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Abstract
Purpose Clinically, some children with Kawasaki disease (KD) who do not respond to the �rst application of gamma globulin
therapy have a longer course of disease and a higher risk of coronary artery damage. The characteristics of vascular
endothelial dysfunction in intravenous immune globulin (IVIG)-resistant patients during the acute phase are not well
described. We aimed to determine whether indicators that detect the situation of the endothelium are useful parameters that
can accurately re�ect subclinical dysfunction in resistant patients and may assist in differentiating patients with KD at a
higher risk of IVIG resistance.

Methods Fifty IVIG-resistant KD children, 120 IVIG-responsive KD children, 70 febrile children with acute upper respiratory
infection and 100 healthy controls were recruited, and indicators re�ecting endothelial in�ammation, including �ow-mediated
dilation (FMD), were measured. Receiver operating characteristic (ROC) curve analysis was utilized to determine the
threshold values of these parameters associated with IVIG resistance. Multiple logistic regression analysis was performed to
determine whether FMD was an independent predictor of IVIG-resistant patients.

Results Compared with normal children, febrile children and IVIG-sensitive KD patients, IVIG-resistant patients had lower FMD
(P<0.05) and higher carotid artery intima-media (CIMT) (P<0.05). Laboratory data demonstrated that the percentage of
neutrophils (N %) and the levels of N-terminal pro-brain natriuretic peptide (NT-proBNP) and serum procalcitonin (PCT) were
signi�cantly higher in the IVIG-resistant group than in the IVIG-responsive group, while the levels of albumin (ALB) and serum
sodium were signi�cantly lower (P< 0.05). PCT, Na+ and FMD exhibited AUCs of 0.727, 0.653 and 0.698, respectively, in
predicting IVIG resistance in KD through ROC analysis. PCT > 1.69 ng/ml, Na+ <133.2 mmol/l and FMD <5.79% were
independent predictors of IVIG resistance in KD (OR, 95% CI, P< 0.05).

Conclusion More severe endothelial dysfunction, especially lower FMD, was present in IVIG-resistant patients than in IVIG-
responsive patients. It is a helpful diagnostic tool that provides supportive criteria to detect KD patients at a higher risk of
IVIG resistance when FMD<5.79% in children.

What Is Known
Children with Kawasaki disease have declined FMD and Stiffness index (SI) values, as well as raised carotid intima media
thickness (CIMT) which are related to the severity of endothelial dysfunction in later stage after the onset.

What is new 1. FMD is lower and CIMT is higher in KD patients with IVIG-resistance than those without, in the acute stage. 2.
FMD and PCT have a negative relationship with each other, and FMD<5.79% reminds a chance of IVIG-resistance.

Introduction
Kawasaki disease (KD) is a self-limited systemic vasculitis syndrome with acute fever. Although intravenous
immunoglobulin (IVIG) in combination with aspirin has been the standard regimen for years[1], approximately 10-20% of
children with KD still have persistent fever or repeated typical symptoms of KD 36 hours after the completion of the �rst IVIG
injection, which is called IVIG resistance[2]. Drug-resistant patients are at higher risk of developing coronary artery lesions
(CALs) and require additional doses of IVIG and even other interventions, such as corticosteroid in�iximab plasma exchange
and cytotoxic drugs, which may have potentially adverse consequences and economic costs[3, 4]. The early detection of
such resistant patients could greatly help clinicians achieve optimal treatment and prognosis. The physician could timely
communicate with the patients' guardians about a doubt on the effectiveness of IVIG before IVIG resistance appears, which
would e�ciently reduce the medical dispute and then allow choosing personalized therapy according to the degree of IVIG
resistance, as estimated using detection indicators.

Several in�ammatory laboratory parameters and cytokine markers have been reported to predict IVIG-resistant KD, but they
may not be popular in clinical practice because they are invasive, expensive and lack reliability [5-7]. Several scoring systems
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proposed by Japanese researchers are also commonly used in the clinical identi�cation of IVIG-resistant patients [8, 9].
However, these systems seem to be di�cult to replicate due to a lack of good sensitivity and reproducibility outside Japan
[10, 11]. Additionally, vascular ultrasonography parameters are not included in these systems. In fact, as noninvasive
ultrasound indicators, �ow-mediated dilation (FMD), carotid intima media thickness (CIMT) and stiffness index (SI) have
been widely used in recent years in the prognostic follow-up of a cardiovascular risk in chronic diseases such as diabetes,
hypertension and metabolic syndrome [12, 13], while an abnormal decrease in FMD and increases in CIMT and SI suggest a
subhealthy state of the endothelium. A number of studies have con�rmed that children with a history of KD, especially those
with coronary artery lesions, maintain these abnormalities from the beginning to the follow-up years of the disease [14, 15].
The pathological basis of KD lies in systemic in�ammation of small blood vessels, which means that the immunological
mechanism of IVIG resistance is also inextricably linked to endothelial dysfunction. Therefore, it is of great clinical
signi�cance to explore the correlation between endothelial function and drug resistance. However, the predictive value of
these endothelial indicators in the acute phase of KD has not been fully studied, especially the relation with IVIG resistance.
In this study, we measured the endothelial function of IVIG-resistant KD patients and evaluated the predictive value of FMD,
CIMT, and SI by comparing them with serum laboratory indicators.

Materials And Methods
Study population

From July 2017 to October 2021, 50 IVIG-resistant and 120 IVIG-responsive patients with KD were randomly recruited in the
acute stage of KD at the Chengdu Women’s and Children’s Central Hospital, School of Medicine, University of Electronic
Science and Technology of China using the numbering method in SPSS 20.0. Seventy cases of children with fever due
to acute upper respiratory tract infection (AURI) and 100 normal children completing regular check-ups at our hospital, who
were matched for age and sex with patients in the KD group, were also randomly enrolled during the same period using the
same approach. The diagnosis of complete KD, incomplete KD and coronary artery lesions (CALs) met the diagnostic criteria
of the American Heart Association in 2017 [1]. CALs were de�ned as a dilated coronary artery with a z score of ≥2.5 in at
least one of the right, left anterior descending, and left main coronary arteries. All KD children were treated with IVIG therapy
(2 g/kg over 12 hours). Immunoglobulin resistance was determined as persistent or recurrent fever (under-arm temperature
≥37.5°C) for more than 36 hours but not longer than 7 days after the end of IVIG infusion. The exclusion criteria for all
subjects were as follows: (1) previous medical history of KD; (2) previous or current medical history of dyslipidaemia,
diabetes, inherited cardiovascular disease, inherited metabolic disease, cystinuria, chronic kidney disease, blood disease, etc.;
and (3) any history of major surgery, blood transfusion, or use of vasoactive agents within 3 months before our examination.

Laboratory and clinical data

Laboratory and clinical data were collected through medical record review. Clinical data, such as age, sex, body mass index
(BMI), diagnosis of incomplete KD and CALs, and lasting days of fever before �rst IVIG, were collected. Laboratory data on
admission pre-IVIG treatment were collected, including white blood cell count (WBC) percentage of neutrophils (N%),
haemoglobin (Hb), platelet (PLT), C-reactive protein (CRP), serum alanine aminotransferase (ALT), serum aspartate
aminotransferase (AST), serum albumin (ALB), serum sodium (Na+), procalcitonin (PCT), N-terminal pro-brain natriuretic
peptide (NT-proBNP), creatine kinase-MB (CK-MB), D-dimer, and erythrocyte sedimentation rate (ESR).

Assessment of ultrasound data

This series of tests gathered data of all participants, 72 hours after the initial treatment of IVIG and aspirin as well as before
other additional treatment for the KD patients. All subjects were asked to sleep late and lay at rest in the supine position for
at least 10 min in a quiet room before the ultrasound assessments. Any uncooperative subjects were sedated with chloral
hydrate (10% solution at 0.3-0.5 ml/kg, maximum 10 ml). All ultrasonic indicators were measured under standardized
conditions by a single experienced sonographer (Wen Y) who was blinded to the diagnoses using an ultrasound machine
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(Philips CX50) with a L12-3 transducer, and the average of three repeated test records for each indicator was used for
statistical analysis. The KD group underwent additional echocardiography tests and was examined before IVIG treatment.

1. Brachial arterial FMD: FMD was determined with reference to the methods described by Celermajer et al[16] in 1992. The
brachial artery was detected above the antecubital fossa of the right arm by the aforementioned ultrasound machine. The
distance between the posterior and anterior intima of the vascular wall at the end of diastole (D1) was imaged in the
longitudinal axis as a baseline internal diameter. Then, the blood pressure cuff was de�ated rapidly after having been
in�ated to 50 mmHg above the subject’s resting systolic blood pressure for 5 minutes to occlude the brachial artery. The
diastolic diameter (D2) was recorded sixty seconds later. The FMD value was calculated as FMD = [(D2 − D1)/D1] × 100%.

2. CIMT: All measurements were performed according to a standardized scanning protocol for the right common carotid
arteries[17]. The transducer footprint was manipulated to be parallel to the near and far walls of the common carotid arteries,
and the maximum in the longitudinal plane was supposed to be the lumen diameter. The entire carotid proximal common
carotid artery was observed approximately 1.5 cm before the bifurcation. The distance between the leading edges of the
luminal-intimal interface and the medial-adventitial interface was measured as CIMT.

3. Stiffness index (SI): B-mode ultrasound images were obtained in longitudinal sections 1.5 cm proximal to the right carotid
bulb. Carotid artery diameter was measured during systole (Ds) and diastole (Dd). The diastole was coincident with the R
wave on the electrocardiogram. A single observer (Xi JM) measured the systolic blood pressure (SBP) and diastolic blood
pressure (DBP) three times at intervals of 3 min. The carotid artery wall SI was calculated as SI = ln (SBP/DBP) ×(D/ΔD),
where D= (Ds+Dd)/2 and ΔD=Ds−Dd. Similar methods have been used earlier in previous studies on the subject [18].

4. Left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (LVFS): The LVEF was acquired by the
biplane disk method (modi�ed Simpson’s rule)[19], and LVFS was obtained according to the guideline [20].

Statistical analysis

Analyses were performed using SPSS 20.0 software (IBM Co., Armonk, NY, USA). Medians and interquartile ranges were
reported for the quantitative ultrasonic and laboratory data. Categorical data are described as counts and percentages.
Because some data, such as SI and Na, were not normally distributed, comparisons of continuous variables among groups
were evaluated using the Kruskal-Wallis H test, while two groups were compared by the Mann-Whitney U test. Chi-square
tests were performed to compare categorical variables. Spearman’s partial correlation was used to assess correlations
between variables. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the role of different
indicators in discriminating IVIG unresponsiveness. The sensitivity and speci�city were calculated, and the cut-off value was
determined by the Youden index. Multivariate logistic regression was used to identify independent predictors of IVIG
resistance in KD. All tests were two-sided, and a value of P<0.05 was considered to indicate statistical signi�cance.

Results
1. Comparison of clinical, ultrasonic and laboratory data among groups. As shown in Table 1, there were no signi�cant
differences in baseline characteristics (age, sex, and BMI) or SI among the KD, AURI and normal groups. FMD and CIMT in
the KD group were both signi�cantly different from those in the other two groups (P < 0.01). Table 2 shows a comparison of
the laboratory data between the subgroups of KD. These 2 tables indicate that FMD and the levels of serum Na+ and ALB
were signi�cantly lower while CIMT, N% and the levels of serum PCT and NT-proBNP were signi�cantly higher (P < 0.05) in
the IVIG-resistant group than in the IVIG-responsive group.

2. ROC analysis of different indicators for predicting IVIG resistance. The ROC curves of FMD, CIMT, N%, PCT, ALB, Na+ and
NT-proBNP for predicting IVIG resistance in children with KD were analysed (Fig. 1; Table 3). In comparison, the sensitivities
of FMD were higher than those of other indicators, with a value of 78.0% at its cut-off point of 5.79%. PCT at its cut-off point
of 1.69 ng/ml had the largest AUC of 0.727.
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Table 1
The clinical and ultrasound data of all participants

Parameter IR
(n= 50)

IS
(n= 120)

AURI
(n=70)

Normal
(n=100)

P

Age**
(years)

2.53(1.33~4.12) 2.50(1.60~3.40) 2.78(1.76~3.88) 2.52(1.75~3.61) 0.237

Male**(%) 31(62.0%) 65(54.2%) 40(57.1%) 60(60.0%) 0.846

BMI**
(kg/m2)

16.10(15.33~16.74) 16.05(15.46~16.74) 15.88(15.00~16.73) 16.11(15.34~16.71) 0.605

iKD(%) 7(14.0%) 14(11.7%) - - 0.798

CAL(%) 13(26.0%) 29(24.2%) - - 0.846

FMD(%) 4.03(2.26~5.74)a,b,c 7.25(4.42~9.42)a,b 12.76(10.05~15.59) 14.18(11.17~16.71) <0.001*

SI** 2.34(1.96~2.72) 2.26(2.01~2.68) 2.25(1.98~2.67) 2.24(2.00~2.64) 0.758

CIMT(mm) 0.387(0.326~0.455)a,b,c 0.356(0.310~0.413)a 0.339(0.294~0.413) 0.331(0.283~0.395) <0.001*

LVEF(%) 65.0(61.7~69.9) 65.8(62.5~68.4) - - 0.484

LVFS(%) 36.3(32.5~38.0) 38.2(32.8~40.5) - - 0.091

IR,IVIG-resistant; IS,IVIG-sensitive; AURI, acute upper respiratory infection; KD, Kawasaki disease; BMI, body mass index;
iKD incomplete Kawasaki disease; CAL coronary artery lesion; IVIG, intravenous immunoglobulin; FMD, brachial artery
�ow-mediated dilation; SI, stiffness index; CIMT, carotid intima media thickness; LVEF, left ventricular ejection fraction.
LVFS, left ventricular fractional shortening. aP < 0.05, compared with the Normal group; bP < 0.05, compared with the
AURI group; cP < 0.05, compared with the IS group;—, this data was not detected; **P > 0.05(IR v. s. AURI, IR v. s. Normal, IR
v. s. IS, IS v. s. Normal, AURI v. s. Normal); *Statistically signi�cant (P< 0.05).
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Table 2
Comparison of laboratory data between the IVIG-resistant group and IVIG-sensitive group

Parameter IR group (n= 50) IS group (n= 120) P

WBC (×109/L) 14.89(11.14~17.84) 14.17(11.93~17.20) 0.457

N% 76.34(70.17~83.27) 71.47(60.01~79.60) 0.01*

HGB(g/L) 111(103~116) 114(107~121) 0.061

PLT(×109/L) 292(213~332) 297(251~376) 0.071

CRP(mg/L) 96.9(73.2~126.4) 86.2(51.5~119.2) 0.153

PCT(ng/ml) 1.87(0.62~3.31) 0.56(0.17~1.22) <0.001*

ALT(U/L) 37.7(27.2~45.6) 34.7(24.4~42.2) 0.212

AST(U/L) 35.0(28.8~41.5) 32.1(25.9~39.2) 0.114

ALB(g/L) 33.8(30.5~36.8) 36.4(34.1~38.7) 0.001*

Na+(mmol/L) 135.1(132.4~137.0) 136.7(135.1~138.3) 0.002*

NT-proBNP(pg/ml) 649.5(217.8~936.5) 442.9(173.4~756.6) 0.027*

CK-MB(U/L) 1.5(1.0~1.9) 1.4(1.1~1.7) 0.339

D-dimer(ug/ml) 1.17(0.85~2.18) 0.94(0.58~1.84) 0.065

ESR(mm/h) 74.2(51.1~90.4) 71.0(49.7~87.0) 0.321

IR,IVIG-resistant; IS, IVIG-sensitive; WBC, white blood cell; N%, percentage of neutrophils; HGB, hemoglobin; PLT, platelet;
CRP, C-reactive protein; PCT, procalcitonin; ALT, alanine amino transferase; AST, aspartate transaminase; ALB, albumin;
Na+, serum sodium; NT-proBNP, N-terminal pro-brain natriuretic peptide; CK-MB, creatine kinase-MB; ESR, erythrocyte
sedimentation rate. *Statistically signi�cant (P< 0.05)

 
Table 3

ROC curve analysis of indicators to predict IVIG resistance

Indicator AUC P 95% CI Cut-off Sen (%) Spe (%) YI

FMD 0.698 <0.001 0.606~0.791 5.79% 78.0 68.3 0.463

CIMT 0.597 0.047 0.500~0.694 0.379mm 56.0 64.2 0.202

N% 0.625 0.010 0.537~0.713 72.16% 74.0 51.7 0.257

PCT 0.727 <0.001 0.632~0.822 1.69ng/ml 56.0 86.7 0.427

ALB 0.669 0.001 0.579~0.759 33.6g/L 50.0 79.2 0.292

Na+ 0.653 0.002 0.559~0.747 133.2mmol/L 40.0 89.2 0.292

NT-proBNP 0.608 0.027 0.515~0.701 703.4pg/ml 48.0 70.8 0.188

Sen, Sensitivity; Spe, Speci�city; YI, Youden index; FMD, brachial artery �ow-mediated dilation; CIMT, carotid intima media
thickness; N%, percentage of neutrophils; Na+, serum sodium; ALB, albumin; PCT, procalcitonin; NT-proBNP, N-terminal
pro-brain natriuretic peptide; AUC, area under curve.
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3. Logistic regression analysis of IVIG resistance in Kawasaki disease. Using FMD< 5.79%, CIMT>0.379 mm, N%>72.16%,
PCT>1.69 ng/ml, ALB>33.6 g/L, Na+<133.2 mmol/L and NT-proBNP>703.4 pg/ml as binary independent variables,
multivariate logistic regression for IVIG resistance during the acute phase of KD was analysed and is presented in Table 4.
The results showed that FMD< 5.79% (P=0.014), PCT>1.69 ng/ml (P = 0.005) and Na+<133.2 mmol/L (P=0.015) were
independent predictors of IVIG resistance in KD children.

4. Correlation among the independent predictors in different groups. Spearman’s partial correlation (Fig. 2) showed that there
were strong negative correlations between FMD and PCT in all groups, such as the IVIG-resistant group (r= -0.630, p<0.01),
IVIG-sensitive group (r= -0.477, p<0.01) and KD group (r= -0.608, p<0.01), while there was a weak positive correlation between
FMD and Na+ only in the KD group (r= 0.212, P=0.005).

Table 4
Multivariate logistic regression model composing indicators for predicting IVIG resistance

Indicator P OR 95%CI

FMD 0.014 3.563 1.299~9.772

CIMT 0.093 2.069 0.885~4.836

N% 0.353 1.552 0.614~3.924

PCT 0.005 4.257 1.549~11.700

ALB 0.113 2.054 0.843~5.005

Na+ 0.015 3.516 1.277~9.680

NT-proBNP 0.137 0.471 0.174~1.270

FMD, brachial artery �ow-mediated dilation; CIMT, carotid intima media thickness; N%, percentage of neutrophils; Na+,
serum sodium; ALB, albumin; PCT, procalcitonin; NT-proBNP, N-terminal pro-brain natriuretic peptide;

Discussion
There is increasing evidence that the current mechanism of IVIG in the treatment of KD mainly involves the immune
response, the destruction and remodelling of the blood vessels and endothelial in�ammation, including regulating the
activation of T cells and other antigen-presenting cells; regulating Fc receptor expression and inhibiting complement
activation; regulating the production of cytokines and inhibiting immune response; neutralizing bacterial super antigens and
toxins; and so on [21-23]. Based on these perspectives, it is hypothesized that laboratory markers of in�ammation and
endothelial function parameters would be reliable predictors. There have been numerous studies [24-26] about the predictive
value of laboratory markers for IVIG resistance in KD, but few reports have examined endothelial function parameters and
the correlation between these two main indicator types.

In our investigation, we demonstrated that IVIG-resistant KD patients had both signi�cantly lower FMD and higher CIMT than
other groups, despite the differences in SI in these groups not reaching statistical signi�cance. However, we did not �nd any
difference in endothelial parameters between AURI patients and normal children. These �ndings con�rmed that common
infection-related febrile factors may not be su�cient to cause either obvious swelling of the vascular medial membrane or
serious damage to the structure of the arterial wall and that simple and transient in�ammation in the acute phase may not
be su�cient to cause signi�cant premature arteriosclerosis in a short time [27]. In addition, there was lower FMD and higher
CIMT in IVIG-resistant patients than in the IVIG-sensitive patients, which means that endothelial dysfunction in IVIG-resistant
KD patients may be more serious than that in IVIG-sensitive patients and AURI patients. There was no signi�cant difference
in CIMT between the IVIG-sensitive and AURI groups. Therefore, FMD may be more reliable in KD children for the assessment
of endothelial function in the acute phase than CIMT and SI. In further logistic analysis, we found that of the three vascular



Page 8/14

ultrasonography parameters, only FMD (< 5.79%) was an independent predictor of IVIG resistance, which also con�rmed the
above hypothesis. FMD was created as a high-frequency ultrasound technique for a surrogate marker of endothelial
vasodilation function by Celermajer et al [16] in 1992. It works by physically blocking the brachial artery, resulting in transient
ischaemia and hypoxia, which stimulates the endothelium to release nitric oxide and other associated vasodilators
(neurohormones such as acetylcholine, 5-hydroxytryptamine and catecholamine). When the physical blockage is removed,
vessels with normal endothelial function expand in response to a large number of these cytokines and molecules [28].
Compared with SI and CIMT, which focus on evaluating vascular morphology [29], FMD mainly monitors vasodilation
function after arti�cial mechanical stimulation physiologically [16, 30]. Since endothelial cell activation and dysfunction are
earlier observable changes than structure and form in the development of vascular diseases in lesion areas[31] and
measurement of FMD includes online monitoring of disturbed blood �ow dynamics, FMD can more sensitively re�ect the
difference between the vascular endothelium of patients with IVIG resistance and other groups under the in�uence of
systemic in�ammation. In adults, FMD<5 indicates impaired endothelial function, but there is no established standard in
children [32]. In the present study, the cut-off value predicted by FMD for IVIG resistance was lower than the normal range but
signi�cantly lower than that of the healthy control group. Therefore, it was speculated that most IVIG-resistant KD patients
had subclinical endothelial dysfunction, as the correlation between them may be undesirable consequences of in�ammatory
storms.

In the analysis of laboratory markers of in�ammation in KD patients, similar to the distinctly different vascular
ultrasonography parameters between the IVIG-sensitive and IVIG-resistant groups mentioned above, there were statistically
signi�cant differences in NT-proBNP, which re�ects myocardial ischaemia and hypoxia; Na+, which mainly re�ects
microvascular permeability and interleukin levels; and in�ammatory parameters, such as N%, PCT and ALB, which also
support the release and cascade reaction of systemic in�ammatory factors and vasculitis in IVIG-resistant patients, which
were stronger and more inadequate for remission, consistent with some results of previous studies[24-26]. Among those
laboratory data, aggressive in�ammatory response (PCT>1.69 ng/ml) and hyponatremia (Na+<133.2 mmol/L) were found to
be strong independent predictors of IVIG resistance in KD children, similar to FMD (<5.79%), through multivariate logistic
regression analysis. Only PCT had a larger AUC than FMD, which had the highest sensitivity with a value of 78.0%, indicating
that FMD could be a better predictor than most of the laboratory data above. PCT is an acute-phase reactant whose levels
are not affected by the administration of corticosteroids or nonsteroidal anti-in�ammatory medication. As a prohormone for
calcitonin, it is suppressed or nonresponsive to interferon-γ, moderately responsive to tumour necrosis factor-α (TNF-α) and
interleukin-6 (IL-6) stimulation, and strongly responsive to interleukin-1β (IL-1β) [26]. Previous studies reported that increased
IL-6 and IL-1β may activate ADH secretion and aggravate microvascular permeability in KD patients with severe
in�ammation, leading to SIADH and hyponatremia[25]. This process partially has the same in�ammatory mediators as PCT,
which means that PCT is partly correlated with microvascular permeability. Both hyponatremia and elevated PCT are closely
related to excessive expression of in�ammatory factors.

In the context of immune-mediated injury, the vascular endothelium may trigger a low-level in�ammatory response by
imitating pathogen- and damage-associated molecular patterns and activating monocyte-derived macrophages, T cells, B
cells, dendritic cells and mast cells by affecting substrate-receptor interactions and the secretion of different mediators[30] in
in�ammation, coagulation, angiogenesis and tumour invasion. In our follow-up correlation analysis, the negative correlations
between FMD and PCT in both the KD group and subgroups were stronger in the IR group than in the IS group, while
hyponatremia was not signi�cantly correlated with FMD since a possibly larger part of FMD involves endocrine and
neuroregulatory mechanisms[25] rather than endothelial in�ammation. These �ndings further con�rmed that a severe
exaggerated in�ammatory response can lead to vascular damage through biochemical and immune damage pathways[30]
and is an important mechanism of vascular structure and endothelial function damage in IVIG-resistant patients[33, 34]. At
the same time, there may be considerable overlap between in�ammatory responses that lead to elevated PCT and
pathophysiological processes (including injury of endothelial cells that release vasodilators and blocking of vasodilator
response pathways in the vascular wall that in�uence vasodilation) in IVIG-resistant patients. This may be related to
cytokines such as TNF-α, IL-6, and IL-1β[30]. Even though FMD<5.79% (OR=3.563) has a good predictive ability for IR,
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PCT>1.69 ng/ml had a higher OR (4.257), which means that abnormally elevated PCT has a stronger directivity to IR than
FMD. Therefore, we speculate that changes in the morphology and function of vessel walls lag behind in�ammation in
KD[35], which is also believed to be the initial step in many other rheumatic diseases, including systemic lupus
erythematosus, ankylosing spondylitis, Bechet’s disease, rheumatoid arthritis, and so on[36].

Although further basic experimental proof is needed, the above conclusions might provide a clue for future aetiologic studies
on IVIG resistance in KD. Additionally, we suggest that before IVIG treatment, if either FMD, PCT or Na is found to be
abnormally different from their critical values, we recommend the timely strengthening of endothelial nutritional support,
extra anti-in�ammatory therapy such as hormone application, regulation of water and electrolyte homeostasis and other
measures that can promote the control of in�ammation to a certain extent to prevent the occurrence of IVIG resistance.
Similarly, in children with drug resistance to IVIG, strengthening the above measures is likely to prevent the recurrence of drug
resistance and refractory KD [3, 23, 37, 38]. While the combination of FMD and PCT as a diagnostic tool in routine clinical
practice is not yet warranted, in the absence of reliable tools for diagnosing IVIG-resistant KD, this investigation could prove
useful in the future.

Our study has several limitations. First, the sample size of this study was small, and all subjects in this study were Chinese.
Further large-scale, multicentre prospective studies are needed to con�rm our �ndings. Second, to acquire ultrasonic data, we
measured only the right neck for CIMT and SI and only the left brachial artery for FMD, while LVEF and LVFS were measured
only in the KD group, which may have led to some selection bias. Third, the laboratory data were limited in our study; we did
not collect laboratory data for the AURI and normal groups, and thus, more indicators need to be included prospectively.

Conclusion
IVIG-resistant KD patients have more severe endothelial dysfunction than IVIG-sensitive patients. Different methods of
measuring the endothelium with high-frequency ultrasound probes are effective tools for detecting subclinical endothelial
dysfunction in IVIG-resistant patients. FMD may be a more useful diagnostic parameter than CIMT and SI and may provide a
supporting standard for the detection of KD patients in the acute stage with a higher risk of IVIG resistance.

Abbreviations
ALB serum albumin
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Figure 1

ROC curve analysis of indicators in predicting IVIG resistance

FMD, brachial artery �ow-mediated dilation; CIMT, carotid intima media thickness; N% percentage of neutrophils; Na+, serum
sodium; ALB, albumin; PCT, procalcitonin; NT-proBNP, N-terminal pro-brain natriuretic peptide.

Figure 2

Correlations between �ow-mediated dilation (FMD) and two serum indicators (sodium and procalcitonin) in three different
groups (KD group, IVIG-resistant group and IVIG-sensitive group)

KD, Kawasaki disease; IS, IVIG-sensitive; IR, IVIG-resistant. Scatter plots showing (a) correlation between FMD and
procalcitonin in the KD, IS and IR groups; (b) correlation between FMD and sodium in the KD, IS and IR groups.
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