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Abstract
Introduction

Incomplete Kawasaki disease (iKD) may be associated with coronary artery involvement despite treatment
with intravenous immunoglobulin (IVIG). This study evaluated the occurrence and progression of coronary
artery abnormalities following IVIG administration in children with iKD.

Materials and methods

This retrospective cohort study included children aged <18 years with iKD who received an initial IVIG dose
of 2 g/kg within 10 days of fever onset and underwent baseline and follow-up echocardiography.
Demographic, clinical, laboratory, treatment, and echocardiographic variables were also evaluated. The
coronary artery dimensions were assessed using body-surface-area-adjusted z-scores. Coronary artery
abnormality was defined as a maximum coronary artery z-score >2.5, and progression was defined as an
increase of >1.0 in the maximum coronary z-score between baseline and the highest follow-up assessment.

Results

A total of 396 children were included, with a mean age of 24.1 = 18.7 months; 228 (57.6%) were male. IVIG
was administered within seven days of fever onset in 279 (70.5%) children and between days eight and 10 in
117 (29.5%). IVIG resistance was observed in 45 (11.4%) children. At baseline, 36 (9.1%) children had
coronary artery abnormalities (maximum z-score >2.5), while 72 (18.2%) had coronary artery dilation
(maximum z-score 2.0-<2.5). The 36 children with baseline coronary artery abnormalities were excluded
from the analysis of newly developed abnormalities, leaving 360 children without baseline coronary artery
abnormalities. Among these 360 children, 24 (6.7%) developed new coronary artery abnormalities during
follow-up. These children were younger, were more frequently aged <12 months, had longer fever duration,
received IVIG later, had more frequent IVIG resistance, had higher C-reactive protein (CRP), leukocyte, and
platelet counts, had lower albumin concentrations, and had higher baseline maximum coronary artery z-
scores. Coronary progression occurred in 42 (10.6%) of the 396 children. The mean maximum coronary artery
z-score increased from 1.09 + 0.72 at baseline to 1.32 + 0.96 at the highest follow-up assessment (mean
difference, 0.23; 95% CI, 0.08-0.38; p = 0.003). The proportion of children with coronary artery abnormalities
increased from 36 (9.1%) at baseline to 51 (12.9%) during follow-up (p = 0.015).

Conclusion

Coronary artery abnormalities may develop or progress after IVIG treatment in children with iKD. Younger
age, delayed IVIG administration, IVIG resistance, greater systemic inflammation, and higher baseline
coronary z-scores are associated with adverse coronary outcomes. Therefore, serial echocardiographic
surveillance may be important following IVIG treatment, particularly in children with these risk
characteristics.
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Introduction

Kawasaki disease (KD) is an acute, self-limiting systemic vasculitis that predominantly affects young
children and has important cardiovascular consequences, particularly coronary artery dilation and coronary
artery aneurysm formation [1]. Despite advances in diagnosis and treatment, coronary artery involvement
remains the principal clinically significant complication of KD [2]. In untreated children, coronary
aneurysms may develop in approximately 25% of cases, and timely treatment with intravenous
immunoglobulin (IVIG) substantially reduces this risk [3,4]. Because no single diagnostic laboratory test
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confirms KD, diagnosis relies on characteristic clinical features, supported by laboratory and
echocardiographic findings [3,4]. This diagnostic challenge is particularly relevant in children with
incomplete Kawasaki disease (iKD), who present with prolonged fever but fewer than four of the principal
clinical manifestations and may therefore be more difficult to recognize promptly [5].

Incomplete presentation has important implications for coronary outcomes. Previous studies have
demonstrated that children with iKD may have a greater burden of coronary artery abnormalities (CAAs)
than those with complete clinical presentations, particularly when diagnosis and treatment are delayed
[6,7]. IVIG administered within the first 10 days of illness is an established therapy for reducing coronary
complications; however, CAAs may still develop or progress despite timely treatment [8]. Previous studies
have also shown that some children who respond clinically to IVIG can subsequently develop or demonstrate
progression of coronary aneurysms during follow-up, indicating that resolution of fever does not necessarily
correspond to the complete resolution of coronary vascular inflammation [9]. Younger age, persistent
inflammation, IVIG resistance, and abnormalities already present on initial echocardiography have been
associated with an increased risk of adverse coronary outcomes [10].

Therefore, serial echocardiography remains central to the assessment of coronary involvement in children
with KD [11]. Body-surface-area-adjusted coronary artery z-scores provide a standardized method for
evaluating coronary dimensions and identifying clinically meaningful changes over time [12]. However,
limited data are available regarding the evolution of CAAs, specifically among children with iKD who receive
IVIG within the recommended therapeutic window. Characterizing the development of new CAAs and the
progression of pre-existing involvement may help identify children who require particularly careful
echocardiographic surveillance even after timely treatment.

This study aimed to evaluate the occurrence and progression of CAAs following timely intravenous
immunoglobulin (IVIG) administration, defined as administration of an initial IVIG dose of 2 g/kg within 10
days of fever onset, in children with incomplete Kawasaki disease (iKD). The objectives were to determine
the frequency of new coronary artery abnormalities during follow-up; assess the progression of pre-existing
coronary artery abnormalities; evaluate longitudinal changes in maximum coronary artery z-scores; and
examine demographic, clinical, laboratory, treatment-related, and baseline echocardiographic factors
associated with these coronary outcomes in univariate analyses.

Materials And Methods
Study design and setting

This retrospective institutional cohort study was conducted using the electronic medical records between
January 2018 and October 2022 at the Department of General Surgery, Kalpana Chawla Government Medical
College, Karnal, India. The study protocol was reviewed and approved by the Institutional Ethics Committee
of the college (KCGMC/IEC/2022/11/26, dated: 21-11-2022). As the study involved a retrospective review of
existing medical records and did not involve direct patient intervention, the committee waived the
requirement for individual informed consent. All extracted data were anonymized before the statistical
analysis, and patient identifiers were not included in the analytical dataset.

Study population and eligibility criteria

An institutional database was searched to identify children diagnosed with KD during the study period.
Patient eligibility is summarized in Table 1.
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Inclusion criteria Exclusion criteria
Patients younger than 18 years of age. Patients with complete KD.
Patients who fulfilled the diagnostic criteria for iKD. Patients who received IVIG more than 10 days after fever onset.

Patients who received an initial IVIG dose of 2 g/kg

o Patients who had received previous IVIG during the same illness episode.
within 10 days of fever onset.

Patients with a baseline echocardiographic Patients with pre-existing coronary artery disease or congenital coronary
examination available. abnormality.

Patients with at least one follow-up echocardiographic Patients with inadequate documentation of fever onset or IVIG administration and
examination after IVIG. insufficient echocardiographic follow-up.

TABLE 1: Inclusion and exclusion criteria.

KD: Kawasaki disease, iKD: incomplete Kawasaki disease, IVIG: intravenous immunoglobulin.

During the study period from March 2018 to March 2022, a total of 458 children diagnosed with KD were
identified from the institutional clinical database and screened for eligibility. Of these, 62 children were
excluded: 24 had complete KD, 10 received IVIG more than 10 days after fever onset, six had received IVIG
previously during the same illness episode, five had pre-existing coronary artery disease or congenital
coronary abnormalities, four had another systemic inflammatory or vasculitic disorder, seven had
inadequate documentation of fever onset or IVIG administration, and six had insufficient echocardiographic
follow-up. Following application of the predefined eligibility and exclusion criteria, 396 children with iKD
who received an initial IVIG dose of 2 g/kg within 10 days of fever onset and had both baseline and follow-up
echocardiographic examinations were included in the final cohort. iKD was defined as prolonged fever with
fewer than four principal clinical features of KD, supported by appropriate laboratory and/or
echocardiographic findings, and after exclusion of alternative diagnoses [3,4]. The five principal clinical
features considered were bilateral non-exudative conjunctival injection, oral mucosal changes,
polymorphous rash, peripheral extremity changes, and cervical lymphadenopathy.

Clinical and laboratory data

The demographic variables included age at diagnosis, sex, and weight. Clinical variables included duration
of fever before IVIG, number of principal clinical features of KD, and the presence of rash, conjunctival
involvement, oral mucosal changes, extremity changes, and cervical lymphadenopathy. To reduce the
number of variables in the analysis, the individual clinical manifestations were summarized according to the
number of principal KD features present (two, three, or four). The day of IVIG administration was recorded
and categorized as <7 days or >7-10 days [4,13].

Baseline laboratory variables included hemoglobin, total leukocyte count, platelet count, C-reactive protein
(CRP), serum albumin, and serum sodium levels. Laboratory values obtained before IVIG administration and
closest to treatment initiation were used for analysis. IVIG-related variables included the illness day at
treatment, IVIG dose, persistent or recurrent fever following IVIG, and the requirement for additional IVIG
or other immunomodulatory treatment. IVIG resistance was defined as persistent or recrudescent fever >36
h after completion of the initial IVIG treatment [4].

Echocardiographic assessment

The baseline and follow-up transthoracic echocardiographic examinations were reviewed. The left main
coronary artery (LMCA), left anterior descending artery (LAD), and right coronary artery (RCA) diameters
were measured using echocardiography, and the corresponding body-surface-area-adjusted coronary artery
z-scores were obtained using the validated reference equations of Dallaire et al. [14]. The same z-score
system was consistently applied to all baseline and follow-up echocardiographic examinations to ensure
comparability across time points. For each examination, the z-scores of the LMCA, LAD, and RCA were
recorded, and the highest value among the evaluated coronary arteries was designated as the maximum
coronary artery z-score and used for principal analysis. Coronary artery dimensions were classified
according to the maximum z-score as normal (<2.0), dilated (2.0-<2.5), small CAA (2.5-<5.0), medium
CAA (5.0-<10.0), or large/giant CAA (>10.0). Coronary artery involvement was defined as a maximum
coronary artery z-score >2.5 [4].

The baseline echocardiogram was defined as the examination performed before or around the time of initial
IVIG administration. The first available echocardiogram after IVIG was considered the initial follow-up
examination, and subsequent examinations were reviewed when available. For each patient, the baseline
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maximum coronary z-score, highest follow-up maximum coronary z-score, date of the first abnormal
coronary finding, and the presence or absence of coronary progression were recorded (Figure 7).
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FIGURE 1: Echocardiographic comparison of coronary artery
dimensions.

(A) Normal left main coronary artery (LMCA), demonstrating a measured diameter of 3.2 mm and a Z-score of
1.28. (B) right coronary artery (RCA) in the affected case, measuring 5.8 mm with a Z-score of 2.25.

Study outcomes

Two primary coronary outcomes were assessed. The first was the development of a new coronary artery
abnormality (CAA) during follow-up after IVIG. Coronary artery dimensions were classified according to the
maximum coronary artery z-score, with a z-score of 2.0-<2.5 considered coronary artery dilation and a z-
score >2.5 considered a coronary artery abnormality. Patients who had no coronary artery abnormality at
baseline but subsequently developed a maximum coronary artery z-score >2.5 in any evaluated coronary
artery during follow-up were classified as having a new coronary artery abnormality [4].

The second outcome was the progression of pre-existing CAA following IVIG therapy. Progression was
defined as an increase of >1.0 in the maximum coronary artery z-score between baseline and the highest
follow-up examination [4]. Progression was also considered in relation to movement from a lower to higher
coronary severity category. Children with coronary artery aneurysms already present at baseline were
excluded from the analysis of new coronary abnormalities but were retained for the analysis of progression.

Sample size estimation

The sample size was estimated a priori using G*Power software, version 3.1.9.7 (Heinrich Heine University
Diisseldorf, Diisseldorf, Germany). Based on a previously published study reporting an expected prevalence
of 50% for coronary artery abnormalities among children with iKD, a one-sample proportion approach was
used, with a two-sided a error of 5%, 80% statistical power, and an absolute precision of 5% [15]. The
calculated minimum sample size was 360. After allowing for approximately 10% of potentially incomplete or
unavailable records, the estimated target sample size was 396 children.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA).
Continuous variables were assessed for normality using the Shapiro-Wilk test. Normally distributed variables
are expressed as mean * standard deviation (SD), whereas non-normally distributed variables are reported as
median and interquartile range (IQR). Categorical variables are presented as frequencies and percentages.

For comparison according to the development of a new coronary artery abnormality or progression, the
independent-samples t-test was used for normally distributed continuous variables and the Mann-Whitney
U test for non-normally distributed variables. Categorical variables were compared using the chi-squared
test or Fisher's exact test, as appropriate. The effect sizes were reported using Cohen's d for continuous
variables and odds ratios (ORs) for categorical variables. The change in the maximum coronary artery z-
score between baseline and the highest follow-up examination was assessed using a paired-samples t-test,
while changes in paired categorical coronary status were evaluated using McNemar's test. A two-sided p <
0.05 was considered statistically significant.

Results

In total, 396 children with iKD were included in this study. The mean age of the cohort was 24.1 + 18.7
months, and 90 (22.7%) children were younger than 12 months. Males accounted for 228 (57.6%) children in
the cohort. IVIG was administered within seven days of fever onset in 279 (70.5%) children and between 7
and 10 days in 117 (29.5%) children. IVIG resistance was observed in 45 (11.4%) children. The mean CRP
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concentration was 10.6 * 5.4 mg/dL, while the mean platelet count was 365 * 120 x 10%/L. At the baseline
echocardiographic assessment, 288 (72.7%) children had normal coronary arteries, 72 (18.2%) had coronary
artery dilation, and 36 (9.1%) had CAAs. Normal left ventricular systolic function was observed in 378
children (95.5%) (Table 2).

Variable Overall (n = 396)
Age (months), mean + SD 24.1+18.7
Age <12 months, n (%) 90 (22.7)
Demographic
Male sex, n (%) 228 (57.6)
Weight, kg, mean + SD 10.8+4.9
Fever duration before IVIG, days, mean + SD 6.9+14
IVIG administered <7 days, n (%) 279 (70.5)
Clinical
IVIG administered >7—-10 days, n (%) 117 (29.5)
IVIG resistance, n (%) 45 (11.4)
CRP, mg/dL, mean + SD 10654
Total leukocyte count, x10°/L, mean + SD 15.1+£5.2
Laboratory Platelet count, x109/L, mean + SD 365+ 120
Hemoglobin, g/dL, mean + SD 109+1.3
Serum albumin, g/dL, mean + SD 3.1+£05
Baseline maximum coronary z-score, mean + SD 1.09+£0.72
Normal coronary arteries (z <2.0), n (%) 288 (72.7)
Echocardiography Coronary dilation (z 2.0 — <2.5), n (%) 72 (18.2)
CAA (z 22.5), n (%) 36 (9.1)
Normal LV systolic function, n (%) 378 (95.5)

TABLE 2: Baseline demographic, clinical, laboratory and echocardiographic characteristics of
children with incomplete Kawasaki disease.

Data are presented as mean + standard deviation (SD) for normally distributed continuous variables, median (interquartile range) for non-normally
distributed continuous variables, and number (percentage) for categorical variables, CAA: coronary artery abnormality, CRP: C-reactive protein, IVIG:
intravenous immunoglobulin, LV: left ventricular, and z-score: coronary artery z-score.

Of the 396 children included in the overall cohort, 36 (9.0%) had CAAs at baseline and were excluded from
the analysis of newly developed CAAs. The remaining 360 (91.0%) children were evaluated for the occurrence
of new CAAs during follow-up. Among the 360 children without baseline CAAs, 24 (6.7%) developed a new
CAA during follow-up, whereas 336 (93.3%) did not (Table 5). Children who developed new CAAs were
younger than those who did not (13.2 + 8.1 vs. 24.8 £ 19.3 months; p < 0.001), and children younger than 12
months were more frequently represented in the new abnormality group (p < 0.001). IVIG administration
after seven days of illness was also more frequent among children who developed new CAAs (p < 0.001). IVIG
resistance occurred in 9 (37.5%) children who developed new CAAs compared to 30 (8.9%) children without
new CAAs (p < 0.001). The new-CAA group also demonstrated higher CRP concentrations (13.1 £ 4.7 vs. 10.4
+5.4 mg/dL; p = 0.012) and platelet counts (428 + 106 vs. 361 * 119 x 10%L; p = 0.006). Importantly, the
baseline maximum coronary artery z-score was substantially higher among children who subsequently
developed new CAAs (1.72 £ 0.37 vs. 0.96 + 0.51; p < 0.001; Cohen's d = 1.51) (Table 3).
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New-CAA group (n = 24) No new-CAA group (n = 336) Test value p-

Variable Effect size
6.7% 93.3% (df) value
t=-592 < Cohen's d =
Age (months), mean +SD  13.2+ 8.1 24.8+193 onens
(358) 0.001* -0.62
<
Age <12 months, n (%) 15 (62.5) 75 (22.3) X'=1920(1) _ . OR=578
Male sex, n (%) 18 (75.0) 189 (56.3) x2=322(1) 0088 OR-=233
Fever duration before IVIG, Cohen's d =
7.4+1.1 6.8+14 t=253(358) 0.017*
days 0.43
<
IVIG >7 days, n (%) 15 (62.5) 93 (27.7) X'=1203 . OR=434
<
IVIG resistance, n (%) 9 (37.5) 30 (8.9) X2 =18.93 (1) 0.001* OR=6.13
Cohen's d =
CRP, mg/dL 131+47 10.4 £ 5.4 t=260(358) 0012
Cohen's d =
WBC, x109/L 17.4+5.1 14.9 £ 5.1 t=232(358) 0028
Cohen's d =
Platelets, x109/L 428+ 106 361+ 119 t=207 (358) 0.006°
Albumin, g/dL 29404 3105 t=-232 0.028+ Conensd=
9 I 4D (358) ' -0.42
Baseline maximum z-score  1.72 + 0.37 0.96 + 0.51 t=044 (358) - Cohen's d =
e TOED : 0.001* 151

TABLE 3: Comparison of demographic, clinical, laboratory and baseline echocardiographic
characteristics according to development of new coronary artery abnormality after IVIG (n = 360).

Data are presented as mean + standard deviation (SD) for continuous variables and number (percentage) for categorical variables, this analysis was
restricted to the 360 children without coronary artery abnormality (CAA) at baseline; the 36 children with CAA on the baseline echocardiogram were
excluded because they were not eligible for assessment of newly developed coronary abnormalities, continuous variables were compared using the
independent-samples t-test, and categorical variables were compared using Pearson's chi-square test, odds ratios (ORs) with 95% confidence intervals
(Cls) were calculated for categorical variables, and Cohen's d was reported for continuous variables where applicable, all tests were two-sided, and *p <
0.05 was considered statistically significant, CRP: C-reactive protein, IVIG: intravenous immunoglobulin, z-score: coronary artery z-score, df: degree of
freedom.

Overall, 42 (10.6%) children demonstrated CAA progression during the follow-up, whereas 354 (89.4%)
showed no progression. Children with progression were younger than those without progression (11.8 + 7.2
vs. 24.5 + 18.5 months; p < 0.001), and the proportion aged younger than 12 months was higher among those
with progression (p < 0.001). IVIG resistance was observed in 12 (28.6%) children with progression compared
with 33 (9.3%) without progression (p < 0.001). Children with CAA progression had higher CRP
concentrations (13.2 + 4.6 vs. 10.4 = 5.5 mg/dL; p < 0.001) and platelet counts (432 + 115 vs. 356 = 120 x
10%/L; p < 0.001), together with lower serum albumin concentrations (2.9 + 0.4 vs. 3.1 £ 0.5 g/dL; p = 0.004).
The baseline maximum coronary artery z-score was markedly higher in the progression group than in the
non-progression group (2.18 £ 0.68 vs. 0.96 £ 0.55, p < 0.001; Cohen's d = 2.16). IVIG administration after
seven days was observed in 18 (42.9%) children with progression and 99 (28.0%) without progression,
although this difference was not statistically significant (p = 0.051) (Table 4).
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Variable

Age, months

Age <12 months, n (%)
Male sex, n (%)

Fever duration before IVIG, days
IVIG >7 days, n (%)
IVIG resistance, n (%)
CRP, mg/dL

WBC, x109/L

Platelets, x109/L
Albumin, g/dL

Baseline maximum z-score

Progression (n =42) No progression (n =354) Test value (df) p-value Effect size
11.8+7.2 245+185 t=-8.56 (394) <0.001* Cohen'sd=-0.72
24 (57.1) 66 (18.6) x?=3169(1) <0.001* OR=5.83

27 (64.3) 201 (56.8) x2=0.87 (1) 0.411 OR=1.37
73+£1.2 68+14 t=251(394) 0.015* Cohen's d = 0.38
18 (42.9) 99 (28.0) X2=4.00 (1) 0.051 OR=1.93

12 (28.6) 33(9.3) x2=3.81(1) <0.001* OR=3.89
13.2+4.6 104 +5.5 t=3.65(394) <0.001* Cohen'sd=0.52
17.2+53 14.8+5.1 t=279(394)  0.008* Cohen's d = 0.47
432 £ 115 356 + 120 t=4.03(394) <0.001* Cohen'sd=0.64
29+04 3.1+05 t=-2.98(394) 0.004* Cohen's d = -0.41
2.18 £ 0.68 0.96 + 0.55 t=11.20 (394) <0.001* Cohen'sd=2.16

TABLE 4: Comparison of characteristics according to coronary artery abnormality progression.

Data are presented as mean * standard deviation for normally distributed continuous variables and number (percentage) for categorical variables,
continuous variables were compared using the independent-samples t-test, and categorical variables were compared using Pearson's chi-square test,

odds ratios (ORs) with corresponding

95% confidence intervals (Cls) were calculated for categorical variables, and Cohen's d was reported for continuous

variables where applicable, all tests were two-sided, and *p < 0.05 was considered statistically significant, CRP: C-reactive protein, IVIG: intravenous
immunoglobulin, z-score: coronary artery z-score, df: degree of freedom.

Echocardiographic

Baseline (n

Serial echocardiographic assessment demonstrated a significant increase in the maximum coronary artery z-
score from 1.09 £ 0.72 at baseline to 1.32 £ 0.96 at the highest follow-up examination. The mean within-
patient increase was 0.23 (95% CI, 0.08-0.38; p = 0.003), corresponding to a small within-patient effect size
(Cohen's dz = 0.26). The proportion of children with a coronary artery z-score >2.5 increased from 36 (9.1%)
at baseline to 51 (12.9%) at the highest follow-up assessment. McNemar's analysis demonstrated a
significant change in the paired coronary status (x* = 5.94; p = 0.015). During follow-up, 24 children
developed new CAAs, whereas nine children with previously documented CAA demonstrated resolution
(Table 5).

Highest follow-up  Mean difference p-

Test value (df) Effect size
parameter =396) (n =396) (95% CI) value
Maxi _score,
aximum coronary 2-.Core, 4 59+ 0.72  1.32+0.96 023(0.08-0.38) t=3.02(395) 0.003* Cohen'sdz=0.26
mean + SD
McN 2= OR = 2.61 (95% Cl
Coronary z-score 22.5, n (%) 36 (9.1) 51 (12.9) — cremarx 0.015% (95%
5.94 (1) 0.86-7.25)

TABLE 5: Longitudinal change in maximum coronary artery z-score.

Data are presented as mean + standard deviation or number (percentage), as appropriate, baseline and follow-up maximum coronary artery z-scores
were compared using the paired-samples t-test, the proportions of children with coronary artery abnormalities at baseline and follow-up were compared
using McNemar's test, the mean difference with 95% confidence interval (Cl), test statistic, p-value, and Cohen's dz are reported for the paired continuous
comparison, and the odds ratio (OR) with 95% Cl is reported for the paired categorical comparison, All tests were two-sided, and *p < 0.05 was considered
statistically significant, z-score: coronary artery z-score, df: degree of freedom.

Discussion

The present study demonstrated that coronary artery involvement in children with iKD may continue to
develop or progress despite IVIG treatment within the accepted treatment window. This finding is clinically
important because IVIG substantially reduces the risk of coronary complications; however, treatment does
not eliminate the possibility of subsequent CAAs [8]. Incomplete presentation itself may contribute to
diagnostic uncertainty and delayed recognition because fewer characteristic clinical manifestations are
present [9]. Previous studies have similarly reported a greater risk of coronary complications among children
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with incomplete disease, particularly when the clinical presentation is less typical [7,16]. Therefore, the
present findings support the concept that iKD should be regarded as a clinically important coronary-risk
phenotype rather than a less severe form of KD [7].

Younger age is consistently associated with the development of new CAAs and subsequent coronary
progression. This observation is in agreement with previous literature identifying infancy as an important
risk factor for coronary complications in KD [17,18]. Younger children may be particularly vulnerable because
their coronary arteries are smaller, inflammatory vascular injury may have a greater relative effect on vessel
dimensions, and the diagnosis of incomplete disease can be more difficult when clinical manifestations are
subtle. Previous evidence has also suggested that the association between incomplete presentation and
CAAs is particularly pronounced among children in the first year of life [18]. From a clinical perspective, an
infant with suspected iKD should therefore receive careful diagnostic assessment and close
echocardiographic surveillance, even when the initial coronary examination is reassuring.

The timing of treatment also appears to be relevant to coronary evolution. Children who developed new
CAAs more frequently received IVIG later in the first ten days of illness. This finding is biologically plausible
because coronary vascular inflammation may continue during the period preceding effective
immunomodulation, allowing structural changes to develop before treatment. Previous observational
studies have associated delayed IVIG treatment with an increased risk of coronary lesions, whereas studies
specifically examining iKD have emphasized that incomplete clinical manifestations can contribute to
delayed diagnosis and treatment [19,20]. However, the relationship between treatment timing and disease
progression was less definitive in the present study. This distinction is important because it suggests that
treatment within ten days should not be interpreted as complete protection against coronary progression.
Early diagnosis and treatment remain important; however, subsequent monitoring is necessary.

IVIG resistance has been consistently associated with adverse coronary outcomes. Persistent or
recrudescent fever following IVIG therapy may reflect continuing inflammatory activity despite initial
treatment, providing a plausible explanation for the greater occurrence of CAAs among resistant patients.
This observation is supported by a previous systematic review identifying IVIG resistance as an important
risk factor for CAA development [7]. Similarly, large observational studies have demonstrated that patients
who fail to respond adequately to initial treatment have an increased likelihood of subsequent coronary
involvement [21]. Clinically, IVIG resistance should, therefore, be considered a marker requiring intensified
clinical assessment and echocardiographic surveillance rather than merely an indicator of treatment failure.

Laboratory findings provide additional evidence for the association between inflammatory burden and
coronary involvement. Greater CRP and leukocyte responses, higher platelet counts, and lower albumin
concentrations have been observed in children with adverse coronary outcomes. These findings are
consistent with those of previous studies in which increased inflammatory markers, thrombocytosis, and
hypoalbuminemia have been associated with more severe KD and increased coronary risk [22]. Persistent
systemic inflammation may contribute to endothelial activation, vascular permeability, and inflammatory
injury to the coronary arterial wall. Importantly, these laboratory variables should not be individually
interpreted as definitive predictors. Their greatest clinical value is likely to arise when they are considered
together with age, treatment response, treatment timing, and echocardiographic findings [22,23].

The strongest association observed in the present study was for the baseline maximum coronary z-score.
Children who subsequently developed new CAAs or progression had relatively greater coronary dimensions
at the initial examination, even when these findings did not necessarily meet the threshold for established
CAAs. This observation has important clinical implications because coronary enlargement may represent an
early manifestation of ongoing vascular inflammation, rather than a static finding. Previous prospective
evidence has similarly demonstrated that a higher baseline maximum z-score is associated with the
subsequent development of CAAs [24,25]. Thus, clinicians should not rely solely on whether the initial
examination result crosses the conventional abnormality threshold. A relatively elevated baseline z-score,
particularly in children with persistent inflammatory features or other risk characteristics, may justify
careful follow-up.

Serial echocardiographic assessments further demonstrated that the coronary dimensions were dynamic
after treatment. Some children developed new CAAs during the follow-up, whereas others showed
subsequent resolution. This pattern is consistent with the known temporal evolution of Kawasaki vasculitis,
in which coronary inflammation and vascular remodeling can continue after acute clinical manifestations
have improved [26]. Previous studies have documented that coronary lesions may appear after the initial
echocardiographic assessment, reinforcing the importance of repeated imaging rather than relying on a
single baseline examination [26,27]. The observed dynamic nature of coronary status also emphasizes the
value of the longitudinal interpretation of echocardiographic findings, particularly in children with
incomplete disease.

Clinical implications and limitations

These findings have practical implications in clinical management. Children with iKD should undergo
structured coronary assessments and continued echocardiographic surveillance after the initial IVIG
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treatment. Particular vigilance may be warranted in younger children, those with delayed treatment within
the first ten days, persistent or recurrent fever following IVIG therapy, greater inflammatory activity, or
relatively increased baseline coronary z-scores. Importantly, these characteristics should be viewed as
indicators of increased clinical attention, rather than as independent determinants of coronary outcomes.

This study has several limitations. Its retrospective, single-center design limits causal inference and may
restrict generalizability to other populations. Dependence on existing medical records may have resulted in
incomplete or missing documentation of clinical and laboratory variables, and the retrospective design did
not allow standardized prospective handling of missing data. The timing and frequency of follow-up
echocardiography varied between children because examinations were performed as part of routine clinical
care, which may have influenced the detection and timing of coronary changes. Differences in post-IVIG
management and additional treatment may also have been influenced by disease severity, introducing
potential confounding by indication.

The absence of comprehensive adjusted multivariable analysis limits determination of whether the observed
associations remain independent after accounting for correlated risk factors; therefore, the reported
associations should not be interpreted as independent predictors. The predefined progression criterion,
based on an increase of >1.0 in the maximum coronary artery z-score, was useful for assessing longitudinal
change but may not fully capture changes in individual coronary arteries or reflect long-term cardiovascular
outcomes. In addition, formal interobserver or intraobserver reliability assessment of echocardiographic
measurements was not available because this was a retrospective review of existing clinical records.
Prospective multicenter studies with standardized echocardiographic schedules, predefined missing-data
procedures, reproducible imaging assessment, and multivariable risk analysis are warranted to validate and
extend these findings.

Conclusions

Coronary artery abnormalities may develop or progress after timely IVIG treatment in children with
incomplete Kawasaki disease, highlighting the potential importance of continued echocardiographic
surveillance beyond initial therapy. Younger age, IVIG resistance, greater inflammatory activity, delayed
IVIG administration, and higher baseline coronary artery z-scores were associated with adverse coronary
outcomes in this cohort; however, these associations should be interpreted cautiously because multivariable
analysis was not performed and independent effects could not be established. Serial echocardiography
demonstrated changes in coronary status during follow-up, including the development and subsequent
resolution of coronary artery abnormalities. These findings support continued risk-informed
echocardiographic monitoring, particularly in children with features associated with adverse coronary
evolution.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data: Humairah Tabassum, Rubeena Hameed, Jasmine Kalsi
Drafting of the manuscript: Humairah Tabassum, Rubeena Hameed, Jasmine Kalsi

Critical review of the manuscript for important intellectual content: Humairah Tabassum, Rubeena
Hameed, Jasmine Kalsi

Concept and design: Rubeena Hameed, Jasmine Kalsi

Supervision: Jasmine Kalsi

Disclosures

Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Institutional Ethical Committee of Kalpana Chawla Government Medical College
issued approval KCGMC/IEC/2022/11/26. The study protocol was reviewed and approved by the Institutional
Ethics Committee of the college (KCGMC/IEC/2022/11/26, dated 21-11-2022). . Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

2026 Hameed et al. Cureus 18(11): €119056. DOI 10.7759/cureus.119056 9 of 11



Cureus

Part of SPRINGER NATURE

Acknowledgements

Artificial intelligence (Al) tools, specifically Paperpal (Editage), were used solely for language editing and
improving the clarity of the manuscript, and no Al was involved in data generation, analysis, or
interpretation.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Chan WKY: Kawasaki disease: contemporary clinical approaches and challenges . Rheumato. 2026, 6:20.
10.3390/rheumato6030020

Pilania RK, Jindal AK, Bhattarai D, Naganur SH, Singh S: Cardiovascular involvement in Kawasaki disease is
much more than mere coronary arteritis. Front Pediatr. 2020, 8:526969. 10.3389/fped.2020.526969
McCrindle BW, Rowley AH, Newburger JW, et al.: Diagnosis, treatment, and long-term management of
Kawasaki disease: a scientific statement for health professionals from the American Heart Association.
Circulation. 2017, 135:€927-99. 10.1161/CIR.0000000000000484

Jone PN, Tremoulet A, Choueiter N, et al.: Update on diagnosis and management of Kawasaki disease: a
scientific statement from the American Heart Association. Circulation. 2024, 150:e481-500.
10.1161/CIR.0000000000001295

Jiao F, Pan Y, Du Z, et al.: Guideline for the diagnosis and treatment of incomplete Kawasaki disease in
children in China. BMC Pediatr. 2024, 24:477. 10.1186/s12887-024-04961-2

Kolko N, Bhat YA, Al Mesned A, Al Qwaee A, Al Akhfash A, Alhobani M, Al AnaziI: Comparison of
demographic, clinical, and echocardiographic features between complete and incomplete, and early and late
presenters of Kawasaki disease: a 10-year single-center experience. Cureus. 2023, 15:e45819.
10.7759/cureus.45819

Ha KS, Jang G, Lee ], Lee K, Hong Y, Son C, Lee J: Incomplete clinical manifestation as a risk factor for
coronary artery abnormalities in Kawasaki disease: a meta-analysis. Eur ] Pediatr. 2013, 172:343-9.
10.1007/s00431-012-1891-5

Broderick C, Kobayashi S, Suto M, Ito S, Kobayashi T: Intravenous immunoglobulin for the treatment of
Kawasaki disease. Cochrane Database Syst Rev. 2023, 1:CD014884. 10.1002/14651858.CD014884.pub2
Matsuoka R, Furuno K, Nanishi E, et al.: Delayed development of coronary artery aneurysm in patients with
Kawasaki disease who were clinically responsive to immunoglobulin. ] Pediatr. 2020, 227:224-230.e3.
10.1016/j.jpeds.2020.08.032

LiuJ, Huang Y, Chen C, Su D, Qin S, Pang Y: Risk factors for resistance to intravenous immunoglobulin
treatment and coronary artery abnormalities in a Chinese pediatric population with Kawasaki disease: a
retrospective cohort study. Front Pediatr. 2022, 10:812644. 10.3389/fped.2022.812644

Horl M, Michel H, Doring S, Dechant MJ, Zeman F, Melter M, Gerling S: Value of serial echocardiography in
diagnosing Kawasaki's disease. Eur ] Pediatr. 2021, 180:387-95. 10.1007/s00431-020-03752-y

Yoo GH: Characteristics of z score systems for diagnosing coronary abnormalities in Kawasaki disease . Clin
Exp Pediatr. 2022, 65:448-9. 10.3345/cep.2021.01886

Gorelik M, Chung SA, Ardalan K, et al.: 2021 American College of Rheumatology/vasculitis Foundation
guideline for the management of Kawasaki disease. Arthritis Care Res (Hoboken). 2022, 74:538-48.
10.1002/acr.24838

Dallaire F, Dahdah N: New equations and a critical appraisal of coronary artery Z scores in healthy children .

] Am Soc Echocardiogr. 2011, 24:60-74. 10.1016/j.ech0.2010.10.004

Shenoy B, Arun BC: Retrospective cohort study of clinical profile and IVIg resistance in children with
incomplete Kawasaki disease in a tertiary care center. Pediatr Inf Dis. 2022, 4:83-85. 10.5005/jp-journals-
10081-1281

Bressieux-Degueldre S, Gradoux E, Di Bernardo S, Sekarski N: Complete and incomplete Kawasaki disease:
clinical differences and coronary artery outcome from a national prospective surveillance study in
Switzerland. Front Pediatr. 2023, 11:1137841. 10.3389/fped.2023.1137841

Yeom JS, Woo HO, Park JS, Park ES, Seo JH, Youn HS: Kawasaki disease in infants. Korean | Pediatr. 2013,
56:377-82. 10.3345/kjp.2013.56.9.377

Satoh K, Wakejima Y, Gau M, et al.: Risk of coronary artery lesions in young infants with Kawasaki disease:
need for a new diagnostic method. Int ] Rheum Dis. 2018, 21:746-54. 10.1111/1756-185X.13223

Cai JH, Tang M, Zhang HX, et al.: Therapeutic window of intravenous immunoglobulin (IVIG) and its
correlation with IVIG-resistant in Kawasaki disease: a retrospective study. ] Pediatr (Rio J). 2023, 99:161-7.
10.1016/j.jped.2022.07.003

Bal AK, Prasad D, Umali Pamintuan MA, Mammen-Prasad E, Petrova A: Timing of intravenous
immunoglobulin treatment and risk of coronary artery abnormalities in children with Kawasaki disease.
Pediatr Neonatol. 2014, 55:387-92. 10.1016/j.pedneo.2013.11.007

Takekoshi N, Kitano N, Takeuchi T, et al.: Analysis of age, sex, lack of response to intravenous
immunoglobulin, and development of coronary artery abnormalities in children with Kawasaki disease in
Japan. JAMA Netw Open. 2022, 5:€2216642. 10.1001/jamanetworkopen.2022.16642

Chaudhary H, Nameirakpam J, Kumrah R, Pandiarajan V, Suri D, Rawat A, Singh S: Biomarkers for Kawasaki
disease: clinical utility and the challenges ahead. Front Pediatr. 2019, 7:242. 10.3389/fped.2019.00242

Xie T, Wang Y, Fu S, Wang W, Xie C, Zhang Y, Gong F: Predictors for intravenous immunoglobulin
resistance and coronary artery lesions in Kawasaki disease. Pediatr Rheumatol Online J. 2017, 15:17.
10.1186/512969-017-0149-1

Son MB, Gauvreau K, Kim S, et al.: Predicting coronary artery aneurysms in Kawasaki disease at a North
American Center: an assessment of baseline Z scores. ] Am Heart Assoc. 2017, 6:10.1161/JAHA.116.005378
Yang P, Zhang |, Chen Z, Yi Q: A prediction model for coronary artery abnormalities in children with
Kawasaki disease older than 5 years. ] Pediatr (Rio J). 2024, 100:318-26. 10.1016/j.jped.2023.12.002

Suzuki A, Miyagawa-Tomita S, Komatsu K, Nishikawa T, Sakomura Y, Horie T, Nakazawa M: Active
remodeling of the coronary arterial lesions in the late phase of Kawasaki disease: immunohistochemical

2026 Hameed et al. Cureus 18(11): e119056. DOI 10.7759/cureus.119056

10 of 11


https://dx.doi.org/10.3390/rheumato6030020
https://dx.doi.org/10.3390/rheumato6030020
https://dx.doi.org/10.3389/fped.2020.526969
https://dx.doi.org/10.3389/fped.2020.526969
https://dx.doi.org/10.1161/CIR.0000000000000484
https://dx.doi.org/10.1161/CIR.0000000000000484
https://dx.doi.org/10.1161/CIR.0000000000001295
https://dx.doi.org/10.1161/CIR.0000000000001295
https://dx.doi.org/10.1186/s12887-024-04961-2
https://dx.doi.org/10.1186/s12887-024-04961-2
https://dx.doi.org/10.7759/cureus.45819
https://dx.doi.org/10.7759/cureus.45819
https://dx.doi.org/10.1007/s00431-012-1891-5
https://dx.doi.org/10.1007/s00431-012-1891-5
https://dx.doi.org/10.1002/14651858.CD014884.pub2
https://dx.doi.org/10.1002/14651858.CD014884.pub2
https://dx.doi.org/10.1016/j.jpeds.2020.08.032
https://dx.doi.org/10.1016/j.jpeds.2020.08.032
https://dx.doi.org/10.3389/fped.2022.812644
https://dx.doi.org/10.3389/fped.2022.812644
https://dx.doi.org/10.1007/s00431-020-03752-y
https://dx.doi.org/10.1007/s00431-020-03752-y
https://dx.doi.org/10.3345/cep.2021.01886
https://dx.doi.org/10.3345/cep.2021.01886
https://dx.doi.org/10.1002/acr.24838
https://dx.doi.org/10.1002/acr.24838
https://dx.doi.org/10.1016/j.echo.2010.10.004
https://dx.doi.org/10.1016/j.echo.2010.10.004
https://dx.doi.org/10.5005/jp-journals-10081-1281
https://dx.doi.org/10.5005/jp-journals-10081-1281
https://dx.doi.org/10.3389/fped.2023.1137841
https://dx.doi.org/10.3389/fped.2023.1137841
https://dx.doi.org/10.3345/kjp.2013.56.9.377
https://dx.doi.org/10.3345/kjp.2013.56.9.377
https://dx.doi.org/10.1111/1756-185X.13223
https://dx.doi.org/10.1111/1756-185X.13223
https://dx.doi.org/10.1016/j.jped.2022.07.003
https://dx.doi.org/10.1016/j.jped.2022.07.003
https://dx.doi.org/10.1016/j.pedneo.2013.11.007
https://dx.doi.org/10.1016/j.pedneo.2013.11.007
https://dx.doi.org/10.1001/jamanetworkopen.2022.16642
https://dx.doi.org/10.1001/jamanetworkopen.2022.16642
https://dx.doi.org/10.3389/fped.2019.00242
https://dx.doi.org/10.3389/fped.2019.00242
https://dx.doi.org/10.1186/s12969-017-0149-1
https://dx.doi.org/10.1186/s12969-017-0149-1
https://dx.doi.org/10.1161/JAHA.116.005378
https://dx.doi.org/10.1161/JAHA.116.005378
https://dx.doi.org/10.1016/j.jped.2023.12.002
https://dx.doi.org/10.1016/j.jped.2023.12.002
https://dx.doi.org/10.1161/01.cir.101.25.2935

Cureus

Part of SPRINGER NATURE

study. Circulation. 2000, 101:2935-41. 10.1161/01.cir.101.25.2935
27. Takahashi K, Oharaseki T, Yokouchi Y: Histopathological aspects of cardiovascular lesions in Kawasaki
disease. Int ] Rheum Dis. 2018, 21:31-5. 10.1111/1756-185X.13207

2026 Hameed et al. Cureus 18(11): €119056. DOI 10.7759/cureus.119056 11 of 11


https://dx.doi.org/10.1161/01.cir.101.25.2935
https://dx.doi.org/10.1111/1756-185X.13207
https://dx.doi.org/10.1111/1756-185X.13207

	Progression of Coronary Artery Abnormalities Following Timely Intravenous Immunoglobulin Administration in Children With Incomplete Kawasaki Disease: A Retrospective Cohort Study
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Study design and setting
	Study population and eligibility criteria
	TABLE 1: Inclusion and exclusion criteria.

	Clinical and laboratory data
	Echocardiographic assessment
	FIGURE 1: Echocardiographic comparison of coronary artery dimensions.

	Study outcomes
	Sample size estimation
	Statistical analysis

	Results
	TABLE 2: Baseline demographic, clinical, laboratory and echocardiographic characteristics of children with incomplete Kawasaki disease.
	TABLE 3: Comparison of demographic, clinical, laboratory and baseline echocardiographic characteristics according to development of new coronary artery abnormality after IVIG (n = 360).
	TABLE 4: Comparison of characteristics according to coronary artery abnormality progression.
	TABLE 5: Longitudinal change in maximum coronary artery z-score.

	Discussion
	Clinical implications and limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


