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BACKGROUND: Acetylsalicylic acid (ASA) is part of the recommended treatment of Kawasaki

disease (KD). Controversies remain regarding the optimal dose of ASA to be used. We aimed
to evaluate the noninferiority of ASA at an antiplatelet dose in acute KD in preventing
coronary artery (CA) abnormalities.

abstract

METHODS: This is a multicenter, retrospective, nonrandomized cohort study including

children 0 to 10 years of age with acute KD between 2004 and 2015 from 5 institutions, of
which 2 routinely use low-dose ASA (3–5 mg/kg per day) and 3 use high-dose ASA (80 mg/
kg per day). Outcomes were CA abnormalities defined as a CA diameter with a z score ≥2.5.
We assessed the risk difference of CA abnormalities according to ASA dose. All subjects
received ASA and intravenous immunoglobulin within 10 days of fever onset.

RESULTS: There were 1213 subjects included, 848 in the high-dose and 365 in the low-

dose ASA group. There was no difference in the risk of CA abnormalities in the low-dose
compared with the high-dose ASA group (22.2% vs 20.5%). The risk difference adjusted
for potential confounders was 0.3% (95% confidence interval [CI]: −4.5% to 5.0%). The
adjusted risk difference for CA abnormalities persisting at the 6-week follow-up was −1.9%
(95% CI: −5.3% to 1.5%). The 95% CI of the risk difference of CA abnormalities adjusted for
confounders was within the prespecified 5% margin considered to be noninferior.

CONCLUSIONS: In conjunction with intravenous immunoglobulin, low-dose ASA in acute KD is

not inferior to high-dose ASA for reducing the risk of CA abnormalities.
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What’s Known on This Subject: Controversies
remain regarding the appropriate acetylsalicylic
acid (ASA) dose to be used during treatment of
Kawasaki disease (KD). The anti-inflammatory dose
of ASA is recommended in acute KD, but it has never
been proven to reduce the incidence of coronary
artery abnormalities.
What This Study Adds: This multicenter study
suggests that an antiplatelet dose of ASA is not
inferior to higher doses in reducing the risk of
coronary artery abnormalities when administered
concomitantly with intravenous immunoglobulin in
acute KD.
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Kawasaki disease (KD), an acute,
self-limited vasculitis of unknown
origin, is the most common
cause of acquired heart disease in
children in developed countries.1,2
Coronary artery (CA) dilatation
and aneurysms may develop in
∼15% to 25% of untreated children,
putting them at risk for future CA
complications such as thrombosis
and myocardial infarction.1,2 Prompt
diagnosis and early treatment with
intravenous immunoglobulin (IVIg)
significantly reduce the risk of CA
involvement. Studies in the 1980s
demonstrated that IVIg combined
with acetylsalicylic acid (ASA) had
a significant impact on morbidity,
mortality, and CA aneurysm risk.3– 5

ASA was used before the IVIg era
for both its anti-inflammatory and
antithrombotic effects.4 Studies to
date have failed to demonstrate any
benefit of the anti-inflammatory
dose of ASA in preventing CA
abnormalities.6–9
 Two separate
meta-analyses showed that CA
abnormalities were dependent on the
total IVIg dose but were independent
of the ASA dose.10,11
 A Cochrane
review boldly stated that there was
insufficient evidence to indicate
whether children with KD should
continue to receive ASA as part of
their treatment regimen.12 Despite
all this, controversies remain on the
appropriate dose of ASA to be used
in the treatment of acute KD.13,14
Avoiding an anti-inflammatory dose
of ASA has the theoretical advantage
of preventing serious side effects
from high-dose ASA therapy, such as
Reye syndrome, raised liver enzymes,
gastrointestinal bleeding, and
sensorineural hearing loss.14 On the
other hand, the anti-inflammatory
effect of high-dose ASA could reduce
the duration of fever, which has been
shown by some authors,7,15
 but not
all.6,8,9
In Canada, ASA dose varies from
institution to institution. At least
2 Canadian pediatric tertiary
care institutions routinely and
2

systematically use ASA at an antiplatelet dose during treatment
of acute KD, whereas most other
medical centers use an antiinflammatory dose. We therefore
included these institutions in a
multicenter retrospective cohort
study and sought to evaluate if
the routine use of low-dose ASA
during treatment of acute KD was
noninferior to high-dose ASA in
reducing the risk of CA abnormalities.

Methods
Study Design and Patient Population
This was a multicenter,
nonrandomized, retrospective,
noninferiority cohort study. The
target population comprised all
children between 0 and 10 years
of age diagnosed with complete or
incomplete acute KD between 2004
and 2015 in 1 of the 5 Canadian
participating institutions. Two
of these institutions have been
routinely prescribing low-dose ASA
(3–5 mg/kg per day) in acute KD. The
3 remaining institutions have been
routinely prescribing high-dose ASA
(80 mg/kg per day). There was no
change in the routine dose of ASA
prescribed during treatment of acute
KD throughout the study period in
any of the participating institutions.
All KD cases were identified through
local clinical databases and medical
archives and then screened for
eligibility. Eligible subjects were
children with a first episode of KD
diagnosed and treated with IVIg and
ASA within 10 days of fever onset.
Given that the diagnosis of KD cannot
be confirmed, subjects were eligible if
the clinical suspicion of KD was such
that treatment with IVIg was deemed
clinically indicated by the treating
physician. Subjects were followed
from diagnosis until 12 months
postdiagnosis.
Exclusion criteria were as follows:
subjects whose final diagnosis of KD
was clearly rejected by the treating
physician; subjects with structural

cardiac disease at baseline other
than cardiac disease secondary to
KD; subjects with recurrence of KD
(second episode not included); and
subjects with follow-up <6 weeks or
with incomplete echocardiographic
studies during follow-up.

Research ethics board approval
was granted at each participating
institution. Only anonymous
retrospective data were gathered for
this study, and the requirement for
patient consent was waived by the
research ethics boards.

ASA Treatment Definition

To test our main hypothesis, we
used an approach analogous to an
intent-to-treat analysis in which the
treatment group was based on the
dose of ASA routinely used by the
institution where the subject was
admitted.16 In this analysis, subjects
admitted in 1 of the 2 institutions
routinely prescribing low-dose
ASA (3–5 mg/kg per day) during
treatment of acute KD were assigned
to the low-dose group, irrespective
of the actual dose received. Patients
admitted to 1 of the 3 institutions
routinely prescribing high-dose ASA
(80 mg/kg per day) during treatment
of acute KD were assigned to the
high-dose group.

Additionally, we compared the
risk of CA abnormalities according
to the dose of ASA that was
actually prescribed, irrespective
of the institution where they were
admitted. In this analysis, low-dose
ASA was defined as a prescribed dose
<10 mg/kg per day during the acute
febrile phase. Prescribed ASA doses
≥10 mg/kg per day were defined
as high dose. There were <1% of
subjects who received a moderate
ASA dose (10–79 mg/kg per day) and
these were included in the high ASA
dose category.

Primary and Secondary Outcomes
The primary outcome was the risk
of any CA abnormalities, defined
as any main CA segment with an
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internal diameter z score ≥2.5 at
any time during follow-up (thus
including small, medium, and giant
CA aneurysms). CA z scores were
calculated as previously described.17
Our secondary outcomes were as
follows: any CA abnormalities except
mild dilatation of the left main CA
(isolated left main CA z scores <5
were not considered abnormal);
persistent CA abnormalities (any
CA segment z score ≥2.5 present
at the 6-week follow-up or later);
medium or larger CA aneurysms (any
CA segment z score ≥5.0); giant CA
aneurysms (z score ≥10.0 or absolute
diameter >8 mm); resistance
to treatment (defined as the
requirement for further treatment
after the first dose of IVIg); and fever
duration.

Data Collection

The following data were collected
from the medical charts:
demographic information (sex, age
at diagnosis), clinical information
at diagnosis (KD symptoms, date of
fever onset, duration of fever, routine
laboratory results), initial treatment
(IVIg doses and treatment course,
IVIg brand, initial ASA dose, any
other rescue treatment), follow-up
treatment, and echocardiography
data from diagnosis until follow-up
at 12 months (weight and height at
echocardiography, and all coronary
internal diameter measurements).
Information on side effects of ASA
was not specifically collected. Data
collected were entered by using the
web-based data capture tool REDCap
(Vanderbilt University, Nashville,
TN).18

Statistical Analysis

We used a noninferiority design to
assess whether the risk difference
of CA abnormalities between
treatment groups would stay within
the 95% confidence interval (CI) of
a predefined clinically acceptable
margin.19 Low-dose ASA was
considered noninferior to high-dose

ASA if the 95% CI of the risk
difference for CA abnormalities was
≤5.0%.

Adjusted risk differences between
treatments were computed by using
binomial regression risk analysis.20
Only confounding variables that
influenced the final adjusted risk
difference by >5% were kept in the
final model. Potential confounding
variables considered for inclusion in
the models were as follows: type of
KD (complete versus incomplete),
sex, need for retreatment (any rescue
treatment after the first IVIg), young
age (<12 months of age at diagnosis),
and IVIg brand. All were kept in the
final model, except IVIg brand, which
had no influence on the adjusted risk
difference. Differences in patients’
characteristics between treatment
groups were assessed by using
Student’s t test or an χ2 test, where
appropriate. We used SAS (version
9.4, Cary, NC) for all analyses.
P values <.05 were considered
statistically significant.

Results
A total of 1483 subjects were
identified and screened for eligibility.
Of them, 270 were excluded for
the following reasons: 33 did
not receive IVIg or ASA, 20 had
missing information on initial ASA
treatment, 152 received IVIg after
10 days of fever, 42 had missing
echocardiography results, 19 had
structural heart defects, and 4
already had KD in the past. The 1213
remaining subjects were included in
the final analysis. Among them, 848
were admitted in institutions where
high-dose ASA is routinely prescribed
in acute KD. The remaining
365 subjects were admitted in
institutions where low-dose ASA is
routinely prescribed in acute KD.
 able 1 presents the characteristics
T
of the study population. In the
high-dose ASA group, 794 subjects
(93.6%) received an ASA dose ≥10
mg/kg per day. Of them, all but 2

patients received an ASA dose ≥70
mg/kg per day. In the low-dose ASA
group, 341 subjects (93.4%) received
an ASA dose <10 mg/kg per day. In
the low-dose ASA group, there were
4 subjects (1.1%) who received an
ASA dose between 11 and 70 mg/
kg per day and 20 subjects (5.5%)
who received an ASA dose ≥70 mg/
kg per day. Treatment groups were
similar for age, sex, and number of
days of fever before first dose of
IVIg. There were more patients with
complete Kawasaki (≥4 criteria) in
the low-dose ASA group (76.2% vs
69.0%). Subjects in the low-dose ASA
group were slightly more likely to
require a second IVIg course (27.4%
vs 24.4%), less likely to receive oral
steroid treatment (2.5% vs 4.0%),
and more likely to receive infliximab
(0.8% vs 0.2%), but these differences
did not reach statistical significance.
IVIg brand varied considerably
between institutions (see details in
Table 1). We observed a higher mean
C-reactive protein concentration in
the low-dose ASA group. Significant
P values for differences between
groups were also observed for
hemoglobin, white cell count, and
albumin, although the differences
were small.

Our primary outcome, any CA
abnormalities, was observed in
255 subjects (21.0%). Of these,
there were 98 subjects (8.1%)
with transient small CA dilatations
(z score ≥2.5 but <5) at diagnosis
that did not persist at the 6-week
follow-up: 62 subjects (7.3%) in the
high-dose ASA group and 36 subjects
(9.9%) in the low-dose ASA group.
Excluding these transient dilatations,
we found 157 subjects (12.9%) with
persistent CA abnormalities. Of these,
there were 5.5% with medium or
large CA aneurysms and 2.3% with
giant CA aneurysm.
 able 2 presents the proportion
T
of subjects with CA abnormalities
according to treatment groups as
well as the unadjusted and adjusted
risk differences. The risk of any CA
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TABLE 1 Population Characteristics
Mean ± SD, or Percentage

Characteristic

Age, y
Aged <1y at diagnosis
Male sex
Complete Kawasaki (≥4
criteria)
Subjects receiving ASA dose
<10 mg/kg per d
No. days of fever at first IVIg
treatment
Fever duration, d
IVIg brand
Iveegam
Gammagard
Gamunex
Privigen
Other/unknown
Other treatments
≥2 doses of IVIg
≥3 doses of IVIg
Steroids
  Steroids (parenteral)
  Steroids (enteral)
Infliximab
Cyclosporine
Hemoglobin, g/L
White cell count, ×109 L−1
Platelet counts, ×109 L−1
Erythrocyte sedimentation
rate, mm/h
C-reactive protein, mg/L
Albumin, g/L

All Subjects,
N = 1213

High-dose ASA Group,
N = 848 (69.9%)

Low-dose ASA Group,
N = 365 (30.1%)

3.4 ± 2.3
14.4
59.2
71.2

3.4 ± 2.4
13.8
59.4
69.0

3.2 ± 2.2
15.9
58.4
76.2*

32.6

6.4

93.4

6.2 ± 1.7

6.2 ± 1.7

6.2 ± 1.8

7.8 ± 3.5

7.8 ± 3.8

7.9 ± 2.6

18.2
13.4
28.7
10.6
29.0

26.1
16.0
18.0
9.2
30.7

0a
7.4
53.4
14.0
25.2

25.3
1.8
9.9
6.4
3.5
0.4
0
112.0 ± 13.1
14.0 ± 6.6
369.8 ± 158.3
59.7 ± 28.4

24.4
2.5
9.7
5.7
4.0
0.2
0
113.8 ± 11.6
13.6 ± 6.0
370.3 ± 161.7
60.8 ± 30.8

27.4
0.3
10.7
8.2
2.5
0.8
0
109.4 ± 14.6*
14.7 ± 7.6*
368.9 ± 149.5
57.8 ± 24.0

86.4 ± 75.3
35.3 ± 7.3

78.6 ± 75.0
36.4 ± 6.1

100.6 ± 73.8*
33.3 ± 8.7*

For medium or larger CA aneurysms
(CA z score ≥5.0), the adjusted
risk difference was statistically
significant, favoring the low-dose
ASA group: −4.0% (95% CI: −7.4%
to −0.5%), P value = .024. There was
no significant risk difference between
groups for giant CA aneurysm
(adjusted risk difference: −1.9%
[95% CI: −4.4% to 0.5%]).

All laboratory values are at baseline, before IVIg treatment.
a Overall table probability P < .05 for IVIg brand. Individual IVIg brands were not tested.
* P value <.05 (high- versus low-dose group).

abnormalities was similar in the
high-dose and low-dose ASA groups
(unadjusted risk difference of 1.7%
[95% CI: −3.4% to 6.7%]). After
adjustment for confounders, the risk
difference for any CA abnormalities
in the low-dose compared with the

high-dose ASA group was close to
zero: adjusted risk difference of 0.3%
(95% CI: −4.5% to 5.0%). When
only persistent CA aneurysms were
considered, there was no significant
risk difference between groups:
adjusted risk difference of −1.9%

TABLE 2 Primary and Secondary Outcomes (Intent-to-Treat Analysis)

(95% CI: −5.3% to 1.5%). Accordingly,
our hypothesis of a noninferior effect
of low ASA dose was confirmed
for the primary outcome (any CA
abnormalities) and for persistent
CA abnormalities. Given that a z
score >2.5 that is only observed for
the left main CA can be considered
a normal anatomic variation, we
also analyzed CA dilatations without
isolated mild dilatation of the left
main CA with a z score >2.5 but <5.
Excluding these, we found that 19.5%
and 18.9% of subjects had abnormal
CA in the high- and low-dose ASA
groups, respectively. The unadjusted
risk difference was −0.5% (95% CI:
−5.4% to 4.3%) and the adjusted risk
difference was −2.0% (95% CI: −6.4%
to 2.4%).

Some subjects treated in an
institution routinely prescribing
low-dose ASA actually received
high-dose ASA (24 subjects or 6.6%
of the low-dose ASA group). Also,
54 subjects (6.4% of high-dose
ASA group) received low-dose
ASA in the institutions routinely
prescribing high-dose ASA. When risk

Outcomes

All Subjects,
n (%)

ASA High
Dose, n (%)

ASA Low Dose,
n (%)

Unadjusted Risk Difference
and [95% CI] (Low Dose
Versus High Dose)

Adjusteda Risk Difference and
[95% CI] (Low Dose Versus High
Dose)

Any CA abnormalities (z score ≥2.5)

255/1213
(21.0)
157/1213
(12.9)
234/1213
(19.3)
66/1213 (5.4)
28/1213 (2.3)

174/848
(20.5)
112/848
(13.2)
165/848
(19.5)
51/848 (6.0)
22/848 (2.6)

81/365 (22.2)

1.7% [−3.4% to 6.7%]

0.3% [−4.5% to 5.0%]

45/365 (12.3)

−0.9% [−5.0% to 3.2%]

−1.9% [−5.3% to 1.5%]

69/365 (18.9)

−0.5% [−5.4% to 4.3%]

−2.0% [−6.4% to 2.4%]

15/365 (4.1)
6/365 (1.6)

−1.9% [−4.5% to 0.7%]
−1.0% [−2.6% to 0.7%]

−4.0% [−7.4% to −0.5%]
−1.9% [−4.4% to 0.5%]

Persistent CA abnormalities (z score ≥2.5)
Any CA abnormalities excluding small isolated
dilatation of the left main CA
Medium or larger CA aneurysm (z score ≥5)
Giant CA aneurysm (z score ≥10 or diameter
>8 mm)
a

4

Adjusted for type of Kawasaki (complete versus incomplete), sex, need for retreatment (any treatment after the first IVIg), and young age (<12 mo of age at diagnosis).
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differences were computed by using
the actual ASA dose received, the
results were similar, with an overall
slight decrease in risk differences
compared with the intent-to-treat
analysis. For any CA abnormalities,
the adjusted risk difference was
−0.7% (95% CI −5.2% to 3.8%). The
adjusted risk difference of persistent
CA abnormalities was −2.1% (95% CI
−5.3% to 1.1%).

The risk of requiring further
treatment after the first dose of IVIg
was similar between groups (24.4%
and 27.4% in the high- and lowdose ASA group, respectively). After
adjusting for the type of Kawasaki
(complete versus incomplete),
sex, and age at diagnosis, the risk
difference of requiring retreatment
was small and not statistically
significant: adjusted risk difference
of 2.9% (95% CI: −2.5% to 8.4%).
Fever duration was similar
between high-dose and low-dose
ASA groups: 7.8 ± 3.8 days and
7.9 ± 2.6 days, respectively, with
an adjusted absolute difference of
0.18 days that was not statistically
significant (95% CI: −0.25 days to
0.61 days).

Discussion
The results of our study suggest that
using low-dose ASA concomitantly
with IVIg in acute KD is not inferior
to high-dose ASA in preventing
CA abnormalities. We also did not
observe a significant effect of ASA
dose on treatment resistance or on
fever duration.

Before the IVIg era, ASA was used
for its anti-inflammatory and
antithrombotic effects. Although it
has been the mainstay treatment of
KD, studies performed at that time
showed little effect of ASA on the
incidence of CA aneurysms.21,22
 It is
only when IVIg was introduced as
part of standard KD management that
a significant change in the risk of CA
complications was seen.3–5
 In these

trials, IVIg was used concomitantly
with high-dose ASA. As a
consequence, high-dose ASA (80–100
mg/kg per day) remained central
in the treatment recommendations
of acute KD in North America.1
However, the Japanese guidelines
suggest lower doses of ASA (30–50
mg/kg per day) for the treatment of
acute KD as compared with the North
American recommendations.23 In
2013, Ogata reported that there were
no differences in CA aneurysm rates
between 5 institutions in the United
States and Japan despite differences
in ASA dose used in acute KD.24

The appropriate dose of ASA to be
used with IVIg in the treatment
of acute KD has been the subject
of debate.13,14
 To our knowledge,
no prospective study has shown
that ASA, at any dose, reduces the
incidence of CA aneurysm. There
have been 3 meta-analyses that all
concluded that there is no evidence
that high-dose ASA decreases the risk
of CA abnormalities compared with
low-dose ASA.10–12

More recently, Kuo et al9 compared
patients receiving moderate and
high-dose ASA (>30 mg/kg per
day) during treatment of acute KD
to patients receiving no ASA. They
found no significant difference in the
risk of CA lesions (17.0% vs 15.4%).
In 2016, Kim et al15 studied a large
sample of 8456 children from a
retrospective survey of 116 hospitals
in South Korea. They reported that
compared with low-dose ASA (3–5
mg/kg per day), medium or higher
dose ASA (>30 mg/kg per day)
during treatment of acute KD was
associated with a higher risk of CA
abnormalities after adjustment for
confounders. In both studies, the
reasons for using low-dose ASA in
settings where higher doses are
routinely used was not stated. An
important indication bias cannot
be ruled out if low-dose ASA was
prescribed to milder cases or to
patients with a lower risk for the
development of CA aneurysms.

In usual circumstances, comparing
treatment efficacy in retrospective
studies is prone to indication bias.
Different clinical characteristics
at presentation may influence
treatment as well as outcome,
thus potentially confounding the
association between the two. A
strength of our study lies in the fact
that the participating institutions in
Canada have been routinely using
different ASA doses in the treatment
of acute KD, thus potentially
minimizing this bias. Subjects
included in this study mostly
received a given ASA dose according
to where they lived, irrespective of
their clinical characteristics. That
being said, a small proportion of
subjects in the low-dose group did
receive high-dose ASA, possibly
because of some physicians’
preference and/or a more severe
disease at presentation. We elected
to use a design analogous to an
intent-to-treat protocol to reduce
the indication bias that would be
introduced if sicker patients were
being prescribed higher doses of
ASA. Nevertheless, when subjects
were assigned to a treatment group
according to the actual dose of ASA
prescribed, the risk difference of CA
abnormalities between treatment
groups was similar to that of the
intent-to-treat analysis.
Our study has limitations. Possible
variations in unmeasured population
characteristics between institutions
may have introduced a bias. In
particular, ethnic background,
differential use of rescue therapy,
and variation in CA imaging and
measurements may have influenced
the association between treatment
and outcome. We did not collect
information on adverse effects of
ASA.

Conclusions
In conjunction with IVIg, our data
suggest that using low-dose ASA
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during acute KD is not inferior to
high-dose ASA to reduce the risk of
CA abnormalities. Given that ASA at
any dose has never been shown to
reduce the risk of CA abnormalities,
our study suggests that ASA at a dose
superior to 3 to 5 mg/kg per day may
not be indicated in acute KD.
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