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Abstract

Background Early identification of intravenous immunoglobulin (IVIG) resistance contributes to better management
of Kawasaki disease (KD). This study aims to establish an effective prediction model for IVIG resistance in the Chinese
population.

Methods A total of 658 eligible patients diagnosed with KD were enrolled in this study, with 461 in the training
cohort and 197 in the validation cohort. The demographic characteristics and potential risk factors were compared
between IVIG-responsive and resistant groups. Predictors were selected by the Akaike information criterion. The
nomogram’s performance was evaluated by calibration curve, decision curve analysis, and operating characteristic
curve.

Results White blood cell counts (WBC), neutrophil-lymphocyte ratio (N/L ratio), hematocrit (HCT), albumin (ALB),
total bilirubin (TBIL), lactate dehydrogenase (LDH), and creatinine (Cr) were detected as predictors of IVIG resistance. A
predictive nomogram incorporating these predictors was constructed using the training cohort. The calibration curve
and decision curve analysis showed good discrimination and calibration of the proposed nomogram in both training
and validation sets, and the area under the receiver operating characteristic curve (AUROC) in both sets was 75.8%
and 74.2%, respectively.

Conclusion This study identified WBC, N/L ratio, HCT, ALB, TBIL, LDH, and Cr as predictors for IVIG resistance in
patients with KD. The proposed novel nomogram with a high level of accuracy and reliability may benefit clinical
decision-making upon treatment initiation.
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Introduction

Kawasaki disease (KD) is an acute febrile illness of an
unknown cause characterized by fever, polymorphic
rash, conjunctival congestion, redness of the lip mucosa,
swollen neck lymph nodes, erythema, and edema of the
extremities. It predominantly affects young children
worldwide, with the highest incidence in East Asia. KD
has become a leading cause of acquired cardiac disease
in children in developed countries 1. Treatment for KD
includes intravenous immunoglobulin (IVIG) and high
doses of aspirin, which significantly reduce the risk of
the coronary artery lesion (CAL) complication (CAL
is assessed using echocardiographic z-score. A coro-
nary artery with z-score more than 2 was considered as
CAL.). Nonetheless, up to 20% of patients with KD fail to
respond to IVIG treatment and remain or relapse fever
after 24—48 h following completion of the first dose of
IVIG, which is termed IVIG-resistance 2—4. According
to the latest American College of Rheumatology (ACR)
guideline for the management of KD 1, co-treatment
with glucocorticoids or other immunosuppressants is
recommended as the initial therapy for children at high
risk of IVIG-resistant KD. Hence, identifying children
with a high risk of IVIG-resistant KD is warranted for
better management of KD.

Although several prediction models for IVIG resis-
tance have been established, the performance of these
predictive models lacks consistency in clinical practice
in different regions or populations and is limited by the
categorization of continuous variables 5, 6. In addition,
potential predictors that have been considered vary in
different relevant research 7—9. Up to now, there were no
effective prediction models for the actual clinical prac-
tice in the Chinese population. This cohort study encom-
passed a comprehensive range of risk factors to evaluate
IVIG resistance in children with KD in southeast China,
and an effective predictive nomogram, which is a con-
tinuous scoring system estimating the risk probability
of IVIG resistance for an individual child patient, was
established.

Methods
Subjects
The study population was patients diagnosed with KD
in Quanzhou Children’s Hospital between November 3,
2018 and February 24, 2023. This study was approved by
the Ethics Committee of Quanzhou Children’s Hospital.
Data were retrieved from the electronic medical records,
and all patients were de-identified. The written informed
consent was waived because of the retrospective and
anonymous nature of the data.

Patients meeting the diagnostic criteria for complete
or incomplete KD in accordance with the AHA guidance
published in 20172 were included in this study. Patients

Page 2 of 8

who did not receive IVIG treatment in Quanzhou Chil-
dren’s Hospital or those who received glucocorticoids or
other immunosuppressants during or prior to the initial
IVIG treatment were excluded. The patients were clas-
sified into IVIG responsive or resistant groups accord-
ing to whether patients remained or relapsed fever after
36 h following completion of the first dose of IVIG. The
IVIG dosage was 2 g per kilogram of body weight in a
single administration. The upper limit for the dosage was
capped at 30 g.

Statistical analysis and nomogram development

The data of demographic features (age and sex) and
potential predictors (white blood cell counts, neutro-
phil-lymphocyte ratio, hematocrit, platelets, sodium ion,
albumin, total bilirubin, alanine transaminase, aspartate
aminotransferase, gamma-glutamyl transferase, lactate
dehydrogenase, creatine kinase-myocardial band, blood
urea nitrogen, creatinine, c-reactive protein, procalci-
tonin, erythrocyte sedimentation rate, DNA damage
response, troponin, B-type natriuretic peptide, fever day
before treatment, and coronary artery lesion status) were
selected for further analysis.

To create a training and validation set, patients were
divided based on the time of hospital admission. The
earlier 70% of patients were selected as the training set,
whereas the remaining 30% from a later period were des-
ignated as the validation set.

Missing data were handled by the multiple imputation
method using MICE R-Package. Variables with more
than 20% missing values were excluded from this study,
which are BNP and troponin. Mean values with standard
deviations were reported for continuous variables, while
frequencies (expressed as percentages) were used for cat-
egorical variables.

Patient characteristics were compared between two
groups: IVIG-responding and IVIG-resistant, in both
the training and validation sets. For continuous baseline
characteristics, comparisons were made using the inde-
pendent Student’s t-test, whereas categorical data were
compared using the Chi-square test.

A stepwise backward multivariable logistic analysis was
employed to validate these potential risk factors for IVIG
resistance using the entire dataset. The stepwise process
was evaluated by the Akaike information criterion (AIC)
statistics 10. The model with the lowest AIC was selected.
Factors such as white blood cell counts, neutrophil-lym-
phocyte ratio, hematocrit, albumin, total bilirubin, lactate
dehydrogenase, and creatinine were included to establish
the nomogram model using the training dataset. Sub-
sequently, the predictive model was validated internally
using the bootstrap sampling method and externally in
the validation dataset.
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The sensitivity and specificity of this predictive nomo-
gram and independent predictors were evaluated by
operating characteristic curve (ROC). The calibration
curve was used to assess the agreement between the
predicted result and the observed value. Decision curve
analysis was performed to evaluate the clinical utility of

Table 1 Demographic and clinical characteristics of the training
and validation datasets

Variable Training Validation P
(N=461) (N=197) value

Month_old

Mean (SD) 25.9(20.4) 29.1(23.8) 0.100
Sex

Female 169 (36.7%) 74 (37.6%) 0.895

Male 292 (63.3%) 123 (62.4%)
WBC (x1019)

Mean (SD) 16.5 (6.55) 15.2 (5.09) 0.006
N/L ratio

Mean (SD) 4.04 (3.68) 397 (3.75) 0.845
HCT (%)

Mean (SD) 34.3 (3.40) 343(3.27) 0.825
PLT (x1019)

Mean (SD) 368 (133) 328(115) <0.001
Na+ (mmol/L)

Mean (SD) 136 (2.74) 136 (3.01) 0.820
ALB (g/L)

Mean (SD) 36.7 (4.21) 37.2 (4.74) 0.202
TBIL (umol/L)

Mean (SD) 12.0(12.5) 12.7 (23.0) 0.696
AST/ALT ratio

Mean (SD) 1.88 (3.47) 1.66 (1.26) 0.245
GGT (IU/D)

Mean (SD) 74.7 (85.9) 78.0 (88.2) 0.653
LDH (U/L)

Mean (SD) 320(112) 343 (1398) 0.035
CK-MB (U/L)

Mean (SD) 17.6 (14.7) 20.2(15.2) 0.048
BUN (mmol/L)

Mean (SD) 3.08 (2.72) 3.13(1.16) 0.736
Cr (umol/L)

Mean (SD) 20.8(11.4) 21.0(9.05) 0.797
CRP (mg/L)

Mean (SD) 86.6 (56.7) 68.0 (46.5) <;0.001
PCT (ng/ml)

Mean (SD) 2.87(9.34) 447 (16.1) 0.194
ESR (mm/h)

Mean (SD) 68.2 (26.8) 58.7 (28.9) <0.001
DDR (mg/L)

Mean (SD) 1.55(2.13) 1.62(2.16) 0.714
fever_day_before_treatment

Mean (SD) 6.52 (2.17) 6.15(1.87) 0.027
Coronary artery lesion

No 383 (83.1%) 180 (91.4%)  0.008

Yes 78 (16.9%) 17 (8.6%)
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this predictive model. Software R (version 4.20, www.r-
project.org) was used for the statistical analysis.

Result

Baseline characteristics of the patients

A total of 658 eligible patients diagnosed with KD
were enrolled in this study. The training and validation
datasets included 461 and 197 patients, respectively.
Table 1 shows the baseline characteristics upon hospi-
talization admission of all patients. Participants in the
training cohort had more WBC (16.5£6.55x1079/L
vs.  15.245.09%x1079/L, P=0.006) and PCT
(368+133x107"9/L  vs. 328+115x1079/L, P<0.001),
lower levels of LDH (320+112 U/L vs. 343+138 U/L,
P=0.035) and CK-MB (17.6+14.7 U/L vs. 20.2+15.2
U/L, P=0.048), higher levels of CRP (86.6+56.7 mg/L
vs. 68.01£46.5 mg/L, P<0.001) and ESR (68.2+26.8 vs.
58.7128.9 mg/L, P<0.001), longer fever day before treat-
ment (6.52+2.17 d vs. 6.15+£1.87 d, P=0.027), and more
proportion with coronary artery lesion (16.9% vs. 8.6%,
P=0.008) than those in the validation cohort.

Comparison of IVIG responsive and resistant patients
Table 2 shows the univariable logistic analysis results for
IVIG resistance. The differences in WBC, N/L ratio, PLT,
Na+, ALB, TBIL, GGT, BUN, CRP, PCT, and DDR were
significant in the training cohort, whereas the levels of
ALB and Cr differed significantly in the validation cohort.
All potential risk factors were evaluated by a stepwise
backward multivariable logistic analysis. WBC, N/L ratio,
HCT, ALB, TBIL, LDH, and Cr were detected by the
Akaike information criterion (AIC) as potential predic-
tors for IVIG resistance, which were used for subsequent
nomogram development.

A predictive nomogram for IVIG resistance
The potential independent risk factors for IVIG resis-
tance were included to establish the predictive nomo-
gram using the training dataset as shown in Fig. 1.
Greater cumulative points, calculated by summing the
assigned scores for each predictor in the nomogram,
were associated with an increased risk of IVIG resistance.
Calibration curves were plotted to evaluate the predic-
tive accuracy of the nomogram. Figure 2 A and B show
the consistency of the prediction and actual observation
in both training and validation cohorts, indicating the
good calibration ability of this predictive nomogram.

Clinical use of the nomogram

Regarding the clinical use of this nomogram, decision
curve analysis was conducted to estimate the net ben-
efit of this model by comparing the difference between
the number of true and false positive results. As shown
in Fig. 3A and B, when the threshold probabilities ranged
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Table 2 Comparison of demographic and clinical characteristics between patients with IVIG resistant and non-resistant KD.

Variable Training set (N=461) Test set (N=197)
IVIG-responsive IVIG-resistant P-value IVIG-responsive IVIG-resistant P-
(N=417) (N=44) (N=161) (N=36) val-
ue

Month_old

Mean (SD) 25.5(19.3) 30.3 (28.6) 0278 27.8(22.2) 35.1(29.3) 0.167
Sex

Female 154 (36.9%) 15 (34.1%) 0.836 60 (37.3%) 14 (38.9%) 1.000

Male 263 (63.1%) 29 (65.9%) 101 (62.7%) 22 (61.1%)
WBC (x1019)

Mean (SD) 16.7 (6.65) 14.6 (5.19) 0.013 155(5.11) 14.0 (4.94) 0.122
N/L ratio

Mean (SD) 3.77 (3.27) 6.50 (5.89) 0.004 3.62(2.89) 5.55(6.10) 0.071
HCT (%)

Mean (SD) 344 (3.37) 34.0(3.73) 0.573 345 (2.99) 333 (4.20) 0.106
PLT (x1079)

Mean (SD) 373(132) 322 (135) 0.022 331 (109) 317 (147) 0.571
Na-+ (mmol/L)

Mean (SD) 136 (2.68) 135(3.01) 0.003 136 (2.87) 136 (3.61) 0.853
ALB (g/0)

Mean (SD) 36.8 (4.18) 353 (4.30) 0.026 3754.72) 357 (4.61) 0.041
TBIL (umol/L)

Mean (SD) 11.1(10.9) 20.8(20.7) 0.004 10.3 (9.96) 235 (485) 011
AST/ALT ratio

Mean (SD) 1.93 (3.61) 1.38(1.43) 0.051 1.64 (1.22) 1.74 (1.44) 0.724
GGT (IU/L)

Mean (SD) 69.9 (79.8) 120 (124) 0.011 74.3 (84.6) 94.8 (102) 0.269
LDH (U/D)

Mean (SD) 317 (113) 345 (102) 0.093 336 (134) 381 (158) 0.121
CK-MB (U/L)

Mean (SD) 176 (15.2) 17.6 (9.70) 0.965 19.8 (14.5) 220(17.9) 0.496
BUN (mmol/L)

Mean (SD) 299 (2.71) 3.87 (2.63) 0.041 3.10(1.19) 3.25(1.01) 0430
Cr (umol/L)

Mean (SD) 20.3 (941) 253 (225) 0.156 20.1 (7.40) 252 (13.7) 0.038
CRP (mg/L)

Mean (SD) 84.5(55.8) 107 (61.1) 0.025 65.2 (46.6) 80.8 (44.8) 0.067
PCT (ng/ml)

Mean (SD) 2.37 (9.00) 767 (11.1) 0.004 4.19(16.2) 5.73(15.8) 0.602
ESR (mm/h)

Mean (SD) 68.3 (27.0) 66.8 (24.7) 0.708 58.7 (27.7) 589 (34.3) 0.970
DDR (mg/L)

Mean (SD) 147 (2.08) 2.27 (2.50) 0.047 148 (2.14) 2.21(217) 0.075
fever_day_before_treatment

Mean (SD) 6.57 (2.12) 6.00 (2.51) 0.15 6.16 (1.66) 6.08 (2.66) 0.866
Coronary artery lesion

No 349 (83.7%) 34 (77.3%) 0.385 148 (91.9%) 32 (88.9%) 0.796

Yes 68 (16.3%) 10 (22.7%) 13 (8.1%) 4(11.1%)

between 0.1 and 0.6, medical intervention guided by the
nomogram can gain more net benefit than the “treat all”
and “treat none” strategies, suggesting the clinical useful-
ness of the predictive nomogram for IVIG resistance.

Sensitivity and specificity analysis

The sensitivity and specificity of the nomogram and
each predictor were assessed respectively using the
receiver operating characteristic curve (ROC curve). As
shown in Fig. 4A, the area under the receiver operating
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Fig. 2 Calibration curve analysis of the predictive nomogram model in the (A) training and (B) validation datasets

characteristic curve (AUROC) of the nomogram was
75.8%, which was greater than those of WBC (59%),
N/L ratio (65.7%), HCT (53.1%), ALB (59.5%), TBIL
(61.2%), LDH (60.8%), and Cr (56.3%) in the training

dataset. Consistently, as shown in Fig. 4B, the AUROC
of the nomogram was 74.2%, which was greater than
those of each predictor (WBC 59.4%, N/L ratio 61.9%,
HCT 57.3%, ALB 61.8%, TBIL 59.9%, LDH 60.7%, and
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Fig. 4 ROC curves of the predictive nomogram and the risk predictors in the training and validation cohorts

Cr 62.7%). The AUROC results from both training and
validation sets showed that the predictive nomogram had
better discrimination and calibration than each individ-
ual predictor, implying its good prediction performance.

Discussion

Combinations of initial IVIG therapy and glucocorti-
coids or other immunosuppressants have been reported
to effectively reduce the incidence of the coronary artery
lesion (CAL) complication for children at high risk of
IVIG-resistant KD 11-13, and therefore are recom-
mended by the latest American College of Rheumatol-
ogy (ACR) guideline for management of KD 1. Hence,
it is imperative to develop an accurate predictive model
for IVIG resistance. However, the inconsistency of the

scoring systems in clinical practice in different regions or
populations limits its application in general population.
For example, the Japanese scoring system, Kobayashi,
Egami and Sano, have a high predictive value in Japanese
population but exhibit low sensitivities or specificities
in other populations 7, 8, 14. It is of great significance
in developing an effective scoring system for IVIG resis-
tance in the Chinese population. Recently, researchers
have developed several prediction models based on the
Chinese population 15, 16. Nonetheless, these mod-
els have limitations, and none of them were officially
accepted by any formal medical association. The continu-
ous variables in these models were converted to categori-
cal variables, losing within-category information so as to
reduce the prediction accuracy. This study, in contrast,
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kept the continuous variables continuous. As the con-
tinuous variables included in this nomogram, such as
WBC, N/L ratio, HCT, ALB, TBIL, LDH, and Cr, have
been reported to have a monotonicity relation with IVIG
resistance 17-19, this makes our predictive model more
precise and reliable 20.

The nomogram is an invaluable computational model
for prognostic prediction due to its ability to provide a
visual representation of a statistical predictive model
and generate a precise numerical probability for clini-
cal events 21. It surpasses the conventional method that
relies on odds ratios, offering enhanced accuracy 22.
Herein, we developed a novel nomogram capable of esti-
mating the risk probability of IVIG resistance in patients
with KD. The parameters utilized in our model are read-
ily accessible in medical centers, enabling a quick assess-
ment of patients with KD before the determination of
initial treatment strategies.

This study identified WBC, N/L ratio, HCT, ALB, TBIL,
LDH, and Cr as significant predictors for IVIG resistance.
WBC, as an essential serum biomarker related to inflam-
mation and infection, has previously been reported to
be associated with IVIG resistance in patients with KD.
However, it is debatable how these parameters were
correlated to IVIG resistance, and some studies even
showed opposite results 23-25. In this study, the WBC
was negatively correlated to the IVIG resistance risk.
Regarding the debatable results from different studies, we
assume that there might be some confounding variables
that affect both WBC and IVIG resistance risk, which
requires further investigation. On the other hand, the
significance of N/L ratio, HCT, ALB, TBIL, LDH, and Cr
as predictors of IVIG resistance was further confirmed
in this study, whereas other characteristics, which were
previously reported to be risk factors, were not found to
be significantly associated with IVIG resistance, probably
attributing to the sample size, different populations, or
different local clinical practices.

Notably, recent studies reported that incomplete
KD was closely related to IVIG responsiveness 16, 26.
Although incomplete KD was not included as an inde-
pendent risk factor in this study, the factors in the diag-
nostic criteria of complete or incomplete KD were
analyzed. Nonetheless, further investigation on the asso-
ciation between incomplete KD and IVIG resistance is
required.

Meanwhile, there are several limitations of this study.
First, the present study is a retrospective observational
study rather than a randomized controlled clinical study,
which does not possess strong capabilities to establish
causality 27. Second, other confounding variables may
be present that were not measured. Third, this study, as
a single-center study, is more susceptible to local clinical
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practices, limiting the validity and generalizability of our
findings.

Conclusions

Overall, this study identified WBC, N/L ratio, HCT, ALB,
TBIL, LDH, and Cr as the independent risk factors for
IVIG resistance in patients with KD. The proposed novel
nomogram with a high level of accuracy may benefit the
clinical decision-making upon treatment initiation.

List of abbreviations

ACR American College of Rheumatology
AIC Akaike information criterion

ALB Albumin

ALT Alanine transaminase

AST Aspartate aminotransferase
AUROC Receiver operating characteristic curve
BNP B-type natriuretic peptide

BUN Blood urea nitrogen

CAL Coronary artery lesion

CK-MB Creatine kinase-myocardial band
Cr Creatinine

CRP C-reactive protein

DDR DNA damage response

ESR Erythrocyte sedimentation rate
GGT Gamma-glutamyl transferase
HCT Hematocrit

IVIG Intravenous immunoglobulin

KD Kawasaki disease

LDH Lactate dehydrogenase

N/Lratio  Neutrophil-lymphocyte ratio
Na+ Sodium ion

PCT Procalcitonin

PLT Platelets

ROC Operating characteristic curve
TBIL Total bilirubin

WBC White blood cell count

Acknowledgements
We sincerely thank all clinical staff contributing to the data recording and all
patients participating in this study.

Authors’ contribution

JW conceived and designed this study and was responsible for data
collection. XH performed data validation. DG analyzed the data and wrote the
manuscript. All authors read and approved the final manuscript.

Funding
There is no funding to report.

Data Availability
The datasets used and analyzed in the current study are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the Quanzhou Women'’s and Children’s
Hospital's Ethic Committee. All procedures in this study involving human
participants were carried out in line with the principles of Helsinki Declaration.
As this study is a retrospective study, formal consent is not required.

Consent for publication
The written informed consent was waived because of the retrospective and
anonymous nature of the data.

Competing interests
The authors declare no competing interests.



Wang et al. Italian Journal of Pediatrics

(2023) 49:126

Received: 1 August 2023 / Accepted: 12 September 2023
Published online: 25 September 2023

References

1.

Gorelik M, Chung SA, Ardalan K, et al. 2021 American College of Rheuma-
tology/Vasculitis Foundation Guideline for the management of Kawasaki
Disease. Arthritis Rhneumatol. 2022;74(4):586-96.

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(17):€927-99.

Song MS. Predictors and management of intravenous immunoglobulin-
resistant Kawasaki disease. Korean J Pediatr. 2019;62(4):119-23.

Fukazawa R, Kobayashi J, Ayusawa M, et al. JCS/JSCS 2020 Guideline on
diagnosis and management of Cardiovascular Sequelae in Kawasaki Disease.
Circ J. 2020;84(8):1348-407.

Fabi M, Andreozzi L, Corinaldesi E, et al. Inability of asian risk scoring systems
to predict intravenous immunoglobulin resistance and coronary lesions in
Kawasaki disease in an italian cohort. Eur J Pediatr. 2019;178(3):315-22.
Sleeper LA, Minich LL, McCrindle BM, et al. Evaluation of Kawasaki disease
risk-scoring systems for intravenous immunoglobulin resistance. J Pediatr.
2011;158(5):831-5. 833.

Kobayashi T, Inoue Y, Takeuchi K, et al. Prediction of intravenous immuno-
globulin unresponsiveness in patients with Kawasaki disease. Circulation.
2006;113(22):2606-12.

Egami K, Muta H, Ishii M, et al. Prediction of resistance to intravenous
immunoglobulin treatment in patients with Kawasaki disease. J Pediatr.
2006;149(2):237-40.

Li X, Chen Y, Tang Y, et al. Predictors of intravenous immunoglobulin-resistant
Kawasaki disease in children: a meta-analysis of 4442 cases. Eur J Pediatr.
2018;177(8):1279-92.

Dziak JJ, Coffman DL, Lanza ST, Li R, Jermiin LS. Sensitivity and specificity of
information criteria. Brief Bioinform. 2020;21(2):553-65.

Hamada H, Suzuki H, Onouchi Y, et al. Efficacy of primary treatment with
immunoglobulin plus ciclosporin for prevention of coronary artery abnor-
malities in patients with Kawasaki disease predicted to be at increased

risk of non-response to intravenous immunoglobulin (KAICA): a ran-
domised controlled, open-label, blinded-endpoints, phase 3 trial. Lancet.
2019;393(10176):1128-37.

Miura M. Role of glucocorticoids in Kawasaki disease. Int J Rheumn Dis.
2018;21(1):70-5.

Ae R, Abrams JY, Maddox RA, et al. Corticosteroids added to initial intra-
venous immunoglobulin treatment for the Prevention of Coronary Artery
Abnormalities in high-risk patients with Kawasaki Disease. J Am Heart Assoc.
2020;,9(17):e015308.

20.

21.

22.

23.

24.

25.

26.

27.

Page 8 of 8

Sano T, Kurotobi S, Matsuzaki K, et al. Prediction of non-responsiveness to
standard high-dose gamma-globulin therapy in patients with acute Kawasaki
disease before starting initial treatment. Eur J Pediatr. 2007;166(2):131-7.

Liu J, Zhang J, Huang H, et al. A machine learning model to Predict Intrave-
nous immunoglobulin-resistant Kawasaki Disease Patients: a retrospective
study based on the Chongging Population. Front Pediatr. 2021,9:756095.
Huang H, Jiang J, Shi X, et al. Nomogram to predict risk of resistance to
intravenous immunoglobulin in children hospitalized with Kawasaki disease
in Eastern China. Ann Med. 2022;54(1):442-53.

Muto T, Masuda Y, Numoto S, et al. White Blood Cell and Neutrophil Counts
and Response to Intravenous Immunoglobulin in Kawasaki Disease. Glob
Pediatr Health. 2019,6:2333794X19884826.

Gonzalez Fernandez A, de la Rubia Orti JE, Franco-Martinez L, Ceron JJ,
Mariscal G, Barrios C. Changes in salivary levels of creatine kinase, Lactate
dehydrogenase, and Aspartate aminotransferase after playing Rugby Sevens:
the influence of gender. Int J Environ Res Public Health. 2020;17:21.

Piram M, Darce Bello M, Tellier S, et al. Defining the risk of first intravenous
immunoglobulin unresponsiveness in non-asian patients with Kawasaki
disease. Sci Rep. 2020;10(1):3125.

Sauerbrei W, Royston P. Continuous variables: to categorize or to model.
Paper presented at: The 8th International Conference on Teaching Statistics—
Data and Context in statistics education: Towards an evidence based society.
International Statistical Institute, Voorburg2010.

Guo X, Guo D. A Nomogram based on comorbidities and infection location
to Predict 30 days mortality of immunocompromised patients in ICU: a
retrospective cohort study. Int J Gen Med. 2021;14:10281-92.

Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncology:
more than meets the eye. Lancet Oncol. 2015;16(4):e173-180.

Xie T, Wang Y, Fu S, et al. Predictors for intravenous immunoglobulin resis-
tance and coronary artery lesions in Kawasaki disease. Pediatr Rheumatol
Online J. 2017;15(1):17.

Houshmand H, Farhadi R, Sedokani A. The evaluation of neutrophil to
lymphocyte ratio in Kawasaki Disease and its value in Predicting IVIG Therapy
Resistance. 2021.

Lee ZM, Chu CL, Chu CH, Chang LS, Kuo HC. Multiple intravenous antibiotics
usage is associated with intravenous immunoglobulin resistance in Kawasaki
disease. Pediatr Neonatol. 2022,63(2):117-24.

Lu Y, Tang Y, Wang B, et al. Predicting immunoglobulin resistance in Kawasaki
disease: an assessment of neutrophil to lymphocyte platelet ratio. Ital J
Pediatr. 2022;48(1):208.

Kaji AH, Schriger D, Green S. Looking through the retrospectoscope: reduc-
ing bias in emergency medicine chart review studies. Ann Emerg Med.
2014,64(3):292-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Predictors and a novel predictive model for intravascular immunoglobulin resistance in Kawasaki disease
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Subjects
	﻿Statistical analysis and nomogram development

	﻿Result
	﻿Baseline characteristics of the patients
	﻿Comparison of IVIG responsive and resistant patients
	﻿A predictive nomogram for IVIG resistance
	﻿Clinical use of the nomogram
	﻿Sensitivity and specificity analysis

	﻿Discussion
	﻿Conclusions
	﻿References


