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Abstract
BACKGROUND: Multisystem Inflammatory Syndrome in Children (MIS-C) is a rare but 
severe condition that can develop in children who have had COVID-19. It can lead to 
cardiovascular complications, potentially caused by endothelial dysfunction and arterial 
stiffness.

METHODS: This study aimed to investigate the cardiovascular health of children with 
MIS-C compared to healthy controls. Fifty-nine children with MIS-C and fifty-nine healthy 
individuals were included in this cohort study. Non-invasive techniques were employed 
to measure the brachial artery’s flow-mediated dilation (FMD), aortic distensibility (AD), 
and aortic strain (AS).

RESULTS: The MIS-C group demonstrated significantly higher systolic blood pressure 
(P = 0.012), with a mean of 100.2 (10.1) mmHg compared to 95.3 (9.6) mmHg in the 
healthy group. The relative risk (RR) for elevated pulse pressure in the MIS-C group was 
borderline higher than in the healthy group (RR 95% CI: 1.06 [1.01–1.14]; P = 0.046). 
However, FMD, AS, and AD values were lower in the MIS-C group, with means of 13.6 
(8.9), 10.4 (4.1), and 15.5 (2.7), respectively, although no significant differences were 
observed (P > 0.05).

CONCLUSION: Children with MIS-C exhibited higher pulse pressure, indicating potential 
arterial stiffness. They also showed lower FMD, suggesting endothelial dysfunction. FMD 
appears to be a more reliable indicator of endothelial dysfunction in MIS-C patients 
compared to aortic strain. These findings underscore the importance of early assessment 
and monitoring of cardiovascular complications in MIS-C patients. Endothelial dysfunction 
and arterial stiffness are well-established risk factors for future cardiovascular events.
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Introduction
The coronavirus disease 2019 (COVID-19) 
pandemic, caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), has 
profoundly impacted global health. While primarily 
affecting the respiratory system, COVID-19 can 
also lead to various extrapulmonary complications 
involving multiple organ systems, including 
cardiovascular, neurological, and gastrointestinal 
manifestations1-3. One such complication is 
multisystem inflammatory syndrome in children 
(MIS-C), a rare but severe condition that affects 
children and adolescents. MIS-C often requires 
intensive care and may result in long-term health 
issues4.

MIS-C is considered a post-infectious 
complication of COVID-19, typically occurring 
weeks after the initial SARS-CoV-2 infection 
or exposure. While the exact pathophysiology 
remains unclear, it is thought to involve an 
abnormal immune response triggered by the virus, 
resulting in systemic inflammation and potential 
organ damage. Among the affected organ systems, 
cardiovascular complications have emerged as a 
significant concern in MIS-C patients4.

The cardiovascular manifestations of MIS-C can 
range from mild myocarditis to severe heart failure, 
arrhythmias, and coronary artery abnormalities. 
These complications underscore the importance 
of understanding the underlying mechanisms 
and identifying reliable biomarkers to enable the 
early detection and monitoring of cardiovascular 
involvement in MIS-C patients5.

One potential mechanism contributing to 
cardiovascular complications in MIS-C is endothelial 
dysfunction, which refers to the impaired 
functioning of the endothelium. Endothelial 
dysfunction can lead to altered vascular reactivity, 
increased inflammation, and thrombosis, ultimately 
contributing to the development of cardiovascular 
diseases6. 

The noninvasive assessment of systemic 
endothelial function has become an essential 
tool in evaluating cardiovascular function and 

predicting future cardiovascular events in patients 
with existing cardiovascular disease7. In this study, 
endothelial dysfunction was assessed using flow-
mediated dilation (FMD), and the brachial artery 
diameter was measured with a high-resolution 
linear probe. Arterial stiffness, a general term 
describing distensibility, compliance, and the 
elastic properties of the arterial vascular system, 
is similarly predictive of future cardiovascular 
events in such patients. To evaluate arterial 
stiffness, measurements of aortic strain and aortic 
distensibility were performed. These parameters 
offer valuable insights into the mechanical 
properties of the arterial system and overall 
cardiovascular function. Likewise, FMD measures 
the dilation of an artery in response to increased 
blood flow, serving as a reliable indicator of 
endothelial function8,9.

Currently, there is insufficient and conclusive 
information about systemic arterial dysfunction 
in inflammatory cardiovascular diseases, such as 
Kawasaki disease and MIS-C. This issue remains 
underexplored, with growing concern regarding 
subclinical systemic arterial abnormalities in 
patients with cardiovascular involvement or even 
in those with normal cardiovascular findings. This 
concern prompted an evaluation of preclinical 
vascular dysfunction in systemic arteries in MIS-C 
syndrome, where generalized inflammation may 
affect the vascular endothelium6,10,11.

In this context, the assessment of endothelial 
dysfunction and arterial stiffness using noninvasive 
techniques, such as Systolic Aortic Distensibility 
(SAD), Diastolic Aortic Distensibility (DAD), Aortic 
Distensibility (AD), Aortic Strain (AS), and FMD, 
holds significant promise12. These approaches 
may offer critical insights into the cardiovascular 
complications associated with COVID-19 and 
MIS-C. Understanding the underlying mechanisms 
and identifying potential biomarkers or risk factors 
could pave the way for enhanced risk stratification, 
timely intervention, and targeted therapeutic 
strategies, providing hope in addressing this 
complex condition.
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Methods
Ethics approval
This prospective study was approved by the 
Ethics Committee of Isfahan University of Medical 
Sciences (IR.MUI.MED.REC.1401.147). The research 
was conducted in accordance with the principles of 
the Helsinki Declaration of 1975, as revised in 2000. 
Informed consent was obtained from all patients 
and their parents before their participation in the 
study.

Study Protocol and Patient Characteristics 
The study included non-obese Asian patients aged 
1–16 years and was conducted at the pediatric 
cardiology clinic of Imam Hossein Hospital 
between May 2022 and July 2023. All participants 
had negative blood, urine, and stool cultures, as 
well as normal growth and development. Most 
patients in both groups reported mild respiratory 
symptoms in the preceding 1–2 months. MIS-C 
was diagnosed based on CDC/WHO criteria, 
which include the presence of fever, evidence of 
inflammation, multisystem involvement, and a 
confirmed connection to COVID-19.

Inclusion Criteria:
•	 Age 1-16 years
•	 No cardiac history or impaired function
•	 The control group was matched for age and sex 

and cleared of heart conditions.

Exclusion Criteria:
•	 Obesity, smoking, hypertension, diabetes, kidney 

impairment
•	 Kawasaki disease, Toxic Shock Syndrome, 

pneumonia, viral/bacterial gastroenteritis
•	 Technically insufficient echocardiographic images

Sample size calculation
The confidence interval was set at 95%, with a 
statistical power of 80%. The standard deviation 
(S) was 3.8, and the mean difference in FMD 
between the two groups was 2 6. Based on these 
parameters, a sample size of 57 was calculated as 
necessary for each group.

Clinical Assessment
Data collection included sex, age, height, weight, 
and BMI. Blood pressure was measured using a 
sphygmomanometer (ALP K2) after 5 minutes 
of rest. Pre-treatment assessments included 
echocardiography, aortic distensibility, and flow-
mediated dilation (FMD) of the brachial artery.

Echocardiographic Examination
A Pediatric Cardiologist conducted an 
echocardiographic examination meticulously, 
utilizing advanced techniques such as Two-
dimensional imaging, M-mode, pulsed Doppler, 
and color flow Doppler (Samsung MEDISON 
EKO 7, 3-MHz transducer). Continuous 
electrocardiogram monitoring was performed 
during the examination.

The M-mode echocardiography in the 
parasternal long-axis view was used to evaluate left 
ventricular systolic function over three consecutive 
cardiac cycles, with the mean values calculated. 
Atrioventricular and semilunar valve regurgitation 
was assessed using color Doppler and categorized 
as mild, moderate, or severe insufficiency. The 
assessment also included identifying pericardial 
and pleural effusions, as well as any coronary 
abnormalities13. 

Evaluation of arterial stiffness using aortic 
distensibility 
Arterial elasticity was evaluated with meticulous 
precision. Patients were positioned in the left 
lateral decubitus position with continuous 
electrocardiographic monitoring. Using the 
parasternal long-axis view, the ascending aorta 
was measured 3 to 5 cm above the aortic valve 
using a Samsung MEDISON EKO 7 with a 3-MHz 
transducer. The systolic aortic diameter (AoS) was 
recorded at the point of maximum aortic valve 
opening, while the diastolic aortic diameter (AoD) 
was measured at the peak of the QRS complex 
on the electrocardiogram (Fig. 1). The mean of 
three consecutive measurements for both systolic 
and diastolic values was calculated. The following 
formulae were used to assess arterial elasticity:
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•	 PP = Systolic Blood Pressure − Diastolic Blood 
Pressure

•	 AS (%) = [(AoS − AoD) ÷ AoD] × 100
•	 AD = 2 × [(AoS − AoD) ÷ AoD] / PP  14.

FMD
Ensuring patient comfort and safety was a 
priority during the flow-mediated dilation (FMD) 
measurement. The patient was positioned 
supine, with their hand placed in a comfortable 
position, maintained for at least one minute. The 
brachial artery diameter was measured above 
the antecubital fossa, prior to branching, using a 
Doppler ultrasound system equipped with a high-
resolution transducer (Samsung MEDISON EKO 
7, 10 MHz linear transducer). The diameter of 
the brachial artery was initially measured at rest 
three times, and the mean values were recorded 
as the baseline diameter. Measurements were 
taken at the end of diastole with continuous 
electrocardiogram monitoring. 

The cuff of the blood pressure device was 
placed in the upper part of the right antecubital 
fossa to create current impulses in the brachial 
artery. After determining the base diameter, 
ischemia was induced by inflating the cuff to 
increase pressure to 50 mmHg higher than the 
systolic blood pressure (SBP), and the cuff was 
released after 5 min. After deflating the cuff, two-
dimensional longitudinal images of the brachial 
artery were obtained, and the maximum diameter 

of the brachial artery was measured within sixty 
seconds. The FMD values were calculated using the 
baseline and maximum diameters of the brachial 
artery. FMD was calculated as FMD = 100 × (the 
maximum diameter after hyperemia − baseline 
diameter ÷ baseline diameter) 6. 

Statistical analysis
Our statistical analyses, conducted using SPSS 
version 16, adhered to a stringent threshold for 
statistical significance. Categorical data were 
presented as frequencies and percentages, while 
quantitative data were described as the mean with 
standard deviation or the median with interquartile 
range, depending on the results of normality tests. 
For simple group comparisons, Chi-square tests, 
independent t-tests, and Mann-Whitney U tests 
were utilized. To compare two groups in multiple 
tests (adjusted for sex, age, weight, height, and 
blood pressure), we employed generalized linear 
models (gamma distribution with log link) and 
ANCOVA. Specifically, an independent t-test and 
ANCOVA (adjusted for sex, age, weight, height, 
and blood pressure) were used for normally 
distributed variables (AS and DAD), while the 
Mann-Whitney test and generalized linear models 
(gamma distribution with log link, adjusted for 
the same variables) were used for non-normally 
distributed variables (PP, AD, SAD, and FMD) to 
compare the two groups. Effect size was expressed 
as relative risk (RR), and statistical significance was 

Fig. 1. Evaluation of arterial stiffness using aortic distensibility
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Table 1: Demographic and Clinical Variables of participants in Healthy and MIS-C groups 
 

Variable  Healthy group (n=59) MIS-C (n=59) P-value 

Sex Male 33 (56.9) 35 (60.3) 
0.7091 

Female 26 (33.1) 24 (39.7) 
Weight (Kg) 18.0 [14.0-28.0] 18.0 [13.0-27.0] 0.7852 

Age (Year) 7.0 [5.0-8.5] 6.0 [4.0-8.0] 0.3023 

Height (cm) 114.0 (22.1) 113.8 (24.6) 0.9663 
SBP (mmHg) 95.3 (9.6) 100.2 (10.1) 0.0123 
DBP (mmHg) 62.8 (8.1) 65.5 (10.2) 0.1283 
PE (Yes) 0 () 4 (6.8) 0.1191 
Coronary Aneurysms (Yes) 0 () 2 (3.4) 0.4961 
MR (Yes) 2 (3.4) 8 (13.6) 0.0941 
TR (Yes) 4 (6.8) 13 (22.0) 0.0341 
AI (Yes) 0 () 6 (10.2)  0.0271 
PI (Yes) 3 (5.1) 8 (13.6) 0.2041 
LVIDs (mm) 20.0 [19.0-23.0] 20.0 [18.0-22.0] 0.7032 
LVIDd (mm) 33.0 [30.0-37.0] 32.0 [30.0-37.0] 0.8952 
SF (%) 40.0 [38.0-42.0] 38.0 [35.0-41.0] 0.0032 
EF (%) 71.0 [69.0-74.0] 69.0 [67.0-73.0] 0.0092 

1 Chi-square, No (%) 

2 Mann Whitney, median [interquartile range] 
3 Independent t-test, mean (standard deviation) 
MIS-C: Multisystem Inflammatory Syndrome in Children, PE: Pericardial Effusion, MR: Mitral Regurgitation, TR: Tricuspid 
Regurgitation, AI: Aortic Insufficiency, PI: Pulmonary Insufficiency, LVIDs: Le Ventricular Internal Dimension Systolic, LVIDd: Le 
Ventricular Internal Dimension Diastolic, SF: Shortening Fraction, EF: Ejection Fraction, SBP: Systolic Blood Pressure, DBP: Diastolic 
Blood Pressure 
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Table 2: Evaluation of endothelial function and arterial stiffness between Healthy and MIS-C group 
 

Variable 
Healthy group 

(n=59) 
MIS-C 
(n=59) 

Unadjusted 
model Adjusted model 

P-value* P-value** RR (Confidence Interval 95%)† 

PP(mmHg) 30.0 [30.0-35.0] 30 [25.0-35.0] 0.696 0.046 1.06 (1.01-1.14) 
SAD (10-3mmHg-1) 1.6 [1.4-1.7] 1.6 [1.4-1.9] 0.692 0.535 0.99 (0.94-1.03) 
DAD (10-3mmHg-1) 1.4 (0.2) 1.5 (0.3) 0.531 0.533 0.98 (0.92-1.04) 
AD (10-3mmHg-1) 1.6 [1.4-1.7] 1.6 [1.4-1.8] 0.706 0.527 0.99 (0.94-1.03) 
AS (%) 10.4 (4.1) 10.0 (5.2) 0.647 0.961 0.96 (0.16-5.6) 
FMD (%) 12.5 [6.5-18.2] 7.0 [3.5-12.8] 0.006 0.129 0.77 (0.55-1.09) 
Data was showed mean (SD) or median[IQR] 
MIS-C: Multisystem Inflammatory Syndrome in Children, PP: Pulse Pressure, SAD: Systolic Aortic Distensibility, DAD: Diastolic Aortic 
Distensibility, AD: Aortic Distensibility, AS: Aortic Strain, FMD: Flow-mediated dilation, SD: Standard Deviation, RR: Relative Risk 

*: Mann Whitney or Independent t-test (Unadjusted model) 
**: Generalized linear model (gamma distribution with log link adjusted with adjusted for sex, age, weight, and height) or  ANCOVA  (adjusted 
for sex, age, weight, height, and blood pressure) 
†: Reference for RR: Healthy group 
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defined as a two-tailed p-value of less than 0.05, 
emphasizing the relevance of our findings.

Results
Data from a total of 118 participants was analyzed 

for the study. The median age was 6.0 years, with 
an interquartile range of 4.0-8.0, and 57.6% of 
the participants were male. The two groups were 
compared based on demographic and clinical 
variables, and the results are presented in Table 1. 
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The analysis showed no significant difference 
between the two groups regarding sex, age, 
weight, height, DBP, LVIDs, LVIDd, PE, and coronary 
aneurysms. However, the MIS-C group had 
significantly higher SBP (P=0.012), AI (P=0.027), 
TR (P=0.034), and lower SF (P=0.003) and EF 
(P=0.009) (Table 1).

Further analysis was conducted using 
independent t-tests and ANCOVA (adjusted for 
sex, age, weight, height, and blood pressure), as 
well as Mann-Whitney U tests and generalized 
linear models (gamma distribution with log link, 
adjusted for the same variables), to compare the 
two groups (Table 2).

Based on the results presented in Table 2, the 
FMD was significantly higher in the healthy group 
compared to the MIS-C group (P=0.006). There 
were no significant differences in other variables 
(PP, SAD, DAD, AD, and AS) (P>0.05).

The multiple ANCOVA test indicated that 
PP was approximately 6% higher in the MIS-C 
group than in the healthy group, with statistical 
significance (P=0.046). The multiple test results 
for other variables showed that SAD was about 1% 
lower, DAD was about 2% lower, AD was about 1% 
lower, AS was about 4% lower, and FMD was about 
23% lower in the MIS-C group than in the healthy 
group. However, none of these differences were 
statistically significant (P>0.05).
Discussion
Endothelial dysfunction and increased arterial 
stiffness—potential cardiovascular complications 
associated with MIS-C—can be effectively 
evaluated through non-invasive techniques6. 
This evaluation aids in understanding the extent 
of cardiovascular involvement, monitoring 
disease progression, and guiding therapeutic 
interventions. Early assessment and appropriate 
management of these complications are crucial 
in mitigating the long-term cardiovascular risks 
associated with MIS-C6. In this context, our study 
plays a significant role in evaluating the potential 
of SAD, DAD, AD, AS, and FMD as non-invasive 
techniques for assessing ED and AST in MIS-C 
patients.

The present study’s findings showed no 
significant differences between the two groups 
regarding sex, age, weight, height, DBP, and PP. 
However, the MIS-C group exhibited significantly 
higher SBP. Moreover, the multiple analysis 
indicated that PP was approximately 6% higher in 
the MIS-C group than in the healthy group. The 
multiple test results for other variables revealed 
that SAD was about 1% lower, DAD was about 
2% lower, AD was about 1% lower, AS was about 
4% lower, and FMD was about 23% lower in the 
MIS-C group than in the healthy group. However, 
none of these differences were statistically 
significant. Additionally, the present study found 
that the most common valvular abnormalities in 
MIS-C patients were TR, MR, PI, and AI in order 
of decreasing prevalence. The prevalence of all 
these abnormalities was higher in MIS-C patients 
than in the healthy group. Furthermore, there 
was a higher prevalence of PE and coronary 
abnormalities in MIS-C patients compared to the 
healthy group, although this difference was not 
statistically significant.

COVID-19 has been associated with a range 
of cardiovascular complications, including 
endothelial dysfunction and arterial stiffness15, as 
our study has confirmed. Endothelial dysfunction, 
characterized by impaired endothelium function, 
and arterial stiffness, which refers to decreased 
arterial wall elasticity15,16, were both conditions 
observed in our research. The mechanisms 
underlying COVID-19-induced endothelial 
dysfunction and arterial stiffness are complex 
and still being elucidated. However, several 
factors—such as direct viral injury to endothelial 
cells, the release of inflammatory cytokines, and 
the activation of the coagulation system—are 
believed to be involved17. MIS-C, a condition that 
can develop in children after SARS-CoV-2 infection, 
could potentially lead to cardiac complications 
such as myocarditis, heart failure, endothelial 
dysfunction, and arterial stiffness18. The long-term 
cardiovascular consequences of COVID-19 are still 
being investigated. However, the potential for 
endothelial dysfunction and arterial stiffness to 
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contribute to the development of cardiovascular 
disease underscores the importance of ongoing 
research in this area.

Our current study has revealed a significant 
observation: children with MIS-C exhibit higher 
PP than healthy individuals. This finding suggests 
a potential reduction in arterial compliance, a 
characteristic of endothelial dysfunction19. The full 
clinical implications of this finding are yet to be 
fully understood. However, it is hypothesized that 
elevated PP could play a role in the development 
of cardiovascular complications, including heart 
failure and myocarditis20. A study by Çiftel et al. 
on children with MIS-C found that PP was lower 
in children with MIS-C compared to the control 
group in the unadjusted model analysis. This 
finding was consistent with our unadjusted model 
results. However, our study’s adjusted model 
analysis revealed contrasting results, showing 
higher PP in children with MIS-C compared to the 
control group. Unfortunately, Çiftel et al.’s study 
did not perform an adjusted model analysis, which 
might limit the reliability of their findings6. Our 
findings underscore the need for further research, 
emphasizing the urgency and importance of our 
collective efforts in understanding and managing 
MIS-C.

The present study found that children with 
MIS-C have significantly lower FMD than healthy 
individuals, consistent with previous findings 
on MIS-C patients and Kawasaki disease6,11. 
FMD is a non-invasive method of assessing 
endothelial function that measures the ability of 
blood vessels to dilate in response to increased 
blood flow. Impaired FMD indicates endothelial 
dysfunction, a common complication associated 
with vascular disease21. Studies have shown 
that MIS-C patients have significantly reduced 
FMD compared to controls. This decline in FMD 
is attributed to endothelial dysfunction, which 
impairs the endothelium’s ability to regulate 
vascular tone, maintain arterial elasticity, and 
respond to changes in blood flow6. The lower 
FMD observed in MIS-C patients has significant 
clinical implications. Endothelial dysfunction is 

a major risk factor for developing cardiovascular 
diseases, such as atherosclerosis, coronary artery 
disease, and stroke22. The impaired FMD in MIS-C 
patients raises concerns about their long-term 
cardiovascular health and the potential for future 
cardiovascular complications.

In this study, AS and AD levels in the MIS-C 
group were slightly lower than in the control group. 
However, this difference was not statistically 
significant. On the other hand, when comparing 
the P-value and RR between the two groups, it 
can be concluded that the FMD index is a more 
reliable indicator of endothelial dysfunction in 
MIS-C patients compared to AS and AD. 

Our study led to an intriguing finding: the 
MIS-C group had significantly higher systolic blood 
pressure than the control (healthy) group, but no 
significant difference was observed in diastolic 
blood pressure. To understand this, we must 
consider pulse pressure, the difference between 
systolic and diastolic blood pressure. The elevation 
in pulse pressure, often attributed to low diastolic 
blood pressure, is a crucial factor in understanding 
the blood pressure dynamics in the MIS-C group23. 
Despite the higher systolic blood pressure in 
this group, the expected lower diastolic blood 
pressure due to elevated pulse pressure would 
likely bring diastolic blood pressure closer to that 
of the control group. This finding paves the way for 
further investigation into the role of pulse pressure 
in the MIS-C group.

The present study provides valuable insights 
into assessing endothelial dysfunction and arterial 
stiffness in children with MIS-C using non-invasive 
techniques. However, the study has certain 
limitations that should be acknowledged. Firstly, 
the study’s cross-sectional nature precludes 
the establishment of causality, and longitudinal 
studies are required to evaluate the progression 
of cardiovascular complications in MIS-C 
patients over time. Furthermore, the study’s 
relatively small sample size may have limited 
its statistical power to detect minor differences 
between groups. Additionally, the study focused 
exclusively on children with MIS-C, which may 
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limit the generalizability of the findings to other 
patient groups or adult populations. Moreover, 
unmeasured confounding factors, such as 
lifestyle, dietary habits, or genetic factors, could 
impact vascular function. Lastly, the non-invasive 
methods, including FMD, have inherent limitations 
and may not provide the same level of accuracy 
as invasive techniques. Therefore, future studies 
with larger sample sizes, longitudinal designs, 
and consideration of potential confounders are 
warranted to corroborate and expand upon the 
present findings.

Conclusion
The study provides valuable insights into assessing 
endothelial dysfunction and arterial stiffness in 
children with MIS-C using non-invasive techniques. 
One notable finding was the significantly higher 
pulse pressure observed in the MIS-C group 
compared to the healthy group. Reduced arterial 
compliance and elasticity, as reflected by higher 
pulse pressure values, may increase the risk of 
future cardiovascular complications. The study 
also revealed that MIS-C patients exhibited lower 
FMD values, suggesting the presence of endothelial 
dysfunction. FMD emerged as a more reliable 
indicator of endothelial dysfunction in MIS-C 
patients than parameters such as AS and AD.

These findings highlight the importance of 
early assessment and monitoring of cardiovascular 
complications in children with MIS-C. Endothelial 
dysfunction and increased arterial stiffness, 
as indicated by lower FMD and higher pulse 
pressure, can contribute to adverse cardiovascular 
outcomes. Further longitudinal studies with larger 
sample sizes are necessary to validate these 
findings and elucidate the long-term cardiovascular 
implications of MIS-C. Additionally, exploring 
potential therapeutic interventions targeting 
endothelial dysfunction and arterial stiffness could 
be beneficial in mitigating cardiovascular risks in 
this patient population.
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