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Prediction of Intravenous Immunoglobulin Nonresponse Kawasaki Disease in Korea

Myung Hyun Choi, M.D., Chung Soo Park, M.D., Dong Soo Kim, M.D., and Ki Hwan Kim, M.D.

Department of Pediatrics, Severance Children’s Hospital, Yonsei University College of Medicine, Seoul, Korea

Purpose: The objective of this study was to find the predictors and generate a prediction scoring model of nonresponse
to intravenous immunoglobulin in patients with Kawasaki disease,
Methods: We examined 573 children diagnosed with KD at the Severance Children’s Hospital between January 2009 and

december 2012, We retrospectively reviewed their medical records, These patients were divided into 2 groups; the experi-

mental group (N=433) and the validation group (N=140), Each group were divided into 2 groups the intravenous immunoglo-

bulin nonresponders and the responders, Multivariate logistic regression analysis identified predictive factors of intravenous

immunoglobulin nonresponders which make predictive scoring model, We practice internal validation and external validation,
Results: Multivariate logistic regression analysis identified male, cervical lymphadenopathy, changes of the extremities,

platelet, total bilirubin, alkaline phophatase, lactate dehydrogenase, C—reactive protein as significant predictors for nonres-

ponse to intravenous immunoglobulin, We generated prediction score assigning 1 point for (1) male, (2) cervical lymphade-
nopathy, (3) changes of the extremities, (4) platelet (<368,000/mm?>), (5) total bilirubin (>0.4 mg/dL), (6) alkaline phophatase
(=227 1U/L), (7) lactate dehydrogenase (=268 IU/L), (8) C—reactive protein ()77.1 mg/dL). Using a cut—off point of 4 and
more with this prediction score, we could identify the intravenous immunoglobulin nonresponder group. Sensitivity and
specificity were 52.5% and 82.4% in experimental group and 37.8% and 81.8% in validation group, respectively.

Conclusion: Our predictive scoring models had high specificity and low sensitivity in Korean patients, Therefore it is useful

in predicting nonresponse to intravenous immunoglobulin with Kawasaki disease.
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Table 1. Comparison of Charcteristics between Intravenous Immunoglobulin Responders and Nonresponders

Variable IVIG responders (n=415) IVIG nonresponders (n=158) P value
Male 258 (62.17%) 84 (53.16%) 0.049
Age in month 33.58+29.42 33.18+£22.43 0.864
Days of fever at initial treatment 4.83+2.35 4.54+1.87 0.135
Bilateral nonexudative conjunctivitis 312 (75.18%) 121 (76.58%) 0.875
Rash 254 (61.2%) 113 (71.52%) 0.021
Erythema of the lips and oral mucosa 284 (68.6%) 108 (68.35%) 0.942
Cervical lymphadenopathy 191 (46.14%) 88 (55.7%) 0.041
Changes of the extremities 241 (58.07%) 109 (68.99%) 0.017
BCG scar redness and erythema 178 (42.89%) 59 (37.34%) 0.228
Imcomplete Kawasaki disease 313 (75.42%) 116 (73.42%) 0.621
CAA (initial) 47 (11.52%) 17 (10.83%) 0.816
CAA (after 6 months) 24 (5.97%) 12 (7.79%) 0.435
Gallbladder hydrops 15 (3.71%) 7 (4.46%) 0.683

Abbreviations: IVIG, intravenous immunoglobulin; BCG, bacille de Calmette-Guerin vaccine; CAA, coronary artery abnormality.
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Table 2. Comparison of Laboratory Finding Between Intravenous Immunoglobulin Responders and Nonresponders

Variable IVIG responders (N=415) IVIG nonresponders (N=158) P value
WBC, x10%/mm’ 12,927.57+4,879.58 12,529.3+4,746.2 0.379
Hemoglobin, g/dL 11.63+0.99 11.55+0.89 0.354
% Hematocrit 35.2+18.8 34.08+2.71 0.237
Platelet, X 10*/mm’ 400.9+141.38 366.31+125.98 0.007
% Neutrophils 58.6+17.51 64.45+19.09 <0.001
% Lymphocytes 30.53+£21.16 24.82+15.91 <0.001
% Monocytes 493+2.64 4.42+2.87 0.044
% Eosinophils 3.15£3.37 2.79+2.66 0.185
ESR, mm/h 61.61+£32.31 61.92+29.58 0.917
CRP, mg/L 58.87+55.38 75.74+64.64 0.004
Calcium, mg/dL 9.68+4.43 9.32+0.4 0.108
Phophate, mg/dL 4.3+0.73 4.03+0.66 <.001
BUN, mg/dL 8.93+3.29 9.25+4.22 0.385
Creatinine, mg/dL 0.34+0.1 0.35+0.11 0.287
Uric acid, mg/dL 381+7.1 3.54+1.33 0.462
Cholesterol, mg/dL 142.42+32.74 138.87+24.79 0.163
Total bilirubin, mg/dL 0.4+0.44 0.69£0.83 <.001
Ptotein, g/dL 6.47+0.55 6.33+£0.42 0.001
Albumin, g/dL 3.94+0.41 3.88+0.37 0.126
Alkaline phophatase, IU/L 170.39+£65.74 198.26+£86.15 <0.001
AST, TU/L 57.63+104.78 88.3+126.3 0.007
ALT, TU/L 64.94+128.77 99.59+139.34 0.005
LDH, IU/L 314.5+172.73 325.71+£125.93 0.395
Creatine kinase, U/L 141.34+£302.53 138.78+£247.68 0.918
Sodium, mmol/L 137.16+2.28 135.97£9.63 0.127
Potassium, mmol/L 4.39+0.49 5.92+20.67 0.354
Chloride, mmol/L 101.99+2.63 103.08+22.86 0.550
Total CO;, mmol/L 20.18+2.7 20.85+16.5 0.615
NT-proBNP, mg/dL 799.06+1840.42 904.52+1,439.25 0.472

Abbreviations: IVIG, intravenous immunoglobulin; WBC, White blood cell; ESR, Erythrocyte sedimentation rate; CRP, C-reactive
protein; BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, Lactate dehydro-
genase; NT-proBNP, N—terminal fragment of B—type natriuretic peptide.
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Table 3. Comparison of Charcteristics between Experimental Group and Validation Group

Variable Experimental group (N=433) Validation group (N=140) P value
Male 251 (57.97%) 91 (65.0%) 0.141
Age in month 33.41+£27.54 33.64+28.08 0.934
Days of fever at initial treatment 4.72+2.33 4.84+1.89 0.524
Imcomplete Kawasaki disease 392 (90.53%) 123 (87.86%) 0.02
IVIG nonresponder 120 (27.71%) 38 (27.14%) 0.896
CAA (nitial) 50 (11.55%) 14 (10.0%) 0.766
CAA (after 6 months) 26 (6.0%) 10 (7.14%) 0.484
Abbreviations: IVIG, intravenous immunoglobulin; CAA, coronary artery abnormality.

Table 4. Multivariate analysis of Intravenous Immunoglobulin Nonresponders in Experimental Group

Risk factor Odds ratio (95% Confidence interval) P value
Male 0.605 (0.384-0.952) 0.03
Cervical lymphadenopathy 1.668 (1.054-2.64) 0.029
Changes of the extremities 1.43 (0.882-2.32) 0.147
Platelet (<368,000/mm”) 0.998 (0.997-1) 0.084
Total bilirubin (>0.4 mg/dL) 1.566 (1.113-2.202) 0.01
Alkaline phophatase (=227 IU/L) 1.005 (1.002-1.008) 0.002
Lactate dehydrogenase (=268 IU/L) 1.002 (1-1.004) 0.099
C-reactive protein (>77.1 mg/dL) 1.003 (0.999-1.007) 0.127

C-statistic: 0.7001 (0.6424-0.7578)

Abbreviations: ALP, alkaline phophatase; LDH, lactate dehydrogenase; CRP, C-reactive protein.

Table 5. Internal Validation and External Validation of Simple Scoring Model

IVIG Responders

IVIG Nonresponders

Validation Score (R g el of paten) Suitability Value (95% CI)

Internal validation =5 63 55 Sensitivity 0.525 (0.435-0.614)
5 57 258 Specificity 0.824 (0.782-0.866)

External validation >5 14 18 Sensitivity 0.378 (0.222-0.535)
$5 23 81 Specificity 0.818 (0.742-0.894)

Abbreviations: IVIG, intravenous immunoglobulin; CI, confidence interval.

P=0.002), ZAEEE (268 TU/L o4, P=0.099),
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ROC Curves for Comparisons
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Fig. 1. Receiver-operating-characteristics curves of pre-
dictive models for intravenous immunoglobulin nonre-
sponse Kawasaki disease. Predictive model based on
logistic regression model (Null) and predictive scoring
model (Score Model).
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