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Preface 

Children is the hope of society, the future of world and mankind!
Strong children make the world strong! In order to strengthen international medical academic exchanges and

improve the diagnostic and therapeutic skills of pediatricians, nurses and general practitioners around the world,
the international Journal of Pediatrics was organized by the joint efforts of pediatricians and general practition-
ers from China, Georgia, Poland, The Czech Republic, Turkmenistan and India et al. This journal is of great clin-
ical significance and academic value to promote international communication among pediatric medical staff and
improve the diagnostic and treatment technology level of pediatric diseases. We hope that with our joint efforts
and hard work, this journal will take root, sprout and grow in the world, bringing good news to the health of chil-
dren around the world and benefiting children all over the world!

GEORGE CHAKHUNASHVILI (Georgia) and 
FUYONG JIAO (China)
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The possibility of initial diagnosis of
the beginning of heart remodeling, i.e.,
right and left sided hypertrophies and di-
latations, with the help of detailed
analysis of ECG (electrocardiogram) is
given a great role in modern preventive
cardiology. In particular, the "Child
Cardio-Rheumatological" service pro-
fessionally implemented in children
and adolescents. The "Children's Cardio-
Rheumatological" service is based on
staffing it with professionals and orga-
nizationally correct management. One
of the most important determinants of
the professionalism of doctors is the abil-
ity to meticulously analyze the methods
of bloodless instrumental research of the
cardiovascular system and their results.

ECG (electrocardiography) belongs
to such researches, which due to its ease
of use and cheapness, has not been able
to find a proper place in pediatrics.

ECG is a routine method of bloodless
instrumental research of the cardio-
vascular system available to everyone,
which, with its most important data,
complements the presentation of the
blood circulation apparatus and, to-
gether with other studies, completes the
diagnosis (1,2,3,4,5,6,7,8,9,........71).

The aim of our research was:
Possibilities of initial diagnosis of the

beginning of heart remodeling, i.e.

right and left sided hypertrophies and di-
latations, with the help of scopulosic
analysis of ECG (electrocardiogram),
during treatment with "Apivit",
"Apikor", "Apipulmo" and "Apihepatis"
in the post-covid period. It will definite-
ly play an important role in preventive
cardiology.

The design of the labor study includ-
ed 450 children aged 0 to 18 years, who
were consulted in 2020-2023 in Tbilisi,
both as outpatients and in various clin-
ics. All of them had an ECG in the post-
Covid period, and in the said contingent,
along with other drugs, the Georgian
drugs "Apivit", "Apikor", "Apipulmo"
and "Apihepati" were used, about which
we read accordingly in the instructions:

aPIVITI
/Registration and date R-020845

2016-11-22 - 2021-11-22/ Pharmacolog-
ical group/subgroup: JG.: immunomod-
ulators.

kv/jg.: plant origin
It is a natural high-quality and bio-

logically active product. Each pill con-
sists of: valine _ 5.5-6%, lysine _ 5.9-
7%, leucine _ 5.8-6.7%, glutamine mg.
9.1%, cystine _ 0.6% other. on average
20% of protein in the form of albumins,

Vitamins: A, B1, B2, B5, B6, C, E,
D, PP, folic acid biotin, thyrisine and oth-

ers. glucoside rutin. Minerals: Fe, Mg,
Cha and others.

Indication: 1. to fill the deficiency of
vitamins, minerals and amino acids (in
case of hypovitaminosis);  2. When
adults grow in height, since it ensures the
growth and development processes of the
body;  3. During immunodeficiency
conditions, because it has immunomod-
ulating, immunostimulating and antimi-
crobial properties. 4. In case of chronic
fatigue syndrome: fatigue, decrease in
mental and physical performance;  5.
During pregnancy and lactation. 6. Dur-
ing diabetes and thyroid gland patholo-
gy.;  7. During stress and nervous tension

Dosage: up to 1 year 1/4 tablet 2 times;
from 1 to 3 years 1/3 tablet twice a day;
from 3 to 5 years: 1/2 tablet 2 times a day;
From 5 to 12 years, 1 tablet twice a day;
from 12 years, 2-3 tablets. 3 times a day;
The course of treatment is one month. Re-
peated course is recommended once
every 3 months. If necessary, it is allowed
to double the doses. Contraindications:
individual intolerance Release form:
tablet 0.35;  Not covered with paint. There
are 60 (30X2) tablets in the package.

aPIKor
registration # and date #р-024217

2018-09-01 - 2023-09-01 Natural com-
plete complex is a mixture of bee (pollen,
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bee milk) and grape product containing
two biologically active components. It is
rich in all the substances that determine
the normal activity of the body.

Mechanism of action: improves the
contractile function of the myocardium,
enhances the cardiotrophic and therapeu-
tic effect of cardiac glycosides;  has anti-
cholesterolemic and antioxidant effect,
protects vascular walls from atheroscle-
rotic damage, reduces the risk of devel-
oping ischemic heart disease;  im-
proves vision;  regulates the exchange
of vitamins, amino acids and microele-
ments;  has immunomodulating, im-
munostimulating and antimicrobial
properties;  helps to cleanse the body,
improves fat metabolism and weight
loss;  relieves nervous tension during
stress, improves sleep;  Explains
"Pakhmelia". Normalizes blood pres-
sure, improves vascular regulation,
stimulates hemopoiesis. A P I K O R vi-
tamins + amino acids + microelements
+ grape seed contains: 22 types of
amino acids, 20% protein in the form of
albumins, vitamins (A, B1, B2, B5, B6,
C, D, PP, E, K, folic acid), biotin,
rutin, beta-sitosterol (phosphoterin),
microelements (Fe, Cha, Mg, Dzn,
Chu, F), glycosides, fatty acids.

Used for:
1. As an antioxidant complex during

the combined treatment of diseases of
the cardiovascular system and their
prevention; 

2. to regulate cholesterol and lipid
metabolism, which protects vascular
walls from atherosclerotic damage and
reduces the risk of developing ischemic
heart diseases, prevents the development
of excess weight and premature aging
processes; 

3. In case of eco and radiation
pathologies, it has anti-radiation and
anti-carcinogenic properties.

4. for the purpose of immunocorrection; 
5. To regulate protein metabolism and

during hypovitaminosis (insufficient food )
6. During mental and physical over-

load (athletes).
Dosage: up to 1 year 1/4 tablet 2

times a day;  from 1 to 3 years 1/3 tablet
twice a day;  from 3 to 5 years: 1/2 tablet
2 times a day;  from 5 to 12 years, 1
tablet twice a day;  From 12 years, 2-3
tab. 3 times a day;  The course of treat-
ment is one month. Repeated course is
recommended once every 3 months. If

necessary, it is allowed to double the
doses. Contraindications: individual
intolerance Release form: tablet 0.35;
Not covered with paint. There are 60
(30X2) tablets in the package.

aPIPuLMo
/ Registration # and date #р-024219

2018-09-01 - 2023-09-01 /
The natural full-fledged complex

contains a mixture of two products
rich in biologically active components:
Georgian bee products (pollen, bee
milk) and conifer extract, which is rich
in substances necessary for the body's
construction, development and life.

Mechanism of action: regulates the
exchange of vitamins, amino acids
and trace elements, redox processes;
enhances the utilization of oxygen by
the tissue and as a result increases men-
tal and physical performance;  en-
sures growth and development process-
es of the body;  improves the function-
ing of the reproductive system;
Strengthens the body's ability to adapt
to extreme and stressful factors and its
protective mechanisms. has im-
munomodulating, immunostimulating
and antimicrobial properties;  Amino
acids contained in the drug are easily
absorbed, which helps to maintain the
nitrogen balance and the growth and
development of the body;  Prevents pre-
mature aging. Live happily and coura-
geously

It is a natural complete complex - vi-
tamins + minerals + amino acids;  Con-
tains: 22 types of amino acids, 20% pro-
tein in the form of albumins, vitamins (A,
B1, B2, B5, B6, C, D, PP, E, K, folic
acid), biotin, rutin, beta-sitosterol (phos-
photerin), trace elements ( Fe, Cha,
Mg, Dzn, Chu, F), glycosides, chloro-
phyll. It is effective: 1. during acute and
chronic inflammatory diseases of the res-
piratory system, bronchitis, pneumonia,
tuberculosis;  2. during chronic hypox-
ia;  4. to fill the deficiency of vitamins,
minerals and amino acids (in case of hy-
povitaminosis);  5. When adults grow in
height, since it ensures the growth and
development processes of the body;  6.
During immunodeficiency conditions,
because it has immunomodulating, im-
munostimulating and antimicrobial prop-
erties. 7. In case of chronic fatigue syn-
drome: fatigue, decrease in mental and
physical performance;  8. During preg-
nancy and lactation. 9. During diabetes

and thyroid gland pathology.;  10. Dur-
ing stress and nervous tension

Dosage: up to 1 year 1/4 tablet 2 times
a day;  from 1 year to 3 years 1/3 tablet
2 times a day;  from 3 to 5 years: 1/2
tablet 2 times a day;  from 5 to 12 years,
1 tablet twice a day;  from 12 years 2-3
tablets 3 times a day;  The course of treat-
ment is one month. A repeat course is
recommended once every 3 months. If
necessary, it is allowed to double the dos-
es. Contraindications: individual intol-
erance Release form: tablet 0.35;  Not
covered with paint. There are 60 (30X2)
tablets in the package.

APIHEPATI registration # and date
#р-024218 2018-09-01 - 2023-09-01
natural complete complex is a sum of
natural, natural plant components:
conifer extract, bee (pollen, bee milk)
and a mixture of grape products, which
are necessary for the normal animal ac-
tivity of the body and the prevention of
various diseases

Mechanism of action: increases the
body's physical and mental performance;
regulates the exchange of vitamins,
amino acids and microelements, redox
processes;  has a radioprotective effect,
ensures removal of heavy metals, neu-
tralization of free radicals and toxins;
The amino acids contained in the drug
are easily absorbed, which helps to
maintain the nitrogen balance and en-
sures the growth and development
processes of the body;  Improves the
function of the gastrointestinal tract,
stomach, liver, spleen. The drug has a
lipotrophic effect (removes excess fat
from liver cells), restores the function of
hepatocytes, prevents premature aging;
has anti-radiation and anti-carcinogenic
properties;  has immunomodulating,
immunostimulating and antimicrobial
properties;  APIHEPATI contains: 22
types of amino acids, 20% protein in the
form of albumins, vitamins (A, B1,
B2, B5, B6, C, D, PP, E, K, folic acid),
biotin, rutin, beta-sitosterol (phospho-
terin), microelements (Fe, Cha, Mg,
Dzn, Chu, F), glycosides, chlorophyll.
Fatty acids are used: 1. as a hepatopro-
tector, radioprotector to expel heavy met-
als, to neutralize free radicals and tox-
ins;  2. In case of environmental and ra-
diation pathologies, it has anti-radiation
and anti-carcinogenic properties.;  3. To
regulate protein metabolism and during
hypovotamonosis (malnutrition) 4. Dur-
ing immunodeficiency conditions
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(chronic fatigue syndrome) 5. During fa-
tigue, mental and physical work capac-
ity reduction and overload (athletes);  6.
During the recovery period (rehabilita-
tion) after severe and chronic diseases,
infectious pathologies, operative inter-
ventions, injuries, radiation and
chemotherapy;  7. In case of vision im-
pairment, during chronic inflammatory
diseases and dystrophic changes of the
organ of vision;  8. During the climac-
teric period, infertility and impotence;  9.
During diabetes and thyroid gland
pathology.;  10. For the prevention of vi-
ral infections;  Dosage: up to 1 year 1/4
tablet 2 times;  from 1 to 3 years 1/3
tablet twice a day;  from 3 to 5 years: 1/2
tablet 2 times a day;  From 5 to 12 years,
1 tablet twice a day;  from 12 years, 2-
3 tablets. 3 times a day;  The course of
treatment is one month. Repeated course
is recommended once every 3 months.
If necessary, it is allowed to double the
doses. Contraindications: individual in-
tolerance Release form: tablet 0.35;
Not covered with paint. There are 60
(30X2) tablets in the package.

Depending on the indications, in the
course of treatment, we use the follow-
ing combinations of drugs additionally
or in isolation for a duration of 2 months:

"Apivit" + L-Carnitine + Jamgbad (in
drops),

"Apicor" + L-Carnitine + Zhamgba-
di (in drops),

"Apipulmo" + L-Carnitine + Jamg-
bad (in drops),

"Apihepati" + L-Carnitine + Zhamg-
badi (in drops),

In the above-mentioned studies,
along with the ECG data in the complex,
a lot of attention was paid to fatigue,
general weakness and cardialgia in the
anamnesis.

We evaluated the reliability of quan-
titative indicators in work with Student's
criterion (t), qualitative with x2 criteri-
on, comparison between groups with
Pearson. The difference was considered
reliable if t>1.96 p<0.05 and x2 >3.84,
p<0.05 (10,11). t>1.96 p<0.05 and >3
x2.84, p<0.05 (10,11) Mathematical as-
surance was carried out using SPSS soft-
ware package.

In the process of reviewing the obtained
results, it was found that the phases of
ECG changes described by us (G.Chakhu-
nashvili, N.Jobava at. 2019-2020-2021)
in the post-covid period of children and
adolescents - 0-Ia.b-IIa.b-III-IV:
2023
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0

0

Ia

Ib

Thus, our many years of clinical
with experience to ventricular hypertrophy, which
Classically, it already exists, with all its ECGs with
signs for preventive cardiology
We separate
Four possible phases of ECG changes:

- 0 
- Ia - Ib 
- IIa - IIb
- III 
- IV

O phase
ECG signs of hypoxia and coronary
without failure changes 
... on the septalarea so
ECG within the age norm

IA phase

Tv3 4

STv3 4

Signs of hypoxia 
on the septum

Hipertrofia septal
asimétrica

Válvula 
mitral

Ventriculo
izquierdo

Hipertrofia septal
asimétrica

Válvula 
mitral

Ventriculo
izquierdo

IB phase
(the ST segment is

already changing)
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The percentage distribution of the
number of cases according to the phas-
es of the ECG change is as follows:

0-10%,Ia - 25%,Ib - 5%,IIa -
19%,IIb-35%,III - 5%.IV – 1%.

In these patients, the drugs "Apivit",
"Apicor", "Apipulmo" and "Apihepati"
were prescribed according to the relevant
indications mentioned in the instructions.

The results of positive dynamics on the
ECG are shown in the corresponding images:

Thus, based on the analysis of clin-
ical and instrumental data of the mate-
rial, where at P<0.05, we recommend
the following combinations taking into
account the phases of ECG changes:

0 - "Apivit" + L-Carnitine + Jamg-
bad (in drops)

Ia.b. - "Apicor" + L-Carnitine +
Zhamgbadi (in drops)

II A.b. - "Apipulmo" + L-Carnitine
+ Zhamgbadi (in drops)

III. - "Apicor" + L-Carnitine +
Zhamgbadi (in drops)

IV. - "Apihepati"+L-Carnitine+ -
Zhamgbadi (in drops)

The above examples clearly show the
possibility of early diagnosis of the be-
ginning of heart remodeling, i.e. right
and left sided hypertrophies and dilata-
tions, with the help of scopulosic analy-
sis of ECG (electrocardiogram).

And in preventive cardiology, ECG
(electrocardiography) gives significant clin-
ical value not only in the use of Georgian
drugs - "Apivit", "Apikor", "Apipulmo" and
"Apihepati" in the post-covid period.

CONCLUSION:
Thus, our studies have shown that
- In the age of children and adolescents,

the possibility of early diagnosis of the be-
ginning of heart remodeling, i.e. right and
left sided hypertrophies and dilatations,
with the help of scopule analysis of
ECG (electrocardiogram) is very great.

- The diagnostic value of ECG (elec-
trocardiography) in the use of "Apivit",
"Apikor", "Apipulmo" and "Apihepati"
in the post-Covid period is definitely as-
signed the most important role in pre-
ventive cardiology.

- "Apivit", "Apikor", "Apipulmo" and
"Apihepati" are distinguished by a par-
ticularly wide range of action in children
and adolescents.

- In preventive cardiology, ECG (elec-
trocardiography) is given significant clin-
ical value not only in the use of Georgian
drugs - "Apivit", "Apikor", "Apipulmos"
and "Apihepat" in the post-covid period.

And finally, exactly such studies:
- assigns ECG (electrocardiogra-

phy), with its ease of use and cheapness,
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to a dignified and appropriate place in
pediatrics.

- and will defeat ECG (electrocardio-
graphic) phobia in pediatrics.
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SUMMARY

PoSSIBILITIeS of INITIaL DIaGNoSIS of THe BeGINNING of HearT 
reMoDeLING, I.e. rIGHT aND LefT SIDeD HYPerTroPHIeS aND DILaTaTIoNS, 
WITH THe HeLP of ScoPuLoSIc aNaLYSIS of ecG (eLecTrocarDIoGraM).

(PreVeNTIVe carDIoLoGY - SIGNIfIcaNT cLINIcaL VaLue of ecG 
(eLecTrocarDIoGraPHY) IN THe uSe of GeorGIaN DruGS - "aPIVIT", "aPIKor",

"aPIPuLMoS" aND "aPIHePaT" IN THe PoST-coVID PerIoD)

G. S. CHAKHUNASHVILI, N. JOBAVA, K. S. CHAKHUNASHVILI, 
K. G. CHAKHUNASHVILI, D. G. CHAKHUNASHVILI 

(Georgia Association of Children's Cardiologists) Georgia. Tbilisi

The possibility of initial diagnosis of the beginning of heart remodeling, i.e. right and left sided hypertrophies and dilata-
tions, with the help of scopulosic analysis of ECG (electrocardiogram) is given a great role in modern preventive cardiology.

Based on the above, the aim of the research was to
Possibilities of initial diagnosis of the beginning of heart remodeling - i.e. right and left sided hypertrophies and dilata-

tions, with the help of scopulosic analysis of ECG (electrocardiogram). And this was demonstrated by the diagnostic val-
ue of ECG (electrocardiography) in "epivitis", "apikor", "apipulmos" and "epihepatitis". "When used in the post-Covid pe-
riod, which will definitely be given the most important role in preventive cardiology.

The design of the labor study included 450 children aged 0 to 18 years, who were consulted in 2020-2023 in Tbilisi, both as
outpatients and in various clinics. All of them had an ECG taken in the post-Covid period in 12 normal sections, and Georgian
drugs "Apivit", "Apikor", "Apipulmo" and "Apihepati" were used along with other drugs in the said contingent. In the studies,
along with the ECG data in the anamnesis, great attention was paid to fatigue, general weakness and cardialgia. In the work, we
evaluated the reliability of the quantitative indicators with the Student's criterion (t), the qualitative one with the �2 criterion, and
the comparison between groups with Pearson. The difference was considered reliable if t>1.96 p<0.05 and �2>3.84, p<0.05 (10,11).
t>1.96 p<0.05 and >3�2.84, p<0.05 (10,11) Mathematical assurance was carried out using SPSS software package.

In the process of reviewing the obtained results, it was found that the phases of ECG changes described by us (G.Chakhu-
nashvili, N.Jobava at. 2019-2020-2021) in the post-covid period of children and adolescents - 0-Ia.b-IIa. B-III-IV:

The percentage distribution of the number of cases according to the phases of the ECG change is as follows:
0-10%,Ia - 25%,Ib - 5%,IIa - 19%,IIb-35%,III - 5%.IV – 1%.
Our studies have shown that
- In the age of children and adolescents, the possibility of early diagnosis of the beginning of heart remodeling, i.e. right

and left sided hypertrophies and dilatations, with the help of scopule analysis of ECG (electrocardiogram) is very great.
- The diagnostic value of ECG (electrocardiography) in the use of "Apivit", "Apikor", "Apipulmo" and "Apihepat" in

the post-Covid period is definitely assigned the most important role in preventive cardiology.
- "Apivit", "Apikor", "Apipulmo" and "Apihepati" are distinguished by a particularly wide range of action in children and adolescents.
- In preventive cardiology, ECG (electrocardiography) is given significant clinical value not only in the use of Geor-

gian drugs - "Apivit", "Apikor", "Apipulmos" and "Apihepat" in the post-covid period.
And finally, exactly such studies:
- assigns ECG (electrocardiography), with its ease of use and cheapness, to a dignified and appropriate place in pediatrics.
- and will defeat ECG (electrocardiographic) phobia in pediatrics.



INTroDucTIoN
Kawasaki Disease (KD) is a kind of

acute fever mucocutaneous lymph node
syndrome with lymph node involve-
ment and finger and toe peeling [1]. It
was first diagnosed and studied by
Japanese doctor Tomisaku Kawasaki
[2], and it is the main cause of acquired
heart disease in children in many coun-
tries, among which Japan is the leader.
The incidence rate of children within 5
years of age is about 1% [3]. Current-
ly, there is no accurate national data on
KD incidence in China [4]. A survey
shows that Kawasaki disease is a rela-
tively common disease in Shaanxi
Province of China, and Xi 'an is a high
incidence area [5], with the character-
istics of the morbidity group similar to
Japan [6].

The pathogenesis of KD is still un-
clear, and it is mainly believed to be re-
lated to genetics, immunity and infec-
tion [8]. There is no specific drug in
treatment, and the overall principle is to
control inflammation and minimize the
risk of coronary aneurysm [1]. Al-
though its acute usage and dosage have
no uniform standard, and present great
differences in various countries [2].
As a traditional medical means in our
country, TCM presents advantages in the
treatment process of this disease, and its
research progress is summarized as
follows.

1, eTIoLoGY aND 
PaTHoGeNeSIS
There is no corresponding name for

Kawasaki disease in traditional Chinese

medicine books. According to its clin-
ical characteristics, such as acute fever,
chapped lips, strawberry tongue, rash,
erythema, and stiff and swollen limbs,
most scholars treat Kawasaki disease as
"warm disease" [9], and some scholars
think it belongs to the category of "epi-
demic rash" [10] or "macular rash"
[11], which is caused by warm and hot
pathogenic poison that impinges on
human body and damages lung and
stomach. Changes in the course of the
disease disturb blood flow and involve
all viscera [2].

SecoND, TreaTMeNT
(1) Treatment by stages
Chen [12] divided the stages of dis-

ease into three stages according to the
dialectical theory of Weiqi and blood
camp, and gave different TCM decoc-
tion respectively. The study found that
the symptoms, TNF-α, IL-6, CRP, etc.
of the group treated with TCM decoc-
tion had advantages compared with
the group treated with Western medicine
alone. Wang [13] used the same syn-
drome differentiation method for stag-
ing, and added 5, 10 and 21 days as the
course of the disease. He studied 72 pa-
tients and found that the combination of
TCM treatment had advantages in im-
proving clinical symptoms, shortening
the course of the disease, and improv-
ing coronary artery dilation. Zhang
[14] conducted a clinical study on 109
patients and found that compared with
western medicine alone, the recovery of
white blood cells, platelets, sedimenta-
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the overall principle is to control inflammation and minimize the risk of coronary
aneurysm.

Methods: The relevan published articles, data and information of KD at home
and abroad were collected from the Internet,and management of KD were com-
pared and analyzed to compare the role of TCM.

results: there is no unified standard for the usage and dosage of gamma glob-
ulin, aspirin and glucocorticoid in the acute stage, and they have certain toxic and
side effects, and they are different in different countries.
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tion rate and so on had obvious advan-
tages in the integrated treatment of
Chinese and western medicine com-
bined with the staging treatment of
Weiqi and Yingxue dialectical treatment,
and the incidence of myocardial injury
was significantly reduced. In general, the
staging theory of KD takes the syndrome
differentiation of qi and blood as the key
line, and determines the staging accord-
ing to the law of disease course. Al-
though it is against the idea of TCM in-
dividualized syndrome differentiation,
it is more convenient for clinical promo-
tion and application

2. Treatment based 
on symptom differentiation
Li [15] carried out stage treatment

according to syndrome differentiation
of Weiqi and blood. Yinqiao SAN was
selected in the early stage of the dis-
ease, Qingwen and Duduyin was select-
ed in the middle stage, and Zhuye Plas-
ter Decoction and Qinghao Bijia decoc-
tion were selected in the convalesce
stage. The combination of traditional
Chinese and Western medicine has
advantages in improving clinical symp-
toms and regulating immune disorders
compared with simple western medi-
cine. Wang [16] applied Qingying De-
coction to the treatment of burnt KD of
Qi Ying and found that the treatment
effect was better than that of Western
medicine alone. Sha's [17] treated
burnt KD with Huanglian Jiedu Decoc-
tion and Baihu decoction, and found
that it had advantages in inhibiting the
levels of peripheral blood NT-proBNP,
PCT and CRP, improving the symp-
toms of the children, and reducing the
incidence of coronary artery injury.
Wang [18] used Fuzheng Xiaoyu
method to treat KD with Qi and Yin in-
juries and found that there was no sta-
tistical difference between intravenous
injection of Danshen injection com-
bined with Fuzheng Xiaoyu Decoction
and aspirin. Wang [19] treated 60 cas-
es of convalescent Kawasaki disease
syndrome with Danshen Shengmai
Decoction and found that it had signif-
icant effects on improving symptoms,
reducing platelet and esR, restoring ab-
normal electrocardiography, and im-
proving coronary artery dilation. Yang
[20] searched KD related theme words

based on TCM syndrome differentia-
tion, collected and built a database, and
statistically found that the syndrome
types of Wei Qi with the same disease,
Qi ying with burnt and qi Yin with two
injuries were the most common. In the
initial treatment, most of them were Xin
Liang to clear the surface, clearing heat
and detoxifying, in the extreme stage,
Qi Liang ying and detoxifying, and in
the later stage, Qi qi and Yin were
mainly used. Liang's [21] collected and
collated the data of 92 KD patients with
Qi-ying burnt syndrome and found
that most of them used traditional
Chinese medicine to treat pain, cold and
return to lung and stomach channels,
and the treatment was mainly to clear
heat, detoxify and cool blood and pro-
mote blood circulation.

(3) specific treatment
Li [22] used Qianjin Wushi Decoc-

tion to clear heat and detoxify the heart
and calm the mind to treat Kawasaki dis-
ease, and the clinical symptoms and
serum factor recovery level were better
than that of Western medicine alone.
Zheng [23] used Huanglian Jiedu De-
coction combined with Baihu decoction
to treat Kawasaki disease, and the com-
bined treatment of Chinese and Western
medicine has advantages over the sim-
ple western medicine group in terms of
clinical symptoms and recovery of in-
flammatory factors. Fu [24] applied
Jiedu Huayu Decoction in combination
with conventional western medicine
and found that the combination of Chi-
nese and western medicine could signif-
icantly reduce the rate of coronary ar-
tery dilation. Chen's [25], Zhao's [26]
and Wang's [27] all chose traditional
Chinese medicine for clearing heat and
detoxifying, nourishing Yin and invig-
orating qi combined with Western med-
icine for conventional treatment, and
found that the combination of tradition-
al Chinese and Western medicine had
significant differences in improving
clinical symptoms. Zhang believed that
blockage of stasis and injury of Qi and
Yin were the basic causes, and the
treatment of Taohong Siwu Decoction
combined with Shengmai Yin to pro-
mote blood circulation and remove
blood stasis, qi and Yin had remarkable
effect.

(4) chinese medicine 
preparation
Coronary artery dilation is a major

complication of Kawasaki disease. Yan
[28] conducted serological tests on KD
children with coronary artery injury un-
der different treatment regimens. matrix
metalloproteinase-9 (MMP-9), tissue in-
hibitor of metalloproteinase-1 (TIMP-
1) and mRNA were quantitatively mon-
itored. It was found that tanshinone �A
can inhibit the expression of MMP-9 and
TIMP-1 mRNA and protein in Kawasa-
ki disease patients to a certain extent, so
as to reduce the vasculitis injury and re-
duce the coronary artery damage in
Kawasaki disease. Wang [29] selected
20 healthy children of Kawasaki disease
and 20 healthy children of the same age
to isolate mononuclear cells from venous
blood for culture, and found that
tanshinone �A and aspirin had similar
anti-inflammatory pathways and ef-
fects. Zhang [30] established a Kawasa-
ki disease coronary artery injury mod-
el in mice to study the effects of gam-
ma globulin and astragaloside IV on
coronary tissue and found that they
could up-regulate the expression of in-
terleukin-35 (IL-35) and inhibit the
Janus kinase 1(JAK1)/ signal trans-
duction and transcriptional activator
1(STAT1) pathway to reduce the inflam-
matory response and coronary artery in-
jury in Kawasaki disease. It has a pro-
tective effect on coronary arteries. Liu
[31] prepared the model with the same
method and took normal salt as refer-
ence, and found that ginsenoside Rb1
could improve the pathological injury of
coronary artery in Kawasaki disease
mice, inhibit the content of inflamma-
tory factors, and down-regulate the
expression of nuclear factor-κB (NF-κB)
and matrix metalloproteinase-9 (MMP-
9) in heart tissue, so as to inhibit the in-
flammatory response and play a role. Hu
used tumor necrosis factor-α (TNF-α) to
induce human coronary endothelial
cells (HCAEC) to establish a model of
KD coronary injury cells, and found that
salidroside can activate phosphatidyli-
nositol 3 kinase (PI3K)/protein kinase
B(Akt) and inhibit NF-κB signaling
pathway, improve endothelial cell per-
meability and reduce oxidative stress
damage.
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With the standardization, standardi-
zation and popularization of the diagno-
sis and treatment of Kawasaki disease,
the discovery rate of Kawasaki disease
is gradually increasing, and the overall
treatment plan tends to be mature.
However, the problem of adverse reac-
tions is still easy to be seen in the high-
dose impact therapy of Western medi-
cine in the acute stage [32]. At this time,
the combination of traditional Chinese
medicine is just right, and has good ef-
fects in shortening the course of disease
and improving the prognosis.

Most Chinese medicine scholars be-
lieve KD belongs to the category of
warm disease. Regardless of whether the
disease is combined with the disease
stage, the treatment focuses on the di-
alectical treatment of qi and blood.
With the development of traditional Chi-
nese medicine in recent years, the treat-
ment part of traditional Chinese medi-
cine has gradually changed from decoc-
tion to traditional Chinese medicine
preparation, which also opens up a
new way for the use of traditional Chi-
nese medicine.
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Kawasaki Disease (KD) is a kind of
acute fever mucocutaneous lymph node
syndrome with lymph node involvement
and finger and toe peeling [1]. It was
first diagnosed and studied by Japanese
doctor Tomisaku Kawasaki [2], and it is
the main cause of acquired heart disease
in children in many countries, among
which Japan is the leader. The incidence
rate of children within 5 years of age is
about 1% [3]. Currently, there is no ac-
curate national data on KD incidence in
China [4]. A survey shows that Kawasa-
ki disease is a relatively common dis-
ease in Shaanxi Province of China,
and Xi 'an is a high incidence area [5],
with the characteristics of the morbid-
ity group similar to Japan [6].
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The pathogenesis of KD is still un-
clear, and it is mainly believed to be re-
lated to genetics, immunity and infec-
tion [8]. There is no specific drug in
treatment, and the overall principle is to
control inflammation and minimize the
risk of coronary aneurysm [1]. Al-
though its acute usage and dosage have
no uniform standard, and present great
differences in various countries [2].
As a traditional medical means in our
country, TCM presents advantages in the
treatment process of this disease, and its
research progress is summarized as
follows.

1, eTIoLoGY aND 
PaTHoGeNeSIS
There is no corresponding name for

Kawasaki disease in traditional Chinese
medicine books. According to its clin-
ical characteristics, such as acute fever,
chapped lips, strawberry tongue, rash,
erythema, and stiff and swollen limbs,
most scholars treat Kawasaki disease as
"warm disease" [9], and some scholars
think it belongs to the category of "epi-
demic rash" [10] or "macular rash"
[11], which is caused by warm and hot
pathogenic poison that impinges on
human body and damages lung and
stomach. Changes in the course of the
disease disturb blood flow and involve
all viscera [2].

SecoND, TreaTMeNT
(1) Treatment by stages
Chen [12] divided the stages of dis-

ease into three stages according to the
dialectical theory of Weiqi and blood
camp, and gave different TCM decoc-
tion respectively. The study found that
the symptoms, TNF-α, IL-6, CRP, etc.
of the group treated with TCM decoc-
tion had advantages compared with
the group treated with Western medicine
alone. Wang [13] used the same syn-
drome differentiation method for stag-
ing, and added 5, 10 and 21 days as the
course of the disease. He studied 72 pa-
tients and found that the combination of
TCM treatment had advantages in im-
proving clinical symptoms, shortening
the course of the disease, and improv-
ing coronary artery dilation. Zhang
[14] conducted a clinical study on 109
patients and found that compared with
western medicine alone, the recovery of
white blood cells, platelets, sedimenta-

tion rate and so on had obvious advan-
tages in the integrated treatment of
Chinese and western medicine combined
with the staging treatment of Weiqi and
Yingxue dialectical treatment, and the
incidence of myocardial injury was
significantly reduced. In general, the
staging theory of KD takes the syndrome
differentiation of qi and blood as the key
line, and determines the staging accord-
ing to the law of disease course. Al-
though it is against the idea of TCM in-
dividualized syndrome differentiation,
it is more convenient for clinical promo-
tion and application

2. Treatment based on symptom 
differentiation
Li [15] carried out stage treatment ac-

cording to syndrome differentiation of
Weiqi and blood. Yinqiao SAN was se-
lected in the early stage of the disease,
Qingwen and Duduyin was selected in
the middle stage, and Zhuye Plaster De-
coction and Qinghao Bijia decoction
were selected in the convalesce stage.
The combination of traditional Chi-
nese and Western medicine has advan-
tages in improving clinical symptoms
and regulating immune disorders com-
pared with simple western medicine.
Wang [16] applied Qingying Decoction
to the treatment of burnt KD of Qi Ying
and found that the treatment effect was
better than that of Western medicine
alone. Sha's [17] treated burnt KD with
Huanglian Jiedu Decoction and Baihu
decoction, and found that it had advan-
tages in inhibiting the levels of periph-
eral blood NT-proBNP, PCT and CRP,
improving the symptoms of the children,
and reducing the incidence of coronary
artery injury. Wang [18] used Fuzheng
Xiaoyu method to treat KD with Qi and
Yin injuries and found that there was no
statistical difference between intra-
venous injection of Danshen injection
combined with Fuzheng Xiaoyu Decoc-
tion and aspirin. Wang [19] treated 60
cases of convalescent Kawasaki disease
syndrome with Danshen Shengmai De-
coction and found that it had significant
effects on improving symptoms, reduc-
ing platelet and esR, restoring abnormal
electrocardiography, and improving
coronary artery dilation. Yang [20]
searched KD related theme words based
on TCM syndrome differentiation, col-
lected and built a database, and statis-

tically found that the syndrome types of
Wei Qi with the same disease, Qi ying
with burnt and qi Yin with two injuries
were the most common. In the initial
treatment, most of them were Xin Liang
to clear the surface, clearing heat and
detoxifying, in the extreme stage, Qi
Liang ying and detoxifying, and in the
later stage, Qi qi and Yin were mainly
used. Liang's [21] collected and collat-
ed the data of 92 KD patients with Qi-
ying burnt syndrome and found that
most of them used traditional Chinese
medicine to treat pain, cold and return
to lung and stomach channels, and the
treatment was mainly to clear heat,
detoxify and cool blood and promote
blood circulation.

(3) specific treatment
Li [22] used Qianjin Wushi Decoction

to clear heat and detoxify the heart and
calm the mind to treat Kawasaki disease,
and the clinical symptoms and serum fac-
tor recovery level were better than that
of Western medicine alone. Zheng [23]
used Huanglian Jiedu Decoction com-
bined with Baihu decoction to treat
Kawasaki disease, and the combined
treatment of Chinese and Western med-
icine has advantages over the simple
western medicine group in terms of
clinical symptoms and recovery of in-
flammatory factors. Fu [24] applied
Jiedu Huayu Decoction in combination
with conventional western medicine
and found that the combination of Chi-
nese and western medicine could signif-
icantly reduce the rate of coronary artery
dilation. Chen's [25], Zhao's [26] and
Wang's [27] all chose traditional Chinese
medicine for clearing heat and detoxify-
ing, nourishing Yin and invigorating qi
combined with Western medicine for
conventional treatment, and found that
the combination of traditional Chinese
and Western medicine had significant dif-
ferences in improving clinical symptoms.
Zhang believed that blockage of stasis
and injury of Qi and Yin were the basic
causes, and the treatment of Taohong
Siwu Decoction combined with Sheng-
mai Yin to promote blood circulation and
remove blood stasis, qi and Yin had re-
markable effect.

(4) chinese medicine preparation
Coronary artery dilation is a major

complication of Kawasaki disease. Yan
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[28] conducted serological tests on KD
children with coronary artery injury un-
der different treatment regimens. matrix
metalloproteinase-9 (MMP-9), tissue in-
hibitor of metalloproteinase-1 (TIMP-
1) and mRNA were quantitatively mon-
itored. It was found that tanshinone IIA
can inhibit the expression of MMP-9 and
TIMP-1 mRNA and protein in Kawasa-
ki disease patients to a certain extent, so
as to reduce the vasculitis injury and re-
duce the coronary artery damage in
Kawasaki disease. Wang [29] selected
20 healthy children of Kawasaki disease
and 20 healthy children of the same age
to isolate mononuclear cells from venous
blood for culture, and found that tanshi-
none IIA and aspirin had similar anti-in-
flammatory pathways and effects. Zhang
[30] established a Kawasaki disease
coronary artery injury model in mice to
study the effects of gamma globulin and
astragaloside IV on coronary tissue
and found that they could up-regulate the
expression of interleukin-35 (IL-35)
and inhibit the Janus kinase 1(JAK1)/
signal transduction and transcriptional
activator 1(STAT1) pathway to reduce
the inflammatory response and coronary
artery injury in Kawasaki disease. It has
a protective effect on coronary arteries.
Liu [31] prepared the model with the
same method and took normal salt as
reference, and found that ginsenoside
Rb1 could improve the pathological in-
jury of coronary artery in Kawasaki dis-
ease mice, inhibit the content of inflam-
matory factors, and down-regulate the
expression of nuclear factor-κB (NF-κB)
and matrix metalloproteinase-9 (MMP-
9) in heart tissue, so as to inhibit the in-
flammatory response and play a role. Hu
used tumor necrosis factor-α (TNF-α) to
induce human coronary endothelial
cells (HCAEC) to establish a model of
KD coronary injury cells, and found that
salidroside can activate phosphatidyli-
nositol 3 kinase (PI3K)/protein kinase
B(Akt) and inhibit NF-κB signaling
pathway, improve endothelial cell per-
meability and reduce oxidative stress
damage.

With the standardization, standard-
ization and popularization of the diag-
nosis and treatment of Kawasaki dis-
ease, the discovery rate of Kawasaki
disease is gradually increasing, and the
overall treatment plan tends to be ma-
ture. However, the problem of ad-

verse reactions is still easy to be seen
in the high-dose impact therapy of
Western medicine in the acute stage
[32]. At this time, the combination of
traditional Chinese medicine is just
right, and has good effects in shorten-
ing the course of disease and improv-
ing the prognosis.

Most Chinese medicine scholars be-
lieve KD belongs to the category of
warm disease. Regardless of whether the
disease is combined with the disease
stage, the treatment focuses on the di-
alectical treatment of qi and blood.
With the development of traditional Chi-
nese medicine in recent years, the treat-
ment part of traditional Chinese medi-
cine has gradually changed from decoc-
tion to traditional Chinese medicine
preparation, which also opens up a
new way for the use of traditional Chi-
nese medicine.

refereNceS:
[1]. Fuyong Jiao, Junzori Suzuki

and Zhongdong Du, International Re-
search Progress of Kawasaki Disease.
2022, Xi 'an: Shaanxi Science and
Technology Press. 1.

[2] Jiao Fuyong, Kawasaki Disease.
2014, Beijing: People's Medical Publish-
ing House. 2-6;  163-166.

[3]. Elakabawi, K., et al., Kawasaki
Disease: Global Burden and Genetic
Background. Cardiol Res, 2020. 11(1):
p. 9-14.

[4]. Singh, S., A. Sharma and F. Jiao,
Kawasaki Disease: Issues in Diagnosis
and Treatment--A Developing Country
Perspective. Indian J Pediatr, 2016.
83(2): p. 140-5.

[5]. Jiao, F., et al., Epidemiologic and
clinical characteristics of Kawasaki
disease in Shaanxi Province, China,
1993-1997. J Trop Pediatr, 2001. 47(1):
p. 54-6.

[6]. Jiao, F., X. Yan and X. Wu, The
Xi'an Experience of Kawasaki Disease
- Lessons Learnt over 5 years. Indian J
Pediatr, 2016. 83(10): p. 1195-6.

[7]. Jiao, F.Y., [Kawasaki disease - a
new manifestation of COVID-19 in
children]. Zhongguo Dang Dai Er Ke Za
Zhi, 2020. 22(7): p. 677-678.

[8]. Agarwal, S. and D.K. Agrawal,
Kawasaki disease: etiopathogenesis
and novel treatment strategies. Expert
Rev Clin Immunol, 2017. 13(3): p.
247-258.

[9]. Wang Wenge. The understanding
of Kawasaki disease in ancient books of
traditional Chinese Medicine. In the 27th
National Academic Seminar on Pedi-
atrics of Traditional Chinese Medicine
of Pediatrics Branch of China Associ-
ation of Traditional Chinese Medicine
and the second International Academ-
ic Exchange Conference on Pediatrics
of Traditional Chinese Medicine of
World Federation of Traditional Chinese
Medicine Societies, Learning class on
the Progress of Theory and Practice of
Traditional Chinese Medicine Pedi-
atrics. 2010. Shanghai, China.

[10]. Liu Bichen et al., TCM Syn-
drome Treatment of Kawasaki disease.
Beijing Traditional Chinese Medicine,
1990(04): pp. 10-11.

[11]. Zhou Liujuan. Treatment of 5
cases of Kawasaki disease with integrat-
ed Chinese and Western medicine.
Journal of Integrative Chinese and
Western Medicine, 1990(05): 305.

[12]. Chen Fuju et al., Effect of in-
tegrated Chinese and Western medicine
on serum TNF-α IL-6 CRP level in chil-
dren with Kawasaki disease. Primary
Medicine Forum, 2019(02): pp. 244-
246.

[13] Wang Xuehui, He Feng, Zhang
Dengli, Clinical observation of staging
treatment of coronary artery disease in
Kawasaki disease. Journal of Clinical
Rational Drug Use, 2018(16): 100-
102.

[14] Zhang Qin, Liu Dian, Su Min,
Clinical effect of integrated Chinese and
Western medicine on Kawasaki disease.
Clinical Medicine Research and Prac-
tice, 2017(17): pp. 123-124.

[15]. Li Kai and Yan Suqi, Clinical
study of TCM Weiqi Ying blood syn-
drome differentiation combined with
gamma globulin in the treatment of
Kawasaki disease in children. Chinese
Journal of Traditional Chinese Medicine,
2016(10): 2527-2531.

[16] Wang Xu et al. Qingying Decoc-
tion combined with Propyl granules in
the treatment of 30 cases of burnt
Kawasaki disease. Guangming Chi-
nese Medicine, 2022(12): pp. 2161-
2163+2179.

[17] Sha Bangwu and Zhao Ding-
ming, Huanglian Jiedu Decoction com-
bined with Baihu Decoction in the
treatment of Kawasaki disease in chil-
dren and the effect on the levels of NT-

18



proBNP, PCT and CRP in peripheral
blood of children. Chinese Journal of
Emergency Medicine, 2021(03): pp.
524-526.

[18]. Wang Shuang. Clinical study on
Fuzheng and Eliminating Blood stasis
in children with Kawasaki disease (Qi
and Yin injury with blood stasis), 2010,
Changchun University of Traditional
Chinese Medicine.

[19]. Wang Jianxin and Qiu Tingting.
Clinical study on the treatment of 60 cas-
es of convalescent Kawasaki disease
syndrome with Danshen Shengmai De-
coction. Shi Zhen Chinese Medicine,
2009. 20(08): pp. 2073-2074.

[20] Yang Xiangna et al., Literature
study on the treatment of Kawasaki
disease based on syndrome differenti-
ation of Weiqi Ying blood. Chinese
Ethnic and Folk Medicine, 2021(21):
pp. 76-83.

[21]. Liang Yanni, Analysis of risk
factors of KD combined with CAL
and study on medication rule of Tradi-
tional Chinese Medicine in the treatment
of KD burnt syndrome, 2021,
Guangzhou University of Traditional
Chinese Medicine.

[22]. Li Lin et al., Effect of Qianjin
Wushi Decoction on Kawasaki disease
and its effect on TCM symptom score
and serum inflammatory factor levels.

Sichuan Traditional Chinese Medicine,
2022. 40(10): pp. 70-73.

[23]. Zheng Tao, Analysis of Huan-
glian Jiedu Decoction combined with
Baihu Decoction combined with gam-
ma globulin in the treatment of
Kawasaki disease in children. Knowl-
edge of Prevention and Treatment of
cardiovascular Diseases, 2022(21):
pp. 12-15.

[24]. Fu Aixue and Meng Yingying,
Clinical effect of Traditional Chinese
medicine Jiedu Huayu Decoction com-
bined with gamma globulin on Kawasa-
ki disease. Clinical Research of Chinese
Medicine, 2020. 12(26): pp. 42-45.

[25] Chen H Yang, Combined appli-
cation of gamma globulin and nutrition-
al myocardial decoction in the treatment
of Ka wa saki disease in children. Chinese
and Foreign Medical Science, 2019(36):
22-24.

[26] Zhao Fangfang. Effect of inte-
grated Chinese and Western medicine on
Kawasaki disease in children. Asia Pa-
cific Traditional Medicine, 2014(23): pp.
52-53.

[27] Wang R J, Combined application
of gamma globulin and nutritional my-
ocardium decoction in the treatment of
Kawasaki disease in children. Journal of
Contemporary Medicine, 2014(18): pp.
233-234.

[28] Yan Hongxia et al., Effect of
Tanshinone IIA on matrix metallopro-
teinase 9 and its inhibitor TIMP-1 in
children with Kawasaki disease compli-
cated with coronary artery damage.
Chinese Journal of Arteriosclerosis,
2013. 21(09): pp. 831-835.

[29] Wang Yan et al., Effect of
Tanshinone IIA on NF-κB activation
and inflammatory cytokine expres-
sion in peripheral blood mononuclear
cells of children with Kawasaki disease,
in the 17th National Pediatric Academ-
ic Congress of Chinese Medical Asso-
ciation 2012: Zhengzhou, Henan, Chi-
na. Page 1.

[30] Zhang F, et al., Protective effect
of astragaloside IV on coronary artery
injury in Kawasaki disease mice. Chi-
nese Patent Medicine, 2022. 44(05): pp.
1454-1459.

[31] Liu Qian, Wu Shengwei, Jiang
Hongyu, Ginsenoside Rb1 therapeutic
effect on Kawasaki disease mice. Chi-
nese Journal of Clinical Pharmacology,
2020. 36(23): pp. 3914-3917.

[32] Zhang Hui and Liu Jun. Adverse
reactions and nursing countermeasures
of large dose gamma globulin in the
treatment of Kawasaki disease in chil-
dren. Practical Cardio-cerebral Pul-
monary Vascular Diseases, 2017.
25(S1): pp. 146-147.

2023

International Journal OF Pediatric Cardiology 19

The etiological mechanism of coro-
nary artery lesions (CAL) coronary ar-
tery dilatation disease is not complete-
ly clear, and its pathological manifesta-
tions are mainly the destruction of the

middle layer of the coronary artery
vessel wall structure and the degrada-
tion of elastic fibers. Possible causes in-
clude atherosclerosis, autoimmune or in-
flammatory reactions, vascular infec-

tious diseases, and overexpression of
gene susceptibility [1]. The disease is
prevalent in patients with autoimmune
diseases or Kawasaki disease in child-
hood, in men with dyslipidemia, in

HONGPING ZHONG1,
Department of Paediatrics, Yan’an University 
Affiliated Hospital, Yan’an 716000, China

YAQING ZHANG,
Department of Paediatrics, Yan’an University 
Affiliated Hospital, Yan’an 716000, China

FUYONG JIAO,
Children's Hospital of Shaanxi Provincial People's Hospital, 
xi'an. China. Kawasaki Disease Diagnosis and 
Treatment Center of Shaanxi Province

corresponding author: fuYoNG JIao

eNHaNce THe 
PreVeNTIoN 

aND TreaTMeNT 
of SecoNDarY 

coroNarY 
arTerY INJurY 

IN cHILDreN



International Journal OF Pediatric Cardiology

2023

men with hypertension, in men who are
chronic smokers, and can be triggered
by infections with autoimmune abnor-
malities and emotional agitation. A va-
riety of childhood rheumatic immune
diseases can lead to coronary artery
damage (CAL). By understanding the
immunological pathogenesis of the dis-
ease and broadening the diagnosis and
differentiation of the disease, we can
help improve the diagnosis and treat-
ment of CAL-related rheumatologic
diseases.

I. MaIN eTIoLoGY
1. atherosclerosis: coronary artery di-

latation disease is a variant of obstruc-
tive coronary artery disease.

2. autoimmune or inflammatory re-
sponse: Coronary artery dilatation dis-
ease in children and adolescents is usu-
ally a complication of Kawasaki dis-
ease, and connective tissue diseases,
systemic arteritis and Marfan syn-
drome can lead to coronary artery di-
latation disease.

3. vascular infectious diseases: infec-
tions such as fungal or septic emboli,
syphilis, spirochete disease, etc. can
damage coronary vessels and lead to
coronary artery dilation.

4. The etiology of simple coronary ar-
tery dilation disease is unknown and
may be related to genetic susceptibili-
ty (e.g., specific HLA class II genotype,
matrix metalloproteinase gene vari-
ants), angiotensin-converting enzyme
overexpression, etc.

5. coronary arteriovenous fistula
6. hereditary family cluster nesting

hypercholesterolemia
Second, the predisposing factors
1. infection and autoimmune abnor-

malities: infection may directly or indi-
rectly damage coronary arteries by
stimulating autoimmune reactions.

2. emotional excitement or after
strenuous activity can trigger the disease,
appearing chest pain and discomfort.

3. In addition, smoking, high blood
pressure, cocaine use, etc. may trigger
this disease.

I. KaWaSaKI DISeaSe
Kawasaki disease is an infection-in-

duced systemic inflammatory disease

in children, in which vasculitis is the
main feature, mainly involving small
and medium-sized arteries [2]. Clini-
cal manifestations include fever, rash,
congestion of the conjunctiva of the
eye and oral mucosa, palmoplantar ery-
thema, hard edema of the finger (toe)
ends and enlarged cervical lymph
nodes, etc. A few children may even
have Kawasaki disease shock syn-
drome (KDSS) or macrophage activa-
tion syndrome (MAS). A few children
may even have life-threatening com-
plications such as Kawasaki disease
shock syndrome (KDSS) or
macrophage activation syndrome
(MAS)[2]. The disease usually has a
good prognosis, with most temporary
changes in CAL and long-term com-
plications mainly related to the degree
of coronary artery involvement. Coro-
nary artery dilatation to an internal di-
ameter <8 mm and a Z value <10 of-
ten results in gradual recovery, where-
as giant coronary aneurysms
(maximum internal diameter ≥8 mm)
are highly susceptible to myocardial
infarction, arrhythmia, or sudden death
due to coronary occlusion [3-4].

The exact etiology of Kawasaki dis-
ease has not been elucidated. It has been
found that Kawasaki disease may be as-
sociated with infection by different
pathogens and genetic susceptibility. The
pathology of Kawasaki disease shows
inflammatory cells infiltrating the vas-
cular tissue and destroying the luminal
endothelium, elastic fiber layer and
middle smooth muscle cells, which
eventually leads to luminal dilation
and aneurysm formation [5]. Inflamma-
tory cells infiltrating the arterial vascu-
lature include neutrophils, T cells (es-
pecially CD8+ T cells), eosinophils,
plasma cells (especially IgA-secreting
plasma cells), and macrophages [6]. Ear-
ly in the course of the disease, mainly
neutrophils infiltrate the arterial wall,
and after 2 weeks, monocytes and
CD8+ T cells predominate [7]. Thus,
Kawasaki disease may be a systemic in-
flammatory disease with a predominant-
ly intrinsic immune disorder due to ex-
posure of genetically susceptible indi-
viduals to various infections and/or
environmental triggers.

II. MuLTISYSTeM 
INfLaMMaTorY 
SYNDroMe (MIS) IN 
cHILDreN
Since April 2020 several countries

have reported the clinical features of co-
horts of childhood MIS cases, which oc-
cur mostly in previously healthy children
and adolescents with a clinical presen-
tation similar to KDSS, presenting with
systemic multisystem damage and ev-
idence of novel coronavirus pneumonia
(COVID-19). The World Health Organ-
ization defines MIS in children [8] as (1)
age <19 years. (2) Fever ≥3 d. (3)
Evidence of multisystem injury (≥2): (i)
rash, bilateral nonpurulent conjunctivi-
tis, or skin mucosal symptoms;  (ii) hy-
potension or shock;  (iii) cardiovascu-
lar dysfunction, pericarditis, valvulitis,
or CAL;  (iv) coagulation abnormalities;
and (v) acute gastrointestinal symptoms
(diarrhea, vomiting, or abdominal pain).
(4) Elevated inflammatory markers,
such as erythrocyte sedimentation rate,
C-reactive protein, or calcitoninogen. (5)
Inflammation due to infection by oth-
er pathogens is excluded. (6) Evidence
related to COVID-19.

Cardiac involvement is a common
manifestation of MIS in children,
with 32% of patients having a left ven-
tricular ejection fraction of less than
55% and 11% of them having an ejec-
tion fraction of less than 30%. 23% of
patients have myocarditis. 23.4% of
patients with KD-like symptoms have
coronary artery dilatation/aneurysm
[9]. 93% of coronary artery aneurysms
are mild and 7% are moderate [10].
40% to 50% of children with MIS meet
the diagnostic criteria for Kawasaki
disease or incomplete Kawasaki dis-
ease, which is very similar to KDSS
[10], Key differences between child-
hood MIS and Kawasaki disease in-
clude a predominantly non-Hispanic
black, Hispanic, or Latino popula-
tion for childhood MIS, mostly in
children aged 6-15 years [11];  more
prominent gastrointestinal symptoms
(especially abdominal pain), more
significant elevation of inflammatory
markers, lower absolute lymphocyte
and platelet counts, and evidence of
COVID-19 associated with childhood
MIS [12-14].
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The climb in the number of cases of
childhood MIS occurred several weeks
after the peak of COVID-19 communi-
ty onset, and studies have shown persist-
ent monocyte activation, elevated lev-
els of anti-severe acute respiratory syn-
drome coronavirus IgG antibodies, en-
hanced CD8+ T cell activation, and el-
evated levels of inflammatory cytokines,
interleukin (IL), gamma interferon, and
tumor necrosis factor TNF and ferritin
levels are significantly elevated, among
others [11,15-16]. Therefore, MIS in
children is an inflammatory cytokine
storm disease caused by abnormal im-
mune response induced after viral infec-
tion.

III. MuLTIPLe aorTITIS 
(TaKaYaSu arTerITIS, Ta)
TA is a chronic nonspecific inflam-

matory disease of large and medium-
sized vessels, mainly involving the
aorta and its major branches, but also the
pulmonary and coronary arteries [17].TA
often has nonspecific systemic symp-
toms in its early stages, such as fever,
rash, and malaise;  while symptoms such
as ischemic limb pain and/or cyanosis,
dizziness, and hypertension due to ar-
terial stenosis, occlusion, or dilation are
not evident in infants and children [ 17-
18]. The disease is similar to Kawasa-
ki disease and may be associated with
abnormal inflammatory indicators, such
as elevated levels of acute phase reac-
tants, anemia, leukocytosis and/or
thrombocytosis;  histopathology shows
a predominantly cytotoxic lymphocyte
infiltration in the arterial tissue,
especially γδ T cells;  other inflamma-
tory cells include histiocytes,
macrophages and plasma cells [19].
These cells cause vascular damage by
releasing large amounts of the cytolyt-
ic protein perforin, which disrupts the
vascular elastic membrane and mesothe-
lial muscle layer, leading to aneurysmal
dilatation [19-20]. the incidence of TA
CAL is 10%-30%, which manifests as
focal or diffuse inflammation, dilation,
stenosis or occlusion [21], and IVIG
treatment unresponsive to Kawasaki
disease should be distinguished from this
disease.

IV. SYSTeMIc 
JuVeNILe IDIoPaTHIc 
arTHrITIS (JIa)
Systemic JIA is a systemic auto-in-

flammatory disease [22], which may
have no early manifestations of arthri-
tis, but more prominent extra-articular
manifestations, including daily
intermittent fever (fever peak ≥38.5 °C),
pale red maculopapular rash, enlarged
liver and spleen lymph nodes, and plas-
macytitis, and is easily complicated
by MAS [23]. Laboratory features of
systemic JIA include increased white
blood cell count, elevated granulocyte
count and ratio, thrombocytosis, anemia,
increased erythrocyte sedimentation
rate, and elevated C-reactive protein and
serum ferritin, while being negative for
autoantibodies [24]. Several papers
have reported the finding of coronary ar-
tery dilation on cardiac ultrasonography
in children with systemic JIA [25-26],
which is easily misdiagnosed as
Kawasaki disease or incomplete
Kawasaki disease similar to Kawasaki
disease, and the immunopathogenesis of
systemic JIA in individuals with a cer-
tain genetic background, in which the in-
trinsic immune system is dysregulated
and overactivated by various promotive
factors, producing large amounts of
inflammatory cytokines (IL-1, IL- 6 and
IL-10, IL-17, IL-21, etc.) and pro-in-
flammatory proteins (S100-A8, S100-
A9 and S100A-12), which in turn lead
to systemic multisystemic inflammation
and even complications of MAS [27-
28]. Given that systemic JIA does not re-
spond to IVIG therapy, children with
IVIG-naïve Kawasaki disease need to be
differentiated from systemic JIA, even
if coronary artery dilatation is present.

V. SYSTeMIc LuPuS 
erYTHeMaToSuS (SLe)
SLE in children is a chronic recurrent

autoimmune disease that presents with
multisystemic multi-organ involve-
ment, positive signature autoantibodies,
and decreased complement [29-30].
children with SLE are at significantly
higher risk of CAL than the healthy pop-
ulation, and systemic inflammation is an
independent risk factor for CAL [31].
children with SLE have larger coronary

artery diameters than healthy children,
and a small number of children with
SLE can be complicated by coronary ar-
teritis and/or coronary artery dilation
[31], which may be diagnosed early as
Kawasaki disease or incomplete
Kawasaki disease. It has been suggest-
ed that coronary arteritis may be a
more common clinical feature of child-
hood SLE than currently recognized, and
early recognition and management
would be beneficial in improving long-
term cardiovascular outcomes in chil-
dren with SLE [32-33].

VI. PrIMarY 
IMMuNoDefIcIeNcY 
DISeaSeS (PID)
Some primary immunodeficiency

diseases may also involve coronary ar-
teries, including autosomal dominant hy-
perimmunoglobulin E syndrome (AD-
HIE), which is caused by a subtractive
variant of the STAT3 gene [34-35], and
X-linked lymphoproliferative disease
(X-linked HIE), which is caused by a
variant of the XIAP gene. X-linked lym-
phoproliferative disease 2 (XLP-2) and
partially monogenic auto-inflammato-
ry disease (AID) [36].AD-HIE coronary
artery involvement can manifest as
atherosclerosis, tortuosity, dilatation
and local aneurysms [35].XLP-2 often
presents as EBV-associated fulminant
infectious mononucleosis and phagocyt-
ic syndrome, which can lead to Kawasa-
ki disease-like CAL, and the underly-
ing mechanism may be related to exces-
sive activation of CD8+ T cells and in-
flammatory cytokine storm in EBV in-
fection [37].AID often presents as re-
current or persistent inflammation of un-
known origin, and the clinical fea-
tures of the exacerbation phase are
similar to those of Kawasaki disease has
many overlapping clinical features,
such as fever, rash, plasma membrane
inflammation, arthritis, aseptic menin-
gitis, conjunctivitis and uveitis, among
which hyper IgD syndrome caused by
MVK gene variants can present with
coronary artery dilation [36], which is
easily misdiagnosed as Kawasaki dis-
ease or incomplete Kawasaki disease in
early stages, and recurrent Kawasaki
disease should be distinguished from
AID in particular.
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VII. cHroNIc acTIVe 
ePSTeIN-Barr VIruS 
(caeBV) INfecTIoN
CAEBV infection is a rare, life-

threatening lymphoproliferative disor-
der that manifests as persistent infec-
tious mononucleosis-like syndrome,
EBV viremia, or EBV-associated
phagocytic syndrome [38]. Untreated
T-cell CAEBV-infected patients of-
ten develop systemic organ lesions
due to T-cell infiltration of tissues,
phagocytic lymphocytosis, hepatic
failure, and CAL [39].The incidence of
coronary artery dilation in CAEBV is
approximately 8.5% [40], with some
early misdiagnosis as incomplete
Kawasaki disease.The mechanism by
which CAL occurs in CAEBV may be
related to abnormal secretion of inflam-
matory factors (e.g. tumor necrosis
factor α, IL-16 and IL-10), and T-cell
immune imbalance [41]. In children
with persistent fever, hepato -
splenomegaly, and abnormal liver en-
zymes with coronary artery dilata-
tion, especially those without the typ-
ical clinical manifestations of Kawasa-
ki disease, care needs to be taken to dif-
ferentiate from CAEBV.

A variety of rheumatic immune and
cardiovascular diseases in children can
lead to CAL, and in individuals with a
specific genetic background, over-acti-
vation of intrinsic immunity and/or
imbalance of adaptive immunity in the
presence of infection or other triggers,
leading to acute or chronic inflamma-
tory injury, are the key immunologic
mechanisms leading to CAL. Based on
a deep understanding of the pathogen-
esis of the disease, clinicians should
broaden the diagnosis and differentia-
tion of the disease in all aspects to avoid
falling into the trap of diagnosing
Kawasaki disease or incomplete
Kawasaki disease;  at the same time,
they should pay high attention to CAL
secondary to rheumatic immune diseases
and cardiovascular diseases, and active-
ly manage coronary complications
based on multidisciplinary coopera-
tion to further improve the diagnosis and
treatment of CAL lesions in children
with related diseases.

CAL is not uncommon in pediatrics
but has a complex etiology. congenital

coronary artery disease, atherosclero-
sis, infectious diseases and rheumatic
immune diseases can all cause CAL. the
core pathogenesis is focal or diffuse in-
flammation leading to destruction of the
intima and mesostructure of the coro-
nary artery wall, degradation of the elas-
tic fibers and subsequent dilatation,
stenosis or occlusion of the coronary ar-
teries. The incidence of CAL due to Ka -
wa saki disease is most common in pe-
diatrics, and timely treatment with in-
travenous immunoglobulin (IVIG) has
reduced the incidence of CAL from
25% to approximately 4%[42]. CAL is
not unique to Kawasaki disease, and
many rheumatic immune diseases in
children can lead to coronary artery in-
volvement. Clinicians need to have a
better understanding of the immunolog-
ical mechanisms of the disease and to
broaden their thinking about diagnosis
and treatment to avoid misdiagnosis and
underdiagnosis.
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1. PaTHoPHYSIoLoGY
Clinically, they are usually divided

into three categories: motor twitch, vo-
cal twitch and sensory twitch. Move-
ment twitch finger face, neck and shoul-
ders, trunk and limbs muscles involun-
tary, sudden, rapid contraction move-
ment, manifested is blinking, frowning,
mouth, nose, tongue, mouth, head shak-
ing, nodding, neck stretching, shoulders
shrugs, chest and other movements. Mo-
tor convulsions last for a certain period
of time, usually within 2 years, and de-
velop into vocal convulsions, most
commonly in the throat, but also in the
tongue muscles and nose. At the same
time, patients will show abnormal mood

changes and other manifestations, and
have different degrees of decline in
learning ability. In terms of treatment,
classical drugs such as haloperidol,
risperidone and thiapride are the main
choices[2]. In addition, psychological
and behavioral therapy, mental stimu-
lation of the brain, traditional Chinese
medicine acupuncture and moxibustion
are also widely concerned. In this study,
the progress in the treatment of
Tourette's syndrome was described.

2. BIocHeMISTrY
This chapter comprehensively re-

views the published record for neuro-
surgical, neurostimulatory, and neu-

roimaging evidence of the involve-
ment of the cingulate gyrus in Gilles de
la Tourette syndrome (TS). The most
noteworthy evidence comes from neu-
roimaging. Neuroimaging findings
were rarely exclusive to the cingulate
cortex and tended to implicate multiple
other cortices as well. Some results are
reflective of obsessive-compulsive
(OC) symptoms of TS. Copious find-
ings, however, drawn from structural
magnetic resonance imaging (MRI), dif-
fusion tensor imaging (DTI), magnet-
ic resonance spectroscopy (MRS), rest-
ing-state functional magnetic reso-
nance imaging (rsfMRI), task fMRI,
and positron emission tomography
(PET) implicate six of the eight cingu-
late subregions in TS. Gauged by MRI,
cortical thinning and/or below-normal
volume are seen in subgenual anterior
cingulate cortex (sACC), pregenual
anterior cingulate cortex (pACC), an-
terior middle cingulate cortex (aMCC),
and posterior middle cingulate cortex
(pMCC), correlating with tic severity in
sACC, pACC, and aMCC. Moreover,
in pMCC, dorsal posterior cingulate cor-
tex (dPCC), and ventral posterior cin-
gulate cortex (vPCC), cortical thickness
is a candidate biomarker shared across
siblings with TS. Loss of cortex may re-
flect excitotoxicity secondary to insuf-

aBSTracT
Tourette is a chronic neuropsychiatric disorders affect children with normal learn-

ingjiving, social interaction. Treatment were divided into two categories,includ-
ing drug treatment and non-drug treatment, and mainly drug treatment.This pa-
per literature on treatment are reviewed.

[Key words] Tourette; Child; Nervous and mental diseases; Clinical treatment;
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is unknown at present,but Role of histidine decarboxylase gene in the pathogene-
sis of Tourette syndrome. Histidine decarboxylase (HDC) mutation is a rare genet-
ic cause with high penetrance in patients with TS. HDC�knockout (KO) mice have
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ficient local GABAergic inhibition, a
notion supported by the few relevant
MRS and PET studies conducted to
date, recommending continued devel-
opment of GABAergic and glutamater-
gic pharmacologic agents to treat TS.
Measurements of fractional anisotropy
(FA) and apparent diffusion coeffi-
cient (ADC) obtained with DTI indicate
that the white matter proximal to sACC,
pACC, pMCC, and dPCC may also rep-
resent a seat of pathology in TS. rsfM-
RI reveals abnormal functional connec-
tivity of pACC and dPCC with the
globus pallidus internus, a favored tar-
get of therapeutic deep brain stimula-
tion (DBS) for TS. In whole-brain net-
work (graph theory) analysis, dPCC
functional connectivity is related to the
severity and complexity of tics. In
task fMRI, in contrast, the pMCC
seems to play a preeminent role in pre-
monitory urges and preparation for
tics as well as normal urges to urinate,
swallow, and yawn. Strong monkey
PET and EEG evidence ties vocal tics
to spike discharges, α-activity, and re-
gional blood flow in the pACC un-
leashed by failure of GABAergic inhi-
bition in the ventral striatum. Tic sup-
pression in fMRI scans is associated
with increased blood oxygenation lev-
el-dependent activity in sACC, pACC,
and aMCC, but decreased activity in
pMCC and dPCC. Activity in the for-
mer three subregions may represent vo-
litional effort, physical discomfort,
and emotional distress that accompanies
mounting tic urges;  pMCC and dPCC
may be more instrumental in amplify-
ing than suppressing urges. Needs for
future neuroimaging work in TS include
longitudinal studies-particularly those
striving to predict which individual pe-
diatric patients will continue to suffer
from TS as adults and studies of treat-
ment response-particularly of behavioral
therapies, which are as efficacious as
pharmacology. Transcranial magnetic
stimulation and related therapies such
as cranial electrotherapy stimulation,
which showed good efficacy in a recent
trial, merit continued exploration. TS re-
search using DTI, MRS, and PET will
no doubt continue to benefit in coming
years from technological advances
such as ultrahigh-field scanners, mul-
tichannel head coils, and novel (includ-
ing GABAergic and glutamatergic)
ligands. [3]

3. TreaTMeNT
3.1 Drug therapy
3.1.1 Dopamine receptor blockers
Neuroanatomical and neuroimaging

studies suggest that frontal cortical-basal
ganglia circuit disorders, especially
dopaminergic neurotransmitter system
and serotonin system dysfunction, play
an important role in the pathogenesis of
TS. Long-term randomized, double-
blind, placebo-matched studies have
confirmed that classical dopamine (D2)
blockers fluopectlebore and pimozide
can significantly reduce the frequency
of convulsions in children with TS. The
effective rate of treatment with flu-
opectlebore 2-20 mg/d or pimozide 2-
48 mg/d can be up to 80%[4], but the ad-
verse reactions are large. For example,
extrapyramidal reactions, lethargy, and
cognitive bluntness, many patients stop
taking the drug during the course of
treatment. Currently, low-dose long-term
therapy is generally used in clinical prac-
tice, such as fluopectlebore 1-4 mg/d and
pimozide 2-8 mg/d.

Typilide is a benzamide derivative
that selectively blocks basal ganglia
dopamine receptors[5]. In a prospective
study of 69 children with TS aged 4-16
years, Zheng Yabing et al., showed
that compared with haloperidol, the
adverse reactions of TS in the treatment
of children with TS were fewer and less
severe, and the patients' compliance was
better, and there was no significant
difference in the efficacy. However,
Beiyan Wu et al. reported that the effi-
cacy of Tiride was not as good as
haloperidol, and its clinical efficacy still
needed further observation.

Aripetic dopamine system stabilizers
are novel atypical antipsychotics with
high affinity to dopamine D2, D3, 5-
HT1A, and 5-HT2A receptors, so they
play a particularly important role in the
treatment of TS. A prospective multicen-
tered controlled study of 195 children
with TS aged 5-17 years in China
showed that the YGTSS (yale global tic
severity scale) score of TS children
was significantly improved after 12
weeks of aripiperol treatment (5-25
mg/d). The clinical efficacy and inci-
dence of adverse reactions were similar
to those of Tipilide (100-500 mg/d)[6].
LMurphy et al. Retrospective analysis of
6 patients aged 8-19 years with TS
complicated with OCD showed that
aripiperol was treated with 5-20 mg/d Af-

ter 12 weeks, the YGTSS score and C-
YBOCS score decreased by 56% and
71%, respectively. Meanwhile, Winter et
al. reported that a female patient with TS
and OCD was treated with oral aripebi
(5-7.5 mg/d) for only 2 weeks, and her
tic and OCD symptoms were significant-
ly relieved. In the study of 7 patients with
refractory TS (refractory to other antipsy-
chotics or unable to tolerate severe ad-
verse drug reactions), Frolich et al.
found that aripebi 5-30 mg/d for 8
weeks could significantly alleviate mo-
tor and vocal tic seizures in children, but
had no significant effect on OCD and
ADHD. It has been reported that the
common side effects of Aripebi are
drowsiness, weight gain, inability to sit
still, headache and vomiting. About
20.7% to 25.0% of patients discontinue
treatment because they cannot tolerate
the medication. The clinical efficacy and
drug tolerance of aripebi in TS with OCD
and especially refractory TS need to be
further discussed. In a randomized,
double-blind, placebo-controlled study,
Jankovic et al. found that topivate was
effective in the treatment of moderate to
severe Tourette's disease, but the princi-
ple of topivate in the treatment of
tourette's disease is not very clear.

3.1.2 Monoaminergic antagonists
Selective monoaminergic antagonists

such as risperidone, clozapine, olanzap-
ine, and zilapidone are also effective in
treating TS. Currently the most widely
research of risperidone, it can simultane-
ously antagonism serotonin 5 - HT2 re-
ceptors and dopamine D2 receptors, a
large number of studies have shown It can
significantly reduce TS patients with dif-
ferent age twitch, curative effect is sim-
ilar or even better than fluorine sent sev-
eral alcohols, horse mo qi, especially for
TS with anxiety, depression, OCD[7-8]
heart 1. Randomized, double-blind,
placebo-controlled studies and open ex-
perimental studies have shown that chi-
lapidone can effectively treat TS in chil-
dren and adolescents without adverse ef-
fects of weight gain. However, it is
worth noting that Scahill et al. reported
that a patient with TS died suddenly dur-
ing clinical trial treatment with zirapperi-
done, and its safety and tolerability need
to be investigated with a large sample.
Clinical application of this drug should
be cautious, close observation and mon-
itoring of patients with discomfort.
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3.1.3 Levetiracetam
Levetiracetam is a pirolidine deriv-

ative whose chemical structure has no
correlation with existing antiepileptic
drugs. In vitro and in vivo tests showed
that levetiracetam inhibited epilepti-
form burst discharges in hippocampus,
but had no effect on the excitability of
normal neurons, suggesting that leve-
tiracetam may selectively inhibit the
hypersynchrone of epileptiform burst
discharges and the propagation of
seizures. A prospective open study
showed that 72% of children with
Tourette's disease responded to treat-
ment after 12 weeks of levetiracetam.
However, levetiracetam does not direct-
ly facilitate GABAergic neurotransmis-
sion, but has been shown to have ad-
verse effects on GABA and glycine-
gated current negative regulator activ-
ity in cultured neurons.

3. 1.4 Norepinephrine
In addition to dopamine and sero-

tonin neurotransmitter systems, other
neurotransmitter systems such as cholin-
ergic, noradrenergic, glutamatergic,
aminobutyric acid neurotransmitter sys-
tem imbalance may also be involved in
the pathogenesis of TS. Some scholars
believe that decreased dopamine and in-
creased norepinephrine in the central
nervous system may be associated with
ADHD-related pores in TS patients[9],
which provides a theoretical basis for the
treatment of TS patients with ADHD.
Clonidine is a mesoaxis a2 adrenergic
blocker, available in oral tablets and per-
cutaneous patches, which reduces nor-
epinephrine activity in the central nerv-
ous system. Clonidine has been used in
the treatment of TS since 1980, but its
clinical efficacy is still controversial. At-
tomoxetine, a selective norepinephrine
reuptake inhibitor, has been shown to be
effective in children and adolescents
with ADHD in multiple randomized,
double-blind, placebo-controlled stud-
ies. Spencer TJ[10]and others lost in a
prospective study on 117 children aged
7-17 years with TS complicated with
ADHD showed that atomoxetine can
significantly improve the symptoms of
ADHD in children and reduce their tic
attacks. During the treatment, adverse
reactions such as rapid pulse, nausea,
anorexia and weight loss were ob-
served. Moreover, some studies have re-
ported that some children with TS suf-

fer from exacerbation of tics and disease
recurrence after treatment with atorox-
etine. At the same time, the authors
should also be aware of the limitations
of the efficacy studies of atoroxetine.
Children with severe TS (severe tic or
ADHD) may not be included in double-
blind, placebo-controlled trials because
of the high rate of drug withdraw-
al[11]. Patients with TS and ADHD who
are well controlled with other medica-
tions may participate in such studies
only if they cannot tolerate current
treatment. As a clinical drug for the treat-
ment of children with TS complicated
with ADHD, the general safety and ef-
ficacy of atoroxetine in the population
still need to be explored by large sam-
ple control.

3.2anti-inflammatory and im-
munoregulatory therapy

The pathogenesis of TS is still un-
clear. Studies have shown that immune
dysfunction or inflammatory response
may be involved in the pathogenesis of
TS. Some studies have reported that
celecoxib, a COX-2 inhibitor, com-
bined with antibiotics can significantly
improve tic seizures and behavior dis-
orders in TS patients[12]. Zykov et al.
treated 7 children with TS who had
failed to respond to long-term antipsy-
chotics. After immunomodulatory ther-
apy (intravenous propyl globulin), the
symptoms of motor twitch, vocal twitch
and behavior disorder were signifi-
cantly improved, and the remission
was maintained for more than 6 months.
These meaningful but very prelimi-
nary results need further controlled
studies.

3.3 Magnesium sulfate and 
vitamin B6
Approved by the Council of the

Government of Andalusia, Spain, Span-
ish pediatricians and medical experts
conducted a randomized, double-blind
placebo study of magnesium sulfate 0.5
mg/ (kg • d) and vitamin B62mg/ (kg-
d) (nK) in children aged 7-14 years with
tic according to DSM-IV criteria
(307.23) and clinical data and YGTSS
(Yale Scale) The efficacy and safety of
magnesium sulfate and vitamin b6 were
investigated, and the results suggested
that the new treatment could improve
and control seizures and help reduce side
effects.

3.4 remote therapy
Kareem Khan etal digital therapy is

implemented as a widely accessible first-
line treatment using a purely online or
therapistsupported approach.

Digital technology evolves at a rap-
id pace meaning that as technology
changes and interfaces are updated it
cannot be certain that a program that was
efficacious five or ten years ago would
be equally efficacious today. Although
RCTs are still the gold standard for
which to assess the efficacy of DHIs.

It could provide immediate access to
these treatments for those who otherwise
would not have access due to long
waiting lists or their geographical loca-
tion, which could also potentially free
up existing resources and services for
those requiring more complex treatment
and assessment. Thus,cutting costs and
waiting times would be a two-fold ben-
efit for healthcare services and patients
alike. There is a need to conduct more
robust research in this domain but also
an urgency to implement a digital inter-
vention for children with tic disorders
in real-world settings[13].

3.5 Psychobehavioral therapy
3.5.1 Habit reversal training
There is also habit reversal training.

It is the most widely studied behavior
therapy method at present. It mainly en-
hances children's self-awareness of tic
attacks through a series of methods, such
as description of tic response, detection
response, early warning process and sit-
uational awareness training, and then
learns to use certain competitive actions
to interrupt or inhibit tic attacks. Habit
reversal training may also include relax-
ation training, mutation management,
and general training. A large number of
studies have shown that habit reversal
training combined with or without drug
therapy can effectively relieve the lobar
onset of TS motor tics and vocal tics in
adults or children[14]. However, the
large-scale application of habit reversal
training is limited due to the need to ob-
tain the informed consent of the fami-
lies of the affected children, the lack of
professionally trained physiotherapists
and adequate insurance coverage.

3.5.2 Biofeedback
It is often used in the treatment of

ADHD, anxiety disorders and Tourette's.
Doctors placed multiple electrodes on
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the child's head to record the rhythm
changes of the brain's bioelectricity. At
the same time, specialized computer
equipment converts information about
changes in the rhythm of brain currents
into cartoon animations that can be
displayed on a fluorescent screen. When
children's attention is focused, brain
waves adjust to a better state, there will
be a cartoon character shooting a suc-
cessful animation. With this kind of re-
ward method, can make the children in-
tuitively feel their own brain current, ex-
perience and remember the "shot suc-
cessful" when their state, so as to
achieve the therapeutic effect.

3.5.3 Dietary adjustment
Strengthen nutrition, avoid the use of

food additives, pigments, caffeine and
other food, such as food can induce or
aggravate twitch symptoms.

3.6 other treatments
Acupuncture, immunotherapy, deep

brain stimulation, transcranial magnet-
ic stimulation and surgical treatment
have been tried to treat the disease.

Touretic syndrome is a common
neurodevelopmental disorder in chil-
dren. About 90% of children are com-
bined with neuropsychiatric disorders,
the most common of which are OCD
and ADHDO. Although the pathogen-
esis of TS is still unclear, the treatment
of TS has become mature. Children with
mild TS may only need psychological
and behavioral intervention. A large
number of studies support the applica-
tion of habit reversal training as an al-
ternative or auxiliary treatment for
some children with TS. However, the
vast majority of children still need
medical treatment to relieve their tics
and related behavior disorders. Classic
TS treatment drugs include Tepilide,
fluepislebore, pimozide, risperidone,
clonidine, etc. Due to poor efficacy or
serious adverse reactions, alipetic, atto-
moxetine, immune agents, etc., have
been gradually tried, and significant ef-
ficacy has been achieved in some stud-
ies. However, both old and new drugs
inevitably have adverse reactions, which
will inevitably affect the compliance of
children and seriously affect the clini-
cal efficacy. How to enhance the clini-
cal efficacy while minimizing the seri-
ous adverse reactions of drugs is the fo-
cus of current research. Traditional

Chinese medicine in the treatment of TS
has the characteristics of overall regu-
lation, safety and effectiveness, and
recurrence rate, which can not be ig-
nored, but it is still in the preliminary ex-
ploration stage. At present, large-scale,
multicenter, randomized, double-blind
and controlled studies should be con-
ducted more widely to explore the rules
of syndrome differentiation and treat-
ment of TS, so as to provide a solid sci-
entific basis for the treatment strategy
of TS.

4. DIScuSS
Hyperextension whole bone method

is a traditional Chinese medicine treat-
ment of spinal fractures, yuan dynasty
wei Lin also in the specialized to effect
the "ankles suspension method" is intro-
duced, the method of "door drag climb-
ing stretching method" in Ming dynasty
"the party phuket, broken doors," qing
"YiZong jin jian • bonesetting loading
message" and the "climbing rope stacked
bricks method" reset method. In recent
years, many domestic scholars have
combined hyperextension osteoplasty
with PVP in the treatment of OVCF,
which has achieved good short-term
analgesic effect. However, it often fails
to achieve comparable effects with
PKP in the recovery of the height of the
affected vertebra and correction of
kyphosis, and the bone cement leakage
rate is still high, and there is a lack of
mid-and long-term clinical observa-
tion.

Bai B et al[9-10]. found that restor-
ing vertebral height can reduce vertebral
kyphosis after fracture and has the po-
tential benefit of reducing malform-re-
lated sequelae. In this study, the surgeon
followed the principle of anti-trauma
mechanism in preoperative manipulative
reduction, and used progressive pad el-
evation restoration method to fix the
fracture and exercise the lumbar and
back muscles. This can not only restore
the height of the vertebral body, correct
the deformity, and the occurrence of late
chronic low back pain will be greatly re-
duced back[11].

It is generally believed that PVP in
the treatment of OVCF single vertebral
bone cement perfusion volume is less
than PKP, in this study, the PVP group
and PKP group single vertebral bone ce-
ment perfusion volume has no signifi-
cant difference (P > 0.05), and the inci-

dence of bone cement leakage is lower
than that reported in the literature[12],
the reasons are investigated. Compre-
hensive closed reduction can reduce or
return to normal bone density in the
compression area of the injured verte-
bra, and even form local cavities, which
greatly increases the volume of the
vertebral body and can accommodate
more bone cement. Bone cement can at
low pressure and high viscous state of
dispersion in the vertebral body, seep-
ing into the vertebral body bone trabec-
ular bone cement is increased and the
contact area of the vertebral body, effec-
tively reduce hair born of leakage of
bone cement and bone trabecular micro
fracture risk again because of bone ce-
ment has overcome between the verte-
bral cancellous bone and elastic modu-
lus decrease due to the differences and
thus reduce the adjacent vertebral body
fracture again hair[14].

In the current economic conditions in
our country, postures, manual reduction
of OVCF patients treated + PVP is rel-
atively safe, simple operation, less X-ray
exposure time, patients with vertebral
height restoration and protrusion defor-
mity correction effect after apparent,
analgesic effect is good, durable, less
cost, and low incidence of diseases,
treatment can achieve the maximum
price down, It's a good treatment.

[refereNceS]
[1] WANG Shoubao, Wang Chun,

Lin Jin, et al. Advances in treatment of
osteoporotic thoracolumbar compression
fractures in the elderly [J]. Journal of
Clinical & Experimental Medi-
cine,2010,9 (2) : 153-155.

[2] Teng MM, Wei CJ, Wei LC,
Kyphosis correction and height restora-
tion effects of percutaneous vertebro-
plasty [J]. AJNR,2003,24 (9) : 1893-
1900.

[3] Joseph O'Neill,John C Piacenti-
ni,Bradley S Peterson.Cingulate role in
Tourette syndrome[J].Handbook of clin-
ical neurology,2019,166:165-221

[4] Mathis MJ.Percutaneous verte-
broplasty or kyphoplasty: which one do
I choose? [J].Skeletal Radiol, 2006,
35 (9) : 629-631.

[5] Xiao Shaoxiong, Xiong Wei,
Xia Ping. Kyphoplasty for the treatment
of osteoporotic fractures of thoracolum-
bar spine in elderly patients [J]. Chin J
Orthopedics,2009,17 (8) : 22-23.

2023

International Journal OF Pediatric Cardiology 27



International Journal OF Pediatric Cardiology

2023

[6] Gu Xiaohui, Yang Huilin, Zhang
Zhiming, et al., Reduction effect of bal-
loon expansion kyphoplasty for spinal
compression fractures [J]. Journal of
Soochow University Medical Sci-
ence,2005,25 (5) : 868.

[7] Million R, Hall W, Nilsen KH, et
al.Assessment of the progress of the back
pain patient[J].Spine, 1982,7 (4) : 204.

[8] Zheng Guangxin, Zhao Xiaoou,
Liu Guanglin, et al. Evaluation of low
back pain by Oswestry Disability Index
[J]. Chin J Sci Sci,2005,15 (4);  242-244.

[9] Bai B, Jazrawj LM, Kummer FJ,
et al. The use of mi injectable, biodegrad-
able calcium phosphate honesuhstitute

for the prophylactic augmentation of os-
teoporotic vertebrae and the management
of vertebral compression fractures [J].
Spine, 1999, 24:1521-1525.

[10] Schildhauer TA, Bennett AP,
Wright TM, et aLIntravertebral body re-
construction with an injectale in situ-set-
ting carbonated apatite: Biomechanical
evaluation of a minimally invasive tech-
nique[J].0rthop Res, 1999, 17:67-72.

[11] Xu Shaoting, Ge Baofeng, Xu
Yinkan. Applied Osteology [M]. 3rd Ed.
Beijing: People's Military Medical Pub-
lishing House, 2006:593-596.

[12] Li Ninghua, Qu Pinzhong,
Zhu Hanmin, et al. Study on the

prevalence of primary osteoporosis in
middle-aged and elderly people in
China [J]. Chin J Orthopaedics, 2001,
21:275-278.

[13] Kareem Khan, Chris Hollis,
Tara Murphy,et al.Digital and remote be-
havioral therapies for treating tic disor-
ders: Recent advances and next
steps[J].Frontiers in Psychiatry, 2022,
13:928487

[14] Wang Shoubao, Wang Chun, Lin
Jin, et al. Advances in treatment of os-
teoporotic thoracolumbar compression
fractures in the elderly [J]. Journal of
Clinical & Experimental Medi-
cine,2010,9 (2): 153-155.

28

Background: Multiple systemic in-
flammatory syndrome (MISC) caused
by SARS-CoV-2 infection has overlap-
ping characteristics with Kawasaki dis-
ease, suggesting that vasculitis and
possible autoimmune etiology, severe
acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is a human coron-
avirus. Coronavirus appeared in Decem-
ber 2019 and spread rapidly around the
world, bringing us huge medical and life
challenges. In April 2020, children
with symptoms similar to incomplete
Kawasaki disease (KD) or toxic shock
syndrome were reported in the UK, and
then similar children were reported in
other parts of the world. Jiao Fuyong be-
lieves that KD is very similar to coro-
navirus infectious diseases such as Se-
vere Acute Respiratory Syndrome

aBSTracT/PurPoSe
To explore the role of artificial intelligence in the immune response mecha-

nism of children with multi-system inflammatory syndrome and Kawasaki dis-
ease. Methods: To search the domestic and foreign literatures about the immune
response mechanism of these two diseases, and analyze the literatures according
to the characteristics of artificial intelligence. Results: AI analysis showed that
the two kinds of children's syndrome were concentrated in the cytokine storm cen-
tered on il-15/IL15RA, which confirmed that the two diseases had the same ini-
tial immune pathway, but the differences in immune phenotype, cytokine, cell count
and other aspects suggested that KD and MIS-C were two different diseases. Con-
clusion: It shows the applicability of AI in this research direction, and points out
the limitations of the current research scope and samples. The difference between
the results of KD and MIS-C research guides the direction of future research. Ac-
curate and comprehensive laboratory indicators and parameters can be applied to
artificial intelligence and provide basis for diagnosis and treatment of diseases.
As the number of infected people increases, the problem of sample limitation in
the current work can also be improved.
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(SARS), Middle East Respiratory Syn-
drome (MERS), 2019 Coronavirus Dis-
ease (COVID-19) in terms of epidemi-
ological distribution patterns: it has
obvious seasonal characteristics. Com-
bined with a few coronaviruses that can
infect humans through cross-species
transmission and have symptoms very
similar to Kawasaki disease, Kawasa-
ki disease can be regarded as a new man-
ifestation of COVID-19 in children
and should be treated [1]. The disease
was later defined as coronavirus-asso-
ciated multisystem inflammatory syn-
drome in children (MIS-C), which can
be fatal in severe cases. Children's
multisystem inflammatory syndrome
(MIS-C) and Kawasaki disease are
highly inflammatory diseases related to
infectious diseases, but are they differ-
ent syndromes or continuous? The char-
acteristics of AI guidance provide new
insights for us to understand the co-host
immune response of children with mul-
ti-system inflammatory syndrome and
Kawasaki disease. This article reviews
the progress in the study of host immune
mechanism of children with multiple
system inflammatory syndrome and
Kawasaki disease.

foreIGN reSearcH 
STaTuS:
The SARS - CoV - 2 pandemic has

inspired many research groups to find
innovative ways to understand the host's
immune response to the virus, of which
the proportion of out-of-control is relat-
ed to death. Through searching multi-
ple (>45000) gene expression datasets
of GEO and ArrayExpress, more than
45000 pandemic transcriptome datasets
were analyzed, 166 gene signatures
were extracted with ACE2 as the "seed"
gene, and ViP and severe ViP features
were named. Researchers have analyzed
166 genes of H1N1 and H3N2 pandem-
ic infection samples and bacteria and
fungi in vitro and in vivo, and found that
VIP characteristics are surprisingly
conservative. This feature largely en-
riched genes in the immune system path-
way, such as interferon and cytokine sig-
naling pathway. In other words, this fea-
ture is widely accepted as a typical host
immune response for host defense dur-
ing any infection. At the same time, 20
gene clusters of 166 genes related to
"severity" were found. Through the
study of samples of mild and severe dis-

eases during the pandemic of avian in-
fluenza (H7N9), IAV (H3N1 and others)
and swine influenza (H1N1) viruses, the
ViP characteristics of 166 genes and the
severity characteristics of 20 genes
were similar in the classification of con-
trol and mild diseases, but the latter was
significantly better in the classification
of mild and severe diseases. The 20 gene
clusters related to "severity" enrich a
completely different set of cell process-
es, namely DNA damage, stress-in-
duced aging, neutrophil degranulation
and cell cycle change. Moreover, severe
vip characteristics (sViP) can predict the
outcome of COVID-19 patient cohort.
The only cytokine/receptor pair in these
166 gene clusters is interleukin 15
(IL15/IL15RA), and cytokine storm
(166 genes, including IL15/IL15RA) is
induced in a variety of cell types;
However, the 20 gene ViP characteris-
tics of disease severity and mortality are
most significantly induced in two cell
types: (i) known airway epithelial cells
that produce il - 15 after virus infection
and (ii) known target cells NK cells with
physiological and excessive il - 15 re-
sponse [69,70]. Airway epithelial cells
(especially bronchus) constitutively ex-
press IL-15 and IL-15RA/B genes.
Virus infection and IFNg can induce the
effect of its synthesis and secretion of
IL-15 [68]. Prolonged and excessive IL-
15 stimulation can lead to significant de-
pletion and reduction of NK cells in se-
vere COVID-19 infection cases, and this
reduction occurs as early as 6 days af-
ter symptoms appear. We conclude that
fatal COVID-19 is characterized by a
contradictory immune response, that is,
inhibiting the function of epithelial
cells and NK cells in the context of cy-
tokine storm (excessive immune re-
sponse) (immunosuppression). Re-
searchers are trying to determine
whether SARS-CoV-2 virus can in-
duce ViP characteristics and whether
these characteristics can track the treat-
ment response. The first method is to use
n - hydroxycytidine, the mother of the
prodrug MK4482. We analyzed the
lungs of golden Syrian hamsters infect-
ed with sars - cov - 2 by RNA sequenc-
ing. These hamsters received the drug
or carrier control treatment respective-
ly. The ViP signals of 166 and 20 genes
were induced in the vector treatment
group and effectively suppressed to
the level of non-infected control group

in the drug treatment group. The second
method is to use the sars - cov-2 neutral-
izing antibody, which binds to the recep-
tor binding domain (RBD-A) of SARS-
CoV-2 spike protein in a way that pre-
vents binding with the host ACE2. It has
been proved to be effective in prevent-
ing infection and weight loss symptoms
in the cell-based infected hamster mod-
el and in vivo infected hamster model,
respectively. There are three key find-
ings: (i) They inhibit 166 and 20 vip sig-
natures, These signatures were induced
in infected lungs;  (ii) Protect the lungs
from immune cell infiltration and alve-
olar space occlusion;  (iii) The expres-
sion of IL-15 and IL-15 receptor was
significantly lower than that observed in
infected lung (Fig. 8i, k). These results
verify the calculation method of recog-
nizing ViP signature centered on ACE2.
When using antiviral drugs or neutral-
izing antibodies, the signature is sup-
pressed. The results also show that the
reversal of signal and the storm of il -
15 can be used as a reading of therapeu-
tic efficacy. The increase of IL-15 is in-
dependently related to mortality. In pa-
tients who died and recovered during
hospitalization, the level of cytokines is
always high. Problems in this study:
since the public transcriptome data set
of sarscov-2 infection samples is still rel-
atively small, any conclusion drawn
from such a small number of samples
using any calculation method may lack
robustness. The selected calculation
method, Boolean analysis, filters some
key information. This requires more ac-
curate and specific COVID-19 data set
to provide more accurate evidence [2].

Given that children's multi-system in-
flammatory syndrome (misc) and
Kawasaki disease syndrome (KD) have
many similar clinical features, Pradip-
taGhosh et al. used two genetic mark-
er calculation tool packages developed
in the context of SARS-CoV-2 infection
to compare the two syndromes. Name-
ly, viral pandemic (ViP) and severe ViP
signatures, as well as 13 transcript sig-
natures previously proved to be able to
diagnose KD. This study confirmed that
compared with the healthy control
group, the ViP and sViP characteristics
in blood and tissue samples of KD pa-
tients were up-regulated. Because the di-
ameter of CAA was a predictor of
coronary artery sequelae, the develop-
ment of coronary artery aneurysm
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(CAA) was used as a marker of disease
severity. It was found that the differen-
tial expression of the two ViP character-
istics in patients with giant aneurysms
and patients without aneurysms could
distinguish acute KD patients with gi-
ant aneurysms, Since ViP signature
represents the host's immune response
to different pathogens, the research re-
sults show that the up-regulation of ViP
signature in KD is consistent with the
assumption that KD is triggered by mul-
tiple infections, some of which may be
viral. When the misc group and acute
KD group were compared with the
control (subacute KD) samples, the
following conclusions were drawn: (i)
The host immune response detected by
qualitative method using ViP character-
istics was similar in KD and MIS-C, and
had IL15/IL15RA shared components;
(ii) The degree of this host immune re-
sponse measured quantitatively by ViP
signature score is stronger than KD in
misc. These findings are consistent
with the fact that misc is the host's im-
mune response to SARS-CoV-2 expo-
sure. The research results are also con-
sistent with previous work, that is, the
serum level of il - 15 in patients with
acute KD is significantly increased,
about 10 times as compared with that in
subacute KD and normal control group.
In order to avoid over-reliance on a
group of markers (ViP/sViP), Ghosh et
al. subsequently used Kawasaki disease
specific gene expression markers, which
were previously used to identify
Kawasaki disease in children with fever.
The study found that KD specific 13
transcript signature could not distinguish
misc and KD. In addition, the two non-
overlapping signatures, sViP and KD-
13, are significantly induced in KD and
misc, and are independent of each oth-
er. This shows that these two character-
istics reflect two fundamentally differ-
ent and unrelated biological domains in
host immune response;  Whether their
diagnostic/prognostic capabilities have
additional benefits remains to be ex-
plored. The similarity of KD-13 features
and ViP/sViP signatures induced by KD
and misc in two independent queues fur-
ther supports our research. KD and
misc are the same in the basic aspects
of host immune response. The whole
blood transcriptome and cytokine pan-
el reveal the subtle difference between
misc and KD. Although the induction of

most cytokines in acute KD and misc is
not different, there are obvious excep-
tions. Compared with KD, in misc,
TNF α, IFN γ, IL10, IL8 and IL1 β They
all increased to a greater extent, but did
not reach statistical significance. These
findings indicate that the target TNF
approved by the fda α And IL1 β The
way of treatment may be beneficial to
the treatment of misc. IL-1 receptor is
expressed in almost all tissues, and its
antagonistic effect is blocked by anakin-
ra (the recombinant form of IL-1Ra41)
α Or IL-1 β Receptor binding. Similarly,
tumor necrosis factor α The chimeric an-
tibody infliximab has been reused in
COVID-19. Analysis shows that this
drug is expected to be used in the treat-
ment of misc. The researchers tried to
understand how similar host cytokine re-
sponses triggered two different clinical
syndromes, and analyzed the samples of
misc and acute KD using cytokine
analysis (MSD) and clinical/laboratory
parameters. The results showed that: (1)
compared with KD, the level of cytokine
in patients with misc was higher, the de-
crease of whole blood cells was more se-
rious, and the host immune response of
MISC was significantly higher than that
of KD;  (2) Misc has the key distinguish-
ing characteristics of thrombocytopenia
and low eosinophil count, and both of
these characteristics are negatively cor-
related with serum il-15 and VIP levels.
Eosinophilia seems to be a significant
common feature between misc and
COVID-19, but not KD. These findings
are consistent with the fact that KD is
known to exhibit higher (rather than
lower) eosinophil counts. Thrombocy-
topenia has been shown to be signifi-
cantly associated with mortality. Like
thrombocytopenia, persistent eosinophil-
ia after admission is associated with the
severity and low recovery rate of
COVID-19. (3) Misc had impaired car-
diac contractility, but KD did not. These
two kinds of pediatric syndromes focus
on the cytokine storm centered on il-
15/il15ra, suggesting that there is a
common proximal pathway for im-
mune pathogenesis. However, they dif-
fer in other laboratory parameters
(platelets, eosinophils) and cardiac phe-
notype (cardiac function decline, coro-
nary artery dilation). These relevant clin-
ical/laboratory parameters (low PLT
and AEC) may be useful indicators of
disease severity and prognosis, and

can be used to guide hospital treatment
and nursing decisions. The current lim-
itation of this experiment is still that the
sample size of misc subjects is relative-
ly small. Therefore, the accuracy of
analysis can be improved by using the
informatics method, that is, Boolean
equivalent correlation clustering. This
method can identify the basically un-
changed (generally conservative) gene
expression relationship based on any bi-
ological field;  Different from some
mainstream computing methods (such
as differential expression, Bayesian
and correlation network analysis, etc.),
it can identify the entire spectrum of host
immune response, the Boolean equiv-
alence relationship, and mainly identi-
fy the potential function-related gene set,
and to some extent, it misses some key
information. Moreover, due to the small
sample size, we cannot obtain the car-
diac tissue of KD and misc subjects and
determine the possible impact of IL-
15/IL15R expression in the heart [3].

Subsequently, Jonathan Y Lam et al.
developed a deep learning algorithm
called KIDMATCH (Kawasaki disease
vs pediatric multi-system inflammatory
syndrome), which is based on a two-
stage model composed of a precursor
neural network and uses the patient's age,
five classic clinical signs of Kawasaki
disease and 17 laboratory indicators to
identify the disease. This is also the first
algorithm for diagnosis, which can dis-
tinguish misc, kawasaki disease and
other similar febrile diseases. However,
due to the lack of the gold standard for
Kawasaki disease or misc diagnosis, and
the limited data of febrile disease and
Kawasaki disease used for external ver-
ification, the existing algorithms are only
optimized for the laboratory test values
collected during the initial evaluation. At
present, it is not clear how the end user
should deal with the patients marked as
uncertain, and how it will deal with the
data collected at a later point in time.
More professional detection methods
such as ferritin, troponin, b-type natri-
uretic peptide or n-terminal b-type na-
triuretic peptide precursor and d-dimer,
as well as anti-SARS-CoV-2 IgG anti-
body, may be a better solution [4].

The study on the immune mechanism
of children with multi-system inflamma-
tory syndrome (misc) and Kawasaki dis-
ease (KD) focuses on multiple direc-
tions. At present, the study on host im-
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munity of misc and kawasaki disease by
artificial intelligence has a short time and
lacks relevant literature. The number of
studies on the pathogenesis of these two
diseases was relatively large in the
past. Here is a brief introduction:

Marques et al investigated the tran-
scriptional groups of 1596 individuals,
including COVID-19 patients, and com-
pared them with the healthy control
group, other acute inflammatory states
(HLH, children's multi-system inflam-
matory syndrome, Kawasaki disease)
and different respiratory infections (sea-
sonal coronavirus, influenza, bacterial
pneumonia). In the study, it was found
that a group of neutrophil-related genes
reflected a widespread high inflamma-
tory state, and these genes were abnor-
mally regulated at the protein level,
which could lead to excessive activation
of neutrophils in patients. Studies have
shown that severe COVID-19 disease
and other acute inflammatory diseases
(such as HLH, KD and bacterial pneu-
monia) have the same characteristics of
neutrophil activation. Studies have
shown that the accumulation of neu-
trophils in the inflammatory tissue of
COVID-19 patients is the result of the
release of pro-inflammatory cytokines
and chemokines driven by T cells. The
number and dysfunction of neutrophils
are related to the outcome of COVID-
19. The inhibition of CCR5-CCL4 axis
through Leronlima (anti ccr5 monoclon-
al antibody), or through Tocilizumab
(anti il - 6r), Adalimumab (anti tnf- α)
Or Anakinra (anti il1r) blocks cytokine
signaling pathway, which has been
proved to improve severe symptoms of
COVID-19 in some cases. In addition,
Ruxolitinib is a JAK1/JAK2 inhibitor
that acts on jak-dependent chemokines/ -
cytokines (such as IFN- γ, IL-1 β, IL-
6, TNF, G-CSF, CXCL9 and CXCL10),
the inhibitor has shown good effect in
the treatment of COVID-19, and neu-
trophil elastase inhibitor has also been
suggested to relieve the symptoms of
SARS-CoV-2. The limitation of this
study is that it did not investigate the ef-
fect of different SARS-CoV-2 variants
on the transcriptome of COVID-19 pa-
tients. Therefore, it is necessary to fur-
ther study how different variants of
SARS-CoV-2 intersect with other high-
ly inflammatory diseases we investigat-
ed. At the same time, the influence of
age, sex and complications on the com-

mon transcriptome characteristics of
COVID-19 and other highly inflamma-
tory diseases was not considered [5].

Michael J. Carter's "Peripheral Im-
munophenotypes of Children with
SARS-CoV-2 Infection-Related Multiple
System Inflammatory Syndrome" be-
lieved that the level of cytokines, includ-
ing interleukin-1, increased in the acute
infection stage of misc β (IL-1 β), IL-6,
IL-8, tumor necrosis factor- α, IL-10, IL-
17, interferon- γ (IFN- γ) And IL-2 recep-
tor agonists, CRP and ferritin increased,
which was the same as that of acute in-
fection stage of Kawasaki disease. How-
ever, the increase of fibrinogen, the in-
crease of d - dimer and the decrease of
platelets in the acute phase of Misc sug-
gest the procoagulant state, which is not
a common feature of Kawasaki disease.
The number of neutrophils and mono-
cytes in the misc cohort was not in-
creased, but higher in Kawasaki disease.
In Kawasaki disease, CD4 and CD8
counts were higher than those observed
in our misc cohort, while the proportion
of hla - dr positive CD4+T cells was low-
er in Kawasaki disease. This study pro-
poses a direction. These differences sug-
gest that misc may be a unique im-
munopathogenic disease, but it needs to
be confirmed by simultaneous immuno-
typing of Kawasaki disease and multi-
system inflammatory syndrome. The
limitations of this study are that only
HLA-DR is used as a marker of T cell ac-
tivation, and there is a lack of evaluation
of potential genetic susceptibility [6].

Camila Rosat Consiglio et al. found
that some genetic variations with medi-
um effect size, such as ITPKC, CD40,
FCGR2A and BLK, were related to KD.
The inflammatory response of misc has
several common characteristics with
Kawasaki disease, but it is different from
Kawasaki disease in T cell subsets, inter-
leukin (IL) - 17A and biomarkers relat-
ed to arterial injury. Compared with
children with Kawasaki disease, the lym-
phocyte reduction in children with misc
is more obvious. The levels of c-reactive
protein (CRP) and ferritin in children with
misc are also significantly higher, and the
platelet count is also lower. The study
evaluated the phenotype of peripheral
blood mononuclear cells (PBMC) by flow
cytometry. Compared with patients with
Kawasaki disease, the naive CD4+T
cells and TFH in MISC patients were low-
er, the central memory subgroup and ef-

fective memory subgroup were increased,
and the CD57 marker was higher in mis-
c. This indicates that there are some spe-
cific differences between the immune cell
response of misc patients and Kawasaki
disease patients. IL-17A is very important
in Kawasaki disease, but IL-17A is sig-
nificantly reduced in misc patients, which
indicates that there are differences in the
underlying immunopathology. IL-17A
blockers, such as secukinumab, can be
considered for use in serious Kawasaki
disease patients in future trials. The re-
searchers detected antibodies in plasma
samples using human proteome chips, and
found many antibodies with differences
between MIS-C and Kawasaki disease.
The overexpression of EDIL3 autoanti-
bodies was the most obvious in Kawasa-
ki disease patients. CSNK and MAP2K2
family proteins were significantly in-
creased in MIS-C. Autoantibodies may be
the pathogenesis of misc and Kawasaki
disease. IVIGs can neutralize some im-
munopathological effects of autoanti-
bodies and be used for the treatment of
both diseases[7].

Alice Castaldo published an article on
the differentiation of misc and Kawasa-
ki disease by peripheral blood cell im-
munophenotyping. The white blood cell
populations of 46 misc and 28 KD pa-
tients were studied by flow cytometry,
and compared with 70 age-matched
healthy children. The results showed that
misc patients had significant lymphope-
nia, involving B and T, while KD patients
showed significant neutropenia and
thrombocytosis, which overlapped with
previous research results. The granulo-
cyte/lymphocyte ratio is helpful for the
diagnosis of misc and KD and has high
diagnostic sensitivity, while the multi-
variate analysis of the number of gran-
ulocyte and T lymphocyte is helpful to
distinguish these two diseases. The
analysis of a group of circulating cells
is helpful for early diagnosis and differ-
entiation of these two diseases [8].

DoMeSTIc reSearcH 
STaTuS:
At present, there is no comparison be-

tween the two kinds of disease immu-
nity guided by AI features in China. Li
Shihua, Li Huimin and others found that
HLA-drb1 and HLA-micaA4 are relat-
ed to KD, and LA-B is considered as the
risk allele of severe infection of COVID-
19. Autoimmune vasculitis of KD,
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KDSS or MISC is caused by HLA, Fc
γ Genetic variation of R and/or ADE
mediates excessive inflammation of
Th17/Treg imbalance The correlation of
genetic susceptibility in KD and/or
COVID-19 was determined[9].

Conclusion: The above studies con-
firmed that MIS-C and KD have a com-
mon initial immune pathway, but in cy-
tokines (IL-17A increased in Kawasaki
disease and significantly decreased in
misc patients), T cell subsets (CD4 and
CD8 counts in Kawasaki disease were
higher than misc,), immunophenotypes
(CD57 markers were higher in misc), an-
tibodies (the overexpression of EDIL3
autoantibodies in Kawasaki disease was
the most obvious, and CSNK and
MAP2K2 family proteins were highly ex-
pressed in MIS-C) There are differ-
ences in blood coagulation status (fibrino-
gen increase, d - dimer increase and
platelet decrease in acute phase of Misc,
not in Kawasaki disease), cell count (neu-
trophil and platelet increase in KD, and
eosinophil count decrease in misc), etc.
In view of the difficulties caused by the
global pandemic of COVID-19, it is par-
ticularly important to use artificial intel-
ligence to help medical researchers lock
key molecules and pathways from com-
plex data, study disease mechanisms and
carry out drug treatment. The limitations
of previous studies include the relative-
ly small sample size and the limited num-
ber of public misc data sets that can be
independently verified. In the future, strict
data research is still needed. In the future,
we hope to find more extensive and ac-
curate gene features in existing studies
(related to cytokines, cellular im-
munophenotypes, antibodies, gene sus-
ceptibility, etc.), use artificial intelli-
gence algorithms to define and layer dis-
eases from clinical or laboratory param-
eters, and identify the phenotypes and
complications of disease spectrum, in-
cluding cardiogenic shock (such as MIS-
C shock and Kawasaki disease shock
syndrome), MAS (cytopenia and coag-
ulation dysfunction related to cytokine
storm caused by infection), Kawasaki dis-
ease (typical and complete Kawasaki dis-
ease phenotype, caused by SARS -
CoV-2 or other infectious factors), and
provide evidence for the formulation of
treatment strategies [10]. In the future, the
amount of research data should be fur-
ther expanded in clinical practice, and the
special method of artificial intelligence

should be used to diagnose, differential
diagnosis and treatment of the above dis-
eases to serve the clinical.
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INTroDucTIoN
The etiological mechanism of coro-

nary artery lesions (CAL) coronary ar-
tery dilatation disease is not complete-
ly clear, and its pathological manifes-
tations are mainly the destruction of the
middle layer of the coronary artery ves-
sel wall structure and the degradation
of elastic fibers. Possible causes include
atherosclerosis, autoimmune or in-
flammatory reactions, vascular infec-
tious diseases, and overexpression of
gene susceptibility [1]. The disease is
prevalent in patients with autoimmune
diseases or Kawasaki disease in child-
hood, in men with dyslipidemia, in men
with hypertension, in men who are long-
term smokers, and can be triggered by
infections with autoimmune abnor-
malities and emotional agitation. A
variety of childhood rheumatic im-
mune diseases can lead to coronary ar-
tery lesions (CAL). By understanding
the immunological pathogenesis of the
disease and broadening the diagnosis
and differentiation of the disease, we
can help improve the diagnosis and
treatment of CAL-related rheumatolog-
ic diseases.

MaIN eTIoLoGY
1. Atherosclerosis: coronary artery di-

latation disease is a variant of obstruc-
tive coronary artery disease.

2. Autoimmune or inflammatory re-
sponse: Coronary artery dilatation dis-
ease in children and adolescents is usu-
ally a complication of Kawasaki disease,
and connective tissue diseases, sys-
temic arteritis and Marfan syndrome can
lead to coronary artery dilatation disease.

3. Vascular infectious diseases: infec-
tions such as fungal or septic emboli,
syphilis, etc. can damage coronary ves-
sels and lead to coronary artery dilation.

4. The etiology of simple coronary ar-
tery dilation disease is unknown and may
be related to genetic susceptibility (e.g., spe-
cific HLA class II genotype, matrix met-
alloproteinase gene variants), angiotensin-
converting enzyme overexpression, etc.

5. Coronary arteriovenous fistula.
6. Hereditary family cluster nesting

hypercholesterolemia.
The predisposing factors
1. Infection and autoimmune ab-

normalities: infection may directly or in-
directly damage coronary arteries by
stimulating autoimmune reactions.

2. Emotional excitement or after
strenuous activity can trigger the disease,
appearing chest pain and discomfort.

3. In addition, smoking, high blood
pressure, cocaine use, etc. may trigger
this disease.

KaWaSaKI DISeaSe
Kawasaki disease is an infection-in-

duced systemic inflammatory disease in
children, in which vasculitis is the main
feature, mainly involving small and
medium-sized arteries [2]. Clinical man-
ifestations include fever, rash, congestion
of the conjunctiva of the eye and oral mu-
cosa, palmoplantar erythema, hard ede-
ma of the finger (toe) ends and enlarged
cervical lymph nodes, etc. A few children
may even have Kawasaki disease shock
syndrome (KDSS) or macrophage acti-
vation syndrome (MAS). The disease
usually has a good prognosis, with most
temporary changes in CAL and long-term
complications mainly related to the de-
gree of coronary artery involvement.
Coronary artery dilatation to an internal
diameter<8 mm and a Z value<10 often
results in gradual recovery, whereas gi-
ant coronary aneurysms (maximum
internal diameter ≥8 mm) are highly sus-
ceptible to myocardial infarction, arrhyth-
mia, or sudden death due to coronary oc-
clusion [3-4].

The exact etiology of Kawasaki dis-
ease has not been elucidated. It has been
found that Kawasaki disease may be as-
sociated with infection by different
pathogens and genetic susceptibility.
The pathology of Kawasaki disease
shows inflammatory cells infiltrating the
vascular tissue and destroying the lumi-
nal endothelium, elastic fiber layer and
middle smooth muscle cells, which
eventually leads to luminal dilation and
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aneurysm formation [5]. Inflammatory
cells infiltrating the arterial vasculature
include neutrophils, T cells (especially
CD8+ T cells), eosinophils, plasma
cells (especially IgA-secreting plasma
cells), and macrophages [6]. Early in the
course of the disease, mainly neutrophils
infiltrate the arterial wall, and after 2
weeks, monocytes and CD8+ T cells pre-
dominate [7]. Thus, Kawasaki disease
may be a systemic inflammatory disease
with a predominantly innate immune dis-
order due to exposure of genetically sus-
ceptible individuals to various infections
and/or environmental triggers.

MuLTISYSTeM 
INfLaMMaTorY 
SYNDroMe (MIS) IN 
cHILDreN
Since April 2020 several countries

have reported the clinical features of co-
horts of childhood MIS cases, which oc-
cur mostly in previously healthy children
and adolescents with a clinical presen-
tation similar to KDSS, presenting with
systemic multisystem damage and ev-
idence of novel coronavirus pneumonia
(COVID-19). The World Health Organ-
ization defines MIS in children [8] as (1)
Age <19 years. (2) Fever ≥3 d. (3)
Evidence of multisystem injury (≥2): (i)
rash, bilateral nonpurulent conjunctivi-
tis, or skin mucosal symptoms;  (ii) hy-
potension or shock;  (iii) cardiovascu-
lar dysfunction, pericarditis, valvulitis,
or CAL;  (iv) coagulation abnormalities;
and (v) acute gastrointestinal symptoms
(diarrhea, vomiting, or abdominal pain).
(4) Elevated inflammatory markers,
such as erythrocyte sedimentation rate,
C-reactive protein, or calcitoninogen. (5)
Inflammation due to infection by oth-
er pathogens is excluded. (6) Evidence
related to COVID-19.

Cardiac involvement is a common
manifestation of MIS in children, with
32% of patients having a left ventricu-
lar ejection fraction of less than 55% and
11% of them having an ejection fraction
of less than 30%. 23% of patients have
myocarditis. 23.4% of patients with KD-
like symptoms have coronary artery di-
latation/aneurysm [9]. 93% of coronary
artery aneurysms are mild and 7% are
moderate [10]. 40% to 50% of children
with MIS meet the diagnostic criteria for
Kawasaki disease or incomplete
Kawasaki disease, which is very simi-
lar to KDSS. The key differences be-

tween childhood MIS and Kawasaki dis-
ease include a predominantly non-His-
panic black, Hispanic, or Latino popu-
lation for childhood MIS, mostly in chil-
dren aged 6-15 years [11];  more promi-
nent gastrointestinal symptoms (espe-
cially abdominal pain), more significant
elevation of inflammatory markers,
lower absolute lymphocyte and platelet
counts, and evidence of COVID-19
associated with childhood MIS [12-14].

The climb in the number of cases of
childhood MIS occurred several weeks
after the peak of COVID-19 communi-
ty onset, and studies have shown persist-
ent monocyte activation, elevated levels
of anti-severe acute respiratory syn-
drome coronavirus IgG antibodies, en-
hanced CD8+ T cell activation, and el-
evated levels of inflammatory cytokines,
interleukin (IL), gamma interferon, and
tumor necrosis factor TNF and ferritin
levels are significantly elevated, among
others [11,15-16]. Therefore, MIS in chil-
dren is an inflammatory cytokine storm
disease caused by abnormal immune re-
sponse induced after viral infection.

MuLTIPLe aorTITIS 
(TaKaYaSu arTerITIS, Ta)
TA is a chronic nonspecific inflamma-

tory disease of large and medium-sized
vessels, mainly involving the aorta and
its major branches, but also the pul-
monary and coronary arteries [17]. TA of-
ten has nonspecific systemic symptoms
in its early stages, such as fever, rash, and
malaise;  while symptoms such as is-
chemic limb pain and/or cyanosis, dizzi-
ness, and hypertension due to arterial
stenosis, occlusion, or dilation are not ev-
ident in infants and children [ 17-18]. The
disease is similar to Kawasaki disease and
may be characterized by abnormal in-
flammatory indicators, such as elevated
levels of acute phase reactants, anemia,
leukocytosis and/or thrombocytosis;
histopathology shows a predominantly
cytotoxic lymphocyte infiltration in the
arterial tissue, especially γδ T cells;
other inflammatory cells include histio-
cytes, macrophages and plasma cells [19].
These cells cause vascular damage by re-
leasing large amounts of the cytolytic pro-
tein perforin, which disrupts the vascu-
lar elastic membrane and mesothelial
muscle layer, leading to aneurysmal di-
latation [19-20]. The incidence of TA
CAL is 10%-30%, which manifests as fo-
cal or diffuse inflammation, dilation,

stenosis or occlusion [21], and Kawasa-
ki disease unresponsive to IVIG treatment
should be distinguished from this disease.

SYSTeMIc JuVeNILe 
IDIoPaTHIc arTHrITIS (JIa)
Systemic JIA is a systemic auto-in-

flammatory disease [22], which may have
no early manifestations of arthritis, but
more prominent extra-articular manifes-
tations, including daily intermittent fever
(fever peak ≥38.5 °C), pale red macu-
lopapular rash, enlarged liver and spleen
lymph nodes, and plasmacytitis, and is
easily complicated by MAS [23]. Lab-
oratory features of systemic JIA include
increased white blood cell count, elevat-
ed granulocyte count and ratio, thrombo-
cytosis, anemia, increased erythrocyte
sedimentation rate, and elevated C-reac-
tive protein and serum ferritin, while be-
ing negative for autoantibodies [24].
Several papers have reported the finding
of coronary artery dilation on cardiac ul-
trasonography in children with systemic
JIA [25-26], which is easily misdiagnosed
as Kawasaki disease or incomplete
Kawasaki disease similar to Kawasaki
disease, and the immunopathogenesis of
systemic JIA in individuals with a certain
genetic background, in which the innate
immune system is dysregulated and
overactivated by various promotive fac-
tors, producing large amounts of inflam-
matory cytokines (IL-1, IL- 6 and IL-10,
IL-17, IL-21, etc.) and pro-inflammato-
ry proteins (S100-A8, S100-A9 and
S100A-12), which in turn lead to sys-
temic multisystemic inflammation and
even complications of MAS [27-28].
Given that systemic JIA does not respond
to IVIG therapy, children with IVIG non-
reactive Kawasaki disease need to be dif-
ferentiated from systemic JIA, even if
coronary artery dilatation is present.

SYSTeMIc LuPuS 
erYTHeMaToSuS (SLe)
SLE in children is a chronic recurrent

autoimmune disease that presents with
multisystemic multi-organ involvement,
positive signature autoantibodies, and de-
creased complement [29-30]. Children
with SLE are at significantly higher risk
of CAL than the healthy population, and
systemic inflammation is an independ-
ent risk factor for CAL [31]. Children
with SLE have larger coronary artery di-
ameters than healthy children, and a
small number of children with SLE
can be complicated by coronary arteri-
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tis and/or coronary artery dilation, which
may be diagnosed early as Kawasaki dis-
ease or incomplete Kawasaki disease. It
has been suggested that coronary arteri-
tis may be a more common clinical fea-
ture of childhood SLE than currently rec-
ognized, and early recognition and man-
agement would be beneficial in im-
proving long-term cardiovascular out-
comes in children with SLE [32-33].

PrIMarY 
IMMuNoDefIcIeNcY   
DISeaSeS (PID)
Some primary immunodeficiency

diseases may also involve coronary ar-
teries, including autosomal dominant
hyperimmunoglobulin E syndrome (AD-
HIE), which is caused by a subtractive
variant of the STAT3 gene [34-35];  and
X-linked lymphoproliferative disease
(X-linked HIE), which is caused by a
variant of the XIAP gene;  and partially
monogenic auto-inflammatory disease
(AID) [36]. AD-HIE coronary artery in-
volvement can manifest as atherosclero-
sis, tortuosity, dilatation and local
aneurysms [35]. XLP-2 often presents as
EBV-associated fulminant infectious
mononucleosis and hemophagocytic
syndrome (HSP), which can lead to
Kawasaki disease-like CAL, and the
underlying mechanism may be related to
excessive activation of CD8+ T cells and
inflammatory cytokine storm in EBV in-
fection [37]. AID often presents as recur-
rent or persistent inflammation of un-
known origin, and the clinical features of
the exacerbation phase are similar to those
of Kawasaki diseases, such as fever, rash,
serositis, arthritis, aseptic meningitis,
conjunctivitis and uveitis, among which
hyper IgD syndrome caused by MVK
gene variants can present with coronary
artery dilation [36], which is easily mis-
diagnosed as Kawasaki disease or incom-
plete Kawasaki disease in early stages,
and recurrent Kawasaki disease should
be distinguished from AID in particular.

cHroNIc acTIVe 
ePSTeIN-Barr VIruS 
(caeBV) INfecTIoN
CAEBV infection is a rare, life-

threatening lymphoproliferative disorder
that manifests as persistent infectious
mononucleosis-like syndrome, EBV
viremia, or EBV-associated phagocytic
syndrome [38]. Untreated T-cell CAE-
BV-infected patients often develop sys-

temic organ lesions due to T-cell infil-
tration of tissues, phagocytic lymphocy-
tosis, hepatic failure, and CAL [39]. The
incidence of coronary artery dilation in
CAEBV is approximately 8.5% [40],
with some early misdiagnosis as incom-
plete Kawasaki disease. The mechanism
by which CAL occurs in CAEBV may
be related to abnormal secretion of in-
flammatory factors (e.g. tumor necrosis
factor α, IL-16 and IL-10), and T-cell im-
mune imbalance [41]. In children with
persistent fever, hepatosplenomegaly, and
abnormal liver enzymes with coronary
artery dilatation, especially those with-
out the typical clinical manifestations of
Kawasaki disease, care needs to be tak-
en to differentiate from CAEBV.

coNcLuSIoN
The pathogenesis of CAL is based on

focal or diffuse inflammation leading to
destruction of the intima and mesostruc-
ture of the coronary vessel wall, degrada-
tion of elastic fibers followed by coronary
artery dilatation, stenosis or occlusion;  as
well as immunological mechanisms of
over-activation of innate immunity and/or
imbalance of adaptive immunity in the
presence of infection or other causative
factors in individuals with specific genet-
ic backgrounds, followed by acute or
chronic inflammatory injury are jointly
involved. CAL due to Kawasaki disease
is most common in pediatrics, and time-
ly treatment with intravenous im-
munoglobulin (IVIG) has reduced the in-
cidence of CAL from 25% to approxi-
mately 4% [42]. However, CAL is not a
unique manifestation of Kawasaki disease,
and a variety of childhood rheumatic-im-
mune diseases can lead to coronary artery
involvement. Therefore, clinicians should
deeply understand the pathogenesis of the
disease, be alert to CAL secondary to
rheumatic immune diseases and cardio-
vascular diseases, broaden the diagnosis
and differentiation of the disease in all as-
pects, actively manage coronary compli-
cations through multidisciplinary coop-
eration, and further improve the diagno-
sis and treatment of CAL lesions in chil-
dren caused by related diseases.
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INTroDucTIoN
An increase in body temperature

that is defined as a fever depends on a
variety of different factors (e.g., the time
of day, geographical location, degree of
exertion).In general, fever is defined as
a temperature > 38°C (100.4°F). Fever
is a generalized symptom that can be
brought on by both infectious and non-
infectious disorders, such as cancer, sys-
temic rheumatic diseases, and adverse
treatment reactions. For the diagnosis of
uncomplicated infectious causes of
fever, history, and physical examination
are frequently sufficient (e.g., URI,
gastroenteritis). The pretest probability
of the differential diagnoses should
serve as guidance for laboratory tests
and imaging. When treating febrile pa-
tients, the major focus should be on
treating the underlying cause rather
than lowering body temperature using

antipyretics. Here, we focus on recur-
rent fever, which is defined by febrile
episodes followed by intervals of nor-
mal body temperature. Although recur-
rent fever is common-representing
18%–42% of fevers of unknown origin
in adults and 69% of recent pediatric
cases-it is not well defined. This page
outlines the infectious and noninfectious
factors that contribute to recurrent fever
in children.

DIScuSSIoN
When it comes to establishing the

most common etiologies for recurrent
fever in the pediatric population, infec-
tions are in the first place according to
frequency [1]. In 2011 a systematic re-
view of 18 studies was conducted includ-
ing 1638 children (<18 years of age) that
determined the most common causes of
recurrent fever in children. 51% of all the

cases accounted for infectious etiology
(with 59% of bacterial origin). Bacter-
ial causes were further subdivided ac-
cording to geographical location [2]:

● Developed countries - Bartone llo -
sis, urinary tract infections.

● Developing countries - Brucellosis,
tuberculosis, and typhoid fever.

In this section, infections will be dis-
cussed in a generalized form and
presented in alphabetical order.

● Brucellosis - Due to the infection's
latent nature, nonspecific symptoms
and indications, and protracted progno-
sis in the absence of treatment, brucel-
losis is frequently taken into account in
the differential diagnosis of recurrent
fever. It is also frequently ruled out as
a diagnostic option, especially by doc-
tors who work in cities and could fail to
take the disease into account. Clinical
signs and symptoms may include he-
patosplenomegaly, a modest increase of
liver enzymes, lymphocytopenia, os-
teoarticular complaints, epididymo-or-
chitis, and persistent fever and fatigue
[3]. It's crucial to look into any exposure
to cows, goats, other animals, or raw
milk between 1-4 weeks before the on-
set of symptoms [4]. Diagnostic tests
should include blood culture, lymph
node, and bone marrow biopsy.

● Cat scratch disease - One of the
most frequent causes of recurrent fever
in children is cat scratch disease (CSD,
Bartonella henselae infection) [3]. While
solitary lymph node involvement is a
common symptom of CSD, he-
patosplenic involvement is the distin-
guishing feature of CSD related to re-

aBSTracT
Recurrent fevers are defined as three or more febrile episodes in six months, oc-

curring at least seven days apart. Sometimes, it can be the only manifestation of the
disease, whereas in some cases it is associated with other organ systems such as gas-
trointestinal, oropharyngeal, neurologic, musculoskeletal, etc. Recurrent fever is one
of the most common conditions among adult and pediatric populations (represent-
ing 18%-42% of fevers of unknown origin in adults and 69% of recent pediatric cas-
es), yet it is still not comprehensively understood. The huge variety of etiological
factors makes confirming the diagnosis even more complex, especially for children,
since along with the already existing difficulty, there is also a communication bar-
rier between a doctor and a patient of pediatric age. This article is mainly focused
on the establishment of the etiology and diagnostic challenges of recurrent fever in
children. Out of all the divergent origins of recurrent fever, we separated infectious
and noninfectious causes, which are further subdivided into autoinflammatory, neo-
plastic, and immune-mediated etiologies. The main objective of this article is to pro-
vide information covering most of the important issues that are necessary for a suc-
cessful encounter with the case of recurrent fever in the pediatric age and increase
awareness about the diversity of its etiological factors.
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current fever. A preliminary diagnosis
can be made with high-resolution ab-
domen ultrasonography, which shows
the many hepatic or splenic filling ab-
normalities typical of granulomata. A
conclusive diagnosis of B. henselae
infection can be made using serology or
biopsy of lesions in lymph nodes, the
liver, or the bone marrow.

● Leptospirosis - Leptospirosis is a
widespread zoonotic infection with a
global distribution for which humans are
incidental hosts, and most infections oc-
cur in tropical climates. Clinical signs are
vague and may include fever, rigors,
myalgias, headache, cough, and gastroin-
testinal (GI) issues. Leptospirosis is
primarily caused by exposure to environ-
mental sources such as animal urine, con-
taminated soil or water (especially while
swimming), or infected animal tissue.
Cuts or abrasions in the skin, mucous
membranes, or conjunctiva can all serve
as entry points. Rarely does the virus
spread by aerosols or through consum-
ing food contaminated with urine [3]. Di-
agnosis can be made with dark field mi-
croscopy of urine/blood, serology, and
PCR (polymerase chain reaction).

● Mycobacterial - Another significant
factor contributing to recurrent fever in
children is tuberculosis (TB). In contrast
to pulmonary TB, which is typically vis-
ible on chest radiography, extrapul-
monary TB-also known as diffused TB
or TB of the liver, peritoneum, pericardi-
um, or genitourinary tract-is more like-
ly to result in recurrent fever. Children
with negative chest radiography and tu-
berculin skin tests may nonetheless
have active disseminated TB illness.
Maintaining a high index of suspicion for
the illness is necessary, as is obtaining
a thorough history of any potential inter-
actions. TB can be diagnosed by cultur-
ing the organism from sputum, gastric
aspirates, liver, or bone marrow. Choroid
tubercles may infrequently be visible un-
der fundoscopic examination. Dissem-
inated infection and recurrent fever can
also be brought on by nontuberculous
mycobacterial infection, although this is
more frequent in children with HIV or
other T-cell immunodeficiencies [3].

● Salmonellosis - Salmonella species
can be spread through contact with
reptiles or animal feces and contaminate
a variety of foods, most notably poul-
try, and eggs. Salmonella species can
cause both localized GI illness and ty-

phoidal disease. Typhoid patients fre-
quently have normal pulses or even
bradycardia in conjunction with elevat-
ed body temperatures. Blood and stool
cultures can be used to make the diag-
nosis, and if the results are initially neg-
ative and the fevers continue, they
should be repeated. Testing for serology
is not advised [3].

● Toxoplasmosis - Another illness
that can result in recurrent fever in chil-
dren is toxoplasmosis. It should be
taken into account in children who
have eaten game meat or come into con-
tact with soil infected with feline excre-
ment. Although lymphadenopathy of the
cervical or supraclavicular region is most
frequently present in combination with
fevers, this is not always the case.
Sometimes, fever can be the only clin-
ical manifestation. A rise in antibody titer
can confirm the diagnosis, but because
immunoglobulin (Ig)G antibodies to
Toxoplasma gondii is common and
IgM antibodies can persist for months,
a single high antibody titer is insufficient
to confirm acute infection. [3]

● Tularemia - The pneumonic or ty-
phoidal types of infection are more
likely to result in recurrent fever from
tularemia than the glandular forms.
Francisella tularensis can be spread
through bites, ingestion, or inhalation
and is carried by a wide range of animals
and insects (including ticks, mosquitoes,
lice, fleas, and flies). Children who have
a history of animal contact, exposure to
dead wild animals (such as rabbits), or
intake of rabbit or squirrel meat should
be tested for tularemia [3]. To confirm
the diagnosis tests should include cul-
ture, increased serum transaminases, and
creatinine kinase.

Endocarditis should always be
suspected in the case of:

● Unexplained prolonged fever, even
with a recurrent pattern

● If a new cardiac murmur appears
or the features of a preexisting one are
modified

A major risk factor of endocarditis in
children is a congenital heart defect
(CHD).

The most common presenting symp-
tom is prolonged (sometimes recur-
rent) fever

It should be noted that currently, new
categories of children are at risk of in-
fective endocarditis, such as critically ill

patients with a normal heart structure
and the presence of chronic indwelling
catheters and children who have under-
gone surgical corrections for congeni-
tal cardiac disease.

The emergence of these new at-risk
groups also has an impact on the etiol-
ogy of endocarditis; viridans streptococ-
ci and Staphylococcus aureus remain the
leading causes, but in the last few
decades there has been a gradual in-
crease in cases due to Staphylococcus
aureus, with a decline in cases caused
by streptococci [4].

Borrelia recurrentis is transmitted by
a louse vector, while the other relapsing
fever borreliae are transmitted by soft
tick vectors

Risk factors: poverty, occupational
exposure to tick-infested environments,
travel history to endemic areas (e.g.
African countries)

recurrent fever (due to surface anti-
genic variation), headache, myalgia,
arthralgia, rigors, and nausea

In LBRF, abdominal pain, he-
patosplenomegaly, jaundice, renal in-
volvement, central nervous system man-
ifestations, thrombocytopenia, and sev-
eral bleeding manifestations have been
described. Death may occur due to hepat-
ic or cardiac failure, pneumonia, sub-
arachnoid hemorrhage, or splenic rupture

3-10 days incubation → abrupt fever
resolved in 3-5 days → rash involving
trunk and shoulders → afebrile for 2-7
days [4].

VIraL DISeaSeS
The most frequent cause of recurrent

fever in children is repeated independ-
ent viral infections because of their phys-
iological susceptibility to infections;
nonetheless, it is uncommon for a sin-
gle viral disease to be the cause of sev-
eral febrile episodes. There have been
reports of EBV, Parvovirus B19, HSV1,
and HSV2 as the causes of recurrent
febrile episodes, which will be discussed
in this article [4].

eBV
● The first association of chronic

low-grade fever in children, teens, and
young adults between 6 and 19 years old
is the Epstein-Barr virus (by HHV-4) [4].

● Infectious mononucleosis is an
acute condition caused by EBV. The dis-
ease is highly contagious and spreads via
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bodily secretions, especially saliva.
Symptomatic individuals typically first
experience fever, which typically lasts
7-10 days and resolves within three
weeks, malaise, and fatigue, which is lat-
er accompanied by acute pharyngitis,
tonsillitis, lymphadenopathy, and/or
splenomegaly lasting up to a month.
splenic rupture due to splenomegaly and
multiple malignancies (e.g., Hodgkin's
lymphoma, Burkitt lymphoma) [5, 6].

● Clinical suspicion of IM is con-
firmed via antibody testing. Monospot
test and peripheral smear (lymphocyto-
sis with an increased level of atypical
lymphocytes) are used in this disease [6].

ParVoVIruS B19
● Recurrent parvovirus B19 infection

can be the cause of arthralgia and fever.
Fatigue, night sweats, headaches, stom-
achaches, rash, hyperesthesia, swelling
of the hands and feet, and erythema no-
dosum are other concomitant symp-
toms. Elevated inflammatory markers and
moderate anemia are characteristic of this
disease. Serologic and PCR assays can
be used to exclude this differential [4].

HIV
● Recurrent fevers are typically not

caused by HIV infection alone, but
febrile diseases frequently develop in
AIDS patients as a result of opportunis-
tic infections [8].

fuNGaL DISeaSeS:
Recurrent fever is rarely caused by a

fungus, though histoplasmosis and coc-
cidioidomycosis are potential causes [4].

● Histoplasmosis is caused by expo-
sure to bird or bat droppings. It also
should be suspected in immunocompro-
mised patients presenting with unex-
plained fever although fever associated
with histoplasmosis is most commonly
prolonged and not recurrent. He-
patosplenomegaly can be a complication
of the disease [7].

● Coccidioidomycosis also called
valley fever is presented with flu-like ill-
ness, meningitis, erythema nodosum,
arthralgia, and multiple lesions. Soil/dust
exposure in endemic areas (e.g., during
windstorms, earthquakes, archeological
explorations) is the risk factor, so it is
most frequently seen in Southwestern
United States, California. Besides his-
tory taking, serology tests, X-ray, and
sputum culture is done [7].

ParaSITIc DISeaSeS:
From parasitic etiologies, Malaria,

and visceral leishmaniasis are mostly
seen. In both pathologies, typical fever
patterns of recurrent febrile episodes and
residence in endemic areas should guide
clinical suspicion [4].

● Malaria
- Malaria is an important factor to con-

sider in a child with recurrent fever.
Paroxysms of chills, sweating, tiredness,
and splenomegaly frequently follow the
fever. Although the patient typically has
a history of travel to malaria-endemic ar-
eas, this is not universal; few cases have
been described in people who have nev-
er traveled outside of the United States.
Malaria infection can occur months after
travel and even in persons who have had
malaria prophylaxis. Identification of or-
ganisms on smears of peripheral blood
confirms the diagnosis. Identification of
P. knowlesi and P. malariae requires spe-
cific PCR-based assays because they are
morphologically indistinguishable [4].

● Visceral Leishmaniasis
- If exposure to the sandfly is suspect-

ed in patients exhibiting recurrent fever,
abdominal discomfort, hepato-
splenomegaly, and pancytopenia, the di-
agnosis of visceral leishmaniasis caused
by Leishmania infantum and Leish-
mania donovani should be taken into
consideration. During the first few
weeks or months of the illness, intermit-
tent fever is frequent; only a small per-
centage of patients have the full clini-
cal picture, which includes cachexia and
significant hepato-splenomegaly, six
months after the sickness initially man-
ifests. Hemophagocytic lymphohistio-
cytosis may make visceral leishmania-
sis more difficult to treat [4].

- The presence of amastigotes in bone
marrow or tissue sections is diagnostic.
PCR testing on peripheral blood is less
sensitive and specific [4].

NoNINfecTIouS cauSeS

1. Periodic Fever Syndromes and Au-
toinflammatory Disorders

Disease Gene defect and inheritance
Age at onset Duration of febrile episode
Main associated findings

FMF MEFV; AR First years of life
12-72 h Abdominal pain, thoracic pain,
arthritis

HIDS MVK; AR First years of life 3-
7 days Abdominal pain, diarrhea, he-
patosplenomegaly, lymphadenopathy

TRAPS TNFRSF1A; AD First years
of life 1-3 weeks Arthromyalgia, fasci-
itis, rash, conjunctivitis, and perior-
bital edema, splenomegaly

AR: Autosomal recessive; AD: Au-
tosomal Dominant; FMF: Familial
Mediterranean Fever; HIDS: Hyperim-
munoglobulinemia D with periodic
fever syndrome; TRAPS: TNF receptor-
associated periodic fever syndrome [4]

PFAPA Syndrome and Cyclic Neu-
tropenia

The PFAPA syndrome (Periodic
fever, Aphthous stomatitis, Pharyngitis,
and Adenitis) and cyclic neutropenia
should be considered if the fever is re-
curring in strictly regular periods. The
first episode before age five, a 21–28 day
gap between febrile episodes, pharyn-
gitis, stomatitis, and cervical lym-
phadenopathy are typical characteristics
of both diseases. 3-6 days for PFAPA
syndrome and 5-7 days for cyclic neu-
tropenia are the lengths of the episodes,
respectively. Although PFAPA syn-
drome is significantly more frequent
than cyclic neutropenia, laboratory test-
ing should still be used to rule it out in
any questionable cases [4, 9].

After ruling out other potential caus-
es of recurrent fevers in children, PFAPA
is diagnosed based on clinical symptoms
[9]. Children must be entirely asympto-
matic (with normal levels of acute phase
reactants) during interval periods. While
during attacks, there is a slight increase
in erythrocyte sedimentation rate (ESR)
and moderate leukocytosis [4, 9].
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Aphthae (shallow ulcers in the phar-
ynx and buccal mucosa that heal with-
out scarring), pharyngitis - characterized
by erythematous, swollen tonsils - and
cervical adenitis are present in most of
the cases; generalized lymphadenopa-
thy or hepatosplenomegaly point to a di-
agnosis other than PFAPA [2, 11]. Pos-
sible but typically minor symptoms in-
clude headaches, arthralgia, nausea,
and vomiting [9, 11].

On the other hand, a patient with
cyclic neutropenia can show signs of re-
current bacterial infections. During the
neutropenic period, cellulitis is fre-
quent, especially in the perianal area [4].

The diagnosis of cyclic neutropenia
necessitates numerous leukocyte counts,
at least 2-3 per week for 4-6 weeks, as
neutropenia is not always present at the
time of fever. Lower than 500/L neu-
trophil levels are suggestive. When
neutropenia is present, a bone marrow
biopsy may confirm the diagnosis [4].

Diagnostic criteria for PFAPA
syndrome include the following:

● The onset of disease in early child-
hood, generally before the age of 5 y

● Regularly recurring abrupt episodes
of fever lasting approximately 5 d, as-
sociated with constitutional symptoms
and both of the following:

- aphthae or pharyngitis (with or with-
out cervical adenitis) in the absence of oth-
er signs of respiratory tract infection

- acute inflammatory markers such as
leukocytosis or elevated erythrocyte
sedimentation rate

● Completely asymptomatic interval
periods (generally lasting less than 10
wk) benign long-term course, normal
growth parameters, and the distinct
absence of sequelae

● Exclusion of cyclic neutropenia by
serial neutrophil counts before during
and after symptomatic episodes

● Exclusion of other episodic syn-
dromes (FMF, hyper-IgD syndrome,
TRAPS, Behçet syndrome) by family
history and the absence of typical
clinical features and laboratory markers

● Absence of clinical and laboratory
evidence for immunodeficiency, autoim-
mune disease, or chronic infection [9]

auToINfLaMMaTorY 
DISorDerS
If fever attacks occur at irregular in-

tervals, an autoinflammatory condition
may be suspected. A malfunction in the

innate immune system, which results in
an exaggerated inflammatory response,
is the root cause of autoinflammatory dis-
orders. Autoantibodies are absent in au-
toinflammatory disorders, in contrast
to autoimmune diseases, and there is no
evidence of an association between these
disorders and HLA class II genes [4].

Monogenic autoinflammatory disor-
ders typically first show symptoms in
early childhood, while FMF and TRAPS
instances have also been reported in pu-
berty or later. For most autoinflamma-
tory conditions temperatures frequent-
ly exceed 39°C. Although symptoms are
only occasionally evident during the
variable-duration interval between fever
episodes, subclinical inflammation may
be seen. The differential diagnosis ben-
efits from the triggering causes and re-
lated symptoms and indications. Addi-
tionally, in some circumstances, ethnic-
ity matters. For example, HIDS is more
typical in patients from the Netherlands
or Northern Europe, while FMF has a
higher prevalence in patients from the
Mediterranean or the Middle East [4].

Symptoms of FMF appear between the
ages of 2 and 10; 20% of patients are af-
fected before the age of two, and two-
thirds are affected before the age of 10 [10,
11]. Fever, abdominal pain, and arthritis
are the main signs and symptoms of the
condition. The spike in temperature,
which lasts between 12 hours and three
days and is accompanied by chills, reach-
es roughly 40°C. Before the fever, abdom-
inal pain may begin suddenly, mimicking
appendicitis, and may be accompanied by
diarrhea. The condition known as asym-
metrical monoarthritis, which affects the
ankle, knee, or wrist joint, often goes away
in 5 to 14 days. About 25% of patients
may have an erysipelas-like rash over the
afflicted joint, which could lead to the mis-
diagnosis of juvenile idiopathic arthritis.
The unilateral rash fades away in two to
three days. Additionally, possible symp-
toms include peritoneal abdominal dis-
comfort, pericarditis (1% of the time), and
pleuritic chest pain (which may be accom-
panied by breathing difficulties). 30 to 50
percent of those affected may have
splenomegaly. FMF is remarkable in
that long-term severe sequelae such as
amyloidosis, which is frequently fatal and
can lead to end-stage renal disease, can
be prevented with the use of colchicine
[9, 10, 11].

Nearly one or two people in a million
are affected by TRAPS (Tumor necro-

sis factor receptor-associated periodic
syndrome), which tends to affect Cau-
casians and Asians. With the median age
of presentation being around seven
years old, it exhibits an autosomal
dominant mode of inheritance. The pa-
tient's primary symptoms are fever and
painful erythema. Every four to six
weeks, the fever returns and might per-
sist for five days to three weeks. Infec-
tions, physical and mental stress, trau-
ma, and hormonal changes can all
cause episodes. Typically, there is a mi-
grating painful erythema/rash that mi-
grates centrifugally from the arms and
legs to the body. Lymphocytic infiltrates
may be seen during a skin biopsy [11].

Conjunctivitis, periorbital edema,
and periorbital pain are examples of oph-
thalmologic symptoms. Testicular pain,
splenomegaly, abdominal pain accom-
panied by nausea and vomiting, and
serositis are less specific but prevalent
symptoms. Untreated TRAPS can result
in amyloid deposition, similar to famil-
ial Mediterranean fever [10, 11, 14].

Due to its pathophysiology and clini-
cal characteristics, systemic juvenile id-
iopathic arthritis (sJIA) has lately been cat-
egorized among non-monogenic autoin-
flammatory illnesses [4]. Fever can be the
first solitary symptom of sJIA for sever-
al months. When the temperature rises, it
frequently comes with a transitory salmon-
pink rash that emerges once or twice every
day, generally in the late afternoon or
evening. Usually, the patient's body tem-
perature quickly returns to normal, if not
drops below normal [4, 12].

With advancing age, attacks become
less severe and less frequent. The most
severe type of HIDS in infancy, meval-
onate aciduria, is characterized by neu-
rological problems, mental impairment,
failure to thrive, and a high rate of still-
birth. Episodes of fever, chills, and
skin rash are signs of the less severe
forms of HIDS, as are painful oral or
genital ulcers. The fever starts sudden-
ly and lasts between four and six days.
Stress, vaccinations, or diseases may
cause a fever. Additionally, the baby
might be agitated or violent. Common
is prominent generalized lymphadenopa-
thy. Additionally, common observa-
tions include arthralgias and petechial
rash on the extremities [10, 11, 13].

Even though there have been numer-
ous investigations throughout the last
decades, diagnosis of recurrent fever re-
mains challenging.
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A complete history of the tempera-
ture, duration, symptom-free intervals,
existence of any accompanying symp-
toms, and medication impact on these
episodes will be the first step in the
workup for these individuals. Addi-
tionally, it would look into the family
history and potential genetic reasons for
periodic fever. After that, the patients
would have a thorough examination to
search for any symptoms of an autoim-
mune disease, such as lymph nodes,
mouth ulcers, skin rashes, or signs of
joint inflammation. Laboratory tests
are used to assist in determining the di-
agnosis. Complete blood count (CBC),
CRP, erythrocyte sedimentation rate
(ESR), and ferritin would be examples
of these [11].

The vast majority of immune-medi-
ated inflammatory conditions are char-
acterized by the course of cycling relaps-
es and remissions. This is the primary
reason why they may present with recur-
rent patterns of fever with variable in-
tervals and duration.

The significance of the early diagno-
sis of IBD at pediatric age lies in the ev-
idence that a positive correlation exists
between the age-at-onset and complicat-
ed disease course [15]. Approximately
25% of patients with IBD present before
the age of 20 years. Among children
with IBD, 4% present before the age of
5 years and 18% before the age of 10
years, with the peak onset in adolescence
[16]. Other typical clinical signs to
help the diagnosis include GI (abdom-
inal pain/discomfort, diarrhea/constipa-
tion, rectal bleeding, nausea/vomiting,
perianal disease, mouth ulcers) and ex-
traintestinal (erythema nodosum, pyo-
derma gangrenosum, arthritis, osteope-
nia/osteoporosis, primary sclerosing
cholangitis, autoimmune hepatitis, epis-
cleritis, uveitis, iritis, nephrolithiasis,
pancreatitis, anemia, venous throm-
boembolism) manifestations [16]. Re-
current fever may even precede the de-
velopment of typical GI symptoms in
weeks or months [4]. In this case, the
suspicion can be raised by other asso-
ciated signs/symptoms such as micro-
cytic hypochromic anemia, and growth
retardation [15]. Mouth ulcers men-
tioned above can also be seen in chron-
ic immune-mediated multisystem vas-
culitis - Behcet’s disease - a less com-
mon cause of recurrent fever in children.
Even though the prevalence of the dis-
ease is increasing in all parts of the

world, higher geographical distribu-
tion should be noted in Turkey, the Mid-
dle East, and Asian countries. Mucocu-
taneous lesions especially oral ulcers are
the earliest and most frequently encoun-
tered clinical manifestation followed by
ocular, neurologic (e.g. headache, hemi-
plegia, aseptic meningitis, psychosis),
and vascular (venous thrombosis, throm-
bophlebitis) findings. Enteral symp-
toms including diarrhea, abdominal
pain, vomiting, and bleeding as well as
lesions (ulcerations) found throughout
the GI tract (sparing rectum) can mim-
ic IBD and must be differentiated based
on endoscopy and biopsy. A study of 235
patients with Crohn’s disease and intes-
tinal BD revealed that round ulcers, fo-
cal single/focal multiple distributions of
ulceration, fewer than six ulcers, absence
of cobblestone appearance, or apht-
hous lesions were the most predictive
symptoms of BD on colonoscopy in a
multivariate analysis [17].

Many of the signs and symptoms dis-
cussed in the previous paragraph can
also be seen in SLE - another etiology
of recurrent fever in children. In 10-20%
of all SLE cases, the onset is marked in
childhood. All the body systems can be
affected but reportedly common man-
ifestations are as follows: Hematolog-
ic (Anemia, lymphopenia, leukopenia,
and/or thrombocytopenia), mucocuta-
neous (Malar rash, photosensitivity,
oral or nasal ulcers, and/or discoid
rash), musculoskeletal (Arthritis, arthral-
gia, and/or serositis), renal abnormali-
ties (Proteinuria, hematuria, and/or
casts suggestive of nephritis; nephrot-
ic syndrome; and/or biopsy-proven lu-
pus nephritis). Pulmonary, thromboem-
bolic, cardiac, neuropsychiatric, and
gastrointestinal signs/symptoms may
also be seen [1]. The diagnostic ap-
proach should include detailed history-
taking and careful examination of every
system, considering epidemiological
factors (e.g female sex) and laboratory
studies including serology for antinu-
clear antibodies (ANAs), double-strand-
ed DNA (dsDNA) antibodies, antibod-
ies to the extractable nuclear antigens
(ENAs), and antiphospholipid antibod-
ies (aPLs) [1]. More specific cutaneous
findings are characteristic of juvenile
dermatomyositis including Gottron
papules, shawl sign, and typical pattern
of symmetrical proximal muscle weak-
ness. More rarely the condition may be
accompanied by interstitial lung disease,

cardiac conduction abnormalities, and
localized or generalized edema.

Granulomatous diseases leading to
chronic inflammation may present with
recurrent fever associated with multiple
organ system nonspecific signs/symp-
toms. Intermittent high fever and arthri-
tis accompanied by other extra-articular
manifestations can be seen in Juvenile
idiopathic arthritis. Children typically are
less than 4 years of age and may also
present with rash (pink macular erup-
tions), fatigue, myalgia, and irritability.
Anterior uveitis is less common [18].

Neoplasms and other conditions:

NeoPLaSMS
Although neoplasms are most com-

monly present with a prolonged fever
they should always be considered and
adequately ruled out in the management
of recurrent fevers in children. Thus far
only lymphoma, juvenile myelomono-
cytic leukemia, and atrial myxoma
have been reported to cause recurrent
fever in children. The two most common
neoplastic conditions presenting with
complaints of recurrent fever are Lym-
phomas and leukemias [1].

acuTe LYMPHoBLaSTIc 
LeuKeMIa aND 
LYMPHoBLaSTIc 
LYMPHoMa
Acute Lymphoblastic leukemia and

Lymphoblastic lymphoma are the two
most common neoplastic conditions
associated with recurrent fever. These tu-
mors account for approximately one-
third of all childhood malignancies and
are the most common forms of cancer
in children with Approximately 2500 to
3500 new cases of ALL/LBL diag-
nosed in children each year in the Unit-
ed States. The peak incidence of
ALL/LBL occurs between the ages of
two to five years being more common
among boys than girls [19].

Common presenting findings associ-
ated with ALL/LBL are nonspecific and
may be difficult to distinguish from or-
dinary, self-limited diseases of child-
hood. Most commonly seen symptoms
include: palpable liver, palpable spleen,
pallor, fever, or bruising, however ap-
proximately 6 percent of children are
asymptomatic on presentation.

Acute lymphoblastic leukemia as
well as Lymphoblastic leukemia is a ma-
lignancy of B or T lymphoblasts charac-
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terized by uncontrolled proliferation of
abnormal, immature lymphocytes and
their progenitors [19]. Due to damage to
the lineage of white blood cells (WBC),
these patients are at a much higher risk
of infections, therefore infections are
commonly the cause of recurrent fever
episodes in Pediatric patients.

ALL/LBL are also characterized by
constitutional B-symptoms: fever, night
sweats, and unintentional weight loss
caused by increased inflammatory mark-
ers such as IL-6 [19]. The spikes in fever
are periodic with variable intervals and
occur in intervals of days to weeks.
These episodic fevers fail to respond to
any appropriate medication. Therefore
unresponsive drenching fevers, togeth-
er with unexplained weight loss should
always prompt evaluation for leukemia.

Diagnosis: The diagnosis of
ALL/LBL requires characteristic mor-
phology and a diagnostic immunophe-
notype of cells from peripheral blood,
bone marrow, lymph node, and/or oth-
er involved tissue [19].

Morphology of peripheral blood or
Bone marrow is a commonly used di-
agnostic tool, however, lymphoblastic
morphology can be indistinguishable
from other malignant or non-malignant
causes with similar presentation.

The more specific diagnostic tool is im-
munophenotyping which allows for the ex-
clusion of other similar conditions by fo-
cusing on B and T-cell lineage and the CD-
markers such as CD19, CD79a, and CD22.

DIffereNTIaLS.
The presenting signs and symptoms

of ALL/LBL are often nonspecific and
morphology alone is not diagnostic, so
it is important to consider a wide range
of malignant and nonmalignant condi-
tions in the differential diagnosis. The
condition most commonly confused
with ALL/LBLB is Burkitt’s lymphoma,
an aggressive B-cell lymphoma that can
present with similar symptoms, although
they develop over a shorter period. BL
can have substantial clinical and morpho-
logic overlap with ALL/LBL. The histol-
ogy of BL typically reveals highly pro-
liferative monomorphic medium-sized
cells with basophilic cytoplasm (often
with a "starry sky" appearance) that are
generally larger than ALL/LBL lym-
phoblasts [19]. BL is diagnosed based on
morphology, immunophenotype, and
cytogenetic/molecular characteristics.
BL is recognized from ALL/LBL by the

translocation involving chromosome 8
and/or MYC rearrangement as well as the
distinctive mature germinal center B
cell immunophenotype.

aTrIaL MYXoMa
Atrial myxoma is The most fre-

quent primary heart.Although they are
mostly seen between the fourth and sixth
decades of life, they can also rarely be
present in Pediatric patients.

More than 75% of myxomas are
thought to originate in the left atrium,
either at the mitral annulus or the fos-
sa ovalis border of the interatrial septum.
20% of myxomas are thought to start in
the right atrium, and 5% stem from both
the atria and the ventricle [20].

Smooth, villous, or friable surface
subtypes of tumors are the most com-
monly seen. When compared to smooth
myxomas, which are often larger and
have a more obstructive appearance, vil-
lous and friable myxomas are more fre-
quently linked to embolic events. Atri-
al myxomas also lead to the develop-
ment of cytokines and growth factors
leading to constitutional symptoms
such as episodic fevers, malaise, anorex-
ia, and weight loss [20].

Diagnosis is usually established
through echocardiography, which can
characterize the location size and also
the attachment of the tumor. Trans-
esophageal echocardiography is pre-
ferred to the Transthoracic counter-
part, due to better visualization of
chambers as well as possible obstruction
due to tumor location [20].

Others: Other rare and commonly
misdiagnosed conditions can also lead
to the development of fever in pediatric
patients. Such conditions are: Fabry dis-
ease, Sweet syndrome, Kikuchi disease,
and Erdheim-Chester

SWeeT SYNDroMe
Sweet syndrome also known as

febrile neutrophilic dermatosis is a rare
condition, characterized by the acute on-
set of dermatologic complications such
as tender plaques or nodules usually on
the back and upper extremities, as well
as constitutional symptoms of fever,
headaches, arthralgias, and ophthalmic
manifestations( ulcerative keratitis).

The condition is non-infectious,
however, the dermatologic symptoms of
plaques are caused by neutrophil dep-
osition of the epidermis and dermis lead-
ing to local inflammation [21]. Systemic

inflammation in this case usually is the
cause of fever in patients.

Although usually idiopathic, Sweet
syndrome has an identifiable correlation
with myeloproliferative disorders (myelo -
dys plasia, acute myelogenous leukemia,
chronic myelogenous leukemia, and
multiple myeloma).

Neutrophilic dermatosis also can be
seen in Post-infectious patients, such as
those with HIV, viral Hepatitis, and tu-
berculosis [21].

A more common condition that is
well-known to physicians is the Drug-
induced Sweet syndrome, caused by sev-
eral antibiotics (TMP-SMX, nitrofu-
rantoin, norfloxacin), anti-hyperten-
sives (hydralazine and loop diuretics),
anti-epileptic (carbamazepine, diazepam)
and antipsychotic (clozapine) medica-
tions. In these rare causes of Sweet syn-
drome, the symptoms go away, with the
discontinuation of the drugs [21].

Diagnosis is done based on the his-
tory of acute onset tenderness, painful
plaques or nodules, and neutrophilic in-
filtrate in the dermis without vasculitis.
Clinical diagnostic criteria include fever
>38C, elevated white cell count with
neutrophil predominance and elevated
inflammatory markers and positive re-
sponse to corticosteroids.

Laboratory diagnosis is made based
on Blood work focusing on inflamma-
tory markers and white blood cell
count, as well as biopsy findings of skin
infiltration by neutrophils.

Treatment of Sweet syndrome usu-
ally involves Corticosteroid treatment,
with oral prednisolone as well as topi-
cal steroids in the areas of plaques.

faBrY DISeaSe
Another rare cause of fever in pedi-

atric patients is a lysosomal storage dis-
ease called Fabry disease. In this genet-
ic condition, there is the absence of the
lysosomal enzyme alpha-galactosidase,
which helps in the breakdown of lipids
called globotriaosylceramide or GL3
[22]. The buildup of the fat causes an ar-
ray of symptoms such as episodes of
pain, especially in the hands and feet,
high fevers, clusters of small, dark red
spots on the skin called angiokeratomas,
a decreased ability to sweat (hypo-
hidrosis), cloudiness of the front part of
the eye (corneal opacity), and hearing
loss. Systemic manifestations affecting
renal, CNS, and cardiac systems are seen
in more advanced cases of this disease
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and are less frequently seen in pediatric
patients [22]. Fabry disease is a genet-
ic condition associated with and has an
X-linked recessive inheritance, hence
most cases are seen in males.

KIKucHI-fuJIMoTo 
DISeaSe
Kikuchi disease also called Kikuchi

histiocytic necrotizing lymphadenitis
Is an extremely rare condition affect-

ing young women with a very high
prevalence in Japan and other Asian
countries. It is rare in pediatric patients
but has significant importance due to its
symptomatic as well as histologic resem-
blance with other more commonly seen
conditions such as systemic lupus ery-
thematosus (SLE).

Kikuchi disease has an unknown eti-
ology however it is suspected to be a post-
infectious reaction that mimics SLE due
to virus-transformed lymphocytes.

From the available literature common
infections that have led to Kikuchi dis-
ease development have been EBV, hu-
man herpesvirus 6, human herpesvirus 8,
human immunodeficiency virus (HIV),
parvovirus B19, paramyxoviruses, parain-
fluenza virus, and Toxoplasma [3].

Symptoms of Kikuchi disease are
usually Benign and resolve on their own.
These include Fever, cervical Lym-
phadenopathy, and leukopenia. Other
less commonly seen symptoms include
Rash and Organomegaly [3].

Diagnosis for Kikuchi's disease is done
through thorough history-taking and exclu-
sion of other possible causes for a patient's
complaints. Blood work frequently shows
leukopenia as well as thrombocytopenia.
Liver enzymes can also be abnormally in-
creased in some patients.

Since many physicians including pe-
diatricians are unfamiliar with this disease.
Many patients have been falsely treated
for Lupus as well as Leukemias in the past,
significantly worsening their condition.

In older patients, a fine-needle Biop-
sy of the lymph nodes is the preferred
method of diagnosis.

In Pediatric patients, diagnosis can be
made based on a scoring system, which
is based on Criteria of history of illness,
temperature, maximum lymph node
size, and serum B2 microglobulin.

No effective treatment has been estab-
lished for Kikuchi's disease. Signs and
symptoms usually resolve within one to four
months. In persistent cases treatment with
Glucocorticoids has been attempted with
limited information on their efficacy [3].
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A special category of the population
with a high-risk group are students
whose period of final maturation of the
body coincides with the period of inten-
sive training. In the modern period,
studying at a higher educational institu-
tion is characterized by a variety of forms
and methods of teaching, high intensi-
ty of classes, and the introduction of new
technical means [8]. Informational and
emotional stresses accompanying train-
ing impose certain requirements on the
state of health of students. The change
of work and rest, sleep and nutrition, the
breaking of the school stereotype, the in-
ability to independently allocate their
time, the lack of constant and systemat-
ic adult control causes students psychoe-
motional discomfort, which can nega-
tively affect the adaptive capabilities of
the young organism [1, 5, 7].

The purpose of the work – identifi-
cation of adaptive capabilities of the car-
diovascular system of adolescents, tak-
ing into account the nutritional status.
In 2022 year under observation were 500
students of the 1st and 2nd courses of
the State Medical University of Turk-
menistan, 217 of them were boys and
283 girls.

The state of human health under the
influence of actual nutrition is designat-
ed by the term "nutritional status". The
assessment of nutritional status is based
on the indicators of growth, body weight
and mass-growth index, metabolism,
functional state of individual body sys-
tems. Body weight is the most inform-
ative criterion for matching the energy
and biological value of the diet to the
needs of the body. As a differentiated in-
dicator characterizing the level of ener-
gy usefulness of daily diets, students
were determined by the body mass in-
dex (BMI), which is the ratio of body
weight (kg) to height squared (m²) [9].

BMI values in the range of 18.5-24.9
kg/m2 indicate energy sufficiency of nu-
trition, below 18.5 kg/m2 – low caloric
content of diets predisposing to the de-
velopment of hypotrophy, above 24.9
kg/m2 – excessive energy value of diets,
leading to an increase in body weight,
over 30 kg/m2 - the development of obe-
sity.

The assessment of the adaptive capa-
bilities of the circulatory system was car-
ried out by calculating the index of func-
tional changes (IFC) in points [2]. As an
indicator characterizing the state of the
functional reserve of the cardiovascular
system, the coefficient of efficiency of
blood circulation (CEBC) was used,
measured in conventional units [6].
CEBC values of more than 2600 conven-
tional units reflect a decrease in the func-
tional reserve and the occurrence of fa-
tigue of the cardiovascular system. Giv-
en that the functional state of the cardio-
vascular system and the level of adap-
tation depend on the regulatory influence
of the autonomic nervous system, the ex-
amined students were determined by the
Kerdo vegetative index (KVI) [4].

According to the results obtained, out
of the total number of students exam-
ined, 24% of girls and 7% of boys had
low body weight, 67% of girls and 72%
of boys had a normal weight-height co-
efficient. Overweight was noted in 7%
of girls and 19% of boys. The incidence
of obesity among girls was 2%, among
boys - 3%.

Anthropometric indicators (body
weight, body mass index) significantly
increase with the growth of the energy
value of diets, reaching maximum val-
ues in students with high-calorie nutri-
tion (table).

Hemodynamic parameters (systolic
and diastolic pressure) significantly in-
crease with body weight and in obesi-

ty reach almost the same values in
boys and girls. The heart rate of students
as the Quetelet index increases does not
undergo significant changes.

A significant increase in the index of
functional changes is determined as the
Quetelet index increases. With over-
weight and obesity in students, the ab-
solute values of the index of functional
changes exceed the normative value of
2.1 points, which indicates the transition
of the functional state of the cardiovas-
cular system from the physiological
norm (satisfactory adaptation) to the state
of tension of adaptive mechanisms [3].

The coefficient of efficiency of blood
circulation in girls and boys exceeds the
standard value (2600 conventional units)
with a tendency to increase even more
as the Quetelet index increases. With
overweight and obesity, the absolute val-
ues of the coefficient of efficiency of
blood circulation in girls and boys are set
at the level of 3300 conventional units,
which indicates a weakening of the re-
serve capacity of the cardiovascular
system of students, regardless of gender.

Using the Kerdo vegetative index, was
revealed a higher activity of sympathet-
ic-tonic affects in girls at all values of the
mass-height coefficient. The negative cor-
relation between the Kerdo vegetative in-
dex and the Quetelet index indicates that
as body weight increases, the activity of
sympathetic-tonic affects decreases, and
the influence of the parasympathetic
division increases (diagram).

A direct correlation was found between
systolic and diastolic pressure, peripher-
al vascular resistance, an index of func-
tional changes and an inverse relationship
between minute and systolic volume of
blood circulation from body mass index.
Such an ambiguous dependence of hemo-
dynamic parameters on the mass-height
coefficient indicates that with a significant
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increase in body weight in students with
overweight and obesity against the back-
ground of an increase in peripheral vas-
cular resistance, systolic and diastolic
pressure significantly increase, while
the minute volume of blood circulation
decreases, mainly, due to the weakening
of the strength of heart contractions,
which indicates a tense level of function-
ing of the circulatory system, which
causes a decrease in the adaptive capabil-
ities of the circulatory system of a young
organism (diagram).

Thus, from the above data it follows
that the functional state of the body of
students is determined by the degree of
energy sufficiency of food rations. With
excess calorie intake, 9% of girls and
21% of boys are in a state of tension of
adaptive mechanisms, in which, in or-
der to maintain the balance of the body
with the external environment, it is nec-
essary to mobilize additional function-
al reserves, due to which their ability to
adapt to various influences, including the
training load, reduced. Thus, they are un-
der our close attention, explanatory
work is carried out with them on the ba-
sics of a healthy diet, diets are individ-
ually considered in order to correct their
eating behavior.
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Table. Anthropometric and hemodynamic parameters in adolescents  (M±m)

Note: in the numerator - indicators for boys, in the denominator - for girls. 
* P<0.05 - significance of differences

Diagram. Correlation dependence of he-
modynamic parameters on body mass index
in adolescents (n=500)

age, years

body weight, 
kg
body length, 
cm
Quetelet 
index, kg/m²

Heart rate, 
beats/min
aBPs, 
mmNg

aBPd, 
mmHg
PP, 
mmHg

SPd
mmHg

SV, ml

МVB, l/min

PVr, din/сm

Ifc, points

ceBc, 
conv.unit
KVI, %

Indicators

17.26±0,20
17.31±0.07
56.41±1.02
47.24±0.41
178.53±1.50
165.54±0.62
17.65±0.17
17.26±0.12
81.27±1.01
85.60±0.84
114.67±1.67
96.12±1.22
73.67±1.79
63.06±0.72
41.0±0.72
33.06±0.70
87.33±0.26
74.08±0.85
65.17±1.40
67.50±0.42
5.29±0.17
5.78±0.07

1346.58±58.88
1041.77±24.49

1.98±0.04
1.71±0.02

3336.33±96.12
2820.75±61.58

8.93±3.01
25.63±1.37

17.32±0,05
17.21±0.04
66.85±0.51*
56.21±0.42*
175.64±0.48
163.01±0.42
21.64±0.13*
21.16±0.12*
80.30±0.53
82.71±0.56*
115.38±0.59

103.76±0.79*
75.35±0.51
66.76±0.57*
40.03±0.32
37.00±0.52*
88.69±0.53
79.10±0.61
63.54±0.36
67.11±0.42
5.10±0.04
5.55±0.05

1411.27±16.87
1170.16±19.30*

2.11±0.01*
1.93±0.01*

3212.44±32.69
3047.71±43.23*

5.47±0.92
18.34±1.00*

17.48±0.10
17.27±0.14
83.35±1.10*
72.90±1.30*
176.60±1.03
165.19±1.38
26.69±0.19*
26.77±0.27*
79.05±0.94
83.90±1.71
118.62±1.68

110.95±2.59*
79.75±1.52*
73.33±1.86*
38.87±0.75
37.62±1.00
92.71±1.17*
85.87±2.09
60.27±0.79*
63.50±0.92*
4.76±0.08*
5.33±0.14

1584.37±43.81*
1314.47±58.25*

2.31±0.03*
2.22±0.05*

3073.50±69.51
3156.43±107.20

-1.44±1.82
11.82±2.93*

17.25±0.26
17.38±0.48

99.50±4.41*
89.80±0.48*
175.17±1.90
165.00±3.84
32.35±0.77*
33.00±1.68*
83.00±2.34
83.00±2.52

125.00±5.00
126.00±5.99*
85.00±5.00

86.00±5.99*
40.00±0.01

40.00±0.01*
98.33±5.00
99.33±5.99
57.62±2.98
56.97±3.51
4.77±0.24

4.71±0.27*
1690.40±175.11
1733.79±210.92

2.65±0.13*
2.68±0.14*

3320.00±94.07*
3320.00±100.89

-2.58±5.92
-3.70±7.02

<18.5

Quetelet index (kg/m²)

18.5-24.9 25.0-29.9 >30

B M I

АBPs 
r= 0,30 (b)
r= 0,46 (g) 

P<0,01 aBPd
r= 0,35 (ю)
r= 0,44 (д) 

P<0,01

Ifc
r= 0,64 (ю)
r= 0,68 (д)

P<0,01

KVI
r= -0,28 (b)
r= -0,32 (g)

P<0,01

PVr
r= 0,20 (b)
r= 0,40 (g) 

P<0,01

SV
r= -0,39 (b)
r = -0,25 (g)

P<0,01

MVB
r= -0,12 (b),
r= -0,25 (g) 

P<0,01
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INTroDucTIoN
Kawasaki disease, also known as cu-

taneous mucosal lymph node syndrome,
is a common febrile disorder in children,
commonly seen in children under the
age of 5. The main pathological feature
is systemic vasculitis, and the clinical
features include terminal changes in the
extremities, bilateral bulbar conjuncti-
val congestion, lip, and oral changes, and
non-purulent enlargement of the cervi-
cal lymph nodes in addition to fever. KD
is mainly complicated by damage to the
cardiovascular system, such as coronary
artery dilation and thrombosis In addi-
tion, KD can also cause multi-system
complications such as pulmonary nod-
ules, arthritis, hepatitis, urethritis, and
Kawasaki disease shock syndrome
(KDSS), etc[1, 2].

The prevalence of KD varies wide-
ly among countries, and the preva-
lence of KD is 10-30 times higher in
East Asian countries, including Japan,
Korea, and China than in the United
States or Europe, and the prevalence is
increasing year by year [3].In 2015, the
prevalence of KD among children un-
der 5 years old was 19.1 per 100, 000
in the United States and 19.6 per 100,
000 in Canada in 2014 [4]. The coun-
tries of Japan, Korea, and China have the
highest KD prevalence rates in the
world (more than 50 per 100 000 chil-
dren under 5 years old) and are increas-
ing gradually[5-7]. Japan is reported to
have the highest KD mortality rate in the
world, estimated at approximately 264
per 100, 000 deaths in children under 5
years old; the recurrence rate of KD is
3.5%, the mortality rate is less than 2%,
and 17.0% of children develop resist-
ance to IVIG [7]. In China, the incidence

of KD is on the rise, with a prevalence
of approximately 7.06-55.1 per 100, 000
children under 5 years old[8, 9], and in
Taiwan was 82.8 per 100, 000 in 2010
[10]. Hong Kong has the highest preva-
lence of KD in China (74 per 100, 000
among children under 5 years old)
[11].

Epidemiological studies in some re-
gions of China have shown that the in-
cidence of KD combined with coronary
artery lesion (CAL) is as high as 15.9%
and the incidence of combined CAA is
1.8% [12]. Standardized treatment with
IVIG can reduce the risk of CAL occur-
rence from 15-20% to 3%-5% [13,
14]. Medications are currently the main
treatment options for KD and its com-
plications. The preferred treatment op-
tion IVIG combined with aspirin has
been widely used, and GC is used as a
complementary treatment for IVIG
non-response KD and KD with CAA.

Current studies suggest that KD
may be involved with pathogenic infec-
tions, environmental factors, immune
dysregulation, and genetic predisposi-
tion, but definitive conclusions are still
deficient. Therefore, individualized
treatment for different causes is partic-
ularly important [15, 16]. Studies on the
dosage, duration, and timing of drug
treatment for KD have been inconsis-
tently reported in many countries.

MeTHoDS
The KD Treatment Centre of Shaanxi

Province, China, the Shaanxi Clinical
Medical Research Centre for Paediatric
Internal Diseases, the Children's Hospi-
tal of Shaanxi Provincial People's Hos-
pital, the Pediatric Capacity Building
Committee of the National Research So-

ciety for Maternal and Child Health, and
the General Paediatrics (General Prac-
tice) Group of the Paediatricians Branch
of the Chinese Medical Association,
formed the KD Expert Group in 2021,
including more than 100 scholars. They
discussed the mechanism, treatment
dose, course, optimal timing, and safe-
ty of IVIG, aspirin, and GC for KD
through several online video confer-
ences, and finally formed three consen-
suses [17-19]. All of the consensuses
were published in the Chinese Journal
of Zhongguo Dang Dai Er Ke Za Zhi.
The consensuses aim to provide a basis
for the standardized clinical manage-
ment of KD in China, ultimately achiev-
ing effective prevention of complications
and sequelae in children with KD and
reducing the risk of cardiovascular
events and death in children with KD
[20, 21].

These consensuses apply for children
under 18 years old with all types of ini-
tial and retreatment KD, except those
with a history of allergy to IVIG, GC, or
aspirin, or with drug contraindications
[17]. The use population included all pe-
diatric rheumatologists and pediatric car-
diologists and all general practitioners.
All these consensuses have been regis-
tered on the International Practice
Guideline Registrable Platform
(http://www.guidelines-registry.cn) un-
der the registration numbers IPGRP-
2021CN183, IPGRP-2021CN183, and
IPGRP-2021CN321, respectively.

English databases for consensus
search include UpToDate, BMJ Clini-
cal Evidence, National Guideline Clear-
inghouse, Joanna Briggs Institute Li-
brary, Cochrane Library, and PubMed,
Cochrane library PubMed, etc.; Chinese
databases include China Biomedical Lit-
erature Service, China Knowledge Net-
work, Wanfang database, etc. All liter-
ature searches ended on February 28,
2022. Nearly 200 papers were finally in-
cluded, including 7 guidelines, 9 expert
consensus and standards, 2 BMJ Best
Practice, 12 UpToDate, 41 Meta-analy-
ses and systematic reviews, 18 random-
ized controlled trials, and 102 observa-
tional studies.

The consensus was formed after
many discussions based on the current
research progress and relevant research
data on the use of KD in children and
referring to the diagnosis and treatment
guidelines and experience of KD in var-

aBSTracT
Kawasaki disease (KD) is an acute vasculitis with unknown etiology usu-

ally occurring in children aged younger than 5 years. It is one of the most
common acquired heart diseases in children and can cause serious com-
plications, such as coronary injury. currently, intravenous immunoglob-
ulin (IVIG) combined with oral aspirin is considered the most effective treat-
ment in acute stage KD, and the first-line treatment to prevent cardiovas-
cular complications. Nonetheless, glucocorticoids (Gc) are used mainly for
KD patients with confirmed or a high risk of coronary artery aneurysm
(caa) and no response to immunoglobulins. although consensus guide-
lines on the diagnosis and treatment of KD are present in different coun-
tries, inconsistencies regarding the mechanism, optimal timing, and
dosage of medications for KD persist in the literature. This article sum-
marizes three consensuses formulated in china regarding KD and the use
of IVIG, aspirin, and Gc treatments.
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ious countries. The principles of consen-
sus are as follows:

(1) Participation of professionals
from multiple centers, including pedi-
atric specialty physicians, pediatric car-
diovascular physicians, and experts in
the field of evidence-based medicine.

(2) With the guidance of the GRADE
(Grading of Recommendations Assess-
ment, Development, and Evaluation)
manual, the recommendation level of a
certain clinical problem in this consen-
sus is determined according to the
credibility level of the literature or data
(guideline recommendation intensity
is shown in Table 1, grade quality of ev-
idence and strength of recommendation
are shown in Table 2)[22, 23].

1. cHINeSe eXPerT 
coNSeNSuS oN IVIG 
for KD [17]
1.1 MecHaNISM of IVIG for 
THe TreaTMeNT of KD
The main objectives of treatment in

the acute phase of KD are to control and
terminate the inflammatory response, re-
duce the incidence of CAA, and prevent
coronary thrombosis[24].IVIG is an
immunoglobulin preparation isolated
from the blood of healthy people, of
which immunoglobulin G is the most
abundant immunoglobulin, accounting
for more than 95%. Immunoglobulin G
(IgG)molecules are hydrolyzed to obtain
crystalline fragments, which can bind
with harmful complement components
in the body, block their deposition in the
target tissues, avoid immune damage,
and can also bind with crystalline frag-
ment receptors to activate the intrinsic
immune regulation immune function
[25, 26]. Although the therapeutic reg-
imen of IVIG applied to Kawasaki dis-
ease has been gradually refined and ma-
tured, its specific mechanism has not
been elucidated in detail, and it is cur-
rently believed that IVIG treatment of
Kawasaki disease may be through the
following pathways:

(1) Modulates macrophage activity
by inhibiting autoantibodies that bind to
crystalline fragment receptors; inhibits
endothelial cell activation, adhesion
molecule expression, and secretion of
soluble mediators; neutralizes antibod-
ies to cytokines, chemokines, and acti-
vated complement proteins that activate
inhibitory crystalline fragment receptor

receptors on macrophages; and blocks
the transport of adhesion molecules
critical for inflammatory cells to vascu-
lar endothelial cells; produces anti-lipo-
somes to reduce inflammation and at-
tenuate endothelial cell injury [27].

(2) Immunoglobulins stimulate an
adaptive immune response that can
bind to bacteria or viruses and their tox-
ins, and interact with unique type deter-
minant clusters on pathogenic autoan-
tibodies (and autoantibody-producing B
cells), allowing direct neutralization
of pathogens and thus their clearance;
IVIG may also affect the number and
function of regulatory T cells that help
control inflammation [28].

(3) IVIG can also bind to the crys-
talline fragment receptors, which are not
directly involved in the regulation of im-
mune cell activation but act as a protec-
tive receptor by preventing the catabo-
lism of immunoglobulins.

(4) Human immunoglobulin has a
regulatory effect on lymphocytes and
mononuclear macrophages. Multiple
types of antibodies in human im-
munoglobulin can provide passive im-
munity to the body in a short period and
enhance the immune status of the body.
Analysis of serum cytokine levels in
children with Kawasaki disease after
IVIG treatment showed that the levels
of interferon-γ and interleukin-10 de-
creased rapidly, on the contrary, IVIG
treatment could enhance the expression
of regulatory T cell transcription factor
FoxP3. In IVIG, IgG monomer ac-
counts for more than 95%, the remain-
der is dimeric or multimer IgG. High-
dose IVIG is often effective in the
treatment of KD, suggesting that IgG
dimers or multimers have a better anti-
inflammatory effect. The specific mech-
anism is still unclear, but it is speculat-
ed that the dimer structure of IgG en-
hances the binding ability of crystalline
fragments to their receptors, thus effec-
tively inhibiting the activation of innate
immune cells and reducing autoim-
mune damage [29].

1.2 eXPerT coNSeNSuS oN 
THe uSe of IVIG IN KaWaSaKI
DISeaSe [17]
Recommendations on the best time

to use IVIG:
The best time is 5-10 days after the

onset of the disease, preferably within
7 days. (1A)

Use within 5 days of onset may
lead to an increased incidence of IVIG
resistance; it should still be applied
promptly in severe cases, such as com-
bined hypertension, shock, myocarditis
with hemodynamic instability, and par-
alytic intestinal obstruction. (1A)

IVIG treatment is still required in
children with an onset of more than 10
days, excluding persistent fever due to
other causes, with elevated erythro-
cyte sedimentation rate or C-reactive
protein, or with elevated inflammatory
markers and CAL. (2B)

Recommendations on dosage and
rate of IVIG application:

A single dose of IVIG (2 g/kg) is usu-
ally administered intravenously over 12-
24 hours. The recommended initial in-
fusion rate is 0.01 mL/(kg.min) [5%
IVIG 30 mg/(kg.h)] for 15 to 30 min, in-
creasing to 0.02 mL/(kg.min), then to
0.04 mL/(kg.min) if well tolerated, and
finally to a maximum rate of 0.08
mL/(kg.min) (1B).

Recommendations on IVIG applica-
tions:

Complete Kawasaki disease, incom-
plete Kawasaki disease, recurrent
Kawasaki disease: IVIG at a dose of
2g/kg administered as a single intra-
venous infusion over 12 to 24h, togeth-
er with oral aspirin. (1A)

Non-responsive Kawasaki disease
(IVIG-resistant Kawasaki disease): Ear-
ly reapplication of IVIG at a dose of
2g/kg in a single intravenous infusion
over 12 to24h is recommended. For pa-
tients who still have a fever, glucocor-
ticoids can be combined with IVIG. (1B)

Recommendations on the safety of
using IVIG:

Infants and children with fluid restric-
tion need to avoid low concentration
preparations. (1A)

Infants and children with cardio-
vascular disease should be careful to
avoid IVIG with high sodium content.
(1B)

Formulations using maltose or glu-
cose as stabilizers are not recommend-
ed for patients with diabetes and renal
impairment risks. (2A)

Amino acid-containing preparations
need to be used with caution in patients
with specific genetic metabolic abnor-
malities. (1B)

Possible adverse effects during the
use of IVIG reactions and recommen-
dations for countermeasures:
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Headache is a common adverse re-
action, usually occurring during or 2 to
3 days after infusion, and mild cases can
be treated with NSAIDs for pain relief.
(1A)

Transient asymptomatic neutropenia
after IVIG treatment usually occurs 2
to 4 days after infusion and recovers
within 2 weeks, generally, no treatment
is needed, but some scholars believe
that it can be prevented by glucocorti-
coids. (2B)

IgG subclass deficiency and hyper-
IgM syndrome are not contraindications
to IVIG. Anti-IgA antibodies can be de-
tected in patients who have had severe
allergic reactions and IgG replacement
therapy should be applied with caution
if the anti-IgA antibody titer is high
(greater than 1 in 1000) (2A).

Renal impairment is firstly manifest-
ed by elevated blood urea nitrogen or
creatinine, followed by oliguria and re-
nal failure, which peaks 5 to 7 days af-
ter high-dose infusion. In patients with
existing renal impairment, IVIG should
be infused slowly, and hydrated appro-
priately, and IVIG products containing
sucrose should be avoided. (1B)

The estimated incidence of thrombot-
ic events ranges from 1% to 16.9%. Risk
factors for thrombosis include first
high dose IVIG, previous or current
thrombosis, previous atherosclerotic
disease, hyperviscosity syndrome, hered-
itary hypercoagulable state, and rapid in-
fusion rate. Measures such as pre-hydra-
tion of IVIG, at a rate of less than 50
mg/(kg. h), use of hypotonic IVIG
products (3% to 6%), and prophylactic
use of aspirin or low molecular weight
heparin can be used to reduce the inci-
dence of thrombosis in high-risk pa-
tients. Patients who already have throm-
botic complications need to receive
antithrombotic therapy. (1B)

2. cHINeSe eXPerT 
coNSeNSuS oN aSPIrIN 
for KD [19]
2.1 MecHaNISM of aSPIrIN 
for THe TreaTMeNT of KD
Aspirin can act on the hypothalam-

ic thermoregulation center and cause pe-
ripheral vascular dilation, increasing skin
blood flow, sweating, heat dissipation,
and other cooling effects in children. In
addition, Aspirin can cause the acetyla-
tion of serine at position 530 of a

polypeptide chain, the active site of cy-
tochrome-1 in children, to completely
inactivate cytochrome-1, block the con-
version of arachidonic acid to thrombox-
ane A2, and achieve the effect of anti-
platelet aggregation, to effectively avoid
embolism in children and affect blood
pressure circulation. Therefore, Aspirin
in the treatment of KD children will play
a role in antipyretic analgesia and the
prevention of thrombosis [16, 30].

2.2 eXPerT coNSeNSuS 
recoMMeNDaTIoNS for 
aSPIrIN aPPLIcaTIoN 
IN KD [19].
Recommendations on dosage forms

of aspirin:
Aspirin has an irritating effect on the

gastric mucosa and gastrointestinal re-
actions such as nausea and vomiting are
often seen, therefore enteric tablets or
enteric capsules should be used for
long-term use. (1A)

Generally, drops and syrups are pre-
ferred for infants, while solutions,
syrups, suspensions, and effervescent
can be used for preschool children
aged 2 to 5 years. In addition, enteric
tablets and capsules must be swal-
lowed whole and are not suitable for use
in younger children. Effervescent tablets
can be dissolved into a liquid to facili-
tate accurate dosing and are easy for
children to take, making them a suitable
dosage form for children, but there are
problems with storage and wastage
when dispensing, which need to be
further explored. (1B)

Recommendations on the dosage
and course of treatment of aspirin in the
treatment of KD:

Children in the acute phase of KD
should be given aspirin 30-50 mg/(kg-
d) orally in 2 to 3 divided doses until the
fever subsides 48 to 72 h or until 3-5
mg/(kg.d) after 14 days of onset, with
maintenance doses. Continue orally for
6-8 weeks, or until coronary artery
normalization in children with CAL[31-
34].(1A)

Children with KD in the acute phase
should receive oral aspirin 3-5 mg/kg.d
for 6 to 8 weeks, or until coronary ar-
tery normalization in children with
CAL.(1A)

Children with undiagnosed KD and
atypical KD before IVIG can usually be
given oral aspirin 3-5 mg/kg.d for 6 to
8 weeks at an early stage, or until coro-

nary artery normalization in children
with CAL.(2B)

Recommendations for the use of as-
pirin in KDSS :

In the treatment of KDSS, the appli-
cation of aspirin follows the dose and us-
age of conventional aspirin in the treat-
ment of KD.

Due to the low prevalence of KDSS,
reports on KDSS are still case reports,
and reviews on the subject have focused
on early identification of KDSS by al-
tered inflammatory markers and explor-
ing how to manage IVIG non-response.
The American Heart Association's 2017
consensus on KD diagnosis and man-
agement also does not suggest whether
the dosage of Aspirin in children with
KDSS needs to be adjusted. Therefore,
we believe that the decisive factor in the
occurrence of CAL in children with
KDSS is the timely correction of hy-
poproteinemia and correction of shock
and that the application of Asp is suffi-
cient in accordance with the dosage and
usage of conventional Aspirin used in
the treatment of KD.

Adverse effects of aspirin in the
treatment of KD and preventive meas-
ures:

Possible adverse reactions in children
with KD treated with aspirin include rhi-
norrhoea, gastrointestinal bleeding, pep-
tic ulcers, subcutaneous hemorrhage, in-
tracranial hemorrhage, black stools,
asthma, liver, and renal failure, rash, loss
of appetite, nausea, vomiting, Reye's
syndrome, tinnitus, hearing loss, and
toxic epidermal necrolysis relaxation/ -
skin-mucosa-eye syndrome. Although
the incidence of these adverse reactions
is low, aspirin dose reduction or discon-
tinuation is required if these adverse re-
actions occur during KD treatment
[35]. Hepatic impairment following as-
pirin therapy has been reported to be
closely related to the dose used. It is rec-
ommended to add gastric mucosal pro-
tective agents during oral aspirin ther-
apy and to review regularly to try to min-
imize adverse effects to improve the
prognosis of children with KD.

Precautions for aspirin use:
Contraindication: allergy to aspirin,

active bleeding, liver, and kidney fail-
ure, digestive ulcer and frequent recur-
rence, hemophilia, other coagulation dis-
orders, etc.

Caution: abnormal liver function,
minor bleeding of subcutaneous mucosa,
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transient nosebleed, asthma, glucose-6-
phosphate dehydrogenase deficiency,
Reay's syndrome, genetic metabolic
diseases similar to Reay's syndrome,
ASP-related rash, gastrointestinal dis-
eases, etc.

Other precautions: If liver transam-
inase increases in KD subacute stage
or recovery stage, the aspirin dose
should be reduced and/or discontinued.
As KD acute stage often appears per-
sistent high fever, clinical use of
ibuprofen is possible to reduce fever.
The combination of ibuprofen counter-
acts the irreversible platelet inhibition
induced by aspirin and therefore
ibuprofen should be avoided in children
with CAL and acetaminophen should
be used to reduce fever [36]. During the
KD recovery period, it is still recom-
mended that children taking low dos-
es of aspirin can be inoculated, but the
relevant clinical symptoms need to be
strictly observed [37].

3. cHINeSe eXPerT 
coNSeNSuS oN Gc 
for KD [15]
3.1 MecHaNISM of aSPrIN 
for THe TreaTMeNT of KD
Vascular endothelial injury is a key

link in the pathogenesis of KD. Neu-
trophils, CD8+ T lymphocytes, and
mononuclear macrophages accumulate
in the coronary artery mesothelium
during the acute phase of KD, causing
vascular endothelial injury is a key
link in the pathogenesis of KD. Disrup-
tion of the vascular barrier releases cy-
tokines and adhesion molecules that dif-
fuse into the vessel wall, leading to ves-
sel wall edema, elastic fiber fracture, and
destruction of the elastic layer, causing
vascular remodeling leading to coronary
artery dilation or CAA.GC can reduce
the transcription of inflammatory medi-
ators and decrease the level of fever and
inflammation in KD patients, thus reduc-
ing the incidence of coronary artery
damage and future cardiovascular seque-
lae [38, 39].

3.2 INDIcaTIoNS for Gc 
aPPLIcaTIoN for KD 
INcLuDe THe foLLoWING :
IVIG unresponsive KD remedial

therapy; Children with combined CAA
or peripheral hemangioma with persist-
ently elevated inflammatory markers;

KDSS; KD combined with macrophage
activation syndrome(MAS); Children at
high risk of IVIG unresponsiveness, in-
cluding those with an age of onset less
than 0.5 years, high levels of inflamma-
tory markers, and a Kobayashi warning
score greater than or equal to 5, or chil-
dren with high-risk KD as judged by the
IVIG high-risk warning score at each
hospital [40, 41].

3.3 DIffereNT KINDS aND 
MeTHoDS of Gc are 
aPPLIeD To KD
Recommendation: The type of GC

treatment for KD patients was high-dose
methylprednisolone intravenous injec-
tion followed by oral prednisone sequen-
tial therapy [38]. (1A)

3.4 DoSe aND courSe of 
Gc aPPLIeD To KD
3.4.1 IVIG non-responsive KD
Kobayashi score suggests first-line

treatment for children with IVIG non-
responsive KD or persistently elevated
inflammatory markers combined with
CAA or peripheral vascular tumorsflam-
matory index.

Recommendation: Prednisone 1-2
mg/(kg.d), taken in the morning, with a
total dose of less than 60 mg per day or
methylprednisolone 1-2 mg/(kg.d), in-
travenously, once or twice a day, reduced
after body temperature and c-reactive
protein were normal, and then gradual-
ly reduced within 15 days, 1-2
mg/(kg.d), for 5 days; 0.5-1mg /(kg.d)
for 5 days; 0.25-0.5 mg/(kg.d) for 5
days[43-47]. (1A)

3.4.2 Second-line treatment of
IVIG non-responsive KD

Optional second dose of IVIG plus
prednisone (or methylprednisolone).

Recommendation: Prednisone 1-2
mg/(kg.d), taken in the morning, with a
total dose of less than 60 mg per day or
methylprednisolone 1-2 mg/(kg.d), in-
travenously, once or twice a day, reduced
after body temperature and c-reactive
protein were normal, and then gradual-
ly reduced within 15 days, 1-2
mg/(kg.d), for 5 days; 0.5-1mg /(kg.d)
for 5 days; 0.25-0.5 mg/(kg.d) for 5 days
[43-48].(1A)

3.4.3 first-line treatment of KDSS
Recommendation: Methylpred-

nisolone 10-30 mg/(kg.d) for 1 to 3 d

with 2 to 3 h of each intravenous in-
fusion. Heparin anticoagulation 10
U/(kg.d) of heparin concurrently 2 h
before the start of methylpred-
nisolone] for 24 h is recommended, or
low-molecular heparin anticoagula-
tion with coagulation, echocardiogra-
phy, and blood pressure monitoring
[49-52]. (2A)

3.4. 4 first-line treatment of KD
combined with MaS

Recommendation: Methylpred-
nisolone 10-30 mg/(kg.d) for 3 d, with
each IV infusion for 2-3 h. Sequential
prednisone orally [1-2 mg/(kg.d)] until
complete control and remission of MAS
with gradual dose reduction and discon-
tinuation [53-55]. (2A)

GC is not recommended as routine
first-line therapy for KD.GC alone is un-
safe and contraindicated as a first-line
treatment for KD, as studies have
shown that GC alone used as an initial
treatment for KD can significantly in-
crease the incidence of coronary artery
damage [39, 56].

4. PreVeNTIoN 
of aDVerSe reacTIoNS
During treatment with GC in children

with KD, special attention should be
paid to the prevention of Cushing's
syndrome, infection, thrombosis, osteo-
porosis, aseptic necrosis of the femoral
head, diabetes mellitus, hypertension,
hormonal glaucoma, cataract, bradycar-
dia, secondary adrenocortical insuffi-
ciency and growth retardation. For the
prevention and treatment of osteoporo-
sis, it is recommended to supplement vi-
tamin D 600-800 U/d and calcium
1000-1200 mg/d during the application
of GC. Various infections, such as tuber-
culosis, fungus, and chickenpox, should
be fully excluded before high-dose
methylprednisolone shock therapy, and
blood pressure and blood glucose should
be closely observed and tested to detect
any of the above complications in time
and deal with them actively. While ap-
plying CC, strive to minimize the ad-
verse effects to improve the prognosis
of children with KD.

5. MaTTerS NeeDING 
aTTeNTIoN
(1) Contraindicated: hypersensitiv-

ity to GC drugs, epilepsy, fractures, un-
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controlled infections (e.g. chicken-
pox, fungal infections), active tubercu-
losis, etc.

(2) Caution: Cushing's syndrome,
myasthenia gravis, hypertension, dia-
betes mellitus, intestinal disease or
chronic malnutrition, infectious dis-
eases, etc. must be combined with effec-
tive antibiotics.

(3) Other precautions: Prevent cross-
allergy, those who are allergic to one
GC drug may also be allergic to other
GCs. When using GC, adopt low sodi-
um, high potassium, high protein diet,
supplement calcium, and vitamin D, and
add drugs to prevent peptic ulcer and
bleeding and other adverse reactions. If
there is an infection, antibiotics should
be applied at the same time to prevent
the spread and aggravation of the infec-
tion. The interaction between GC and
other drugs should be noted, for exam-
ple, excessive potassium loss can be
caused when GC is combined with
potassium-removing diuretics (e.g.,
thiazide or tab diuretics), and the inci-
dence of gastrointestinal bleeding and
ulcers increases when GC is combined
with NSAIDs [38, 46, 57-59].

coNcLuSIoN
After more than thirty years of clin-

ical validation, concerning half a cen-
tury of research results on KD, and com-
bined with the treatment experience of
hundreds of pediatric KD clinicians
and experts in China, these consensus-
es standardize the use of IVIG, Aspirin,
and GC in pediatric KD medication,
which has important clinical significance
in effectively reducing the incidence of
complications in all systems of KD and
preventing cardiovascular sequelae
caused by KD. The limitations of con-
sensuses include relatively few high-
quality randomized controlled studies,
fewer and more foreign references, and
insufficient consideration of ethnic dif-
ferences. Because the pathogenesis of
KD is not fully understood, the medica-
tion for KD is constantly updated and
researched. It is necessary to continuous-
ly update the consensus of KD medica-
tion according to the latest internation-
al studies, and supplement the dosage
and regimen of other complications in
various medications for myocarditis,
acute inflammatory response syndrome,
MAS, and other diseases.
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1 ePIDeMIoLoGY
Kawasaki disease was first reported

and named after Fuzuo Kawasaki in
1967. Kawasaki disease is more com-
mon in children, 80% of the age is less
than five years old, and there are also
teenagers. The young age of onset indi-
cates that the susceptibility may be re-
lated to the maturity of the immune sys-
tem [1]. Now we have some knowledge
and understanding of Kawasaki disease,
and its incidence varies greatly in dif-
ferent populations. Japan has the high-
est incidence rate, and the number of
cases continues to rise. According to the

aBSTracT:
Kawasaki disease is an acute, self-limited vasculitis of unknown etiology, which

mainly occurs in infants and children. The target organs of Kawasaki disease
are coronary arteries and other cardiovascular structures. The initial manifes-
tations of Kawasaki disease are high fever, inflammation of skin and mucosa,
and enlargement of cervical lymph nodes. About 25% of children who are not
treated with intravenous immunoglobulin during the acute phase of the disease
will develop coronary artery aneurysms. Nowadays, Kawasaki disease has re-
placed rheumatic fever as the main cause of acquired heart disease in children
in developed countries. However, there is still no specific diagnostic test, echocar-
diography is still the main diagnostic method of coronary artery involvement
in children with Kawasaki disease, and risk stratification assessment is carried
out according to Z value to assist in the short-term and long-term diagnosis and
treatment of Kawasaki disease. In the aspect of treatment, there are reports on
the application of corticosteroids, infliximab, cyclosporine, methotrexate, in-
terleukin receptor blockers and so on.
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survey, the incidence rate has reached
264.8 per 100000 children (< 5 years
old) [2]. South Korea is also increasing
year by year, according to a retrospec-
tive epidemiological survey, the inci-
dence rate has reached 217.2 per 100000
children (< 5 years old) [3]. In China,
the incidence rate of a 10-year survey
in Beijing has reached 55.1 per 100000
children (< 5 years old); the result of a
five-year survey in Shanghai is 46.3; in
a recent survey in Taiwan, the incidence
rate is 82.8 per 100000 children (< 5
years old), ranking third in the world [4]
[5] [6]. The United States passive Mon-
itoring and Analysis Management Data-
base shows that the incidence rate is 19
per 100000 children (< 5 years old) and
24.7 per 100000 children (< 5 years old)
in California [7]. Among American
children in Hawaii and California, the
high incidence of children of Asian and
Pacific island descent suggests that
there may be an important gene con-
tributing to their susceptibility (incidence
rates are 210, 50.4 per 100000 children
(< 5 years old) respectively) [8] [9]. A
genome-related study in Japan also
shows that susceptibility to Kawasaki
disease may be related to genes [10]. In
France, it is 7 per 100000 children (< 5
years old), while in Japan it is 30 times
that of France. And Kawasaki disease
has obvious seasonality in the northern
hemisphere [11].

When people with genetic suscepti-
bility to Kawasaki disease are exposed
to an environment where Kawasaki
disease triggers may be widely distrib-
uted, they cause an immune response if
they enter the upper respiratory tract
[12]. Some genetically susceptible chil-
dren will have irreversible coronary ar-
tery wall damage. Available records can
indicate the accumulation of cases in
time and space, but there is still no ev-
idence of human-to-human transmission
[13]. It is assumed that potential cases
can occur under the following two trig-
gers: 1) replication of infectious
pathogens in mucosal epithelial cells of
the upper respiratory tract; and 2) wide-
spread distribution of antigens in the en-
vironment. Recently, some data support
the interesting hypothesis that the trig-
gers of Kawasaki disease are carried by
large-scale convective air. Moreover, the

seasonal clusters and annual epidemics
of Kawasaki disease cases in Japan,
Hawaii and southern California are in
the northeastern provinces of China [1].

2. PaTHoLoGY
Among the pathological changes

caused by Kawasaki disease, the most
common is to affect the coronary artery,
followed by other substantive muscular
arteries. A comprehensive review of 32
cases of Kawasaki autopsy and 8 cas-
es of heart transplantation described
three points related to the progression
of vascular lesions in the arterial wall:
necrotizing arteritis, subacute / chron-
ic vasculitis and myofibroblast hyper-
plasia [14].

1) Acute arteritis is characterized by
neutrophil infiltration from the vascu-
lar lumen and is associated with exten-
sive necrosis of the vascular walls of
coronary arteries and other medium-
sized arteries [15]. Neutrophil elastase
may also cause some damage to the in-
ternal and external elastic membrane of
the vascular wall, leading to the forma-
tion of aneurysms. Neutrophil elastase
inhibitors have been used to block this
pathway in Japan [16].

2) subacute vasculitis begins a few
weeks after fever, or months and years
later, and is closely related to the pro-
liferation of myofibroblasts in the third
process [13]. Inflammatory cells main-
ly infiltrate the lymphatic system and ad-
ventitia, and the involvement of CD8+
cytotoxic T lymphocytes has been con-
firmed, suggesting that anti-T cell ther-
apy may be effective, such as cal-
cineurin inhibitors cyclosporine and
tacrolimus [17] [18] [19].

3) the proliferation of myofibroblasts
may be the pathological process of
myofibroblasts derived from smooth
muscle cells mediated by transforming
growth factor-β [20] [21]. The polymor-
phism of transforming growth factor
pathway is associated with increased
susceptibility to aneurysm inflammation
in patients with Kawasaki disease [22].
Myofibroblast proliferation can lead to
lumen stenosis and myocardial is-
chemia. A prominent histological feature
of late aneurysms is that layered throm-
bus is commonly found in calcification-
related aneurysms, which can be detect-

ed by computed tomography ((CT))
[23]. It should be noted that because the
histological description of Kawasaki dis-
ease is mainly based on autopsy of in-
dividuals with vasculitis complications,
it is characterized by severe cardiovas-
cular pathological changes. These data
can be used to judge the condition of pa-
tients with potential risk of cardiovas-
cular complications.

3. DIaGNoSIS
At present, there is no specific diag-

nosis of Kawasaki disease. The diagno-
sis is now based on clinical standards de-
veloped by the Japanese Ministry of
Health and adopted by the American
Heart Association, alongside non-spe-
cific laboratory tests that support the di-
agnosis. Timely diagnosis and treatment
is very important, which largely depends
on careful medical history collection and
thorough physical examination.

3.1 cLINIcaL 
MaNIfeSTaTIoNS
The common clinical features of

Kawasaki disease are as follows: fever
for five days or more, conjunctival
congestion in both eyes, red lips, red
bayberry tongue, diffuse hyperemia in
oral and pharyngeal mucosa, pleomor-
phic erythema and rash, hard edema of
hands and feet, erythema of metatarsus
and toes, and membranous peeling at the
skin migration of nail bed at fingertip
(convalescent stage). Non-suppurative
cervical lymph node enlargement was
found in the acute stage, often unilater-
al and > 1.5cm in diameter. [24]

3.1.1 Typical Kawasaki disease
The diagnosis of classical Kawasa-

ki disease is based on fever for more
than 5 days and the presence of 4 or
more clinical features [24]. Experi-
enced clinicians may make a diagnosis
in rare cases where the hands and feet
are red and swollen, and the diagnosis
takes only 4 days of fever. Fever usual-
ly dissipates within 36 hours after the
completion of IVIG infusion. If not, the
patient is considered to be resistant to
IVIG and needs further treatment. In ad-
dition, fever that dissipates sponta-
neously after 7 days cannot be consid-
ered evidence that the diagnosis of
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Kawasaki disease has been excluded.
Kawasaki disease should be considered
in infants with long-term fever with un-
explained aseptic meningitis or cul-
ture-negative shock and ineffective an-
tibiotic treatment of cervical lym-
phadenitis.[25]

These typical clinical features do not
necessarily appear at the same time, and
often can not be found early in the
process of diagnosis, and some clinical
features may be weakened with the de-
lay of time, so it is necessary for clini-
cians to carefully examine the symptoms
and signs of children in order to make
an early diagnosis and prevent delays in
the disease.

3.1.2 Incomplete Kawasaki disease
For incomplete (atypical) Kawasaki

disease, infants or children with long-
term fever of unknown causes and chil-
dren with less than 4 main clinical fea-
tures need to consider its possibility, if
there are relevant laboratory tests and
echocardiography, it can be diagnosed
as incomplete Kawasaki disease [25].
Although the Z score of left anterior de-
scending branch or right coronary artery
branch is not sensitive, it has high
specificity for diagnosis [26] [27].

3.2 LaBoraTorY 
INSPecTIoN
(1) the laboratory indicators in the

acute and subacute stages of Kawasaki
disease have been summarized in the
process of continuous accumulation, in-
cluding the following:

1) the acute phase of Kawasaki dis-
ease is characterized by an increase in
immature and mature granulocytes,
positive cell euchromic anemia, and high
protein in the acute phase. 2) Thrombo-
cytopenia may occur in the process of
intravascular thrombosis and degrada-
tion, which is characterized by a signif-
icant increase in the level of D-dimer.
3) Thrombocytopenia may occur in
the subacute stage of Kawasaki disease.
4) about 35% of the patients had mild
to moderate increase in serum
transaminase or γ-glutamyl transpepti-
dase activity. 5) about 10% of patients
have mild hyperbilirubinemia. 6) hy-
poproteinemia may occur in patients,
which is also a serious acute manifes-
tation of correlation. 7) up to 80% of

children's urine tests showed the pres-
ence of sterile pyuria [28]. 8) some pa-
tients may have elevated N-terminal B-
type brain natriuretic peptide (NT-
BNP), but this only indicates cardiac in-
volvement and does not fully diagnose
Kawasaki disease, and its meaningful
numerical increment has not been deter-
mined [24].

3.3 ecHocarDIoGraPHY:
Echocardiography is the main cardiac

imaging in acute phase. In North Amer-
ica, echocardiographic measurements of
the internal diameter of the proximal
coronary artery segment corrected based
on body surface area have been stan-
dardized [29]. The American Heart As-
sociation classifies as: small aneurysms
2.5 ≤ Z < 5; moderate aneurysms 5 ≤ Z
< 10; giant aneurysms Z ≥ or inner di-
ameter > 8 mm [30]. The Japanese stan-
dard is to define the size of an aneurysm
according to the size of the lumen: small
aneurysms ≤ 4 mm, medium aneurysms
> 4 mm and ≤ 8 mm, and giant
aneurysms > 8 mm. In children ≥ 5 years
old, the size of aneurysms can also be
classified by the ratio of their internal
diameter to adjacent segments: 1.5
times for small aneurysms, 1.5 times to
4 times for moderate aneurysms, and
more than 4 times for giant aneurysms
[31] [32].

3.4 DIffereNTIaL 
DIaGNoSIS: 
Because there are no specific diag-

nostic criteria, it needs to be distin-
guished from other diseases with sim-
ilar clinical manifestations, including EB
virus, adenovirus, echo virus, measles,
toxic shock syndrome, scarlet fever, id-
iopathic juvenile arthritis, nodular pol-
yarteritis, Rocky Mountain spotted
fever leptospirosis, adolescent mercury
poisoning and adverse drug reactions,
Stephens-Johnson syndrome, etc. [33]
[34] [35].

4. STaGeS of cLINIcaL 
courSe of DISeaSe
The clinical process of Kawasaki dis-

ease is divided into four stages:
(1) Acute phase: this stage will last

for 1-2 weeks without treatment. Chil-
dren usually present with relaxation

fever, which can reach as high as 40 �
at the peak of the disease, and show
some major symptoms such as cardiac
changes, including valvulitis, pericardi-
tis and myocarditis. (2) subacute stage:
this stage is about 2 weeks. As the fever
recedes, the child is at high risk of sud-
den death from myocardial infarction.

(3)in the recovery stage, the clinical
symptoms basically disappeared and the
level of serum reactants returned to nor-
mal in the acute stage.

(4) chronic phase: mainly patients
with coronary artery involvement who
need follow-up treatment. Therefore, we
should make diagnosis and timely treat-
ment in the acute phase as soon as pos-
sible to reduce inflammation and reduce
the risk of coronary artery involve-
ment in the later stage of the disease.

5. eVaLuaTIoN of acuTe 
KaWaSaKI DISeaSe
Clinical laboratory examination can

support clinicians' suspicion of Kawasa-
ki disease, but it needs to be combined
with symptoms and auxiliary examina-
tions to assist in differential diagnosis
and assess the intensity of inflammation.
There are no systematic and accurate di-
agnostic methods for both clinical stan-
dards and laboratory characteristics,
and clinical standards depend on non-
specific symptoms that may not occur,
but can be present in many other vasculi-
tis toxin-mediated diseases [33], as
mentioned above. It is not possible to
rely solely on clinical criteria, because
the characteristics of Kawasaki dis-
ease do not necessarily occur at the same
time. The main clinical manifestations
may be accompanied by a variety of
symptoms of febrile vasculitis, includ-
ing arthritis, gastrointestinal discomfort,
fatigue and other systematic clinical
manifestations, all of which may lead to
misdiagnosis and delay treatment [24]
[36]. Especially in infants under 6
months of age, clinical symptoms may
only find high fever of unknown caus-
es, and most of them are irritable or
sleepy [1]. Easily misdiagnosed as up-
per respiratory tract infection, acute con-
junctivitis, skin allergy, lymphadenitis.
Other occasional features such as abnor-
mally increased cells in pyuria and
cerebrospinal fluid may indicate the
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presence of other infections that may de-
lay diagnosis [37]. The diversity of
symptoms makes it difficult for clini-
cians to make a diagnosis. It is neces-
sary to consider the delay of Kawasa-
ki disease in any case and other fever of
unknown causes. This also hinders the
diagnosis of incomplete Kawasaki dis-
ease, which is an important part of pa-
tients with Kawasaki disease.

Children less than 1 year old and chil-
dren over 5 years old are more likely to
develop incomplete Kawasaki disease
[38] [39]. These patients account for
about 25% [40] of Kawasaki disease,
and may delay treatment due to a high
misdiagnosis rate, resulting in an in-
creased risk of coronary artery compli-
cations. A case-control study in Australia
has shown that for children with poten-
tially high cardiovascular risk, changes
in aortic intima-media thickness are like-
ly to be a sensitive indicator of cardio-
vascular risk after Kawasaki disease.
however, it is not clear whether this
change in mid-childhood indicates ath-
erosclerotic burden or cardiovascular
risk in adulthood [41].

5.1 cHaNGeS IN LaBoraTorY
TeSTS DurING 
THe acuTe PHaSe
Including neutropenia, euchromic

anemia, and acute high protein, there are
also changes in platelets, slightly high-
er activity of serum transaminase or γ-
glutamyl transpeptidase, hypoproteine-
mia, aseptic pyuria, and so on.

5.2 ecHocarDIoGraPHY IS 
THe MaIN MaNIfeSTaTIoN 
of carDIac IMaGING IN 
acuTe PHaSe.
1) the Japanese standard defines the

size of the aneurysm according to the
size of the lumen, and it can also be clas-
sified by the ratio of the internal diam-
eter to the adjacent segments. The
American Heart Association's assess-
ment of coronary artery abnormalities
has been described earlier.

2) Echocardiography is an important
auxiliary method in abnormal diagno-
sis. But normal echocardiography does
not rule out Kawasaki disease. In addi-
tion, normal baseline echocardiography
does not rule out the possibility of lat-
er development of coronary artery

aneurysms in the first week of onset;
therefore, echocardiography should be
reexamined at 1-2 weeks and 4-6 weeks
after treatment. Coronary artery z val-
ues > 2 at baseline or with high-risk clin-
ical features (e.g. persistent fever, intra-
venous gamma globulin resistance)
should be examined more frequently [1].

3) two-dimensional and M-mode
echocardiography only showed tempo-
rary left ventricular dilatation, systolic
dysfunction, pericardial effusion and
valvular regurgitation (especially mitral
regurgitation). Systolic dysfunction on
the echocardiographic baseline is a risk
factor for coronary artery aneurysms
[42]. Kawasaki disease shock syn-
drome is rare in patients, and warm
shock usually occurs with decreased pe-
ripheral vascular resistance [43], which
can be confused with toxic shock syn-
drome or sepsis.

6. acuTe PHaSe 
MaNaGeMeNT
6.1 INITIaL TreaTMeNT
The purpose of acute treatment is to

minimize systemic and cardiovascular
inflammation in order to prevent cardio-
vascular sequelae. The main method is
high-dose IVIG combined with aspirin,
fever within 10 days (early) C ball
should reduce the incidence of coronary
artery disease from 25% to 5% [44] [45].

Although the mechanism of Kawasa-
ki disease is not fully understood, the ef-
ficacy of intravenous immunoglobulin
(IVIG) as first-line treatment for acute
Kawasaki disease has been verified in
many prospective multicenter trials.
Administration of IVIG within ten days
after fever helps to reduce inflammation,
but has little effect on preventing coro-
nary artery damage. Aspirin is widely
recognized as a therapeutic drug, but
there is little evidence of its therapeu-
tic benefits. A retrospective study in
Canada showed that low-dose aspirin
was no less effective in reducing the risk
of coronary artery abnormalities than
high-dose aspirin in the case of com-
bined immunoglobulin injection [36].
However, the risk of high-dose aspirin
administration, including aspirin toxi-
city, Wright's syndrome and conductive
hearing loss, has led to adjustments in
administration practices in some coun-

tries, including Japan, where the recom-
mended acute dose has been reduced to
30-50mg/kg/d [46]. Timely treatment is
the key to prevent the adverse outcome
of coronary artery.

6.2 TreaTMeNT of PaTIeNTS 
WITH IVIG reSISTaNce
(AHA) of the American Heart Asso-

ciation defines drug-resistant Kawasa-
ki disease as "relapse or persistent
fever at least 36 hours after the first in-
jection of IVIG." [25] it is reported that
if patients are treated in the first five days
of fever, the rate of IVIG resistance is
higher, although it is not clear whether
early treatment will lead to a worse prog-
nosis, or whether patients with Kawasa-
ki disease have more severe symptoms
on the fifth day [47]. Two kinds of IVIG
action mechanisms have been estab-
lished in patients' peripheral blood
mononuclear cell related studies in vit-
ro: the first is to stimulate myeloid den-
dritic cells to secrete IL-10, and make
T cells differentiate into regulatory
phenotypes through the constant region
of immunoglobulin molecule Fc. The
second mechanism is to present the treat-
ed Fc peptide to a subset of regulatory
T cells to amplify and produce IL-10
[49]. Peptide mapping studies have
identified the specific Fc region that me-
diates this amplification [50]. As the ef-
fect of gamma globulin on fever and the
improvement of skin and mucosal
symptoms is very rapid, other mecha-
nisms such as anti-cytokines and anti-
idiotypic antibodies, although lack of
specific data, may also be important.
Most patients with rapid improvement
in clinical experience and infusion of
gamma globulin will stop fever, but
about 10% to 20% of patients will de-
velop recurrent fever and require addi-
tional anti-inflammatory treatment [51].
The prognosis of IVIG resistance is poor
because intractable fever indicates pro-
gressive arteritis, and these patients
tend to have a higher risk of developing
coronary artery aneurysms.

6.2.1 Second dose of immunoglob-
ulin

Many authorities recommend the
use of a second dose of IVIG2g/kg for
treatment. Repetitive IVIG has been
shown to be safe and effective, but it
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has not been proved by sufficient ran-
domized trials. There may be a theoret-
ical advantage when using different
IVIG products for initial treatment, as
preparations from different donor pools
may have different antibody sequences
or different quantities and compo-
nents, as well as other anti-inflamma-
tory factors [52].

6.2.2 corticosteroids
The use of steroids in the treatment

of Kawasaki disease has gone through
a tortuous process, which is more rea-
sonable and acceptable because of its
wide availability and relatively low
price. There is evidence that the use of
steroids can improve inflammatory
markers, disappear rapidly, and may re-
duce the incidence of CALS [52]. AHA
suggests that a short course of high-dose
steroids can be used as a reasonable
change in the second intravenous gam-
ma globulin, or as a reasonable treatment
after two doses of IVIG are ineffective.
AHA's alternative recommendation for
drug-resistant KD is to start taking
steroids in addition to a second dose of
IVIG and aspirin [25]. However, there
is no clear evidence of the optimal
dose, formulation, duration and duration
of corticosteroids. A recent randomized
controlled trial in Japan found that
prednisolone added to the standard
IVIG regimen significantly reduced
the incidence of undesirable coronary
arteries, but these have not been found
outside the Japanese population [53].

6.2.3 Infliximab
Infliximab in patients with IVIG re-

sistance can solve fever and inflamma-
tory markers more quickly, reduce hos-
pitalization days, reduce medical costs,
and have better tolerance. In the largest
randomized trial of infliximab as an ad-
juvant primary therapy for IVIG, there
was no evidence that infliximab reduced
resistance to Kawasaki disease [54]. On
the basis of retrospective data, AHA be-
lieves that infliximab can replace the
second dose IVIG [25].

6.2.4 cyclosporine
The efficacy of cyclosporine has

been shown in some cases, and studies
have shown that targeting the calcium

signaling pathway may prevent T cells
from destroying the coronary artery
wall [18] [19]. Small sample studies
have shown that cyclosporine has few
serious adverse events and is a good
choice for patients with drug-resistant
Kawasaki disease, but further research
is needed [52].

6.2.5 Methotrexate
A retrospective study and evaluation

of 10 years' data in South Korea showed
that low-dose methotrexate was effec-
tive in the treatment of patients with
IVIG resistance. The results showed that
the clinical symptoms of the patients
were improved, the fever disappeared
rapidly, the reactants decreased in the
acute phase, and no adverse reactions of
methotrexate were observed [37]. There-
fore, methotrexate may be a candidate
treatment for patients with anti-IVIG re-
sistance.

6.2.6 Interleukin receptor blockers
Data indicate that Atto vastatin in-

hibits the transformation of endothelial
cells to mesenchymal cells in children
with Kawasaki disease and coronary ar-
tery abnormalities in children) and pro-
motes T cell regulation in an interleukin
receptor blocker, anabhitin (an acute dis-
ease with abnormal coronary artery in
infants and children), phase I/Ila trials
investigate whether it is effective (phar-
macokinetics / safety study in children
with Kawasaki disease and coronary ar-
tery abnormalities). However, further
clinical trials are needed to improve its
therapeutic effects and methods.

6.2.7 cyclophosphamide
Cyclophosphamide, a cytotoxic

drug, is often used in combination
with corticosteroids to treat other rare
cases of refractory severe progressive
aneurysms [56].

There are many reports on the use
of other drugs, including other biolog-
ical agents, cytotoxic agents, ulinastatin
and plasma exchangers in drug-resist-
ant Kawasaki disease [57]. In the case
of severe inflammation, patients with
giant aneurysms have a higher risk of
coronary artery thrombosis. These
drugs are used in refractory patients
who fail to treat. However, further re-

search and clinical practice are need-
ed for the treatment of Kawasaki dis-
ease.

6.2.8 Percutaneous coronary inter-
vention in the treatment of aneurysm

The treatment of aneurysms in the
acute phase of Kawasaki disease is an
uncertain area. If echocardiography
shows coronary artery dilatation or
aneurysm diagnosis, pediatric cardiol-
ogists should participate in patient care
and develop individualized treatment
plans. The existence of coronary artery
dilatation requires the early participation
of pediatric cardiologists, multiple
echocardiographic monitoring of the
coronary artery, and long-term routine
stress and perfusion tests on the heart
[58] [59].

In patients with high risk of is-
chemia, percutaneous coronary inter-
vention is feasible. This includes intra-
coronary thrombolysis, balloon angio-
plasty, stent implantation and rotation-
al grinding, and should be performed in
patients with symptomatic ischemia,
laboratory examinations showing is-
chemia, or patients with severe steno-
sis, and in patients with progressive
coronary artery ischemia. If angiogra-
phy detects severe occlusion or endan-
gers collateral blood supply, coronary
artery bypass surgery should be per-
formed [57] [59].

7. LoNG-TerM 
aSSeSSMeNT
AHA stratifies the risk of coronary

artery disease according to the risk of
coronary artery thrombosis or stenosis
/ occlusion associated with myocardial
ischemia [25], which facilitates long-
term prediction and individualized
management of patients, including fol-
low-up, diagnostic trials, assessment
and management of cardiovascular
risk factors, drug therapy, thrombosis
prevention, physical activity and repro-
ductive counseling. (1) Coronary artery
lumen diameter measured by echocar-
diography, risk stratification was per-
formed using Z value converted to
body surface area correction (class �
a, class B); (2) based on the most severe
degree of coronary artery involvement
and current coronary artery involvement
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(type � a, grade C). (3) in addition to
coronary artery diameter, other clinical
features that may increase the risk of
long-term myocardial infarction (such
as distal terminal aneurysm, number of
aneurysms, number of affected coronary
artery branches, irregular coronary ar-
tery lumen, irregular inner layer of coro-
nary artery wall (calcification, wall
fibrosis), coronary artery dysfunction
(vasodilation damage, hemodynamic
changes), lack of collateral circula-
tion, insufficient blood supply. Prema-
ture angiogenesis, premature thrombus
regeneration, premature myocardial
infarction, ventricular dysfunction)
were considered for risk stratification
(class � a, class C). In general, the coro-
nary artery lumen Z score is stable, the
lumen is no longer enlarged. If the Z
value of the patient is still increasing af-
ter the end of the recovery period,
coronary artery changes should be
evaluated and followed up.

8. cHroNIc PHaSe 
MaNaGeMeNT
The purpose of chronic phase man-

agement is to prevent coronary artery oc-
clusion and myocardial infarction by re-
ducing platelet aggregation and inhibit-
ing thrombosis.

Long-term treatment included an-
tiplatelet aspirin dose of 3-5 mg / kg /
day until normal echocardiography was
displayed at 6-8 weeks [25]. If the ab-
normality of the coronary artery cannot
be reversed during this period, long-term
drug treatment and diagnostic follow-up
are involved. Patients with coronary ar-
tery involvement need to take aspirin for
a long time to fight platelets. In addition,
systemic anticoagulation therapy with
warfarin or low molecular weight he-
parin is used in patients with large or
multiple large aneurysms. Low molec-
ular weight heparin may be statistical-
ly beneficial to reduce coronary artery
score and is unlikely to cause severe
bleeding, which makes it a feasible
choice for children with severe coronary
artery involvement [60]. Children with
Kawasaki disease and children with
acute coronary artery disease should re-
duce exposure to atherosclerotic risk fac-
tors, including obesity, hyperlipidemia
and smoking [61]. There is a delay in

immunization in children treated with
IVIG, as this treatment blocks the acqui-
sition of active immunization by pre-
venting the replication of live viral
vaccines [62], so immunization should
be postponed appropriately.

8. cLINIcaL reSuLTS
Possible results of Kawasaki disease

include [62]:
(1) no cardiac sequelae; 
(2) coronary artery abnormalities, of

which about 60% are reversed within
one year; 

(3) cardiac involvement, including
myocarditis, aneurysm thrombosis, car-
diac rhythm disorders or myocardial in-
farction.

(4) recurrence of Kawasaki disease:
Before IVIG was found as a safe and

effective treatment in 3% of patients,
20 to 30% of patients progressed to
coronary artery dilatation, with a mor-
tality rate of 2% [63] [64]. If IVIG was
treated within 10 days of fever, only 3%
of children had transient coronary ar-
tery relaxation and 1% developed gi-
ant aneurysms [65]. The risk factors of
cardiovascular sequelae in patients
with Kawasaki disease include longer
duration of fever before treatment,
low serum albumin at admission (<
3g/L), age less than 1 year or more than
5 years old, and IVIG resistance or in-
complete Kawasaki disease [62]. Dur-
ing the 5-year period, Shaanxi Provin-
cial people's Hospital classified and an-
alyzed 170 children with Kawasaki dis-
ease, and regularly followed up and
found that nearly 1/4 were incom-
plete Kawasaki disease, and about 1/5
had abnormal coronary arteries. Most
of the children with giant aneurysms re-
covered after treatment but often
showed persistent abnormalities [66].
For healthy survivors of Kawasaki
disease, the long-term effect is to ac-
celerate the development of atheroscle-
rosis. Only a few cadavers have been
studied in patients with coronary artery
involvement, and there appears to be
endothelial dysfunction and coronary ar-
tery scarring. Although the contractile
force of patients with transient my-
ocarditis is normal during Kawasaki
disease, there are histopathological ab-
normalities during myocardial biopsies

[24]. However, the increase in secondary
atherosclerosis with intramural fibrotic
degeneration indicates an increased risk
of atherosclerosis development, which
may become apparent as asymptomatic
Kawasaki disease patients approach
middle age [67] [68].

9. coNcLuSIoN
Kawasaki disease is a disease with

high risk and there is no specific diag-
nosis. The main features of Kawasaki
disease and the rational use of echocar-
diography are helpful to timely treatment
and improve the prognosis of patients,
but the diagnosis of incomplete Kawasa-
ki disease is more complicated and ac-
companied by severe coronary artery
disease. If patients with Kawasaki dis-
ease have not been diagnosed and treat-
ed, coronary artery disease may become
an important factor in the morbidity and
mortality of heart disease. More and
more people in developing countries
such as China and India realize that
Kawasaki disease may replace rheumat-
ic fever as the most common cause of
childhood acquired heart disease, which
is of great significance to doctors and
cardiologists. it may also affect the
health care system in developing coun-
tries, so Kawasaki disease is by no
means a childhood disease, it has signif-
icant public health importance. Especial-
ly for developing countries like China
and India [69] [70]. In view of the se-
rious consequences of late diagnosis and
the rising global incidence of Kawasa-
ki disease, newborns and pediatric cli-
nicians should be prepared to diagnose
Kawasaki disease for children with
long-term fever.

refereNce
[1]. Newburger J W, Takahashi M,

Burns J C. Kawasaki disease[J]. Jour-
nal of the American College of Cardi-
ology, 2016, 67(14): 1738-1749.

[2]. Makino N, Nakamura Y, Yashiro
M, et al. Descriptive epidemiology of
Kawasaki disease in Japan, 2011–2012:
from the results of the 22nd nationwide
survey[J]. Journal of epidemiology,
2015, 25(3): 239-245.

[3]. Ha S, Seo G H, Kim K Y, et al.
Epidemiologic study on Kawasaki
disease in Korea, 2007-2014: based on

58



health insurance review & assess-
ment service claims[J]. Journal of
Korean medical science, 2016, 31(9):
1445-1449.

[4]. Du Z D, Zhao D, Du J, et al. Epi-
demiologic study on Kawasaki disease
in Beijing from 2000 through 2004[J].
The Pediatric infectious disease journal,
2007, 26(5): 449-451.

[5]. Ma X, Yu C, Huang M, et al. Epi-
demiologic features of Kawasaki disease
in Shanghai from 2003 through 2007[J].
Chinese medical journal, 2010, 123(19):
2629-2634.

[6]. Huang W C, Huang L M, Chang
I S, et al. Epidemiologic features of
Kawasaki disease in Taiwan,
2003–2006[J]. Pediatrics, 2009, 123(3):
e401-e405.

[7]. Uehara R, Belay E D. Epidemi-
ology of kawasaki disease in Asia, Eu-
rope, and the United States[J]. Jour-
nal of epidemiology, 2012, 22(2):
79-85.

[8]. Callinan L S, Holman R C, Vu-
gia D J, et al. Kawasaki disease hospi-
talization rate among children younger
than 5 years in California, 2003–2010[J].
The Pediatric infectious disease journal,
2014, 33(7): 781-783.

[9]. Holman R C, Christensen K Y,
Belay E D, et al. Racial/ethnic differ-
ences in the incidence of Kawasaki syn-
drome among children in Hawai ‘i[J].
Hawaii medical journal, 2010, 69(8):
194.

[10]. Onouchi Y. Genetics of
Kawasaki disease[J]. Circulation Jour-
nal, 2012, 76(7): 1581-1586.

[11]. Burns J C, Herzog L, Fabri O,
et al. Seasonality of Kawasaki disease:
a global perspective[J]. PloS one, 2013,
8(9): e74529.

[12]. Rowley A H. Kawasaki disease:
novel insights into etiology and genet-
ic susceptibility[J]. Annual review of
medicine, 2011, 62: 69-77.

[13]. Kao A S, Getis A, Brodine S, et
al. Spatial and temporal clustering of
Kawasaki syndrome cases[J]. The Pe-
diatric infectious disease journal, 2008,
27(11): 981.

[14]. Orenstein J M, Shulman S T,
Fox L M. Three linked vasculopathic
processes characterize Kawasaki dis-
ease[J]. a light and transmission electron
microscopic study, 2012: 7.

[15]. Takahashi K, Oharaseki T,
Naoe S, et al. Neutrophilic involvement
in the damage to coronary arteries in
acute stage of Kawasaki disease[J].
Pediatrics international, 2005, 47(3):
305-310.

[16]. Kanai T, Ishiwata T, Kobayashi
T, et al. Ulinastatin, a urinary trypsin in-
hibitor, for the initial treatment of pa-
tients with Kawasaki disease: a retro-
spective study[J]. Circulation, 2011:
CIRCULATIONAHA. 111.028423.

[17]. Brown T J, Crawford S E,
Cornwall M L, et al. CD8 T lympho-
cytes and macrophages infiltrate coro-
nary artery aneurysms in acute Kawasa-
ki disease[J]. The Journal of infectious
diseases, 2001, 184(7): 940-943.

[18]. Suzuki H, Terai M, Hamada H,
et al. Cyclosporin A treatment for
Kawasaki disease refractory to initial
and additional intravenous immunoglob-
ulin[J]. The Pediatric infectious disease
journal, 2011, 30(10): 871-876.

[19]. Tremoulet A H, Pancoast P,
Franco A, et al. Calcineurin inhibitor
treatment of intravenous immunoglob-
ulin–resistant Kawasaki disease[J]. The
Journal of pediatrics, 2012, 161(3):
506-512. e1.

[20]. Shimizu C, Oharaseki T, Taka-
hashi K, et al. The role of TGF-β and
myofibroblasts in the arteritis of
Kawasaki disease[J]. Human pathology,
2013, 44(2): 189-198.

[21]. Lee A M, Shimizu C, Oharaseki
T, et al. Role of TGF-β signaling in re-
modeling of noncoronary artery
aneurysms in kawasaki disease[J]. Pe-
diatric and Developmental Pathology,
2015, 18(4): 310-317.

[22]. Shimizu C, Jain S, Davila S, et
al. Transforming Growth Factor-β Sig-
naling Pathway in Patients With
Kawasaki DiseaseClinical Perspe -
ctive[J]. Circulation: Genomic and Pre-
cision Medicine, 2011, 4(1): 16-25.

[23]. Kahn A M, Budoff M J, Daniels
L B, et al. Calcium scoring in patients
with a history of Kawasaki disease[J].
JACC: Cardiovascular Imaging, 2012,
5(3): 264-272.

[24]. Newburger J W, Takahashi M,
Gerber M A, et al. Diagnosis, treatment,
and long-term management of Kawasa-
ki disease: a statement for health profes-
sionals from the Committee on Rheu-

matic Fever, Endocarditis and Kawasa-
ki Disease, Council on Cardiovascular
Disease in the Young, American Heart
Association[J]. Circulation, 2004,
110(17): 2747-2771.

[25]. McCrindle B W, Rowley A H,
Newburger J W, et al. Diagnosis, treat-
ment, and long-term management of
Kawasaki disease: a scientific statement
for health professionals from the Amer-
ican Heart Association[J]. Circulation,
2017, 135(17): e927-e999.

[26]. Muniz J C G, Dummer K,
Gauvreau K, et al. Coronary artery di-
mensions in febrile children without
Kawasaki disease[J]. Circulation: Car-
diovascular Imaging, 2013: CIRCIMA -
GING. 112.000159.

[27]. Bratincsak A, Reddy V D,
Purohit P J, et al. Coronary artery dila-
tion in acute Kawasaki disease and
acute illnesses associated with Fever[J].
The Pediatric infectious disease journal,
2012, 31(9): 924-926.

[28]. Tremoulet A H, Jain S, Chan-
drasekar D, et al. Evolution of labora-
tory values in patients with Kawasaki
disease[J]. The Pediatric infectious dis-
ease journal, 2011, 30(12): 1022.

[29]. Parameter(z). Pediatric and fe-
tal echo Z-scores. Available at: http://pa-
rameterz.blogspot.com. Accessed Feb-
ruary 1, 2016.

[30]. Manlhiot C, Millar K, Golding
F, et al. Improved classification of
coronary artery abnormalities based
only on coronary artery z-scores after
Kawasaki disease[J]. Pediatric cardiol-
ogy, 2010, 31(2): 242-249.

[31]. Kamiya T. Report of subcom-
mittee on standardization of diagnostic
criteria and reporting of coronary artery
lesions in Kawasaki disease. Diagnos-
tic Criteria of Cardiovascular lesions in
Kawasaki Disease[J]. http://www. niph.
go. jp/wadai/mhlw/1984/s5906011pdf,
1983: 1-10.

[32]. Ogawa S, Akagi T, Baba K, et
al. Guidelines for Diagnosis and Man-
agement of Cardiovascular Sequelae in
Kawasaki Disease (JCS 2008): Digest
Version[J]. Circulation journal: offi-
cial journal of the Japanese Circulation
Society, 2010, 74(9): 1989-2020.

[33]. Weiss P F. Pediatric vas -
culitis[J]. Pediatric Clinics, 2012, 59(2):
407-423.

2023

International Journal OF Pediatric Cardiology 59



International Journal OF Pediatric Cardiology

2023

[34]. Scuccimarri R. Kawasaki dis-
ease[J]. Pediatric Clinics of North
America, 2012, 59(2): 425-445.

[35]. J. Newburger. Kawasaki dis-
ease[J]. Pediatric Cardiology, chapter 25,
pp. 1067–1078, 2010.

[36]. Dallaire F, Fortier-Morissette Z,
Blais S, et al. Aspirin dose and preven-
tion of coronary abnormalities in
Kawasaki disease[J]. Pediatrics, 2017,
139(6): e20170098.

[37]. Jang H, Kim K Y, Kim D S.
Clinical Outcomes of Low-Dose
Methotrexate Therapy as a Second-
Line Drug for Intravenous Immunoglob-
ulin-Resistant Kawasaki Disease[J].
Yonsei medical journal, 2018, 59(1):
113-118.

[38]. Johnson S R, Goek O N, Singh-
Grewal D, et al. Classification criteria
in rheumatic diseases: a review of
methodologic properties[J]. Arthritis
Care & Research, 2007, 57(7): 1119-
1133.

[39]. Kentsis A, Shulman A, Ahmed
S, et al. Urine proteomics for discovery
of improved diagnostic markers of
Kawasaki disease[J]. EMBO molecular
medicine, 2013, 5(2): 210-220.

[40]. Manlhiot C, Christie E, Mc-
Crindle B W, et al. Complete and incom-
plete Kawasaki disease: two sides of the
same coin[J]. European journal of pe-
diatrics, 2012, 171(4): 657-662.

[41]. Chen K Y H, Curtis N, Cheung
M, et al. Cardiovascular Risk After
Kawasaki Disease-Findings From an
Australian Case-Control Study[J]. 2018.

[42]. Printz B F, Sleeper L A, New-
burger J W, et al. Noncoronary cardiac
abnormalities are associated with coro-
nary artery dilation and with laborato-
ry inflammatory markers in acute
Kawasaki disease[J]. Journal of the
American College of Cardiology, 2011,
57(1): 86-92.

[43]. Kanegaye J T, Wilder M S,
Molkara D, et al. Recognition of a
Kawasaki disease shock syndrome[J].
Pediatrics, 2009, 123(5): e783-e789.

[44]. Furusho K, Nakano H, Shi-
nomiya K, et al. High-dose intravenous
gammaglobulin for Kawasaki disease[J].
The Lancet, 1984, 324(8411): 1055-
1058.

[45]. Newburger J W, Takahashi M,
Beiser A S, et al. A single intravenous

infusion of gamma globulin as com-
pared with four infusions in the treat-
ment of acute Kawasaki syndrome[J].
New England Journal of Medicine,
1991, 324(23): 1633-1639.

[46]. Hsieh K S, Weng K P, Lin C C,
et al. Treatment of acute Kawasaki dis-
ease: aspirin’s role in the febrile stage
revisited[J]. Pediatrics, 2004, 114(6):
e689-e693.

[47]. Kuo H C, Yang K D, Chang W
C, et al. Kawasaki disease: an update on
diagnosis and treatment[J]. Pediatrics &
Neonatology, 2012, 53(1): 4-11.

[48]. Burns J C, Song Y, Bujold M,
et al. Immune-monitoring in K awasa-
ki disease patients treated with inflix-
imab and intravenous immuno -
globulin[J]. Clinical & Experimental Im-
munology, 2013, 174(3): 337-344.

[49]. Franco A, Touma R, Song Y, et
al. Specificity of regulatory T cells
that modulate vascular inflammation[J].
Autoimmunity, 2014, 47(2): 95-104.

[50]. Burns J C, Touma R, Song Y,
et al. Fine specificities of natural regu-
latory T cells after IVIG therapy in pa-
tients with Kawasaki disease[J]. Autoim-
munity, 2015, 48(3): 181-188.

[51]. Hwang J Y, Lee K Y, Rhim J W,
et al. Assessment of intravenous im-
munoglobulin non-responders in
Kawasaki disease[J]. Archives of disease
in childhood, 2011, 96(11): 1088-1090.

[52]. Phuong L K, Curtis N, Gowdie
P, et al. Treatment Options for Resist-
ant Kawasaki Disease[J]. Pediatric
Drugs, 2018: 1-22.

[53]. Kobayashi T, Saji T, Otani T, et
al. Efficacy of immunoglobulin plus
prednisolone for prevention of coronary
artery abnormalities in severe Kawasa-
ki disease (RAISE study): a randomised,
open-label, blinded-endpoints trial[J].
The Lancet, 2012, 379(9826): 1613-
1620.

[54]. Tremoulet A H, Jain S, Jaggi P,
et al. Infliximab for intensification of pri-
mary therapy for Kawasaki disease: a
phase 3 randomised, double-blind,
placebo-controlled trial[J]. The Lancet,
2014, 383(9930): 1731-1738.

[55]. Singh S, Newburger J W, Kui-
jpers T, et al. Management of Kawasa-
ki disease in resource-limited settings[J].
The Pediatric infectious disease journal,
2015, 34(1): 94-96.

[56]. Wallace C A, French J W,
Kahn S J, et al. Initial intravenous
gammaglobulin treatment failure in
Kawasaki disease[J]. Pediatrics, 2000,
105(6): e78-e78.

[57]. Fukazawa R, Ogawa S. Long-
term prognosis of patients with Kawasa-
ki disease: at risk for future atheroscle-
rosis?[J]. Journal of Nippon Medical
School, 2009, 76(3): 124-133.

[58]. Pinna G S, Kafetzis D A,
Tselkas O I, et al. Kawasaki disease: an
overview[J]. Current opinion in infec-
tious diseases, 2008, 21(3): 263-270.

[59]. Ogawa S, Akagi T, Baba K, et
al. Guidelines for Diagnosis and Man-
agement of Cardiovascular Sequelae in
Kawasaki Disease (JCS 2008): Digest
Version[J]. Circulation journal: offi-
cial journal of the Japanese Circulation
Society, 2010, 74(9): 1989-2020.

[60]. Brogan P A, Bose A, Burgner
D, et al. Kawasaki disease: an evidence
based approach to diagnosis, treatment,
and proposals for future research[J].
Archives of disease in childhood, 2002,
86(4): 286-290.

[61]. Ogawa S, Akagi T, Baba K, et
al. Guidelines for Diagnosis and Man-
agement of Cardiovascular Sequelae in
Kawasaki Disease (JCS 2008): Digest
Version[J]. Circulation journal: offi-
cial journal of the Japanese Circulation
Society, 2010, 74(9): 1989-2020.

[62]. Jamieson N, Singh-Grewal D.
Kawasaki disease: a clinician’s
update[J]. International journal of pedi-
atrics, 2013, 2013.

[63]. Dajani A S, Taubert K A, Ger-
ber M A, et al. Diagnosis and therapy of
Kawasaki disease in children[J]. Circu-
lation, 1993, 87(5): 1776-1780.

[64]. Kato H, Akagi T, Sugimura T,
et al. Kawasaki disease[J]. Coronary Ar-
tery Disease, 1995, 6(3): 194-206.

[65]. Hsieh K S, Weng K P, Lin C C,
et al. Treatment of acute Kawasaki dis-
ease: aspirin’s role in the febrile stage
revisited[J]. Pediatrics, 2004, 114(6):
e689-e693.

[66]. Jiao F, Yan X, Wu X. The Xi’an
Experience of Kawasaki Disease–Le -
ssons Learnt over 5 years[J]. The Indi-
an Journal of Pediatrics, 2016, 83(10):
1195-1196.

[67]. Oates-Whitehead R M, Baumer
J H, Haines L, et al. Intravenous im-

60



munoglobulin for the treatment of
Kawasaki disease in children[J]. 2003.

[68]. Tobayama H, Takahashi K,
Fukunaga H, et al. Analysis of arterial
function in adults with a history of
Kawasaki disease[J]. Journal of cardi-
ology, 2013, 61(5): 330-335.

[69]. Jiao F, Jindal A K, Pandiarajan
V, et al. The emergence of Kawasaki dis-
ease in India and China[J]. Global car-
diology science & practice, 2017,
2017(3).

[70]. Singh S, Sharma A, Jiao F.
Kawasaki disease: issues in diagnosis

and treatment-a developing country
perspective[J]. The Indian Journal of Pe-
diatrics, 2016, 83(2): 140-145.

[71]. Jiao F, Zhilong Mu, Kaisheng
Xie.Be alert to cardiovascular sequela
caused by Kawasaki disease.Health
News(7) 2021.03.17.

2023

International Journal OF Pediatric Cardiology 61

1. BacKGrouND
Since December 2019, when the

first case of the novel coronavirus
(COVID-19) was first reported in
Wuhan, China.[1] Later, large out-
breaks spread globally, and a new syn-
drome, multisystemic inflammatory
syndrome (MIS), with fever and cy-
tokine release after infection with
SARS-COV-2, was initially consid-
ered to be an atypical form of Kawasa-
ki disease (KD), as most of its clinical
symptoms are similar to Kawasaki dis-
ease and may also lead to cardiac com-
plications. The difference is that left ven-
tricular insufficiency and cardiovascu-
lar shock, coagulopathy and gastroin-
testinal involvement are more serious in
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aBSTracT:
Purpose: To explore the role of artificial intelligence in distinguishing

Kawasaki disease from other multi-system inflammatory syndromes.
Method : Retrieve relevant articles at home and abroad and apply artificial in-

telligence for comprehensive analysis.
result: The clinical application of artificial intelligence has played a time-

saving and labor-saving role in the differentiation of Kawasaki disease and oth-
er multi-system inflammatory syndromes, suggesting that the application of big
data in clinical practice can bring new development opportunities for medical
treatment.

conclusion: Kawasaki disease and other multi-system inflammatory syn-
dromes are similar and overlapping in clinical practice, which is difficult to
distinguish and easy to misdiagnose and miss diagnosis. Artificial intelligence
is applied to analyze the above disease data, so as to achieve the effect of ac-
curate differentiation, timely diagnosis, symptomatic treatment and reduction
of complications.
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this novel syndrome than in Kawasaki
disease. MIS can be seen in both adults
and children. Here we will only describe
the symptoms that occur in children,
which we call pediatric multisystem in-
flammatory syndrome (MIS-C).
Kawasaki disease (KD), previously
known as cutaneous mucosal lymph
node syndrome, was first reported by
TamisakuKawasaki Kawasaki in 1974.
The disease is a systemic inflammato-
ry disease with medium sized vasculi-
tis and is mainly seen in children under
5 years of age.[2] Artificial intelli-
gence (AI) is a technology that integrates
advanced brain cognition, big data,
cloud computing and machine learning
based on modern medical and biomed-
ical theories.Corresponding studies
have shown that the multi-system in-
flammatory syndrome associated with
the SARS-CoV-2 pandemic partially
overlaps with Kawasaki disease
(KD).[3] Various studies have described
and compared cellular changes in pa-
tients with MIS-C and Kawasaki dis-
ease, and it is now found that leukope-
nia and lymphocytopenia are more se-
vere in MIS-C. Various studies have de-
scribed and compared cellular changes
in patients with MIS-C and Kawasaki
disease, and it is now found that
leukopenia and lymphocytopenia are
more severe in MIS-C. In patients with
MIS-C tested by deep immunoassay, a
significant reduction of lymphocytes
was found in a short period of time,
while T cell involvement was more pro-
nounced. Diagnostic biomarkers iden-
tified by immune cell profiles of
Kawasaki disease and MIS-C may be
helpful for early differentiation and di-
agnosis of these two diseases.[4] With
our current knowledge reserve and
medical level, KD and MIS-C cannot be
judged quickly and accurately, which
may make patients in emergency envi-
ronment or emergency department un-
able to receive timely and effective
symptomatic treatment. We boldly hy-
pothesized whether some modern tech-
nologies, such as artificial intelligence,
could be used to distinguish these two
diseases quickly and effectively. There-
fore, the author searched and read the lit-
erature on this aspect and found that
there were very few literatures on the use
of artificial intelligence to distinguish
and study KD and MIS-C. The study is
prospective, and it's worth debating

whether using AI to distinguish between
diseases can be accurate.It will be a
cause for celebration for pediatricians if
the research proves to be feasible
enough to be applied to the clinic.

2. coNTeNT
In the "Research on Knowledge

Map Construction of Kawasaki Disease"
published on September 10, 2018 by
Huang Zhisheng et al., the etiology of
Kawasaki disease is still not clear, and
no specific biological marker can be
found to diagnose the disease even af-
ter many scholars have done a lot of re-
search. Therefore, it is prospectively pro-
posed that knowledge graph can be an
important method in the application of
artificial intelligence.The establishment
of this map requires the collection of
various knowledge resources related to
Kawasaki disease, including clinical
guidelines, experimental data, drug
knowledge base, medical literature, ad-
verse drug reaction knowledge base,
etc.[5] The research is advanced in
that it uses the knowledge map to uni-
fy all resources on Kawasaki disease,
saving clinicians a lot of time, but the
project requires a lot of manpower and
effort in the early stages of operation. We
boldly imagined whether MIS-C could
be accurately distinguished from
Kawasaki disease by incorporating rel-
evant data about it through artificial in-
telligence technology and comparing it
with Kawasaki disease. However, this
method only used clinical characteris-
tics to distinguish the two diseases, but
only stayed on the surface of the disease
without further exploration. "AI-guid-
ed discovery of the invariant host re-
sponse to viral pandemics, " published
on June 11, 2021, fills an earlier gap, The
first attempt to define host immune re-
sponse using artificial intelligence is pre-
sented. The authors analyzed transcrip-
tome data sets from more than 45, 000
pandemic viruses, using ACE2 as a
"seed" gene to extract 166 genetic
markers into host cell receptors. The au-
thors found 166 genetic signatures to be
surprisingly conserved across all viral
pandemics, including COVID-19, with
a subset of 20 genes categorizing disease
severity, inspiring the naming of ViP and
sViP signatures, respectively.[6] In ad-
dition, the precise nature of cytokine
storms was defined, the IL15 cytokine
and its receptor, IL15RA, were identi-

fied as invariant components, and a sub-
set of 20 genes with "severe" ViP char-
acteristics, indicating stress-induced
aging, transcriptional inhibition, DNA
damage, and apoptosis, were also shared
among various viral pandemics. The au-
thors and colleagues tested their theo-
ry by using BooleanNet algorithm us-
ing Boolean equivalent correlation clus-
ter (BECC).[6] The results of this algo-
rithm can play a guiding role in this pan-
demic.However, each study has its ad-
vantages and disadvantages. This algo-
rithm may lead to over-fitting of some
data due to traditional analysis, and may
lack of repeatability when applied to oth-
er data sets. Published May 16, 2022 in
Nature Communication as "An artificial
intelligence-guided signature reveals
the shared host immunein response in
MIS-C and Kawasaki disease, an AI-
guided approach was proposed to reveal
the shared host immune response in
Kawasaki disease and multi-system in-
flammatory syndrome in children.In
the context of SARS-CoV-2 infection,
the authors developed a computational
tool for two genetic signatures to com-
pare the two syndromes, namely ViP and
sViP. In addition, there are 13 transcript
features that have previously been used
to demonstrate the diagnosis of Kawasa-
ki disease.Experiments have demonstrat-
ed that KD and MIS-C are in the same
continuum of host immune response as
COVID-19.Both pediatric syndromes
have cytokine storms centered on
IL15/IL15RA, suggesting the same
proximal pathway of immune pathogen-
esis.However, there were still differences
between ViP and sViP in other labora-
tory parameters and cardiac pheno-
types. In order to further understand the
disease analysis, the author et al through
the collection of data for comparison, the
characteristics of VIP and SVIP
induction observation, found that �
gender has no effect on it � can not pre-
dict the treatment response to IVIG �
in the differentiation of responders and
non-responders as good performance but
the degree of ViP induction character-
istics of responders is lower than that of
non-responders.Finally, it was proved
that the ability of 20 gene sVIP was su-
perior to 166 gene VIP [7]. Notably, the
data collected did not seem to mention
differences in age, race, region, or his-
tory of other diseases prior to or at the
time of illness.As for age, the answer is
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given in the study of TongT et al. MIS-
C is more common in older children and
adolescents.[8] Three conclusions were
obtained: (1) The host immune re-
sponse detected qualitatively by ViP fea-
tures was similar in KD and MIS-C, and
shared an IL15/IL15RA component;
� The degree of the host immune re-
sponse measured quantitatively by ViP
characteristic score was stronger in
MIS-C than KD.(3) KD and MIS-C in-
duced KD-13 characteristics to similar
degrees in two independent cohorts, fur-
ther supporting the observation of
ViP/sViP characteristics that KD and
MIS-C share basic aspects of host im-
mune response with each other.Liu Ji-
ayi and other scholars have detailed and
interpreted this document from five
aspects, making it easier for readers to
understand its content [9]. Pediatric
multi-system inflammatory syndrome
(MIS-C) and Kawasaki disease are
both highly inflammatory diseases as-
sociated with infectious diseases. PaulT-
soukas et al. conducted a further explo-
ration based on the study of Ghosh et al.
to further understand whether they are
different syndromes or exist in the con-
tinuum [10]. Postinfective severe inflam-
matory syndromes were stratified into
subgroups based on the clinical pheno-
types identified next to them in a man-
ner independent of infection triggers.It
is concluded that these two syndromes
have a common host immune response,
suggesting a single spectrum of disease.
"A machine-learning algorithm for di-
agnosis of multisystem inflammatory
syndrome in children and Children, "
published on October 4, 2022Kawasa-
ki disease in the USA: a retrospective
model development and validation
study "in which the authors attempt to
distinguish KD, MIS-C, and other sim-
ilar febrile diseases by developing and
verifying an AI computational ap-
proach. In this literature, the authors et
al. developed a deep learning algo-
rithm named KIDMATCH (Kawasaki
Disease and Pediatric Multisystem In-
flammatory Syndrome) using a retro-
spective model development and vali-
dation study.The algorithm was tested
through phase 1 and 2 of internal vali-
dation on 1, 517 patients with MIS-C,
Kawasaki disease, and other febrile
diseases; A further 175 MIS-C patients
(from different hospitals) were added for
external verification.The results showed

that MIS-C patients had higher band
counts, lower sodium concentrations,
lower platelet counts, higher C-reactive
protein, and older age than patients in
the other febrile and Kawasaki disease
cohorts in the data comparison be-
tween the two groups [11].It is worth
considering that this deep learning algo-
rithm is only an initial evaluation. If
MIS-C advances to the middle and late
stages, whether this learning algorithm
can still evaluate and classify MIS-C and
Kawasaki disease or other febrile dis-
eases.In addition, the number of children
involved in the study was not large
enough and the study area was not
broad enough to see whether there
would be a difference. In addition, in
sensitivity analysis, Kawasaki disease
patients with coronary aneurysm and
MIS-C patients with decreased left
ventricular ejection fraction were test-
ed as characteristic patient subgroups,
and the final models were correctly as-
signed. Raw eigenvalues were extract-
ed from a random sample of the inter-
nal validation of the final model and
compared with two experienced pedi-
atric infectious disease clinicians with
Kawasaki disease expertise to assign di-
agnoses based on characteristics.The re-
sults showed that the algorithm outper-
formed the two clinicians. This paper
presents a novel approach -- a ma-
chine learning model -- for screening pa-
tients with MIS-C, Kawasaki disease, or
similar febrile diseases. This is the first
known application of artificial intelli-
gence to help diagnose MIS-C and dis-
tinguish it from Kawasaki disease and
other febrile diseases.The advantage of
this computing is that the required
functionality is universally available in
most health care settings.

Several studies have used clinical
and laboratory methods to distinguish
MIS-C from Kawasaki disease. TongT
et al., through a meta-analysis of clin-
ical features, concluded that respirato-
ry and gastrointestinal symptoms of
MIS-C were more common than
Kawasaki disease [8], [12] possibly due
to increased viral load in gastrointesti-
nal tissues. Studies have shown that
MIS-C may be a post-infection se-
quela of COVIN-19, while coronavirus
is a non-staged plus strand RNA virus,
which can be indicated positive by
swabs and stool examination in chil-
dren.[13] Another study on patients with

MIS-C found that gastrointestinal tract
involvement was the second most fre-
quently involved organ system after car-
diovascular system [14] [15]. A meta-
analysis of laboratory features compared
to clinical features suggested that MIS-
C patients had lower lymphocyte
counts, ALT, and ESR levels, higher D-
dimer and fibrinogen levels, and high-
er ferritin levels.Platelet levels in MIS-
C were higher than those in Kawasaki
disease, but there was no significant dif-
ference in neutrophil levels between the
two.Analysis of a group of circulating
cells may help in early diagnosis and
differentiation between the two diseases.
These characteristics were also con-
firmed in the study of AnuradhaRaja-
manickam et al. [16].But similarity is
its own challenge in the clinic and in the
laboratory. AngelaChun et al. used AI
to distinguish MIS-C from typhoid
fever in endemic areas. They established
an equation to calculate the "MET"
score based on demographic, clinical
and laboratory characteristics. The fi-
nal experimental results showed that
only 10 characteristics were enough to
distinguish typhoid fever.[17] In addi-
tion, both MIS-C and Kawasaki disease
can cause cardiac involvement in pa-
tients. Laboratory data from MIS-C
show elevated CRP, erythrocyte sedi-
mentation rate, and D dimer, but no ar-
teriovenous thrombosis.Whether there
is any literature that can support this
conclusion, the author has not found.
Nowadays, there are many methods to
distinguish MIS-C from Kawasaki dis-
ease at home and abroad, but most of
them are based on the clinical charac-
teristics and laboratory test results of the
disease.There are few studies on the
shared immune response of MIS-C
and KD by artificial intelligence. After
reading and thinking about relevant lit-
erature, the problem that has been
solved so far is that we can temporar-
ily distinguish Kawasaki disease, MIS-
C and other febrile diseases by some
technologies, but whether this technol-
ogy is mature enough and when it can
be applied in clinic remains to be inves-
tigated. In addition, for the pathogen-
esis of Kawasaki disease and MIS-C, as
well as the targeted and effective treat-
ment of MIS-C, we are still unable to
accurately answer the question, which
requires further in-depth research and
a large number of data support. Can we
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use AI's technique of distinguishing
MIS-C from typhoid to distinguish
Kawasaki disease from other multi-sys-
tem inflammatory syndromes? With the
development of science and technolo-
gy and the gradual application of arti-
ficial intelligence in clinical practice, the
application of artificial intelligence in
disease research and treatment will
become a more and more hot topic.The
research has obvious feasibility.How-
ever, the disadvantage is that the pre-
liminary study may have a long time,
which requires a lot of effort, data and
experiments to support the research.

3. SuMMarY
In conclusion, Kawasaki disease

(KD) and pediatric multisystem in-
flammatory syndrome (MIS-C) are
both autoimmune hyperinflammatory
diseases involving multiple organ sys-
tems. It is still a difficult and important
task to distinguish these diseases by im-
munophenotype through the method of
artificial intelligence.Artificial intelli-
gence algorithm is used to diagnose and
discriminate diseases based on patient
age, clinical manifestations and labora-
tory measurements. It can distinguish
MIS-C, Kawasaki disease and other sim-
ilar febrile diseases and effectively
guide the diagnosis and treatment of
these diseases. Through the research and
analysis of these diseases by artificial
intelligence, Further exploration of the
pathogenesis and sequelae of Kawasa-
ki disease (KD) and pediatric multi-sys-
tem inflammatory syndrome (MIS-C)
may be of great significance to reduce
the occurrence of disease complications,
reduce the mortality of children and im-
prove the quality of life of children,
which is worth further promotion and re-
search in clinical practice.
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