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Abstract
Severe acute respiratory syndrome coronavirus 2 infection can result in multisystem inflammatory syndrome in children (MIS-
C). MIS-C can lead to myocardial dysfunction, heart failure, and multiorgan failure; the primary finding is hyperinflammation.
Endothelial dysfunction has not been evaluated in patients with MIS-C. We investigated endothelial dysfunction and arterial
stiffness parameters in patients with MIS-C. The study included 38 pediatric patients (20 males and 18 females aged 4-17 years,
mean age 8.89 years) with MIS-C. Thirty-eight age- and sex-matched healthy individuals were enrolled as the control group.
Systolic and diastolic ventricular measurements and systolic and diastolic measurements of ascending aorta diameter were
performed by M-mode echocardiography. Endothelial dysfunction was evaluated using flow-mediated dilation by measuring
the brachial artery diameter with a high-resolution probe. The MIS-C group had lower flow-mediated dilation than did the
controls. The MIS-C group had decreased aortic strain and aortic distensibility values and correlations between decreased flow-
mediated dilation and reduced aortic strain, aortic distensibility, and reduced ejection fraction.

Conclusion: The results show that patients with MIS-C had endothelial dysfunction and arterial stiffness. Furthermore, the
degree of endothelial dysfunction correlated with reduced ejection fractions.

What is Known:

*Endothelial dysfunction and arterial stiffness are unknown in patients with MIS-C.

*The effect of endothelial dysfunction and arterial stiffness on decreased cardiac function is unknown.

What is New:

*MIS-C patients have endothelial dysfunction and arterial stiffness.

*There is a link between left ventricular dysfunction and reduced endothelial dysfunction in patients with MIS-C.
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Coronavirus disease 2019 (COVID-19) is a viral respiratory dis-
ease characterized by hyperinflammation and cytokine storm
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which emerged in late 2019. SARS-CoV-2 is
a single-stranded, positive-sense, enveloped RNA virus. It is
thought to have originated in Wuhan City, Hubei Province,
China [1]. After emerging in China, it spread rapidly worldwide,
and the World Health Organization (WHO) declared COVID-19
a pandemic in March 2020 [2]. The first pediatric case of SARS-
CoV-2 infection was reported in China [3]. Cardiovascular in-
volvement is a common and important complication of COVID-
19. Left heart failure and mitral insufficiency may occur as results
of the direct cytotoxic effect of the virus and the resulting
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cytokine storm [3, 4]. Endothelial damage, endothelial dysfunc-
tion, hyperinflammation, direct myocardial injury, increased ox-
ygen demand, side effects of various treatments, and electrolyte
imbalance play roles in cardiovascular dysfunction [4-6]. With
the spread of COVID-19 among children, multisystem inflam-
matory syndrome in children (MIS-C) was identified as a post-
infectious hyperinflammatory disease with symptoms similar to
Kawasaki disease occurring 68 weeks after SARS-CoV-2 in-
fection [7, 8]. MIS-C can lead to multiple organ failure, some-
times with cardiac involvement. Myocardial dysfunction, heart
failure, and valvulitis are common presenting symptoms [8—10].
Endothelial dysfunction has been identified in the presence of
inflammation [11, 12]. The endothelium plays roles in the regu-
lation of endothelial vascular tone, vascular remodeling, immu-
nity, inflammation, and platelet aggregation. Endothelial dys-
function may result from mechanical damage, bacterial infection,
hyperinflammation, and autoantibodies [13]. Flow-mediated di-
lation (FMD) of the brachial artery enables noninvasive assess-
ment of systemic endothelial function and the endothelium-
dependent vasodilatory response of a vessel to elevations in
blood flow-associated shear stress [14]. Endothelial dysfunction
is associated with arterial stiffness and atherosclerosis. COVID-
19 causes arterial stiffness and early vascular aging [15, 16]. To
our knowledge, endothelial dysfunction and arterial stiffness in
MIS-C have not been studied. We investigated endothelial dys-
function and arterial stiffness and their correlations with the de-
gree of cardiac involvement.

Materials and methods
Study population

This prospective study was approved by the hospital’s ethics
committee. Informed consent was obtained from all partici-
pants. Patients diagnosed with MIS-C in the Sanliurfa
Training and Research Hospital between September 2020
and March 2021 were included in the study. Clinical diagno-
ses of MIS-C were made according to the diagnostic criteria of
the US Centers for Disease Control and Prevention (CDC) and
the WHO. MIS-C was diagnosed based on the presence of
fever, signs of hyperinflammation, and multiorgan involve-
ment, as well as evidence of association with COVID-19
and clinically severe disease requiring hospitalization in pa-
tients aged < 21 years [8, 9]. Diagnosis, treatment, and follow-
up of patients with MIS-C were carried out by a multidisci-
plinary team that comprised staff from the Pediatric
Cardiology, Pediatric Rheumatology, and Pediatric
Infectious Diseases departments. The MIS-C group included
persons aged 4—17 years. The control group comprised pa-
tients in whom heart disease was excluded by physical exam-
ination, electrocardiography, and echocardiography. The ex-
clusion criteria were obesity, smoking, hypertension,
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congenital or acquired heart disease, and chronic kidney fail-
ure. In addition, children aged < 4 years were excluded be-
cause of issues with image quality. No sedation was used for
echocardiographic measurement. Individuals with technically
insufficient echocardiographic images were excluded from the
study.

Patients who were stable after the diagnosis of MIS-C
underwent measurement in the pediatric cardiology clinic.
Echocardiographic measurement of unstable patients was per-
formed at the bedside in the intensive care unit. In the patient
group, echocardiographic measurement was carried out before
the initiation of treatments that could affect endothelial func-
tion (inotropic therapy, administration of intravenous immu-
noglobulin, systemic glucocorticoids, and anakinra). After
routine echocardiographic imaging, systolic and diastolic M-
mode measurement of the ascending aorta was performed to
assess arterial stiffness. Brachial artery measurement was per-
formed next to identify endothelial dysfunction using the
FMD technique. For patients in the control group, measure-
ment was performed in the pediatric cardiology clinic. The
subjects’ height, weight, systolic blood pressure (SBP), and
diastolic blood pressure (DBP) were measured. SBP and DBP
were measured from the right brachial artery with the subject
in the supine position using a mercury pressure gauge prior to
examination after >5-min rest. The body mass index was cal-
culated by dividing the body weight (in kilograms) by the
square of the height (in meters).

Echocardiographic examination

Two-dimensional, M-mode, pulsed, and color flow Doppler
echocardiographic examinations (Vivid S60N, 3-MHz trans-
ducer; GE, Horten, Norway) were performed by a pediatric
cardiologist. During echocardiography, one-lead electrocardi-
ography was recorded continuously. The systolic function of
the left ventricle was evaluated using M-mode echocardiogra-
phy in the parasternal long-axis view. Mitral insufficiency was
detected using color Doppler based on the measurement of jet
length (grade 1, jet length < 1.5 cm; grade 2, jet length 1.5-2.9
cm; grade 3, jet length 3.0—4.4 cm; grade 4, jet length > 4.5
cm). Grade 1 was accepted as mild insufficiency, grade 2 as
moderate, and grades 3 and 4 as severe insufficiency [17].

Determination of arterial stiffness

Following routine echocardiography, the patients were placed
on their left sides on their backs, and ascending aorta record-
ings were obtained in M-mode under two-dimensional guid-
ance (Vivid S60N, 3-MHz transducer; GE). M-mode ascend-
ing aortic recordings were obtained 3 cm above the aortic
valve. Aortic diameters were calculated by measuring the dis-
tance between the inner edges of the anterior and posterior
walls in systole and diastole. The systolic aortic diameter
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(AoS) was measured with the aortic valve in the open position.
The diastolic aortic diameter (AoD) was measured from the
area corresponding to the QRS peak on simultaneous electro-
cardiographic recordings (Fig. 1). The following formulae
were used to assess arterial elasticity: pulse pressure (PP) =
SBP — DBP, aortic strain (%) = [(AoS — AoD) + AoD] x 100,
and aortic distensibility = 2 x [AoS — AoD + AoD] x PP [18].

Flow-mediated dilation measurement

The brachial artery diameter was measured in the antecubital
fossa immediately before its branching using a Doppler ultra-
sound system with a high-resolution transducer (Vivid S60N,
12 MHz linear-array transducer; GE). For two-dimensional im-
aging, a segment with clearly identifiable anterior and posterior
intimal faces was selected. The brachial artery diameter was
measured three times, and the average was recorded as the basal
diameter. Measurements of the brachial artery were taken at the
end of diastole according to electrocardiography 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 baseline measurements were recorded,
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Fig. 1 Aortic systolic diameter and aortic diastolic diameter measurements

the cuff pressure was increased to 50 mmHg above the SBP,
and the cuff was held in this position for 5 min to allow com-
plete interruption of arterial flow. Anterograde blood flow was
cut, and ischemia was induced. Sixty seconds after the cuff was
deflated, two-dimensional longitudinal images of the brachial
artery were obtained. FMD values were calculated using the
baseline and maximum diameters of the brachial artery. FMD
was calculated as: FMD = 100 x (maximum diameter after
hyperemia — baseline diameter + baseline diameter) [18].

Statistical analysis

SPSS statistical software (version 15.0; SPSS Inc., Chicago,
IL, USA) was used for all statistical analyses. Values are me-
dians or means =+ standard deviations. Pearson’s chi-squared
test was used to examine differences in sex distribution and to
assess the normality of the data distribution; the Shapiro—Wilk
test was used for all other variables. The nonparametric
Mann—Whitney U test was performed for non-normally dis-
tributed variables. Spearman’s correlation analysis was con-
ducted to evaluate correlations. P values < 0.05 were consid-
ered to indicate statistical significance.
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Results Table 1  Clinical characteristics and results of conventional
echocardiography

The study included 38 pediatric patients (20 males and 18 MIS-C (38 patients) ~Controls (38 subjects) P value
females, mean age 8.89 years) who were matched for age,

body mass index, and sex with control subjects. The ejection ~ Age (vears) 8.89+2.67 8.94+2.69 0.82
fractions of 20 (52%) patients were <55%. No patient had a ~ BMI(kg/m?)  19.63+2.31 20.13+1.84 0.30
coronary artery aneurysm. However, dilatation of the coro- ~ SBP (mmHg)  99.60+14.7 108.9246.27 001
nary arteries (Z score 2-2.5) was detected in five (13%) pa- ~ DBP (mmHg) = 61.47+9.60 68.15+5.87 .001
tients. Five patients had severe, 7 patients had moderate, and ~ IVSd (mm)  6.21+1.09 6.07+1.26 0.62
10 patients had mild mitral valve insufficiency. Overall, 58%  LVIDd (mm)  43.07+5.32 40.42+5.29 0.03
of patients had mitral insufficiency. In addition, seven (18%)  LVPWd (mm) 5.76+1.26 5.63+1.38 0.66
patients showed minimal pericardial effusion. Some patients ~ IVSs (mm) 9.71£1.37 9.68+2.02 0.94
with MIS-C required intensive care (20/38, 53%), intravenous ~ LVIDs (mm)  27.73+4.79 25.28+3.74 0.01
immunoglobulin (38/38, 100%), anakinra (25/38, 66%), pulse LVPWs (mm) 9.31+1.61 9.26+1.55 0.88
steroid (16/38, 42%), and inotropic therapy (26/38, 68%). EF 54.78+15.10 66.94+4.41 .001

Some patients in the MIS-C group showed reverse transcrip-
tion polymerase chain reaction test positivity (3/38, 8%), se-
rological positivity for COVID-19 (37/38, 97%), and histories
of COVID-19 contact (35/38, 92%). The inflammatory mark-
er values were as follows: white blood cell count, 2150—
47,500/uL. (mean 14,004/uL, reference range 6000—17,500/
pL); C-reactive protein concentration, 18-327 mg/L (mean
152 mg/L, reference range 0—5 mg/L); procalcitonin concen-
tration, 0.15-100 ng/mL (mean 12 ng/mL, reference range 0—
0.04 ng/mL); and ferritin concentration 75-2576 ng/mL
(mean 579 ng/mL, reference range 7-140 ng/mL). In addition,
27 (71%) patients in the MIS-C group had increased troponin
T levels (100980 ng/L, reference range 5—100 ng/L), indica-
tive of cardiac involvement.

On M-mode echocardiography, no difference between
groups was observed in the end-diastolic or end-systolic inter-
ventricular septal wall thickness or left ventricular posterior
wall thickness (all p > 0.05). However, the MIS-C group had
significantly increased left ventricular end-diastolic and end-
systolic diameters (both p < 0.05) and decreased ejection frac-
tions (p < 0.01) compared with the control group. The clinical
characteristics and echocardiographic findings are provided in
Table 1.

The MIS-C and control groups had similar pulse pressure
(38.13 + 8.62 and 40.63 + 3.67, respectively; p = 0.10), sys-
tolic aortic diameter (2.11 £0.21 and 2.21 £ 0.25, respective-
ly; p = 0.66), and diastolic aortic diameter (1.91 = 0.20 and
1.89 £ 0.24, respectively; p = 0.81). Compared with the con-
trol group, patients with MIS-C had decreased aortic strain
(11.64 +5.30 vs. 17.07 £ 4.44; p < 0.01) and aortic distensi-
bility (8.90 = 4.30 vs. 13.91 £3.70; p < 0.01). Patients in the
MIS-C group also had decreased brachial artery diameter
changes (0.29 + 0.12 vs. 0.40 + 0.13; p < 0.01) and FMD
(9.20+3.81 vs. 12.10 £3.80; p < 0.01) relative to the controls
(Table 2). There was a weak correlation between FMD and
aortic strain (r = 0.39, p <0.05) and aortic distensibility (r =
0.42, p <0.05). There was a positive correlation (r = 0.67, p
<0.01) between FMD and ejection fractions. In addition, there
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BMI body mass index, SBP systolic blood pressure, DBP diastolic blood
pressure, /VSd interventricular septal wall thickness diastolic, LVIDd left
ventricular internal dimension diastolic, LVPWAd left ventricular posterior
wall thickness diastolic, /VSs interventricular septal wall thickness systol-
ic, LVIDs left ventricular internal dimension systolic, LVPWs left ventric-
ular posterior wall thickness systolic, EF ejection fraction. Data are
expressed as mean + standard deviation

was a significant positive correlation (r = 0.81, p <0.01) be-
tween FMD and reduced ejection fraction (below 55%). In the
MIS-C group, the correlation between flow-mediated dilata-
tion and ejection fraction is given in Fig. 2.

Discussion

MIS-C affects the heart, lungs, kidneys, brain, skin, eyes, and
gastrointestinal tract; however, its cause is unknown. SARS-

Table 2 Arterial stiffness values and flow-mediated dilation of the
brachial artery

MIS-C (38 patients) ~ Controls (38 subjects) P value
PP 38.1348.62 40.63+3.67 0.10
AoS (cm) 2.11+.21 2.21+0.25 0.66
AoD (cm) 1.914+0.20 1.89+0.24 0.81
AS (%) 11.64+5.30 17.07+4.44 <0.01
AD 8.90+4.30 13.91£3.70 <0.01
BABd (mm) 3.2240.36 3.29+0.36 041
BAMd (mm) 3.5240.42 3.70+0.41 0.07
BADc (mm)  0.29+0.12 0.40+0.13 <0.01
FMD (%) 9.2043.81 12.10+3.80 <0.01

PP pulse pressure, AoS aortic systolic diameter, AoD aortic diastolic
diameter, AS aortic strain, AD aortic distensibility, BABd brachial artery
baseline diameter, BAMd brachial artery maximum diameter after hyper-
emia, BADc brachial artery diameter change, FMD flow-mediated dila-
tion. Data are expressed as mean =+ standard deviation
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Fig. 2 Correlation between ejection fraction and flow-mediated dilatation in the MISC patient group

CoV-2 infection is typically mild and often asymptomatic in
children, but some children develop MIS-C after acquiring it.
MIS-C is characterized by fever, hyperinflammation, and
multiorgan involvement and typically occurs 6-8 weeks after
COVID-19 onset. The symptoms of MIS-C are similar to those
of toxic shock syndrome and Kawasaki disease [7, §]. The ma-
jority of affected children show polymerase chain reaction neg-
ativity for SARS-CoV-2. Most patients have positive serology as
a sign of previous COVID-19, suggesting that MIS-C is a result
of the immune dysregulation that develops after COVID-19 [8,
19]. MIS-C was first reported in Italy as an increase in the inci-
dence of Kawasaki-like disease [7]. Later, the CDC and WHO
published a case definition for MIS-C associated with COVID-
19 [20, 21]. In MIS-C, systolic and diastolic heart functions are
often impaired. Even after the recovery of systolic heart function,
diastolic heart function deterioration has been detected [22].
Most patients have elevated troponin I or brain natriuretic peptide
levels, which are signs of cardiac damage [9, 10].
Hyperinflammation, complement activation, microvascular dam-
age, and endothelial damage have been detected in patients with
MIS-C [23, 24]. The known causes of endothelial dysfunction
are hyperinflammation, microvascular damage, and endothelial
damage [13]. Left ventricular myocardial dysfunction is the most

common cardiac finding of MIS-C. Heart failure is linked to
endothelial dysfunction [25].

The endothelium is critical for the maintenance of vascular
balance. Endothelial dysfunction can be defined as impaired
endothelial vasodilation as a result of decreased nitric oxide
release, increased nitric oxide degradation, or increased release
of vasoconstriction mediators [13]. FMD is used to noninva-
sively assess nitric oxide-dependent vasoactivity [13, 14, 23].
Endothelial dysfunction can be caused by mechanical forces,
bacterial infection, inflammation, and autoantibodies in circu-
lation [26]. SARS-CoV-2 enters host cells via the angiotensin-
converting enzyme-2 receptor, which is found in the respiratory
tract and endothelial cells [1, 27]. Endothelial dysfunction and
arterial stiffness have been detected in patients with COVID-19.
Endothelial dysfunction and impaired microcirculatory func-
tion significantly contribute to life-threatening complications
of COVID-19, such as venous thromboembolic disease and
multiple organ involvement [16, 28]. We found that FMD
values were decreased, indicating endothelial dysfunction, in
patients with MIS-C. In MIS-C, endothelial dysfunction may
cause cardiovascular and other organ involvement. Endothelial
dysfunction has been detected in heart failure [25]. We found a
positive correlation between decreased ejection fractions and
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decreased FMD. Thus, treatments for endothelial dysfunction
(angiotensin-converting enzyme inhibitors, antioxidants, beta
blockers, endothelial nitric oxide synthase enhancers, and
phosphodiesterase-5 inhibitors) may be an option [29].
However, further studies are needed.

MIS-C is characterized by hyperinflammation, and inflamma-
tion plays an important role in arterial stiffness. Furthermore,
endothelial dysfunction may lead to atherosclerosis and arterial
stiffness. Increased arterial stiffness is associated with an in-
creased risk of cardiovascular events, such as stroke [11, 12,
16]. Increased arterial stiffness also increases the load on the
heart—more effort is required to maintain the heart rate. Over
time, this increased workload can lead to left ventricular hyper-
trophy and remodeling, resulting in heart failure. Moreover, it
increases the afterload on the heart, leading to an increase in
cardiac workload and contributing to heart failure [15, 16]. We
found decreased aortic strain and distensibility, indicating in-
creased arterial stiffness, in patients with MIS-C. Arterial stiff-
ness is linked to inflammation and endothelial dysfunction.
Whether increased arterial stiffness causes cardiovascular events
in patients with MIS-C, however, remains unclear.

This study has several limitations. First, the patients were
not followed prospectively for the recording of cardiovascular
events. Thus, we could not determine whether endothelial
dysfunction or arterial stiffness is a determinant of cardiovas-
cular events. Second, endothelial dysfunction and arterial
stiffness were not evaluated after recovery. Thus, we could
not determine whether these changes are permanent or occur
only in the acute phase of the disease. Third, the assessment of
endothelial dysfunction by FMD is subject to intraobserver
variability. Although FMD measurements were made within
the first hour, intravenous fluids (colloids, crystalloids, and
dextrose fluids) can alter endothelial function.

In conclusion, this study is the first in which endothelial dys-
function and arterial elasticity were investigated in patients with
MIS-C. We found endothelial dysfunction and impaired arterial
elasticity in these patients. Furthermore, the degree of endothelial
dysfunction correlated with arterial stiffness and reduced ejection
fractions. In patients with MIS-C, endothelial dysfunction may
be a precursor of multiorgan failure, and therapeutic approaches
for endothelial dysfunction may be beneficial. Comprehensive
prospective studies of this topic are needed.

Abbreviations COVID-19, Coronavirus disease 2019; CDC, US
Centers for Disease Control and Prevention; DBP, Diastolic blood pres-
sure; FMD, Flow-mediated dilation; MIS, Multisystem inflammatory
syndrome in children; SARS-CoV-2, Severe acute respiratory syndrome
coronavirus 2; SBP, Systolic blood pressure; WHO, World Health
Organization
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