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Abstract

or TBil alone in predicting IVIG resistance.

than ALB and TBil alone for initial IVIG resistance.

Background: Intravenous immunoglobulin (IVIG) resistance prediction is one of the primary clinical issues and
study hotspots in KD. This study aimed to prospectively investigate the value of albumin-bilirubin grade (ALBI) in
predicting IVIG resistance in KD and to assess whether ALBI has more predictive value or accuracy than either ALB

Methods: A total of 823 patients with KD were prospectively enrolled. The clinical and laboratory data were compared
between the IVIG-response group (n =708) and the IVIG-resistance group (n = 115). Multivariate logistic regression
analysis was performed to identify the independent risk factors for IVIG resistance. Receiver operating characteristic
(ROQ) curves analysis was applied to assess the validity of ALBI, ALB, and TBil in predicting IVIG resistance.

Results: ALBI was significantly higher in patients with IVIG resistance and was identified as an independent risk factor
for IVIG resistance in KD. The parameter of ALBI = — 257 (AUC: 0.705, 95 %Cl: 0.672-0.736), ALB < 33.0 g/L (AUC: 0.659,
95 %Cl: 0.626-0.692), and TBil 2 16.0umol/L (AUC: 0.626, 95 %Cl: 0.592-0.659), produced a sensitivity, specificity, PPV,
and NPV of 0617, 0657, 0.226 and 0.914; 0.374, 0.850, 0.289 and 0.893; 0.269, 0.941, 0425 and 0.888, respectively.

Conclusions: A higher ALBI was an independent risk factor for IVIG resistance in KD. It yielded better predictive ability

Keywords: Kawasaki disease, albumin-bilirubin grade, intravenous immunoglobulin resistance

Introduction

Kawasaki disease (KD) is an acute systemic vasculitis
predominantly affecting children, with coronary artery
lesions (CALs) as the most severe sequela [1]. However,
approximately 10-20 % of patients with KD are resistant
to intravenous immunoglobulin(IVIG) treatment and

* Correspondence: sdigjoy@qg.com; 805101396@qqg.com

YU Yan, Lina Qiao and Yimin Hua contributed equally to this work.
'Department of Pediatric Cardiology, West China Second University Hospital,
Sichuan University, 610041 Chengdu, Sichuan, China

Full list of author information is available at the end of the article

B BMC

develop a risk of CALs [2] despite timely IVIG treatment
is substantially effective. It has been proven that IVIG-
resistant patients may benefit from adjunctive therapies
for primary treatment, including corticosteroids [3, 4],
infliximab [5, 6], plasma exchange [7, 8], and cytotoxic
agents [9, 10]. Thus, early prediction of IVIG resistance
is of paramount importance since they may benefit from
early-intensified therapy. Although several risk-scoring
systems have been developed by Kobayashi, Egami, and
Sano in Japan [11-13], these systems are considered to
be complicated and unpractical as multiple points need
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to be summed showing variable prediction effectiveness
for IVIG resistance in different populations [14—22].

Despite the definite cause of KD is currently unknown,
it is generally accepted that systematic inflammatory re-
sponse plays a crucial role in the pathogenesis of the on-
set and progression of KD [23]. The innate immune
system is activated as an early event of KD onset,
characterized by increasing concentration of various
cytokines in circulating blood such as interleukin-1(IL-1),
IL-6, IL-8, and tumor necrosis factor-a (TNF-a) [23, 24].
The serum albumin (ALB), traditionally regarded as a
maker of nutritional status, is also increasingly considered
as the most important negative acute-phase protein [25].
Catabolism of ALB is directly correlated with the severity
of the acute inflammation. Hypoalbuminemia is com-
monly observed in patients with KD, primarily resulting
from the increased permeability and leakage of serum
ALB during the acute phase [26, 27]. Meanwhile, serum
total bilirubin is constantly elevated and could reflect the
degree of liver damage in KD. Substantial evidence proved
that both hypoalbuminemia and hyperbilirubinemia were
associated with IVIG resistance [11-13, 28, 29]. However,
neither was suitable alone to be a valuable predictor with-
out high sensitivities or specificities. Even though both in-
dicators were included in several risk-scoring systems for
IVIG resistance prediction in KD [13, 28-32], these risk-
scoring systems are based on individual parameters that
are scored based on arbitrarily defined predetermined cut-
off values, producing variable predictive ability for IVIG
resistance [14—16]. Inevitably, these risk-scoring systems
or single indicators stratified patients into distinct groups,
resulting in information loss. Notably, patients who fall
around the cut-off point (i.e., just below or above the dis-
criminating value) may be classified as having different
risk levels. Therefore, the predictive ability of ALB, TBil,
or available risk-scoring systems comprising ALB and/or
TBil, seems to be limited and unsatisfactory for IVIG
resistance. It indicated the necessity and importance of
developing a useful and stable predictor for initial IVIG
resistance.

Recently, a parameter known as the ALBI grade
[0.66><10g10TBi1—0.085><ALB] provides information on
ALB and TBil, reflecting systemic inflammatory re-
sponse and/or the degree of liver damage [33]. ALBI
has been proposed as a powerful prognostic indicator
of poor outcomes in patients with hepatocellular car-
cinoma (HCC) [33-37], hepatitis virus infection, and
acute pancreatitis [38—40]. Additionally, this param-
eter positively correlates with inflammatory markers
[39]. However, the usefulness of ALBI as a predictor
of prognosis has not been evaluated in patients with
KD. Thus, in this cohort, we prospectively assessed
the predictive ability of ALBI for IVIG resistance in
patients with KD and whether ALBI has more
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predictive value or accuracy than either ALB or TBil
alone in predicting IVIG resistance.

Patients and methods

Patients with KD were prospectively recruited between
March 2015 and September 2020 at our hospital. KD
was diagnosed based on the AHA scientific statement’s
standards for diagnosis, treatment, and long-term man-
agement of KD [1] and confirmed by two experienced
pediatricians (including>1 KD specialist). The classic
diagnosis of KD has been based on the presence of >5
days of fever and = 4 of the five principal clinical features
(Rash, Extremity changes, Conjunctivitis, Oral changes,
Cervical lymphadenopathy) while the diagnosis of in-
complete KD included prolonged unexplained fever,
fewer than 4 of the principal clinical findings, and com-
patible laboratory or echocardiographic findings [1].
Structured questionnaires with pre-coded questions,
including basic demographic information, clinical
manifestations, hematological examination results, treat-
ment, and follow-up outcomes, were used for data col-
lection. All questionnaires were pretested and revised
accordingly. Two well-trained doctors conducted data
collection and checked the questionnaires to ensure
completeness. Informed written consent was obtained
from the parents after this study’s nature was fully
explained to them. The University Ethics Committee
approved the study on Human Subjects at Sichuan
University. All research was performed following the
relevant guidelines and regulations.

Exclusion criteria included known patients with con-
genital or chronic liver disease affecting ALB and/or TBil
levels. In total, 1196 patients were diagnosed with KD
upon admission. Those who had received IVIG treatment
in other medical facilities (# = 180) or did not receive IVIG
treatment before 10 days from fever onset (n =97) were
excluded. Additionally, 43 patients were excluded due to
lack of data regarding complete blood count (CBC) or C-
reactive protein(CRP) (n=17) or serum ALB (n=26)
levels prior to initial IVIG treatment. We also excluded 53
patients because other laboratory data (n =28) or follow-
up results (n=25) were incomplete. Finally, 823 pa-
tients were enrolled for analysis, including 708 initial
IVIG responders and 115 initial IVIG non-responders.
Of the 115 patients with initial IVIG resistance, 45
did not respond to repeated IVIG treatment and re-
ceived pulse intravenous methylprednisolone infusion
(Fig. 1). No patients received additional treatment
such as infliximab, plasma exchange, or cytotoxic
agents. The ALBI grade was defined as 0.66xlog;, "'
0.085xALB before the initial IVIG infusion. In case of
more than one TBil or ALB determination before the
initial IVIG infusion, the highest value of TBil and
the lowest value of ALB were chosen for the analysis.
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Baseline participants (n=1196) <:| Primarily excluded patients
From March 2015 to September 2020 by exclusion criteria

2>

373 not enrolled:

180 received IVIG treatment in other medical facility;

97 did not received IVIG prior to 10 days from fever onset;

43 lacked of complete blood count or C-reactive protein (n = 17)
or serum albumin (n = 26) prior to initial IVIG

28 lacked of other laboratory data;

25 had incomplete follow-up results

823 patients were enrolled and received initial IVIG treatment

708 responded to initial IVIG treatment

Statistical analysis

115 were resistant to initial IVIG treatment

70 responded to repeated
IVIG treatment

45 resisted to repeated
IVIG treatment

Multivariable logistic regression analysis

Fig. 1 The flowchart of our prospective cohort study

All patients received the same standard treatment regi-
men for KD. Aspirin (30-50 mg/kg/day) and IVIG (2 g/
kg given as a single intravenous infusion) were adminis-
tered within the first ten days of illness from fever onset.
After patients were treated for 48—72 h, a tapered dose
of aspirin (3—5 mg/kg/day) was administered for 6—8
weeks. If patients had CALs, aspirin was continued until
there was no evidence of CALs. The initial IVIG resist-
ance was defined as recurrent or persistent fever (=
38.0 °C) or other clinical signs of KD for at least 36 h
but not longer than seven days after initial IVIG [41]. A
second IVIG (2 g/kg given as a single intravenous infu-
sion) was administered if the patient had initial IVIG re-
sistance. Furthermore, if the patient had repeated IVIG
resistance defined as having recurrent or persistent fever
after the second IVIG infusion, tapered administration
of pulse intravenous methylprednisolone (20-30 mg/kg/
day for three consecutive days) followed by oral prednis-
one (2 mg/kg/day) for seven days was given as adjunct-
ive therapy.

During the acute and sub-acute phase of KD [42, 43],
CALs were based on the normalization of dimensions
for body surface area (BSA) as Z scores (standard devi-
ation units from the mean, normalized for BSA) by the
AHA scientific statement’s standards for diagnosis, treat-
ment, and long-term management of KD [44]. Accord-
ing to the institutional protocol, patients underwent

standardized echocardiograms by two pediatric ultraso-
nologists during the acute phase and 6-8 weeks during
the cardiology clinic follow-up evaluations until the
resolution of CALs. BSA and Z scores were calculated
using the Haycock [45] and the Kobayashi equations
[46], respectively.

Statistical analyses

Categorical variables are described as frequencies and
percentages (n/%) where appropriate, and quantitative
data are presented as the median with the 25th and 75th
percentiles (interquartile range (IQR)) in square
brackets. The Shapiro-Wilk test and homogeneity test of
variance were used to confirm that quantitative data
from different groups were normally distributed and met
the homogeneity of variance. The chi-squared test, un-
paired Student’s t-test, and Mann-Whitney U test were
applied to compare demographic characteristics, clinical
manifestations, and laboratory data between groups. Nu-
merical variables that showed statistical significance in
the univariate analysis were transformed into dichotom-
ous variables. Cut-off values corresponding to the max-
imum Youden’s index for sensitivity and specificity were
selected based on the receiver operating characteristic
(ROC) curve. These crucial indicators from univariate
analysis were then subjected to multivariate logistic re-
gression analysis to identify independent predictors of
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IVIG resistance. The best cut-off values of the multivari-
able model for IVIG resistance prediction and its corre-
sponding predictive power were further assessed using
the ROC curve. The parameters of TBil and ALB were
not included in the multivariate logistic regression
analysis because of their strong correlations with ALBI.
To compare the predictive value of ALBI and ALB or
TBil for IVIG resistance, ROC analysis was conducted to
determine the best cut-off values and their correspond-
ing predictive validities. Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and diagnostic accuracy were assessed. A De Long test
was used to compare the ROC curves. P values < 0.05
were considered statistically significant. All data analyses
were performed using SPSS 21.0 (IBM SPSS Statistics
version 21.0, Armonk, NY, IBM Corp.).
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Results

Comparison of clinical data between initial IVIG-response
group and IVIG-resistance group

As shown in Table 1, no significant differences were
observed between the two groups regarding sex, fever
duration before IVIG treatment, the occurrence of in-
complete KD, and typical clinical manifestations of KD
(p>0.05). The incidence of CALs was relatively higher
in the IVIG-resistance group, but the difference was not
statistically significant (13.0% vs. 10.0%, p=0.325).
Compared with patients from the IVIG-response group,
patients from the IVIG-resistant group were older, pre-
senting substantially higher levels of neutrophil percent-
age (N%), alanine aminotransferase (ALT), TBil, and
ALBI, but lower levels of hemoglobin, platelet (PLT),
ALB and sodium (Na*) (p < 0.005).

Table 1 Comparison of clinical data between the groups of initial IVIG-response and IVIG-resistance in KD

IVIG-response IVIG-resistance p value

(n=708) (n=115)
Male 403(56.9) 59(51.3) 0.267
Age, years 2.1(1.2-3.6) 2.3(1.3-4.5) 0.026
Clinical manifestations
Rash 549(77.5) 96(83.5) 0.190
Extremity changes 393(55.5) 65(57.4) 0.762
Conjunctivitis 651(91.9) 103(89.6) 0.368
Oral changes 639(90.3) 108(93.9) 0.296
Cervical lymphadenopathy 310(43.8) 62(53.9) 0.055
Fever duration before initial IVIG, days 5.0(5.0-6.0) 5.0(4.0-6.0) 0212
Incomplete KD 275(38.8) 36(31.3) 0.146
CALs in the acute phase of KD 71(10.0) 15(13.0) 0325
Before initial IVIG
Time of blood test from fever onset, days 5.0(4.0-6.0) 4.0(3.0-5.0) 0.558
WBC, x10°%/L 13.2(10.7-16.6) 13.6(10.0-16.9) 0515
Neutrophil, % 66.2(77.0-56.0) 77.5(66.2-84.0) <0.001
Lymphocyte, % 24.6(16.0-33.0) 15.0(9.6-24.0) <0.001
Hemoglobin, g/L 109(102-117) 107(101-114) 0.036
PLT, x10°/L 316(259-387) 290(196-348) <0.001
CRP, mg/L 71.0(43.0-107.0) 92.1(62.0-144.0) <0.001
ESR, mm/h 64.0(46.0-81.0) 67.0(48.0-87.0) 0.152
AST, U/L 33.0(25.0-49.0) 37.0(25.0-73.0) 0.161
ALT, U/L 36.0(20.0-77.7) 54.0(27.0-125.0) 0.006
ALB, g/L 38.0(35.0-41.0) 36.0(30.3-39.0) 0.004
TBil, pmol/L 6.0(4.0-85) 7.0(5.0-19.0) <0.001
Na*, mmol/L 137.0(135.0-139.0) 135.0(133.0-137.0) <0.001
ALBI -2.73(-3.00- (-2.46)) -2.38(-2.69- (-1.93)) <0.001

Abbreviations: ALB Albumin; AST aspartate aminotransferase; ALT alanine aminotransferase; CRP C-reactive protein; CALs coronary artery lesions; ESR erythrocyte
sedimentation rate; IVIG intravenous immunoglobulin; KD Kawasaki disease; TBil total bilirubin; Na*, sodium; WBC white blood cell; ALBI albumin-bilirubin index;

The data are presented as the median with the 25th and 75th percentiles in square brackets for continuous variables and as the percentage for the

categorical variables
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Multivariate logistic regression analysis for IVIG resistance
prediction in KD

As shown in Table 2, multivariate logistic regression
analysis was performed to investigate whether ALBI was
an independent risk factor for IVIG resistance in KD.
Statistically significant variables including age, N%, PLT,
hemoglobin, CRP, ALT and Na" levels were identified as
confounding factors. The multivariate logistic regression
model did not comprise the parameters of ALB and TBil
since all of them showed strong correlations with ALBI.
The results showed that ALBI > - 2.57 was an independ-
ent risk factor for initial IVIG resistance (OR: 3.374,
95 %CI: 2.016—5.648, p < 0.001).

Predictive ability of ALBI, ALB, and TBil in predicting
initial IVIG resistance

The parameters of ALBI > -2.57, ALB<33.0 g/L, and
TBil = 16.0umol/L produced a sensitivity, specificity,
PPV, NPV and diagnostic accuracy of 0.617, 0.657,
0.226, 0.914, and 0.651; 0.374, 0.850, 0.289, 0.893, and
0.783; 0.269, 0.941, 0.425, 0.888, and 0.847, respectively
(Table 3).

The AUC value of ALBI (AUC: 0.705, 95 %CI: 0.672—
0.736) did significantly differed from that of ALB (AUC:
0.659, 95 %CIL: 0.626—0.692) and TBil (AUC: 0.626,
95 %CI: 0.592-0.659) (p =0.001 and 0.012, respectively)
(Fig. 2). The diagnostic sensitivity and specificity of
ALBI, TBil, and ALB according to the ROC optimized
decision limits in predicting initial IVIG resistance are
shown in Table 4.

Association of ALBI with repeated IVIG resistance and
CALs in KD

The patients were divided into two subgroups according
to whether patients with KD presented with repeated
IVIG resistance: patients with repeated IVIG resistance
(n =45) and response to the second IVIG (n = 70). There
was no significant difference in ALBI between patients
with repeated IVIG resistance and IVIG response [ -
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2.47(-2.8 - (-2.02)) vs. —2.27(-2.64-(-1.9)), p=0.081]
(Supplementary material 1). The ALBI tended to be
higher in the patients with CALs than those with non-
CALs, but the difference was not statistically significant
[ -263(-2.92- (-2.19)) vs. —2.70(-3.00- (-242)), p=
0.065] (Supplementary material 2).

Discussion

The indicators of ALB and TBil were found to be associ-
ated with IVIG resistance and included in several risk-
scoring systems for IVIG resistance prediction in KD
[13, 19-23]; however, neither indicator was ideal. Except
for representing liver function [47-50], the ALBI grade
calculated using ALB and TBil could reflect systemic in-
flammatory response [39]. To the best of our knowledge,
this cohort was the first to explore the predictive validity
of ALBI for IVIG resistance prediction. The present
study incorporated data on both ALB and TBil for IVIG
resistance prediction in patients with KD and compared
its predictive value with ALB and TBil. Furthermore, the
sensitivity, specificity, PPV, and NPV of all three predic-
tors were also assessed. ALBI was identified as an inde-
pendent risk factor for initial IVIG resistance in KD. The
discriminating cut-off value of ALBI for IVIG resistance
prediction was —2.57, with moderate sensitivity (0.617)
and specificity (0.657). Moreover, the discriminating
ability of ALBI was superior to that of ALB and TBil in
initial IVIG resistance.

The ALBI grade was firstly proposed by Johnson et al.,
aiming to find a simple, evidence-based, objective and
discriminatory method of assessing liver function in pa-
tients with hepatocellular carcinoma (HCC) [33]. In their
study, a cox regression model based on albumin and
logyo bilirubin was built and was found to be a prognos-
tic predictor for HCC. Thereafter, various studies proved
that higher ALBI grades were associated with poor prog-
nosis, overall survival, and disease-free survival, as well
as liver function and liver cancer stage in patients with
HCC [47-50]. Moreover, a recent study [39] found that

Table 2 Multivariate logistic regression analysis for predicting IVIG resistance in KD

B SE Walds P-value OR 95 % ClI

Age 2 442 years 0.265 0.286 0.855 0.355 1.303 0.744-2.284
Neutrophil 2 76.2 % 0460 0.256 3233 0.072 1.585 0.959-2617
Platelet <312 x 10%/L 0.504 0.232 4.720 0.030 1.655 1.051-2.608
Hemoglobin <104 g/L 0.341 0.226 2.268 0.132 1.406 0.902-2.190
CRP 2574 mg/L 0.268 0.278 0934 0.334 1.308 0.759-2.253
ALT =2 41U/L 0.260 0.232 1.255 0.263 1.297 0.823-2.044
Na + < 1354mmol/L 0.752 0.233 10.391 0.001 2121 1.343-3.350
ALBIZ-2.14 1.216 0.263 21.406 0.000 3374 2.016-5.648
Interpret -0.745 0.327 5.185 0.023 0475

Abbreviations: ALBI albumin-bilirubin index; ALT alanine aminotransferase; ALB albumin; CRP C-reactive protein; IVIG intravenous immunoglobulin; TBil total

bilirubin; KD Kawasaki disease; Na+, serum sodium;



Yan et al. Pediatric Rheumatology (2021) 19:147

Page 6 of 10

Table 3 Sensitivity, specificity, PPV, NPV, diagnostic accuracy of ALBI, ALB, and TBil cut-off values in initial IVIG resistance prediction

AUC SE 95 %Cl Sensitivity Specificity PPV NPV Diagnostic accuracy p value
ALBI=Z-2.57 0.705 0.0277 0.672-0.736 0617 0.657 0.226 0914 0.651 <0.001
ALB <330 g/L* 0.659 0.0281 0.626-0.692 0.374 0.850 0.289 0.893 0.783 <0.001
TBil 2 16.0umol/L* 0.626 0.0305 0.592-0.659 0.269 0.941 0425 0.888 0.847 <0.001

Abbreviations: ALB serum albumin; TBil, total bilirubin; ALBI = 0.66><IogmTBiI

positive predictive value

-0.085%ALB; IVIG intravenous immunoglobulin; NPV negative predictive value; PPV,

Pairwise comparison of ROC curves between ALBI and ALB, TBil in predicting IVIG resistance by De Long test, p=0.001 and 0.012

the ALBI grade could reflect the severity of systemic in-
flammation and it was positively correlated with the level
of inflammatory markers. Consistent with previous stud-
ies that the ALBI grade was a powerful prognostic indi-
cator in patients with the aforementioned disease, we
found the ALBI grade was an independent risk factor for
initial IVIG resistance in KD and its predictive ability
was more valuable and accurate than either ALB or TBil
alone in initial IVIG resistance prediction. Recently, sev-
eral clinical trials from Japan documented addition of
corticosteroid or ciclosporin therapy to standard-dose
IVIG and aspirin in the primary therapy of KD reduced
the initial non-response rate and decrease the incidence
of CALs among high-risk patients for initial IVIG re-
sistance predicted by Kobayashi, Sano, and Egami
scores [11-13], suggesting high-risk KD patients for
initial IVIG resistance might mostly benefit from
aggressive therapy. Since aforementioned risk-scores
have been proved to be less ideal and clinical

relevance in non-Japanese population [17-22], the
ALBI grade may attract clinician’s attention when
developing the risk-adapted therapeutic strategy in
other regions.

The prediction of IVIG resistance is one of the leading
clinical issues and, consequently, one of the most exten-
sively studies topics in KD. Researchers have previously
made much attempts to identify criteria and markers for
such resistance. Elevation of serum CRP, ESR, AST,
ALT, TBil, and N% and decreased levels of hemoglobin,
Na*, ALB, and PLT were commonly observed in patients
with KD and reported to be associated with IVIG resist-
ance [11-13, 28-30, 51, 52]. However, the predive abil-
ities of the above parameters as a single marker were
proved to be not good enough. In our study, after multi-
variate logistic analysis, except for ALBI, platelet <312 x
109/L and Na® < 135.4mmol/L were also identified as
independent risk factors for IVIG resistance in KD. As
shown in supplementary material 3, consistent with

100

90

80

70

60

50

Sensitivity

~

0 10 20 30 40
100-Specificity

Fig. 2 The receiver operating characteristic (ROC) curve for ALBI, ALB, and TBil in predicting initial IVIG resistance
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Table 4 Diagnostic specificity and sensitivity according to ROC-optimized decision limits for ALBI, ALB, and TBil in predicting initial

IVIG resistance among patients with KD

Estimated specificity at fixed sensitivity (n = 823)

Estimated sensitivity at fixed specificity (n = 823)

ALBI Sensitivity(%) Specificity(%) Cut-off point n
99.0 79 -3.29 767
975 133 -3.18 727
95.0 17.2 -3.12 698
90.0 236 -3.02 648

ALB
99.0 85 438 753
97.5 126 429 713
95.0 16.6 419 661
90.0 20.1 419 661

TBil
99.0 15 1.91 816
975 23 1.93 816
95.0 35 1.96 816
90.0 11.7 2.94 771

Specificity(%) Sensitivity(%) Cut-off point n
99.0 104 -1.58 20
97.5 139 -1.77 35
95.0 26.1 -197 66
90.0 409 -2.15 120
99.0 44 26.0 12
97.5 159 288 35
95.0 252 304 64
90.0 30.7 31.8 93
99.0 6.9 479 16
97.5 174 303 38
95.0 24.2 186 65
90.0 295 129 106

Abbreviations: ALBI albumin-bilirubin index; ALB albumin; TBil total bilirubin; IVIG intravenous immunoglobulin; KD Kawasaki disease

previous studies, the predictive values of platelet <312 x
109/L and Na® < 1354mmol/L were not satisfactory
with moderate sensitivities and specificities. In addition,
several risk-scoring systems incorporating laboratory
and clinical parameters, such as Kobayashi, Egami, and
Sano systems [11-13], have previously developed and
appeared to be fairly predictive for IVIG resistance in
Japanese Children. However, they seemed to be less ideal
and clinical relevance in the non-Japanese population in
the US, Korea, Germany, Spain, and China [17-22]. Re-
cently, several predictive models from China, including
Formosa [29], Yang’s [28], Tang’s [30], and Hua’s [51],
have been developed but also showed variable predictive
effectiveness even in different areas of China [53, 54].
Actually, we have previously tested the predictive value
of all these risk-scoring systems in our population. As
shown in supplementary material 4, it was found that
the Kobayashi, Egami, Sano, Tang’s, Yang’s, and Hua’s
prediction models had a relatively high specificity of
0.727-0.950, but an extremely low sensitivity of 0.170—
0.513. The performances of Formosa, Moon’s, and Fu’s
systems were also not good enough owing to moderate
sensitivity (0.617-0.670) and specificity (0.575-0.636). In
the present study, the predictive ability of ALBI as a sin-
gle maker for IVIG resistance seemed to be comparable
or a little bit better compared to that of Formosa’s,
Moon’s, and Fu’s systems in our population.

Based on these findings, it was evident that we could
not identify all the IVIG non-responders using any of
the above risk scores, including ALBI. However, as sim-
ple ratios calculated from ALB and TBil, which could be

obtained from the routine blood test, ALBI appeared to
be a cost-effective alternative that may provide add-
itional information for IVIG resistance prediction in KD
patients. Moreover, unlike the aforementioned risk-
scoring systems, the predictive value of ALBI may be
more consistent and stable since hypoalbuminemia and
hyperbilirubinemia were commonly observed among dif-
ferent populations. Nevertheless, due to an unknown
origin of KD and in light of the above findings, we spec-
ulated a prediction model combined with other specific
indicators rather than clinical and routine laboratory
variables might have a better performance.

Besides, it is crucial to predict the development of CALs
since KD patients with CALs may develop thrombosis or
stenotic lesions and are at risk of myocardial infarction,
sudden death, and congestive heart failure in the future
[55]. In the present study, IVIG resistance was not associ-
ated with the occurrence of CALs in KD, consistent with
several previous studies [56, 57]. Standard IVIG therapy
for all included participants in our study might explain the
negative association between IVIG resistance and CALs.
Additionally, the ALBI grade also did not differ between
patients with KD with and without CALs [ —2.63 (-
2.92-(-2.19)) vs. - 2.69 (-3.00 —(-2.42)), p = 0.065]. Previ-
ous findings suggested that persistent chronic inflamma-
tion may be more likely associated with the development
of CALs [57]. Compared with the baseline ALBI grade,
fluctuations in ALBI may possess greater predictive power
for CALs in patients with KD. Therefore, further studies
that collect ALBI at different time points are necessary to
classify its predictive ability and prognosis of CALs.
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This study has some potential limitations. First, select-
ive bias may occur as this study was performed in a sin-
gle institution. Second, the findings may only apply to
patients with KD receiving standardized IVIG treatment
(2 g/Kg) <10 days from fever onset. Despite the above
limitations, this is the first prospective study to deter-
mine the predictive value of ALBI for IVIG resistance
with a large sample size. ALBI was significantly higher in
patients with IVIG resistance and an independent risk
factor for IVIG resistance. Due to an unknown origin of
KD and in light of the above findings, we speculate that
a prediction model combined with other specific indica-
tors rather than clinical and routine laboratory variables
might have a better outcome.

Conclusions

A higher ALBI was an independent risk factor for initial
IVIG resistance, yielding better predictive ability than
ALB and TBil alone for initial IVIG resistance. ALBI
may provide some valuable references for clinical man-
agement in further studies.
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