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POPULATION STUDY ARTICLE
Incidence and short-term outcomes of Kawasaki disease

Cal Robinson’, Rahul Chanchlani>**, Anastasia Gayowsky®, Sandeep Brar®, Elizabeth Darling®, Catherine Demers’, Jennifer Klowak’,
Braden Knight®®, Ellen Kuenzig®®, Tapas Mondal'®, Rulan Parekh'', Hsien Seow'?, Carolina Jimenez-Rivera®'®', Richard Webster®,
Stephen Fung®, Eric I. Benchimol®®'3'*'% and Michelle Batthish'®

OBJECTIVE: Kawasaki disease (KD) is a childhood vasculitis with conflicting reported North American trends in incidence and
patient characteristics. Objectives: (1) determine KD incidence between 1995 and 2017; (2) compare patient characteristics by era
and age group; (3) determine complication and cardiovascular follow-up rates.

METHODS: We used population-based health administrative data to identify children (0-18 yr) hospitalized with KD in Ontario,
Canada between 1995 and 2017. We excluded children with prior KD diagnosis or incomplete records. We determined the
annualized incidence and follow-up trends.

RESULTS: KD was diagnosed in 4,346 children between 1995 and 2017. Annual KD incidence was 22.0 (<5 yr), 6.1 (5-9 yr), and 0.6
(10-18yr) per 100,000 children. KD incidence increased significantly for all age groups, including from 18.4 to 25.0 cases per
100,000 children <5 yr. Ninety-day mortality occurred in <5 children (<0.1%). Coronary artery aneurysm (CAA) occurred in 106
children (2.4%, 95% confidence interval 2.0-2.9) during admission and 151 (3.5%, 95% confidence interval 3.0-4.1) during 11-year
median follow-up. Children 10-18 yr had longer hospitalizations (4.3 vs. 3.5 days, p = 0.003) and more CAA (7.4% vs. 3.4%, p =
0.007). By 1-year post-diagnosis, 3970 (91.3%) and 2576 (59.3%) children had echocardiography and cardiology follow-up,
respectively.

CONCLUSIONS: KD incidence is increasing in Ontario, with greater healthcare utilization from hospitalizations and subsequent
follow-up.
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IMPACT:

® 4346 children were hospitalized for Kawasaki disease over 22 years in Ontario, and Kawasaki disease incidence increased
significantly for all age groups, males and females.

® Older children (10-18 years) had longer hospital length of stay, more PICU admissions and more frequent coronary artery
aneurysms.

® Nearly all children with Kawasaki disease had follow-up echocardiography within 1 year.

11,12 In

INTRODUCTION the reported incidence in North America for this age group.

Kawasaki disease (KD) is a systemic vasculitis that predominantly
affects infants and young children. It is hypothesized to result
from a systemic immune response in genetically susceptible
individuals, triggered by infectious or environmental antigens.' KD
is potentially life-threatening due to coronary artery involvement
and is the most common cause of acquired heart disease among
children in developed countries.>™* KD has been reported in >60
countries and the global incidence is increasing, driven by rising
incidence among Asians.>'® The most recent Japanese Nation-
wide Survey (2017-2018) reported an incidence of 359 cases per
100,000 children aged <5 yr, which is nearly 20-times higher than

North America, it is also reported that KD incidence has reached a
plateau over the past 15 years.®'"'® Previous Canadian studies
have evaluated KD incidence since 1995 using cross-sectional
survey data, which were stopped in 2013 due to poor response
rates.'"'® These studies generally demonstrated increasing KD
incidence, although this was not a consistent finding across all age
groups. Based on the available data, it remains unclear whether
KD incidence is truly increasing in North America, and in which
patient populations the incidence has increased.

There are also limited and conflicting data on disease
characteristics among North American children treated with
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intravenous immunoglobulin (IVIG).5'"'3 Due to the frequency of
acute hospitalizations and cardiovascular sequelae, small changes
in KD incidence have significant health economic implications.
Since children with KD are typically hospitalized for IVIG
administration, health administrative data have been used to
study KD epidemiology.''™"® We utilized Ontario databases to
address three objectives: (1) determine the incidence of KD over a
period of two decades, (2) compare children diagnosed with KD
by era and age group, and (3) describe rates of acute
complications and follow-up patterns after discharge.

METHODS

Design and participants

We performed a retrospective population-based cohort study of
hospitalized children diagnosed with KD across Ontario. Ontario is
Canada’s largest province, with a population that has increased
from ~11.1 to 14.0 million people between 1996 and 2016,'°
and has a universal healthcare system. This project was authorized
under section 45 of Ontario’s Personal Health Information
Protection Act and approved by Hamilton Integrated Research
Ethics Board. We reported our study in accordance with STROBE'’
and RECORD'® statements.

We included all children (0-18yr) in Ontario between April 1,
1995 and March 31, 2017. Our study exposure was hospitalization
with a discharge diagnosis of KD, based on International
Classification of Diseases, 9th Revision (ICD-9) [446.1] or ICD-10
[M30.3] codes in the Canadian Institute for Health Information
(CIHI) Discharge Abstract Database'' (Supplementary Fig. 1). These
codes have been recently validated using this Ontario database
(positive predictive value (PPV): 93.5%)."" Among all Ontario
children, we excluded those diagnosed with KD within 7 years
prior to study initiation (1988-1995). Among our KD cohort, we
included only the first eligible hospitalization after 1995, to restrict
to new KD diagnoses. We also excluded children in the South East
Local Health Integrated Network (due to incomplete outpatient
billing records) or without the Ontario Health Insurance Plan
(OHIP) coverage during hospitalization. The hospitalization year
was determined by fiscal year starting April 1 (e.g., 1995 = April 1,
1995 to March 31, 1996). The cohort was stratified by age (<5, 5-9,
and 10-18 years) and index hospitalization era (era 1: 1995-2001,
era 2: 2002-2016). These age groups were selected for comparison
with previous North American studies.''™'* Eras were chosen to
evaluate the coding system change in 2002 from ICD-9 to ICD-10.

Data sources

We utilized Ontario health administrative data housed at ICES.
ICES is an independent, non-profit research institute whose legal
status under Ontario’s health information privacy law allows it to
collect and analyze healthcare and demographic data, without
consent, for health system evaluation and improvement. The
databases contain records for all legal Ontario residents with OHIP
coverage (>99% of individuals). Administrative databases used
included: CIHI Discharge Abstract Database, CIHI Same Day
Surgery, National Ambulatory Care Reporting System for emer-
gency department visits, OHIP for physician billings and ETHNIC
for surname-based identification of Chinese (sensitivity 80%, PPV
92%) and South Asian (sensitivity 50%, PPV 89%) individuals.'® The
Registered Persons Database was used to determine the number
of children alive in Ontario each fiscal year. Descriptions of each
database are included in Supplementary Appendix 1. These
datasets were deterministically linked using unique encrypted
identifiers and analyzed at ICES. Complete and uncleaned data
were available to investigators for analysis. Emigration from the
province (0.1% per year)*® and death were the only reasons for
loss to follow-up.
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Demographics and comorbidities

We evaluated the characteristics of children with KD, stratified by
age and hospitalization era. Demographic variables: age, sex,
ethnicity,’® rural status (community < 10,000 persons)®’ and
neighborhood income quintile (by postal code).?? Hospitalization
variables: admission month/year, hospital (first hospital during
index episode of care), length of stay, presence of a PICU
admission during the index episode of care, hospital complica-
tions (coronary artery aneurysm (CAA), myocarditis/pericarditis,
macrophage activation syndrome (MAS) or hemophagocytic
lymphohistiocytosis (HLH), gallbladder hydrops and hemolytic
anemia), IVIG administration and red blood cell (RBC) transfusion.
We looked back to birthdate or April 1, 1991 to determine whether
the children had pre-existing comorbidities (e.g., cardiovascular,
rheumatologic, or renal disorders). Supplementary Appendix 1
contains the administrative codes used to define each variable.

Outcomes

The primary outcome was annualized age- and sex-standardized
incidence of KD among all Ontario children. Secondary outcomes
included annualized incidence of KD among hospitalized children,
frequency of RBC and IVIG transfusions, and seasonal variation in
KD incidence. We also studied complications associated with KD
such as 90-day mortality (from admission date) and CAA (defined
by administrative coding) during hospitalization (CAA during the
acute phase of KD) or any time prior to death or March 31, 2018
(any CAA). Finally, we assessed echocardiography and cardiologist
visits within 1 year.

Statistical analyses and reporting

Baseline characteristics and outcomes were compared using
distribution-appropriate univariable comparison tests. A p-value
of <0.05 was considered statistically significant. In accordance with
ICES data privacy policies, cell sizes <5 individuals were not
reported (NR). Annualized KD incidence was determined by the
number of KD diagnoses each fiscal year per 100,000 population
of all children alive in Ontario on April 1st of that fiscal year
(following application of exclusion criteria). Incidence was
standardized by age and sex using 2011 Canadian Census data.
We then calculated KD incidence among hospitalized Ontario
children (per 1000 hospitalized children) and by age at
hospitalization (<5, 5-9, and 10-18 years). Cochran-Armitage
testing®® was used to evaluate trends in KD incidence and CAA
frequency.

RESULTS

Patient and admission characteristics

We identified 4,346 children hospitalized for KD between 1995
and 2017; <5yr: 3,138 (72.2%), 5-9yr: 1019 (23.4%) and 10-18 yr:
189 (4.3%) (Table 1). The median age was 3.0 years (IQR 1-5) and
520 children (12.0%) were <1yr at diagnosis. There was a male
predominance, with 2608 males (male-to-female ratio 1.5)
(Supplementary Fig. 2). The median follow-up time was 11.2 years
(range 0-23). KD cases were evenly distributed across income
quintiles. The 2016 Census reported that 10.3% of Ontario’s
population lived rurally.2' We found that relatively fewer KD
children lived rurally (268, 6.2%). Admission to non-academic
centers occurred in 2142 children (49%) and to PICU in 104 (2.4%).
Prior cardiovascular events (defined in Supplementary Appendix 1)
occurred in 164 children (3.8%).

Stratified by age (Table 1), older children (10-18 yr) had a longer
mean length of stay (4.3 days [10-18yr] vs. 3.6 days [5-9yr] vs.
3.5 days [<5yr], p=0.003) and more frequent PICU admissions
(5.3% [10-18yr] vs. 2.7% [5-9yr] vs. 2.1% [<5yr], p=0.01).
Stratified by era (Supplementary Table 1), there was no difference
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Table 1. Baseline characteristics, by age at index admission.
Variable Age group 1 (<5 years) Age group 2 (5-9 years) Age group 3 (10-18 years) Total
N=3138 N=1019 N=189 N=4346

Male gender 1882 (60.0%)

Rural status 175 (5.6%)*

Surname-based ethnic group

Chinese 448 (14.3%)*
South Asian NR?
Other 2601 (82.9%)*

Income quintile

1 (low) 682 (21.7%)
2 601 (19.2%)
3 588 (18.7%)
4 669 (21.3%)
5 (high) 586 (18.7%)*
Index era

1995-2001 887 (28.3%)
2002-2016 2251 (71.7%)

Index admission characteristics

3.51+£2.95%
3 (2-4)

66 (2.1%)*

Mean length of stay, in days + SD
Median length of stay, in days (IQR)
PICU admission

Index hospital site

Toronto (SickKids)

Ottawa (CHEO)

McMaster (MCH)

London (LHSC)

Other

Past medical history

1080 (34.4%)
228 (7.3%)
150 (4.8%)
122 (3.9%)
1558 (49.6%)
Any cardiovascular event® 81 (2.6%)**

Congenital heart disease 126 (4.0%)**

601 (59.0%)
71 (7.0%)*

110 (10.8%)*
NR
871 (85.5%)*

172 (16.9%)
181 (17.8%)
219 (21.5%)
222 (21.8%)
221 (21.7%)*

282 (27.7%)
737 (72.3%)

3.58 +3.10*
3 (2-4)
28 (2.7%)*

340 (33.4%)
95 (9.3%)
58 (5.7%)
34 (3.3%)
492 (48.3%)

60 (5.9%)**
42 (4.1%)**

125 (66.1%)
22 (11.6%)*

14 (7.4%)*
NR
170 (89.9%)*

38 (20.1%)
29 (15.3%)
32 (16.9%)
42 (22.2%)
48 (25.4%)*

45 (23.8%)
144 (76.2%)

4.28 +4.57*
3 (2-5)
10 (5.3%)*

77 (40.7%)
7 (3.7%)
7 (3.7%)
6 (3.2%)
92 (48.7%)

23 (12.2%)**
20 (10.6%)**

2608 (60.0%)
268 (6.2%)

572 (13.2%)
132 (3.0%)
3642 (83.8%)

892 (20.5%)
811 (18.7%)
839 (19.3%)
933 (21.5%)
855 (19.7%)

1214 (27.9%)
3132 (72.1%)

3.56 +3.07
3 (2-4)
104 (2.4%)

1497 (34.4%)
330 (7.6%)
215 (4.9%)
162 (3.7%)
2142 (49.3%)

164 (3.8%)
188 (4.3%)

*p-value < 0.05.
**p-value < 0.001.
®NR: not reported as <5 individuals in one or more groups.

PAny cardiovascular event was defined as myocardial infarction, ischemic heart disease, stroke, peripheral vascular disease, coronary aneurysm or dissection,
hypertension, myocarditis/pericarditis, arrhythmias, heart failure, non-rheumatic valvular disease, cardiomyopathy, cardiac arrest, thromboembolism,
peripheral vascular surgery, insertion of pacemaker or defibrillator device, cardiac surgery or cardiac transplantation.

in age at hospitalization or length of stay. There were significantly
more children of Chinese origin in era 2 (14.7% vs. 9.2%, p < 0.001),
and the proportion of Chinese individuals in the cohort increased
gradually over time (Supplementary Fig. 3). This increase mirrored
population growth of East Asian individuals in Ontario (Supple-
mentary Fig. 4). Fewer children in era 2 lived rurally (5.3% vs. 8.3%,
p <0.001), consistent with Ontario’s declining rural population
(14.8% [1996] vs. 10.3% [2016]).’

Incidence, seasonal variation
Overall KD incidence was 6.9 cases (95% confidence interval (Cl)
5.7-8.1) per 100,000 Ontario children. Between 1995 and 2017, KD
incidence increased from 6.1 (95% Cl 5.1-7.2) to 8.8 cases (95% Cl
7.7-10.1) per 100,000 Ontario children (p <0.001) (Fig. 1).
Stratified by age, KD incidence was 22.0 cases (95% Cl
17.8-26.1) per 100,000 children <5yr, 6.1 cases (95% Cl 4.3-7.8)
per 100,000 children 5-9yr and 0.6 cases (95% Cl 0.3-1.0) per
100,000 children 10-18yr. KD incidence increased significantly
over time in each age group. Between 1995-2017, KD incidence
increased from 18.4 (95% Cl 14.9-22.6) to 25.0 cases (95% Cl
21.1-29.5) per 100,000 Ontario children <5 yr, increased from 4.0

SPRINGERNATURE

(95% Cl 2.7-5.6) to 7.7 cases (95% Cl 5.8-9.9) per 100,000 Ontario
children 5-9yr, and increased from 0.7 (95% ClI 0.3-1.3) to 1.1
cases (95% Cl 0.6-1.8) per 100,000 Ontario children 10-18yr
(Fig. 2). KD incidence also increased between 1995 and 2017 in
males (from 7.5 (95% Cl 5.9-9.4) to 11.1 cases (95% Cl 9.3-13.1) per
100,000 Ontario male children) and females (from 4.6 (95% ClI
3.4-6.0) to 6.5 cases (95% Cl 5.2-8.0) per 100,000 Ontario female
children) (Supplementary Fig. 5). KD diagnoses were more
frequent between November to March and less frequent from
August to September (Fig. 3). Seasonal variation in KD incidence
closely mirrored that of all-cause pediatric hospitalizations.

Outcomes, follow-up

CAA during the acute phase of KD were diagnosed during
hospitalization in 106 children (2.4%, 95% Cl 2.0-2.9) (Table 2). Any
CAA was diagnosed during 11-year median follow-up in 151
children (3.5%, 95% Cl 3.0-4.1). Any CAA frequency declined over
time (Supplementary Fig. 6), but this was not significant (p = 0.07).
There was no difference in the acute phase or any CAA frequency
by era (Supplementary Table 2). Myocarditis/pericarditis occurred
in 71 children (1.6%), MAS/HLH in 10 (0.2%) and gallbladder

Pediatric Research (2021) 90:670-677
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(0-4 years), p < 0.001 (5-9 years), p =0.004 (10-18 years).

hydrops in 26 (0.6%). IVIG administration was coded in 2482
children (57.1%) and was more common in era 2 (67.3% vs. 30.9%,
p <0.001), which may be the result of improved administrative
coding. Fifty-one children (1.2%) received RBC transfusions.
Mortality within 90 days of hospitalization occurred in <5 children
(£0.1%). Older children (10-18 yr) had more frequent acute phase
and any CAA, and less frequent IVIG administration (Table 2).
Following discharge, 3970 children (91.3%) had =1 follow-up
echocardiogram between 14 and 365 days. Echocardiogram
follow-up was more frequent in era 2 (94.7% vs. 82.6%, p<
0.001) and among children living in urban vs. rural areas (91.5% vs.

Pediatric Research (2021) 90:670-677

Incidence of Kawasaki disease among all Ontario children from 1995 to 2017, by age. *Cochran-Armitage test for trend: p < 0.001

85.0%, p < 0.001). Cardiology follow-up occurred in 2470 children
(56.8%) by 90 days and 2576 children (59.3%) by 1 year after
hospitalization. Cardiology follow-up within 1 year was less
common in era 2 (56.0% vs. 67.7%, p < 0.001).

DISCUSSION

We used health administrative databases to assemble a large
cohort of Canadian children diagnosed with KD over two decades.
The incidence of KD in Ontario increased significantly over time
for all age groups, males and females. Among 4346 KD cases,
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M M Era 1 (1995-2001) [ Era 2 (2002-2016) O All hospitalizations

Proportion of KD cases and hospitalizations (%)
|
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Fig. 3 Seasonal variation in Kawasaki disease cases, by index admission era versus all pediatric hospitalizations in Ontario. “Era 1" (April
1995-March 2002) and “Era 2" (April 2002-March 2017) represent the proportion of Kawasaki disease diagnoses each calendar month. “All
hospitalizations” represent the proportion of all-cause pediatric hospitalizations within Ontario occurring each calendar month, across the
whole study period.

Table 2. Patient outcomes, by age at index admission.

Variable Age group 1 (<5 years) Age group 2 (5-9 years) Age group 3 (10-18 years) Total
N=3138 N=1019 N=189 N=4346
Index admission outcomes
Coronary artery aneurysm 74 (2.4%)* 22 (2.2%)* 10 (5.3%)* 106 (2.4%)
Myocarditis/pericarditis 48 (1.5%) 16 (1.6%) 7 (3.7%) 71 (1.6%)
Acute kidney injury NR? NR NR 12 (0.3%)
Shock NR NR NR 12 (0.3%)
MAS/HLHP NR NR NR 10 (0.2%)
Gallbladder hydrops 14 (0.4%)* 12 (1.2%)* 0* 26 (0.6%)
Hemolytic anemia NR NR NR 37 (0.9%)
IVIG and blood transfusion
IVIG administration® 1816 (57.9%)* 574 (56.3%)* 92 (48.7%)* 2482 (57.1%)
Red blood cell transfusion NR NR NR 51 (1.2%)
Other outcomes
90-day mortality NR 0 0 NR
Coronary artery aneurysm (throughout follow-up) 108 (3.4%)*¢ 29 (2.8%)*¢ 14 (7.4%)*° 151 (3.5%)
Follow-up echocardiogram (within 1 year) 2871 (91.5%) 929 (91.2%) 170 (89.9%) 3970 (91.3%)
Cardiology visit (within 1 year) 1868 (59.5%) 595 (58.4%) 113 (59.8%) 2576 (59.3%)

*p-value < 0.05.

**p-value < 0.001.

®NR: not reported as <5 individuals in one or more groups.

PMAS macrophage activation syndrome, HLH hemophagocytic lymphohistiocytosis.

“Administrative coding for IVIG administration was found to be incomplete in Ontario databases. These data are included to compare rates of IVIG
administration (defined by administrative codes) between age groups and should be considered exploratory.

995% confidence intervals for coronary artery aneurysm (throughout follow-up) were 2.8-4.1 (age group 1, <5 years), 1.9-4.1 (age group 2, 5-9 years), and
4.1-12.1 (age group 3, 10-18 years).
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<0.1% died within 90 days and 151 (3.5%) developed any CAA.
Older children had longer lengths of hospital stay, more frequent
PICU admissions, and more frequent CAA.

Canadian KD surveillance from 1995 to 2013 occurred by triennial
cross-sectional surveys. These were discontinued due to regulatory
barriers and poor response rate.!’ Lin et al'® reported the
1995-2006 surveys, finding an incidence of 26.2 (yr), 6.7 (5-9yr),
and 09 (10-14yr) cases per 100,000 population. KD incidence
increased during their study, with an increasing proportion of
incomplete KD. Manlhiot et al."" studied Canadian hospitalizations
from 2004 to 2014, finding an incidence of 19.6 (<5 yr), 6.4 (5-9yr),
and 1.3 (10-18 yr) cases per 100,000 population. Incidence increased
slightly among children 5-9yr and 10-18yr, with no difference
among <5 yr. In comparison, we observed increased incidence for all
age groups over a 22-year period. This is consistent with Asian
countries with robust KD surveillance.>”'%* KD case ascertainment
in Ontario may have increased over time due to greater physician
awareness or improved healthcare access. In the absence of
diagnostic testing for KD, the increasing incidence may also reflect
lower thresholds for diagnosis and treatment of suspected KD cases,
in order to prevent potential cardiovascular sequelae. This theory is
supported by reports that the proportion of “incomplete KD” cases
has increased over time®'3%

We found year-to-year variation, with a 2004 peak correspond-
ing to a spatiotemporal KD cluster reported around Toronto.”® This
KD cluster was also observed in the Northeast United States,'
suggesting a shared infectious trigger, although no specific
infectious disease was identified.?® In the United States, the
incidence of KD is highest in Asians and Pacific Islanders.'**’
Japanese-American children in Hawaii have similar KD incidence
to children in Japan,® demonstrating that genetic factors
significantly modify KD risk among Asian children. In Canada, a
significant correlation exists between KD incidence and Asian
population size (r=0.61, p=0.03), excluding coastal Maritimes
provinces."" In our study, increasing KD incidence mirrored East
Asian population growth in Ontario and the proportion of Chinese
children was higher in era 2. These findings suggest that the rising
incidence of KD may be correlated with the significant growth of
the East Asian population in Ontario over the past two decades.

Data from multiple countries show that in-hospital mortality
associated with KD is rare, occurring in 0.01-0.2% of
cases*>'1%?%3% |n Japan, the standardized mortality rate for
children with KD is significantly higher during the acute phase
of illness.?>>" The risk of mortality peaks between 15 and 45 days
after KD onset3? In our study, <0.1% of children died within
90 days. In North America, CAAs are reported in 3-5% of IVIG-
treated children.>'"'*3° QOlder age at KD diagnosis is associated
with less frequent IVIG treatment, delayed diagnosis, and
increased cardiovascular complications.>*=° This was consistent
with our findings that older children (10-18 yr) had longer hospital
stays, more PICU admissions, less frequent IVIG administration,
and more frequent CAA. Hemolytic anemia is a recognized IVIG
side-effect and occurs in 0.4-4% of KD cases.*®*” We found that
1% of children developed hemolytic anemia and received RBC
transfusions. The accuracy of administrative coding for IVIG
administration is unknown, with no previous validation study. As
seen in other administrative database studies in KD,'® we found
that coding for IVIG administration appeared to be incomplete in
Ontario. However, IVIG administration was significantly more
common in era 2, which may reflect increased coding accuracy
and IVIG utilization.

Follow-up patterns after KD are poorly understood. KD guide-
lines applicable during our study period recommended two
follow-up echocardiograms, at variable time points.3®™*° Lowry
et al.*" studied 302 American children with normal initial
echocardiograms, finding that 250 (83%) had one and 107 (35%)
had both follow-up echocardiograms. In our study, follow-up
echocardiography occurred in 93% of children and was more
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common in era 2, despite less frequent cardiology visits.
Echocardiogram follow-up was also less common among children
living in rural areas, which may be attributable to decreased
access to pediatric echocardiography and greater distances from
the hospital. These findings suggest that an increasing proportion
of KD follow-up care is being provided by non-cardiologists, and
compliance with echocardiography guidelines is improving. In
Ontario’s universal healthcare system, cardiologist consultation
may be reserved for children with cardiac sequelae.

Our study has multiple strengths. We assembled a large cohort
of Canadian children diagnosed with KD over 22 years. Compared
against previous Canadian epidemiological studies,'"'? this longer
study duration demonstrated increasing KD incidence for all age
groups, males and females. We also examined patient character-
istics and outcomes (e.g., ethnicity, PICU admissions, myocarditis/
pericarditis, and hemolytic anemia) not previously reported in
Canada. Few publications address follow-up after KD hospitaliza-
tions. We provide additional data on echocardiography and
cardiology follow-up patterns. We excluded children diagnosed
with KD between 1988 and 1995 to approximate a birth cohort of
new KD diagnoses. Ontario’s universal healthcare system and low
emigration minimized our losses to follow-up. Given the
frequency of acute hospitalizations, cost of IVIG, need for
echocardiography follow-up and potential long-term cardiovas-
cular disease, the increasing incidence of KD in Ontario holds
significant healthcare resource and spending implications. This
highlights the importance of research in enhanced diagnostic
testing (e.g., novel biomarkers) and therapeutic strategies to avoid
unnecessary hospitalizations and medications.

Administrative codes for KD have a high reported PPV**** and
were validated in the Ontario Discharge Abstract Database against
concurrent surveillance survey data.'' However, no code valida-
tion study includes a non-KD control cohort. The use of
administrative data does have limitations, preventing detailed
characterization of KD cases. We cannot validate KD criteria,
distinguish complete from incomplete KD using ICD codes. We
could not identify KD cases not diagnosed by a physician or
hospitalized. The accuracy of our outcome codes (e.g., CAA, IVIG,
and echocardiography) are unknown and we are unable to
determine CAA Z-score or internal diameter. However, the codes
used were specific to CAA (Supplementary Appendix 1) and our
observed CAA rate is consistent with clinical studies in the IVIG
era>'34%% We chose to compare baseline characteristic and
outcome data between two eras, in order to evaluate differences
between administrative coding systems in Ontario (era 1
(1995-2001): ICD-9 and era 2 (2002-2016): ICD-10), and to reduce
the number of small cell sizes that could not be reported. We
acknowledge that significant differences in patient demographics
and outcomes may be present within these eras, which we were
unable to detect. We evaluated follow-up echocardiography
between 14 and 365 days based on existing KD guidelines during
our study and potential differences between administrative
service and coding dates. Cardiology visits were ascertained using
OHIP billing codes. Physicians practicing but not billing as
cardiologists (e.g., not licensed as cardiologists in Ontario) may
be excluded, but we hypothesize this was uncommon. Finally,
Chinese and South Asian individuals were identified using a
surname-based algorithm.'® However, this database is unable to
identify individuals of other ethnic groups and excludes surnames
shared between ethnic groups such as South Asian Muslims or
non-Han Chinese.

Using population-based data, we created a large cohort of
North American KD children, accrued over more than two
decades. KD incidence increased significantly among all age
groups, but CAA frequency has not changed. Older children had
longer hospital stays, more PICU admissions, less frequent IVIG
treatment, and more frequent CAA. Future research will evaluate
the healthcare resource implications of rising KD incidence to
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better plan for the provision of high-quality healthcare to these
patients.
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