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Kawasaki disease (KD) is an acute self-
limiting inflammatory disorder related to 
systemic vasculitis.1 Coronary vessel wall 
inflammation in KD can cause coronary artery 
abnormalities (CAAs).1 Moreover, coronary 
vascular endothelium damage can potentially 
activate platelets, thereby initiating a cascade 
of further vascular damage.2-4 Literature studies 

depict that platelet activation and systemic 
inflammatory changes during the acute phase 
of KD support the release of procaspase 
activating compound-1(PAC-1) and Toll-like 
receptor 4 (TLR4), thereby accelerating disease 
progression.5,6 Hence it provides a theoretical 
basis for the treatment of KD with an antagonist 
that modulates platelet-activating factors and 
suppresses inflammatory response.

Exposure to intravenous immunoglobulin (IVIG) 
reduces the incidence of coronary aneurysms 
from 25% to only nearly 9%.7 Even with timely 
IVIG treatment, around 4% of affected children 
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ABSTRACT

Background. Even though intravenous immunoglobulin (IVIG) is a current treatment for Kawasaki disease 
(KD), 10–20% of patients require additional therapy. This study seeks to investigate the therapeutic effects of 
glucocorticoids plus IVIG on KD and to ascertain the subsequent effect on platelet activation during the acute 
phase.

Methods. A total of 32 children with KD were randomly classified into two groups: the experimental group (16 
cases) and the control group (16 cases). The control group was exposed to IVIG (2 g/kg), whereas children in the 
experimental group were treated with IVIG (2 g/kg) + glucocorticoid. Peripheral venous blood samples were 
obtained from all participants before treatment as well as three days post-treatment to test platelet activation 
levels with procaspase activating compound-1 (PAC-1) antibody, Toll-like receptor 4 (TLR4), interleukin-6 (IL-
6), tumor necrosis factor-α (TNF-α), procalcitonin (PCT), and C-reactive protein (CRP). Fever duration post-
treatment was documented for both groups. Additionally, the coronary arteries in both groups were evaluated 
during three months of treatment. 

Results. After treatment, the experimental group had remarkably lower levels of TNF-α, CRP, PCT, IL-6, PAC-
1, and TLR4 relative to the control group. The fever persistence rate was considerably elevated in the control 
group compared to the experimental group (log-rank, P=0.024). In addition, the z-score of coronary artery size 
dropped after IVIG + glucocorticoids treatment compared to the control group, although this difference was not 
significant. 

Conclusions. The IVIG + glucocorticoids can quickly mitigate the inflammatory response and platelet activation. 
Moreover, it can also improve clinical symptoms in children with KD. 

Key words: Kawasaki disease, corticosteroid, intravenous immunoglobulin, platelet activation, coronary artery 
lesions.
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progress to coronary anomalies, and 1% can 
even develop giant aneurysms.8 A recrudescent 
or persistent fever following infusion with IVIG 
is one of the most powerful risk factors for a 
coronary aneurysm - IVIG resistance.9 About 
15-20% of patients develop IVIG resistance at 
the end of IVIG therapy and are considered 
more susceptible to developing CAAs. IVIG 
resistance rates have consistently increased 
from about 7% in 2003 to ~23% in 2014, with 
a concomitant elevation in aneurysms of the 
coronary artery.10 Several treatment strategies 
have been tested to further decrease the risk of 
coronary artery aneurysms.11-13 The addition of 
steroids to conventional treatment is one option; 
however, the effect remains controversial. A 
potential positive effect of glucocorticoids in the 
acute phase of KD has been suggested in recent 
studies.13-16 This study aimed to demonstrate 
the impact of glucocorticoids plus IVIG in 
KD treatment and characterize its potential 
mechanisms in the acute phase of the disease.

Material and Methods

Study design

Inclusion criteria: 1) All patients meeting the KD 
diagnostic criteria defined by the American 
Heart Association (AHA) in 20171 : a) fever ≥5 
days, b) conjunctival hyperemia in both eyes, 
c) oral changes, d) erythema multiforme and 
rashes, e) hand and foot sclerosis or peeling, 
f) acute non-suppurative lymphadenitis in 
the neck. KD was diagnosed in the presence 
of at least 5 of the six principal symptoms. 2) 
Patients without KD-specific treatment prior to 
admission. 3) Individuals with family members 
willing and able to cooperate for study 
completion. 4) Individuals who granted written 
informed consent via forms.

Exclusion criteria: 1) Individuals with concomitant 
severe congenital or organic diseases of the liver, 
heart, or kidney. 2) Individuals with a history 
of KD. 3) Individuals presenting symptoms 
of coronary artery abnormalities prior to 

admission. 4) Individuals who had received 
intravenous immunoglobulin or steroids prior 
to admission. 5) Individuals who took related 
drugs like immunosuppressants, which might 
influence the study.

Randomization and blinding

The randomization technique employed in 
this study involved a sealed envelope system. 
Informed consent was obtained from the parents 
of children who met the inclusion criteria, and 
treatments were randomly assigned to sealed 
envelopes. Following this, a physician opened 
a random envelope and selected the assigned 
treatment regimen. Patients and clinicians were 
not blinded to the assignment.

Study population

A total of 32 children diagnosed with KD 
were enrolled in the study at the Provincial 
Children’s Hospital Affiliated with Anhui 
Medical University, from January 1, 2020, to 
December 31, 2021, with 16 cases allocated to 
each group. Patient baseline characteristics 
are shown in Table I. The Institutional Ethics 
Committee of the Provincial Children’s 
Hospital, Anhui Medical University approved 
the study. Moreover, informed, signed consent 
was obtained from all involved.

Treatment groups: Individuals in the control 
group were administered IVIG and aspirin. 
The exact treatment regimen included 
immunoglobulin 2g/kg, intravenous drip, 
and single-dose application. Simultaneously, 
aspirin was orally administered at 30-50 mg/kg/
day, gradually declining to 3-5 mg/kg/day once 
the fever subsided for at least three consecutive 
days. These conditions were maintained for 
two months. On the other hand, individuals 
in the experimental group were exposed to 
glucocorticoids in addition to IVIG and aspirin, 
as above. The glucocorticoids scheme was 
intravenous methylprednisolone at a dose of 2 
mg/kg twice daily for three days. After a 3-day 
fever-free period, the oral prednisolone dose 
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was changed to 2 mg/kg. Prednisolone was also 
gradually reduced in 5-day steps over 15 days 
from 2 mg/kg/day to 1 mg/kg/day to 0.5 mg/kg/
day. The total course of steroids was 18 days.

The discharge summary of the patients 
included medication instructions, the need for 
regular follow-ups, and regular notifications at 
each point of the assessment. Furthermore, the 
patients were consistently reminded to undergo 
relevant examinations at every assessment. At 
the end of each follow-up, the physician also 
ensured that the patient was informed about the 
schedule and contents for the next visit.

Sample collection

Clinical data, including age, height, weight, 
gender, and time of body temperature drop after 
treatment, were obtained. Clinical inflammatory 
markers procalcitonin (PCT), C-reactive protein 
(CRP), tumor necrosis factor-α (TNF-α), and 
interleukin-6 (IL-6), were obtained from patients 
before treatment as well as three days post-
treatment. The assessments of coronary arteries 
were carried out by measuring the luminal 
diameter of the main right and left coronary 
arteries, the left anterior descending artery, and 
the left circumflex artery before treatment, 2-, 
4-, and 12- weeks after treatment. 

Platelet activation detection by flow cytometry

Blood samples were obtained from the patients 
before IVIG and three days after IVIG. A 2 ml 
blood draw was acquired from patients and 

controls using a 5 ml needle and immediately 
transferred to plastic tubes containing EDTA. 
This was done to avoid manual activation 
of the platelets during sample collection. 
Additionally, during transport from the 
clinic to the laboratory, samples were kept at 
room temperature to eliminate any effect of 
temperature fluctuations on platelet activation. 
These samples were then centrifuged for 10 min. 
at 800 X g to obtain platelet-rich plasma (PRP). 
This step was followed by immediate freezing 
at -80°C until further analysis. 

All samples were immobilized with 1% 
paraformaldehyde and analyzed on a 
FACSCanto II flow cytometer (Becton 
Dickinson, USA). Reagents like mouse anti-
human CD61 antibody conjugated to BV510, 
mouse anti-human TLR4 antibody conjugated 
to phycoerythrin (PE), and mouse anti-human 
PAC-1 antibody conjugated to APC were 
purchased from B.D. Pharmingen (USA). As for 
the controls, immunoglobulins from the same 
mouse species were used (B.D. Pharmingen, 
USA) for flow cytometry. Furthermore, the CD61 
marker served as an activation-independent 
marker of platelets. The percentage of platelets 
expressing TLR4 or PAC-1 was considered the 
fraction exhibiting specific binding (TLR4 or 
PAC-1 positive) minus non-specific binding 
(the percentage with IgG-PE conjugate) of the 
10,000 platelets analyzed. Moreover, the TLR4 
or PAC-1 expression assays were performed 
in duplicates for each blood sample, and the 
means were recorded.

Table I. Clinical and laboratory characteristics of experimental and control participants
Characteristics Experimental group (n=16) Control group (n=16) P-value
Age (months) 32.0 (20.3-45.0) 27.0 (13.0-36.0) 0.509
Male/female 9/7 11/5 0.716
Weight (kg) 12.0 (9.6-15.6) 12.0 (9.5-14.0) 0.721
Days of illness at treatment (day) 5.1±1.9 5.1±1.9 0.927
Hemoglobin(g/dl) 10.52±1.27 11.30±1..27 0.092
White-cell count (×10³/µL) 13.0 (10.3-15.5) 15.2 (11.3-17.2) 0.122
Platelet count (×10⁴/µL) 312.1±127.3 375.7±145.3 0.198
D-dimer(mg/L) 1.5 (1.1-2.1) 1.1 (1.0-2.8) 0.228
CD64 (%) 5.8 (4.8-8.2) 6.1 (5.5-7.9) 0.427
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Endpoints 

The primary endpoint: levels of PAC-1 and 
TLR4 before treatment as well as three days 
after treatment.

Secondary endpoints: 1) z-scores of coronary 
arteries, 2) duration of fever post-treatment, 3) 
levels of TNF-α, IL-6, CRP, and PCT at three 
days post-treatment, 4) incidence of side effects 
during the treatment.

Outcomes 

The primary outcome: changes in platelet 
activation levels at three days following 
treatment.

Secondary outcomes: 1) duration of fever 
(hours): from completion of initial IVIG infusion 
to afebrile condition, 2) changes of z-scores of 
coronary artery throughout the study period, 3) 
changes in TNF-α, IL-6, CRP, and PCT levels at 
three days post-treatment, 4) Frequency of all 
side effects during the treatment.

Statistical analysis

IBM SPSS version 22.0 (USA) aided the statistical 
analyses. For continuous variables, the data were 
depicted as the mean plus or minus standard 
deviations or as the median and interquartile 
range for normal and non-parametric data, 
respectively. On the other hand, categorical 

variables were expressed as frequencies and 
proportions. Data were compared by means 
of the Student’s t-test and repetitive measure 
analysis of variance for normally distributed 
continuous variables. In contrast, Fisher’s exact 
test was employed for categorical variables.

Furthermore, non-parametric continuous 
variables were assessed by means of the Mann-
Whitney U test or the Wilcoxon signed-rank test. 
Following this, sequential persistence curves 
were computed by applying the Kaplan-Meier 
method and were subsequently compared using 
the log-rank test. All tests were two-tailed, and 
a P-value of <0.05 was considered significant.

Results

Changes in inflammatory factors 

Alterations in inflammatory factors both prior 
to treatment and post-treatment between the 
two groups are depicted in Table II, which 
demonstrates that TNF-α, CRP, IL-6, and PCT 
were remarkably elevated before treatment in 
the two groups. However, the difference was 
not significant (P>0.05). Moreover, the above-
mentioned markers declined at three days 
post-treatment, with a statistically significant 
difference (P<0.05). The experimental group had 
remarkably lower levels of TNF-α, CRP, PCT, 
and IL-6 relative to the control group (p<0.05).

Table II. Analysis of changes in inflammatory factors before and after treatment according to treatment groups
Variables Experimental group (n=16) Control group (n=16) P
CRP (mg/L) Before treatment 71.49 (42.1,119.38) 64.15 (51.91,85.38) 0.534

3d after treatment 4.83 (0.5,7.84) 7.64 (4.28,11.98) 0.047
P <0.001 <0.001

PCT (ng/ml) Before treatment 0.79 (0.28,4.63) 0.25 (0.16,1.45) 0.250
3d after treatment 0.05 (0.04,0.09) 0.16 (0.06,0.38) 0.021
P 0.001 0.026

IL-6 (ng/L) Before treatment 158.38 (39.04,544.08) 86.45 (41.80,263.35) 0.059
3d after treatment 2.00 (1.50,3.04) 3.36 (2.24,8.65) 0.023
P <0.001 <0.001

TNF-α (ng/L) Before treatment 18.75 (12.70,29.13) 17.05 (10.73,22.31) 0.402
3d after treatment 6.20 (4.00,11.53) 12.15 (9.28,16.50) 0.020
P 0.001 0.031
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Expression levels of PAC-1 and TLR4

Expression levels of platelet activation in the 
two groups are depicted in Fig. 1. The PAC-1 
and TLR4 antibody targeting GPIIb/IIIa levels 
in both groups were remarkably elevated prior 
to treatment, and the difference between them 
was not significant (P>0.05). The two indicators 
declined post-treatment, with a statistically 
significant drop from before treatment (P<0.05). 
Moreover, the levels of TLR4 and PAC-1 in the 
experimental group were significantly lower 
than those in the control group at three days 
post-treatment (P<0.05). 

Time-dependent change of the fever in patients 
with and without glucocorticoid therapy

Duration of fever after treatment between the 
two groups was determined. The Kaplan-Meier 
curves for the rate of cumulative persistence of 
fever are illustrated in Fig. 2. The 5-, 10-, 20-, 30-, 
60-, and 70-hour rates of cumulative persistence 
of the fever were 31.3%, 6.3%, 6.3%, 0%, 0%, and 
0%, respectively in the experimental group. On 
the contrary, the observed percentages were 50%, 
25%, 12.5%, 6.3%, 6.3%, and 0%, respectively, 
in the control group. Furthermore, the rate of 
fever persistence was significantly elevated in 
the control group relative to the experimental 

group (log-rank, P=0.024). The median fever 
duration regression in the experimental group 
was 3.0 hours, whereas it was 4.5 hours for the 
control group.

The change in coronary artery z-scores over 
time 

The change in coronary artery z-score prior to 
treatment relative to post-treatment between 
the two groups is illustrated in Fig. 3. The 
z-score declined sharply following IVIG + 
glucocorticoid therapy relative to the control 
group. However, the difference was not 
significant (P>0.05).

 
Fig. 1. Scatterplots of TLR4 (a), and PAC-1(b). Values depict the median and interquartile range of 
individuals in the two groups. * P<0.05

Fig. 2. Kaplan-Meier analyses for the cumulative 
persistence rate of fever after treatment.
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During the treatment, no significant side effects 
or adverse reactions to the drug were observed 
in any of the study participants.

Discussion

Coronary artery lesions (CALs) are among 
the most significant KD-related complications 
as well as a major determinant of long-term 
prognosis.14 CALs can cause aneurysms of 
the coronary artery, myocardial ischemia, 
occlusions, myocardial infarction, or even 
death.17 The vascular injury mechanism in 
children with KD is hypothesized to be linked 
to the activation of the monocyte/macrophage 
system in vivo. This releases several inflammatory 
mediators and factors, thereby causing vascular 
endothelial injury. Additionally, several studies 
establish that IL-2, 4, 6, 8, and 17 are positively 
correlated with the inflammatory response in 
the acute phase of KD. IL-6 even contributes 
to CAAs formation and vascular endothelial 
damage.18-20 In this experiment, IL-6, TNF-α, 
PCT, and CRP levels were remarkably elevated 
in children with KD prior to treatment, which is 
a high-level inflammatory response in the acute 
phase of KD.

Corticosteroids are a relatively safe and 
affordable option for most individuals as 
adjunctive therapy for the primary treatment 
of KD. In the study by Burns21, the author 

demonstrated an advantage in aneurysm size 
reduction among individuals treated with 
pulse methylprednisolone. This finding ensued 
global interest regarding steroid function in the 
treatment of acute KD.21 A recent study showed 
that compared to IVIG alone, glucocorticoid 
combined with IVIG rapidly reduces TNF-α, 
IL-6, and CRP levels in individuals with KD.13 
Another prospective study showed that the 
addition of prednisolone to IVIG treatment 
reduced the inflammatory response in patients 
with KD.15 In addition, this treatment regimen 
resulted in faster fever resolution than IVIG 
alone. This study confirmed similar results. 
With oral administration of aspirin, individuals 
exposed to glucocorticoids plus IVIG showed 
remarkably lower levels of inflammatory 
factors (such as TNF-α, IL-6, PCT, and CRP), 
compared to those who received conventional 
immunoglobulin therapy (p <0.05). The rate 
of cumulative persistence of fever was also 
lower in the glucocorticoids plus IVIG category 
than in IVIG alone (log-rank, p=0.024). These 
findings strongly depict that the treatment 
regimen coupled with corticosteroids is more 
conducive to alleviating the inflammatory state 
and improving clinical symptoms in individuals 
with KD.

Prospective research revealed that anomalies 
in the coronary artery were significantly 
reduced in the IVIG plus prednisolone category 
than with IVIG alone. The authors suggest 
that the duration of steroid treatment for KD 
might be more relevant than the maximum 
concentration.22 However, a subsequent study 
was unable to show a positive effect of steroid 
treatment on reducing CAA.23 The reasons for 
the considerable variation between the two 
studies are (1) individuals with incomplete KD 
and (2) individuals with z-scores ≥2.5 for the 
initial coronary artery. In this study, the z-scores 
of coronary artery size post-treatment with 
IVIG + glucocorticoids were smaller relative to 
IVIG alone. However, these variations were not 
significant, probably due to the small sample 
size. Thus, further studies are needed to verify 
this finding. Although the difference was not 

Fig. 3. Mean z-score levels of coronary artery 
diameters over time.
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statistically significant, it indicates ways to 
mitigate CALs.

The PAC-1 monoclonal antibody identifies 
a conformational alteration in the GPIIb/
IIIa complex on activated platelets.24 This 
conformational change is a key step in platelet 
activation and leads to platelet aggregation by 
various pathways.25 The vascular endothelial 
growth factor (VEGF) is released from platelets 
during whole blood clotting. It serves a crucial 
function in regulating angiogenesis.19 Studies 
show that VEGF is highly expressed in the 
serum of children with KD during an early stage 
of vascular inflammation and is involved in the 
formation of CALs.19,26 Platelet activation causes 
a conformational alteration in the GpIIb/IIIa 
complex. This, in turn, exposes almost 80,000 
fibrinogen binding sites on the surface of the 
platelet.27 Fibrinogen binding to these receptors 
might be a prerequisite for VEGF release.28 
Moreover, the activation of TLR4 leads to 
exacerbated platelet responses in KD patients, 
potentially contributing to atherogenesis 
through the delivery of proinflammatory 
factors to leukocytes and endothelial cells.29,30 
Furthermore, TLR4 induces nuclear factor-
κB (NF-κB)-dependent cytokine production 
through the myeloid differentiation primary-
response gene 88 (MyD88) pathway.31,32 TLR4 
signaling through NF-κB also contributes to the 
pathology of vascular injury in individuals with 
KD.33

Moreover, recent studies have shown that 
platelets are highly activated in KD patients, 
which is probably one of the most crucial 
pathophysiological steps in the disease.1,34 
Therefore, it is vital to assess whether there is any 
change in the status of platelets in KD patients 
post-treatment with glucocorticoid. Ueno and 
his colleagues35 observed platelet activation 
levels as significantly elevated in individuals 
with KD and CAA versus individuals without 
CAAs. Additionally, platelet activation levels 
were considerably lower in individuals with KD 
exposed to both IVIG and oral prednisolone in 
comparison with individuals who had received 

IVIG alone.35 The present study confirmed the 
presence of platelet activation in individuals 
with KD. It also found remarkably lower levels 
of PAC-1 and TLR4 in the glucocorticoid plus 
IVIG group relative to the control group (p 
<0.05). These findings establish that reducing 
platelet activation is a function of glucocorticoids 
in KD. Furthermore, Yahata et al.36 found that 
high levels of platelet activation were still 
present in children recovering from KD for 2-3 
months, which may explain the better effect of 
long-term steroids than short-term steroids in 
children with KD.

Limited research has been conducted on the 
impact of glucocorticoids in reducing platelet 
activation. However, it is speculated that 
glucocorticoids function by inhibiting the 
pathway that stimulates platelet activation 
through the inflammatory response.37 
Glucocorticoid downregulates VEGF expression 
in the serum by inhibiting platelet activation, 
thereby suppressing vascular injuries in 
KD. Additionally, glucocorticoids also block 
the TLR4 signaling pathway by inhibiting 
platelet activation, which in turn, inhibits 
phosphorylation of NF-κB, thereby suppressing 
its activation. Furthermore, glucocorticoids 
interfere with the inflammatory response 
in KD by inhibiting inflammatory molecule 
production through the downregulation of NF-
κB levels.38

Although this study demonstrates the use of 
glucocorticoids in KD treatment, the sample 
size was relatively small. Hence, there was no 
strict long-term follow-up of results, which 
limits the obtained insights. Future studies will 
need to expand the sample size and increase 
the post-treatment follow-up duration to 
accurately ascertain the long-term impact of 
glucocorticoids on the prognosis of individuals 
with heart damage.

In summary, glucocorticoids plus IVIG therapy 
may inhibit the inflammatory response 
and platelet activation and aid in vascular 
remodeling. Additional prospective studies 
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are needed to further investigate the efficacy of 
glucocorticoids plus IVIG therapy in the acute 
phase of KD.

Acknowledgements

The authors are grateful for the financial support 
provided by Anhui Medical University. The 
authors also received grant funding by the code 
2019xkj079. Furthermore, they are thankful 
to AiMi Academic Services (www.aimieditor.
com) for the English language editing and 
review services.

Ethical approval

The study was licensed by the Institutional 
Ethics Committee of the Provincial Children’s 
Hospital and the Anhui Medical University. 
Additionally, signed, informed consent was 
obtained from all involved (Approval no: EYLL-
2019-023).

Author contribution

The authors confirm their contribution to the 
paper as follows: study conception and design: 
QQW, LYZ, SZ; data collection: QQW; analysis 
and interpretation of results: QQW, SZ; draft 
manuscript preparation: QQW. All authors 
reviewed the results and approved the final 
version of the manuscript.

Source of funding

The authors received grant funding from 
the Anhui Medical University (Grant No: 
2019xkj079).

Conflict of interest

The authors declare that there is no conflict of 
interest.

REFERENCES

1. McCrindle BW, Rowley AH, Newburger JW, et al. 
Diagnosis, treatment, and long-term management 
of Kawasaki disease: a scientific statement for health 
professionals from the American Heart Association. 
Circulation 2017; 135: e927-e999. https://doi.
org/10.1161/CIR.0000000000000484

2. Freedman JE. Molecular regulation of 
platelet-dependent thrombosis. Circulation 
2005; 112: 2725-2734. https://doi.org/
CIRCULATIONAHA.104.494468

3. Rossaint J, Margraf A, Zarbock A. Role of platelets 
in leukocyte recruitment and resolution of 
inflammation. Front Immunol 2018; 9: 2712. https://
doi.org/10.3389/fimmu.2018.02712

4. Larsen SB, Grove EL, Würtz M, Neergaard-Petersen 
S, Hvas AM, Kristensen SD. The influence of low-
grade inflammation on platelets in patients with 
stable coronary artery disease. Thromb Haemost 
2015; 114: 519-529. https://doi.org/10.1160/TH14-12-
1007

5. Wang GB, Li CR, Zu Y. Change of MyD88-
independent signal transduction of Toll-like receptor 
4 in immunological pathogenesis of Kawasaki 
disease. Zhonghua Er Ke Za Zhi 2007; 45: 818-823.

6. Laurito M, Stazi A, Delogu AB, et al. Endothelial and 
platelet function in children with previous Kawasaki 
disease. Angiology 2014; 65: 716-722. https://doi.
org/10.1177/0003319713502392

7. Xie LP, Yan WL, Huang M, et al. Epidemiologic 
features of Kawasaki disease in Shanghai from 2013 
through 2017. J Epidemiol 2020; 30: 429-435. https://
doi.org/10.2188/jea.JE20190065

8. Masuda H, Ae R, Koshimizu TA, et al. Epidemiology 
and risk factors for giant coronary artery aneurysms 
identified after acute Kawasaki disease. Pediatr 
Cardiol 2021; 42: 969-977. https://doi.org/10.1007/
s00246-021-02571-8

9. Wu S, Liao Y, Sun Y, et al. Prediction of intravenous 
immunoglobulin resistance in Kawasaki disease in 
children. World J Pediatr 2020; 16: 607-613. https://
doi.org/10.1007/s12519-020-00348-2

10. Kibata T, Suzuki Y, Hasegawa S, et al. Coronary artery 
lesions and the increasing incidence of Kawasaki 
disease resistant to initial immunoglobulin. Int J 
Cardiol 2016; 214: 209-215. https://doi.org/10.1016/j.
ijcard.2016.03.017

https://doi.org/10.1161/CIR.0000000000000484
https://doi.org/10.1161/CIR.0000000000000484
https://doi.org/CIRCULATIONAHA.104.494468
https://doi.org/CIRCULATIONAHA.104.494468
https://doi.org/10.3389/fimmu.2018.02712
https://doi.org/10.3389/fimmu.2018.02712
https://doi.org/10.1160/TH14-12-1007
https://doi.org/10.1160/TH14-12-1007
https://doi.org/10.1177/0003319713502392
https://doi.org/10.1177/0003319713502392
https://doi.org/10.2188/jea.JE20190065
https://doi.org/10.2188/jea.JE20190065
https://doi.org/10.1007/s00246-021-02571-8
https://doi.org/10.1007/s00246-021-02571-8
https://doi.org/10.1007/s12519-020-00348-2
https://doi.org/10.1007/s12519-020-00348-2
https://doi.org/10.1016/j.ijcard.2016.03.017
https://doi.org/10.1016/j.ijcard.2016.03.017


Wang QQ, et. al Turk J Pediatr 2023; 65(4): 640-649

The Turkish Journal of Pediatrics ▪ July-August 2023648

11. Kim GB, Yu JJ, Yoon KL, et al. Medium- or higher-
dose acetylsalicylic acid for acute Kawasaki disease 
and patient outcomes. J Pediatr 2017; 184: 125-129.
e1. https://doi.org/10.1016/j.jpeds.2016.12.019

12. Wang J, Chen H, Shi H, et al. Effect of different doses 
of aspirin on the prognosis of Kawasaki disease. 
Pediatr Rheumatol Online J 2020; 18: 48. https://doi.
org/10.1186/s12969-020-00432-x

13. Zhang H, Wang MY, Teng YN, Wang XD, Cao 
HT. Observation on the clinical effect of high-dose 
Intravenous Immunoglobulin combined with low-
dose prednisone acetate in the treatment of patients 
with Kawasaki disease. Pak J Med Sci 2021; 37: 1122-
1127. https://doi.org/10.12669/pjms.37.4.4023

14. Burns JC, Hoshino S, Kobayashi T. Kawasaki 
disease: an essential comparison of coronary artery 
aneurysm criteria. Lancet Child Adolesc Health 
2018; 2: 840-841. https://doi.org/10.1016/S2352-
4642(18)30334-1

15. Curtis N. Prednisolone added to intravenous 
immunoglobulin treatment improves outcome in 
children with severe Kawasaki disease. Arch Dis 
Child Educ Pract Ed 2013; 98: 77-78. https://doi.
org/10.1136/archdischild-2012-303413

16. Kobayashi T, Kobayashi T, Morikawa A, et al. 
Efficacy of intravenous immunoglobulin combined 
with prednisolone following resistance to initial 
intravenous immunoglobulin treatment of acute 
Kawasaki disease. J Pediatr 2013; 163: 521-526. 
https://doi.org/10.1016/j.jpeds.2013.01.022

17. Brogan P, Burns JC, Cornish J, et al. Lifetime 
cardiovascular management of patients with 
previous Kawasaki disease. Heart 2020; 106: 411-420. 
https://doi.org/10.1136/heartjnl-2019-315925

18. Wu L, Chen Y, Zhong S, Li Y, Dai X, Di Y. Blood 
N-terminal pro-brain natriuretic peptide and 
interleukin-17 for distinguishing incomplete 
Kawasaki disease from infectious diseases. Indian 
Pediatr 2015; 52: 477-480. https://doi.org/10.1007/
s13312-015-0659-1

19. Zhou Y, Wang S, Zhao J, Fang P. Correlations of 
complication with coronary arterial lesion with 
VEGF, PLT, D-dimer and inflammatory factor in 
child patients with Kawasaki disease. Eur Rev 
Med Pharmacol Sci 2018; 22: 5121-5126. https://doi.
org/10.26355/eurrev_201808_15706

20. Wu Y, Liu FF, Xu Y, et al. Interleukin-6 is prone to be 
a candidate biomarker for predicting incomplete and 
IVIG nonresponsive Kawasaki disease rather than 
coronary artery aneurysm. Clin Exp Med 2019; 19: 
173-181. https://doi.org/10.1007/s10238-018-00544-5

21. Burns JC. Revisiting steroids in the primary treatment 
of acute Kawasaki disease. J Pediatr 2006; 149: 291-
292. https://doi.org/10.1016/j.jpeds.2006.07.016

22. Kobayashi T, Saji T, Otani T, et al. Efficacy of 
immunoglobulin plus prednisolone for prevention 
of coronary artery abnormalities in severe Kawasaki 
disease (RAISE study): a randomised, open-label, 
blinded-endpoints trial. Lancet 2012; 379: 1613-1620. 
https://doi.org/10.1016/S0140-6736(11)61930-2

23. Miyata K, Kaneko T, Morikawa Y, et al. Efficacy 
and safety of intravenous immunoglobulin plus 
prednisolone therapy in patients with Kawasaki 
disease (Post RAISE): a multicentre, prospective 
cohort study. Lancet Child Adolesc Health 
2018; 2: 855-862. https://doi.org/10.1016/S2352-
4642(18)30293-1

24. Nomura S, Suzuki M, Kido H, et al. Differences 
between platelet and microparticle glycoprotein 
IIb/IIIa. Cytometry 1992; 13: 621-629. https://doi.
org/10.1002/cyto.990130610

25. Kwon H, Lee JH, Jung JY, et al. N-terminal pro-brain 
natriuretic peptide can be an adjunctive diagnostic 
marker of hyper-acute phase of Kawasaki disease. 
Eur J Pediatr 2016; 175: 1997-2003. https://doi.
org/10.1007/s00431-016-2798-3

26. Ueno K, Nomura Y, Hashiguchi T, et al. Platelet 
vascular endothelial growth factor is a useful 
predictor for prognosis in Kawasaki syndrome. Br J 
Haematol 2010; 148: 285-292. https://doi.org/10.1111/
j.1365-2141.2009.07922.x

27. Coller BS. A new murine monoclonal antibody 
reports an activation-dependent change in the 
conformation and/or microenvironment of the 
platelet glycoprotein IIb/IIIa complex. J Clin Invest 
1985; 76: 101-108. https://doi.org/10.1172/JCI111931

28. Amirkhosravi A, Amaya M, Siddiqui F, Biggerstaff 
JP, Meyer TV, Francis JL. Blockade of GpIIb/IIIa 
inhibits the release of vascular endothelial growth 
factor (VEGF) from tumor cell-activated platelets 
and experimental metastasis. Platelets 1999; 10: 285-
292. https://doi.org/10.1080/09537109975915

29. Marín Oyarzún CP, Glembotsky AC, Goette 
NP, et al. Platelet toll-like receptors mediate 
thromboinflammatory responses in patients with 
essential thrombocythemia. Front Immunol 2020; 11: 
705. https://doi.org/10.3389/fimmu.2020.00705

30. Carnevale R, Sciarretta S, Valenti V, et al. Low-grade 
endotoxaemia enhances artery thrombus growth 
via Toll-like receptor 4: implication for myocardial 
infarction. Eur Heart J 2020; 41: 3156-3165. https://
doi.org/10.1093/eurheartj/ehz893

31. Trinchieri G, Sher A. Cooperation of Toll-like 
receptor signals in innate immune defence. Nat Rev 
Immunol 2007; 7: 179-190. https://doi.org/10.1038/
nri2038

https://doi.org/10.1016/j.jpeds.2016.12.019
https://doi.org/10.1186/s12969-020-00432-x
https://doi.org/10.1186/s12969-020-00432-x
https://doi.org/10.12669/pjms.37.4.4023
https://doi.org/10.1016/S2352-4642(18)30334-1
https://doi.org/10.1016/S2352-4642(18)30334-1
https://doi.org/10.1136/archdischild-2012-303413
https://doi.org/10.1136/archdischild-2012-303413
https://doi.org/10.1016/j.jpeds.2013.01.022
https://doi.org/10.1136/heartjnl-2019-315925
https://doi.org/10.1007/s13312-015-0659-1
https://doi.org/10.1007/s13312-015-0659-1
https://doi.org/10.26355/eurrev_201808_15706
https://doi.org/10.26355/eurrev_201808_15706
https://doi.org/10.1007/s10238-018-00544-5
https://doi.org/10.1016/j.jpeds.2006.07.016
https://doi.org/10.1016/S0140-6736(11)61930-2
https://doi.org/10.1016/S2352-4642(18)30293-1
https://doi.org/10.1016/S2352-4642(18)30293-1
https://doi.org/10.1002/cyto.990130610
https://doi.org/10.1002/cyto.990130610
https://doi.org/10.1007/s00431-016-2798-3
https://doi.org/10.1007/s00431-016-2798-3
https://doi.org/10.1111/j.1365-2141.2009.07922.x
https://doi.org/10.1111/j.1365-2141.2009.07922.x
https://doi.org/10.1172/JCI111931
https://doi.org/10.1080/09537109975915
https://doi.org/10.3389/fimmu.2020.00705
https://doi.org/10.1093/eurheartj/ehz893
https://doi.org/10.1093/eurheartj/ehz893
https://doi.org/10.1038/nri2038
https://doi.org/10.1038/nri2038


Glucocorticoid plus IVIG on Platelet Activation in Kawasaki Disease

The Turkish Journal of Pediatrics ▪ July-August 2023 649

Turk J Pediatr 2023; 65(4): 640-649

32. Majdi F, Taheri F, Salehi P, Motaghinejad M, 
Safari S. Cannabinoids Δ⁹-tetrahydrocannabinol 
and cannabidiol may be effective against 
methamphetamine induced mitochondrial 
dysfunction and inflammation by modulation 
of Toll-like type-4(Toll-like 4) receptors and NF-
κB signaling. Med Hypotheses 2019; 133: 109371. 
https://doi.org/10.1016/j.mehy.2019.109371

33. Wang M, Niu J, Ou L, Deng B, Wang Y, Li S. 
Zerumbone protects against carbon tetrachloride 
(CCl4)-induced acute liver injury in mice via 
inhibiting oxidative stress and the inflammatory 
response: involving the TLR4/NF-κB/COX-2 
pathway. Molecules 2019; 24: 1964. https://doi.
org/10.3390/molecules24101964

34. Pang Y, Liang H, Yu S, et al. Dynamic study of 
platelets surface glycoprotein in Kawasaki disease. 
Zhonghua Xue Ye Xue Za Zhi 2002; 23: 134-137.

35. Ueno K, Nomura Y, Morita Y, Eguchi T, Masuda 
K, Kawano Y. Circulating platelet-neutrophil 
aggregates play a significant role in Kawasaki 
disease. Circ J 2015; 79: 1349-1356. https://doi.
org/10.1253/circj.CJ-14-1323

36. Yahata T, Suzuki C, Yoshioka A, Hamaoka A, Ikeda 
K. Platelet activation dynamics evaluated using 
platelet-derived microparticles in Kawasaki disease. 
Circ J 2014; 78: 188-193. https://doi.org/10.1253/circj.
cj-12-1037

37. Levi M, van der Poll T, Büller HR. Bidirectional 
relation between inflammation and coagulation. 
Circulation 2004; 109: 2698-2704. https://doi.
org/10.1161/01.CIR.0000131660.51520.9A

38. Kadiyala V, Sasse SK, Altonsy MO, et al. Cistrome-
based cooperation between airway epithelial 
glucocorticoid receptor and NF-κB orchestrates anti-
inflammatory effects. J Biol Chem 2016; 291: 12673-
12687. https://doi.org/10.1074/jbc.M116.721217

https://doi.org/10.1016/j.mehy.2019.109371
https://doi.org/10.3390/molecules24101964
https://doi.org/10.3390/molecules24101964
https://doi.org/10.1253/circj.CJ-14-1323
https://doi.org/10.1253/circj.CJ-14-1323
https://doi.org/10.1253/circj.cj-12-1037
https://doi.org/10.1253/circj.cj-12-1037
https://doi.org/10.1161/01.CIR.0000131660.51520.9A
https://doi.org/10.1161/01.CIR.0000131660.51520.9A
https://doi.org/10.1074/jbc.M116.721217

