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Abstract
Background Intravenous immunoglobulin (IVIG) resistance in patients with Kawasaki disease (KD) is defined as persistent 
or recrudescent fever ≥36 hours after IVIG infusion. We have experienced an increase in IVIG resistance in patients with 
KD since the substitution of 10% IVIG for 5% IVIG. This study aimed to determine the independent association between 
increased IVIG resistance and 10% IVIG therapy.
Methods Medical records of pediatric patients with KD were retrospectively reviewed. Clinical and laboratory characteristics 
were compared between patients receiving 5% IVIG therapy and those receiving 10% IVIG therapy. Between IVIG-responsive 
and IVIG-resistant patients, a multivariate analysis was performed to determine the independent factors for IVIG resistance.
Results A total of 119 patients were included in this study: 81 (68.1%) and 38 (31.9%) patients received 5% and 10% IVIG 
therapy, respectively. IVIG resistance was identified in 34 (28.6%) patients: 44.7% of patients receiving 10% IVIG therapy 
and 21.0% of patients receiving 5% IVIG therapy (p = 0.008). The clinical manifestations and outcomes were comparable 
between patients who received 5% IVIG therapy and those who received 10% IVIG therapy. IVIG resistance was significantly 
associated with fewer fever days at IVIG administration (p = 0.032), a higher percentage of neutrophils (p = 0.013), and 
10% IVIG treatment (p = 0.004) in the multivariate analysis.
Conclusion 10% IVIG therapy was significantly associated with increased reporting of IVIG resistance. However, the increase 
in patients with fever patterns consistent with IVIG resistance seemed to represent adverse febrile reactions resulting from 
using high-concentration IVIG rather than increased severity of KD.
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1 Introduction

Kawasaki disease (KD) is the most common cause of 
acquired heart disease in children in developed countries, 
with an incidence of 197 per 100,000 children aged <5 
years in Korea [1]. KD is characterized by acute systemic 
inflammation of medium-sized vessels, and coronary artery 

abnormalities (CAAs) are the most serious complications 
of KD [2]. CAAs may cause long-term sequelae, such as 
vascular aneurysm and stenosis, precipitating myocardial 
infarction, heart failure, arrhythmias, and sudden death [3, 
4]. Therefore, immune-modulation therapy for systemic 
vasculitis is required to prevent serious complications, and 
high-dose intravenous immunoglobulin (IVIG) with oral 
aspirin is recommended as a primary treatment for KD [2]. 
The prevalence of CAAs was reduced from 25 to <4% with 
IVIG and aspirin therapy within 10 days of illness onset [5, 
6]. However, 10–20% of patients with KD exhibit resistance 
against primary IVIG treatment, requiring additional admin-
istration of IVIG or other immune-modulating agents [2].

IVIG products have varying physical and chemical char-
acteristics depending on their manufacturing processes and 
excipients [7, 8]. The final concentrations of IVIG products 
also vary [7]. IVIG may cause several adverse reactions, 
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Key Points 

The substitution of 10% intravenous immunoglobulin 
(IVIG) for 5% IVIG was significantly associated with 
an increase in the rate of reported IVIG resistance in 
children with Kawasaki disease (KD).

Since the clinical severity and outcomes of KD in the 
periods before and after the introduction of 10% IVIG 
were similar, this may be due to the increase in the 
proportion of patients with fever patterns consistent 
with IVIG resistance rather than a true increase in IVIG 
resistance.

Increased adverse febrile reactions due to high-con-
centration IVIG use should be considered in treating 
patients with KD.

treatment during hospitalization were excluded. Electronic 
medical records of the included patients were retrospectively 
reviewed to gather demographic data, including age and gen-
der, and clinical data, including symptoms consistent with 
KD, underlying diseases, and previous history of KD. The 
start and end times of IVIG infusion, the defervescence time, 
and dose and concentration of the administered IVIG were 
investigated. Laboratory parameters known to be associated 
with IVIG resistance in patients with KD were investigated, 
including white blood cell (WBC) count; percentage of neu-
trophils in WBCs (%neutrophils); hemoglobin level; platelet 
count; erythrocyte sedimentation rate (ESR); C-reactive pro-
tein (CRP), aspartate transaminase (AST), alanine transami-
nase (ALT), total bilirubin, sodium, potassium, and chloride 
levels. Among several scoring systems for predicting IVIG 
resistance, the Kobayashi score was calculated for each 
patient. Echocardiographic findings during the acute (<14 
days after fever onset) and subacute (2–8 weeks after fever 
onset) phases were also reviewed.

The included patients were divided into two groups 
according to the concentration of administered IVIG: 5% 
IVIG and 10% IVIG groups. The collected clinical, labora-
tory, and echocardiographic data, proportions of the Kob-
ayashi high-risk group for IVIG resistance, and IVIG resist-
ance rates were compared between the two patient groups. 
In addition, the dose and infusion time of IVIG and the fever 
duration after the end of IVIG infusion were compared. 
The patients were further divided into IVIG-responsive and 
IVIG-resistant groups, and the collected data were compared 
between the two groups to determine independent factors 
associated with IVIG resistance. In the IVIG-resistant group, 
patients with recrudescent fever and those with persistent 
fever after IVIG infusion were also compared. This study 
was approved by the Institutional Review Board of Dae-
jeon St. Mary’s Hospital, which waived the requirement for 
informed consent (approval number: DC22RASI0015).

2.2  Definition

KD was diagnosed based on the principal clinical findings 
in accordance with the American Heart Association (AHA) 
2017 diagnostic criteria [2]. Complete KD was diagnosed 
based on the presence of fever for ≥5 days with at least 
four of the five principal clinical features of oral changes, 
conjunctivitis, rash, extremity changes, and cervical lym-
phadenopathy [2]. Complete KD could be diagnosed within 
5 days of fever onset, if four or more principal clinical 
features were definite [2]. Incomplete KD was diagnosed 
when ≥5 days of fever was accompanied by fewer than four 
principal clinical features, in accordance with the diagnos-
tic algorithm based on laboratory and echocardiographic 
findings recommended in the AHA 2017 Scientific State-
ment [2]. Body temperature was measured using an infrared 

and headache, fever, nausea, and vomiting occur most fre-
quently [7]. Considering that IVIG resistance in patients 
with KD is defined as persistent or recrudescent fever ≥36 
hours after the end of IVIG infusion, and that fever occurs 
as an adverse reaction in approximately one-fifth of patients 
receiving IVIG [2, 8], differentiating between IVIG-resistant 
KD and adverse febrile IVIG reactions might be difficult 
in a real-life clinical setting. In Korea, 5% IVIG was used 
previously, and 10% IVIG was introduced in 2017. In our 
hospital, 10% IVIG was substituted for 5% IVIG in August 
2018, and we experienced an increase in IVIG resistance 
in patients with KD following this substitution. Additional 
immune-modulation therapy for IVIG-resistant KD results 
in an increase in hospital days, medical costs, and potential 
adverse drug reactions. Therefore, whether the increase in 
IVIG resistance was caused by an increase in the clinical 
severity of KD or by the confounding effects of IVIG con-
centrations needs to be determined. In this study, the clinical 
features and IVIG resistance rates of patients treated with 
IVIG for KD were compared before and after the introduc-
tion of 10% IVIG, and independent factors associated with 
IVIG resistance were investigated.

2  Methods

2.1  Study Design and Subjects

Among pediatric patients aged <19 years who were admit-
ted to the Department of Pediatrics in Daejeon St. Mary’s 
Hospital (Daejeon, Republic of Korea) between February 
2015 and January 2022, those diagnosed with KD were 
included in this study. Patients who did not receive IVIG 
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tympanic membrane thermometer during hospitalization, 
and fever was defined as a body temperature ≥38 °C. Defer-
vescence time was defined as the time when the fever was 
last checked, followed by a body temperature of <38 °C for 
>48 hours. Fever duration was defined as the time from the 
end of IVIG infusion to the defervescence time. Therefore, 
fever duration was expressed as a negative number if defer-
vescence was achieved before the end of IVIG infusion. 
IVIG resistance was defined as persistent or recrudescent 
fever occurring ≥36 hours after the end of IVIG infusion [2]. 
The Kobayashi scoring system to identify patients at higher 
risk for IVIG resistance included sodium level ≤133 mEq/L 
(2 points), ≤4 days of illness at treatment (2 points), AST 
level ≥100 IU/L (2 points), %neutrophils ≥80% (2 points), 
CRP level ≥10 mg/dL (1 point), age ≤12 months (1 point), 
and platelet count ≤300,000/mm3 (1 point) [9]. Patients were 
assigned to low-risk (score <4) and high-risk (score ≥4) 
groups based on the sum of the points [9]. The diameters of 
the left main, left anterior descending, left circumflex, and 
right coronary arteries were measured using echocardiogra-
phy, and Z-scores adjusted for body surface area were calcu-
lated. CAA was defined as a Z-score ≥2.5 in any coronary 
artery segment [2].

2.3  Statistical Analysis

To compare the two patient groups, the chi-square and 
Mann–Whitney tests were used for categorical and con-
tinuous variables, respectively. Multivariate analysis using 
a binary logistic regression test was performed for statis-
tically significant factors in the comparison between the 
IVIG-responsive and IVIG-resistant groups to determine 
the independent factors associated with IVIG resistance. As 
a subgroup analysis, the same analyses were performed for 
patients who received IVIG 2 g/kg, excluding those who 
received IVIG 1 g/kg. The SPSS 21 program (IBM Corpora-
tion, Armonk, NY, USA) was used for statistical analyses. 
The threshold for statistical significance was defined as a 
p-value of 0.05.

3  Results

3.1  Characteristics of the Whole Study Population

During the study period, a total of 121 inpatients were diag-
nosed with KD, and two (1.7%) of them who did not receive 
IVIG treatment were excluded (Fig. 1). The remaining 119 
patients included 67 (56.3%) males and 52 (43.7%) females. 
Their median age was 27 months (range 2–119 months), 
and 17 (14.3%) patients were aged >60 months. Complete 
and incomplete KD were diagnosed in 105 (88.2%) and 14 
(11.8%) patients, respectively. Underlying diseases were 

identified in three (2.5%) patients, all of whom had neu-
rological disorders. Five (4.2%) and one (0.8%) patients 
experienced second and third episodes of KD, respectively. 
The doses of administered IVIG were 2 g/kg and 1 g/kg in 
104 (87.4%) and 15 (12.6%) patients, respectively. Patients 
who received IVIG 1 g/kg were less likely to be assigned 
to the Kobayashi high-risk group and to complain of the 
symptoms of KD, and they had lower WBC counts, %neu-
trophils, and CRP levels compared with those who received 
IVIG 2 g/kg (Table S1 in the electronic supplementary 
material [ESM]): treating physicians tended to selectively 
administer IVIG 1 g/kg to patients who appeared to have 
less severe inflammation. Considering this selection bias, 
a subgroup analysis for patients who received IVIG 2 g/kg 
was performed, excluding those who received IVIG 1 g/
kg. IVIG was infused for a median of 10.5 hours (range 
3.9–17.9 hours). Sixty (50.4%) patients achieved deferves-
cence before the end of IVIG infusion, and the remaining 
59 (49.6%) patients became afebrile a median of 38 hours 
(range 0.0–172.8 hours) after the end of IVIG infusion. 
Echocardiography during the acute phase of the illness was 
performed in 103 (86.6%) patients at a median of 8 days 
(range 2–13 days) after fever onset, and CAAs were identi-
fied in 12 (11.7%) of them. During the subacute phase of 
the illness, echocardiography was performed in 106 (89.1%) 
patients at a median of 4 weeks (range 2–8 weeks) after fever 
onset, and CAAs were identified in seven (6.6%) patients.

3.2  Comparison Between the 5% IVIG and 10% IVIG 
Groups

The 5% IVIG group comprised 81 (68.1%) patients admitted 
between February 2015 and July 2018, and the 10% IVIG 
group comprised 38 (31.9%) patients admitted between 
August 2018 and January 2022. The ESR (p < 0.001) and 
albumin levels (p = 0.005) in the 5% IVIG group were sig-
nificantly lower than those in the 10% IVIG group (Table 1). 
More patients in the 5% IVIG group received IVIG 1 g/kg 

Fig. 1  Flow chart for the inclusion and classification of the study sub-
jects
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than those in the 10% IVIG group, although the difference 
was not statistically significant (p = 0.140, Table 1). The pro-
portions of the Kobayashi high-risk group and CAAs during 
the acute and subacute phases were comparable between the 
two patient groups (Table 1). However, the IVIG resistance 
rate was significantly higher in the 10% IVIG group than in 
the 5% IVIG group (p = 0.008, Table 1). The fever duration 
was longer in the 10% IVIG group than in the 5% IVIG 
group, without statistical significance (p = 0.053, Table 1). 
Excluding the 60 patients who became afebrile before the 
end of IVIG infusion, fever duration was also longer in the 
10% IVIG group than in the 5% IVIG group, without sta-
tistical significance (44.3 hours [range 1.0–167.3 hours] vs 
35.5 hours [range 0.0–172.8 hours]; p = 0.077). For the 104 
patients who received IVIG 2 g/kg, similar results were iden-
tified between the 5% IVIG and 10% IVIG groups (Table S2 
in the ESM).

3.3  Comparison Between the IVIG‑Responsive 
and IVIG‑Resistant Groups

The IVIG-resistant group (n = 34, 28.6%) showed signifi-
cantly fewer fever days at IVIG treatment (p = 0.015), higher 
%neutrophils (p = 0.007), and higher AST (p = 0.001) and 
ALT (p < 0.001) levels than the IVIG-responsive group 
(n = 85, 71.4%; Table 2). Patients in the IVIG-resistant 
group were more likely to be assigned to the Kobayashi high-
risk group (p = 0.038) and receive 10% IVIG (p = 0.008) 
than those in the IVIG-responsive group (Table 2). Because 
fever days at IVIG treatment, %neutrophils, and ALT levels 
are included in the Kobayashi scoring system, a multivari-
ate analysis to determine the independent factors for IVIG 
resistance was performed for two factors, the Kobayashi risk 
group and 10% IVIG treatment. Both factors were indepen-
dently associated with IVIG resistance (Table 3A). In mul-
tivariate analysis including each factor of the Kobayashi 
scoring system separately, 10% IVIG treatment was still 
independently associated with IVIG resistance (p = 0.004, 
Table 3B). For the 104 patients who received 2 g/kg IVIG, 
the same factors, including 10% IVIG treatment, were inde-
pendently associated with IVIG resistance in multivariate 
analysis (Table S3 in the ESM).

In the IVIG-resistant group, recrudescent and persistent 
fever were identified in 23 (67.6%) and 11 (32.4%) patients, 
respectively. Defervescence was achieved without addi-
tional treatment in 12 (35.3%) patients, after the second 
IVIG treatment in three (8.8%) patients, after intravenous 
methyl-prednisolone treatment in 15 (44.1%) patients, and 
after IVIG and intravenous methyl-prednisolone combina-
tion treatment in four (11.8%) patients. Although 12 (52.2%) 
of the 23 patients with recrudescent fever became afebrile 
without additional treatment, all patients with persistent 
fever received additional treatment for defervescence. 

Patients with recrudescent fever and those with persistent 
fever showed comparable clinical manifestations and out-
comes aside from their differing age distributions (Table S4 
in the ESM).

4  Discussion

This study aimed to determine whether 10% IVIG treat-
ment was associated with an increase in IVIG resistance. 
Although the clinical severity and outcomes of KD did not 
differ before and after the introduction of 10% IVIG, the 
IVIG resistance rate increased significantly after the intro-
duction of 10% IVIG, and treatment with 10% IVIG was an 
independent factor associated with IVIG resistance in this 
study.

Previous studies have reported that among patients with 
KD, risk factors for IVIG resistance include male gender; 
fever days at IVIG treatment; higher %neutrophils and ESR; 
higher levels of CRP, AST, ALT, and total bilirubin; lower 
platelet counts; and lower levels of hemoglobin, albumin, 
and sodium [10, 11]. These findings were reaffirmed in this 
study. Although the Kobayashi high-risk group was sig-
nificantly associated with IVIG resistance, its sensitivity 
and specificity in predicting IVIG resistance were 35.3% 
and 82.4%, respectively, in this study. Previous studies in 
Western countries reported the unfavorable sensitivity and 
specificity of various Japanese scoring systems predicting 
IVIG resistance and CAAs, including the Kobayashi scoring 
system [12–15]. In Korea and China, which are neighboring 
countries to Japan, Japanese scoring systems also showed 
unfavorable performance [16–19]. Therefore, each country 
should establish its own prediction system for IVIG resist-
ance in patients with KD.

A few studies have reported on the association between 
IVIG concentration and IVIG resistance in patients with KD 
[20–22]. Oda et al. reported that the frequencies of adverse 
reactions and IVIG resistance were comparable between 
patients with KD who received 5% IVIG and those who 
received 10% IVIG and that fever duration after IVIG infu-
sion was significantly shorter in patients who received 10% 
IVIG than in those who received 5% IVIG [21]. However, a 
recent nationwide Japanese study including a larger number 
of patients with KD reported a significantly higher IVIG 
resistance rate without an increase in CAAs in patients who 
received 10% IVIG than in those who received 5% IVIG 
[22]. In Canadian children, a higher IVIG resistance rate was 
reported in patients who received 10% IVIG compared with 
those who received 5% IVIG [20]. Our study also showed 
a significant association between 10% IVIG treatment and 
increased IVIG resistance. We previously reported that clini-
cal characteristics and IVIG resistance rates in patients with 
KD in Korea did not change significantly from the 1990s to 
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Table 1  Comparison between the 5% IVIG and 10% IVIG groups

Factor 5% IVIG group (n = 81) 10% IVIG group (n = 38) p value

Male gender 49 (60.5) 18 (47.4) 0.178
Age group 0.353
 ≤12 months 13 (16.0) 11 (28.9)
 13–24 months 21 (25.9) 7 (18.4)
 25–36 months 17 (21.0) 9 (23.7)
 37–48 months 14 (17.3) 5 (13.2)
 49–60 months 5 (6.2) 0 (0.0)
 >60 months 11 (13.6) 6 (15.8)

Underlying diseases 2 (2.5) 1 (2.6) 1.000
Recurrent KD 5 (6.2) 1 (2.6) 0.663
KD diagnostic criteria
 Fever days 6 (2–10) 6 (3–9) 0.803
 Oral changes 81 (100.0) 38 (100.0) NA
 Conjunctivitis 78 (96.3) 37 (97.4) 1.000
 Skin rash 76 (93.8) 37 (97.4) 0.663
 Extremity changes 60 (74.1) 26 (68.4) 0.521
 Cervical lymphadenopathy 47 (58.0) 16 (42.1) 0.105

Incomplete KD 8 (9.9) 6 (15.8) 0.371
Complete blood  counta

 White blood cell count (/mm3) 14,000 (5000–32,000) 13,800 (7100–26,500) 0.878
 Neutrophils (%) 65.3 (22.7–89.3) 58.3 (37.0–94.4) 0.231
 Hemoglobin (g/dL) 11.2 (9.1–13.1) 11.4 (10.1–12.7) 0.392
 Platelet count (/mm3) 334,000 (150,000–786,000) 345,000 (185,000–641,000) 0.277

Inflammation marker
  ESRa (mm/h) 54 (9–120) 34 (10–81) <0.001
 C-reactive protein (mg/dL) 6.64 (0.19–20.13) 5.90 (0.69–19.15) 0.341

Blood chemistry
 Aspartate transaminase (IU/L) 30 (14–1110) 30 (16–1271) 0.661
 Alanine transaminase (IU/L) 44 (4–817) 40 (8–686) 0.380
 Total  bilirubinb (mg/dL) 0.3 (0.1–4.2) 0.3 (0.2–5.1) 0.396
 Protein (g/dL) 6.3 (4.9–7.8) 6.5 (5.4–7.2) 0.116
 Albumin (g/dL) 3.9 (2.9–4.5) 4.1 (3.4–4.7) 0.005
 Sodium (mEq/L) 138 (132–143) 138 (134–142) 0.863
 Potassium (mEq/L) 4.2 (2.9–5.5) 4.4 (3.7–5.7) 0.212
 Chloride (mEq/L) 100 (92–107) 101 (96–105) 0.217

Kobayashi risk group 0.859
 Low-risk 63 (77.8) 29 (76.3)
 High-risk 18 (22.2) 9 (23.7)

IVIG treatment
 Dose of 1 g/kg 13 (16.0) 2 (5.3) 0.140
 Infusion time (hours) 10.5 (4.5–17.9) 10.9 (3.9–14.8) 0.930

Fever duration (hours) −3.4 (−74.0 to 172.8) 30.2 (−32.8 to 167.3) 0.053
IVIG resistance 17 (21.0) 17 (44.7) 0.008
 Recrudescent fever 10 (58.8) 13 (76.5)
 Persistent fever 7 (41.2) 4 (23.5)

CAAs on echocardiography
 Acute  phasec 9 (12.9) 3 (9.1) 0.747
 Subacute  phased 6 (7.8) 1 (3.4) 0.671

Data are presented as N (%) or median (range)
CAA  coronary artery abnormality, ESR erythrocyte sedimentation rate, IVIG intravenous immunoglobulin, KD Kawasaki disease, NA not available
a Complete blood count and ESR were measured except for one patient in the 10% IVIG group
b Total bilirubin was tested in 78 and 38 patients in the 5% IVIG and 10% IVIG groups, respectively
c Echocardiography was performed in 70 and 33 patients in the 5% IVIG and 10% IVIG groups, respectively
d Echocardiography was performed in 77 and 29 patients in the 5% IVIG and 10% IVIG groups, respectively
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Table 2  Comparison between the IVIG-responsive and IVIG-resistant groups

Data are presented as N (%) or median (range)
CAA  coronary artery abnormality, ESR erythrocyte sedimentation rate, IVIG intravenous immunoglobulin, KD Kawasaki disease, NA not avail-
able
a Complete blood count and ESR were measured except for one patient in the IVIG-responsive group
b Total bilirubin was tested in 82 and 34 patients in the IVIG-responsive and IVIG-resistant groups, respectively
c Echocardiography was performed in 72 and 31 patients in the IVIG-responsive and IVIG-resistant groups, respectively
d Echocardiography was performed in 76 and 30 patients in the IVIG-responsive and IVIG-resistant groups, respectively

Factor IVIG-responsive group (n = 85) IVIG-resistant group (n = 34) p value

Male gender 49 (57.6) 18 (52.9) 0.640
Age group 0.325
 ≤12 months 19 (22.4) 5 (14.7)
 13–24 months 21 (24.7) 7 (20.6)
 25–36 months 17 (20.0) 9 (26.5)
 37–48 months 10 (11.8) 9 (26.5)
 49–60 months 4 (4.7) 1 (2.9)
 >60 months 14 (16.5) 3 (8.8)

Underlying diseases 2 (2.4) 1 (2.9) 1.000
Recurrent KD 4 (4.7) 2 (5.9) 1.000
KD diagnostic criteria
 Fever days 6 (2–10) 5 (3–9) 0.015
 Oral changes 85 (100.0) 34 (100.0) NA
 Conjunctivitis 81 (95.3) 34 (100.0) 0.577
 Skin rash 80 (94.1) 33 (97.1) 0.673
 Extremity changes 62 (72.9) 24 (70.6) 0.796
 Cervical lymphadenopathy 43 (50.6) 20 (58.8) 0.416

Incomplete KD 12 (14.1) 2 (5.9) 0.345
Complete blood  counta

 White blood cell count (/mm3) 14,050 (6200–28,100) 13,850 (5000–32,000) 0.693
 Neutrophils (%) 59.7 (22.7–88.1) 68.9 (37.0–94.4) 0.007
 Hemoglobin (g/dL) 11.2 (9.1–13.1) 11.4 (9.5–12.9) 0.983
 Platelet count (/mm3) 337,500 (150,000–786,000) 329,500 (185,000–519,000) 0.274

Inflammation marker
  ESRa (mm/h) 48 (9–120) 46 (15–120) 0.664
 C-reactive protein (mg/dL) 5.71 (0.19–20.13) 7.34 (0.85–19.26) 0.081

Blood chemistry
 Aspartate transaminase (IU/L) 28 (14–1110) 54 (16–1271) 0.001
 Alanine transaminase (IU/L) 26 (4–817) 134 (9–686) <0.001
 Total  bilirubinb (mg/dL) 0.3 (0.1–2.8) 0.4 (0.2–5.1) 0.056
 Protein (g/dL) 6.4 (5.2–7.8) 6.4 (4.9–7.4) 0.294
 Albumin (g/dL) 4.0 (3.0–4.7) 3.8 (2.9–4.5) 0.134
 Sodium (mEq/L) 138 (132–143) 138 (133–142) 0.939
 Potassium (mEq/L) 4.3 (2.9–5.7) 4.2 (3.3–5.4) 0.222
 Chloride (mEq/L) 100 (92–107) 101 (96–107) 0.926

Kobayashi risk group 0.038
 Low-risk 70 (82.4) 22 (64.7)
 High-risk 15 (17.6) 12 (35.3)

IVIG treatment
 10% IVIG administration 21 (24.7) 17 (50.0) 0.008
 Dose of 1 g/kg 14 (16.5) 1 (2.9) 0.064
 Infusion time (hours) 10.4 (4.5–14.9) 11.0 (3.9–17.9) 0.210

Fever duration (hours) −8.0 (−74.0 to 35.5) 51.4 (−36.0 to 172.8) <0.001
CAAs on echocardiography
 Acute  phasec 10 (13.9) 2 (6.5) 0.340
 Subacute  phased 7 (9.2) 0 (0.0) 0.187
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the 2010s, before the introduction of 10% IVIG [23, 24]. 
In this study, comparing patients with KD treated with 5% 
IVIG with those treated with 10% IVIG, we found compara-
ble proportions of patients belonging to the Kobayashi high-
risk group and those developing CAAs. IVIG resistance is 
based on the duration of fever after IVIG treatment, and 
fever is one of the most frequent adverse reactions of IVIG. 
Therefore, we hypothesized that the substitution of 10% 
IVIG for 5% IVIG increased febrile reactions after IVIG 
infusion and that this was clinically recognized as IVIG 
resistance; that is, an increase in patients with fever patterns 
consistent with the definition of IVIG resistance rather than 
an increase in patients with true IVIG resistance after the 
use of 10% IVIG.

IVIG dose, IVIG infusion rate, patient age, and underly-
ing conditions were considered to influence the develop-
ment of adverse reactions linked to IVIG treatment [25]. To 
address these confounding factors, we only included pediat-
ric patients with KD and conducted a subgroup analysis for 
patients receiving IVIG 2 g/kg, which is the standard therapy 
for KD. The infusion rates in the 5% IVIG and 10% IVIG 
groups were similar to each other; therefore, in this study, the 
infused dose of IVIG in grams per hour was lower in the 10% 
IVIG group than in the 5% IVIG group. Administration of 
10% IVIG results in earlier determination of IVIG resistance 
due to the reduced infusion time compared with 5% IVIG. 
This can shorten the timeframe required to determine IVIG 
resistance after IVIG infusion. Therefore, the 2020 Japanese 
KD guideline changed the time for defining IVIG resistance 
from 24 hours to 24–36 hours after the end of IVIG infu-
sion based on the results of the above-mentioned nation-
wide study [22, 26]. However, the AHA 2017 guideline had 
already recommended defining IVIG resistance ≥36 hours 
after the end of IVIG infusion [2], and this study adopted the 
AHA guideline. Although the exact mechanisms responsible 
for the adverse febrile reactions of IVIG are unknown, they 
might be related to the complement activation mediated by 

the IgG aggregates included in IVIG [25]. The presence of 
serum proteins, such as IgA, IgM, CD4, CD8, and cytokines; 
viruses; and excipients added during manufacturing may 
cause adverse reactions because these components cannot 
be completely eliminated despite the use of several manufac-
turing processes [25]. However, we used 5% IVIG and 10% 
IVIG from the same manufacturer, and they only differed in 
concentration. Considering that the components of 5% IVIG 
and 10% IVIG were identical in this study, individual patient 
factors might have influenced the development of adverse 
febrile reactions after infusion of a higher concentration of 
IVIG. Genetic variations in Fc receptors and proteins in the 
complement pathway that participate in IVIG actions need to 
be evaluated to define the independent association between 
the use of 10% IVIG and an increase in the occurrence of 
adverse febrile reactions.

Efforts should be made to differentiate between adverse 
febrile reactions due to a higher concentration of IVIG and 
true IVIG resistance, which is accompanied by an increased 
risk for CAAs. Downie et al. reported that patients with 
persistent fever after IVIG treatment were more likely to 
develop CAAs than those with recrudescent fever after 
IVIG treatment [20]. Among the laboratory test results, the 
WBC count, %neutrophils, and CRP and N-terminal pro-
brain natriuretic peptide levels significantly decreased after 
IVIG treatment in IVIG-responsive patients but not in IVIG-
resistant patients [27]. Therefore, the fever pattern and labo-
ratory test results after IVIG treatment can be considered 
adjunctively to determine true IVIG resistance. In this study, 
the frequencies of CAAs in patients with recrudescent fever 
and those in patients with persistent fever were comparable. 
Unfortunately, laboratory data after IVIG infusion were not 
systemically collected in our patients; therefore, the asso-
ciation between IVIG resistance and changes in laboratory 
test results after IVIG treatment could not be determined. 
Genetic variations associated with IVIG resistance, as well 
as with the incidence of KD, have been reported. Various 

Table 3  Results of multivariate analyses to determine the independent factors for IVIG resistance while (A) including two factors of Kobayashi 
risk group and 10% IVIG treatment and (B) including each factor of the Kobayashi scoring system separately

IVIG intravenous immunoglobulin

Factor Odds ratio 95% confidence interval p-Value

(A)
 Kobayashi high-risk group 2.659 1.046–6.758 0.040
 10% IVIG treatment 3.143 1.338–7.383 0.009

(B)
 Fever days at IVIG treatment 0.658 0.449–0.964 0.032
 %neutrophils 1.049 1.010–1.089 0.013
 Aspartate transaminase level 1.000 0.996–1.005 0.841
 Alanine transaminase level 1.001 0.996–1.006 0.619
 10% IVIG treatment 4.140 1.585–10.813 0.004
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genes involved in T-cell stimulation, interleukin-1β and -2 
and transforming growth factor-β signaling pathways, cell 
apoptosis, and angiogenesis have been identified [28, 29]. 
Although using a combination of genetic and clinical factors 
improved the predictability of IVIG resistance [28, 29], rou-
tine genetic testing might not be currently applicable in real-
life clinical settings. Reductions in the infusion rate and dose 
of IVIG can help decrease adverse IVIG reactions [7]. How-
ever, in this study, the infusion times of 5% IVIG (median 
of 10.5 hours) and 10% IVIG (median of 10.9 hours) were 
comparable; further extension of the infusion time might 
not be practical. Recent studies have reported comparable 
therapeutic effects of IVIG 1 g/kg and IVIG 2 g/kg [30–32]. 
In patients at low risk for IVIG resistance, IVIG 1 g/kg was 
expected to be as effective as IVIG 2 g/kg, with decreases 
in adverse IVIG reactions [32]. We could not determine the 
association between 10% IVIG therapy and IVIG resistance 
in patients receiving IVIG 1 g/kg due to the small num-
bers of patients receiving IVIG 1 g/kg, with IVIG-resistant 
patients among them.

This study had some limitations, including poten-
tial selection bias due to its retrospective nature and the 
restricted hospital admission of febrile patients due to the 
recent coronavirus disease 2019 pandemic. Although we 
performed multivariate analysis, we might have missed 
some factors associated with IVIG resistance that work con-
currently with the introduction of 10% IVIG. In addition, 
various IVIG products may have different adverse reaction 
profiles depending on their composition. After the pandemic 
ends, prolonged prospective studies including a sufficient 
number of patients should be conducted, while controlling 
for disease-, treatment-, and patient-related confounding 
factors.

5  Conclusion

Infusion with 10% IVIG was independently associated with 
treatment resistance. However, this resistance seemed to 
represent an adverse febrile reaction linked to the use of a 
higher concentration of IVIG rather than a true treatment 
resistance, as no associations with other significant changes 
in clinical manifestations were observed.
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