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Atherosclerotic changes in the vascular walls begin early in childhood, especially in association with familial hypercholesterolemia (FH).  
The process may be subclinical, which nevertheless requires therapeutic and preventive measures.
Purpose — to evaluate baseline lipid profiles, the thickness of carotid intima-media complexes, blood pressure indices and the association 
with concentration changes of dephosphorylated-uncarboxylated matrix Gla protein (dp-uc MGP) as a marker of subclinical arterial lesions in 
different age groups of pediatric patients with FH.
Materials and methods. Children with heterozygous FH (n=15), stratified by age and sex, were included in the study. The control group con-
sisted of healthy peers (n=21). Blood samples were analyzed to determine levels of total (TC), low-density (LDL-C), very-low-density (VLDL-C), 
high-density (HDL-C), remnant (rC) and non-high-density (non-HDL-C) cholesterol, triglycerides (TG), apolipoproteins A1 (apoA1) and B 
(apoB), lipoprotein (a), and dp-uc MGP. The intima-media complex thickness of the common carotid artery and blood pressure were measured 
in all study subjects. The obtained data were processed using the accepted methods of medical statistics and SAS® OnDemand for Academics.
Results. Lipid profile changes in pediatric patients with FH were characterized by high levels of LDL-C, non-HDL-C and lipoprotein (a) in the 
5–9 years age group; in the 10–14 years age group — high levels of LDL-C, TG, rC, non-HDL-C and lipoprotein (a); in the 15–18 years age 
group — high levels of LDL-C, TG, non-HDL-C and lipoprotein (a). At the same time, the most marked dyslipidemia changes were evident 
in children aged 10–14 years in the FH group. apoA1 levels were significantly decreased in all FH children. Elevated levels of lipoprotein (a)  
(>30 mg/dL) in FH children were found in all age groups, suggesting that elevated lipoprotein (a) levels can be used as a factor for cardiovas-
cular risk stratification. Dp-uc MGP levels were significantly elevated in all age groups of FH children compared to healthy peers.
Conclusions. A lipid profile examination is necessary to diagnose FH in children, along with family health history and cascade screening.  
As atherosclerotic changes at 5–18 years of age remain subclinical, and the instrumental tests available in routine medical practice are not 
sensitive enough to detect them, therefore, preventive or therapeutic measures cannot be initiated promptly. The evaluation of circulating matrix  
Gla protein in pediatric patients with FH can be used as a marker of vascular wall calcification, which may allow early preventive measures 
against microcalcification to be developed.
The research was carried out in accordance with the principles of the Helsinki Declaration. The study protocol was approved by the Local Ethics 
Committee of the participating institution. The informed consent of the patient was obtained for conducting the studies.
No conflict of interests was declared by the authors.
Keywords: children, familial hypercholesterolemia, lipid profile, lipoprotein (a), dp-uc matrix Gla protein, intima-media complex thickness, 
apolipoprotein A1, apolipoprotein B.
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Introduction

Atherosclerosis manifests clinically 
in middle and late adulthood, but it  
is well known to have a long asymp-

tomatic phase of development. New research sup-
ports the concept that atherosclerosis as the main 
cause of cardiovascular disease in adults, originates  
in childhood. In most children, vascular athero-
sclerotic changes are minor and can be minimized 
or prevented with a healthy lifestyle [4]. How- 
ever, in some groups of children this process is ac-
��$��	��%
#2
��5
�	����
��
���
+������
��
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diseases [1]. Therefore, clinicians are faced with  
���
Ø"�����
��
��%���
�	�5���+��%�����
��
"#-
clinical atherosclerotic lesions, especially in pa-
tients who have familial hypercholesterolemia 
(FH), since these patients are at high risk of deve- 
loping cardiovascular events.

The relationship between dyslipidemia and  
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 �	$����	����
 �	
 #���
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time [23]. The accumulation of lipoproteins in the 
vascular intima leads to the formation of mildly 
oxidized phospholipids, which are bioactive stimu- 
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one of the most important among which is the 
matrix Gla protein (MGP) encoded by the MGP 
gene on the short arm of chromosome 12 [21].  
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MGP must be fully active — that is, fully carboxy- 
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healthy adults [24], and even more pronounced un-
dercarboxylation has been found in cardiovascular 
diseases and diseases associated with high cardio-
vascular risk: diabetes mellitus and chronic kidney 
disease [14]. Based on these observations, a con-
cept was formulated that the plasma concentration 
of circulating non-carboxylated MGP fractions 
can be used as a marker of cardiovascular diseases, 
risk factor for their development and mortality.

According to R.E.W. Kavey [11], the earli-
est stages of atherosclerosis can be blocked by 
lowering apolipoprotein B (apoB) lipid levels.  
The interval between a person’s exposure to a risk 
factor and the development of clinical manifes-
tations provides an opportunity for prevention.  
Universal screening is recommended by the study 
authors at the age of 8–11 years and repeatedly  
at the age of 17–18 years.

As stated by the European Atherosclerosis  
Society report (2022) [12], high lipoprotein (a) 
concentrations are associated with ectopic cardio-
3	�"$	�
������	$����	����
	�%
�	����	$����	����

of the aortic valve. It is recommended that lipo-
protein (a) concentrations should be tested at least 
once in adults, and in patients with FH cascade 
testing is particularly useful.

Purpose of the study — to evaluate baseline  
$�+�%
+���$��
���
����5��
��
�	����%
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complexes, blood pressure indices and the associa-
tion with concentration changes of dephosphory- 
lated-uncarboxylated matrix Gla protein (dp-uc 
MGP) as a marker of subclinical arterial lesions in 
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Materials and methods of the study
A retrospective study was conducted of 

pediatric patients from all regions of Ukraine 
who were seen in the Department of Cardiology  
at Kyiv City Children’s Clinical Hospital No.1.

Inclusion criteria
���
���
�"%2
Ù���9
	
�������%

diagnosis of FH for at least 6 months, age between 
5 and 18 years old, adherence to prescribed anti- 
lipid therapy and an appropriate diet (CHILD-1), 
signed informed consent by a child and parent(s) 
(or legal guardian(s)).

Exclusion criteria were withdrawal of informed 
consent, age less than 5 years old, interruption  
of antilipid therapy >1 month, presence of an con-
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 ��
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 >Ê
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causes lipid metabolism disorders (diabetes melli-
tus, hypothyroidism, nephrotic syndrome, chronic 
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kidney disease, primary cholangitis, obstructive 
jaundice, obesity, Cushing’s syndrome, pheochro-
mocytoma and etc.); intake of medications that 
cause lipid metabolism disorders (amiodarone, 
thiazide diuretics, beta-blockers, glucocorti-
coids, estrogens, androgens, immunosuppressants,  
anticancer agents, antipsychotics, HIV-1 prote-
ase inhibitors, anticonvulsants, retinoids, growth  
hormones and others).

118 children were assessed between January 
and December 2021. 15 of these met the inclusion 
criteria and agreed to participate in the study, with 
informed consent given by both the children and 
their parent(s) (or legal guardian(s)). The follow-
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guidelines: 5 to 9 years old, 10 to 14 years old,  
and 15 to 18 years old.

Pediatric patients with FH were included  
in the FH group (hereinafter referred to as «FH 
children»), (n=15). The Dutch Lipid Clinic Net-
work criteria were used to establish the diagno-
sis of FH [5]. FH children were mostly in the age 
range 5–17 years old (53.4% girls and 46.6% boys). 
Each age group consisted of 5 children.

The control group consisted of healthy peers 
in the age range 6–17 years old (hereinafter re-
ferred to as «Controls»), (n=21, 47.7% girls and  
52.3% boys). Each age group consisted of 7 children. 
The groups were representative of age and sex.

Blood samples for measurement of biochemi-
cal parameters including total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C) 
and very low-density lipoprotein cholesterol 
(VLDL-C) obtained by Friedewald’s formula [7], 
high-density lipoprotein cholesterol (HDL-C),  
triglycerides (TG), apolipoprotein A1 (apoA1), 
apoB and lipoprotein (a) were taken after at least 
8 hours fasting. Non-high-density (non-HDL-C) 
cholesterol was calculated TC minus HDL-C. Rem-
nant cholesterol (rC) calculated from the standard 
$�+�%
 +���$�
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Subjects’ blood plasma was also used to quantify 
the inactive dp-uc isoform of MGP (IDS-iSYS  
InaKtif MGP® UK) on the IDS-iSYS  
Multi-Discipline Automated System.

The resting blood pressure was measured in 
each child in both FH and control groups.

The intima-media complex thickness (cIMT) 
of the common carotid arteries on the right and 
left was measured by B-mode ultrasound using the 
12 MHz linear transducer L12-5 (Philips, USA). 
cIMT was calculated as the distance between 
the leading edge of the lumen — intima interface 

and the media — adventitia interface on the far  
wall of the common carotid artery on the longitu-
dinal section, freezed on the R-wave of the electro-
cardiogram.

The study was conducted in accordance  
with the Helsinki Declaration of Human Rights, 
the Council of Europe Convention on Human 
Rights and Biomedicine, and Ukrainian laws go- 
verning research on human subjects.

Statistical analysis. <8���%�%
 $�+�%
 +���$�
 %	�	

(TC, LDL-C, HDL-C, VLDL-C, TG, rC, non-
LDL-C, apoA1, apoB, lipoprotein (a)), MGP 
Ù���
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 Ù���
 ZQZç
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demics (SAS Institute Inc, North Carolina, USA).  
Data were assumed to be normally distribut-
�%
 [3�����%
 	�	$2���	$$2
 #2
 Z�	+���Çá�$5�
 1�$� 
mogorov–Smirnov, and graphically by Q-Q plot).  
Continuous variables with a normal distribution 
were reported as mean with standard deviation, 
and a t-test was used to compare the data from the 
FH and control groups. Intragroup comparisons  
in FH children were made using one-way analy- 
�
 ��
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 [�2) test  
was used to compare categorical variables. Pearson 
correlation was performed to test whether there 
was a correlation between age and MGP in the FH 
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Results and discussion of the study
Pearson’s chi-squared value was 1.818 with  

1 degree of freedom. The corresponding p-value 
Ù	
 ������
 Ù����
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evidence of an association between sex and  
the presence of the disease. For Fisher’s exact test, 
the two-tailed p-value was 0.369, which also con-
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analyzed and revealed some peculiarities with 
regard to such parameters as LDC-C, HDL-C, 
non-HDL-C, VLDL-C, rC, TG, apoB, apoA1 and 
lipoprotein (a) (Table 1).

Thus, LDL-C levels in all age groups in FH 
children exceeded the recommended [25] level  
of <1.8 mmol/L for the high-risk group before  
70 years of age to reduce their cardiovascular risk.

None of our subjects had HDL-C below the ac-
ceptable [6] range (<1.0 mmol/L).

There were no elevated levels of VLDL-C in the 
FH and control groups.

Non-HDL levels were elevated in the 10–14 years 
old age group in FH children and in the  
15–18 years old age group in controls. Dys-
$�+�%���	
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was detected in the 5–9 years old age group and 
the 15–18 years old age group in FH children.  
The high-degree correlation was found between 
non-HDL levels and body weight in controls 
(r=0.70; p=0.024), while no such correlation exist-
ed among those in the FH group.
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the 10–14 years old age group. Also, levels of rC in 
FH children aged 15–18 years old were statistical-
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 ����
 ��
 ���
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group (t=-2,99; p=0.002; 95% CI [-0,06; –0,58]).

All age groups in FH children and controls were 
found to have apoA1 levels below the acceptable 
[6] level.
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 %�@������
 ��
 
apoB levels were found in FH children  
in the 5–9 years old age group (t=-35,97; 
p=0.0008; 95% CI [-1,85; -1,45]) and the  
15–18 years old age group (t=-8,88; p<0.0001; 
95% CI [-1,50; -0,87]).

Lipoprotein (a) levels in the 10–14 years  
old age group in FH children were 31 to  
50 mg/dL, which according to the recommendation 
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disease. Very high-risk lipoprotein (a) levels  
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and 15–18 years old in the FH group. Lipoprotein 
(a) levels in the 15–18 years old age group in 
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Assessed data
FH children Controls

p-value
Mean ±SD Mean ±SD
The 5–9 years old age group

TC (mmol/L) 6.72 1.34 4.03 2.04 0.22
LDL-C (mmol/L) 5.33 1.25 2.43 1.14 0.18
HDL-C (mmol/L) 1.21 0.30 1.03 0.67 0.64
VLDL-C (mmol/L) 0.33 0.09 0.12 0.08 0.16
TG (mmol/L) 0.97 0.47 0.74 0.33 0.71
rC (mmol/L) 0.17 0.38 0.57 0.12 0.45
Non-HDL-C (mmol/L) 5.66 1.30 2.55 1.86 0.17
apoA1 (g/L) 1.23 0.21 1.07 0.64 0.57
apoB (g/L) 2.13 0.04 0.48 0.07 0.0008
tPHQHFQ0/PO������jfºUt� 58.33 35.80 8.00 3.68 0.34
MGP (pmol/L) 894.00 132.68 170.00 65.47 0.04

The 10–14 years old age group
TC (mmol/L) 6.94 2.25 3.86 1.07 0.06
LDL-C (mmol/L) 3.02 1.21 2.24 0.74 0.33
HDL-C (mmol/L) 1.40 0.63 1.20 0.28 0.58
VLDL-C (mmol/L) 0.27 0.29 0.38 0.33 0.68
TG (mmol/L) 1.47 0.86 1.05 0.59 0.29
rC (mmol/L) 2.53 4.04 0.43 0.31 0.33
Non-HDL-C (mmol/L) 3.29 1.46 2.62 0.78 0.46
apoA1 (g/L) 1.17 0.31 1.23 0.17 0.77
apoB (g/L) 1.43 0.81 0.73 0.22 0.15
tPHQHFQ0/PO������jfºUt� 47.00 42.88 14.25 3.30 0.17
MGP (pmol/L) 921.67 83.76 419.25 151.35 0.0037

The 15–18 years old age group
TC (mmol/L) 4.88 1.83 4.21 1.63 0.82
LDL-C (mmol/L) 3.44 1.66 2.92 1.52 0.63
HDL-C (mmol/L) 1.29 0.23 1.2 0.26 0.70
VLDL-C (mmol/L) 0.52 0.21 0.54 0.30 0.92
TG (mmol/L) 1.14 0.46 1.29 0.49 0.65
rC (mmol/L) 0.14 0.06 0.47 0.21 0.02
Non-HDL-C (mmol/L) 3.96 1.68 3.45 1.69 0.66
apoA1 (g/L) 1.07 0.04 1.57 0.45 0.06
apoB (g/L) 2.21 0.09 1.02 0.25 <0.0001
tPHQHFQ0/PO������jfºUt� 76.75 27.38 18.80 3.83 0.0056
MGP (pmol/L) 1166.75 92.35 624.00 87.72 <0.0001

Table 1
Z/"/�50�"M!�=3438�4.5J=!�57�2M3=8.!0�30�"M!�4/"3!0"�/08�250".5=�9.5?41

Note: YSWa/Z�Qa0ZPU/�0i/�Sf/-ZH/VP¾V�F/b/F/OV/�FSOf/�SF/�iPfiWPfi0/U�PO�fF/[&�R0S0PZ0PVSWW[�ZPfOP¾VSO0�H-YSWa/Z�SF/�ZiQkO�PO�.QWU&
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the control group (t=-3,94; p=0.0056; 95% CI  
[-76,75; -19,14]).

The analysis of the descriptive statistics showed 
that the 5–9 years old age group in FH children  
had higher mean values for dp-uc MGP 
(M=894.00, SD=132.68) than their healthy peers 
(M=170.00, SD=65.47), (Fig. 1). The FH group  
aged 10–14 years old also had higher mean values 
(M=921.67, SD=83.76) than the 10–14 years old age 
group of controls (M=419.25, SD=151.35). The FH 
children in the 15–18 years old age group had high-
er values for dp-uc MGP (M=1166.8, SD=92.34) 
than the control group (M=624.0, SD=87.72).

A two-sided t-test for independent samples  
(assumed equal variance, p=0.88) showed that cir-
culating dp-uc MGP levels in the 5–9 years old age 
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age (t=-4.73; p=0.004; 95% CI [-1383.2; -64.80]). 
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levels in the 10–14 years old age group between 
the FH children and controls (t=-5.11; p=0.0037; 
95% CI [-755.0; -249.8]), as well as among re-
search subjects in the 15–18 years old age group  
(t=-9.02; p<0.0001; 95% CI [-685.1; -400.4]).

A Pearson correlation was performed to test  
if there is a relationship between age and MGP. The 
results of the Pearson correlation indicated that 
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MGP level in group FH children, r=0.81, p=0.0039. 
A similar relationship of the same strength was also 
present in the control group (r=0.89, p=0.0005).
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rences in mean MGP levels between age groups  
in FH children (F=7.58, p=0.0177).

The blood pressure indices were within the  
normal range (50–75th percentiles) in both FH 
children and controls (Table 2).

cIMT on both sides did not exceed 0.9 mm 
both in the FH children and control groups, while 
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found in the 15–18 years old age group (t=-3,08; 
p=0.001; 95% CI [-6,44; -0,84]).

Discussion
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pediatric patients with heterozygous FH includes 
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maximum-tolerated statin therapy and adherence 
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S. Béliard [2] notes that about 20% of patients with 
heterozygous FH fail to achieve LDL-C goal le- 
vels <2.6 mmol/L when using statins and/or other 
lipid-lowering drugs such as ezetimibe and/or bile 
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FH children had no HDL-C levels below  
the acceptable value (1.0 mmol/L), which is gene- 
rally consistent with the literature [17]. Attention 
should be drawn to current trends regarding the 
question of HDL-C dysfunctionality [18], where 
its level within the reference values did not guaran-
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Fig. 1. Mean concentration values of dp-uc matrix Gla protein levels in FH children and controls, by age group
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ing to S.T. Chiesa (2019) [3], an inverse correla-
tion of HDL-C with cardiovascular risk has been 
�������%�
#"�
	
$	�5
��
�	"	$��2
��
��%"����
���

cardiovascular risk has also been established.

The elevated levels of VLDL-C, which are con-
sidered to be a biomarker for major adverse cardio-
vascular events in the general population [8], were 
not observed in our sample. Despite the fact that 
TG levels were slightly elevated in the 10–14 years 
old and 15–18 years old age group in FH children, 
as well as in the 10–14 years old age group in con-
trols, the critical level [16] for cardiovascular risk 
of 2 to 10 mmol/L was not exceeded.

Elevated non-HDL-C levels in the 10–14 years 
old age group in FH children and the 15–18 years 
old age group in controls, and dyslipidemia  
in the 5–9 years old and 15–18 years old age 
group in FH children, indicate an increased  
risk of cardiovascular disease in the FH 
group as well as in the control group, where  
non-HDL-C levels and weight are also correlated. 
According to the M. Juonala (2020) study [10],  
elevated levels of non-HDL-C, especially among 
15–19 year-olds, strongly predicted increased 
thickness of the intima-media complex in adult-
hood. No thickening of carotid intima-media com-
plex in all age groups of FH children was observed, 
which may suggest subclinical nature of athero-
sclerotic changes.

Remnant cholesterol, which is also referred  
to as the sum of non-LDL-C and non-HDL-C, 
Ù	
 ������	��$2
 �$�3	��%
 ��
 >Ê
 ���$%���
 	��%
 
��Ç�6
 2�	�
 �$%�
 ��
 $�3�$
 	��
 ������	��$2
 	�-
ciated [13] with residual cardiovascular risk after 

LDL-C lowering, but how high this residual risk  
is in patients with FH remains unclear.

ApoB levels did not exceed the recommended 
level [6] among the FH group.

The reduced apoA1 protein levels found  
in all age groups in both FH children and controls 
suggest a possible lack of protection from LDL  
�8�%	����
	�%
��
+�����î	��	���2
+��+�����
Á��Â�

Lipoprotein (a), which like apoB-containing 
lipids is known to be atherogenic, was critically el-
evated in adolescents (10–14 years old) and young 
adults (15–18 years old) within our FH sample. 
According to a study by R. Rikhi (2022) [20],  
a group of patients with LDL-C levels >2.6 mmol/L 
	�%
 $�+�+������
 [	\
 Ï��
 ��-%Æ
 ��Ù�%
 	
 �����-
cantly higher risk of acute coronary syndrome in 
the next 13.4 years of follow-up compared with 
patient groups whose LDL-C and lipoprotein (a) 
$�3�$
Ù���
 ������	��$2
 $�Ù���
 Å�
	%%�����
 ��
%�-
termining lipoprotein (a) levels, FH children may 
also need to be screened for apoE genotype.

According to the Roadmap for Cholester-
ol 2022 [19], issued by the World Heart Fe- 
deration (WHF), the evaluation of an extended  
$�+�%
 +���$��
 ���$"%���
 	
 ��������
 %�������	����

of apoA1, apoB and lipoprotein (a), for children  
with FH as high-risk patients is of fundamental  
importance. In accordance with the WHF  
Roadmap principle of «the earlier — the better» 
and «the lower — the better», physicians should  
#�
 	�����
 	�
 �	�$2
 �%������	����
 ��
 +	-
tients with elevated LDL-C, and in the case  
of FH, timely diagnosis and appropriate 
treatment aimed at reducing LDL-C below  

Table 2
Data on arterial blood pressure and carotid intima-media thickness in the FH and control groups

Note: R0S0PZ0PVSWW[�ZPfOP¾VSO0�H-YSWa/Z�SF/�ZiQkO�PO�.QWU&�¿V`T,���PO0PjS-j/UPS�VQjHW/l�0iPV\O/ZZ&

Assessed data
FH children Controls

p-value
Mean ± SD Mean ±SD

The 5–9 years old age group
Systolic blood pressure (mmHg) 119.00 9.64 124.00 8.13 0.69
Diastolic blood pressure (mmHg) 73.33 10.06 61.00 5.80 0.39
ÀPfi0�V`T,¿��jj� 0.460 0.252 0.178 0.205 0.43
t/b0�V`T,��jj� 0.484 0.308 0.176 0.401 0.47

The 10–14 years old age group
Systolic blood pressure (mmHg) 112.00 6.00 119.25 6.39 0.18
Diastolic blood pressure (mmHg) 64.00 10.00 73.25 8.99 0.25
ÀPfi0�V`T,��jj� 0.326 0.230 0.175 0.220 0.37
t/b0�V`T,��jj� 0.322 0.219 0.199 0.370 0.40

The 15–18 years old age group
Systolic blood pressure (mmHg) 117.75 6.89 126.80 5.71 0.06
Diastolic blood pressure (mmHg) 68.75 8.95 69.60 9.76 0.89
ÀPfi0�V`T,��jj� 0.662 0.183 0.371 0.263 0.10
t/b0�V`T,��jj� 0.696 0.114 0.331 0.211 0.001
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1.8 mmol/L, thus minimizing the cardiovascular  
risk for these pediatric patients in the future.
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dp-uc MGP levels and age in both FH children and 
controls (Fig. 2).

There is the correlation with FH diagnosis 
and dp-uc MGP elevation in blood plasma, as the 
	�����	$
��%�	
�	$����	����
�	�5��
Ù	
������	��$2

elevated in our pediatric patients with FH 
compared to the controls. In this regard, MGP could  
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[26] regardless of etiology. A. Jaminon (2020) [9] 
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and cardiovascular morbidity and mortality. The 
possible use of vitamin K2 (or menaquinone-7)  
as one of the prerequisites for MGP carboxylation, 
thereby preventing mineralization of the vascular 
intima and media, is considered one of the ways 
��
 +��3���
 ������	$����	�����
 Ê�Ù�3���
 �����
 �

a paucity of literature data regarding the possible 
�@���
 ��
 ���	Ø"�����
 ��
 ���
 ������	$����	����

reversibility in the vascular walls in patients with 
FH. So far, such placebo-controlled studies have 
been conducted in adults with chronic kidney 
disease or other cardiovascular disease, but 
menaquinone supplements have had no or little 
�@���
 ��
 �����	$
 	����2
 �Åª7
 ��
 �	$��"������


screening heart test. The question of conducting 
similar research in the pediatric population  
is now being considered.

Q
��
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�"%2
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was found between dp-uc MGP levels and carotid 
�Åª7
 ��
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 �"%2�
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indices were within reference range, further 
���������
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 �	�"��
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 3	�"$	�

disease in FH children and the importance  
of laboratory diagnosis in identifying such patients.

Conclusions
Æ�+�%
 +���$���
 ���
 >Ê
 ��"$%
 #�
 +�������%
 

in addition to family health history check 
and cascade screening, as vascular changes  
at 5–18 years old of age remain subclinical, and 
the instrumental tests available in routine medical 
practice are not sensitive enough to detect them, 
therefore, preventive or therapeutic measures 
cannot be initiated promptly.

Æ�+�%
 +���$�
 ��	���
 ��
 >Ê
 ���$%���
 Ù���

characterized by high levels of LDL-C, non-HDL-C 
and lipoprotein (a) in the 5–9 years old age group;  
in the 10–14 years age group — high levels of 
LDL-C, TG, rC, non-HDL-C and lipoprotein (a); 
in the 15–18 years old age group — high levels of 
LDL-C, TG, non-HDL-C and lipoprotein (a). At the 
same time, the most marked dyslipidemia changes  
were evident in children aged 10–14 years old  

Fig. 2. �+ª��+�+��+�>�H�¼���+�}�¬*�[��+ª�°� ~*��Y��~�}�ª}� ���Y��+��+¼��*��H�ª�G����H�}Y��+��+¼��*��Y}��}�YH������Y�Y�G���G�Y>��� � @ �½@������~}+~YH~��~Y��+��
and — the release of dp-uc matrix Gla protein by the vascular smooth muscle cells into the plasma. Bottom left — schematic representation of the direct 
high positive correlation between dp-uc MGP levels in plasma and age in the FH group. Bottom right — schematic representation of the direct high positive 
correlation between dp-uc MGP levels in plasma and age in controls
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decreased in all FH children. Elevated levels  
of lipoprotein (a) (>30 mg/dL) in FH children 
were found in all age groups, suggesting that 
elevated lipoprotein levels can be used as a factor 
���
�	�%��3	�"$	�
��5
��	����	�����

Thus, from our perspective, the assessment of an 
�8���%�%
 $�+�%
+���$�
 ���$"%���
	+�Q��
	+�ð
	�%

lipoprotein (a) at least once in a lifetime is crucial 
for pediatric patients with FH.
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in all age groups of FH children compared  
to healthy peers. The evaluation of circulating 

MGP in pediatric patients with FH can  
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which may allow early preventive measures  
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 ��
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In patients with FH, the assessment of dp-uc  
MGP levels may provide a back-up screening 
method for reducing cardiovascular morbidity  
and mortality.
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The problems of diagnosis, therapeutic tactics and medical prognosis in comorbid, polymorbid pathology stand out among the most actual 
problems of modern health care.
Purpose —  to study the frequency and nature of comorbid conditions in patients with pubertal abnormal uterine bleeding (PAUB).
Materials and methods. The study included 342 girls aged 11–17 suffering from PAUB. All patients were examined by a multidisciplinary 
team of doctors.
Results. It has been shown that menstrual irregularities are combined with other somatic, mental and endocrine pathologies in the vast 
majority of patients. Only 9.6% of the patients examined had no concomitant pathologies. More than half of girls have a combination of more 
than three comorbidities. The first three ranks are occupied by endocrine, mental and digestive system disorders. More than a third of pa-
tients with endocrine disorders had deviations in terms of body weight — overweight and obesity, which is much more often accompanied by 
changes in carbohydrate and lipid metabolism. In patients with mental disorders astheno-neurotic syndrome and vegetative-vascular dystonia  
syndrome prevailed. Functional disorders of the biliary tract were mainly recorded among the disorders of the digestive system, about 18% of girls  
suffered from gastritis, cholecystitis. The presence of comorbid pathology reduced the effectiveness of non-hormonal therapy by 1.5 times 
and increased the number of relapses by 3.5–4 times. The effectiveness of non-hormonal therapy was 81.8% on the absence of concomitant 
pathology; relapses were recorded only in 16.7%.
Conclusions. Comorbid pathologies in patients with PAUB aggravate the severity of the girl’s condition, reduces adaptive capabilities,  
adversely affects the effectiveness of non-hormonal therapy, contributes to the recurrence of the disease and is a risk factor for the develop-
ment of serious metabolic, endocrine and cardiovascular diseases in the future. The category of patients with concomitant pathology requires 
a special examination algorithm and the appointment of an adequate therapeutic intervention, taking into account all the identified nosological 
forms and drug compatibility.
The research was carried out in accordance with the principles of the Helsinki Declaration. The study protocol was approved by the Local Ethics 
Committee of all participating institutions. The informed consent of the patient was obtained for conducting the studies.
No conflict of interests was declared by the authors.
Keywords: comorbid pathology, abnormal uterine bleeding, adolescent girls.
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Introduction

Puberty is the transition from child-
hood to adulthood. During this period,  
the body reaches puberty and the re-

productive system is formed completely. Fertility 
largely depends on the harmonious functioning of 
the neuroendocrine system. Any violations may 
result in disruption and formation of endocrine- 
dependent gynecological pathologies. It is believed 
that the menstrual cycle is a biological marker  
of the general health of an adolescent, and its dis-
orders may indicate a decrease in reproductive po-
tential [2,9,22]. Abnormal uterine bleeding during 
puberty (PAUB) is a menstrual function disorder. 
Reproductive potential disorders among girls are 
��
 +���	$
 ��+���	����
 ����
 ���2
 �	3�
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cant impact on the formation of chronic diseases  
in adulthood. Recently, the attention of scientists 
has been increasingly drawn to issues of comorbid-
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with the current disease. According to the literature 
data, about 10% of people aged under 19 already 
have various comorbid conditions. With age, the 
possibility of developing comorbid pathologies in-
creases [5,6,11]. Comorbidity is widespread among 
patients admitted to multidisciplinary hospitals 
[16,17,19]. Prevention and treatment of chronic 
diseases are designated by the World Health Orga-
nization as a priority project of the second decade 
of the XXI century, aimed at improving the quality 
of life of the world’s population [4,13,16].
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from menstrual disorders seek medical help from 
pediatric and adolescent gynecologists, they should 
be focused on obtaining skills that enable them to 
suspect and refer the patients to relevant special-
ists to identify various concomitant disorders and 
carry out joint treatment. The task of multidisci-
plinary clinics is to provide consultations with doc-
tors of related specialties in order to form a general 
diagnostic and treatment concept.

Purpose of the study — to study the frequency 
and nature of comorbid conditions in patients with 
PAUB.

Materials and methods of the study
7��
�"%2
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ing from PAUB, who were treated in the clinic of 
the SI «Institute for Health Protection of Children 
and Adolescents of the NAMS of Ukraine». All pa-
tients underwent anthropometric measurements 
to determine height, body weight, and calculate 

body mass index (BMI). Blood lipid spectrum  
indices — total cholesterol (TC), triglycerides (TG),  
high density lipoprotein (HDL) cholesterol — were 
determined photometrically on a general-purpose 
photometer using Cormay Multi kits. Carbohy-
drate metabolism status was analyzed based on the 
glycemic level (fasting), immunoreactivity insu-
lin concentration (IRI) in the venous blood using 
the enzyme-linked immunosorbent assay method.  
To calculate insulin resistance (IR), a mathemat-
ical hemostasis model (Homeostasis Model As-
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IR index was determined. Ultrasound investiga-
tion of the pelvic organs was carried out on the 
Lodgic-100 apparatus using a sectoral sensor with 
a frequency of 3.5 MHz. All patients were examined 
by a multidisciplinary team of doctors. All material 
obtained was processed statistically using the de-
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by the Committee of Bioethics and Deontology 
at the SI «Institute for Health Protection of Chil-
dren and Adolescents of the NAMS of Ukraine».  
The informed consent of the patient was obtained 
for conducting the studies.

Results and discussion of the study
Considering that «comorbidity» is currently 
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diseases in one patient, inter-related pathogenically 
or coinciding in time, we analyzed the comorbidity 
in the patients examined. The data demonstrating a 
high comorbidity of endocrinological, mental, gas-
trointestinal tract disorders in patients with PAUB 
are obtained. Only 33 (9.6%) patients that were ex-
amined had no concomitant pathologies (Fig. 1).

Overweight and obesity were recorded in al-
most a third of patients (90 (26.3%) girls). Vari-
ous abnormalities in the thyroid gland functioning 
were detected in 215 (62.8%) girls (Fig. 2). Mental 
health disorders (borderline mental disorders) were 
observed in 280 (81.7%) adolescents. Moreover, it 
should be noted that 75 (22%) girls had a combina-
tion of both endocrinological and mental disorders.

According to present knowledge, it has been 
proven that overweight and obesity are often asso-
ciated not only with reproductive health disorders, 
but also with the formation of oncological diseases 
[7,10,14]. We analyzed the ultrasound data of the 
pelvic organs in our patients and found that endo-
metrial hyperplasia was recorded in 52 (57.7%) pa-
tients with overweight and obese, and 19 (36.7%) 
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Fig. 1. Incidence and nature of somatic pathologies in patients with 
pubertal abnormal uterine bleeding

Fig. 2. Incidence and the structure of endocrinological pathologies

Fig. 3. Incidence of deviations in the lipid spectrum in patients with 
pubertal abnormal uterine bleeding and varying body weights

Fig. 4. Incidence of various types of dyslipidemias in patients with pubertal 
abnormal uterine bleeding and obesity

Fig. 5. Incidence of carbohydrate metabolism disorders in patients with 
pubertal abnormal uterine bleeding and obesity

cases were against the background of hyperestro-
genemia, which may serve as a risk factor for the 
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obese patients are characterized by various dyslipi- 
demias (DLP), which are predictors of a number 
of cardiovascular diseases (hypertension, athero-
sclerosis, etc.). In 76 (84.2%) patients with PAUB 
and obesity examined, various abnormalities in the 
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more frequent than in patients with the norma-
tive BMI parameters (119 (60.2%) from 197 girls; 
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>���
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16 (17.7%) adolescents demonstrated changes 
characteristic of II-a, and b types of dyslipidemia, 
10 (11.1%) — of IV type, 8 (8.9%) had isolated 
hypertriglyceridemia and 45 (50%) had isolated 
�-hypocholesterolemia (Fig. 4).

In overweight and obese patients, carbohydrate 
metabolism is also impaired, which serious disor-
ders may lead to the formation of type II diabetes 
mellitus, insulin resistance, metabolic syndrome, 
sclerocystic ovary syndrome (Fig. 5).

As a result of the standard glucose tolerance test, 
60 (66.7%) girls with PAUB and obesity showed 
deviations from the sugar curves, which incidence 
is statistically more frequent than in patients with 
PAUB and normal body weight (107 (54.5%) from 
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was observed in 72 (80%) girls, and impaired fast-
ing glucose in 18 (20%). An increased HOMA 
index was determined in 48 (53.3%) patients, 
corresponding to the 90th percentile and above in  
52 (72.2%) girls. These indicators are also statisti-
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disease contributing to the unfavorable course of 
the underlying medical condition revealed that it 
Ù	
������	��$2
����
���Ø"���
��
���$
Ù���
!Q4ð
 
and obesity than in girls with normal body weight 
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sidered as comorbidity by a number of authors  
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ty is proposed [21].

Changes in the thyroid gland function are  
often combined and associated with menstrual 
cycle disorders [8,12]. Over the years, the issue  
��
 �	"��	�%��@���
 ��$	������+
 ��
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 ���#��	-
tion of these disorders have been discussed in the 
literature. Healthy development of the reproduc-
tive system and menstrual function is impossible  
if the thyroid gland does function normally.  
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nads, an appropriate level of metabolism is required, 
which can only be achieved with a certain concen-
tration of thyroid hormones in the body. In thyroid 
gland disorders, the hypothalamic-pituitary-go-
nadal system interrelationship is disrupted. Both 
hyper- and hypothyroidism cause changes in the 
production of sex steroid binding globulin (SHBG), 
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secretion of prolactin and estradiol may be stimu-
lated. Changes in SHBG levels disrupt estrogen me-
tabolism, the process of converting androgens into 
estrogens [1,3,15]. Peripheral estrogen metabolism 
disorders lead to changes in the secretion of gonado-
tropins and anovulation [20].
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function disorders in women with thyroid diseas-
es is notedin the publications of the beginning of 
the 21st century (21.5–23.4% against 50–60% at 
the end of the last century). Most likely, this is due 
to the fact that currently disorders of the function-
ing of the thyroid gland are diagnosed much earli-
er, when the clinical picture is still erased, has few 
symptoms and is not accompanied by menstrual 
function disorders [21].

Among the patients examined, more than half 
(62.8% — 215 girls) had a combination of menstru-
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non-toxic goiter (DNTG) of varying severity was 
predominant.

When assessing the level of mental health in pa-
tients with PAUB, data obtained indicated a high 
comorbidity of mental disorders. The absolute ma-
jority of patients (81.7% — 279 girls), had mental 
disorders of the borderline spectrum. Moreover, 
the dominant symptoms in their structure were 
the neurotic register (26.9% — 75 girls) and vege- 
tative dystonia (41.6% — 116 girls) symptoms, 
i.e., the patients with PAUB develop a clearly ex-
pressed vegetative dystonia syndrome. The func-
tional state of the digestive system is regulated by 
a complex system of nervous and humoral mecha-
nisms, including neurotransmitters and regulatory 

peptides. An imbalance in the interactions between 
these systems may lead to the formation of gastro-
intestinal tract pathologies. These changes formed 
in the gastrointestinal tract support impaired  
estrogen metabolism in patients with PAUB.

Gastrointestinal tract changes were detected 
in 313 (91.5%) patients with PAUB. These main-
ly manifested in functional biliary tract disorders 
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from gastritis, cholecystitis or pancreatitis. A co-
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non-hormonal PAUB therapy, the most physiologi- 
cal at this age, increases the number of disease re-
currences (Fig. 6, 7).
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is 81.8% (27 cases) in the absence of concomitant 
pathologies. If PAUB is combined with endocrine 
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A similar situation is observed in relation to the 
number of disease recurrences.
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bined pathologies. If in girls without concomitant pa-
thologies, recurrence rate was 16.7% (6 cases), it in-
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with various other disorders. A comprehensive, time-
ly and adequate treatment of functional disorders of 
various organs and systems in children is an impor- 
tant factor for the prevention of the development of 
more serious future pathological conditions, which 
support and aggravate the course of PAUB.

Conclusions
Comorbid pathologies in patients with PAUB 

aggravate the severity of the girls’ condition, re-
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recovery of reproductive potential and is a risk fac-
tor for the development of serious metabolic, en-
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Ч и т а й т е  н а с  н а  с а й т і :  h t t p : / / m e d e x p e r t . c o m . u a

ÎÐÈÃ²ÍÀËÜÍ² ÄÎÑË²ÄÆÅÍÍß

ISSN 2663-7553   Modern pediatrics. Ukraine  8(128)/202236

docrine and cardiovascular diseases in the future. 
Considering the fact that specialty physicians, in-
cluding gynecologists, rarely pay attention to the 
concomitant diseases, this category of patients 
requires a special examination algorithm and ade-
quate therapeutic intervention, taking into ac-
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	$$
���
���$����	$
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�%������%
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compatibility. The state of the reproductive poten-

tial of the country’s youth can be ensured only on 
an interdisciplinary basis with the participation of 
doctors of various specialties.

Prospects for further research. Study of ge-
netic characteristics of girls with abnormal uterine 
bleeding and comorbid pathology.
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Purpose — to analyze the literature data on possible variants of the course of pediatric multisystem inflammatory syndrome (PIMS-TS) in children; to 
describe our own experience in the diagnosis and treatment of some cases of PIMS-TS in children of different age groups; to present possible variants 
of clinical manifestations of the above disease; to draw attention to the need for early diagnosis and team care and treatment of such children.
This novel clinical syndrome later identified as PIMS-TS temporally associated with SARS-CoV-2. In contrast with KD, PIMS-TS appears to 
occur in children at an older age with a predominance of gastrointestinal symptoms, hemodynamic instability, and myocardial dysfunction. 
However, the exact pathomechanism remains to be understood. Nevertheless, the post-viral immunological reaction is postulated to be the 
underlying mechanistic underpinnings.
The paper describes the clinical course of the disease in a 5-year-old boy who complained of abdominal pain and hyperthermia,  
and the disease was masked by surgical pathology. The phenomena of intoxication syndrome, polyserositis, skin manifestations in the 
form of a polymorphic rash, hyperemia of the conjunctiva, swelling of the feet and hands increased in dynamics. The course of the disease  
in a 10-year-old girl who had symptoms of a viral infection is also described. However, upon going to the hospital, both children were diagnosed 
with a serious condition, they were hospitalized and given appropriate treatment.
Therefore, the multifaceted nature of the PIMS-TS’ course underlines the need for early recognition and multispecialty care and management.
The research was carried out in accordance with the principles of the Helsinki Declaration. The informed consent of the patient was obtained 
for conducting the studies.
No conflict of interests was declared by the authors.
Keywords: PIMS-TS, COVID-19, SARS-CoV-2-19, MIS-C, children.
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Introduction

The 2019 coronavirus disease pandemic 
(COVID-19), which was reported  
as severe infection of the acute respiratory 

syndrome caused by coronavirus 2 (SARS-CoV-2), 
has spread rapidly around the world. Data from the 
World Health Organization (WHO) as of early 
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more than a hundred million people and caused 
two million deaths [17,30].

It is reported that SARS-CoV-2 infection 
symptoms in children’s group is mild compared  
to adults [17,26]. However, recent data have shown 
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which resembles atypical / typical Kawasaki 
disease (KD) and toxic shock syndrome [28]. 
This new clinical syndrome was later recognized 
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rome, which is associated with SARS-CoV-2 
(PIMS-TS). Following the advent of PIMS-TS,  
the WHO, the American Centers for Disease 
Control and Prevention (CDC) and the European 
Center for Disease Prevention and Control 
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have been published, studying the mechanisms  
of their development, reporting on clinical cases 
and treatment outcomes using PIMS-TS.

Epidemiology
In April 2020, the UK National Health 

Service raised the alarm for children with major 
hypersensitivity syndrome, some of whom  
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then, other countries have begun to report the 
same clinical syndrome (France, USA, Italy, 
Spain and India) [3,15,17,22,24,27]. It was noted 
that compared to Kawasaki disease (KD), there 
are consistent epidemiological characteristics  
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syndrome is reported to occur in children of all 
racial and ethnic groups, unlike KD, which mainly 
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of older age groups in comparison with the typical 
KD (average age group is about 9–15 years versus 
2–5 years, respectively) [9,17,28].

Following guidance from the NHS England and 
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syndrome in the UK, on 1 May 2020 the Royal 
College of Pediatrics and Child Health (RCPCH) 
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syndrome and independence from SARS-CoV-2 
[17,23]. Since then, the WHO and the CDC have 
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disease. Diagnostic criteria for this syndrome are 
presented in table.

Presumptuous PIMS-TS mechanism. Although 
PIMS-TS may indeed be associated with SARS-
CoV-2 infection, the pathophysiology of PIMS-
TS remains unclear. However, some evidence and 
reports suggest several mechanisms of this new 
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that PIMS-TS is an immunologically mediated or 
post-infectious process caused by non-neutralizing 
IgG antibodies due to enhanced antibody synthesis 
(antibody-dependent enhancement — ADE) [5,17, 
25,27].

Cases of PIMS-TS have been reported since the 
peak of SARS-CoV-2 infection in some countries. 
It was found that most patients were more likely 
to test positive for SARS-CoV-2 antibodies 
than for nasopharyngeal PRL, which increases 
the likelihood of engaging acquired immunity  
in the development of this syndrome [17,25,28]. 
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a multicenter study among 78 children who had 
signs of PIMS-TS, with which sick children were 
admitted to the Pediatric Intensive Care Unit 
(PICU) in the UK [9,17]. This study showed that 
96% of patients had antibodies to SARS-CoV-2,  
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the evidence that PIMS-TS may not be  
an acute COVID-19 infection, but most likely  
a post-immunological reaction [9,17]. However, 
according to a number of authors, this theory  
of ADE is still unclear, as there was no information 
on the deterioration of patients’ condition  
with COVID-19 who received convalescent plasma 
[17,25].

The second proposed PIMS-TS hypothesis  
is a cytokine storm, which is caused by the ability  
of the coronavirus to block responses to type I  
and III interferon in patients with a previously 
high viral load or in patients who failed to replicate 
the virus, leading to excessive cytokine activation 
[17,25].

Fever. Persistent fever is one of the criteria  
for determining the case of PIMS-TS. The duration 
of fever for PIMS-TS is more than 24 hours [6,17] 
or 3 days [17,29], in contrast to KD, which is 
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signs such as rash or conjunctivitis. Almost 
all patients with PIMS-TS had a history  
of fever that occurred 4–8 days before treatment 
[9,13,15,17,19,20,27,28]. Temperatures ranging 
from 38 to 40°C and torpid to antipyretics,  
in seven children with PIMS-TS reported by  
M. Pouletty et al., the temperature reached 
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to distinguish between PIMS-TS and KD solely 
on the basis of fever characteristics, as both have 
the same clinical features. The onset of fever  
is extremely important because it helps to identify 
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the course of the disease and follow-up after 
treatment.

In KD, intravenous immunoglobulin (IVIG) 
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reduces the risk of coronary artery aneurysm 
[10,17]. Most often, fever in PIMS-TS decreased 
after the onset of IVIG (at a dose of 2 g/kg) 
[8,17,20]. However, patients with IVIG-resistant 
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36 hours but less than 7 days, should be given  
a second infusion of immunoglobulin [17,20,26].

Moreover, unexplained fever, signs of 
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with a personal or family history of COVID-19, 
especially in an area with a high incidence of 
SARS-CoV-2, should be considered as suspected 
PIMS-TS. If laboratory tests (general blood 
test and biochemical parameters of blood, 
CRP, ferritin, albumin) showed the presence 
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be ordered to detect myocarditis (troponin, 
procalcitonin and ECHO-cardiography) or 
cytokine storm syndrome (lactasate dehydrogen, 
PTT, INR) [4,17].

Hemodynamic instability. Most children had  
a shock syndrome that did not respond to 
volumetric resuscitation, which ultimately required 
the support of vasopressors. A study of a number of 
cases in the UK by S. Riphagen et al. found that 
for 10 days in April 2020, eight children who were 
previously in satisfactory condition and tested 
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syndrome with multiorgan damage, similar to 
Kawasaki disease shock syndrome (KDSS), which 
eventually evolved into vasoplegic shock [17,24].

Hemodynamic instability has previously been 
reported in adults with SARS-CoV-2 sepsis. All of 
them met the clinical criteria for shock and were 
positive for PCR from SARS-CoV-2 nasal smear 
and with predominant lung, kidney, liver and 

Table
Y8!0"3J2/"350�57�2/1!1�57�4!83/".32�30]/::/"5.N�:?="31N1"!:�1N08.5:!�7.5:�"M!�o5N/=�T5==!9!� 

of Pediatrics and Child Health, WHO and Centers for Disease Control and Prevention

Notes: ¿� �� hFP0/FPS� bQF� ÏN� POVWaU/� H/FZPZ0/O0� b/Y/F� SOU� 3� Qb� 0i/� ?� jSPO� VWPOPVSW� ZPfOZ5� /F[0i/jS� SOU� VFSV\/U� WPHZ�� Z0FSk./FF[� 0QOfa/� SOU� º� QF� /F[0i/jS� 
Qb� 0i/� QFSW� SOU� HiSF[Of/SW� jaVQZS:� .PWS0/FSW� .aW.SF� POÃ/V0PQO� Qb� 0i/� VQOÃaOV0PYS� kP0iQa0� /laUS0/:� FSZi� �jSVaWQHSHaWSF�� UPÐaZ/� /F[0iFQU/FjS�:� /F[0i/jS� 
SOU�Zk/WWPOf�Qb�0i/�kFPZ0Z�SOU�b//0�SOU�º�QF�H/FPaOfaSW�U/ZÆaSjS0PQO:�W[jHiSU/OQHS0i[:�¿¿���q/Y/F�¹7D&;Ñh�bQF�¹83�iQaFZ�QF�F/HQF0�Qb�b/Y/F�WSZ0POf�¹83�iQaFZ:� 
¿¿¿� �� tS.QFS0QF[� US0S�� POVWaUPOf� .a0� OQ0� WPjP0/U� 0Q5� /W/YS0/U� h-F/SV0PY/� HFQ0/PO� �hÀs��� /F[0iFQV[0/� Z/UPj/O0S0PQO¸ FS0/� �gRÀ��� ¾.FPOQf/O�� HFQVSWVP0QOPO�� 
N-UPj/F��b/FFP0PO��WSV0PV�SVPU�U/i[UFQf/OSZ/�QF�PO0/FW/a\PO-J��`t-J�:�/W/YS0/U�W/Y/WZ�Qb�O/a0FQHiPWZ:�W[jHi�V[0QH/OPS:�SOU�WQk�SW.ajPO�W/Y/WZ&

o5N/=�T5==!9!�57�\!83/".321� 
and Child Health (UK) [6]

World Health  
Organization [4]

Centers for Disease Control 
and Prevention (USA) [5]

� A child with persistent fever, 
POÒSjjS0PQO��O/a0FQHiPWPS��POVF/SZ/U�
CRP, and lymphopenia) and evidence 
of single or multiple organ dysfunction 
(shock, cardiac, respiratory, renal, 
gastrointestinal, or neurological 
pathology) with additional symptoms.
This may include children who meet 
the full or partial criteria for KD*

� Children and adolescents 0–19 years old 
kP0i�b/Y/F�¹7�US[Z�SOU�0kQ�Qb�0i/�bQWWQkPOf5
a) Rash or bilateral purulent conjunctivitis 
QF�ZPfOZ�Qb�jaVQVa0SO/QaZ�POÒSjjS0PQO�
(hands or feet, mouth cavity).
b) Hypotension or shock.
V��q/S0aF/Z�Qb�j[QVSFUPSW�U[ZbaOV0PQO��
development of pericarditis, valvulitis or 
VQFQOSF[�S.OQFjSWP0P/Z��POVWaUPOf�ghmÇ�
US0S�QF�/W/YS0/U�0FQHQOPO�º�c,-HFQpcs�&
U��gYPU/OV/�Qb�VQSfaWQHS0i[��aZPOf�s,��s,,��
increasing the level of D-dimer).
e) Acute gastrointestinal problems 
(diarrhea, vomiting or abdominal pain)

� A person under the age  
of 21 years old with fever**, 
WS.QFS0QF[�US0S�Qb�POÒSjjS0PQO¿¿¿�
and clinically severe diseases 
F/ÆaPFPOf�iQZHP0SWPeS0PQO�� 
kP0i�jaW0PZ[Z0/j��¹8��W/ZPQOZ� 
of organs, heart, kidneys, 
respiratory system, gastrointestinal 
tract, dermatological, 
hematological and neurological 
disorders)

��glVWaZPQO�Qb�SO[�Q0i/F�jPVFQ.PSW�
cause, including bacterial sepsis, 
staphylococcal or streptococcal 
shock syndromes, myocarditis-related 
infections such as enterovirus (waiting 
for the results of these studies should 
not delay with a specialist)

��POVF/SZ/U�jSF\/FZ�Qb�POÒSjjS0PQO��ZaVi�
SZ�gRÀ��h-F/SV0PY/�HFQ0/PO�QF�HFQVSWVP0QOPO

� lack of alternative plausible 
diagnoses

� PCR testing for SARS-CoV-2 can be 
positive or negative

� no other obvious microbial cause of 
POÒSjjS0PQO��POVWaUPOf�.SV0/FPSW�Z/HZPZ��
staphylococcal or streptococcal shock 
syndrome

� positive for current or recent 
SARS-CoV-2 infection by RT-PCR, 
serological or antigenic test; or 
exposure to COVID-19 for 4 weeks 
before symptoms appear

� evidence of COVID-19 (RT-PCR, antigen 
test or positive serological evaluation), 
or probable contact with patients with 
COVID-19

Additional comments: Some individuals may meet the full or partial criteria for KD, but this should be considered if they meet 
0i/�U/¾OP0PQO�VFP0/FPS�bQF�T`R-h&�hQOZPU/F�T`R-h�PO�SO[�PObSO0�U/S0i�kP0i�/YPU/OV/�Qb�RrÀR-hQÁ-8�POb/V0PQO
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heart damage, as well as coagulation disorders. 
Meanwhile, children with PIMS-TS had no 
noticeable pulmonary or renal symptoms, and none 
of the laboratory markers were elevated except for 
D-dimer levels. Thus, according to the authors, 
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with viral sepsis and children with PIMS-TS [9,17].

Mucosal skin manifestations.
 ð���
 !ÅªZ�
TS and KD have similarities in mucocutaneous 
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conjunctivitis, and cheilitis are the most common 
clinical mucosal skin symptoms found in children 
with PIMS-TS. However, there were no further 
detailed descriptions of mucosal and skin lesions, 
including the appearance or predisposition to 
localization of the rash in PIMS-TS compared with 
KD. It should be noted that the presence of skin 
lesions and other symptoms, including abdominal 
pain, increases the likelihood of PIMS-TS [3,16,17].

Gastrointestinal symptoms. Patients with 
PIMS-TS often have gastrointestinal symptoms, 
unlike KD. More than 50% of patients with  
PIMS-TS, in addition to fever, experienced 
abdominal pain, nausea, vomiting or diarrhea.  
A detailed description of abdominal pain has not 
yet been described, although the degree of pain 
is probably severe. Message from J. Toubiana et 
al. [26] shows that 21 patients with multisystem 
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had gastrointestinal symptoms that arose  
at the beginning of the disease from acute 
abdominal pain, and 95% had vomiting and 
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in the peritoneum, two of them underwent surgery 
for acute abdomen. Moreover, among patients who 
had diarrhea, it was not bloody [17,26].

M. Cabrero–Hernández et al. (2020) in one 
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went to the emergency department (ED) with 
complaints of abdominal pain and vomiting for 
2–5 days. Three of them localized pain in the right 
iliac region. They later developed hemodynamic 
instability and were transferred to intensive care 
unit (ICU) on suspicion of abdominal sepsis. 
All patients underwent ultrasound / computed 
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without any disease requiring surgical treatment. 
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from the collected cultures was not obtained.  
On admission, PCR testing for SARS-CoV-2 
by nasal swab was negative in 4 of 5 patients. 
Meanwhile, despite the negative PCR results, all 
patients were treated empirically as SARS-CoV-2 

and discharged 2–13 days after hospitalization. 
Prior to discharge, patients tested positive for 
IgG SARS-CoV-2 and PCR SARS-CoV-2 [3,17].  
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syndrome with gastrointestinal symptoms as one 
of the most common major complaints [2,3,5,13, 
15,17,18,20,21,24,26,28].

Cardiac damage in COVID-19 and PIMS-TS 
can be explained by genetic predisposition, 
myocardial damage caused by a cytokine storm, 
and direct viral invasion of SARS-CoV-2  
into cardiac myocytes [15,17,18]. It is believed 
that the post-viral immunological reaction is also 
the cause of myocardial dysfunction. Apparently, 
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restoration of myocardial function and a decrease 
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A number of critically ill children with PIMS-
TS were diagnosed with acute myocarditis  
in medical institutions in Paris (France), which was 
less severe than normal myocarditis. They also had 
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myocarditis due to KDSS, manifested by elevated 
platelet and neutrophil counts and CRP levels. 
However, the main mechanism remains unclear,  
as none of them underwent a biopsy [13,17]. 
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uretic peptide are common in patients with heart 
disease, and most have elevated levels of C-reactive 
protein, ferritin, lactate dehydrogenase, and 
D-dimer. Patients with PIMS-TS tend to be older, 
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damage than patients with KD.

To date, there is only one study that reports 
MRI results in patients with PIMS-TS. The result 
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response as a potential mechanism of KD-like 
development of PIMS-TS due to the presence  
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myocardial interstitium, in contrast to myocardial 
cell degeneration in viral myocarditis [2,14,17].

In addition to myocardial dysfunction, children 
with PIMS-TS are also at risk for developing 
coronary artery aneurysms [1,2,13,17,20,21,27,28]. 
However, the study by Whittaker et al. (2020) 
showed that among 58 children with PIMS-TS  
in the UK, no association was found between levels 
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not always cause changes in the coronary artery. 
Moreover, it emphasizes the importance of routine  
ECHO-cardiographic tests to detect any coronary 
aneurysm in the entire spectrum of PIMS-TS 
[17,28]. Among children with coronary artery 
pathology without objective dilation, «ECHO-
bright» imaging on ECHO-cardiography was 
observed, which can be explained by the presence 
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arteries [17,21,24,26]. Therefore, close monitoring 
of these parameters is required in patients  
with PIMS-TS.

Another single-center study by T. Ramcharan  
et al. (2020) among 15 children with PIMS-TS 
in the main pediatric hospital in the UK found 
13 patients (87%) who had arrhythmiometric 
regurgitation of the valve (10 patients  
with mitral regurgitation) during hospitalization, 
with improvement after 1–2 days, indicating 
presence of transient valvulitis [17,21].

For the age group, patients with PIMS-TS,  
in general, are older than patients with KD — from 
0
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TS symptoms in most cases match KD symptoms. 
However, gastrointestinal manifestations such as 
abdominal pain, nausea, vomiting, and diarrhea 
are more common in PIMS-TS. Myocardial 
dysfunction and shock occur more often in PIMS-
7Z
 ���+	��%
 Ù���
 �$	��
 1'�
 ð���
 �	3�
 	$���

���
	��
$	#��	���2
��%���
%�3�	����È
���
$�3�$

of D-dimer protein and ferritin in PIMS-TS are 
generally higher than in KD [17,21].

Taking to consideration the abundance  
of asymptomatic cases of SARS-CoV-2 during  
this pandemic, clinicists encountering patients  
who have any symptoms similar to KD, especially 
those with a predominance of gastrointestinal 
symptoms, should consider MIS-C as one  
��
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�+����
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The SARS-CoV-2 pandemic did not bypass 
Ukraine either. At the peak of the increase  
in morbidity, in October-December 2020, the 
Khmelnytsky pediatrician began to detect cases  
of the disease in children with symptoms similar  
to KD with prevalence of intestinal symptoms,  
and who had contact with patients with 
COVID-19 or positive IgG on SARS-CoV-2. 
These were children aged 5 to 15 years.  
They were diagnosed with multisystem 
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with SARS-CoV-2. 10 children aged 5–15 were 
successfully treated at the Khmelnytsky City 

Children’s Hospital. We would like to present two 
cases.

The purpose of the study — to conduct  
an analysis of literature data on possible variants  
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 ��
 �"$��2���
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syndrome in children; to share your own 
experience of diagnosis and treatment of some cases  
of multisystem papular syndrome in children  
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the possible variants of clinical manifestations  
of this disease and pay attention to the need for 
early diagnosis and team care and treatment  
of such children.

The research was carried out in accordance 
with the principles of the Helsinki Declaration.  
The informed consent of the patient was obtained 
for conducting the studies.

Clinical case 1
A boy, 5 years old, Khmelnytsky, was admitted to 

the hospital in KP «Khmelnytsky City Children’s 
Hospital» on October 18, 2020, with complaints  
of fever up to 38–39°C, pain in the lower abdomen 
and around navel, nausea, bloating. From the 
anamnesis it is known that the boy was ill during 
the last three days when the above-mentioned 
complaints arose. Two days before hospitalization, 
the child was examined by a surgeon in the 
emergency department. Acute surgical pathology 
was ruled out, antispasmodics, antipyretics were 
+�����#�%�
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��	%"	$$2
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the temperature rose to 39°C, and dyspeptic 
symptoms persisted. They turned to the surgeon 
again. Hospitalized on suspicion of appendicitis. 
On the same day he underwent surgery and was 
diagnosed with acute gangrenous appendicitis. The 
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condition worsened on the third day after surgery 
with the appearance of systemic edema syndrome 
with a predominant localization in the area of the feet 
and hands. The next day there was a polymorphic 
rash (on the palms, upper extremities, neck and 
back), enlarged cervical lymph nodes, conjunctival 
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systolic murmur at the apex. The liver and spleen 
enlarged. Ultrasound of the heart revealed signs of 
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the pericardium along the left ventricle (2–3 mm). 
On both sides in a pleural sinus the liquid of 5–8 ml 
(anechogenic), signs of marginal atelectasis is 
visualized. Ultrasound of the abdominal cavity 
revealed signs of hepatosplenomegaly, reactive 
changes in the liver, abdominal lymphadenopathy, 
polyserositis (ascites, hydropericardium, pleurisy).
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Laboratory parameters: blood tests showed 
anemia (100 g/l), leukocytosis (21.5–16.0×109), 
hypochromia thrombocytosis (837×109), 
neutrophilia, lymphocytopenia, elevated ESR  
(33 mm/h), low total protein (33 g/l), high CRP 
(24 mg/l), moderately elevated procalcitonin levels 
(0.62 ng/ml). Coagulogram, ferritin, troponin  
and D-dimer — within the reference values.

From the anamnesis: the child did not have 
frequent episodes of respiratory infection and any 
chronic pathology, allergy history is not present. 
The child’s parents had COVID-19, recovered two 
weeks before the onset of symptoms of the disease 
in the child. The child has positive IgG antibodies 
to COVID-19.

Given the signs of polyserositis (ascites, 
hydropericardium, hydrothorax), myocardial 
dysfunction, dry skin and mucous membranes, 
the presence of spotted erythematous skin rash 
with characteristic localization on the palms and 
soles, edema of the hands and feet, bilateral non-
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the blood sample, the presence of IgG antibodies  
to COVID-19, the child was diagnosed with 
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syndrome), induced by COVID-19.

Due to the severity of the condition, the child 
was placed in ICU for about a week.

Treatment: intravenous immunoglobulin 
(IVING) (2 g/kg), by continuous infusion for 
24 hours, antibacterial therapy, infusion therapy, 
�������
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symptomatic and supportive therapy.

After 20 days of treatment, the boy was 
discharged home in satisfactory condition under 
the supervision of primary care physicians with 
��������%	����
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and hormone therapy according to the protocol.

Clinical case 2
A girl, 10 years old, Khmelnytsky, was 

admitted to the hospital in KP «Khmelnytsky 
City Children’s Hospital» on October 24,  
20, with complaints of fever up to 39.5°C, dry 
cough, lethargy, headache during the last 6 days. 
She was treated on an outpatient basis, took 
	���#������
 ^�������%	$
 Q������î	��	���2

Drugs (NSAIDs), and symptomatic therapy. 
Despite the therapy, febrile fever and catarrhal 
symptoms persisted and even worsened. Upon the 
father’s application to the emergency department, 
the child was hospitalized in serious condition. 
On admission: body temperature 37.4°C, pain 
throughout the body (according to the girl),  

in particular, intense abdominal pain and headache. 
The skin is pale, dry, polymorphic rash on the 
neck, face and anterior abdominal wall, edema and 
redness around the eyes and in the palms and soles, 
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30/min. In the lungs, hard breathing, weakened in 
the lower parts, isolated wet rales and crepitation 
in the lower parts on the right. The abdomen  
is somewhat tense, bloated, peristalsis is preserved. 
Liver +2 cm, spleen is not palpable. There were no 
stools at the time of the examination (the previous 
two days ago, several episodes of loose stools). 
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From the next day in the hospital, the patient’s 
condition progressively deteriorated due to 
increased symptoms of intoxication, hemodynamic 
%���%���
 +�$2�������
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severe hyperesthesia, abdominal syndrome, 
bilateral non-purulent conjunctivitis. On the  
2nd day she was transferred to ICU, where she  
was treated for 5 days.

At the beginning of hospitalization  
(25–27.10.2020) in the general analysis of girl’s 
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leukocytosis (45,9–76,3×109/l), shift of a 
leukocyte formula to the left (band neutrophils — 
22–25%, Segmented neutrophils — 63–82%, 
Lymphocytes — 3–8%), ESR — 46 mm/h, platelets 
were within the reference values (110–128×109/l).  
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urea, creatinine, bilirubin, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), 
electrolytes and sugar — within the reference 
values; high CRP (24–48 mg/l). Coagulogram: 
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13.4 s, International normalized ratio (INR) —  
1.03; Prothrombin index (PI) — 93.1%. 
Procalcitonin — 7.65 ng/ml (reference 
values <0.5 ng/ml). Ferritin — 715 ng/ml 
(reference values 7–140 ng/ml), CRP — 
269.7 ng/ml (reference values <10 ng/ml), 
D-dimer — 3967 ngFEO/ml (reference values 
<500 ngFEO/ml), troponin — 356.61 pg/ml 
(reference values <36.99 pg/ml). General analysis 
of urine — no deviation.

ECG (25.10.2020): Sinus rhythm. electrical axis 
of the heart — vertical. Repolarization processes  
are reduced and changed. Ultrasound of 
the abdominal cavity (25.10.2020): signs of 
splenomegaly, mild hepatomegaly, ascites, 
omentitis, abdominal lymphadenopathy, 
mesadenitis, intestinal hyperpneumatosis, signs 
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of toxic nephropathy (changes in the kidneys 
edematous).

Chest radiography (26.10.2020): vascular-
interstitial pattern is moderately enhanced on both 
sides. On the right in the 1st segment is a zone  
of reduced pneumatization, the root is expanded. 
The sinuses are not obstructed. Heart normal 
according to the age range. Conclusion:  
Right lower lobe pneumonia. Ultrasound of the 
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up to 25 mm high.
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up to 4 mm. Left coronary artery — 2.4 mm, 
right 2.4–2.8 mm, Coronary wall 2.7 mm. Signs  
of impaired systolic function of the left ventricle. 
The walls of the left ventricle are changed (possibly 
due to edema).

Cytotest COVID-19 (25.10.2020): IgM — 
negative, IgG — positive.

IFA SARS CoV-2 (27.10.2020): IgM — negative, 
IgG — positive.

Given the signs of polyserositis (ascites, 
hydropericardium, hydrothorax), myocardial 
dysfunction, the presence of skin rash (spot-
erythematous), peripheral edema (palms and soles), 
bilateral non-purulent conjunctivitis, abdominal 
2�%�����
 5��
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changes in the hemogram, as well as the presence 
of IgG SARS Cov-2, were diagnosed with complete 
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 [�"$��2���
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associated with COVID-19.

Therapy: IVIG (2 g/kg), by continuous infusion 
for 24 hours, antibiotic therapy, infusion support, 
antithrombotic therapy (under the control of 
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therapy, maintenance therapy.

The dynamic progress was positive. The 
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and instrumental parameters gradually normalized. 

On the 17th day in satisfactory condition discharged 
home under the supervision of primary care 
physicians with recommendations: to continue 
	������î	��	���2
	�%
�������
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to the protocol, to repeat in 6 weeks general  
and biochemical analysis of blood, echocardiography 
and ultrasound of the kidneys. Supervision by  
a cardiorheumatologist.

Despite the mildly symptomatic onset  
of the disease in both clinical cases there was  
a polymorphism of clinical manifestations with the 
development of fever, mucosal skin manifestations, 
gastrointestinal symptoms, cardiac damage, 
and hemodynamic instability. Patients needed 
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treatment.

Conclusions
PIMS-TS is an important clinical syndrome 

that resembles atypical / typical KD and has a wide 
clinical range, including cardiac complications.  
In contrast to KD, PIMS-TS is found in older 
children, with a predominance of gastrointestinal 
symptoms, hemodynamic instability, and 
myocardial dysfunction. However, the exact 
pathomechanism still needs to be understood. 
Detection and diagnosis of PIMS-TS is quite 
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syndrome in children has not yet been approved.

Polymorphism of clinical manifestations  
of PIMS-TS emphasizes the need for early diagnosis 
and team care and treatment of children with this 
syndrome. However, further studies are needed 
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coronary artery aneurysm in PIMS-TS.
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