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Abstract

Background: The etiology of liver injury in children with Kawasaki
disease (KD) is not yet clear. It is common for children who are responded
to intravenous gamma globulin (IVIG) therapy to develop liver injury after
IVIG treatment. This research is to explore related factors of liver injury
after IVIG treatment in children with KD who responded retrospectively
to IVIG.

Methods: A total of 806 children with KD were included in this analysis.
The clinical characteristics, laboratory findings, and drug use before IVIG
were collected. Difference analysis, ROC curve analysis and logistic
regression analysis were performed to obtain possible risk factors for liver
injury after IVIG treatment.

Results: Among the clinical symptoms of the two groups of children,
children with lymphadenopathy had a lower risk of developing liver
injury after IVIG treatment (p=0.040), while there were no significant
differences in other symptoms. Among laboratory indicators, the liver
injury group had higher levels of platelet (PLT), eosinophil (EO) and brain
natriuretic peptide (BNP) levels and lower hemoglobin (HB),erythrocyte
sedimentation rate(ESR) and prothrombin time (PT) levels before IVIG
treatment (p<0.05). There were no significant difference in c-reactive
protein (CRP) and Procalcitonin (PCT) (p>0.05). The use of antibiotics,
dipyridamole and aspirin doses between two groups had statistically
significant differences (p>0.05). Further ROC curve analysis of aspirin
dose found the optimal cut-off point of aspirin was 34.7 mg/(k*d) (the 95%
CI: 0.504-0.601, p=0.026). The logistic regression analysis showed high-
dose aspirin (>34.7mg/(kg*d)) was a risk factor for liver damage after
IVIG treatment in KD children. Further multivariate regression analysis
prompted that the use of antibiotics and higher doses of aspirin (=34.7mg/
(kg*d)) in the acute phase were independent risk factors for liver injury
after IVIG treatment in children with KD (Antibiotic use:OR=2.195, 95%
CI:1.206-3.994, p=0.01; Aspirin use:OR=1.526,95%CI:1.083-2.151,
p=0.016).

Conclusion: For KD children with normal liver function in the acute
phase, the younger the age of KD onset, the smaller the weight, the
absence of lymphadenopathy, and more elevated PLT,EO, BNP, reduced
HB,ESR and PT in acute stage, the more likely to develop liver injury
after treatment. There was no significant correlation between the degree
of systemic inflammation (levels of CRP and PCT) in the acute phase and
liver damage after IVIG treatment. The use of antibiotics and high-dose
aspirin in the acute phase may be the risk factors for liver function damage
after IVIG treatment in KD children.
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Background

Kawasaki disease (KD), also known as mucocutameous
lymph node syndrome (MCLS), is an acute febrile rash
disease that mainly occurs in infants under 5 years of age.
Since it was first reported by Mr. Tomisaku Kawasaki in
Japan in 1967, KD has been studied all over the world. And
as the incidence rate is increasing year by year, KD has
become the most common cause of acquired heart disease in
developed countries and even in China.

With immune-mediated systemic small-sized and
medium-sized vasculitis as the main pathological change,
KD can lead to multiple organ dysfunctions, among which
coronary complications are the most common. However,
in recent years, non-cardiovascular complications have
gradually been paid attention to, among which liver damage
is the most prominent. In 2011, Mohammed et al [1]
summarized the case characteristics of 240 children with
KD who were admitted to the Children's Hospital of Denver,
Colorado, USA from 2004 to 2009. Their research showed
that 109 patients (45.4%) had abnormitality in at least one
liver function index. Among them, 81.7% of children had
elevated alanine aminotransferase (ALT), only 37.6% had
abnormal bilirubin. Most cases showed mild elevations of
liver function indexs, but 10% had ALT elevations greater
than 5-fold upper limit of normal (ULN).The laboratory
features of hepatic impairment in KD were described for
the first time in this study, but the hepatic outcome was not
further analyzed statistically. With the gradual deepening
understanding of liver function damage in children with KD,
more and more researchers have begun to pay attention to
this aspect. As far as we know, elevated liver enzymes are
the main manifestations of liver injury in children with KD.

Among them, elevated ALT, aspartate aminotransferase
(AST), and y-glutamyl transpeptidase (y-GT) are the most
common. Most of them can return to normal quickly,
[2] only a small number of children may develop serious
complications related to liver damage, including hydrocele,
acute cholecystitis, acute cholangitis, enterocolitis, hepatitis,
and even acute liver failure. [3-8]

At present, most clinical studies only collect cases of
liver damage in the acute phase for research, and tend to
use liver function indicators as Independent predictors for
the construction of predictive models for immune globulin
resistance or coronary artery damage. [9, 10]

However, in clinical work, we found that it is not
uncommon for liver damage to appear in the subacute stage
or even recovery period of KD. In a retrospective analysis
of 210 children with KD, [10] up to 191 cases (90.95%) had
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liver damage, and 12 cases (5.71%) of them developed liver
damage after IVIG treatment.

In 2021, Italian scholars also reported a case of a 4-month-
old boy who received IVIG combined with high-dose aspirin
(80 mg/(kg*d)) in the acute phase after the diagnosis of KD;
The aspirin dose was reduced to 3mg/(kg*d) 48 hours after
the fever subsided, and taken orally for 8 weeks; At that time,
the clinical outcome was good, and there was no coronary
dilatation; However, at the 9th week of follow-up, the child
had an increase in ALT, with a peak of 240IU/L, and it
returned to normal after 7 months.[11]

In order to further seek out the features of these patients,
this study collected 806 children with KD who admitted to
our hospital from January 1, 2015 to December 31, 2019. We
retrospectively analyzed their clinical case data and laboratory
test results, used the most common indicator of liver damage,
ALT, as the breakthrough point, and perfomed difference
analysis, univariate regression analysis and multivariate
logistic regression analysis on each index.

Methodology
Patients

We collected 806 children admitted to the Second
Affiliated Hospital of Wenzhou Medical University who
were diagnosed with KD from January 1, 2015 to December
31, 2019. Due to missing resulting of liver function test
within 7 days before IVIG treatment and 3-7 days after IVIG
treatment, 98 patients were excluded. And 101 patients who
did not use IVIG treatment in our hospital were excluded.
For children who did not respond to initial IVIG treatment,
considering more influencing factors would affect the liver
function results after the second IVIG treatment, they were
also excluded in this study. In addition, considering the
influence of hepatotropic virus and non-hepatotropic virus on
liver function, 54 cases of IgM positive for Epstein-Barr virus
or cytomegalovirus were excluded (Figure 1).

Patients were divided into two groups according to
whether ALT was greater than 40 IU/L after IVIG treatment:
the liver injury group as the case group (ALT>40 IU/L after
IVIG treatment) and the no liver injury group as the control
group (ALT<40IU/L after IVIG treatment).

Data collection

We collected the demographic and clinical characteristics,
results of laboratory examinations and drug use of the selected
children (Figure 2).

1. Demographic and clinical characteristics: including age of
onset, gender, weight, classic KD, recurrence of KD, and
related clinical symptoms (fever, rash, conjunctivitis, oral
changes, cervical lymphadenopathy, swelling and peeling
of fingers and toes, scarring and swelling), PPD results.
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Figure 2: Technology Roadmap.

2. Laboratory examinations: The liver function results of
the children within 7 days before IVIG treatment and
3-7 days after IVIG treatment were collected. And the
laboratory test results of the two groups of children within
3 days before IVIG treatment were collected, including
WBC, Hb, PLT, Anc, Eo, CRP, ESR, PT, activated partial
thromboplastin time (APTT), fibrinogen (Fib), thrombin
time (TT), D-dimer (D2), BNP, PCT.

3. Drug use: The drug use of all children before IVIG
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treatment were collected, including hormones, antibiotics,
clopidogrel, dipyridamole, high-dose application of
aspirin, and days from fever to IVIG therapy.

Relative diagnostic criteria

We mainly adopted the 2017 American Heart Association
(AHA) Guidelines [12], including: Diagnostic criteria
for classic KD, Diagnostic criteria for incomplete KD and
Criteria for IVIG resistance. And the Criteria for liver
function damage after IVIG treatment is as follows: liver
function test should be carried out within 3-7 days after IVIG
treatment; When ALT>40 IU/L, it is considered there is liver
function damage.

Statistical methods

We mainly use SPSS version 26 for statistical analysis.
Continuous variables are expressed as mean + standard
deviation or interquartile range, while categorical variables
are expressed as numbers and percentage. For Continuous
variables, t-test or rank-sum test are used to compare count
data according to whether the data conformed to a normal
distribution; for categorical variables, chi-square test,
corrected chi-square or Fisher test were used. The correlation
between quantitative data (aspirin dose (mg/(kg*d)) and liver
function damage after IVIG treatment was further explored
by ROC curve. Binary logistic regression analysis was used
to evaluate the effects of the use of antibiotics, aspirin and
dipyridamole on liver damage after IVIG treatment before
and after adjustment for age, weight, and gender. Results
were considered statistically significant when p value < 0.05.

Results
Demographic and ALT elevation characteristics

In the 806 children with KD in this study, there were
193 children in the liver injury group, with an age of 11.1
months (6.15 months-22.57 months), and a weight of 9.5 kg
(8 kg -12 kg). And there were 613 children in the no liver
injury group with an age of 24.1 months (13.00 months-39.80
months), and a weight of 12 kg (9.5 kg-14.5 kg). And there
were significant differences in age and weight between the
two groups (p<0.001). (Table 1)

In the liver injury group, 109 patients (56.5%) had
significantly elevated ALT (>60 IU/L), most of which
fluctuated within 200 IU/L,9 children had ALT rising to 500
IU/L or more, 3 cases were even as high as 1000 IU/L or
more, and one 22-month-old boy even had ALT as high as
3419 IU/L. In addition, 123 patients had elevated AST (>40
IU/L), which was basically synchronous with ALT.

Considering the possibility of Reye Syndrome in children
treated with aspirin, we discontinued aspirin therapy for
children with ALT greater than 500 U/L, and changed to
clopidogrel for antiplatelet aggregation. ALT returned to
normal within 7 days after liver-protective symptomatic
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Table 1: General Conditions of children with Kawasaki disease before intravenous gamma globulin (IVIG) treatment in the two groups.

Group

N

Sex

Male
Female

Age (month)

Weight (Kg)

KD initial /relapse %
Initial

Relapse
Classic/Incomplete KD %
Classic KD

Incomplete KD

Fever (%)

Rash (%)
Conjunctivitis (%)

Oral change (%)
Extremity Changes (%)

Cervical

Case Group
193

121(62.7%)
72(37.3%)
11.10
(6.15, 22.57)
9.50
(8.00, 12.00)

188 (97.4%)
5 (2.6 %)

119(61.7%)
74(38.3%)
193(100%)
141(73.1%)
174(90.2%)
172(89.1%)
119(61.7%)
64(33.2%)

Lymphadenopthy (%)

Erythema and Induration at BCG inoculation site (%)

Positive 8(4.1%)
Negative 161(83.4%)
Missing 24(12.4%)

Positive tuberculin test (%) 41(21.2%)

Control Group X2-Value/Z-value p-Value
613
1.057 0.304

409(66.7%)

204(33.3%)

24.10 -7.64 <0.001
(13.00, 39.80)
12.00 -7.149 <0.001

(9.50, 14.50)

593 (96.7%) -
20(3.3%) -
2.265 0.132

414(67.5%) -

199(32.5%) -

612(99.8%) 0.000 1.000

439(71.6%) 0.151 0.697

542(88.4%) 0.447 0.504

557(90.9%) 0.518 0.472

402(65.6%) 0.987 0.320

254(41.4%) 4.208 0.040
0.704 0.703
18(2.9%) -
520(84.8) -
75(12.2%) -
119(19.4) 0.309 0.5878

Quantitative data (age, weight) are not normally distributed, they are displayed as median (interquartile range), and compared by rank sum test;
qualitative data are displayed by number (percentage), according to the sample size and theoretical value, select the card square, corrected

chi-square, or Fisher's exact test.

treatment in 95% of the children, but 7 cases of ALT
elevation continued for 1 month, and one child returned
to normal after 3 months. Fortunately, most of the above
cases did not experience other complications related to liver
damage, including hyperbilirubinemia, acute cholangitis, or
acute liver failure.

Clinical features

The difference of clinical features between the two groups
had academic significance (p<0.05) was only in whether the
lymph nodes were enlarged before treatment. The incidence
of lymphadenopathy in the liver injury group were lower than
that in the other group. In terms of whether it was complete KD
or KD recurrence, whether there was fever, rash, conjunctival
hyperemia, change of lips, swelling and peeling of fingers and
toes, redness or swelling of stuck scars, or whether the result
of PPD was positive, there were no significant differences
between the two group (all p>0.05). (Table 1).

Laboratory test results before IVIG therapy

The liver injury group had higher levels of PLT, EO,
and BNP, while the levels of HB, ESR, and PT before IVIG
treatment were lower than those in the no liver injury group
(p<0.05).There were no significant difference between the
two groups in other laboratory indicators such as WBC,
ANC, CRP, Na+, APTT, FIB, TT, D-dimer and PCT (all
p>0.05). (Table 2).

Drug use

1. There were statistically significant differences between
the two groups in whether use dipyridamole, antibiotics
and high-dose aspirin (p<0.05).No significant difference
esisted in whether use hormones or clopidogrel. And days
from fever to IVIG treatment, days of high-dose aspirin
use, and days x dose of high-dose aspirin use also did not
show significant differences (p>0.05) (Table 3).
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2. Further ROC curve analysis was performed on the

aspirin dose (mg/(kg*d)) (Figure 3), the area under the
ROC curve was 0.553 (95% CI: 0.504-0.601, p=0.026)
and the optimal cut-off point was 34.7 mg/(kg*d). We
further divided two groups of aspirin >34.7mg/(kg*d)and
aspirin<34.7 mg/(kg*d). And the univariate regression
analysis showed that there was a statistically significant
association between aspirin>34.7 mg/(kg*d) and liver
damage after IVIG treatment (unadjusted: OR=1.720,
95% CI: 1.236-2.393, p=0.001) (Table 4).

. The regression analysis results of further adjustment of
age, weight and gender found that the adjustment factors
have the greatest impact on the p-value of whether use
dipyridamole; Logistic multivariate regression analysis
showed that the use of antibiotics and the use of high-dose
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aspirin (>34.7 mg/(kg*d)) were independent risk factors
for liver damage after IVIG treatment (use of antibiotics:
OR=2.195, 95% CI:1.206-3.994, p=0.01; aspirin>34.7
mg/(kg*d):OR=1.526, 95% CI:1.083-2.151, p=0.016).
Whether use dipyridamole was not an independent risk
factor (OR=1.392, 95% CI:0.948-2.045, p=0.092).
(Figure 4 and Figure 5).Table 3: Comparison of drug
use before IVIG treatment in Kawasaki disease patients
between the two groups.

Discussion

Asthe incidence of KD increases year by year, scholars pay
more and more attention to KD and its related complications.
We studied much on its cardiovascular complications,
especially coronary artery damage which is most common

Table 2: Comparison of Laboratory Test results before IVIG treatment in patients with Kawasaki disease in two groups.

Group (X t:)al[s; (g;;?g., 5] (Xct::)?[tl:-ntz:’gg?:’; 5] t-Value/Z-value p-Value
Whbc (1019/1) 15.9310.37 15.62+0.23 -0.685 0.493
Hb (g/dl) 110.46+0.84 112.51+0.42 2.314 0.021
PIt (1079/1) 413.36x10.73 387.5415.35 -2.28 0.022
Anc (1079/1) 8.98 (6.69, 12.04) 9.60 (7.25, 12.70) -1.733 0.083
Eo (1079/1) 0.35(0.11, 0.70) 0.26 (0.11, 0.52) -2.205 0.027
CRP (mg/dl) 69.92 (4.41, 107.75) 67.07 (36.45, 104.05) -0.709 0.478
ESR (mm/h) 34.99+1.08 37.74+0.67 2.042 0.042
Na+ (mmol/l) 135.89+0.17 135.93+0.10 0.218 0.828
PT (s) 13.50 (13.00, 14.10) 13.75 (13.20, 14.40) -2.902 0.004
APTT (s) 44.18+0.50 44.52+0.27 0.606 0.545
FIB (g/l) 6.04(5.36, 5.84) 6.20(5.41, 7.05) -0.794 0.427
TT(s) 14.70(14.20, 15.30) 14.70 (14.30, 15.30) -2.073 0.785
D2 (ug/ml) 1.25(0.77, 1.80) 1.25(0.80, 1.90) -0.604 0.546
BNP(pg/ml) 556.00 (242.00,1560.00) 441.00 (197.00, 1090.00) -2.356 0.018
PCT (ng/ml) 0.23 (0.13, 0.47) 0.27 (0.15, 0.51) -0.904 0.366

Quantitative data are presented as mean (standard deviation) or median (interquartile range) and compared by t-test or rank-sum test.

Table 3: Comparison of drug use before IVIG treatment in Kawasaki disease patients between the two groups.

Group Case Group Control Group X2-Value/Z-value p-Value
Hormone (%) 16 (8.3 %) 54 (8.8 %) 2.812 0.245
Clopidogrel (%) 33 (17.1%) 87 (14.2 %) 0.978 0.323
Dipyridamole (%) 62 (32.3%) 123 (20.1 %) 12.185 <0.001
Antibiotic (%) 179 (92.7%) 513 (83.8 %) 9.681 0.002
IVIG for a new days after a fever 6 (6,8) 6 (5,7) -0.28 0.978
High dose aspirin use

Days of use (3.0‘(1)"0200) (3.0‘(1)"050.00) -0.466 0.641
Dosage mg/ (kg d) (30.(?3,%3;.50) (29.352,'22.00) 2.2 0.026
Use days*dose (mg/kg) 138.16 131.25 -0.823 0.411

(100.00, 169.84) (97.98, 163.33)
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Table 4: Comparison of the results of high dose aspirin use before IVIG in patients with Kawakasi disease between the two groups.

Group Case Group Control Group p-Value
< 34.7 mg/kg/d* 106 (%) 415 (%) 0.001
> 34.7 mg/kg/d 87 (%) 198 (%) ’

95 % CI for OR value

R-Val
OR-Value Lower limit Upper limit

1.720 1.236 2.393
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Figure 3: The ROC curve of asprin-use dose of two groups.

in KD, but studies on non-cardiovascular complications are
relatively few. In 2011,American scholar Mohammed[1]
conducted a retrospective analysis on KD complicated with
liver damage for the first time; this study only described the
clinical characteristics and briefly analyzed the relationship
between liver damage and related inflammatory indicators.
The duration or outcome of hepatic impairment was not
described. In 2019, Japanese scholar Tomita analyzed the
data of 381 children with KD admitted to Kobe Medical
Center General Hospital from 1983 to 2001, and found that
199/381 cases (52.2%) had liver damage, among which ALT
elevation was most notable. And most ALT value reached
the peak 1-3 days after the disease onset, returned to normal
within 15-17 days.[13]At present, most studies believe that
KD complicated with liver damage is only a transient injury,
and abnormal liver enzyme markers can be rapidly improved
with the control of acute inflammation.[14]

However, with the deepening of people's understanding

and follow-up of KD, we found that it is not rare that liver
damage occurs in the subacute stage and even the recovery
stage of the disease. According to a report at the 2014
China Conference, [15] 6.7% (13/195) of children had this
condition. In our study, the incidence of liver damage after
IVIG treatment of KD patients with effective IVIG treatment
was 10.8% (193/1786). In some cases, the ALT value could
even be as high as 3419 IU/L or more, and the liver damage
in some cases could last for several months. The incidence
of subacute liver damage in different centers varies greatly,
and we consider that it may be related to the heterogeneity of
genetic background or the different reference intervals of ALT
among different centers. However, although the differences
are large, the conclusions are similar. The incidence of liver
damage in the subacute phase or convalescent phase of KD
is not uncommon. So it is necessary enough for clinicians to
pay more attention to those patients, and it may be a signal
to adjust aspirin or other treatments in time to avoid the
possibility of Reye syndrome or even acute liver failure.
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So, what is the cause of liver damage in children with KD
in the subacute stage? This study retrospectively analyzed
a total of 1,786 children with KD who were admitted to
our center from January 2015 to December 2019. After
multiple screening, a total of 806 cases were finally included
in the study. The differences in clinical characteristics and
laboratory data between the two groups were analyzed and
compared, and the correlations between these characteristics
and liver damage after IVIG treatment were analyzed.

The difference analysis results showed that the liver injury
group was younger in age and weight, less lymphadenopathy
in the acute phase, and no significant difference in other
clinical features. And the liver injury group had a younger
age and weight. The first reason we consider is that when
ALT>40 IU alone is used as the standard for liver injury, the
differences in the basic values of different ages and genders
influenced the result. According to the Reference interval of
the first edition of children's clinical routine test index in my
country in 2021 and related studies, [16] we can know that
although the difference of median ALT value in children of
different ages is not large, the younger the age, the larger the
fluctuation range. This makes the liver injury group more
likely to have ALT>40 IU/L during the course of the disease,
but it is also more likely that the ALT value is still within the
normal range.

Volume 5 ¢ Issue 4 | 510

Comparing the laboratory test indicators before IVIG
treatment, we found the HB in the live injury group was
lower than that in the other group (110.46+0.84 g/dL vs.
112.51+0.42 g/dL, p=0.021), suggesting the liver injury group
was more prone to anemia. According to Ying-Hsien Huang
and Ho-Chang Kuo et al., [17,18] KD children with anemia
have a longer duration of active inflammation, which may
be related to inflammation-related transient iron deficiency
anemia, and hepcidin may play an important role in it. So
the liver damage after IVIG treatment may be a show of a
longer duration of active inflammation. And the difference of
ESR in the two groups was not obvious (34.99+1.08 mm/h
vs. 37.7440.67 mm/h, p=0.042). As one of the inflammatory
indicators, ESR was not like CRP, or PCT in this study, but
it also suggested that the case group did not have a higher
inflammatory response in the acute phase, which may be
related to the detection time, and need to be further explored
by further studying the ESR levels at different times in the
course of KD.

At the same time, the platelet counts in the liver injury
group before IVIG treatment was significantly higher
than that in the control group (413.36£10.73x10"9/L vs.
387.54+5.35x1079/L, p=0.022), indicating platelet activation
early in KD are more prone to appear liver damage after IVIG
treatment. According to the current researches, platelets,
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age weight and sex adjusted 2 353 (1.303-4.247) 0.005 1t - i
\spirin unadjusted 1.720 (1.236-2.393) 0.001 ] P——
age,weight and sex adjusted 1 505 (1.073-2.111) 0.018 }
0 1 e 5
OR-Value

Figure 4: The OR-value of Dipyridamole, Antibiotics and Aspirin before and after adjustment.

Adjusted OR-value 95%CI p-value
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Figure 5: The OR-value after age, weight, and sex were adjusted together of Dipyridamole, Antibiotics, and Aspirin.
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as a kind of multifunctional cells with inflammatory and
coagulation functions, are characterized by the increase at
2-3 weeks in the natural course of KD. This is related to
the activation of inflammatory cells mediated by abnormal
immune complexes in KD lead to platelet recruitment.[19]
Whether the higher platelet count in acute phase of the liver
injury group in this study means this group of children had a
stronger inflammatory response in the acute phase is not yet
fully supported. At the same time, the analysis of this study
found that the eosinophil counts in the case group were also
significantly higher than thatin the control group (0.35x10"9/L
vs.0.26x10"9/L, p=0.027). According to current study, the
mechanism of the increase of eosinophils in children with KD
is not completely clear, and the accumulation of eosinophils
in blood or tissues may reflect the host's immune response to
KD-related antigens.[20] BNP is a peptide synthesized and
secreted by myocardial cells after myocardial stimulation,
such as pressure load, ischemia, and inflammatory
stimulation. It can be used as one of the important markers to
reflect myocardial injury. It is recommended as a predictor of
incomplete KD and coronary artery damage, and indirectly
reflects the inflammatory response of KD. [21, 22] In this
study, we found that the BNP level in the acute phase of the
liver injury group (556 pg/ml) was significantly higher than
that of the control group (441 pg/ml), suggesting that the liver
injury group might have a stronger inflammatory response in
the acute phase of the disease.

But interestingly, we compared the two groups of CRP
and PCT before IVIG treatment, which representing the
body's inflammatory response, and found that there was no
significant difference between the two groups (p>0.05). Most
of the comparative analysis of acute liver function damage
found that ALT elevation was positively correlated with CRP
and PCT, and it was speculated that acute liver damage may
be related to inflammatory mediators and infectious factors.
In 1979, Amano et al. [23] studied the distribution of vascular
lesions in 37 autopsy cases of KD and found that hepatic
vasculitis developed in 6 of them. Some scholars speculate
that cytokines in the acute phase of KD activate natural killer
cells, which accumulate in the vascular endothelium and
hepatic sinusoids and may be involved in hepatocyte injury
and vascular endothelial cell injury.[24] Therefore, the liver
damage in the acute phase of KD can reflect the severity of
systemic inflammation to a certain extent. However, Japanese
scholar Tomita put forward different opinions.[13] He
compared the changes of liver function indicators in different
stages of KD and found that for children with liver damage
in the acute stage, the recovery of liver damage occurred at
the initial stage of the disease. That is, the liver damage can
be improved during the exacerbation of CRP, suggesting that
the recovery of liver damage does not fully reflect the level of
systemic inflammation. This is consistent with our findings,
and also suggests that the liver function damage that occurs

Volume 5 « Issue 4 | 504

after IVIG treatment of children with KD may be not entirely
a secondary complication of the systemic inflammatory state.

In terms of drug use, the rank sum test showed that the
dose of aspirin used in the acute phase was associated with
the occurrence of liver damage after IVIG treatment (p=
0.026).Further ROC curve analysis and univariate regression
analysis prompted that Aspirin dose >34.7mg/(kg*d) was a
risk factor for liver damage after IVIG treatment of KD (OR
value:0.720, 95% CI: 1.236-2.393, p=0.001). According to
the study of Zimmerman HJ et al.,[25] aspirin-use is dose-
dependent with the occurrence of liver damage, and short-
term use of low-dose aspirin causes liver damage is rare.
Related reports suggest that high-dose aspirin (80-100 mg/
(kg*d) in children with KD can lead to severe liver damage
and even Reye syndrome. [26] In addition, there was no
statistically significant difference between the two groups in
the "high-dose-use dose x time" in this study, which may be
because the liver injury group stopped aspirin treatment in
time after the liver damage was found.

In addition, both univariate regression analysis and
multivariate regression analysis showed the use of antibiotics
in the acute phase of children with KD was a risk factor for
liver damage after IVIG treatment of KD (Before adjustment:
OR value: 2.467, 95% confidence interval: 1.375-4.492,
p=0.002; After adjusted: OR: 2.353, 95% confidence interval:
1.303-4.247, p=0.005). It is worth noting that in this study, the
rate of antibiotic use in the acute phase of children with KD
in our hospital was as high as 85.8% (692/806). According to
Seung Beom Han's report, [27, 28] in a university hospital in
Seoul from 2015 to 2016, the antibiotic use rate in the acute
phase of children with KD was 54.3%. For children with KD,
the difficulty of early diagnosis of the disease, the markedly
elevated blood counts, and persistent fever, as well as the
significant increase in the incidence of incomplete KD in
recent years, have forced clinicians to use antibiotics more. But
antibiotics are not considered to be helpful in the treatment of
KD, and even the ineffectiveness of antibiotic treatment is an
important clue for clinicians to be alert to KD. Its use not only
increases the risk of acute liver damage in children with KD,
but also increases the incidence of liver damage after IVIG
treatment after discontinuation of antibiotics. According to
the report of Mitsuharu Fukazawa Jr. et al.,[29] this may be
related to the disturbance of intestinal flora associated with
antibiotic use and the increased liver burden caused by the
metabolism of antibiotics in the liver.

In the rank sum test and univariate regression analysis of
whether dipyridamole was used, the differences between the
two groups were statistically significant; But after adjusting
for age, weight, and gender, the OR value was significantly
reduced and the p value significantly increased (Before
adjustment: OR value: 1.892, 95% confidence interval: 1.318-
2.716, p=0.001; After adjusted: OR: 1.482, 95% confidence
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interval: 1.016-2.161,p=0.041). After multivariate logistic
regression analysis with antibiotics and aspirin, its p>0.05,
suggesting that the use of dipyridamole is not an independent
risk factor for liver damage after IVIG treatment in children
with KD. According to current studies, dipyridamole, as a
vasodilator and platelet aggregation inhibitor, may cause
mild elevation of liver enzymes during use, but it is not
associated with significant acute liver damage. [30] Moreover,
according to the research of G Sanso¢, T Ueda et al., the use
of dipyridamole has a protective effect on the liver.[31]

This study is not without limitations. First, as a single-
center retrospective study, this study has shorting comings
such as selection bias and missing data, but our study also
reflects the real clinical situation to a certain extent. In
addition, we selectively defined liver damage as ALT > 40
IU/L, making the study likely to mask or exaggerate the role
of some relevant factors. However, this choice is based on
our summary of previous studies: according to most current
research reports, when children with KD complicated with
liver damage, ALT elevation is the main manifestation. In
addition, the liver function results of 193 children in the liver
function damage group summarized in this study showed that
the proportion of liver damage with ALT combined with AST
elevation as the main manifestation was as high as 90%, and
the two elevations were basically synchronized, which was
consistent with most studies.

In addition, our study did not include infection factors,
including the detection of hepatotropic virus and non-
hepatotropic virus. Considering most of related clinical tests
were only performed in the case of severe liver damage, there
are many data missing. And other site infections such as
respiratory tract infection, urinary tract infection, etc. have
not been studied and discussed in this study. Considering that
the use of antibiotics in the early stage of the disease could
not completely rule out co-infection, especially in children
with relevant clinical symptoms; and our research subjects
for KD children with effective IVIG treatment, these children
had no fever after IVIG treatment, and the possibility of liver
damage after IVIG treatment of KD caused by persistent
infection is very small. Finally, we focused on the differences
between the two groups of children before IVIG treatment,
selectively ignoring the effect of gamma globulin itself on
liver function in children with KD, laboratory indicators after
IVIG treatment in the two groups of children, which to some
extent limited the analysis of the study results.

Conclusion

For children with normal liver function in the acute phase,
the younger the age of onset, the smaller the body weight,
and the absence of lymphadenopathy in the acute phase,
with elevated PLT, EO, BNP and reduced HB, ESR, PT in
laboratory examinations in acute stage were more likely to
develop subacute liver damage in KD children. There was no
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significant correlation between systemic inflammation (CRP
and PCT levels) in children with KD in acute phase and liver
damage after IVIG treatment; but a longer duration of active
inflammation may be a very important cause of liver injury
delayed. Applications of antibiotics and high-dose aspirin
(>34.7 mg/(kg*d)) in the acute phase of children with KD
may be the risk factors for liver damage after IVIG treatment
of children with KD.
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