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Background: Early identification of intravenous immunoglobulin (IVIG)-resistant
Kawasaki disease (KD) is important for making a suitable therapeutic strategy for
children with KD.

Methods: This study included a training set and an external validation set. The
training set included 635 children (588 IVIG-sensitive and 47 IVIG-resistant KD)
hospitalized in Wuhan Children’s Hospital, Hubei, China. Univariate analyses and binary
logistic regression equation was incorporated to find the associated variables of the
IVIG-resistant KD. A scoring model for predicting IVIG-resistant KD was established
according to odds ratio (OR) values and receiver operating characteristic curves. The
external validation set consisted of 391 children (358 IVIG-sensitive and 33 IVIG-resistant
KD) hospitalized in Peking University First Hospital, Beijing, China. The predictive
ability of the model of IVIG-resistant KD were externally validated by the real clinically
diagnosed KD cases.

Results: Fifteen variables in the training set were statistically different between
IVIG-sensitive and IVIG-resistant KD children, including rash, duration of fever,
peripheral blood neutrophil-to-lymphocyte ratio (NLR), prognostic nutritional index
(PNI), percentage of monocytes and percentage of eosinophils, and serum alanine
aminotransferase, aspartate aminotransferase, total bilirubin (TB), direct bilirubin,
glutamyl transpeptidase, prealbumin, sodium ion, potassium ion and high-sensitivity
C-reactive protein. According to logistic equation analysis, the final three independent
correlates to IVIG-resistant KD were serum TB ≥ 12.8 µmol/L, peripheral blood
NLR ≥ 5.0 and peripheral blood PNI ≤ 52.4. According to the OR values, three variables
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were assigned the points of 2, 2 and 1, respectively. When the score was ≥ 3 points,
the sensitivity to predict IVIG-resistant KD was 80.9% and the specificity was 77.6%.
In the validation set, the sensitivity, specificity and accuracy of the predictive model of
IVIG-resistant KD were 72.7%, 84.9%, and 83.9%, respectively.

Conclusion: A scoring model was constructed to predict IVIG-resistant KD, which
would greatly assist pediatricians in the early prediction of IVIG-resistant KD.

Keywords: Kawasaki disease, intravenous immunoglobulin-resistant, predictive scoring model, binary logistic
regression, prognostic nutritional index

INTRODUCTION

Kawasaki disease (KD) is an acute vasculitic disease, the
pathogenesis of which has not yet been clear (1). In particular,
coronary artery lesion (CAL) is a complication that severely
affects the prognosis of KD and is a primary reason for
acquired heart defects in some children (2). In severe cases, KD
may even be complicated with cardiac tamponade and giant
coronary artery aneurysms (3, 4). With the use of intravenous
immunoglobulin (IVIG), however, the incidence of CAL has
decreased significantly (3, 5). Nevertheless, 10 to 20% of children
with KD did not have a satisfactory control of the fever after
receiving the initial standard dose of IVIG, and this group
of children was called IVIG non-responsive or IVIG-resistant
KD (1, 6, 7). Importantly, the pathological process of vasculitis
could not be interrupted and relieved in time due to the
persistence of a high inflammatory response in IVIG-resistant
children, which leads to a significantly higher incidence of CAL
in these children on the one hand (8), and increases the cost of
hospitalization on the other.

Several studies have shown that the initial IVIG combined
with corticosteroids could decrease the occurrence of IVIG
resistance and CAL (9, 10). However, some studies reported
that corticosteroids could increase the occurrence of CAL (11),
and the treatment of corticosteroids as a second-line treatment
for KD was highly controversial (12–14). The Italian Society of
Pediatrics recently stated that corticosteroids could be used in
combination with the initial administration of IVIG in "high-
risk" children (15). This provided the possibility of concomitant
corticosteroids at the time of initial IVIG in IVIG-resistant
children, and therefore, further studies are needed to predict this
subset of children with KD who may be resistant to IVIG and
thus to evaluate in advance whether to give corticosteroids, which
may be essential to improve the prognosis of the children. In fact,
there were many predictive measures associated with IVIG non-
response, the Japanese Kobayashi score, Egami score and Sato
score systems, for instance (16–18).

Currently, a Japanese team used the IVIG-resistance
prediction model in clinical and some prospective multicenter
clinical control studies (9, 19). However, there was a significant
decrease in the sensitivity of the Japanese scoring model across
countries and regions (20, 21). There were also some studies
on IVIG-resistance prediction models in China (22–26), but
some models suffered from low sensitivity and specificity,
lack of validation, or relatively small sample size. Thus, it is

extremely necessary to establish a scoring model with a strong
predictive power based on a training and an external validation
design in China.

Therefore, this study was undertaken to explore a useful
predictive scoring model of IVIG-resistant KD to help
pediatricians in implementing proper assessment and treatment
strategy for children with KD.

MATERIALS AND METHODS

Subjects
We screened 1056 patients with KD, of whom 1026 (97.2%)
were eligible (Figure 1). The study consisted a training set
and an external validation set. In the training set, 635 children
hospitalized in Wuhan Children’s Hospital were included from
January 2018 to October 2019. Of whom, 588 children (388 males
and 200 females) suffered from IVIG-sensitive KD and another
47 children (30 males and 17 females) suffered from IVIG-
resistant KD. Their median ages were 23.0 (12.0, 42.0) months
for children with IVIG-sensitive KD and 22.0 (12.0, 39.0) months
for those with IVIG-resistant KD, respectively. In addition, 391
patients hospitalized in the Department of Pediatrics, Peking
University First Hospital between January 2008 and October 2019
were enrolled in the validation set. Among them, 358 children
(226 males and 132 females) were IVIG-sensitive KD and 33
children (26 males and 7 females) were IVIG-resistant KD. Their
median ages were 22.0 (12.0, 39.0) months for children with
IVIG-sensitive KD, and 34.0 (14.5, 53.0) months for those with
IVIG-resistant KD, respectively.

Criteria for the diagnosis of classic KD (CKD): CKD was
classified as containing 5 or more of the 6 clinical characteristics;
or the existence of 4 clinical characteristics, excluding fever
caused by other diseases or rash diseases, presence of coronary
artery dilatation. Six of these clinical characteristics were as
below: (1) fever; (2) conjunctival congestion; (3) orofacial lesions:
red lips, strawberry tongue; (4) rash; (5) peripheral limb changes:
redness and swelling of palms and feet in the initial phase, and
peeling of skin at the ends of limbs in the recovery phase; and (6)
non-suppurative cervical lymphadenitis (27, 28).

Criteria for the diagnosis of incomplete KD (IKD): IKD
was characterized by the existence of 3 of the 6 clinical
characteristics and combined with CAL; or only 3 or 4 major
clinical characteristics without CAL, but with one of the “other
important clinical features”. Other important clinical features
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FIGURE 1 | Flow chart of study subject inclusion. IVIG, intravenous immunoglobulin; KD, Kawasaki disease.

were referred to the diagnostic guidelines in the United States and
Japan (1, 27, 28).

Criteria for diagnosis of IVIG-resistant KD: IVIG-resistant
KD was defined according to the KD diagnostic criteria and
having fever or re-fever after 36 h of initial IVIG treatment
(1, 27, 29).

Inclusion criteria: children hospitalized with CKD or IKD had
their blood routine examination and biochemistry indicator tests

completed within 2 days prior to treatment with IVIG; IVIG and
aspirin were routinely administered in accordance with guideline
criteria (1).

Exclusion criteria: children received non-standard IVIG
treatment; use of corticosteroids or other immunosuppressive
drugs before the initial IVIG treatment; use of corticosteroids or
other immunosuppressive drugs at the same time as the initial
IVIG treatment; presence of other serious complications such as
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macrophage activation syndrome, shock, severe infection, septic
lesions, multi-organ dysfunction, hemophagocytic syndrome,
etc.; and some clinical data missing during hospitalization.

Data Collection
The medical records of the study subjects were obtained from
the electronic case system (Donghua, Beijing, China and Kaihua,
Beijing, China). The information included the demographic
data, clinical characteristics and the laboratory results. The
demographic data included hospitalization date, hospitalization
number, sex, age and body mass index (BMI). Clinical features
included CKD symptoms (duration of fever before initial IVIG,
conjunctival congestion, red lips/strawberry tongue, enlarged
lymph nodes, rash, stiff hands and feet), frequency and dose
of IVIG, presence of complications (macrophage activation
syndrome, shock, severe infections, combined septic lesions,
multi-organ dysfunction, hemophagocytic syndrome) and other
underlying diseases (malnutrition, flat blood, liver disease, other
autoimmune diseases, etc.). Laboratory test results included
routine blood test results, biochemical indicators (liver function,
cardiac enzymes and electrolytes), infection indicators (high-
sensitivity C-reactive protein, hsCRP), and cardiac ultrasound
(marking coronary artery diameter and Z-value) at the acute stage
of KD (usually no more than 10 days). The above medical records
were recorded by a dedicated staff and carefully proofread by
another professional.

The study was approved by the Ethics Committee of Wuhan
Children’s Hospital (2022R007–E01) and Peking University
First Hospital (2020–108), and a waiver of the informed
consent was granted.

Treatment Protocol
Immediately after the initial diagnosis of CKD or IKD was
established, all patients were given standard treatment for KD,
including IVIG (2 g/kg) and oral aspirin (30–50 mg/kg/day) in 3
divided doses (1, 30). A downward adjustment of the aspirin to a
low dose of 3–5 mg/kg/day after 48 to 72 h of fever resolution in
children was done and maintained for 6–8 weeks in the absence of
CAL. For children who developed CAL, aspirin was discontinued
until the CAL recovered (1).

Laboratory Tests
Blood routine examination, biochemical indicators and hsCRP
were performed as follows. At the child’s first admission to the
hospital prior to the initial use of IVIG, 2.0 mL of venous
blood was obtained with an EDTA–K2 anticoagulated vacuum
collection tube and mixed upside down and sent to the laboratory
for testing. A fully automated hematology analyzer XN–3000
(Sysmex, Kobe, Japan) and BC–6800 plus (Mindray, Shenzhen,
China) was used to measure blood routine examination. At
the same time, 2.0 mL of venous blood was collected and
centrifuged using a BY–600A centrifuge (Baiyang, Beijing, China)
at 3300 g for 5 min. The non-hemolyzed serum was obtained,
generally using a Cobas–8000 automatic biochemical analyzer
(Roche, Mannheim, Germany) for biochemical parameters and
a BNII auto-analyzer system (Siemens, Erlangen, Germany)
for hsCRP. All specimens were tested on the machine within

2 h in the laboratory department, and the results were
verified by a dedicated staff in the laboratory. Then, the blood
routine, liver function, electrolytes, cardiac enzymes and hsCRP
were uploaded to the electronic medical record system. Our
fully automated testers were regularly calibrated and accuracy
tested with coefficients of variation within normal limits.
In particular, prognostic nutritional index (PNI) = albumin
(ALB, g/L) + 5 × absolute value of lymphocytes (×109/L)
(31) and neutrophil-to-lymphocyte ratio (NLR) = neutrophils
(×109/L)/lymphocytes (×109/L).

Statistical Method
We used SPSS 23.0 (IBM, New York, NY, United States) for
the data analysis. If the data of continuous variables in both
the IVIG-sensitive and IVIG-resistant groups obeyed a normal
distribution (Shapiro–Wilk test), the difference was compared by
t-test, otherwise by the Mann–Whitney U test. The chi-square
test was performed to compare the difference in dichotomous
variables. Variables with statistical differences between groups
were added to the multifactorial analysis (P < 0.05). Covariance
diagnosis was performed and covariates were excluded before
entering the multifactorial analysis. And continuous variables
were transformed into dichotomous variables for an easy use.
Finally, the above statistically different dichotomous variables
were included into a binary logistic regression equation, and
independent associated factors were obtained by stepwise
regression using the backward conditional method. P > 0.05
for the Hosmer-Lemeshow test suggested a good fit of the
equation. And finally, a predictive scoring model was established
by assigning the scores by the odds ratio (OR) values of
each independent risk factor, and the total points of the
assignment were summarized for each child. The receiver
operating characteristic (ROC) curve was performed to calculate
the maximum Youden index corresponding to the cutoff value,
sensitivity and specificity of the total score. Finally, in external
validation set, scores were computed separately for each child,
and a four-grid table was constructed based on the true clinical
diagnosis and the cutoff value of the predictive scoring model
to validate the sensitivity, specificity and accuracy of the model.
Statistical differences were set at P < 0.05.

RESULTS

Demographic Features and Clinical
Manifestations Between Intravenous
Immunoglobulin-Sensitive and
Intravenous Immunoglobulin-Resistant
Kawasaki Disease Children in Training
Set
In the training set, no statistical differences were found in gender,
age, height, weight, and BMI between IVIG-sensitive and IVIG-
resistant KD children (P > 0.05). The clinical manifestations of
KD in training set mainly included the duration of fever before
initial IVIG, conjunctival congestion, red lips/strawberry tongue,
enlarged lymph nodes, rash, and stiffness of hands and feet. The
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TABLE 1 | Demographic features and clinical manifestations between IVIG-sensitive and IVIG-resistant KD children in the training set.

Items IVIG-sensitive KD IVIG-resistant KD Z/x2 P-value

Patients (n) 588 47

Gender (M/F) 388/200 30/17 0.090 0.764

Age (month) 23 (12–42) 22 (12–39) −0.340 0.734

Height (cm) 87.0 (75.0–100.0) 82.0 (78.0–97.0) −0.476 0.634

Weight (kg) 12.0 (10.0–15.0) 11.5 (9.5–14.5) −0.730 0.466

BMI (kg/m2) 16.0 (14.8–17.5) 15.8 (14.8–18.0) −0.362 0.717

Fever before IVIG (day) 6 (5–7) 5 (5–6) −3.738 <0.001

Conjunctivitis (Yes/No) 501/87 39/8 0.169 0.681

Oral changes (Yes/No) 526/62 44/3 0.820 0.365

Cervical lymphadenopathy (Yes/No) 339/249 21/26 0.097 0.755

Palm edema (Yes/No) 335/253 32/15 2.203 0.138

Rash (Yes/No) 420/168 41/6 5.465 0.019

CAL (Yes/No) 543/45 44/3 0.100 0.751

CKD (Yes/No) 332/256 32/15 2.403 0.121

IVIG, intravenous immunoglobulin; KD, Kawasaki disease; M/F, male/female; BMI, body mass index; CAL, coronary artery lesions; CKD, classic Kawasaki disease.

median days of fever before the initial IVIG were shorter in the
IVIG-resistant group than the IVIG-sensitive group (5 days vs. 6
days, P < 0.001), and the incidence of generalized rash was higher
(87.2% vs. 71.4%, P < 0.05) in the IVIG-resistant group than
the IVIG-sensitive group. The conjunctival congestion, redness of
lips and tongue, enlarged lymph nodes, and stiffness of hands and
feet in children between the two groups did not differ statistically
(P > 0.05, Table 1).

Laboratory Results Between Intravenous
Immunoglobulin-Sensitive and
Intravenous Immunoglobulin-Resistant
Kawasaki Disease Children in Training
Set
In the peripheral blood routine analysis, children with or without
IVIG-resistant KD showed significant differences in the following
indicators. The IVIG-resistant KD group had significantly lower
peripheral blood monocyte (MO)% (3.70% vs. 5.90%, P < 0.001),
eosinophil (EO)% (0.70% vs. 1.80%, P < 0.01) and PNI (46.5
vs. 54.8, P < 0.001) than the IVIG-sensitive KD group. In
contrast, the IVIG-resistant KD group showed significantly larger
peripheral blood NLR (6.4 vs. 4.4, P < 0.001) and higher
hsCRP (105.0 mg/L vs. 68.2 mg/L, P < 0.001) than the IVIG-
sensitive KD group. No significant differences were found in total
peripheral blood white blood cell, hematocrit, mean corpuscular
hemoglobin and hemoglobin (P > 0.05). In terms of biochemical
parameters, the IVIG-resistant children showed much higher
serum alanine aminotransferase (ALT) (59 U/L vs. 22 U/L,
P < 0.001), aspartate aminotransferase (AST) (42 U/L vs. 29 U/L,
P < 0.01), total bilirubin (TB) (15.2 µmol/L vs. 7.8 µmol/L,
P < 0.001), direct bilirubin (DB) (7.2 µmol/L vs. 2.7 µmol/L,
P < 0.001) and glutamyl transpeptidase (GGT) (106 U/L vs. 27
U/L, P < 0.001) than the IVIG-sensitive KD children did. In
contrast, the IVIG-resistant KD children showed lower serum
prealbumin (PAB) (51.6 g/L vs. 66.6 g/L, P < 0.05), sodium
ion (Na) (137.1 mmol/L vs. 138.7 mmol/L, P < 0.01) and

potassium ion (K) (4.3 mmol/L vs. 4.5 mmol/L, P < 0.05) than the
IVIG-sensitive children. And there was no statistical difference
in serum cardiac enzymes (lactate dehydrogenase and creatine
kinase-MB) and ALB between the two groups (P > 0.05, Table 2).

Conversion of Continuous Variables to
Dichotomous Variables in the Training
Set
Before performing regression analysis, covariance diagnosis was
first performed. Among the 15 variables (rash, duration of fever
before IVIG, peripheral blood NLR, PNI, M%, E%, serum ALT,
AST, TB, DB, GGT, PAB, Na, K, and hsCRP) which significantly
differed between the IVIG-resistant and IVIG-sensitive KD
groups as demonstrated by univariate analysis, serum TB and DB
had significant covariance and thus the serum DB was deleted
based on the frequency of clinical use. Of the remaining 14
variables, all 13 were continuous numerical variables, except for
rash which was a categorical variable. For the convenience of
the clinical use, the continuous variables were transformed into
dichotomous variables based on the cutoff values obtained from
the ROC curves. The results were illustrated in Table 3.

Constructing Predictive Scoring Model in
the Training Set
The aforementioned 14 variables were incorporated into the
binary logistic regression equation, and the backward conditional
stepwise regression finally yielded three variables (serum TB,
and peripheral blood NLR and PNI) as associated indicators to
IVIG sensitivity. The OR (95% CI) values for diagnosing IVIG-
resistant KD at serum TB ≥ 12.8 µmol/L were 4.273 (2.149,
8.323), peripheral blood NLR ≥ 5.0 for diagnosing IVIG-resistant
KD were 4.761 (2.287, 9.913), and peripheral blood PNI ≤ 52.4
for diagnosing IVIG-resistant KD were 2.478 (1.081, 5.682).

With the reference to the abovementioned OR values, we
defined 2 points for serum TB ≥ 12.8 µmol/L and 0 point for
TB < 12.8 µmol/L, 2 points for peripheral blood NLR ≥ 5.0 and 0
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TABLE 2 | Blood indicators between IVIG-sensitive and IVIG-resistant KD children in the training set.

Variable(s) IVIG-sensitive KD IVIG-resistant KD Z/x2 P-value

Peripheral blood WBC (×109/L) 13.38 (10.27–17.52) 14.15 (10.35–21.63) −1.450 0.147

Peripheral blood NLR 4.4 (2.8–6.9) 6.4 (3.9–11.2) −7.029 <0.001

Peripheral blood MO (%) 5.90 (4.40–8.30) 3.70 (2.60–6.00) −4.857 <0.001

Peripheral blood EO (%) 1.80 (0.70–3.70) 0.70 (0.20–2.00) −3.319 0.001

Peripheral blood HCT (%) 33.6 (31.1–35.9) 33.5 (31.5–35.8) −0.139 0.890

Peripheral blood MCH (pg) 26.4 (25.3–27.3) 26.9 (25.8–27.7) −1.863 0.062

Peripheral blood Hb (g/L) 106.0 (99.0–114.0) 104.0 (99.0–114.0) −0.383 0.702

Serum hsCRP (mg/L) 68.2 (37.3–112.0) 105.0 (68.4–168.0) −3.975 <0.001

Peripheral blood PNI 54.8 (48.5–61.2) 46.5 (40.6–52.0) −5.687 <0.001

Serum ALT (U/L) 22 (12–54) 59 (22–189) −4.188 <0.001

Serum AST (U/L) 29 (22–43) 42 (23–82) −2.841 0.004

Serum ALB (g/L) 38.3 (35.8–41.0) 37.1 (34.0–40.8) −1.758 0.079

Serum PAB (g/L) 66.6 (47.4–89.2) 51.6 (34.6–81.0) −2.572 0.010

Serum TB (µmol/L) 7.8 (5.8–11.0) 15.2 (7.9–39.6) −5.543 <0.001

Serum DB (µmol/L) 2.7 (2.0–4.4) 7.2 (3.1–27.0) −5.684 <0.001

Serum GGT (U/L) 27 (12–97) 106 (18–194) −4.061 <0.001

Serum Na (mmol/L) 138.7 (136.8–140.3) 137.1 (134.7–138.8) −4.154 <0.001

Serum K (mmol/L) 4.5 (4.0–4.9) 4.3 (3.8–4.7) −2.076 0.038

Serum LDH (U/L) 287 (242–350) 323 (251–416) −1.767 0.077

Serum CK-MB (U/L) 26 (20–37) 28 (21–38) −0.644 0.520

IVIG, intravenous immunoglobulin; KD, Kawasaki disease; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; MO, monocyte; EO, eosinophil; HCT, hematocrit;
MCH, mean corpuscular hemoglobin; Hb, hemoglobin; hsCRP, high sensitivity C-reactive protein; PNI, prognostic nutritional index; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALB, albumin; PAB, prealbumin; TB, total bilirubin; DB, direct bilirubin; GGT, glutamyl transpeptidase; Na, sodium ion; K, potassium ion; LDH,
lactate dehydrogenase; CK-MB, creatine kinase-MB.

TABLE 3 | The cutoff value of converting continuous variables to dichotomous
variables in training set.

Cutoff value AUC P-value Sensitivity Specificity

Fever before IVIG ≤ 5 d 0.658 <0.001 0.660 0.597

Peripheral blood MO% ≤ 4.65% 0.713 <0.001 0.638 0.704

Peripheral blood EO% ≤ 0.55% 0.645 0.001 0.468 0.781

Serum hsCRP ≥ 65.8 mg/L 0.674 <0.001 0.787 0.491

Serum ALT ≥ 37.5 U/L 0.683 <0.001 0.702 0.663

Serum AST ≥ 37.5 U/L 0.624 0.005 0.596 0.679

Serum TB ≥ 12.8 µmol/L 0.743 <0.001 0.617 0.827

Serum GGT ≥ 80 U/L 0.678 <0.001 0.638 0.728

Serum Na ≤ 137.7 mmol/L 0.682 <0.001 0.638 0.646

Serum K ≤ 4.15 mmol/L 0.591 0.038 0.489 0.701

Peripheral blood NLR ≥ 5.0 0.808 < 0.001 0.702 0.813

Peripheral blood PNI ≤ 52.4 0.749 <0.001 0.809 0.592

AUC, area under curve; IVIG, intravenous immunoglobulin; KD, Kawasaki disease;
MO, monocyte; EO, eosinophil; hsCRP, high sensitivity C-reactive protein; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; GGT,
glutamyl transpeptidase; Na, sodium ion; K, potassium ion; NLR, neutrophil-to-
lymphocyte ratio; PNI, prognostic nutritional index.

point for NLR < 5.0, and 1 point for peripheral blood PNI ≤ 52.4
and 0 point for PNI > 52.4. The constructed predictive scoring
model contained the above three indicators, with a total score
of 0 to 5 points for each patient. The total score was calculated
for each child, and then the ROC curve revealed a cutoff value
of three points with an AUC (95% CI) of 0.850 (0.798, 0.901,
P < 0.001). When the score was ≥3 points, the sensitivity of

this scoring model was 80.9% and the specificity was 77.6% in
predicting IVIG-resistant KD (Figure 2 and Table 4).

Validation of Scoring Model by Real
Clinical Diagnosis in External Validation
Set
To validate applicability of our scoring model, we calculated the
points for each child in the validation set, and constructed a four-
grid table (Table 5) based on the actual clinical diagnosis and the
points of the predictive scoring model. The predicted diagnosis
by the scoring prediction model was then compared with the
actual clinical diagnosis of the patient, and the sensitivity,
specificity, and accuracy of the predictive scoring model for
identifying IVIG-resistant KD were 72.7%, 84.9%, and 83.9%,
respectively. We also validated the scoring model for predicting
IVIG therapeutic response in CKD and IKD cases separately in
the validation set. We found that the sensitivity and specificity of
this scoring model to predict the IVIG-resistant KD were 73.3%
and 83.9% in CKD patients, respectively; while in IKD cases, the
sensitivity and specificity were 66.7% and 88.2%, respectively.

DISCUSSION

In our training and validation studies in the central (Wuhan)
and northern (Beijing) areas of China, we developed a predictive
scoring model for the early IVIG-resistant KD prediction. The
predictive scoring model consisted of three variables, serum
TB and peripheral blood NLR and PNI. Among them, serum
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FIGURE 2 | ROC curve for scoring model between IVIG-resistant and
IVIG-sensitive KD children. The X and Y axes of the curve represent the
predicted false positive rate (1-specificity) and sensitivity, respectively. The
dashed line indicates equal true and false positive rates, meaning no
predictive value. The solid line is the ROC curve to predict IVIG-resistant KD.
A region formed by the ROC curve and the X-axis is called the AUC and its
value is 0.850 (95% CI: 0.798–0.901; P < 0.001). ROC, receiver operating
characteristic; IVIG, intravenous immunoglobulin; KD, Kawasaki disease;
AUC, area under the curve; CI, confidence interval.

TABLE 4 | Coefficients of binary logistic regression in training set.

Variable(s) P-value Odds ratio (95% CI) Point

Serum TB ≥ 12.8 µmol/L <0.001 4.273 (2.149, 8.323) 2

Peripheral blood NLR ≥ 5.0 <0.001 4.761 (2.287, 9.913) 2

Peripheral blood PNI ≤ 52.4 0.032 2.478 (1.081, 5.682) 1

CI, Confidence Interval; TB, total bilirubin; NLR, neutrophil-to-lymphocyte ratio; PNI,
prognostic nutritional index.

TABLE 5 | Validation of the scoring model.

Score (point) Clinical diagnosis Total

IVIG-resistant KD IVIG-sensitive KD

≥3 24 54 78

<3 9 304 313

Total 33 358 391

IVIG, intravenous immunoglobulin; KD, Kawasaki disease.

TB ≥ 12.8 µmol/L was scored by 2 points, peripheral blood
NLR ≥ 5.0 scored 2 points and peripheral blood PNI ≤ 52.4
scored 1 point, with the total score being 5 points. The sensitivity
of the prediction of IVIG-resistant KD was 80.9% and the
specificity was 77.6% when a child had a total score of ≥3 points,
which was externally validated at different area of China.

Serum TB was scored 2 points in the predictive scoring model
and was shown to be an independent predictor. The higher level
of TB in the IVIG-resistant KD group was also consistent with
previous studies (25). However, the mechanisms by which serum
TB was significantly increased in IVIG-resistant KD children
have been unclear (32). IVIG-resistant KD has a severe immune-
mediated inflammation of the blood vessels, which resulted in
multiple organ damage including the liver function injury (33).
We showed that serum ALT was more significantly elevated
in IVIG-resistant KD than that of IVIG-sensitive KD children
(P < 0.001), suggesting that IVIG-resistant KD children had
severer liver function injury than those with IVIG-sensitive KD.

The peripheral blood NLR score was 2 points in the
predictive scoring model. In clinical practice, some children
with KD presented with a markedly elevated neutrophils and
a decreased lymphocytes in number, and thereby a markedly
elevated peripheral blood NLR. In the study, we revealed
that children with IVIG-resistant KD had significantly higher
peripheral blood NLR than those with IVIG-sensitive KD (6.4
vs. 4.4, P < 0.001). Peripheral blood routine indicators such as
leukocytes, neutrophils and lymphocytes fluctuate in response to
various factors such as inflammation and single indicators are
highly variable and non-specific. However, the ratios of the above
indicators could better reflect to some extent the inflammatory
response (21). IVIG-resistant KD patients had a severe vascular
inflammation compared to the IVIG-sensitive KD ones (18). In
the study, we revealed that the peripheral blood NLR was an
important variable in predicting IVIG resistance.

PNI was an index for nutritional assessment and risk
prediction established by Japanese scholars Onodera et al.
and was initially applied to the assessment after gastric and
intestinal surgery (31). PNI also reflects the inflammatory
condition of the body to some extent (34). Moreover, it
has also been shown that low pre-treatment PNI levels
(PNI < 55) can be used as an adjunctive predictor of
CAL (35). In this scoring model, peripheral blood PNI
was scored 1 point, where peripheral blood PNI consisted
of two indicators, namely serum ALB and peripheral
blood lymphocytes. It has been noted that low ALB levels
were used in predicting IVIG-resistant KD (36). Another
component of PNI is lymphocytes, a simple parameter that
reflects the body’s immune response and studies have shown
significantly lower lymphocyte counts in IVIG-resistant
KD patients (37, 38). However, the absolute lymphocyte
value itself is influenced by the total number of leukocytes.
Therefore, peripheral blood PNI would be useful to predict
IVIG-resistant KD.

Our study successfully constructed a useful scoring model to
predict IVIG-resistant KD patients consisting of three indicators:
serum TB, peripheral blood NLR and PNI. This predictive scoring
model is simple and easy to use and inexpensive. Whether a
predictive scoring model can be externally validated in other
medical institution is an important factor for the evaluation. The
Japanese Egami or Kobayashi scoring model was the currently
accepted scoring model with high sensitivity and applicability
in Japanese children (16, 17). However, Song et al. found
that the predictive sensitivity for IVIG-resistant KD patients
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were unsatisfactory when the above two scoring models were
used in children in Beijing, China (39). While, the predictive
scoring model set up in the present study exhibited a high
sensitivity and specificity in the validation set in another city
in China, suggesting that our scoring model might have a good
generalizability.

However, the present study also had some limitations. As a
retrospective study, it would have a selective bias of the subjects.
Therefore, a prospective randomized and controlled study is
needed in the future to assist in predicting early optimization in
children with IVIG-resistant KD.

CONCLUSION

Early identification and prediction of IVIG-resistant KD patients
are extremely necessary in clinical pediatrics. In this study,
we successfully constructed a helpful easy-to-perform and
inexpensive predictive scoring model in different centers with a
satisfactory predictive ability for IVIG-resistant KD cases. This
model would be useful in assisting pediatricians in predicting
the IVIG-resistant KD patients so as to provide reasonable
therapeutic strategy for KD in children.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Wuhan Children’s
Hospital and Peking University First Hospital. Written
informed consent from the participants’ legal guardian/next
of kin was not required to participate in this study in
accordance with the national legislation and the institutional
requirements.

AUTHOR CONTRIBUTIONS

JD, HJ, and YZ conceived and designed the project and
directed the revision of the manuscript. CL, SW, YL, YS, JF,
and DZ acquired the data. YYS, HY, and QZ directed the
statistical methods, analyzed and interpreted the data. All authors
wrote the manuscript, critically reviewed the manuscript, and
approved the final version, access to the primary data and
were responsible for the accuracy and completeness of the
results.

FUNDING

The study was supported by the Key Project of Capital Clinical
Characteristic Application Research (Z181100001718189) and
Special Fund for Youth Clinical Research of Peking University
First Hospital (2019CR20).

REFERENCES
1. McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz

M, 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:e927. doi: 10.1161/CIR.000000000000
0484

2. Gordon JB, Kahn AM, Burns JC. When children with Kawasaki disease
grow up: myocardial complications in adulthood. J Am Coll Cardiol. (2009)
54:1911–20. doi: 10.1016/j.jacc.2009.04.102

3. Vergara A, Monda E, Mautone C, Renon F, Di Masi A, Giordano M, et al. Rare
case of Kawasaki disease with cardiac tamponade and giant coronary artery
aneurysms. Cardiol Young. (2021) 31:865–6. doi: 10.1017/S1047951120004989

4. Shimahara Y, Fukushima S, Tadokoro N, Tsuda E, Hoashi T, Kitamura S,
et al. Bilateral internal thoracic artery grafting in children under 5 years of
age with Kawasaki disease: a case series. Eur Heart J Case Rep. (2020) 4:1–7.
doi: 10.1093/ehjcr/ytaa390

5. Furusho K, Sato K, Soeda T, Matsumoto H, Okabe T, Hirota T, et al. High-dose
intravenous gammaglobulin for Kawasaki disease. Lancet. (1983) 322:1359.
doi: 10.1016/s0140-6736(83)91109-1

6. Ogawa S, Ayusawa M, Fukazawa R, Hamaoka K, Sonobe T. Guidelines for
diagnosis and management of cardiovascular sequelae in Kawasaki disease
(JCS 2013) – digest version. Circ J. (2014) 78:2521–62. doi: 10.1253/circj.cj-
66-0096

7. Makino N, Nakamura Y, Yashiro M, Ae R, Tsuboi S, Aoyama Y, et al.
Descriptive epidemiology of Kawasaki disease in Japan, 2011 – 2012; from
the results of the 22nd nationwide survey. J Epidemiol. (2015) 25:239–45.
doi: 10.2188/jea.JE20140089

8. Galeotti C, Kaveri SV, Cimaz R, Koné-Paut I, Bayry J. Predisposing factors,
pathogenesis and therapeutic intervention of Kawasaki disease. Drug Discov
Today. (2016) 21:1850–7. doi: 10.1016/j.drudis.2016.08.004

9. Miyata K, Kaneko T, Morikawa Y, Sakakibara H, Matsushima T, Misawa M,
et al. Efficacy and safety of intravenous immunoglobulin plus prednisolone
therapy in patients with Kawasaki disease (Post RAISE): a multicenter,
prospective cohort study. Lancet Child Adolesc Health. (2018) 2:855–62. doi:
10.1016/S2352-4642(18)30293-1

10. Kobayashi T, Saji T, Otani T, Takeuchi K, Nakamura T, Arakawa H, et al.
Efficacy of immunoglobulin plus prednisolone for prevention of coronary
artery abnormalities in severe Kawasaki disease (RAISE study): a randomised,
open-label, blinded-endpoints trial. Lancet. (2012) 379:1613–20. doi: 10.1016/
S0140-6736(11)61930-2

11. Kato H, Koike S, Yokoyama T. Kawasaki disease: effect of treatment on
coronary artery involvement. Pediatrics. (1979) 63:175–9. doi: 10.1203/
00006450-197912000-00017

12. Sundel RP, Baker AL, Fulton DR, Newburger JW. Corticosteroids in the initial
treatment of Kawasaki disease: report of a randomized trial. J Pediatr. (2003)
142:611–6. doi: 10.1067/mpd.2003.191

13. Newburger JW, Sleeper LA, McCrindle BW, Minich LL, Gersony W, Vetter
VL, et al. Randomized trial of pulsed corticosteroid therapy for primary
treatment of Kawasaki disease. N Engl J Med. (2007) 356:663–75. doi: 10.1056/
NEJMoa061235

14. Ogata S, Ogihara Y, Honda T, Kon S, Akiyama K, Ishii M. Corticosteroid
pulse combination therapy for refractory Kawasaki disease: a randomized trial.
Pediatrics. (2012) 129:e17–23. doi: 10.1542/peds.2011-0148

15. Marchesi A, Rigante D, Cimaz R, Ravelli A, Tarissi de Jacobis I, Rimini A,
et al. Revised recommendations of the Italian Society of Pediatrics about
the general management of Kawasaki disease. Ital J Pediatr. (2021) 47:16.
doi: 10.1186/s13052-021-00962-4

16. Kobayashi T, Inoue Y, Takeuchi K, Okada Y, Tamura K, Tomomasa
T, et al. Prediction of intravenous immunoglobulin unresponsiveness in
patients with Kawasaki disease. Circulation. (2006) 113:2606–12. doi: 10.1161/
CIRCULATIONAHA.105.592865

Frontiers in Cardiovascular Medicine | www.frontiersin.org 8 April 2022 | Volume 9 | Article 883067

https://doi.org/10.1161/CIR.0000000000000484
https://doi.org/10.1161/CIR.0000000000000484
https://doi.org/10.1016/j.jacc.2009.04.102
https://doi.org/10.1017/S1047951120004989
https://doi.org/10.1093/ehjcr/ytaa390
https://doi.org/10.1016/s0140-6736(83)91109-1
https://doi.org/10.1253/circj.cj-66-0096
https://doi.org/10.1253/circj.cj-66-0096
https://doi.org/10.2188/jea.JE20140089
https://doi.org/10.1016/j.drudis.2016.08.004
https://doi.org/10.1016/S2352-4642(18)30293-1
https://doi.org/10.1016/S2352-4642(18)30293-1
https://doi.org/10.1016/S0140-6736(11)61930-2
https://doi.org/10.1016/S0140-6736(11)61930-2
https://doi.org/10.1203/00006450-197912000-00017
https://doi.org/10.1203/00006450-197912000-00017
https://doi.org/10.1067/mpd.2003.191
https://doi.org/10.1056/NEJMoa061235
https://doi.org/10.1056/NEJMoa061235
https://doi.org/10.1542/peds.2011-0148
https://doi.org/10.1186/s13052-021-00962-4
https://doi.org/10.1161/CIRCULATIONAHA.105.592865
https://doi.org/10.1161/CIRCULATIONAHA.105.592865
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


fcvm-09-883067 April 20, 2022 Time: 15:24 # 9

Li et al. A Scoring Model for IVIG-Resistant KD

17. Egami K, Muta H, Ishii M, Suda K, Sugahara Y, Iemura M, et al. Prediction
of resistance to intravenous immunoglobulin treatment in patients with
Kawasaki disease. J Pediatr. (2006) 149:237–40. doi: 10.1016/j.jpeds.2006.03.
050

18. Sato S, Kawashima H, Kashiwagi Y, Hoshika A. Inflammatory cytokines as
predictors of resistance to intravenous immunoglobulin therapy in Kawasaki
disease patients. Int J Rheum Dis. (2013) 16:168–72. doi: 10.1111/1756-185X.
12082

19. Hamada H, Suzuki H, Onouchi Y, Ebata R, Terai M, Fuse S, et al. Efficacy
of primary treatment with immunoglobulin plus ciclosporin for prevention
of coronary artery abnormalities in patients with Kawasaki disease predicted
to be at increased risk of non-response to intravenous immunoglobulin
(KAICA): a randomised controlled, open-label, blinded-endpoints, phase 3
trial. Lancet. (2019) 393:1128–37. doi: 10.1016/S0140-6736(18)32003-8

20. Piram M, Darce Bello M, Tellier S, Di Filippo S, Boralevi F, Madhi F, et al.
Defining the risk of first intravenous immunoglobulin unresponsiveness in
non-Asian patients with Kawasaki disease. Sci Rep. (2020) 10:3125. doi: 10.
1038/s41598-020-59972-7

21. Kawamura Y, Takeshita S, Kanai T, Yoshida Y, Nonoyama S. The combined
usefulness of the neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios
in predicting intravenous immunoglobulin resistance with Kawasaki disease. J
Pediatr. (2016) 178:281–4. doi: 10.1016/j.jpeds.2016.07.035

22. Fu PP, Du ZD, Pan YS. Novel predictors of intravenous immunoglobulin
resistance in Chinese children with Kawasaki disease. Pediatr Infect Dis J.
(2013) 32:e319–23. doi: 10.1097/INF.0b013e31828e887

23. Tang Y, Yan W, Sun L, Huang J, Qian W, Ding Y, et al. Prediction of
intravenous immunoglobulin resistance in Kawasaki disease in an East China
population. Clin Rheumatol. (2016) 35:2771–6. doi: 10.1007/s10067-016-
3370-2

24. Hua W, Sun Y, Wang Y, Fu S, Wang W, Xie C, et al. A new model to
predict intravenous immunoglobin-resistant Kawasaki disease. Oncotarget.
(2017) 8:80722–9. doi: 10.18632/oncotarget.21083

25. Yang S, Song R, Zhang J, Li X, Li C. Predictive tool for intravenous
immunoglobulin resistance of Kawasaki disease in Beijing. Arch Dis Child.
(2019) 104:262–7. doi: 10.1136/archdischild-2017-314512

26. Lin MT, Chang CH, Sun LC, Liu HM, Chang HW, Chen CA, et al. Risk factors
and derived formosa score for intravenous immunoglobulin unresponsiveness
in Taiwanese children with Kawasaki disease. J Formos Med Assoc. (2016)
115:350–5. doi: 10.1016/j.jfma.2015.03.012

27. Ayusawa M, Sonobe T, Uemura S, Ogawa S, Nakamura Y, Kiyosawa N,
et al. Revision of diagnostic guidelines for Kawasaki disease (the 5th revised
edition). Pediatr Int. (2005) 47:232–4. doi: 10.1111/j.1442-200x.2005.02033.x

28. Kobayashi T, Ayusawa M, Suzuki H, Abe J, Ito S, Kato T, et al. Revision of
diagnostic guidelines for Kawasaki disease (6th revised edition). Pediatr Int.
(2020) 62:1135–8. doi: 10.1111/ped.14326

29. Newburger JW, Takahashi M, Burns JC, Beiser AS, Chung KJ, Duffy CE, et al.
The treatment of Kawasaki syndrome with intravenous gamma globulin. N
Engl J Med. (1986) 315:341–7. doi: 10.1056/NEJM198608073150601

30. Fukazawa R, Kobayashi J, Ayusawa M, Hamada H, Miura M, Mitani Y, et al.
JCS/JSCS 2020 Guideline on diagnosis and management of cardiovascular
sequelae in Kawasaki disease. Circ J. (2020) 84:1348–407. doi: 10.1253/circj.
CJ-19-1094

31. Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in
gastrointestinal surgery of malnourished cancer patients. Nihon Geka
Gakkai Zasshi. (1984) 85:1001–5.

32. Park HM, Lee DW, Hyun MC, Lee SB. Predictors of nonresponse to
intravenous immunoglobulin therapy in Kawasaki disease. Korean J Pediatr.
(2013) 56:75–9. doi: 10.3345/kjp.2013.56.2.75

33. Cheng F, Kang L, Zhang F, Ma H, Wang X, Dong Y, et al.
Analysis of hyperbilirubinemia in patients with Kawasaki disease.
Medicine. (2020) 99:e21974. doi: 10.1097/MD.00000000000
21974

34. Li T, Qi M, Dong G, Li X, Xu Z, Wei Y, et al. Clinical value of prognostic
nutritional index in prediction of the presence and severity of neonatal sepsis.
J Inflamm Res. (2021) 14:7181–90. doi: 10.2147/JIR.S343992

35. Tai IH, Wu PL, Guo MM, Lee J, Chu CH, Hsieh KS, et al. Prognostic nutrition
index as a predictor of coronary artery aneurysm in Kawasaki disease. BMC
Pediatr. (2020) 20:203. doi: 10.1186/s12887-020-02111-y

36. Kuo HC, Liang CD, Wang CL, Yu HR, Hwang KP, Yang KD. Serum
albumin level predicts initial intravenous immunoglobulin treatment failure
in Kawasaki disease. Acta Paediatr. (2010) 99:1578–83. doi: 10.1111/j.1651-
2227.2010.01875.x

37. Takeshita S, Kanai T, Kawamura Y, Yoshida Y, Nonoyama S. A comparison
of the predictive validity of the combination of the neutrophil-to-lymphocyte
ratio and platelet-to-lymphocyte ratio and other risk scoring systems for
intravenous immunoglobulin (ivig)-resistance in Kawasaki disease. PLoS One.
(2017) 12:e0176957. doi: 10.1371/journal.pone.0176957

38. Liu X, Zhou K, Hua Y, Wu M, Liu L, Shao S, et al. Prospective
evaluation of neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio
for intravenous immunoglobulin resistance in a large cohort of Kawasaki
disease patients. Pediatr Infect Dis J. (2020) 39:229–31. doi: 10.1097/INF.
000000000000256

39. Song R, Yao W, Li X. Efficacy of four scoring systems in predicting intravenous
immunoglobulin resistance in children with Kawasaki disease in a children’s
hospital in Beijing, North China. J Pediatr. (2017) 184:120–4. doi: 10.1016/j.
jpeds.2016.12.018

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Li, Wu, Shi, Liao, Sun, Yan, Zhang, Fu, Zhou, Zhang, Jin and Du.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 9 April 2022 | Volume 9 | Article 883067

https://doi.org/10.1016/j.jpeds.2006.03.050
https://doi.org/10.1016/j.jpeds.2006.03.050
https://doi.org/10.1111/1756-185X.12082
https://doi.org/10.1111/1756-185X.12082
https://doi.org/10.1016/S0140-6736(18)32003-8
https://doi.org/10.1038/s41598-020-59972-7
https://doi.org/10.1038/s41598-020-59972-7
https://doi.org/10.1016/j.jpeds.2016.07.035
https://doi.org/10.1097/INF.0b013e31828e887
https://doi.org/10.1007/s10067-016-3370-2
https://doi.org/10.1007/s10067-016-3370-2
https://doi.org/10.18632/oncotarget.21083
https://doi.org/10.1136/archdischild-2017-314512
https://doi.org/10.1016/j.jfma.2015.03.012
https://doi.org/10.1111/j.1442-200x.2005.02033.x
https://doi.org/10.1111/ped.14326
https://doi.org/10.1056/NEJM198608073150601
https://doi.org/10.1253/circj.CJ-19-1094
https://doi.org/10.1253/circj.CJ-19-1094
https://doi.org/10.3345/kjp.2013.56.2.75
https://doi.org/10.1097/MD.0000000000021974
https://doi.org/10.1097/MD.0000000000021974
https://doi.org/10.2147/JIR.S343992
https://doi.org/10.1186/s12887-020-02111-y
https://doi.org/10.1111/j.1651-2227.2010.01875.x
https://doi.org/10.1111/j.1651-2227.2010.01875.x
https://doi.org/10.1371/journal.pone.0176957
https://doi.org/10.1097/INF.000000000000256
https://doi.org/10.1097/INF.000000000000256
https://doi.org/10.1016/j.jpeds.2016.12.018
https://doi.org/10.1016/j.jpeds.2016.12.018
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Establishment and Validation of a Multivariate Predictive Scoring Model for Intravenous Immunoglobulin-Resistant Kawasaki Disease: A Study of Children From Two Centers in China
	Introduction
	Materials and Methods
	Subjects
	Data Collection
	Treatment Protocol
	Laboratory Tests
	Statistical Method

	Results
	Demographic Features and Clinical Manifestations Between Intravenous Immunoglobulin-Sensitive and Intravenous Immunoglobulin-Resistant Kawasaki Disease Children in Training Set
	Laboratory Results Between Intravenous Immunoglobulin-Sensitive and Intravenous Immunoglobulin-Resistant Kawasaki Disease Children in Training Set
	Conversion of Continuous Variables to Dichotomous Variables in the Training Set
	Constructing Predictive Scoring Model in the Training Set
	Validation of Scoring Model by Real Clinical Diagnosis in External Validation Set

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


