low-, moderate-, 
and/or high-dose ASA (40–46). In a meta-analysis of these stud-
ies, no difference was seen comparing low-dose ASA with higher-
dose ASA (moderate or high dose) in terms of developing any 
coronary abnormality at any point, coronary artery aneurysm in 
the subacute phase, giant aneurysm, total duration of fever, or 
needing second-line treatment; however, the quality of evidence 
for this is low (Figure 3 and Supplemental Table 3).

Anticoagulation therapy and non-ASA antiplate-
let agents in patients with coronary artery aneurysms. 
One observational study evaluated the use of dalteparin in com-
bination with IVIG and ASA during the acute phase of KD and 

compared these patients with patients in historical controls. They 
found a lower risk of coronary artery lesions within the first month 
(OR: 0.34; 95% CIL 0.17-0.66) (low certainty of evidence) and 
decreased odds of needing additional treatment for refractory dis-
ease (OR: 0.48; 95% CI: 0.30-0.76) (low certainty of evidence). 
There was no statistically significant difference in the odds of 
having a coronary artery lesion persist longer than 1 month when 
pooling their two cohorts (OR: 0.21; 95% CI: 0.04-1.03) (low cer-
tainty of evidence) (47) (Tables 2 and 3).

Levy et al retrospectively reviewed a cohort of 22 patients with 
KD and giant coronary artery aneurysms, looking at outcomes rel-
ative to use of various combinations of ASA, warfarin, and dipyrid-
amole. Three subjects had myocardial infarctions, including one 
receiving warfarin alone, one receiving warfarin and ASA, and one 
receiving warfarin, ASA, and dipyridamole. One subject receiving 
warfarin alone suffered a stroke (12).

When pooling coronary artery outcomes from these two 
studies, there were fewer patients with coronary artery lesions at 
1 month (OR: 0.34; 95% CI: 0.17-0.66) (low certainty of evidence) 
and with refractory disease (OR: 0.48; 5% CI: 0.30-0.76) (low cer-
tainty of evidence) in those given anticoagulation. However, there 
was no statistically significant difference in the number of patients 
having a persistent coronary artery lesion (OR: 0.21; 95% CI: 
0.04-1.03) (low certainty of evidence) (Tables 2 and 3).

Treatment before or after Day 10 in patients with 
suspected incomplete KD and fever for more than 5 
days. No studies directly addressed this question specifically for 
incomplete KD. However, there are several studies that demon-
strate that outcomes are improved when IVIG is administered 
before Day 10 of illness. These studies generally compared 
patients with delayed diagnosis (and therefore delayed treat-
ment) with those with prompt treatment and found worse out-
comes in those with delayed diagnosis. They also noted higher 
proportions of incomplete disease in the delayed diagnosis arm 
(5,48–50).

IVIG and GCs or anakinra versus IVIG alone in KD 
with features of MAS. No comparative studies were found 
to address this question. There was a very limited number of 
case series with more than 10 patients reporting on outcomes 
of patients with KD and MAS, for a total of 32 patients. There 
was a broad range of treatments used, with many patients receiv-
ing multiple courses of IVIG and/or GCs and some also receiving 
etoposide and/or cyclosporine in varying orders. The limited num-
ber of cases and the broad spread of treatment regimens make 
it difficult to draw any conclusions on optimal treatment (51–53).

Daily monitoring of fevers following defervescence 
and discharge. A post hoc analysis of the RCT by Tremoulet et al 
of IVIG versus IVIG and infliximab reported on fever patterns after 
IVIG treatment. Families were instructed to check temperatures 
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once daily for 72 hours after discharge. Of the 51/190 subjects 
with coronary artery abnormalities, 43/51 were found on baseline 
echocardiogram, making it difficult to perform any statistical anal-
ysis relative to fever timing. Four patients were readmitted after 
discharge because of a recurrence of fever (23,54). There were 
otherwise no data focusing on routine temperature checks after 
discharge.

Other PICO questions. No studies were identified 
that directly addressed the following issues: nonsteroidal anti-
inflammatory drugs in KD-associated arthritis, echocardiography 
by Day 10 in suspected incomplete KD, unexplained shock phys-
iology, and unexplained MAS.

DISCUSSION

This review presents a summary of available studies on 
the benefits and harms of treatments on outcomes in KD. This 
review has several strengths. The comprehensive and systematic 
approach for identifying studies makes it unlikely that relevant 
studies were missed. Additionally, we assessed the certainty of 
evidence in this area and identified sources of bias. We noted a 
few limitations in this comprehensive systematic review. We lim-
ited our review by English language. Meta-analysis of the data 
collected was somewhat limited for coronary artery abnormal-
ities because of the wide range in how these outcomes were 
reported.

There have been several large-scale RCTs of treatment in KD, 
focused largely on intensification of initial treatment to improve 
outcomes, particularly in high-risk populations. Overall, there is 
low to moderate certainty that the use of GCs in addition to IVIG 
as initial therapy for high-risk KD improves treatment response, 
decreases fever duration, and improves coronary artery outcomes 
in high-risk patients )and potentially in non–high-risk patients). Of 
note, the RCTs that focused specifically on high-risk populations 
were conducted in Japanese populations, and all saw beneficial 
effects of the additional GCs, regardless of dose (16,25). The post 
hoc analysis of high-risk populations from an RCT performed in a 
North American cohort showed no benefit of adding GCs regard-
less of the risk scoring system used. Although this could reflect a 
lack of efficacy in North American populations, it may also reflect 
of the poor performance of scoring systems to predict high-risk 
disease in Western populations (21,55–57).

This review also demonstrated that, although ASA remains 
a mainstay of treatment, the dose used during the acute phase of 
illness remains controversial. ASA use at anti-inflammatory doses 
began in the pre-IVIG era, and ASA has continued to be used in 
addition to IVIG despite a lack of clear evidence that there is an 
added anti-inflammatory benefit in addition to the effect provided 
by IVIG (39,46,58). The American Heart Association currently rec-
ommends high-dose ASA (80-100 mg/kg/day) during the acute 
phase of KD until patients are afebrile (59). Conversely, in Japan, 

the standard is to use moderate-dose ASA (30-50 mg/kg/day) 
(60). Some centers reported using low-dose ASA as their stand-
ard of care (41). Although a meta-analysis of the data suggested 
no difference between using low-dose ASA versus moderate- or 
high-dose ASA, this was limited to comparative observational 
data. Although further evidence is needed to evaluate dose, it is 
likely reasonable to not use high-dose ASA in KD.

There were limited data evaluating the efficacy of treatment 
for MAS associated with KD. As this is a potentially life-threatening 
complication, further studies are warranted to evaluate optimal 
treatment for this. There was also a paucity of data on long-term 
outcomes in KD relative to treatment. Coronary artery abnor-
malities are potentially a surrogate marker for risk for myocar-
dial ischemia and death. Small coronary artery aneurysms may 
regress and return to normal arterial luminal contour following 
the acute phase, whereas others persist and may progress 
to stenosis. Progressive aneurysms carry a risk for thrombo-
sis and myocardial ischemia, but even patients with regressed 
aneurysms may be at risk (61,62). Anticoagulation and non-ASA 
antiplatelet agents may be used in KD, particularly in those with 
aneurysms; however, there was little evidence on the effect on 
longer-term outcomes.

Very recent developments indicate the emergence of a post–
coronavirus disease 2019 (COVID-19) inflammatory syndrome, 
which may have resemblance to KD, named multisystem inflam-
matory syndrome associated with COVID-19 (63,64). Evolving 
data suggest that as many as 50% of these patients, who are 
predominantly pediatric, could qualify as meeting criteria for KD. 
However, many of these patients demonstrate unusual extracar-
diac features of colitis and neurologic changes and often present 
or deteriorate into a shock phenotype. This new syndrome is not 
believed to be KD but may have similar underlying features. Based 
on similarities with KD, many patients are currently being treated 
with IVIG and GCs. As further data emerge, future comprehensive 
studies will need to be undertaken to learn the most appropriate 
treatment modalities for these patients.

This systematic review evaluates the risks and benefits of 
treatment options for KD in different clinical situations. These 
results were used to inform the ACR/VF Vasculitis Management 
Guidelines for KD.
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