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ABSTRACT

Objectives: The study aimed to compare the long-term health-related quality of life in children with
Kawasaki disease (KD) with and without coronary artery aneurysms (CAAs) in the largest pediatric
medical center in the Nanjing region of China.

Patients and methods: The retrospective study included a total of 107 patients (54 males,
53 females; mean age: 3.4+1.8 years; range, 2.12 to 1.75 years) between January 2012 and December
2022. Among these patients were a cohort of 64 child patients diagnosed with CAAs due to KD and
a control group of 43 hospitalized child patients with KD without CAAs. The children with CAAs were
divided into two groups according to the size of their aneurysms: the aneurysm group and the giant
aneurysm group. Both child-reported and parent/proxy-reported Pediatric Quality of Life Inventory
surveys were collected at baseline and during long-term follow-up.

Results: The median follow-up duration was 5.58 years (range, 1.03 to 10.67 years). The mean age at
the time of diagnosis was 3.43+1.75 years (range, 2.12 to 12.19 years). At baseline, children reported a
total score of 48.63+16.60 and parents reported a mean score of 46.76+14.77 in the giant aneurysm
group. The child-reported and parent/proxy-reported outcomes were 54.71+15.82 and 52.73+13.34
in the aneurysm group and 48.30+28.24 and 46.35+15.79 in the control group, respectively.
In long-term follow-up, children in the aneurysm group reported a mean score of 81.61+19.50,
which was 9.70 (95% confidence interval (Cl): 2.22-17.18) points higher than that of the control
group (p=0.014) and 9.51 (95% Cl: 2.02-16.98) points lower than that of the giant aneurysm group
(p=0.012). Similarly, parents reported a mean score of 81.03+12.57 in the aneurysm group, which was
significantly lower than that of the control group (p=0.010) and significantly higher than that of the
giant aneurysm group (p=0.009).

Conclusion: A proportion of children presenting with CAAs without complete recovery often
encountered issues that disrupted their well-being during long-term follow-up. Therefore, routine
outpatient health-related quality of life screening might be set as an appropriate supportive service
to assist in identifying patients with a history of CAAs to eliminate the risk for long-term disabilities
following the initial clinical improvement.

Keywords: Coronary artery aneurysms, health-related quality of life, Kawasaki disease, pediatric quality of life
inventory.

Kawasaki disease (KD) is an acute self-limited
vasculitis with an intense inflammatory process
accounting for the most common cause of
acquired heart disease in children mostly below
five years of age.! The epidemiological surveys
from China reported an increasing trend in
the incidence of KD, and data from Beijing
and Shanghai were documented to be about
46.3 to 55.1 per 100,000 in cases aged <5 years
during the past decades.? The diagnosis of
KD is challenging given the variety of clinical
symptoms based on the presence of fever and a

cluster of mucocutaneous manifestations, which
usually creates difficulties and delays clinical
treatment.® During the acute phase, there is a
predilection for cardiovascular complications
such as valvulitis, myocarditis, pericarditis, and
KD syndrome. About 15 to 25% of children
develop coronary artery aneurysms (CAAs) in
the subacute to convalescent phase, leading to
significant long-term consequences, including
aneurysm, arterial thrombotic occlusion, or even
sudden death if left untreated.*® Nevertheless,
prompt treatment with high-dose intravenous
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immunoglobulin (IVIG) infusion within the first
10 days of illness reduces the incidence of
aneurysm to between 3 and 5%.° Besides
cardiac complications, neurological symptoms
such as extreme irritability, seizures, hemiplegia,
facial palsy, and aseptic meningitis were also
occasionally reported. Therefore, children with
KD experience a considerable amount of illness
burden leading to impairment of their function
in a variety of aspects of life. Although the
majority recover after the acute phase of KD,
the children who develop CAAs may have to face
long-term daily impairment on health-related
quality of life (HR-QoL) due to potentially severe
cardiovascular sequelae. However, the impact of
acute and chronic KD on HR-QoL encompassing
the physical, psychological, and social domains in
children is not well-documented in the literature.

We hypothesized that children with KD
exhibit different quality of life due to the vague
long-term prognosis of coronary artery lesions
(CALs). Therefore, the study was conducted in
the largest center of the Nanjing region in China
to investigate the HR-QoL during the acute phase
and a 10-year, long-term follow-up.

PATIENTS AND METHODS

The retrospective cohort study assessed
745 patients diagnosed with KD at the
Department of Cardiovascular Medicine and
Respiratory Medicine, Children’s Hospital of
Nanjing Medical University between January
2012 and December 2022. A written informed
consent was obtained from the parents and/or
legal guardians of the patients. The study protocol
was approved by the IEC of Children’s Hospital
of Nanjing Medical University Ethics Committee
(date: 16.09.2023, no: 202309016-1). The study
was conducted in accordance with the principles
of the Declaration of Helsinki. Patients diagnosed
with KD according to the diagnostic criteria’
at our institution were considered eligible if they
met the following criteria: (i) being aged 0 to
18 vyears; (ii) the presence of CAA during acute
KD diagnosed by echocardiography; (iii) having
complete medical data of hospitalization during the
acute phase of KD. Patients who had incomplete
KD, severe chronic illness, immunological
dysfunction unrelated to KD, or mental disorders
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were excluded. Seventy-one patients met the
inclusion criteria, and a control group (n=49) of
age-and sex-matched KD patients without CAAs
was created. The KD patients with CAA were
divided into two groups based on the Z-score
definition: the aneurysm group (patients with a
small-sized CAA with a Z-score of 2.5 to 5 or
a medium-sized CAA with a Z-score of 5 to 10)
and the giant aneurysm group (patients whose
coronary artery dilation met a Z-score >10 with
or without ischemic symptoms).® The Cardio
Z software (Circle Cardiovascular Imaging Inc.,
Calgary, Canada), as described by Dallaire and
Dahdah,’ was employed to calculate the Z-score,
and CAAs were predefined as a maximum
Z-score >2.5 of the proximal right coronary artery
or proximal left anterior descending artery on
echocardiogram.!® Two patients in the aneurysm
group and six patients in the control group
were excluded due to missing questionnaires.
Thus, the study was conducted with a total of
107 participants (54 males, 53 females; mean
age: 3.4+1.8 years; range, 2.12 to 1.75 years). A
detailed flowchart of the patient selection process
is presented in Figure 1.

Demographic, clinical, and echocardiographic
data of all participants, including age, sex, date
of KD onset, duration of hospital admission,
interval from KD onset to the study, and CAA
outcome during acute phase, and persistent CAA
at follow-up, were retrospectively retrieved from
a review of electronic medical record system.
The multidimensional HR-QoL was assessed
using the previously validated instrument of
Pediatric Quality of Life Inventory (PedsQL),
which integrates generic core scales and
disease-specific modules into one measurement
system for children aged 0 to 18 in general
health status or with acute and chronic health
conditions. The fourth version of PedsQL
comprises 23 items in four categories: (i) physical
functioning (8 items), (ii) emotional functioning
(5 items), (iii) social functioning (5 items), and
(iv) school functioning (5 items). Each answer is
scored on a 5-point scale: O=never a problem,
l=almost never a problem, 2=sometimes a
problem, 3=often a problem, and 4=almost
always a problem. The reverse scores for
23 items are summarized ranging from 0 to 100
with higher scores indicating higher HR-QoL.
Both the self-reported format for ages 5 to 18
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Patients diagnosed with KD at our institution
between January 1, 2012 and December 31,
2022 (n=745)

Matched for age, sex and race

Excluded (n=628)

\ A

Not meeting inclusion criteria (n=557)
Meeting exclusion criteria (n=71)

Normal control group: Children
diagnosed with KD without
CAA during contemporary

hospitalization (n=49)

Aneurysms group: Aneurysms
caused by KD classified as small
(4 <ID <5 mm) and medium
(5 < ID <8 mm) (n=49)

Giant aneurysms group: Coronary

artery dilation >8 mm due to KD

with or without ischemic symptom
(n=17)

6 patients excluded

\ 4

due to questionnaires
unavailable

A4 \ 4

\4

0 patients excluded
due to questionnaires
unavailable

2 patients excluded
due to questionnaires
unavailable

A4

Analyzed (n=43)

Analyzed (n=47)

Analyzed (n=17)

Figure 1. Patient selection flowchart.

KD: Kawasaki disease; ID: Internal diameter; CAA: Coronary artery aneurysm.

and the parent/proxy-reported format for ages
0 to 4 were used in the present study.!!

According to our routine treatment, the
baseline scores reflecting HR-QoL within one
month of disease onset were collected within
72 h of hospital admission. For the long-term
HR-QoL measurements, four investigators
blinded to the KD cases or control subjects
were available to answer the PedsQL for each
participant (ages 5 to 18) or the parents of each
participating child (ages 2 to 5) to complete
the self-administered instruments by telephone.
A total of three attempts would be made to
verify the long-term follow-up assessment for all
enrolled cases.

Statistical analysis

Sample size was calculated using PASS software
version 16.0 (NCSS LLC., Kaysville, UT, USA).
According to consensus after a series of expert
discussion based on our clinical experience, a set
of Tukey-Kramer pair-wise multiple comparison
test were conducted for detecting a 30-point
difference in mean scores (55 in the giant
aneurysm group vs. 85 to 95 in the other two
groups), with the largest standard deviation (SD)
of 35. A sample size of 115 (17 in the giant
aneurysm group and 49 in each of the other three

groups, with a group sample size ratio of 3:3:1)
was calculated to provide a power of 90% with
type 1 error of 5% and a dropout rate of 20%
using a simulation of 1,000 interactions.

Statistical analyses were performed with the
IBM SPSS version 22.0 software (IBM Corp.,
Armonk, NY, USA). The Kolmogorov-Smirnov
Z test was employed for the normality check.
Categorical data, normally distributed, data and
nonnormally distributed data were expressed as
percentages, mean = standard deviation (SD),
and median (interquartile range) and compared
using the chi-square test, Mann-Whitney U test,
and analysis of covariance models adjusted
for the baseline score and matching variables,
respectively. A p-value <0.05 was considered
statistically significant.

RESULTS
Table 1 illustrates the characteristics
of the enrolled participants. The mean

age at the time of diagnosis for KD was
3.43x1.75 years (range, 2.12 to 12.19 years).
A total of 107 PedsQL questionnaires were
available, consisting of 68 child-reported and
41 parent/proxy-reported data at the time of
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long-term follow-up, with a median follow-up
of 5.58 years (range, 1.03 to 10.67 years).
At baseline, children reported a total score of
48.63+16.60 and parents reported a mean
score of 46.76+14.77 in the giant aneurysms
group. In the control group, children
reported a mean score of 48.30+28.24,
and the parent/proxy-reported mean score
was 46.35+15.79, which were comparable
to those in the giant aneurysm group
(p=0.427 and p=0.161, respectively). Among
the aneurysm group, the mean total scores
were also comparable to the giant aneurysm
group (54.71+15.82 for the child-reported
questionnaire, p=0.969; 52.73+13.34 for the
parent/proxy-reported questionnaire, p=0.741).
No significant differences were found between
the giant aneurysm group and the control group
or the aneurysm group and the control group
in the detailed scores from the subscales of

functioning assessments in PedsQL at baseline
(Table 2).

Starting at baseline, the total HR-QoL
scores improved over time in the total sample.
In addition, within each subgroup, scores
also significantly improved over time. In
the long-term follow-up, the children in the
aneurysm group reported a mean total score of
81.61+9.50, which was lower than that of the
control group (9.51; 95% confidence interval
[CI]: 2.02-16.98; p=0.014) and 9.70 (95% CI:
2.22-17.18) points higher than that of the
giant aneurysm group (p=0.012). Similar to
the children, parents reported a mean score
of 81.03+2.57 in the aneurysm group, which
was significantly higher than that of the giant
aneurysm group (71.03+3.63, p=0.009) and
statistically significantly lower (-9.9 points;
95% CI. -17.27 - -2.53) than that of the
control group (p=0.010). Analysis of the four
functioning subscales revealed that patients
in the giant aneurysm group reported the
lowest scores for both the child-reported and
parent/proxy-reported formats, while the
matched control group showed the highest
scores (Table 2).

DISCUSSION

Although the incidence of KD in the Nanjing
region of China remains uncertain due to the
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lack of accurate population statistics and a
centralized database, our hospital, as the largest
referral center for the treatment of coronary
artery sequelae due to KD, has admitted the vast
majority of sick children in the Nanjing region.
However, studies investigating the long-term
HR-QoL consequences of cardiovascular
sequelae of KD in children are scarce. Our
results established comprehensive comparisons
of long-term HR-QoL between KD children with
CAAs and control subjects without CAAs during
hospitalization, and we found that coronary
artery sequelae had a negative influence on a
patient’s life. The HR-QoL during the long-term
follow-up of children with a history of CAAs,
particularly giant ones in the acute KD phase,
was significantly impaired.

Since it was first described in Japan in 1967 by
Kawasaki,'? the KD disease has surpassed acute
rheumatic fever as the leading cause of acquired
heart disease among young children. The etiology
remains poorly understood; it appears to be an
interplay of genetic susceptibility and infectious
triggers followed by an abnormal immune
response, which mainly results in multisystemic
vasculitis, showing a predilection for the coronary
arteries.’® Usually, children suffering from KD
experience a considerable amount of functional
impairment from the disease’s sudden onset due
to a constellation of clinical signs, including fever,
diffuse mucosal inflammation, conjunctivitis,
lymphadenopathy, angioedema, and skin rashes.
However, the diagnosis of KD can often be
challenging due to both its broad spectrum
of clinical features and atypical presentations.!*
Therefore, possible delays in diagnosis and
treatment occurred in many children due to the
lack of typical manifestations, which challenges
both the young patient and their parents with
physical and psychological consequences of having
suffered from a significant disease of unknown
etiology and future outcome.® Additionally, it
was described that extreme irritability was a
common symptom during the acute phase of
KD, and children were usually characterized by
an overwhelming range of emotions, which also
led to a heavy negative influence on a patient’s
life.!> Previous data compared KD caregivers’
perceptions of their child’s health with other
common childhood diseases and found that
HR-QoL plummets dramatically after hospital
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admission due to the acute KD episode.!®
Consistent with the mentioned published trials,
our data emphasized that children with highly
variable clinical presentation of acute KD on
admission suffered greater physical, social,
emotional, and school functioning disabilities.

During the acute phase of KD, the aim
of treatment is to reduce inflammation in the
coronary artery and prevent coronary thrombosis.
The risk of coronary artery involvement was
reported in nearly 25% of cases if left untreated.
Although IVIG administration was established
as a standard therapy for KD, approximately
10 to 20% of patients showed resistance or had
recurrent fever within 36 to 48 h after IVIG.
Despite early treatment with IVIG, which was
considered the most important determining factor
for the development of CAA, a few children would
still suffer from the CAAs, ranging from transient
mild dilation to persistent aneurysms or giant
CAA, occurring in up to 5 to 7%.1718 As a result,
the prevalence of CAAs, particularly giant ones,
exposed patients to the risk of coronary arterial
stenosis, obstruction, and thrombosis leading to
consequent angina pectoris or even myocardial
infarction and sudden death.!® Acute necrotizing
arteritis in the acute phase of KD quickly destroys
the normal structure of the coronary arteries in
a few days compared to five decades of lifetime
atherosclerosis and results in the dilation of the
weakened coronary arteries.?° On the other hand,
chronic inflammation and luminal myofibroblastic
proliferation involving smooth muscle cell-derived
myofibroblasts during the long term have the
potential to reduce the size and normalize the
coronary artery lumen morphology.” Although
most patients have not been followed long enough
to evaluate the long-term natural course of CAAs
after acute KD, many CAAs were reported to
regress to a normal-sized diameter, and the
likelihood of regression appears to be highly
dependent on the original CAA size.?! A large
Japanese study showed that 55 to 60% of patients
had CAA regression typically within one to two
years after the acute phase by analyzing serial
angiograms in KD patients with CAA.??2 However,
none of the patients with giant aneurysms had a
regression in their study. Similarly, a two-center
retrospective study with a large sample also found
that CAA size at diagnosis was highly associated
with the prediction of CAA regression, with a low
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regression rate of 16% in patients with large/giant
CAA, and a high regression rate of 85% in those
with small or medium CAA.2® However, a previous
study emphasized that the long-term consequences
of these changes are still largely unknown;
although many patients with CAA regressed from
aneurysmal dilatation, the coronaries remain
abnormally thickened, and vessel-wall calcification
is often detected.?* Chahal et al.?> reviewed the
caregivers of children with CAAs and found that
the principal reason for persistent anxiety derived
from the uncertainty of prognosis implied by the
degree of CAAs. Accordingly, research on the
long-term HR-QoL has demonstrated discrepant
results among cases only with a remote history of
KD and patients with CAAs.Y” Our findings were
consistent with these results, which reported
that there was a significant improvement of
HR-QoL over time in all cohorts, whereas
a statistically significant difference was found
in all domains of the PedsQL score among
the three cohorts at the long-term follow-up.
The long-term HR-QoL scores in patients with
small or medium coronary aneurysms were
significantly lower than those diagnosed with KD
without CAAs and significantly higher than those
in the giant aneurysm group. All the mentioned
results support the previous perspective that
the majority of the patients recover fully and
do not face long-term cardiac consequences
of KD after the acute phase. However, the
presence of giant aneurysms was associated
with the worst long-term HR-QoL. Previous
data showed that the presence of CAAs would
add potentially severe cardiovascular sequelae
with vague long-term prognosis. According to
our results, the burden of CAAs after acute KD
could become a significant contributory factor
to possible long-term disabilities. Therefore, it
could prolong uncertainty and cause physical
and psychological distress to patients’ long-term
life quality. These findings are consistent with
previous research aimed to identify significant
changes in physical and psychological health
as perceived by the caregiver of children with a
history of KD. Their results also demonstrated
a similar trend in which patients and their
caregivers suffer considerable anxiety during
the long-term follow-up despite the mostly
favorable prognosis. Therefore, we believe that
our data support our principal hypothesis by
revealing that the long-term HR-QoL findings
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reflected that a proportion of children presenting
with CAAs without complete recovery during
long-term follow-up often encountered issues
disrupting their well-being. Considering the
long-term follow-up outcomes, despite the
surveillance of outpatients for monitoring the
development of acquired heart disease, routine
outpatient HR-QoL screening might be employed
as an appropriate supportive service to assist in
identifying patients with CAAs to eliminate the
risk for long-term disabilities following initial
clinical improvement.

There are some limitations to this study.
First, due to the nature of the retrospective
analysis, there might be some undetected
confounders and probable bias. Second, the
study was conducted within a single center;
therefore, the results may not be generally
applicable. Third, the patients' limited awareness
of their disease, given their young age during
the acute phase, poses challenges in accurately
responding to the questionnaires. Finally, only
total PedsQL scores were reported as a primary
outcome measure instead of individual subscales
for physical, psychosocial, emotional, social, and
school functioning. Future large-scale, long-term
randomized studies are needed to validate our
findings.

In conclusion, despite HR-QoL scores
improving with time, a proportion of children
presenting with CAAs during acute KD often
encountered issues that disrupted their well-being
during long-term follow-up due to incomplete
recovery. Therefore, the routine outpatient
HR-QoL screening might be set as an appropriate
supportive service to assist in identifying those
with a history of CAAs to eliminate the risk for
long-term disabilities following the initial clinical
improvement.
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