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Analysis of Risk Factors for Coronary Artery Lesion in
Children with Kawasaki Disease
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ABSTRACT
Objective: To determine the frequency of coronary artery lesion (CAL) in children with Kawasaki disease (KD) and to analyse
the related risk factors of CAL and the predictive value of risk factors for CAL.
Study Design: A descriptive study.
Place and Duration of Study: Department of Pediatrics, People's Hospital of Linquan County, Anhui Province, China, from
January 2019 to January 2022.
Methodology: Clinical data of 71 children with KD were retrospectively analysed, including 31 in the CAL group and 40 in the
non-CAL group. The age, gender, days of fever, blood routine, plasma N-terminal B-type natriuretic peptide (NT-proBNP), and
Kobayashi score were registered as independent variables of all the children, and the presence or absence of CAL was used as
the dependent variable. All the independent variables were subjected to univariate analysis between the groups, and those with
significance in univariate analysis were further subjected to unconditional binary logistic regression analysis.  A receiver oper-
ating curve (ROC) was drawn to analyse the predictive power and optimal cut-off value of related risk factors for CAL.
Results: On univariate analysis, age, NT-proBNP and Kobayashi's score were closely related to CAL (all p<0.05). Multivariate
analysis showed that NT-proBNP and Kobayashi scores were independent risk factors for CAL in children with KD. ROC curve
analysis showed that the area under the curve (AUC) of NT-proBNP and Kobayashi scores were 0.771 and 0.732, respectively, at
optimal critical values of 543.12 ng/L and 7.50 points, respectively.
Conclusion: The frequency of CAL in children with KD is high. NT-proBNP and Kobayashi scores are independent risk factors for
the occurrence of CAL in children with KD, and they have good predictive performance for the diagnosis of CAL.
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INTRODUCTION
Kawasaki  disease  (KD),  also  known  as  mucocutaneous  lymph
node syndrome, is a systemic non-specific vasculitis that occurs in
the infants and children, mainly involving small and medium blood
vessels. The main clinical symptoms are fever, mucositis, and
rash. Coronary artery lesion (CAL) is the most serious complica-
tion.1 The incidence of KD has been on the rise, and it is one of the
most common causes of childhood-acquired heart disease in the
developing countries. It has replaced rheumatic fever as the most
common cause of childhood-acquired heart disease in developed
countries.2

Although the comprehensive treatment of KD based on high-dose
intravenous  immunoglobulin  (IVIG)  has  been  widely  imple-
mented, the incidence of KD, especially CAL, is still high.3

Correspondence  to:  Dr.  Bing  Bai,  Department  of  Pedi-
atrics,  People's  Hospital  of  Linquan  County,  Anhui
Province,  China
E-mail:  baibinglujiang@126.com
.....................................................
Received: March 02, 2022;  Revised: May 17, 2022;
Accepted:  June  08,  2022
DOI:  https://doi.org/10.29271/jcpsp.2022.08.1037

Once CAL occurs, especially the occurrence of coronary artery
aneurysm, it often leads to thrombosis and intimal thickening in
the  coronary  artery  lumen  which  leads  to  severe  coronary
artery stenosis, severe myocardial ischemia, even infarction,
and sudden death, resulting in poor long-term prognosis. An
early diagnosis of CAL in KD patients, especially the identifica-
tion of independent risk factors of CAL in KD patients, and early
intervention have important clinical significance. The purpose
of this study was to observe the general clinical characteristics
of children with KD and to analyse independent risk factors for
the onset of CAL.

METHODOLOGY

A retrospective analysis was made of 71 children with KD (45
boys and 26 girls) clinically diagnosed in the Department of Pedi-
atrics,  People's  Hospital  of  Linquan County,  Anhui  Province,
China, from January 2019 to January 2022, ranging in age from 3
months to 11 years with an average of (22.73±7.05) months.
Inclusion criteria were all the patients who met the diagnostic
criteria of the 6th revision of Kawasaki disease diagnostic guide-
lines4  issued by the Scientific Committee of the Japanese Circu-
latory Society, age ≤14 years.
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Table I: Univariate analysis affecting the occurrence of CAL [(x±s), cases (%)].

Parameter CAL group (n=31) Non-CAL group (n=40) t/χ2 p
Gender (male / female) n (%) 18(58.06)/13(41.94) 27(67.50)/13(32.50) 0.670 0.413
Age (m) 30.65±7.15 18.60±5.15 8.255 ＜0.001
WBC (109·L-1) 18.55±5.30 17.00±4.88 1.278 0.205
PLT (109·L-1) 315.50±95.65 355.65±125.55 1.478 0.144
HB (g·L-1) 110.55±12.65 109.80±10.55 0.272 0.786
CPR (mg·L-1) 77.65±26.55 66.50±21.35 1.962 0.054
ESR (mm·h-1) 75.56±23.50 73.25±29.80 0.354 0.724
NT-proBNP (ng·L-1) 950.33±135.66 355.85±87.50 22.370 <0.001
Kobayashi score (points) 7.66±1.50 6.25±1.05 4.656 <0.001
p: χ2 test was used for gender，and Student's t-test was used for other parameters.

Table II: Multivariate logistic regression analysis of CAL in patients with KD.

Parameter β SE Wald OR 95%CI p
Age (m) 0.072 0.053 1.826 1.075 0.968~1.193 0.177
NT-proBNP (ng·L-1) 0.011 0.003 11.403 1.011 1.004~1.017 0.001
Kobayashi score (points) 0.854 0.280 9.267 2.348 1.355~4.068 0.002

All  the  patients  were  diagnosed  with  KD  for  the  first  time
and  were  admitted  within  10  days  of  onset.  Exclusion
criteria were patients with a history of IVIG and adrenocor-
tical hormone treatment 3 months before admission, any
infectious  diseases  in  the  past  month,  other  immune
diseases, incomplete data, and those who did not cooperate
or agree to participate in this study.

Philips EPIQ5 ultrasonic diagnostic instrument with a probe
frequency of 3.5 to 8.0 MHz was used for echocardiography.
The children were taken from the left side, and the echocar-
diography was performed in a quiet or sleeping state. The
internal  diameter  of  each  heart  chamber,  the  flow velocity
of  each  valve,  and  the  cardiac  function  were  routinely
detected,  and the coronary artery  was mainly  observed.
Coronary arteries were evaluated using the Z-score recom-
mended in the guidelines for the diagnosis and manage-
ment  of  cardiovascular  sequelae  of  Kawasaki  disease
(JCS/JSCS2020) issued by the Japanese Society of Circulation
and the Japanese Society of Cardiac Surgery in July 2020.5

These diagnostic criteria are no lesions = Z value <2, coro-
nary artery dilatation = 2≤Z value <2.5, or Z value <2, Z
value decreased by more than 1 during follow-up;  small
coronary aneurysm = 2.5≤Z value <5; medium coronary
aneurysm: 5≤Z value <10; and Giant coronary aneurysm: Z
value ≥10. Where Z value ≥2.5 it was defined as CAL.

KD  combined  with  CAL  was  evaluated  according  to  the
Kobayashi score system proposed by Kobayashi  in 2006.6

The  components  are  aspartate  aminotransferase  (AST)
>100U/L (2 points); serum sodium ≤133mmol/L (2 points);
blood neutrophil  percentage ≥80% (2 points);  IVIG treat-
ment started within 4 days of the course of the disease (2
points); age <12 months (1 point); C-reactive protein ≥100
mg/L (1 point); and platelets ≤300×109/L (1 point). The total
score is 11 points and ≥7 points are considered as high-risk
for CAL.

The patient-related clinical data were accessed through the
electronic case system, and the patient's age, gender, days
of fever, plasma NT-proBNP, CPR, and other laboratory test
results on admission as well  as Kobayashi's score results
were entered into the Excel table and double-entered for
error correction. The patients were divided into a CAL group
and a non-CAL group according to whether CAL occurred or
not and the differences in the related indicators between the
two  groups  were  compared,  and  those  with  statistically
significant  differences  were  further  analysed  by  uncondi-
tional  binary  logistic  regression.

The IBM-SPSS 26.0 software package was used for data anal-
ysis. Measurement data were expressed as x±s and statisti-
cally  analysed by the Student's  t-test  of  two independent
samples. Categorical data were described by the counts and
percentages and analysed by the χ2 test. Unconditional binary
logistic regression analysis was used for multivariate analysis.
The diagnostic value of NT-proBNP, CPR, and Kobayashi score
were analysed by the ROC curve. p<0.05 was considered the
test level.

RESULTS

The differences in general clinical data, laboratory tests, and
Kobayashi scores were compared between the CAL group
and the non-CAL group. The results showed that age, NT-
proBNP, and Kobayashi scores were closely related to CAL
(all p<0.05, Table I).

The meaningful variables of the above univariate analysis
(age, NT-proBNP, and Kobayashi score) were taken as inde-
pendent variables, and then the occurrence of cal events
(occurrence was 1,  non-occurrence was 0)  was taken as
dependent variables for unconditional binary logistic regres-
sion analysis. The stepwise backward method was used to fit
the optimisation model for analysis. The results showed that
NT-proBNP (OR=1.011,  95% CI:  1.004  ~ 1.017,  p=0.001)
and Kobayashi score (OR=2.348, 95% CI: 1.355  ~ 4.068,
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p=0.002) were independent risk factors for CAL in children
with KD (OR >1, p<0.05). The results are shown in Table II.

Draw the ROC curve of NT-proBNP and Kobayashi's diag-
nostic score showing that the AUC areas of NT-proBNP and
Kobayashi's score are 0.771 and 0.732, respectively. PNT-proBNP

<0.001  and  PKobayashi's  score  = 0.001,  as  shown in  Figure  1.
According to the Youden index, the optimal critical values
were 543.12 ng / L and 7.50 points, respectively. The sensi-
tivity was 51.6% and 45.2% respectively, and the specificity
was 92.5% and 87.5%, respectively.

Figure 1: ROC curve of NT-proBNP and Kobayashi score in the diag-
nosis of children with KD complicated with CAL.

DISCUSSION

KD is one of the common causes of acquired heart disease in
infants and young children. It  can occur in both boys and
girls. The incidence rate is about 1.3 to 1.5:1, and 80% to
85% of the children are younger than 5 years old.7 The ratio
of males to females in this study was 1.73:1 of which 95.77%
(68/71) of the children occurred within the age of 5 which is
basically consistent with the epidemiological survey at home
and  abroad.8,9  Severe  coronary  artery  inflammation  some-
times causes dilation or aneurysm of the heart's arteries in
the acute phase. In the early stage of the disease, CAL with
KD is mainly coronary artery dilatation which is mainly mani-
fested as coronary artery aneurysm. If the inner diameter of
the aneurysm is excessively enlarged, it may lead to rupture
or thromboembolism, leading to acute myocardial infarction
and even sudden death. After the acute phase of KD, the CAL
gradually  narrows,  and  the  intimal  thickening  results  in
luminal stenosis. However, progressive intimal thickening can
lead to stenotic lesions and if clinically apparent, can lead to
peripheral  myocardial  ischemia.  CAL has typically complex
hemodynamics  due  to  the  presence  of  mixed  or  dilated
lesions  and  stenotic  lesions.  Endothelial  dysfunction,
decreased vascular elasticity, elevated levels of high-sensi-
tivity C-reactive protein, oxidative stress, and elevated levels
of inflammatory factors have been reported in late KD.10

The results showed that the increase of serum NT-proBNP
expression level and Kobayashi score were independent risk
factors  for  CAL  in  children  with  KD.  Further  ROC scoring
showed  that  the  diagnostic  efficacy  of  serum  NT-proBNP
expression level and Kobayashi score for CAL in children with
KD were 0.771 and 0.732, respectively. At that time, the best
critical values of the two were 543.12 ng / L and 7.50, respec-
tively. Although the sensitivity was general (51.6% and 45.2%
respectively), it had high specificity (92.5% and 87.5%).

This study examined the relationship between early serum
NT-proBNP and CAL in children with KD. It showed that the
patients with elevated NT-proBNP may be at an increased
risk  for  coronary  artery  disease  if  NT-proBNP  levels  are
significantly  elevated.  The  mechanism  by  which  serum  NT-
proBNP levels are elevated in KD patients is unclear, but two
possibilities  have  been  proposed.  One  possibility  is  local
myocardial inflammation or an area of ischemia. During the
acute  phase  of  KD,  the  pericardium,  myocardium,  endo-
cardium, and coronary arteries may be involved.11 Another
possibility is the involvement of cytokines that stimulate BNP
secretion. It  is known that tumor necrosis factor α, inter-
leukin  (IL)-1α,  IL-1β,  and  interferon-γ  exist  in  the  acute
phase  of  KD,12-14  and  the  involvement  of  cytokines  often
leads to coronary endothelial  cell  dysfunction.15  However,
the relevant mechanisms of CAD and NT-proBNP have not
been  clearly  defined.  Kaneko  et  al.  reported  that  when  the
serum NT-proBNP expression level was 1000 ng/L, the sensi-
tivity  and  specificity  of  diagnosing  KD  with  CAL  were  83%
and 68%.16 In the present study, the value of NT-proBNP was
relatively low, probably because we detected it early in KD.
Jung et al. detected the serum NT-proBNP expression level in
hyperacute  KD  patients  and  showed  that  the  cut-off  value
was  515.4  pg/ml,  and  the  sensitivity  and  specificity  were
78.26%  and  61.63%,  respectively.11

The Kobayashi score combines the patient's age, serum tran-
saminases,  neutrophil  levels,  CPR,  and  IVIG  treatment.
Kobayashi score to evaluate KD patients, who started IVIG
treatment,  showing  the  sensitivity  and  specificity  for  diag-
nosing CAL as 86% and 67%, respectively.6 The risk of devel-
oping CAL in KD patients is associated with IVIG resistance
and high-risk patients, as determined by the scoring system,
are generally considered to also have a higher risk of CAL.17

This difference in score performance can be attributed to the
low incidence of coronary artery abnormalities in high-risk
patients.18  Friedman  et  al.  reported  that  the  patients
receiving IVIG plus anti-inflammatory drugs such as corticos-
teroids or infliximab had a higher rate of abnormal coronary
regression  than  patients  receiving  other  treatments.19

Previous  studies  have shown that  a  longer  interval  from
onset to treatment is one of the important independent risk
factors associated with abnormal coronary development.20 In
this study, the median disease days at diagnosis were 4.5
days and early therapeutic intervention may account for the
lower incidence of coronary abnormalities.
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There are still  some limitations in this study. On the one
hand, as it’ s a single centre study, the incidence rate of CAL
and  its  influencing  factors  among  KD  children  in  different
regions are unknown. On the other hand, as a retrospective
study, selective bias could not be completely avoided. The
sample size of this study is relatively small; therefore, the
future multi-centre and large sample survey may be more
beneficial to the research results of CAL in KD patients.

CONCLUSION

Even with early and standard application of IVIG in the treat-
ment of KD, the occurrence of CAL is not uncommon, espe-
cially for the patients with increased expression of serum
NT-proBNP and high Kobayashi score in the early stage. CAL
surveillance should be as highly vigilant as possible in these
children.
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