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Abstract
Kawasaki disease (KD) is an acute systemic vasculitis that most commonly causes acquired cardiac disease in children in
developed countries. The most highly recommended treatment for KD is 2 g/kg intravenous immunoglobulin (IVIG). There
are two types of IVIG, sodium-containing (high-Na) and sodium-trace (low-Na) preparations. However, few studies have
compared the effects of these two preparations for superiority. The purpose of this study was to compare outcomes between
high and low-Na IVIG preparations in KD children using a national inpatient database in Japan. We used the Diagnostic
Procedure Combination database to identify KD patients treated with IVIG between 2010 and 2017. We identified those
receiving high and low-Na preparations of IVIG as an initial treatment. Outcomes included proportion of coronary artery
abnormalities (CAA), IVIG resistance, adverse effects, length of stay, and medical cost. Propensity score—-matched analyses
were conducted to compare the outcomes between the two groups. Instrumental variable analyses were performed to confirm the
results. We identified 42,345 patients with KD. There were significant differences in proportions of CAA (2.8% vs. 3.2%; p =
0.031) and IVIG resistance (17% vs. 18%, p = 0.001) between the two groups. However, there were no significant differences in
length of stay or medical cost. The instrumental variable analysis confirmed the same results as the propensity score analysis.
Conclusion: The present study suggests that high-Na IVIG is potentially effective for reducing the proportion of CAA in KD
patients. Prospective studies are warranted to confirm the effectiveness observed in this study.
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What is Known:

* For treatments of Kawasaki Disease in acute phase, intravenous immunoglobulin have been the most recommended to reduce fever early and prevent
complications of coronary artery abnormalities. There are two types of IVIG preparations, sodium-containing IVIG and sodium-trace IVIG.
However, few studies have performed comparisons to determine which preparation of IVIG is superior.

What is New:

* The present findings suggest that high-Na IVIG is associated with reductions in the proportions of CAAs and IVIG resistance in KD patients.

Keywords Kawasaki disease - Intravenous immunoglobulin - Coronary artery abnormalities - Sodium concentration

Introduction

Kawasaki disease (KD) is an acute systemic vasculitis that
most commonly causes acquired cardiac disease in children
in developed countries [1]. The standard treatment for KD is
intravenous immunoglobulin (IVIG) and aspirin [2, 3]. There
are two types of IVIG preparations, sodium-containing (high-
Na) IVIG and sodium-trace (low-Na) IVIG. However, few
studies have performed comparisons to determine which prep-
aration of IVIG is superior. The appropriate type of IVIG
preparation for treatment of KD patients in the acute phase
remains unclear. The purpose of the present study was to
compare the outcomes of KD children treated with high-Na
and low-Na IVIG preparations using a national inpatient da-
tabase in Japan.

Methods
Data source

We performed this retrospective cohort study using the
Diagnosis Procedure Combination database. The details for
this nationwide inpatient database were described elsewhere
[4]. The database includes hospitalizations for all factors
across all ages and has about 1000 participating hospitals
ranging from academic to community hospitals (about 7 mil-
lion patients every year). All 82 academic hospitals are
obliged to participate in the database, while participation by
community hospitals is voluntary. Data for about 7 million
hospitalized patients of all ages are collected every year,
equivalent to about 50% of the total acute-care hospitaliza-
tions in Japan. The database includes the following informa-
tion: unique identifiers of hospitals; patient baseline character-
istics; and diagnosis at admission, comorbidities at admission,
and complications after admission recorded with text data in
Japanese and International Classification of Diseases, Tenth
Revision (ICD-10) codes. The database also contains infor-
mation on medical procedures and treatments, including drug
administrations, use of devices, and surgical and nonsurgical
procedures, as well as length of stay, discharge status, and
medical cost for hospitalization. Diagnoses at and after
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admission are clearly differentiated in the database. The at-
tending physicians are obliged to record patient data for all
diagnoses and comorbidities with reference to the medical
records. Furthermore, because accurate reporting is linked
with the payment system in Japan, the attending physicians
and hospitals are required to accurately report the diagnoses
and comorbidities. The present study was approved by the
Institutional Review Board of The University of Tokyo (ap-
proval number: 3501-(3); 25 December 2017). The require-
ment for informed consent was waived because of the anony-
mous nature of the data.

Participants

We used the database to identify patients who were diagnosed
with KD (ICD-10 code: M303) between July 2010 and
March 2017. Patients whose first IVIG treatment was started
within 5 days of hospitalization and who received at least 2
g/kg IVIG within 3 days of starting their first IVIG treatment
were included in the study. We further checked the Japanese
text describing the detailed diagnoses in each case to include
atypical KD patients and exclude patients with a “suspected”
diagnosis of KD, inadequate treatment (<2 g/kg IVIG), and
age >6 years. We excluded patients aged >6 years because the
appropriate IVIG dose for KD patients with older age remains
controversial. The included children with KD in the acute
phase were divided into two groups depending on their initial
treatment with high-Na IVIG (154 mEq/L Na) or low-Na
IVIG (0.09-2.60 mEqg/L Na). Patients who received both
high-Na and low-Na IVIG were excluded.

Outcomes

The primary outcome was the occurrence of coronary artery
abnormalities (CAAs) at the time of discharge in the two
groups. CAAs were defined according to the following
criteria: (i) recorded diagnosis of CAAs (ICD-10 code:
1254); (i) use of warfarin or clopidogrel; or (iii) cardiac cath-
eterization. The secondary outcomes were IVIG resistance,
length of stay, and medical cost. IVIG resistance was defined
as use of IVIG at a total dose of >4.0 g/kg or a combination of
infliximab, cyclosporine, or plasma exchange.
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Covariates

The baseline characteristics were age, sex, weight, height,
hospital days of illness at initial IVIG, type of hospital,
complex chronic conditions [5], transportation by ambu-
lance, activities of daily living at admission, Japan Coma
Scale at admission, transportation from other hospital, fis-
cal year, additional treatment, and hospital volume. The
Japan Coma Scale scores were categorized into two
groups: alert and not alert. Japan Coma Scale assessment
was previously shown to be well-associated with Glasgow
Coma Scale assessment [6]. Hospital volume was defined
as the mean annual number of all KD patients at each
hospital. We categorized the eligible patients into tertiles
of hospital volume so that the numbers of patients in the
groups were almost equal. Additional treatment was de-
fined as any steroid, infliximab, or cyclosporine, or plasma
exchange beyond day 5 after starting the initial IVIG treat-
ment. Because the initial IVIG treatment usually took 1-2
days and a further 1-2 days were required to assess the
patient’s response, we chose 5 days for the definition of
additional treatment.

Statistical analysis

Categorical variables are shown as number and percentage
and were compared using Fisher’s exact test. Continuous var-
iables are shown as mean and standard deviation (SD) or
median and interquartile range (IQR). The Mann—Whitney
U test was used to compare non-normally distributed variables
between the two groups. To obtain meaningful interpretation
of variables with skewed distributions, we calculated the me-
dian difference with 95% confidence interval (95% CI) using
the Hodges—Lehmann estimator.

Propensity score-matched analysis

We conducted 1:1 propensity score—matched analyses to com-
pare the outcomes between the two groups. For the propensity
score matching, nearest-neighbor matching without replace-
ment was performed. The caliper width was set at <0.2 of the
pooled SD of the estimated propensity scores. We examined
the covariate balance between the two groups before and after
the propensity score matching using the absolute standardized
difference. An absolute standardized difference of >10% was
regarded as imbalanced [7].

The chi-square test was used to compare the proportions of
CAAs and IVIG resistance between the two groups. We also
estimated the risk differences and 95% Cls. The Mann—
Whitney U test was used to compare length of stay and med-
ical cost.

Instrumental variable analysis

Propensity score—matched analyses cannot eliminate the ef-
fects of unmeasured confounders such as laboratory data. To
confirm our propensity score—matched analyses, we per-
formed instrumental variable analyses. The key assumptions
for instrumental variable analysis are that the instrumental
variable (i) is highly correlated with the treatment assignment,
(ii) is not correlated with other confounders, and (iii) does not
affect patient outcomes except through the treatment [8, 9].

Instrumental variable analysis methods often utilize “phy-
sician prescribing preference” as the instrumental variable.
This variable reflects the notion that a physician’s prescribing
decision depends on not only the patient characteristics but
also the physician’s preference for a specific medicine. This
means that the physician’s preference is largely independent
of the patient characteristics and outcomes and can therefore
serve as an instrumental variable. One commonly used meth-
od to determine the physician’s preference is to employ the
prescription for the last patient treated by the physician as the
preference for the current patient [10].

In the present study, we used “prescription for the last
patient” as the instrumental variable. Specifically, when the
prescription for the last patient in the same institution was
high-Na IVIG, the current patient was assumed to be more
likely to receive high-Na IVIG, because only one type of
IVIG is typically available within a single facility.
Conversely, when the prescription for the last patient in the
same institution was low-Na IVIG, the current patient was
assumed to be more likely to receive low-Na IVIG. The pre-
scription for the last patient is assumed to be independent of
the current patient’s characteristics and not directly related to
the outcome. Therefore, this instrumental variable was consid-
ered to meet the above-described three key assumptions for an
instrumental variable.

We used a two-stage residual inclusion method for both
continuous and binary outcome variables [11, 12]. In the
first-stage model, we determined the row residual for each
patient by calculating the difference between the model-
predicted probability of receiving the treatment choice and
the actual treatment received. The residuals were included as
an additional covariate in the second-stage model. In the
second-stage model, the association between treatment choice
and outcome was estimated in an unbiased manner, after ad-
justment for covariates. We used a multivariable linear regres-
sion model for continuous outcome variables and a multivar-
iable logistic regression model for binary outcome variables.
All instrumental variable analyses were performed using ro-
bust standard errors. To assess the validity of the instrumental
variable, we tested its association with our main predictor of
actual treatment choice using the F-statistic (F-statistic >10 is
considered to reflect a valid instrumental variable) [13]. We
also determined that the instrumental variable was not
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associated with the patient background characteristics and out-
comes. A two-sided p < 0.05 was considered significant. All
statistical analyses were conducted using the Stata software
version 16.1 (StataCorp LP, College Station, TX, USA).

Results
Study population
A total of 42,345 patients with KD who met inclusion criteria

were identified. Of these, 22,393 patients received high-Na
IVIG and 19,952 patients received low-Na IVIG as their initial

treatments in the acute phase (Fig. 1). The baseline character-
istics before and after the propensity score matching are
shown in Table 1.

In the unmatched cohort, patients in the low-Na IVIG
group had a lower proportion of academic hospital than those
in the high-Na group. The 1:1 propensity score matching be-
tween the high-Na IVIG group and low-Na IVIG group cre-
ated 18,457 matched pairs (Table 1). The characteristics of the
patients in the matched cohort were considered well-balanced
between the two groups because the absolute standardized
differences for all covariates were <10%. The results of com-
parisons between the high-Na IVIG group and low-Na IVIG
group after the propensity score matching are shown in

Table 1  Patient characteristics in the unmatched and propensity score—matched cohorts
Variables Unmatched cohort Propensity score—matched cohort
High-Na IVIG group  Low-Na IVIG group ~ASD  High-Na IVIG group  Low-Na IVIG group ~ ASD
(n =22,393) (n=19,952) (%)  (n=18,457) (n=18,457) (%)

Age (years), mean (SD) 1.9 (1.6) 1.9 (1.7) 2.7 1.9 (1.6) 1.9 (1.6) 0.6
Male sex, n (%) 12,912 (57.7) 11,523 (57.8) 0.2 10,620 (57.5) 10,654 (57.7) 0.4
Weight (kg), mean (SD) 11.6 (3.8) 11.7 (5.3) 24 11.6 (3.8) 11.6 (3.7) 0.8
Height (cm), mean (SD) 75.0 (31.7) 71.7 (35.3) 9.6 73.4 (32.8) 74.4 (32.1) 3.1
Hospital days of illness at initial 2.0(1.0,2.0) 2.0 (1.0, 3.0) 14 2.0 (1.0,2.0) 2.0 (1.0, 3.0) 1.9

IVIG, median (IQR)
Type of hospital, n (%)
Academic hospital 4432 (19.8) 2761 (13.8) 16 2687 (14.6) 2752 (14.9) 1.0
Complex chronic conditions, 7 (%)
0-1 21,567 (96.3) 19,282 (96.6) 1.8 17,843 (96.7) 17,815 (96.5) 0.8
>2 826 (3.7) 670 (3.4) 1.8 614 (3.3) 642 (3.5) 0.8
Transportation by ambulance, n (%) 510 (2.3) 438 (2.2) 0.6 395 (2.1) 400 (2.2) 0.2
ADL at admission, mean (SD) 80.0 (36.8) 79.8 (36.6) 0.6 80.4 (36.5) 79.5 (36.8) 2.5
Japan Coma Scale at admission, n (%)
Alert 22,209 (99.2) 19,763 (99.1) 1.4 18,305 (99.2) 18,306 (99.2) 0.1
Not alert 184 (0.8) 189 (0.9) 1.4 152 (0.8) 151 (0.8) 0.1
Transportation from other hospital, 16,774 (74.9) 14,739 (73.9) 2.3 4706 (25.5) 4659 (25.2) 0.6

n (%)
Fiscal year, n (%)
2010 1375 (6.1) 1486 (7.4) 52 1312 (7.1) 1277 (6.9) 0.7
2011 2722 (12.2) 2456 (12.3) 0.4 2319 (12.6) 2364 (12.8) 0.7
2012 3606 (16.1) 2888 (14.5) 4.5 2794 (15.1) 2866 (15.5) 1.1
2013 3915 (17.5) 2912 (14.6) 7.9 2886 (15.6) 2903 (15.7) 0.3
2014 4637 (20.7) 3241 (16.2) 1.5  3275(17.7) 3235 (17.5) 0.6
2015 3358 (15.0) 3675 (18.4) 9.2 3208 (17.4) 3305 (17.9) 1.4
2016 2780 (12.4) 3294 (16.5) 11.7 2663 (14.4) 2507 (13.6) 24
Additional treatment, n (%) 3650 (16.3) 2990 (15.0) 3.6 2849 (15.4) 2868 (15.5) 0.0
Hospital volume, n (%)
Low (1-16.7) 7305 (32.6) 6628 (33.2) 1.3 6173 (33.4) 6173 (33.4) 0.0
Middle (16.8-31.5) 7329 (32.7) 6797 (34.1) 29 6178 (33.5) 6066 (32.9) 1.3
High (=31.6) 7759 (34.6) 6527 (32.7) 4.1 6106 (33.1) 6218 (33.7) 1.3

ADL, activities of daily living; ASD, absolute standardized difference; /OR, interquartile range; /VIG, intravenous immunoglobulin; SD, standard

deviation
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Table 2. In the propensity score—matched cohort, there were
significant differences between the high-Na IVIG group and
low-NA IVIG group in the proportion of CAAs (2.8% vs.
3.2%; risk difference: 0.39% [95% CI: 0.04-0.74]; (p =
0.029) and proportion of IVIG resistance (17% vs. 18%; risk
difference: 1.3% [95% CI: 0.51-2.0]; (p = 0.001). However,
there were no significant differences between the two groups
in median length of stay (10 days vs. 10 days; median differ-
ence: 0 days [95% CI: 0-0]; (p = 0.0723) and median medical
cost (6866 US dollars vs. 6848 US dollars); median differ-
ence: 3170 US dollars [95% CI: —1550-7880]; (p = 0.1875).
The instrumental variable analyses showed that, compared
with the high-Na IVIG group, the low-Na IVIG group was
significantly associated with higher proportion of CAAs (odds
ratio: 1.35 [95% CI: 1.13-1.61], p < 0.001) and higher pro-
portion of IVIG resistance (odds ratio: 1.18 [95% CI: 1.08—
1.28], p < 0.001) (Table 3). The F-statistic was 13,619 and the
instrumental variable was considered valid. There were no
associations between the instrumental variable and the patient
background characteristics (Supplementary Table 1).

Discussion

The present study showed that the high-Na IVIG preparation
was associated with reductions in the proportions of CAAs
and IVIG resistance for KD patients in the acute phase, using
a large nationwide inpatient database in Japan. A previous
study on patients with KD in the acute phase showed no sig-
nificant difference in the proportion of CAAs between the
high-Na IVIG group (n = 48) and low-Na IVIG group (n =
30) [14]. The previous study may have failed to show a

significant difference between the two groups because of its
small sample size.

We confirmed our findings using two analytical methods:
propensity score—matched analysis and instrumental variable
analysis. Propensity score—matched analysis can reduce po-
tential bias arising from background factors, including disease
severity, in the two groups to obtain accurate differences in
outcomes caused by the different Na concentrations in the
IVIG preparations. However, it is not possible to adjust for
unmeasured confounders in a propensity score—matched anal-
ysis. Instrumental variable analysis can mimic a random allo-
cation and theoretically balance unmeasured confounders be-
tween the two groups.

The physicians who made the treatment decisions may
have chosen high-Na IVIG for KD patients with low serum
Na levels arising from severe inflammation. Although the
number of patients for whom high-Na IVIG was selected
based on low serum Na levels was likely to be small, serum
Na level was one of the unmeasured confounding factors in
this study and may have created a bias in the propensity score—
matched analyses. However, the same results were obtained in
the instrumental variable analyses.

Hyponatremia can be experienced in a variety of inflam-
matory diseases [15]. KD patients in the acute phase frequent-
ly have hyponatremia [16—19]. The pathogenesis of
hyponatremia in acute-phase KD is associated with syndrome
of inappropriate antidiuretic hormone secretion mediated by
increased cytokine levels in the acute phase [20, 21].
However, the precise mechanism remains unknown.
Hyponatremia in patients with acute-phase KD is associated
with severe inflammation, which results in Kawasaki shock
syndrome, IVIG resistance, and CAA development [22-26].

Fig. 1 Flow chart for the study
cohort. IVIG, intravenous
immunoglobulin. *Inadequate

Patients with Kawasaki disease (ICD-10 code: M303)

from 2010 to 2017
N=90044

IVIG was defined as patients
treated with <2 g/kg IVIG during
their initial treatment within 5
days of hospitalization

Excluded

N=47699

19605  ‘Suspected’ diagnosis of KD
36260 Inadequate IVIG*

1665 Age >7 years

169  Use of both IVIG preparations

v

Eligible patients
N=42345

|

y

High-Na IVIG Low-Na IVIG
N=22393 N=19952
1:1 Propensity score matching ]
High-Na IVIG Low-Na IVIG
N =18457 N=18457

}
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Table 2 Propensity score—matched analyses of outcomes in the high-Na IVIG group versus the low-Na IVIG group

Propensity score-matched cohort

Effect estimate™ (95% CI) p-value

High-Na IVIG group (n = 18,457) Low-Na IVIG group (n = 18,457)

Proportion of CAAs (%) 2.8

Proportion of IVIG resistance (%) 16.6

Length of stay (days), median (IQR) 10 (8-13)
Medical cost (USD), median (IQR) 6866 (5578-8867)

32 0.39 (0.04-0.74) 0.029
17.9 1.3 (0.51-2.0) 0.001
10 (8-13) 0 (0-0) 0.072
6848 (5522-8875) 3170 (~1550-7880) 0.188

CAAs, coronary artery abnormalities; CI, confidence interval; /QR, interquartile range; /VIG, intravenous immunoglobulin; USD, US dollars

*Risk difference for categorical variables and median difference for quantitative variables

In a previous study, severe vascular inflammation in acute-
phase KD combined with hyponatremia was shown to induce
angiotensin II and aldosterone in the renin-angiotensin-
aldosterone system, which potentially results in CAAs [27].
Aldosterone might be involved in the vascular injury associ-
ated with KD by causing endothelial dysfunction, vasocon-
striction, remodeling, oxidative stress, and inflammation
[28-33].

In summary, hyponatremia may increase the excessive
secretion of aldosterone and angiotensin II in the renin-
angiotensin-aldosterone system, which results in vascular
damage, dysfunction, and remodeling. The use of low-Na
IVIG may cause further hyponatremia in patients with
hyponatremia-prone KD, and thus, the use of high-Na
IVIG is considered safer. This is consistent with case re-
ports on hyponatremia caused by low-Na IVIG [34]. In
acute KD patients who are prone to hyponatremia, use of
high-Na IVIG may be an important factor to prevent CAA
development.

Limitations

There are several limitations to this study. First, because the
database comprises administrative claims data, there may be
miscoding. To minimize the risk of misclassification regard-
ing the diagnosis of KD, we excluded patients with a
“suspected” diagnosis of KD. Second, although a large patient
population was included, this was a retrospective observation-
al study that did not include detailed data such as symptoms of

KD, laboratory findings, or fever duration for KD patients in
the acute phase. In particular, serum Na levels and amounts of
Na in the fluid infusion were unmeasured confounders in our
propensity score—matched cohort and were not adjusted be-
tween the two groups. Therefore, we cannot conclude that the
use of high-Na IVIG improved hyponatremia and resulted in
the favorable outcomes in the proportions of CAAs and IVIG
resistance.

Bias could still exist in the form of unmeasured con-
founders including laboratory findings, time from KD on-
set to admission, and day of illness, which were needed to
calculate the scoring system to identify IVIG resistance in
KD patients. We could not calculate KD scoring systems
for IVIG resistance, and the severity of KD was not iden-
tified clearly. To adjust for the severity of KD between the
two groups, we used baseline characteristics including
Japan Coma Scale scores and complex chronic conditions
from the database to achieve the propensity score—matched
analyses. Furthermore, we carried out instrumental vari-
able analyses and obtained similar results using the two
analytical methods. To confirm that the CAAs were not
transient and to determine the severity of the CAAs such
as diameters and Z-scores, which were not included in the
database, we used the history of cardiac catheterization and
prescription history of anticoagulants in addition to aspirin.
Finally, although this study using a large database found
significant differences in the proportions of CAAs and
IVIG resistance, the actual effect sizes were small.
Further studies are warranted to investigate whether these
differences are clinically meaningful.

Table 3  Instrumental variable analyses of outcomes in the high-Na IVIG group versus the low-Na IVIG group

Odds ratio or coefficient 95% CI p-value
Proportion of CAAs (%) 1.35 1.13 1.61 <0.001
Proportion of IVIG resistance (%) 1.18 1.08 1.28 <0.001
Length of stay (days) 0.2 —0.01 0.4 0.057
Medical cost (USD) =15 -16 131 0.84

CAAs, coronary artery abnormalities; CI, confidence interval; /VIG, intravenous immunoglobulin; USD, US dollars
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Conclusions

The present study suggests that high-Na IVIG is potentially
associated with reductions in the proportions of CAAs and
IVIG resistance in KD patients in the acute phase.
Prospective studies are warranted to confirm the effectiveness
of high-Na IVIG observed in the present study.

Abbreviations ADL, Activities of daily living; ASD, Absolute stan-
dardized difference; CAA, Coronary artery abnormalities; CI,
Confidence interval; IQR, Interquartile range; IVIG, Intravenous immu-
noglobulin; KD, Kawasaki disease; SD, Standard deviation; USD, US
dollar
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