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Ми прагнемо підвищити обізнаність про тромбоз, включаючи його причини,
фактори ризику, симптоми та доказову профілактику і лікування. Зрештою, ми
прагнемо зменшити смертність та інвалідність, спричинену цим станом.

Наша місія підтримує глобальну ціль Всесвітньої Асамблеї охорони здоров'я
щодо скорочення передчасної смертності від неінфекційних захворювань на 25
відсотків до 2025 року.
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Introduction. Against the backdrop of multiple and widespread drug resistance of Mycobacterium tuberculosis (MDR-TB), there has been 
a significant decline in the effectiveness of treatment of tuberculosis (TB) patients in Ukraine and globally. Therefore, in recent years, new 
antimycobacterial drugs, such as bedaquiline (Bdq), delamanid (Dlm) and pretomanid, have been introduced to improve treatment efficacy 
 in adults, children and adolescents.
Purpose. To study the effectiveness of complex treatment with bedaquiline (Bdq) and delamanid (Dlm) in children under 18 years old with 
multiple and extensively drug-resistant pulmonary TB (MDR/XDR-TB).
Materials and methods. To study the clinical efficacy of chemotherapy with Bdq and Dlm, a retrospective cohort analysis of medical 
records was conducted. The main group consisted of 40 children with MDR/XDR-TB who received comprehensive antimycobacterial therapy  
with Bdq and Dlm; and the control group consisted of 27 patients who received treatment without Bdq and Dlm.
Results. It was found that during the first three months of treatment, there was a decrease in bacilli in all patients treated with Bdq and Dlm and 
in the group of patients without these new drugs (control), but in the control group, the decrease was significantly slower, p<0.05. According 
to the immune system parameters, after the intensive phase was completed, the activity of a specific process was 1.7 times more frequent  
in patients of the control group than in the main group.
After completion of the course of treatment, all patients in the main group showed resorption of infiltration, compaction of foci, and formation 
of fibrosis in the lungs according to the results of X-ray tomographic examination. However, in 14.8% of patients in the control group, treatment 
failure was noted with the resumption of bacterial release and destruction in the lung tissue, and in the main group, all patients had healing of 
the decay cavities. In the majority (77.5%) of patients in the main group, treatment resulted in the formation of small residual changes, but large 
residual changes were 2.3 times more common in the control group in the form of multiple dense foci, fibrosis and residual decay cavities.
Conclusions. Studies have shown the high efficacy of complex treatment with Bdq and Dlm in children and adolescents. In particular, in MDR/
XDR-TB patients treated with Bdq and Dlm, treatment results were 2 times more likely to be considered «cured» than in the control group, and 
1.5 times less likely to be considered «complete». The treatment success rate in the main group was 100.0%, and in the control group — 85.2%.
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, tuberculosis, adolescents, multidrug resistance, extensive drug resistance, treatment, bedaquiline, delamanid.
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Tuberculosis (TB) remains one of the most 
urgent problems of health care and one  
of the leading causes of death in the world. 

TB is a disease which has no borders and no social 
and age restrictions. Recently, in Ukraine there has 
been an increased rate of the latent tuberculous 
infection (LTBI) of the population, which increases 
according to the age. LTBI among children aged 
7–8 years is 8.5%, at the age of 13–14 years —  
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increases in the contact children and adolescents 
from focies of tuberculous infection [24].

Ukraine is one out of ten countries with the 
highest burden of multidrug-resistant pulmonary 
and extrapulmonary tuberculosis (MDR-TB) 
[15,16,19]. On the background of positive dynamics 
of the reduction of mortality and incidence of new 
cases of TB the situation with MDR-TB has been 
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works carried out by V.M. Melnyk et al. [16] proved 
that a negative trend is an increase of frequency  
of MDR-TB from 27.3% in 2016 to 29.0% in 2018, 
���
 �����	�
 ��
 ���
 �"�#��
 ��
 �������%
 �	�
 ��

extensive drug-resistant TB (XDR-TB) up 8.9%.

In recent years in Ukraine and in the  
world it is observed the increase in the incidence  
of resistant forms of pulmonary TB among  
the adult population. The proportion of 
MDR, XDR and resistance to rifampicin (Rif-
TB) of Mycobacterium tuberculosis (MBT)  
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increased too [2,4–6,11,12,14].
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in Ukraine and in the world on the background of 
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which were based on traditional antimycobacterial 
drugs (AMDs) second-line, and the accumulation 
of the evidence base regarding new AMDs became 
a factor in improving existing treatment and 
forming regimens with the use of new AMDs, 
such as bedaquiline (Bdq), delamanid (Dlm) and 
pretomanid (Pa) both among adults, children and 
adolescents [1,3,7,10,14,15,17,18,20–24].

In the medical literature, a little number  
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of the treatment of Bdq and Dlm among children and 
adolescents [8,9,13]. In this regard, it is important 
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of new AMDs in children and adolescents with 
MDR/XDR-TB.

The purpose of the work — to study the 
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Dlm in children under 18 years old with multiple 
and extensively drug-resistant pulmonary TB 
(MDR/XDR-TB).

Materials and methods of the research
A retrospective cohort analysis of medical 
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of chemotherapy (CT) with Bdq and Dlm was 
conducted. The main group was formed of  
40 patients who had MDR/XDR-TB and received 
complex antimycobacterial therapy (AMBT) 
with Bdq and Dlm. Children from 0 to 14 years 
old constituted 25 (62.5%), and 15 (37.5%) were 
teenagers from 15 to 17 years old. There were  
18 (47.5%) boys, 22 (52.5%) girls. The control 
group consisted of 27 patients who received 
complex AMBT without Bdq and Dlm: there  
were 17 (62.9%) children and 10 (37.1%) teenagers.

Patients of the main group received [bedaquiline 
(Bdq) + delamanid (Dlm) + linezolid (Lzd) + 
clofazimine (Cfz) + cycloserine (Cs)] for 6 months 
and + 12–14 months of [Bdq+Dlm+Lzd+Cfz]. 
Depending on the drug sensitivity test (DST) of  
a patient or the source of the TB infection, the main 
group was given other AMBPs if necessary. If one 
or two drugs were used from group A  in AMBT, 
then two AMBDs from group B  were added.  
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regime from four AMBDs of groups A and B, then 
AMBDs from group C were prescribed: ethambutol 
(E), Dlm, pyrazinamide (Z), imipenem/cilastine, 
meropenem, amikacin, ethionamide, para-
aminosalicylic acid. The individualized treatment 
regimen was long-term — up to 18–20 months.  
The total duration of CT was reduced to  
15–17 months after cultural conversion of sputum.

The control group received CTR without 
Bdq and Dlm. They were given [pyrazinamide 
(Z) + kanamycin (Km) or (capriomycin (Cm) 
:
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prothionamide (Pt) + cycloserine (Cs)] for  
8 months and + 12 months of [Z Lef/Mfx Pt Cs]. 
The dose of AMBDs was calculated according to 
the patient’s body weight. In accordance with the 
calendar monitoring of treatment of TB patients, 
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carried out [11].

'()� )*+,.+/012� 13� /()� )4)5/0*)2)66� 13� 789'  
was carried out according to the following objective 
criteria: disappearance of clinical symptoms, 
frequency and time of the cessation of bacterial 
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excretion according to the data of microscopy 
and culture on nutrient media, the time of closure  
of decay cavities.

Children and adolescents with MDR-TB were 
treated in the pediatric departments of the CU 
ENT «Pulmonology Lviv Regional Diagnostic 
Center», the Volyn Regional Phthisiopulmonology 
Medical Center, the Khmelnytskyi Regional 
Phthisiopulmonology Medical Center and  
the Chernivtsi Regional Clinical Anti-Tuberculosis 
Dispensary.

Results and discussion of the research
The researched groups were identical in the 

distribution of clinical forms, the presence of 
destructive changes in the lung tissue and the 
structure of the resistance of pathogen to AMBDs. 
The distribution of TB patients is shown in 
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9 (33.4%) patients of the control group and among  
15 (37.5%) patients of the main one, disseminated — 
among 8 (29.6%) patients and 13 (32.5%) patients 
respectively, primary tuberculous complex (PTC) — 
among 5 (18.5%) patients and 9 (22.5%) patients 
respectively, and TB intrathoracic lymphatic 
nodes (TB ITLN) — among 5 (18.5%) patients and 
3 (7.5%) patients respectively.

The presence of decay cavities in the lungs was 
ascertained in 26 (65.0%) patients of the main 
group and in 16 (59.3%) of patients of the control 

one. At the same time, in 52.0% (13 out of 25) 
children and in 86.7% (13 out of 15) teenagers the 
presence of decay cavities was ascertained, that is,  
the destruction was 1.7 times more often ascertained 
in teenagers in comparison with children.

The research showed the following changes  
in the clinical course of TB within 3 months  
of anti-TB treatment as the reduction of symptoms 
of intoxication, the cessation of cough in 87.5% 
(22) of children and 70.3% (10) of adolescents,  
the cessation of catarrhal phenomena in the lungs, 
the positive dynamics in blood parameters.

The data on the frequency and time of cessation 
of bacterial excretion are presented in Table 2.

In 70.3% (19 out of 27) patients of the control 
group and in 65.0% (26 out of 40) of patients  
of the main one, bacterial excretion was established. 
Other patients were diagnosed with the risk  
of MDR-TB, because they did not have a respiratory 
sample to determine MBT.

One of the important criteria for evaluating 
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of the end of bacterial excretion. It was established 
��	�
 Þ�����
 ���
 ���
 �����
 �����
 ��
 Q¨Ç7
 ��

both groups in 100% of cases the end of bacterial 
excretion was achieved. However, among patients 
who received AMBT with Bdq and Dlm, the end  
of bacterial excretion occurred faster. Within the 
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of the halt of bacterial excretion was found  

Table 1
@59=35Q:=5<6�<J�=:Q73K:I<959�;4=576=9�4KK<3L56M�=<�KI565K4I�J<3H9S�=R7�;37976K7� 

<J�L79=3:K=5<6�56�=R7�I:6M9�46L�=374=H76=�37M5H79S��Q9z��§�

Table 2
?R7�J37X:76KO�46L�=5H7�<J�K7994=5<6�<J�Q4K=7354I�7lK37=5<6S�379<I:=5<6�<J�J<K4I�46L�56eI=34=5N7�KR46M79� 

56�=R7�7l4H567L�M3<:;9S�L7;76L56M�<6�=374=H76=�37M5H769

Clinical form of tuberculosis
Control group

�6¨�©�
Main group

�6¨ª��
All Destruction All Destruction

EP¾WSLcSNih�SKehLfKWMXNX 9 (33.4) 6 (66.7) 15 (37.5) 10 (66.7)
Disseminated tuberculosis 8 (29.6) 6 (75.0) 13 (32.5) 10 (76.9)
Primary tuberculous complex 5 (18.5) 3 (60.0) 9 (22.5) 5 (55.5)
Tuberculosis intrathoracic lymphatic nodes 5 (18.5) 1 (20.0) 3 (7.5) 1 (33.3)
All 27 (100.0) 16 (59.3) 40 (100.0) 26 (65.0)

Parametr Time 
�H<6=R�

Groups
k<6=3<I��6¨�©� d456��6¨ª��

abs. § abs. §
Bacterial excretors – 19 70.3 26 65.0

Frequency of cessation of bacterial excretion
1 7 36.8 16 61.5*
2 10 52.6 9 34.6
3 2 10.6 1 3.9*

Positive X-ray dynamics (by frequency of partial 
LhXMLVSNMP�Mn�nMfcW�cPl�NP¾WSLcSNih�fgcPFhX�

3 5 18.5 15 37.5*
6 7 25.9 17 42.5
9 10 37.1 4 10.0*

Note: Å���Sgh�lNÆhLhPfh�NX�XNFPN¾fcPS�NP�LhWcSNMP�SM�Sgh�fMPSLMW�FLMKV��Vv7)75�)
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in patients of the main group — 61.5% (16)  
of patients in comparison with the control one 
36.8% (7) of patients, p<0.05. In two months, 
bacterial excretion stopped in 96.2% (25) of patients  
and 89.5% (17) of patients, respectively. After three 
months of CT — in 100% (40) of patients.

In researched patients regarding the resorption 
��
 ����
 	�%
 ���$��	�����
 	
 ���$	�
 ���"$	���2
 Þ	

established. In particular, within 9 months among 
81.5% (22 out of 27) of patients of the control 
group and in 90.0% (36 out of 40) of patients  
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radiographically were detected in 5 (18.5%) 
patients who did not receive Bdq and Dlm and  
in 4 (10.0%) patients — who received new AMBDs 
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Among all patients of the main group at the end 
of the course of anti-TB treatment the resolution of 
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However, in 4 (14.8%) patients of the control 
group, the failure of treatment with the restoration 
��
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The destruction in the lungs at the X-ray-
tomographic examination was found in 52.0% 
(13) of children and 86.7% (13) of adolescents.  
The majority of patients of the main group (73.1% 
total for 6 months), who received Bdq and Dlm 
within 6 months of treatment healed of decay 
cavities, and at 9 months the healing was noted 
in other 4 (15.4%) patients (Table 3). After  
9 months the destruction was observed among  
2 (7.7%) patients of the main group.

At the same time, the healing process of decay 
cavities (destruction) in the control group probably 
occurred more slowly. In particular, among  
the control group the healing of the destruction 
within 6 months was found almost 2 times  
less often in comparison with the main one  
(37.4% vs. 73.1%; p<0.05). In the dynamics 
within 9 months among the control group, the 
destruction healed in 31.3% patients, but after  
9 months of the treatment without Bdq and Dlm  

in 5 (31.3%) cases a decay cavity was detected. Thus, 
among patients who received new AMBDs, after  
9 months of treatment a destruction was found in 
only 3 (11.5%) patients and in the control group — 
in 5 (31.3%). However, at the end of anti-TB 
treatment among 12.5% (2 out of 16) of patients 
of the control group a destruction was observed,  
and among the main one the decay cavities healed 
in all the researched patients.

Our research shows that on the background 
of AMBT in patients with TB, certain 
changes in the immune system occur due to a 
decrease of the antigenic load on the defense 
system with an optimally selected treatment 
regimen. We have chosen the most informative 
tests: CD3+, CD4+, CD8+, CD4+/CD8+,  
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complex treatment for patients with drug-
resistant TB (DR-TB) (Table 4).

In particular, at the end of the intensive phase 
in 3 (25.0%) patients of the control group and in  
4 (36.4%) of the main one, a normalization 
of the total number of CD3+ T-lymphocytes 
occurred. A state of dynamic equilibrium between 
subpopulations T-helper and T-suppressor 
lymphocytes, CD4+/CD8+ in the main group 
(6 (54.5%) persons) 1.6 times was more often 
restored in comparison with the control one 
and in 4 (33.3%) persons of the control group.  
The level of circulating immune complexes (CIC) 
was normalized in 4 (33.3%) patients of the control 
group and in 6 (54.5%) of the main one at the 
end of the intensive phase. Therefore, at the stage  
of completion of the intensive phase of AMBT 
with the use of Bdq and Dlm, the normalization of 
cellular and humoral immunity indicators occurred 
1.5 times more often (43.4±4.5)% vs. (29.6±2.8)% 
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of complex therapy. However, according to the 
indicators of the immune system in the control 
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more often (70.4% vs. 56.6%; p<0.05) at the end 
of the intensive phase rather than in the main one.

Table 3
?R7�J37X:76KO�46L�=5H7�<J�KI<9:37�<J�L7K4O�K4N5=579��R74I56M�<J�L79=3:K=5<6�� 

in the researched groups depending on the treatment regimens

Note:�Å���Sgh�lNÆhLhPfh�NX�XNFPN¾fcPS�NP�LhWcSNMP�SM�Sgh�fMPSLMW�FLMKV��Vv7)75�)

Group All
The time of closure of decay cavities 

�H<6=R9�
Availability 

of decay 
cavity3 6 9

Control abs. (%) 16 (59.2 %) 2 (12.4) 4 (25.0) 5 (31.3) 5 (31.3)
Main abs. (%) 26 (65.0 %) 6 (23.1)* 13 (50.0)* 4 (15.4)* 3 (11.5)*
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Cohort analysis showed that in 29 (72.5%) 
patients of the main group, the result of treatment 
was considered as «cured» and in 11 (27.5%) 
patients as «completed» (p<0.05). At the same 
time, the result of the treatment in the control 
group was more likely to be stated as «completed» 
than «cured» (51.8% vs. 33.4%; p<0.05)  
(Figure 1). In the control group «treatment is 
completed» is stated more often than in the main 
one (51.8% vs. 27.5%; p<0.05) and 2 times less 
often — «cured» (33.4% vs. 72.5%). According  
to our research, the success rate of the treatment 
in the main group was 100.0% and in the control 
one — 85.2%. Therefore, the treatment failure in 
the control group was 14.8%.

The anti-TB treatment ended with the formation 
of small residual changes among most patients of 
the main group (77.5%). However, large residual 
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decay cavities in the control group were observed 
2.3 times more often (51.9% vs. 22.5%; p<0.05) 
compared to the main one (Figure 2).

Conclusions

Our research shows that for all patients  
who received Bdq and Dlm and the group without 
these new AMBDs, the end of bacterial excretion 
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treatment. However, in the control group the halt 
of bacterial excretion probably occurred more 
slowly.

In 5 (18.5%) patients who did not receive  
Bdq and Dlm and in 4 (10.0%) persons who had new 
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radiologically after 9 months of AMBT. During the 
same period of CT among the patients receiving 
Bdq and Dlm, the destruction was found in only 
2 (11.5%) patients and in the control group — 
in 5 (31.3%).

The normalization of immunological para- 
meters in (29.6±2.8)% of the control group 
and in (43.4±4.5)% of the main one (p<0.05) 
was noted at the end of the intensive phase of 
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Fig. 1. Comparative results of the treatment in patients of the researched 
groups based on the cohort analysis (%)

Fig. 2. The frequency and character of residual changes in the lungs at the 
end of anti-TB treatment in patients depending on the treatment options

Table 4
The frequency of normalization of indicators of cellular and humoral immunity  
at the stage of completion of the intensive phase of treatment among patients  
Y5=R�L3:MD37959=46=�;:IH<643O�=:Q73K:I<959S�L7;76L56M�<6�=374=H76=�<;=5<69

Note: Å���Sgh�lNÆhLhPfh�NX�XNFPN¾fcPSWk�LhWcSNih�SM�Sgh�fMPSLMW�FLMKV��Vv7)75�)

Indicators

Groups
Control

�6¨���;4=576=9�
Main

�6¨���;4=576=9�
�Q9z § �Q9z §

CD3+ 3 25.0 4 36.4
Bu2|Bu_| 4 33.3 4 36.4
Bu2|Bu4| 3 25.0 4 36.4
Bu2|Bu_|~Bu2|Bu4| 4 33.3 6 54.5*
TNF-�/IL 10 3 25.0 4 36.4
IL 6/IL 10 3 25.0 4 36.4
ÈFR 4 33.3 5 45.5
ÈFZ 4 33.3 6 54.5*
Circulating immune complexes 4 33.3 6 54.5*
On the average (%) (29.6±2.8) (43.4±4.5)*
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researched groups was obtained from the immuno- 
regulatory index CD3+CD4+/CD3+CD8+, IgM 
and CIC. Positive dynamics of immunological 
changes were 1.5 times more often detected  
in children and adolescents who received Bdq and 
Dlm. It indicated a decrease in antigenic load, 
the phenomena of TB intoxication and increased 
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in all patients of the main group were ascertained 
during the X-ray-tomographic examination  
at the end of the treatment. However, in 4 (14.8%) 
patients of the control group, the treatment 

failure with the restoration of bacterial excretion 
was diagnosed and they were diagnosed with the 
destruction in the lung tissue. In the main group, 
the decay cavities healed in all patients.

In the main group compared to the control one, it 
was 2 times more often stated as «cured» (72.5% vs. 
27.5%; p<0.05) and 1.5 times less often as «treatment 
completed» (33.4% vs. 72.5%). The success rate 
of the treatment in the main group was 100.0% 
and in the control one — 85.2%. It indicates 
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Bdq and Dlm among children under 18 years old.
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Introduction. Familial hypercholesterolemia (FH) is a genetically determined disease characterized by elevated low-density lipoprotein levels 
since birth and predisposes a person to develop atherosclerosis-induced cardiovascular disease. Healthcare providers should monitor the 
health status and physical activity level in pediatric patients with FH, as a high-risk group for cardiovascular disease.
Purpose — to investigate the self-reported health-related quality of life (HRQoL) and physical activity energy expenditure based on the ques-
tionnaire data (PAEEq) in children with heterozygous FH compared with healthy peers to assess the health status.
Materials and methods. The HRQoL scores were assessed using the KINDLR questionnaire in 15 patients with FH and 21 healthy peers. 
The physical activity level was evaluated using the C(Y)PAQ questionnaire. The KINDLR data together with other variables such as age, weight, 
height, sex, BMI and the PAEEq scores were analyzed in SAS® OnDemand for Academics.
Results. HRQoL scores in FH children were similar to those of the control group (p>0.05). There was no association between PAEEq and the 
HRQoL scores in the FH (r=0.37, p=0.29) and the control group (r=0.43, p=0.20). The KINDLR Physical well-being score in the 5–9 years age 
group was significantly higher for FH children than for controls (p<0.01), while the total HRQoL score was not significantly different between 
FH children and controls. The group of FH children aged 5–9 with an intermediate level of PAEEq was the most physically active among the 
surveyed children. The controls aged 15–18 with low levels of PAEEq was the least active. All other age groups were characterized by a low 
intermediate level of PAEEq.
Conclusions. Children with FH have HRQoL scores that are comparable to those of healthy peers. The FH and control groups were relatively 
satisfied with their quality of life. Thus, FH children consider themselves to be healthy, and from this underestimation of their cardiovascular risk 
they may have low adherence. Most FH children were found to have the low intermediate levels of PAEEq, which may indicate a lack of exercise 
and poor quality of life later on. Children with FH may have significant health problems in adulthood if they are not treated early and appropriately. 
In a similar manner, low PAEEq levels were demonstrated by the controls, so they should be also informed about the significance of regular 
physical activity and properly motivated.
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 patients was obtained for conducting the studies.
No conflict of interests was declared by the authors.
Keywords: children, familial hypercholesterolemia, dyslipidemia, health, health-related quality of life, physical activity.

Z����#�&���*S���[*(����(��(�����[*'S����B�(�"������������#���!���,��#��T� 

������"��T��+�\������(��
�
��(������E���'
���E���
�T��
��
���
'�\E
Y�R[�F�����G��\G����]�U��?���A����]�U�����C�C��
<�������%��
�'��������������������#����{!�`��.���������+)	)�º'"�����)�Ò�.�

t��!��#����#z�B���
�����"���������������!��B8����������&���#������������������� ����!��������������'$�%�!�"�#�����������-
������"�"����.�������%�.����%��������#�����#*���!��������%���� �#��������'����������'#������������ ���%���"��&������������-
��������)�Z�#�&���"���������"��������#�
�� ��������������������'��#����{!��������!�(���&��.�������������"���$�����#��!&������'���
B8��!���'"��������������'�������'����������'#������������ ���%)
a
�����#����#����!���%�*���!��;z���"��{!���'�����#����{!�����������������������(���&�'���������%��}ÓR��'�#���
���������������� �
(���� �B8�"�����!�������#���������#���������#�!�����������'��#����{!)
a��
���������'
����z�+�������;z������������#�"����� ��"��'���%����IÔE?uTQR�'�05�"���$�������B8����10��#���������#������)�
,����%�(���&��.����������������������#�"����� ��"��'���%����Ip�b�o>ÕQ)�/����ÔE?uTR�����������C��������������������!����������
�����������������%����#����������������}ÓR��"����������������U>UÖ�@PuhOcPl�nML�>fclhONfX)
/
(!�#����z�+�������;z�'�#���
���B8���
*�������#����!���!���#�"��������������%��.���'"����×7�75�)�<����!��������{!�'���*�
}ÓR����"���������;z�'�#���
���B8��LØ7�26��VØ7�1�������������%��
���'"���LØ7�_2��VØ7�17�)�]�����(���&����������"��'&&!����ÔE?uTR�'�
�����
���'"��5a��������'���#�������������� ���#���
���B8����*�'�������%��
���'"����v7�70�����#��!��'������������;z���������#�������-
��.�����������*���'"����#���
���B8����#��������#�������)�8�'"��#���
���B8������5a��������������#�����������}ÓR��'�����
���%C�(���&���
������ �����#������*�����#���
)�<�
���C������� ��'���������%�����'"�������05a04������������%����������}ÓR)
n�������z�`�#���
���B8�"�������;z������#����! �%�!���#�"���������#��������#�������)�/������B8���������%�����'"����#��������-
#�����������$ �;z)�]�*���#������B8����*� �%�������#�����������&������ ���#�����'�������������������'#�����������'���������*��
�'������%�
���"��$��)�`����%C�����"���$�������#��&�$�%�!�����#�%�����%�
������%�}ÓR�������*�����#&����"�����#������ �(���&�'�
��������%�������%'�;z���"�#��%C��')�/������B8���*'�%���������&���"������������#����{!��'�#�������'�������!������������ �%����$-
&����.�����#������.���#�&��.�"�#�����)�R������&������%��������(���&��.������������"�������� �%�!���������%��
���'"������'�����#���
�
���*����#���(���'�����"�����*������%����'�!���.�(���&��.������������������*����&����������'����)
/����#*���!�����������#"���#���#��"�����"���8��%����%�.�#�������.)�+�������#����#*���!�'��������	���%�������&���������-
���������&���.����������'�������)�<��"����#���!�#����#*��%������������(�������'����#'�"���$����)
R��������!��! �%�"�����#�'�����%���(���'����������)
j�E"���������r�#���������
�����"���������������!��#����"�#���!���#����{!��!���%�*���!��"��{!���������#����{!���(���&�����������%)



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   ��¡����
��������¤� Україна  2(130)/2023 25

Introduction

Familial hypercholesterolemia (FH) is a 
genetically determined disease characterized by 
elevated low-density lipoprotein (LDL) levels 
since birth and predisposes a person to developing 
atherosclerosis-induced cardiovascular disease 
[24]. Healthcare providers should monitor 
the health status and physical activity level in 
pediatric patients with FH, as a high-risk group 
for cardiovascular disease, to implement a full 
spectrum of prompt preventive and curative 
medical interventions [20].

Health-related quality of life (HRQoL) is a 
multifactorial concept that can be used as patient-
reported data to document patients’ perspectives 
on their health and well-being [21]. HRQoL 
indices encompass physical, social and psychosocial 
aspects of a child’s health, as well as the ability 
to participate fully in age-appropriate activities 
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promote positive physical and psychosocial health 
in the long term.

The World Health Organization (WHO) 
global status report on physical activity 2022 [1] 
documented that children and young adults are 
poorly involved in their own physical health care. 
According to the report, 81% of children aged 
11–17 do not meet the levels of physical activity 
needed to maintain good health and well-being. 
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played in clinical settings by pediatricians, primary 
care physicians and other health professionals 
in increasing opportunities for participation in 
physical activity among children and their families, 
especially those with disabilities and chronic 
�$$����
��
3��Þ
��
���
������	��
+����3�
��+	��

on their physical and mental health. Particular 
emphasis is placed on the importance of working 
with young and pre-school children to reinforce 
healthy behaviour that determines later well-being 
in adulthood.

The purpose of the study — to examine the 
self-reported HRQoL and physical activity energy 
expenditure based on the questionnaire data (PAEEq) 
in children with heterozygous FH compared with 
healthy peers to assess their health status.

Materials and methods of the research
A retrospective study was conducted of pediat-

ric 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
Þ���9
	
�������%

diagnosis of FH for at least 6 months, age between 
5 and 18 years, adherence to prescribed antilipid  
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, interruption of an-
��$�+�%
����	+2
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+������
��
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disease or condition other than FH that causes  
lipid metabolism disorders (diabetes mellitus, hy-
pothyroidism, nephrotic syndrome, chronic kidney 
disease, primary cholangitis, obstructive jaundice, 
obesity, Cushing’s syndrome, pheochromocytoma 
etc.); intake of medications that cause lipid me-
tabolism disorders (amiodarone, thiazide diuretics, 
beta-blockers, glucocorticoids, estrogens, andro-
gens, immunosuppressants, anticancer agents, an-
tipsychotics, HIV-1 protease inhibitors, anticon-
vulsants, 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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�%������%
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guidelines: 5 to 9 years, 10 to 14 years, and 15 to 
18 years.

Pediatric patients with FH were included in 
the FH group (hereinafter referred to as «FH chil-
dren») (n=15). The Dutch Lipid Clinic Network 
criteria were used to establish the diagnosis of 
familial hypercholesterolemia [20]. FH children 
were mostly in the age range 5–17 years (53.4% 
girls and 46.6% boys). Each age group consisted of 
5 subjects.

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

The auxological parameters (body weight, 
height, body mass index (BMI)) in the sur- 
veyed children were obtained by routine anthro-
pometry.

The KINDLR questionnaire [19] and the Child/
Youth Physical Activity Questionnaire (C(Y)PAQ) 
[4] were used to establish quality-of-life and phy- 
sical activity levels, respectively. The interview 
was conducted with parents present as it was re-
quested by all patients. The KINDLR is a compre-
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hensive tool for assessing health-related quality 
of life in children and young people aged 3 years 
and over. The KINDLR consists of 24 Likert scale 
items related to six modules: physical well-being, 
emotional well-being, self-esteem, family, friends 
and daily activities (school or kindergarten). The 
subscales of these six modules were combined to 
produce an overall score. Participants answered 
questions on a 5-point Likert scale (0 = never,  
1 = rarely, 2 = sometimes, 3 = often and 4 = always). 
All subscales were then converted into scores from 
0 to 100, where higher scores corresponded to a 
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take into account the changes in the quality-of-life 
dimensions in the course of child development.

The Child Physical Activity Questionnaire 
(CPAQ) was administered to the youngest group 
(ages 5–9) and completed with partial parental 
help. The CPAQ questionnaire assesses the type, 
frequency and duration of physical activity and 
sedentary behaviour over the past 7 days. The 
Youth Physical Activity Questionnaire (YPAQ) 
was used among older children (10–14 years and 
15–18 years). This tool allows to determine the 
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on both weekdays and weekends during the past 
week. As such, the YPAQ assesses the mode, fre-
quency and duration of physical activity and sed-
entary behaviour across all parameters, including 
school hours and free time over the past 7 days. Es-
timates of energy expenditure for physical activity 
were derived from the CPAQ and YPAQ question-
naires. The calculation was based on the formula 
[4] used to estimate daily PAEEq, according to ac-
cepted metabolic equivalent of task (MET) values 
[6]. PAEEq levels were assessed according to the 
Z��
�$	���	����
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��Low: <2,100 kilojoules per week (kJ/wk)
��Low intermediate: 2,100–4,199 kJ/wk
��Intermediate: 4,200–8,399 kJ/wk
��Upper intermediate: 8,400–12,599 kJ/wk
��ë���9
ð������
5È-Þ5
The study was conducted in accordance with 

the Helsinki Declaration of Human Rights and the 
Council of Europe Convention on Human Rights 
and Biomedicine.

Statistical analysis. The KINDLR data were ana-
lyzed in IBM® SPSS® Statistics (IBM Corp, New 
York, USA). The HRQoL scores together with  
other variables such as weight (kg), height (cm), 
sex, BMI and PAAEq levels were evaluated in 
SAS® OnDemand for Academics (SAS Institute 
Inc, North Carolina, USA) and described in terms  

of mean and standard deviation. Data were assumed 
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Shapiro–Wilk and graphically by Q-Q plot).

Continuous variables with a normal distri-
bution were indicated as a mean with standard  
deviation, and a t-test and a one-way analysis  
of variance (ANOVA) were used to compare the FH 
and control groups. The Pearson correlation test 
was used to search for possible associations between  
PAEEq, age, weight, BMI or sex variables with total  
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Results of the research
The Pearson correlation test found that there 
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quality-of-life scores in patients and controls. A 
single-factor analysis of variance (ANOVA) re-
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quality-of-life scores between the age groups  
5–9 years, 10–14 years and 15–18 years in FH chil- 
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The total quality-of-life score for the 5–9-year-
old FH group was virtually the same as the control 
group of the same age (67.71±6.83 vs 66.67±1.65, 
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interval (CI) (-11.89; 15.54)). There was also 
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and healthy peers in the 10–14 years age group 
(58.33±1.04 vs 60.16±9.25; (t=0.39, p=0.62, 95% 
CI (-12.30; 16.41)) and in the 15–18 years age 
group (69.80±8.38 vs 73.54±14.76; t=0.45, p=0.66, 
95% CI (-15.97; 23.46)).

A Pearson correlation test in the FH (r=0.37, 
p=0.29) and the control group (r=0.43, p=0.20) 
showed no such association between PAEEq and 
total quality-of-life score in the surveyed chil-
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found between the variables weight, BMI, sex and  
PAEEq in the FH group and their control group 
counterparts.

The KINDLR questionnaire data analysis  
(Table 1) showed that FH children in  
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higher Physical well-being score than the con-
trol group of the same age (p<0.01), while the  
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The Self-esteem score in the 10–14 years age 
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than in the FH group (p<0.01). There was also a 
decreasing trend in the Everyday functioning score 
in FH children of the same age (p=0.07).
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of subjective quality of life between FH children 
and controls in the 15–18 years age group.

Table 2 shows the daily PAEEq data. No statis-
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FH children and controls.

We also estimated the weekly PAEEq using a 
simple calculation (Table 3). Thus, it can be con-
cluded that the FH group aged 5–9 years with an 
intermediate level of PAEEq was the most physical-
ly active among the surveyed children (Fig.). The 
controls aged 15–18 with low levels of PAEEq was 
the least active. All other age groups were charac-
terized by a low intermediate level of PAEEq.

Discussion

A diagnosis of FH, in addition to being associated 
with a very high risk of cardiovascular events such 
as cerebral apoplexy or acute coronary syndrome, 
can stimulate the adoption of unhealthy coping 
mechanisms out of a sense of despair facing the 
serious chronic condition-such lifestyle changes as 
overeating, smoking, excessive alcohol consumption, 
neglect of physical activity, passive participation in 
rehabilitation and low adherence [3].
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in quality-of-life scores between the age groups in 
FH children, thus all age groups of FH children 

Table 1
HRQoL data according to the KINDLR questionnaire results in the surveyed children

Table 2
Daily physical activity energy expenditure based on the C(Y)PAQ questionnaire results  

�xGWWX��56�=R7�9:3N7O7L�KR5IL376S�dºh@

Notes: XScSNXSNfcWWk�XNFPN¾fcPS�lNÆhLhPfh�NX�gNFgWNFgShl�NP�bold; M — mean values; SD — standard deviation.

Note: M±SD* — mean values ± standard deviation.

Parameters
FH children Controls

p-value
Mean ºh@ Mean ºh@

V/&�:E^� &-'(�-_&�_',#`
Total quality-of-life score 67.71 6.83 66.67 1.65 0.90
Physical well-being 77.08 3.61 43.75 4.00 <0.01
Emotional well-being 62.50 25.00 50.00 12.74 0.70
Self-esteem 75.00 16.54 43.75 3.19 0.24
Family 62.50 16.54 87.50 6.64 0.32
Friends 79.17 21.95 50.00 21.24 0.36
Everyday Functioning 77.08 21.95 62.50 7.75 0.62
IuNXhcXhQ�DMlKWh 58.33 22.04 83.33 13.41 0.42

V/&�6bE69� &-'(�-_&�_',#`
Total quality-of-life score 58.33 1.04 60.16 9.25 0.72
Physical well-being 54.17 28.18 54.69 16.44 0.97
Emotional well-being 50.00 12.50 59.38 14.88 0.42
h7IJD79=77H 83.33 13.01 51.56 7.86 <0.01
Family 68.75 10.83 67.19 16.44 0.89
Friends 52.08 3.61 64.06 16.44 0.27
Everyday Functioning 41.67 19.09 64.06 5.98 0.07
IuNXhcXhQ�DMlKWh 93.05 8.67 67.71 29.34 0.21

V/&�6:E6c� &-'(�-_&�_',#`
Total quality-of-life score 69.80 8.38 73.54 14.76 0.66
Physical well-being 78.13 10.83 81.25 15.31 0.74
Emotional well-being 71.88 20.73 72.50 22.79 0.96
Self-esteem 70.31 16.44 68.75 19.26 0.90
Family 79.69 5.98 82.50 12.02 0.68
Friends 62.50 18.40 72.50 22.79 0.50
Everyday Functioning 56.25 8.84 63.75 28.09 0.62
IuNXhcXhQ�DMlKWh 71.88 28.34 86.67 17.28 0.36

Age groups
FH children Controls

p-value
Mean ºh@ Mean ºh@

5Ù9 years age group 786.89 267.10 310.76 251.87 0.26
10–14 years age group 356.27 118.63 342.31 143.39 0.89
15–18 years age group 303.98 93.85 264.71 187.56 0.71
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of life. We also determined that children with 
FH, regardless of age, scored similarly to healthy 
peers on measures of quality-of-life. This result 
can be interpreted that the level of medical care 
they receive has improved over time, resulting 
in a reduction in the severity of their disease and 
alleviation of its burden. However, the literature 
suggests that most children with FH may not 
regard themselves as «patients» and underestimate 
the risks associated with the disease. Data from  
L.E. Akioyamen (2018) revealed that pediatric 
patients with FH showed generally lower anxiety 
scores and better mental quality of life than children 
without the disease. However, patients with FH 
may perceive their risk of cardiovascular disease 
as «controlled», which in turn may contribute to 
the underestimation of their cardiovascular risk, 
although this improves mental well-being [2]. In 
the study conducted by J. Mulder (2022), 75% of 
the patients with homozygous FH were found to 
be unable to describe themselves as «ill» [14]. The 
Mortensen study estimated that patients with FH 
before the onset of cardiovascular disease generally 
consider themselves to be healthy and view FH as 
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on their quality of life [13].

In our study, we focused on children’s 
perceptions of their quality of life and tried to 
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assessment as possible (with the exception of 
5–6-year-olds who completed the Kiddy-KINDLR 
form with partial parental help). It should be noted 
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of-life scores were observed in the 5–9 years and 
10–14 years age groups — those groups that are 
more dependent on parents than young adults  
(15–18 years age group). Thus, for example, 
in the 5–9 years age group, FH children rated 
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than controls. Considering the average age of 
cardiovascular disease onset in patients with FH is 
44 years [10], FH patients of primary school age 
without any symptoms of cardiovascular disease 
are not limited by their physical condition and 
cannot realize the consequences of the disease, and 
therefore do not comprehend its burden.

With regard to self-esteem, the M. Pinquart 
meta-analysis [18] found that children with a 
chronic illness have lower self-esteem than their 
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Table 3
Estimated weekly PAEEq in kJ/wk (daily PAEEq x 7) in the surveyed children

Age groups FH children Controls
5–9 years age group 5,508.23 2,175.32
10–14 years age group 2,493.89 2,396.17
15–18 years age group 2,127.86 1,852.97
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healthy peers, with parents’ reports of their 
children’s self-esteem being less positive than 
those of the children themselves. In our sample, 
the self-esteem of FH children aged 10–14 years 
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children in puberty who do not receive as much 
constant attention and care as unhealthy children 
with a potentially disabling illness may receive. 
Further research is recommended to focus on 
healthy children with low self-esteem.

No relationship was found between PAEEq and 
quality-of-life scores in the FH and control groups. 
Based on A.M. Marker’s meta-analysis [12], there 
was a weak positive correlation between physical 
activity and better quality of life in healthy 
children and adolescents, although the magnitude 
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There is little evidence in the available literature 
about the impact on a child’s psychological well-
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a major adverse cardiovascular event ascribed 
to FH. For example, Hollman points out that 
surviving cardiovascular disease or the death of 
family members had a lasting negative impact on 
patients with FH [7].

Parents are the primary decision-makers 
about their child’s health until the children reach 
adulthood. P. Ge (2022) [5] has demonstrated 
that parents’ perception of the severity of their 
child's condition and their self-reported ability to 
follow treatment regimen for the condition may 
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treatment. Ge concludes that there is a need to 
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to follow treatment regimen) in parents.

F.J. Kinnear (2019) [8] reports that parents 
of children with FH express high concern for 
their children’s well-being and this parental 
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contributing to high compliance with recommended 
preventive and treatment interventions. Therefore, 
the early years of adulthood present a challenge 
to maintaining compliance as young people move 
from being cared for by their parents to taking 
responsibility for their own treatment.

In addition to the disability stigma experienced 
by parents with FH themselves, other family 
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perception of his or her illness in one particular way 
or another. In general, all surveyed FH children 

expressed the belief that they kept their disease 
under control, with one of the highest «Disease 
module» scores (93.05±8.67) being observed in the 
FH group aged 10–14 years.

A parent-independent understanding of the 
illness and the ability to make independent 
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with comprehensive information support from the 
healthcare provider are essential components of 
FH treatment. We are convinced of this by several 
examples from our practice, which unfortunately 
are far from isolated. In one such case, a mother of 
two children with FH who already had two valve 
replacements refused to take statins because «it 
doesn’t help her». The attitude toward treatment 
in her children was similar — they refused to 
receive treatment.

To prevent early vascular ageing (EVA) [9], 
which is accelerated in patients with FH due to 
early exposure to high cholesterol levels, some level 
of physical activity should be maintained. There 
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the variables weight, BMI, gender and PAEEq in 
either the FH or control group in the population 
we examined.

Physical activity has a huge impact on physical 
and mental health, particularly in children with 
cardiovascular disorders [16]. All surveyed 
children showed in general the low intermediate 
level of PAEEq, despite the fact that respondents 
were asked to imagine what they would do if there 
were no current restrictions due to the COVID-19 
pandemic, which in turn has led to reduced levels of 
physical activity among children and adolescents 
worldwide [23].

The patients aged 5–9 years with an inter- 
mediate level of PAEEq was the most physically 
active among the surveyed children. The controls 
aged 15–18 years with low levels of PAEEq 
was the least active. All other age groups were 
characterized by a low intermediate level of 
PAEEq. In the population we studied, there is an 
age-related decrease in physical activity, which 
is fully consistent with the literature over the 
+	�
 ��Þ
%��	%�
Â��¿�
7����
Þ	
��
%�@������
 ��

PAEEq between FH children and healthy peers, 
representing the current trend towards sedentary 
lifestyles even in the pediatric population.

Conclusions
In summary, the overall quality-of-life scores of 
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each other (p>0.05). The FH group and healthy 
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peers according to the KINDLR questionnaire re-
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life. The FH children considered themselves to be 
healthy or mostly healthy, and from this underes-
timation of their condition and cardiovascular risk 
they may develop low adherence with recommend-
ed preventive and therapeutic measures. As a result, 
children with FH can experience serious health 
problems in later life, so healthy behaviour develop-
ment, patient and parent education and awareness 
are a key part of working with these patients.

According to the C(Y)PAQ questionnaire re-
sults, FH children had generally low PAEEq, 

which may have a negative impact on their physi-
cal and psychological well-being, both now and in 
later life.

The control group also had low PAEEq, indicat-
ing a lack of awareness among the pediatric popula-
����
	#�"�
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��
���"$	�
+�2��	$
	���3��2

and the need for motivational building in all pedi-
atrics populations.
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UVNPc�eNnNlc�NX�MPh�Mn�Sgh�OMXS�fMOOMP�fMPFhPNScW�PhKLcW�SKeh�lhnhfSX��qgNfg�WhclX�SM�lkXnKPfSNMP�Mn�OcPk�MLFcPX�cPl�XkXShOX�cPl�SM�lNXceNWNSk)
x:3;<97� �� SM� fMPlKfS� c� fMOVLhghPXNih� cPcWkXNX� Mn� Sgh� ghcWSg� XScSKX� Mn� fgNWlLhP� qNSg� XVNPc� eNnNlc� cPl� gklLMfhVgcWKX� NP� [jLcNPh� ecXhl� 
MP�sKhXSNMPPcNLhX�Mn�VcLhPSX�cPl�SghNL�fgNWlLhP��XSKlk�Mn�OhlNfcW�lMfKOhPScSNMP�cPl�MPWNPh�fMKPXhWNPF�SM�NOVLMih�Sgh�OKWSNlNXfNVWNPcLk�XKVVMLS�
SM�fgNWlLhP�Mn�SgNX�FLMKV)
d4=7354I9� 46L� H7=R<L9z� >� VLMFLcO� Mn� OKWSNlNXfNVWNPcLk� MPWNPh� XKVVMLS� nML� fgNWlLhP� qNSg� XVNPc� eNnNlc� NP� [jLcNPh� qcX� WcKPfghl� NP� ÛKPh� 
1711�cS�Sgh�NPNSNcSNih�Mn�Sgh�VcSNhPS�MLFcPNmcSNMP�I>XXMfNcSNMP�Mn�VcLhPSX�Mn�fgNWlLhP�qNSg�XVNPc�eNnNlc�cPl�gklLMfhVgcWKX�ITNFgSX�Mn�UVNLNSQ�cPl�
qNSg�Sgh�XKVVMLS�Mn�Sgh�NPShLPcSNMPcW�MLFcPNmcSNMP�IpgNWl�dhWVQ)�>S�Sgh�nNLXS�XScFh��VcLhPSX�Mn�fgNWlLhP�qNSg�XVNPc�eNnNlc�nNWWhl�MKS�c�sKhXSNMPPcNLh� 
SM�VcLSNfNVcSh�NP�Sgh�VLMÜhfS��qghLh�lhOMFLcVgNf�lcSc�cPl�lcSc�MP�Sgh�fgNWl{X�ghcWSg�qhLh�NPlNfcShl)�>�SMScW�Mn�0_��fgNWlLhP�qNSg�XVNPc�VcLSNfNVcShl�
NP�Sgh�VLMÜhfS)�GNLWX�VLhlMONPcShl�cOMPF�Sgh�fgNWlLhP��:2)0½�)�\gh�cFh�Mn�Sgh�VcSNhPSX�LcPFhl�nLMO�0�OMPSg�SM�1_�khcLX)�>S�Sgh�PhrS�XScFhX��
MPWNPh�fMKPXhWNPF�qcX�fMPlKfShl�qNSg�Sgh�VcLSNfNVcSNMP�Mn�lMfSMLX�Mn�Sgh�OKWSNlNXfNVWNPcLk�ShcO�cPl�Sgh�ghcl�Mn�Sgh�ITNFgS�Mn�UVNLNSQ�?G@)
{79:I=9z� EOVcNLhl� OMSML� nKPfSNMP� qcX� MeXhLihl� NP� 46)1½� Mn� fgNWlLhP� qNSg� XVNPc� eNnNlc)� @PWk� 21)�½� Mn� fgNWlLhP� fMKWl� qcWj� NPlhVhPlhPSWk�� 
0_)0½�Phhlhl�MKSXNlh�ghWV�ML�cNlX��cPl�_1)2½�KXhl�c�qghhWfgcNL�ML�qghhWfgcNL�SM�FhS�cLMKPl)�@LSgMVchlNf�VcSgMWMFk�qcX�MeXhLihl�NP�65)1½�
Mn�VcSNhPSX��cPl�gklLMfhVgcWKX�NP�:5)4½�Mn�fgNWlLhP)�>�PhKLMFhPNf�eWcllhL�qcX�PMShl�NP�6�)�½�Mn�VcSNhPSX�cS�Sgh�SNOh�Mn�Sgh�sKhXSNMPPcNLh�� 
cPl� KLNPcLk� SLcfS� NPnhfSNMPX� �[\EX�� NP� 66)�½)� pWhcP� NPShLONSShPS� fcSghShLNmcSNMP� qcX� LhFKWcLWk� VhLnMLOhl� NP� MPWk� 50)6½� Mn� VcSNhPSX)� \gh�
XSKlk�XgMqhl� SgcS�hcLWk� NPNSNcSNMP�Mn�fcSghShLNXcSNMP�qcX�cXXMfNcShl�qNSg�c� WMqhL� NPfNlhPfh�Mn�[\EX)�pMPXSNVcSNMP�qcX�MeXhLihl� NP�40)�½�Mn�
fgNWlLhP��nchfcW�ONfSKLNSNMP�cPl~ML�nchfcW� NPfMPSNPhPfh�NP�54)_½�Mn�fgNWlLhP)�HMqhW�fWhcPXNPF�qcX�VhLnMLOhl�NP�_�)6½�Mn�VcSNhPSX��cPl�MPWk�
1:)4½�LhFKWcLWk)�UjNP�lcOcFh��qMKPlX�cPl�ehlXMLhX��qcX�MeXhLihl�NP�01)4½�Mn�fgNWlLhP��cPl�cWWhLFNf�OcPNnhXScSNMPX�NP�10)4½�Mn�VcSNhPSX)� 
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а) форма захворювання
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а) Частота ІСШВ (на рік)                                                       б) ЧПК

в) Частота ЧПК                                           г) Застосування уросептиків
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жодного
1–2
3 і >
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немає інформації
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ні

кожні 3 години і частіше
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69,2%

15,4%

15,4%

Імунізовані відповідно до календаря

Щеплені частково/розпочали катетеризацію

Повністю відсутні щеплення

12,8%

53,9%33,3%

Не застосовували

Застосовували до вагітності

чи з першого місяця вагітності 

Застосовували після першого місяця вагітності 
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10.  q$W$&[Z`|R£$�¨_j��`|`#`Z$��_8�µ$W`'[�"�8���+*��8��%$�ZR&-
tics, clinics, treatment and prognosis for coarctation of the 
$RT#$�%Z�'[%W^TVZ8��[%W^±&�µV$W#[8�*���+�z�*���*}*8���
�
>�-
���
�ÏEj�@�	�
�@E8�=
���³�8���+*��8�B
����	�
j���-
��
j� ������� � �������� ��� ��
��	
F� 
��	Ú� �� ��	��8�
���������������
8�*���+�z�*���*}*�8

11.  Y$W$|[R£� ´¡j� ]$£[RTR^Z%$� µYj� H`'[|R� ´"j� �X[$ZVW%^XV� wwj�
´RWR|[� ª¡8� ��++��8� w[V� xTRQWVJ� R�� Z%#T%'� R·%^V� %Z� ZV�TRWR-
� 8̀� YRZR�T$x[8� "�J`z� ��QW%&[%Z�� µR�&V� ""�{� Z$JV^� Q`� 
_8"8� Y$|$TVZ|Rz� ���8� ��
�
���� ²;j� �
��������� =�j� ��-
���²³j�B?
����������j�²�����Ì;8���++��8�×������
����-
��� 
��	�� �� ���������<8� ������
���8� ³��z� ²�
��F	��� 
³��B×��������E8³8��
�
����
z�����8

12.  ¡&#VT� Y¨j� Y'�T$'|VZ� �j� q%VZVT� _j� _`W�$T^� �j� �RT`� Yj� 
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16.  w$&['[�|� ´_8� ��+���8� ��$T^%RxTR#V'#%£V� V�V'#� R�� Z%#T%'� R·%^V�
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HKjMiNPNcP�UScSh�DhlNfcW�[PNihLXNSk��pghLPNiSXN��[jLcNPh

\gh�XSKlk�Mn�Sgh�fWNPNfcW�nhcSKLhX�Mn�Sgh�fMKLXh�Mn�PhMPcScW�XhVXNX�lhVhPlNPF�MP�Sgh�WhihW�Mn�p�LhcfSNih�VLMShNP�cPl�VLhXhVXNP�NP�Sgh�lkPcO�
NfX�OcjhX�NS�VMXXNeWh�SM�lNXSNPFKNXg�c�fMgMLS�Mn�fgNWlLhP�qNSg�c�IXhihLhQ�fMKLXh�Mn�XhVXNX��qgM�LhsKNLh�fMOVWhr�OMPNSMLNPF�Mn�WNnh�XKVVMLSNPF�
nKPfSNMPX)
x:3;<97���SM�XSKlk� Sgh�fWNPNfcW� nhcSKLhX�Mn� Sgh�fMKLXh�Mn�PhMPcScW�XhVXNX�cPl� SM�lNXSNPFKNXg� Sgh�XNFPX�Mn�IXhihLhQ�XhVXNX� nML� Sgh�VKLVMXh��
Mn�cP�NPlNiNlKcWNmhl�cVVLMcfg�SM�Sgh�fgMNfh�Mn�SLhcSOhPS�ScfSNfX)
d4=7354I9�46L�H7=R<L9z�5:�OhlNfcW�LhfMLlX�Mn�PhqeMLPX�qNSg�PhMPcScW�XhVXNX�qhLh�cPcWkmhl)�uhVhPlNPF�MP�Sgh�WhihW�Mn�Sgh�NPnWcOOcSMLk�
LhXVMPXh��SqM�MeXhLicSNMP�FLMKVX�qhLh�nMLOhl)�\gh�fWNPNfcW�GLMKV�E�NPfWKlhl�15�VcSNhPSX�qNSg�PhMPcScW�XhVXNX�qNSg�c�WhihW�Mn�p�LhcfSNih�VLMShNP�
�p=o��v17�OF~W��eMkX���51)7½��fNSk�LhXNlhPSX���47)7½�)�\gh�GLMKV�EE�qcX�nMLOhl�ek�20�PhqeMLPX�qNSg�XhVXNX��NP�qgMO�Sgh�fMPShPS�Mn�p=o�NP�
Sgh�eWMMl�qcX�×17�OF~W��eMkX���:1)4½��V×7�75���fNSk�LhXNlhPSX���56)0½��V×7�75��)�\gh�fMPShPS�Mn�VLhXhVXNP�NP�Sgh�eWMMl�XhLKO�Mn�PhqeMLPX�
Mn�eMSg�fMOVcLNXMP�FLMKVX�hrfhhlhl�277�VF~OW)�>ffMLlNPF�SM�Sgh�OcNP�fWNPNfcW�fgcLcfShLNXSNfX��SghXh�FLMKVX�qhLh�fMOVcLceWh)�>ffMLlNPF�SM�
Sgh�SNOh�Mn�OcPNnhXScSNMP�Mn�fWNPNfcW�XNFPX�Mn�XhVXNX��Sgh�lNXSLNeKSNMP�ek�FLMKVX�qcX�FMOMFhPMKX)
{79:I=9z�>�fMOVLhghPXNih�fWNPNfcW�hrcONPcSNMP�Mn�PhqeMLPX�qNSg�PhMPcScW�XhVXNX�MP�Sgh�0XS�cPl�Sgh�2Ll�lck�Mn�SLhcSOhPS�Fcih�LhcXMP�SM�eh�
WNhih�SgcS�XNFPX�Mn�MLFcP�lkXnKPfSNMP�cLh�PMS�cXXMfNcShl�qNSg�Sgh�XhihLNSk�Mn�cfKSh�VgcXh�NPlNfcSMLX�Mn�Sgh�NOOKPMWMFNfcW�LhXVMPXh)�dMqhihL���
MP� Sgh�6Sg�lck�Mn� SLhcSOhPS�� NP�VcSNhPSX�qNSg�gNFghL� NPlNfcSMLX�Mn� Sgh� NPnWcOOcSMLk� LhXVMPXh�� Sgh�VLhXhLicSNMP�Mn�XNFPX�Mn�MLFcP�lkXnKPfSNMP��
PcOhWk�fhLScNP�PhKLMWMFNfcW��LhXVNLcSMLk��ghOMlkPcONf�lNXMLlhLX��fgcPFhX�NP�PKSLNSNMPcW�XScSKX��qhLh�PMShl)
k<6KI:95<69z�>�fMOVLhghPXNih�fWNPNfcW�hrcONPcSNMP�Mn�PhqeMLPX�qNSg�PhMPcScW�XhVXNX�NP�Sgh�lkPcONfX�LhihcWhl�SgcS�Sgh�VLhXhLicSNMP�Mn�OMLh�
VLMPMKPfhl�XNFPX�Mn�MLFcP�lkXnKPfSNMP�NX� NPghLhPS� NP�VcSNhPSX�qNSg�gNFghL� NPnWcOOcSMLk�LhXVMPXh�LcShX�MP�Sgh�6Sg�lck�Mn� NPVcSNhPS�SLhcSOhPS)�
HcXhl�MP�Sgh�MeScNPhl�lcSc��NS�NX�XgMqP�SgcS�Sgh�fMgMLS�Mn�fgNWlLhP�qNSg�PhMPcScW�XhVXNX�qcX�ghShLMFhPhMKX�qNSg�fhLScNP�fgcLcfShLNXSNf�nhcSKLhX�
lhVhPlNPF�MP�NOOKPMWMFNfcW�LhcfSNiNSk)
\gh� LhXhcLfg� qcX� fcLLNhl� MKS� NP� cffMLlcPfh� qNSg� Sgh� VLNPfNVWhX� Mn� Sgh� uhfWcLcSNMP� Mn� dhWXNPjN)� \gh� LhXhcLfg� VLMSMfMW� qcX� cVVLMihl� ek��
Sgh�TMfcW�JSgNfX�pMOONSShh�Mn�Sgh�NPXSNSKSNMP�OhPSNMPhl�NP�Sgh�qMLj)�EPnMLOhl�fMPXhPS�Mn�Sgh�VcLhPSX�qcX�MeScNPhl�nML�Sgh�LhXhcLfg)
?M�fMPnWNfS�Mn�NPShLhXSX�qcX�lhfWcLhl�ek�Sgh�cKSgMLX)
|7OY<3L9r�PhqeMLPX��PhMPcScW�XhVXNX��p�LhcfSNih�VLMShNP��VLhXhVXNP)
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Introduction. Atopic dermatitis is a common chronic relapsing inflammatory multifactorial skin disease. Staphylococcus aureus skin coloniza-
tion increases during disease outbreaks and correlates with the severity of skin symptoms.
Purpose — to evaluate the effectiveness of thyrothricin gel as an adjuvant therapy in the treatment of atopic dermatitis and the influence  
of polymorphisms of pattern recognition receptors on the achieving a therapeutic effect.
Materials and methods. This study included patients with atopic dermatitis (n=37) aged 2–18 years from the Allergy Department  
Mn�Sgh�ÔkNi�pNSk�pgNWlLhP{X�pWNPNfcW�dMXVNScW�?M)�1)�ocSNhPSX�qhLh�lhiNlhl�NPSM�SqM�FLMKVX9�c�FLMKV�SgcS�LhfhNihl�SgkLMSgLNfNP�FhW�MP�Sgh�cnnhfShl�
skin areas 2 times a day for 7 days (the Group A) and a control group (the Group B) that received only basic symptomatic therapy. SCORAD 
(SCORing AD) and CDLQI (Children’s Quality of Life Index in Dermatology) scores were recorded before and after treatment, side effects were 
recorded during the study. Skin swabs were taken in the Group A before and after treatment. Genotyping of polymorphisms rs4696480 in the 
TLR2 gene, rs7309123 in the Dectin-1 gene were performed using polymerase chain reaction.
Results. In both groups of children, improvement was observed in 7 days after treatment (p<0.001). In the Group A, the improvement  
NP�çUp@=>u�qcX�0:):35)��VMNPSX��NP�Sgh�GLMKV�H���4)03_)5�VMNPSX)�\gh�lNnnhLhPfh�NP�çUp@=>u�XfMLhX�ehSqhhP�Sgh�GLMKVX�>�cPl�H�qcX�XSc-
SNXSNfcWWk�XNFPNnNfcPS��àØ115)7��Vv7)770�)�\gh�lhfLhcXh�NP�puTÕE�XfMLh�cnShL�SLhcSOhPS�qcX�2)430)4�VMNPSX�NP�Sgh�GLMKV�>�cPl�1)230)15�VMNPSX 
 in the Group B. A significant decrease in CDLQI score was demonstrated in the intervention group than in the control group after treat-
OhPS��àØ165)5��VØ7)77_�)�>nShL�SLhcSOhPS��c�ecfShLNMWMFNfcW�hrcONPcSNMP�Mn�Sgh�XjNP�lhOMPXSLcShl�Sgh�hLclNfcSNMP�Mn�Staphylococcus aureus: 
 in the Group A, 94.4% of patients were Staphylococcus aureus�PhFcSNih)�oMWkOMLVgNXOX�LX_:�:_47�NP�Sgh�\T=1�FhPh�cPl�LX627�012�NP�Sgh�
Dectin-1 gene did not affect the speed of achieving the therapeutic effect.
Conclusions. The addition of thyrothricin to standard therapy for atopic dermatitis in children with Staphylococcus aureus infection of affected 
skin may provide significant clinical benefit in SCORAD and CDLQI scores.
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 patients was obtained for conducting the studies.
No conflict of interests was declared by the author.
Keywords: atopic dermatitis, Staphylococcus aureus, single nucleotide polymorphism, thyrothricin.
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Note: SCORAD — SCORing for Atopic Dermatitis.
Fig. 1. Comparison of SCORAD indicators in the studied subgroups before 
and after treatment (W=225.0, p<0.001)

Note: puTÕE���fgNWlLhP{X�lhLOcSMWMFk�WNnh�sKcWNSk�NPlhr)
Fig. 2. Comparison of CDLQI indicators in the studied subgroups before and 
after treatment (W=275.5, p=0.004)
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ing resistance makes the antimicrobial peptide an 
important addition to the pathogenetic treatment 
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Relevance. According to the new orders and guidelines of 2022, radiography is not performed for all children. Therefore, the creation of  
a fully automated system of control and assessment of breathing sounds, without exposing patients to radiation, is currently an urgent task.
Purpose — to determine the features of the acoustic signal in segmental and focal pneumonia in children with a new acoustic diagnostic 
device «Trembita-Corona».
Materials and methods. 76 children aged from 1 month to 18 years were examined. The children were divided into two groups: the 
Group 1 — 47 patients with segmental pneumonia; the Group 2 — 29 patients with focal pneumonia. All children were also examined using  
the «Trembita-Corona» acoustic monitoring device.
Results. The acoustic signal was investigated in 12 octaves. The first 9 octaves were the most promising. Each octave was divided into third 
octaves. We found reliable differences in the average signal power in 0, 1, 4, 6, 7, 15, 20, 23–26 third octaves.
When studying the average signal power between children with segmental and focal pneumonia, the main differences were found precisely 
in the frequency of peaks in 0–3,10,11,14–16, 18,20,22 third octaves.
Conclusions. The use of the acoustic monitoring device «Trembita-Corona» in making a diagnosis is very promising method. The average 
signal power between children with segmental and focal pneumonia, the main differences were found precisely in the frequency of peaks  
in 0, 1, 2, 3, 10, 11, 14, 15, 16, 18, 20, 22 third octaves.
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: acoustic monitoring, «Trembita-Corona» device, community-acquired pneumonia, focal pneumonia, segmental pneumonia,  
children.
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Introduction

Currently, community-acquired pneumonia 
(CAP) in children is an urgent problem 
[13–16]. Early diagnosis of CAP is  

of great importance for correct diagnosis and 
initiation of appropriate therapy.

In Ukraine, the diagnosis of CAP is carried 
out in accordance with the order of the Ministry 
of Health of Ukraine No. 1380 of 02.08.2022. 
According to this order, doctors of all specialties 
must be aware of the main clinical manifestations  
of CAP, because the purpose of this order is precisely 
early diagnosis and adequate treatment to prevent 
the development of complications. According  
to the order, the diagnosis of CAP is established 
on the basis of the collection of anamnesis, clinical 
data, as well as the application of the results  
of instrumental and laboratory research  
methods [10].

The guideline «Pneumonia in children» 2022  
is also used to diagnose CAP [9]. According to this 
guideline, the diagnosis of CAP is made clinically, 
and further examinations are carried out depending 
on the risk assessment and individual parameters 
[9]. The guidelines also cover the issue of chest 
X-rays in children. The guideline states that X-ray 
examination is not recommended for patients  
with a mild form of CAP [1–4,6].

However, in patients with persistent but  
non-pathognomonic symptoms of CAP, 
radiography should be performed to establish  
	
��	$
%�	����
Â��¿�

Therefore, currently non-radiation methods 
of diagnosis have practical value and relevance 
[5,8,11]. For the diagnosis of CAP, the method 
of respiratory acoustics is currently promising. 
The main tasks of respiratory acoustics are the 
development of the theory of propagation and 
generation of sound in the lungs and the creation 
of objective acoustic methods, which in turn will 
improve the diagnosis of CAP in children [3,5,8,11].

We and leading specialists of National Aviation 
University have developed the «Trembita-Corona» 
acoustic monitoring device for the diagnosis  
of respiratory sounds above the lungs. This device 
carries out acoustic monitoring of the lungs, which 
in turn speeds up the diagnosis and helps to localize 
the zones of lung damage (Utility Model Patent  
No. 148836 Acoustic Monitoring Device with Axial 
Directional Pattern) [11]. In previous works, we 
%���3���%
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%����������
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process in the lungs during pneumonia, the most 

promising are the studies of respiratory signals in 
the ranges of 0, 1, 2, 3, 4, 5, 6 octaves.

According to the 2022 guideline «Pneumonia 
in children» [9], CAP are divided into focal 
(bronchopneumonia), segmental, lobar and 
interstitial pneumonias according to the 
prevalence and nature of lung tissue damage. In 
our article, we investigated the acoustic signal 
in children with focal (bronchopneumonia) and 
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appearance of separate small foci on an X-ray,  
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lesion of the entire segment or several segments of 
the lung occurs. According to the new orders and 
guidelines of 2022, radiography is not performed 
for all children and only in direct projection. 
Therefore, the creation of a fully automated system 
of control and assessment of breathing sounds, 
without exposing patients to radiation, is currently 
an urgent task.

The purpose of the study — to determine the 
features of the acoustic signal in segmental and fo-
cal pneumonia in children using the new acoustic 
diagnostic device «Trembita-Corona».

Materials and methods of the study
47 children with segmental pneumonia  

(the Group 1) and 29 children with focal 
pneumonia (the Group 2) participated in the 
study. The children were aged from 1 month  
to 18 years (10.61±0.5 years). Among them, there 
were 20 boys and 27 girls in the Group 1, and  
10 boys and 19 girls in the Group 2.

The diagnosis «CAP» (segmental or focal)  
was established on the basis of anamnestic, clinical 
laboratory and radiological data.

The criteria for including children in the 
examination are shown in Table 1.

Clinical examination included: collection and 
detailing of complaints, anamnesis of the disease, 
objective examination (percussion, palpation, 
auscultation), X-ray of lungs, laboratory tests 
(general blood test, biochemical blood test).

All children were also examined using the 
«Trembita-Corona» acoustic monitoring device 
to diagnose acoustic signals and determine 
the localization of lung lesions [3,5,11]. The 
general view of the «Trembita-Corona» acoustic 
monitoring device is shown in Fig. 1.

To analyze the acoustic characteristics of the 
recorded signals, select the characteristic frequency 
ranges, and mathematically process the signal 
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parameters, specialized software was developed 
in the Python language in the Google Codelabs 
environment. Further statistical calculations were 
performed in specialized programs Medstart and 
EZR (R-Statistics).

The study was conducted in accordance with 
the international principles of conducting clinical 
studies GCP, GLP, the protocol was approved 
at the meeting of the Commission on Bioethical 
Expertise at the Bogomolets National Medical 
University. Informed consent of parents/guardians 
was obtained for conducting the study, which was 
approved at the same meeting of the Commission 
on Bioethical Expertise at Bogomolets National 
Medical University.

Results and discussion of the study
Using the «Trembita-Corona» acoustic 

����������
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octaves, and an octave was considered to be an 
interval in which the frequency ratio between 
sounds is one to two, that is, the frequency of a high 
sound is twice as high [3,5,9,13,15]. Subjectively 
by ear, the octave is perceived as a stable, basic 
acoustic interval. Successive octaves make up 
sounds that are similar to each other, although they 
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the base frequency.

Table 2 presents the limit frequencies of the 
band (f1 and f2\
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the calculations it was assumed that the lowest and 
highest octaves include frequencies from 0.1 Hz to 
30 kHz, respectively.

For more precise diagnosis, all octaves were 
divided into third octaves. The limiting frequencies 
of each third octave are presented in Table 3.

0 octave is in the interval from 0.1 to 11.2208 Hz. 
When comparing the average values of the  
signal power at 0 octaves in children from the 
Groups 1 and 2 according to the Student’s test, it 

Table 1
Criteria for inclusion and exclusion of patients in the study

The inclusion criteria The exclusion criteria
c�lNcFPMXNX�Mn�Ip>oQ��XhFOhPScW�ML�nMfcW��� 
fMP¾LOhl�ek�cPcOPhXSNf��fWNPNfcW�WceMLcSMLk� 
and radiological data;
the age of children is from 1 month to 18 years;
informed consent of the child’s parents or guardians.

congenital pneumonia;
hPlMfLNPh�lNXhcXhX��gkVMSgkLMNlNXO��gkVMfMLSNfNXO��
VXhKlMgkVMVcLcSgkLMNlNXO��FLMqSg�gMLOMPh�lh¾fNhPfk�¼
FhPhSNf�XkPlLMOhX��oLclhL�àNWWN��ÔMFcP��pcLVhPShL��hSf)�¼
congenital heart defects and organic brain diseases.

Fig. 1. A sample of the «Trembita-Corona» acoustic monitoring device

Table 2
Minimum and maximum frequencies (f1 and f2��56�=R7�e39=����<K=4N79S�YR5KR�437�;37976=7L�56�_`

-K=4N79 f1 f2
0 0.1 11.22018
1 11.22018 22.38721
2 22.38721 44.66836
3 44.66836 89.12509
4 89.12509 177.8279
5 177.8279 354.8134
6 354.8134 707.9458
7 707.9458 1412.538
8 1412.538 2818.383
9 2818.383 5623.413

10 5623.413 11220.18
11 11220.18 30000

Notes: f1 — is the minimum frequency in the octave; f2 — is the maximum frequency in the octave.
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level of p=0.003, which is presented in Fig. 2.  
As can be seen from Fig. 2, the acoustic signal  
of patients is characterized by high signal 
uniformity at the Group 2, but in the Group 1 there 
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on the location of the segment when recording  
the acoustic signal.

In 0 octave, in the frequency range from 0.1 to 
11.2208 Hz, it was found that in the Group 1, the 
characteristic frequency peak was at 9.59±0.3 Hz, 
and in the Group 2, this peak was at the frequency 
10.74±0.01 Hz (p<0.001). The amplitude of peaks 
��
���$%���
��
#���
���"+
	$�
%�@���%
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1 octave is in the interval from 11.2208 to 
22.38721 Hz. For more precise diagnosis, 1 octave 
was divided into third octaves.

Table 3
Minimum and maximum frequencies (f1 and f2��56�=R53L�<K=4N7�J3<H��ä��<2=4N79�56�_`

Notes: f1 — is the minimum frequency in the third octave; f2 — is the maximum frequency in the third octave.

���K=4N7����z�����.���z��©���_`�
1 third octave 2 third octave ��=R53L�<K=4N7

f1 11.22018 14.12538 17.78279
f2 14.12538 17.78279 22.3872

���K=4N7����z��©���.�ªªzåå��å�_`�
ª�=R53L�<K=4N7 5 third octave å�=R53L�<K=4N7

f1 22.3872 28.1838 35.4813
f2 28.1838 35.4813 44.6683

���K=4N7��ªªzåå��å�.���z������_`�
©�=R53L�<K=4N7 ��=R53L�<K=4N7 9 third octave

f1 44.66836 56.23413 70.79458
f2 56.23413 70.79458 89.12509

ª��K=4N7����z������.��©©z��©��_`�
���=R53L�<K=4N7 11 third octave 12 third octave

f1 89.12509 112.2018 141.2538
f2 112.2018 141.2538 177.8279

���K=4N7���©©z��©��.���ªz���ª�_`�
���=R53L�<K=4N7 �ª�=R53L�<K=4N7 15 third octave

f1 177.8279 223.8721 281.8383
f2 223.8721 281.8383 354.8134

å��K=4N7����ªz���ª�.�©�©z�ª���_`�
�å�=R53L�<K=4N7 �©�=R53L�<K=4N7 ���=R53L�<K=4N7

f1 354.8134 446.6836 562.3413
f2 446.6836 562.3413 707.9458

©��K=4N7��©�©z�ª���.��ª��z����_`�
19 third octave ���=R53L�<K=4N7 21 third octave

f1 707.9458 891.2509 1122.018
f2 891.2509 1122.018 1412.538

���K=4N7���ª��z����.�����z����_`�
22 third octave ���=R53L�<K=4N7 �ª�=R53L�<K=4N7

f1 1412.538 1778.279 2238.721
f2 1778.279 2238.721 2818.383

���K=4N7������z����.��å��zª���_`�
25 third octave �å�=R53L�<K=4N7 �©�=R53L�<K=4N7

f1 2818.383 3548.134 4466.836
f2 3548.134 4466.836 5623.413

Group 1                          Group 2

Fig. 2. Probable interval when comparing central tendencies for two 
independent samples, namely children of the Groups 1 and 2 in the 0 octave 
(p=0.003)
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When comparing the average values of the 
signal power in the 1 third octave in children  
of the Groups 1 and 2 according to the Student’s 
����
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 p<0.001, which is 
presented in Fig. 3. As can be seen from the graph, 
the acoustic signal of patients is characterized by 
high signal uniformity at the Group 2, however, 
with the Group 1, the homogeneity of the signal is 
lost, which may be related to the large area of the 
location of the pathological focus.

In addition, the acoustic signal in the Group 1 
can be characterized by the fact that in 1 third 
octave in 80.86% of cases, a characteristic peak at 
a frequency of 12.08±0.13 Hz is observed. And the 
other 19.14% of cases do not have this characteristic 
peak.

In the 1 third octave, children of the Group 1 
can be divided into two characteristic subgroups, 
depending on the peak frequency:

— the subgroup 1 from 11 to 12 Hz,
— the subgroup 2 from 12 to 13.5 Hz.
When conducting multiple comparisons using 
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two subgroups of the Groups 1 and 2, it was found 
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from each other (p<0.01), peak frequencies of the 
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of peaks the subgroup 2 and the Group 2 are  
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p<0.01, which is presented in Fig. 4.

In addition, the peak amplitudes in children  
of the Group 1 can be characterized by the fact that 
in 1 third octave in 80.86% of cases, a characteristic 
amplitude of 250392.09±58154.85 is observed. 
And the other 19.14% of cases do not have  
this characteristic peak.

���$%���
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���
Å��"+
�
��
���
���
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can be divided, depending on the amplitude, into 
two characteristic subgroups:

— the subgroup 1 from 0 to 200,000
— the subgroup 2 from 200,000 to the maximum
When conducting multiple comparisons using 
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 �Þ�
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of the Group 1 and 2, it was found that the peak 
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 	�%
 �
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each other (p<0.01) and the peak amplitudes  
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Þ����
 �
 +������%
 ��
 >���
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amplitude between the subgroup 1 and the Group 2 
were not found (p=0.91).

Group 1                          Group 2

Subgroup 1       Subgroup 2             Group 2
Group 1
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700 000
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500 000
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200 000
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100 000

Subgroup 1      Subgroup 2     Group 2
Group 1

Fig. 3. Probable interval when comparing central tendencies for two 
independent samples, namely children with segmental (the Group 1) and 
focal pneumonia (the Group 2) in 1 third octave (p<0.001)

Fig. 4. Probable interval when comparing the central tendencies of peak 
frequency for two independent samples, namely children with segmental (the 
subgroups 1 and 2) and focal pneumonia (the Group 2) in 1 third octave

Fig. 5. Probable interval when comparing the central tendencies of peak 
amplitude for two independent samples, namely children with segmental (the 
subgroups 1 and 2) and focal pneumonia (the Group 2) in 1 third octave
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In addition, the peak amplitudes in children  
of the Group 1 can be characterized by the fact that 
in 1 third octave in 80.86% of cases, a characteristic 
amplitude of 250392.09±58154.85 is observed. 
And the other 19.14% of cases do not have this 
characteristic peak.
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Å��"+
�
��
���
���
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can be divided, depending on the amplitude, into 
two characteristic subgroups:

— the subgroup 1 from 0 to 200,000
— the subgroup 2 from 200,000 to the maximum
When conducting multiple comparisons using 
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of the Group 1 and 2, it was found that the peak 
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 �
 	�%
 �
 %�@��
 ����

each other (p<0.01) and the peak amplitudes of 
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between the subgroup 1 and the Group 2 were not 
found (p=0.91).

When comparing the average values of the 
signal power, frequency and amplitude of peaks  
of two samples, of children from the Groups 1  
and 2, characteristic features of the acoustic 
signal in the octaves 2 and 3, which are presented  
in Table 4, were revealed using the Student’s test.

As can be seen from the 2 third octave,  
	
 ������	��
 %�@������
 ��
 ���
 ���à"���2
 ��
 +�	5

was found between children from the Groups 1 
and 2 (p<0.001), which is presented in Fig. 6. In 
���
*
����%
���	3��
	
%�@������
��
���
���à"���2
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peaks was also revealed between children from the 
Groups 1 and 2 (p=0.044).

2 octave is in the interval from 22.38721  
to 44.66836 Hz. For a more accurate diagnosis,  
2 octave was divided into third octaves.

When comparing the averages of two samples, 
the Groups 1 and 2, using the Student’s test, 
characteristic features of the acoustic signal in the 
4, 5, and 6 third octaves were revealed, which are 
presented in Table 5.

As can be seen from the table, in the 4 third 
���	3��
 %�@������
 Þ���
 ��"�%
 ��
 ���
 	3��	��

values of the signal power (p=0.003) and peak 
amplitude (p<0.001) between the both studied 
���"+�
 ë�Þ�3���
 ��
 ������	��
 %�@������
 Þ	

found in the 5 third octave. In the 6 third octave, 
%�@������
Þ���
��"�%
��
���
	3��	��
3	$"�
��
���

signal power (p=0.004).

3 octave is in the interval from 44.66836  
to 89.12509 Hz. For a more accurate diagnosis,  
3 octave was divided into third octaves.

When comparing the averages of two samples, 
the children Groups 1 and 2, using the Student’s 
test, characteristic features of the acoustic signal in 
the 7, 8 and 9 third octaves were found, which are 
presented in Table 6.

Table 4
h=4=59=5K4I�L5JJ7376K79�56�=R7�4N734M7�N4I:79�<J�=R7�95M64I�;<Y73S�J37X:76KO�46L�4H;I5=:L7�<J�;7429�56�KR5IL376�<J�

Q<=R�9=:L57L�M3<:;9�56���46L���=R53L�<K=4N79

Table 5
h=4=59=5K4I�L5JJ7376K79�56�=R7�4N734M7�N4I:79�<J�=R7�95M64I�;<Y73S�J37X:76KO�46L�4H;I5=:L7�<J�;7429�56�KR5IL376�<J�

Q<=R�9=:L57L�M3<:;9�56�ªS��S�å�=R53L�<K=4N79

Note: Å���Sgh�lNÆhLhPfh�ehSqhhP�Sgh�eMSg�FLMKVX�NX�XScSNXSNfcWWk�XNFPN¾fcPS)

Note: Å���Sgh�lNÆhLhPfh�ehSqhhP�Sgh�eMSg�FLMKVX�NX�XScSNXSNfcWWk�XNFPN¾fcPS)

Indexes 2 third octave ��=R53L�<K=4N7
The average values of the signal power p=0.952 p=0.317
Frequency of peaks ;æ�z���ç ;¨�z�ªªç
Amplitude of peaks p=0.445 p=0.571

Group 1                          Group 2

Fig. 6. Probable interval when comparing the central tendencies of peak 
frequency for two independent samples, namely children Groups 1 and 2 in 
the 2 third octave

Indexes ª�=R53L�<K=4N7 5 third octave å�=R53L�<K=4N7
The average values of the signal power ;¨�z���ç p=0.147 ;¨�z��ªç
Frequency of peaks p=0.850 p=0.976 p=0.108
Amplitude of peaks ;æ�z���ç p=0.091 p=0.538
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As can be seen from the table, in the 7 third 
���	3�
%�@������
Þ���
��"�%
��
���
	3��	��
3	$"�

of the signal power (p=0.009) and peak amplitude 
(p=0.009) between the two studied groups. 
ë�Þ�3���
 ��
 ������	��
 %�@������
 Þ	
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in the 8 and 9 third octaves.

4 octave is in the interval from 89.12509  
to 177.8279 Hz. For more accurate diagnosis,  
4 octave was divided into third octaves.

When comparing the averages of two samples, 
the Groups 1 and 2, using the Student’s test, char-
acteristic features of the acoustic signal in the 
10, 11, 12 third octave were revealed, which are  
presented in Table 7.

As can be seen from the table, in the 10 third 
���	3��
%�@������
��
���
���à"���2
��
+�	5
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found (p<0.001), as well as in the 11 third octave, 
%�@������
 ��
 ���
 ���à"���2
 ��
 +�	5
 Þ���
 	$�

found (p=0.045).

5 octave is in the interval from 177.8279  
to 354.8134 Hz. For more accurate diagnosis,  
the 5 octave was divided into third octaves.

When comparing the averages of two samples, 
the Groups 1 and 2, using the Student’s test, char-
acteristic features of the acoustic signal in the 
13, 14, and 15 third octaves were revealed, which  
are presented in Table 8.
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cy were found (p<0.001). And in the 15 third oc-
�	3��
%�@������
Þ���
��"�%
��
	$$
�����
+	�	�����9

average values of the signal power (p=0.017), fre-
quency (p<0.001) and peak amplitude (p=0.028).

6 octave is in the interval from 354.8134 to 
707.9458 Hz. For more accurate diagnosis, the  
6 octave was divided into third octaves.

When comparing the average of two samples, 
the Groups 1 and 2, using the Student’s test, char-
acteristic features of the acoustic signal in the 16, 
17 and 18 third octaves were revealed, which are 
presented in Table 9.

Q
 �	�
 #�
 ���
 ����
 ���
 �	#$��
 %�@������
 
in peak frequency were found in the 16 third oc-

Table 6
h=4=59=5K4I�L5JJ7376K79�56�=R7�4N734M7�N4I:79�<J�=R7�95M64I�;<Y73S�J37X:76KO�46L�4H;I5=:L7�<J�;7429� 

56�KR5IL376�<J�Q<=R�9=:L57L�M3<:;9�56�©S��S���=R53L�<K=4N79

Table 7
h=4=59=5K4I�L5JJ7376K79�56�=R7�4N734M7�N4I:79�<J�=R7�95M64I�;<Y73S�J37X:76KO�46L�4H;I5=:L7�<J�;7429� 

56�KR5IL376�<J�Q<=R�9=:L57L�M3<:;9�56���S���S����=R53L�<K=4N79

Table 8
h=4=59=5K4I�L5JJ7376K79�56�=R7�4N734M7�N4I:79�<J�=R7�95M64I�;<Y73S�J37X:76KO�46L�4H;I5=:L7� 

<J�;7429�56�KR5IL376�<J�Q<=R�9=:L57L�M3<:;9�56���S��ªS����=R53L�<K=4N79

Table 9
h=4=59=5K4I�L5JJ7376K79�56�=R7�4N734M7�N4I:79�<J�=R7�95M64I�;<Y73S�J37X:76KO�46L�4H;I5=:L7� 

<J�;7429�56�KR5IL376�<J�Q<=R�9=:L57L�M3<:;9�56��åS��©S����=R53L�<K=4N79

Note: Å���Sgh�lNÆhLhPfh�ehSqhhP�Sgh�eMSg�FLMKVX�NX�XScSNXSNfcWWk�XNFPN¾fcPS)

Note:�Å���Sgh�lNÆhLhPfh�ehSqhhP�Sgh�eMSg�FLMKVX�NX�XScSNXSNfcWWk�XNFPN¾fcPS)

Note: * —�Sgh�lNÆhLhPfh�ehSqhhP�Sgh�eMSg�FLMKVX�NX�XScSNXSNfcWWk�XNFPN¾fcPS)

Note:�Å���Sgh�lNÆhLhPfh�ehSqhhP�Sgh�eMSg�FLMKVX�NX�XScSNXSNfcWWk�XNFPN¾fcPS)

Indexes ©�=R53L�<K=4N7 ��=R53L�<K=4N7 9 third octave
The average values of the signal power ;¨�z���ç p=0.272 p=0.968
Frequency of peaks p=0.929 p=0.402 p=0.288
Amplitude of peaks ;¨�z���ç p=0.328 p=0.060

Indexes ���=R53L�<K=4N7 11 third octave 12 third octave
The average values of the signal power p=0.981 p=0.121 p=0.088
Frequency of peaks ;æ�z���ç ;¨�z�ª�ç p=0.101
Amplitude of peaks p=0.154 p=0.102 p=0.106

Indexes ���=R53L�<K=4N7 �ª�=R53L�<K=4N7 15 third octave
The average values of the signal power p=0.057 p=0.422 ;¨�z��©ç
Frequency of peaks p=0.412 ;æ�z���ç ;æ�z���ç
Amplitude of peaks p=0.062 p=0.992 ;¨�z���ç

Indexes �å�=R53L�<K=4N7 �©�=R53L�<K=4N7 ���=R53L�<K=4N7
The average values of the signal power p=0.538 p=0.059 p=0.156
Frequency of peaks ;æ�z���ç p=0.053 ;¨�z���ç
Amplitude of peaks p=0.532 ;¨�z���ç p=0.308
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tave (p<0.001)�
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es in peak amplitude were found (p=0.010). And  
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���à"��-
cy were found (p=0.020).

7 octave is in the interval from 707.9458 to 
1412.538 Hz. For more accurate diagnosis, the  
7 octave was divided into third octaves.

When comparing the averages of two sam-
ples, the Groups 1 and 2, using the Student’s test,  
characteristic features of the acoustic signal in 
the 19, 20, 21 third octaves were revealed, which  
are presented in Table 10.

As can be seen from the table, in the 19 third 
���	3��
 %�@������
 ��
 +�	5
 	�+$��"%�
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 ��"�%

(p=0.048)�
 '�@������
 ��
 	3��	��
 ���	$
 +�Þ�� 
(p=0.044) and peak frequency (p<0.001) were 
found in the 20 third octave. And in the 21 third 
���	3��
 %�@������
 ��
 +�	5
 	�+$��"%�
 Þ���
 ��"�%

(p=0.007).

8 octave is in the interval from 1412.538  
to 2818.383 Hz. For more accurate diagnosis,  
the 8 octave was divided into third octaves.

When comparing the averages of two samples, 
the Groups 1 and 2, using the Student’s test, cha- 
racteristic features of the acoustic signal in the 
22, 23 and 24 third octaves were revealed, which  
are presented in Table 11.

Q
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in peak frequency were found in the 22 third oc-

tave (p=0.035). In the 23 and 24 third octaves, 
%�@������
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	3��	��
���	$
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(p=0.003 and p=0.002, respectively).

9 octave is in the interval from 2818.383  
to 5623.413 Hz. For more accurate diagnosis,  
the 9 octave was divided into third octaves.

When comparing the averages of two samples, 
the Groups 1 and 2, using the Student’s test, char-
acteristic features of the acoustic signal in the 25, 
26, 27 third octaves were revealed, which are pre-
sented in Table 12.

As can be seen from the table, in the 25 and 26 
����%
���	3��
%�@������
��
���
	3��	��
���	$
+�Þ��

were found (p=0.002 and p=0.002, respectively).

So, with the help of the new «Trembita-Corona» 
acoustic diagnostic device, the features of the 
acoustic signal in community-acquired pneumonia 
in children, namely Groups 1 and 2, were revealed. 
The acoustic signal was investigated in 12 octaves. 
7��
 ���
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 ���	3�
 Þ���
 ���
 ���
 +��������

Each octave was divided into third octaves. The 
acoustic signal of patients is characterized by high 
signal homogeneity in children from the Group 2, 
however, in children from the Group 1 there were 
	%%�����	$
 ��ä"������
 �	����
 ��	�
 %�+��%�%
 ��

the location of the segment where the pathological 
���"
 Þ	
 %������%�
 î�
 ��"�%
 ��$�	#$�
 %�@������

in the average values of the signal power in 0, 1, 
4, 6, 7, 15, 20, 23, 24, 25, 26 third octaves, which 

Table 10
h=4=59=5K4I�L5JJ7376K79�56�=R7�4N734M7�N4I:79�<J�=R7�95M64I�;<Y73S�J37X:76KO�46L�4H;I5=:L7�<J�;7429� 

56�KR5IL376�<J���9=:L57L�M3<:;9�56���S���S����=R53L�<K=4N79

Table 11
h=4=59=5K4I�L5JJ7376K79�56�=R7�4N734M7�N4I:79�<J�=R7�95M64I�;<Y73S�J37X:76KO�46L�4H;I5=:L7�<J�;7429� 

56�KR5IL376�<J�Q<=R�9=:L57L�M3<:;9�56���S���S��ª�=R53L�<K=4N79

Table 12
h=4=59=5K4I�L5JJ7376K79�56�=R7�4N734M7�N4I:79�<J�=R7�95M64I�;<Y73S�J37X:76KO�46L�4H;I5=:L7� 

<J�;7429�56�KR5IL376�<J�Q<=R�9=:L57L�M3<:;9�56���S��åS��©�=R53L�<K=4N79

Note:�Å���Sgh�lNÆhLhPfh�ehSqhhP�Sgh�SqM�FLMKVX�NX�XScSNXSNfcWWk�XNFPN¾fcPS)

Note: Å���Sgh�lNÆhLhPfh�ehSqhhP�Sgh�eMSg�FLMKVX�NX�XScSNXSNfcWWk�XNFPN¾fcPS)

Note: Å���Sgh�lNÆhLhPfh�ehSqhhP�Sgh�eMSg�FLMKVX�NX�XScSNXSNfcWWk�XNFPN¾fcPS)

Indexes 19 third octave ���=R53L�<K=4N7 21 third octave
The average values of the signal power p=0.128 p=0.044* p=0.743
Frequency of peaks p=0.508 ;æ�z���ç p=0.782
Amplitude of peaks /¨�z�ª�ç p=0.052 ;¨�z��©ç

Indexes 22 third octave ���=R53L�<K=4N7 �ª�=R53L�<K=4N7
The average values of the signal power p=0.224 ;¨�z���ç ;¨�z���ç
Frequency of peaks ;¨�z���ç p=0.669 –
Amplitude of peaks p=0.162 p=0.462 –

Indexes 25 third octave �å�=R53L�<K=4N7 �©�=R53L�<K=4N7
The average values of the signal power ;¨�z��� ;¨�z��� –
Frequency of peaks Ù – –
Amplitude of peaks – – –
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between segmental and focal pneumonia.

When studying the average values of the signal 
power between children from the Groups 1 and 2, 
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frequency of peaks in 0, 1, 2, 3, 10, 11, 14, 15, 16, 18, 
20, 22 third octaves. From this it can be concluded 
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precisely in frequency characteristics such as 
peak frequency and amplitude. Therefore, the use 
of the «Trembita-Corona» acoustic monitoring 
device and the use of the developed specialized 
software in the Python language in the Google 
Codelabs environment together make it possible 
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focal pneumonia and to specify the localization of 
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Conclusions
When making a diagnosis, the use of the 

«Trembita-Corona» acoustic monitoring device 
and the use of the developed specialized software 
in the Python language in the Google Codelabs 

environment together make it possible to diagnose 
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 %�@������
 #��Þ���
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pneumonia.

When studying the average values of the signal 
power between children with segmental and 
focal pneumonia (the Groups 1 and 2), the main 
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peaks in 0, 1, 2, 3, 10, 11, 14, 15, 16, 18, 20, 22 third 
octaves. From this it can be concluded that despite 
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power, children with segmental and focal pneumonia 
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peak frequency and amplitude.

Prospects for further research
1. The «Trembita-Corona» acoustic monitoring 

device is a new and promising acoustic method 
for determining the location of the pathological 
+����
��
���
$"��
Þ���
�Q!�

2. Using the «Trembita-Corona» acoustic 
monitoring device, investigate the average values 
of the signal power, peak frequency and peak 
amplitude in third octaves in the dynamics of 
disease development and recovery.
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Congenital anomalies of the aortic arch include a wide range of anatomic pathologies, which may be completely asymptomatic or accompanied 
by severe respiratory and/or esophageal symptoms, especially in the case of complete vascular rings (VR).
Purpose — to draw the attention of pediatricians and family phisicians to possible clinical presentations of aortic arch anomalies, namely VR, 
to increase their awareness of this pathology, that will contribute to differential diagnosis.
VR, are anomalies of the aortic arch that result from abnormal development of the embryonic aortic arches. The prevalence of VR  
is approximately 1%, of which 55% are double aortic arch. This congenital heart defect can be either isolated or combined with other congenital 
heart defects. Associated cardiac pathology occurs in 12.6%, and includes ventricular septal defect and Tetralogy of Fallot. Sometimes this 
defect is associated with DiGeorge’s and Turner’s syndrome.
The timing of appearance of clinical symptoms varies from the early neonatal period to adulthood. However, most patients develop clinical 
symptoms in the first months after birth, and they indicate the need of cardiac surgery during the first year of life. Given the serious consequences 
of this anomaly, VR should be included in the list of differential diagnoses of wheezing, stridor, difficulty swallowing and bronchial obstruction 
syndrome in children, especially when these symptoms appear since birth, are persistent and respond poorly to standard therapeutical 
approaches.
Therefore, it is important for pediatricians to be alert for a congenital heart defect such as VR as one of the possible causes of congenital stridor, 
wheezing, and swallowing disorders in infants.
Contrast-enhanced computed tomography and magnetic resonance imaging of the heart are the diagnostic modalities of choice  
for VR diagnosis. These diagnostic methods provide accurate location, nature of branching and dominance of the aortic arch as well as the 
degree of compression of the airway and esophagus. Three-dimensional reconstruction helps to plan future surgical intervention.
No conflict of interests was declared by the authors.
Keywords: aortic arch, vascular ring, wheezing, stridor, children.
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Introduction

During embryogenesis of aortic arch,  
a broad spectrum of congenital 
anomalies may develop.

Vascular rings (VR) — is a group of anomalies  
of aortic arch caused by impairment of the develop-
ment of aortic arches. VR may be composed by not 
only aorta but by its branches and pulmonary ar-
tery [3,9,28]. This anomaly may be isolated or asso-
ciated with other cardiac lesions, most frequently 
with Tetralogy of Fallot, patent ductus arteriosus, 
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dromes like DiGeorge’s and Turner’s syndrome and 
occurs with the frequency of 1% of all congenital 
heart defects [13].

Vascular rings may partly or completely  
obstruct trachea and esophagus and lead to its 
compression.

Children with this pathology may be asymp-
tomatic or may present with respiratory and esoph-
ageal problems, which happens more frequently 
and depends on the level of compression.

In most of the cases symptoms occur during  
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of life [14].

Ä�
���
	����$�
Þ�
+�����
%�@�����
�$����	$
2�+-
toms of VR based on our own clinical experience 
and literature overview with intention to guide 
pediatricians and family practitioners through this 
rare pathology.

Purpose of the study — to draw the attention 
of pediatricians and family phisicians to possible 

clinical presentations of aortic arch anomalies, 
namely VR, to increase their awareness  
��
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+	���$��2�
��	�
Þ�$$
������#"��
��
%�@������	$

diagnosis.
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into complete and incomplete, the following classi-
��	����
��$+
��
"�%���	�%
���
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#�����

[6,17,22,27]:

Complete VR:
1. Double aortic arch (with dominant right  

or left arch or balanced form);
2. Right sided aortic arch with aberrant left sub-

clavian artery, left-sided patent ductus arteriosus.
Incomplete VR:
��
j������	��
	����2
���+�����
2�%����É
2. Aberant (retrotracheal) left (pulmonary 

artery sling);
3. Left-sided aortic arch with aberrant 

(retroesophageal) right subclavian artery.
Double aortic arch with equal functioning of 

the left and right arch — complete VR is shown on 
a CT scan Fig. 1 in this case vascular ring may com-
press trachea and esophagus.

The right-sided aortic arch with aberrant left 
subclavian artery and left arterial ligament are 
shown in Fig. 2, in this anatomical situation the 
VR will tightly compress trachea and esophagus.

The right-side aortic arch may be associated 
with aberrant left subclavian artery, in some cases 
this artery originates from an aneurismal dilation 
of the aorta called Kommerell’s diverticulum.

Kommerell’s diverticulum is a rare vascular 
anomaly that is described as an outpouch at the 
onset of an aberrant subclavian artery. In the 

Fig. 1. Double aortic arch with equal functioning of the left and right arch — 
complete vascular ring (CT scan — courtesy of Pediatric Cardiac Surgery 
Center, Kyiv, Ukraine, Department of Radiology): RAA - right aortic arch; LAA — 
left aortic arch; RSCA — right subclavian artery; LSCA — left subclavian 
artery; LCCA — left common carotid; RCCA — right common carotid artery

Fig. 2. Right-sided aortic arch with aberrant left subclavian artery and 
left arterial ligament: RAA — right aortic arch; RSA — right subclavian 
artery; LCCA — left common carotid; RCCA — right common carotid 
artery; Kommerell’s diverticulum — bulblike widening of aorta in the place  
of arising of aberrant subclavian artery
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combination of an aberrant left subclavian artery, 
a Kommerell’s diverticulum and persisting ductus 
arteriosus or ductal ligament enclose the lateral 
side and form a VR which may lead to symptomatic 
esophageal or tracheal compression. Kommerell’s 
diverticulum is dangerous because of the possibili-
ty of its spontaneous rupture [5,21,23].

Fig. 3 shows pulmonary artery sling, that  
is formed as a result of left pulmonary artery arising 
from proximal part right pulmonary artery [10,19]. 
Lower part of the trachea will be surrounded by vas-
cular structures that would lead to its compression.
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tract and/or esophagus and depends on the ana-
tomical type, and tightness of compression.

Typically, clinical manifestation in a child with 
VR may begin with loud breathing and barking 
cough. In English literature barking cough is often 
compared with sounds made by a seal — «seal-bark 
cough», it’s a typical cough which is similar to the 
sound that is produced by these two animals. Oth-
er frequent symptoms include stridor, wheezing, 
dyspnea during physical exercise and dysphagia, 
and frequent respiratory infections [15].

Y. Aladham et al. in their paper «Double aortic 
arch: a rare cause of stridor in infants» describe  
a clinical case of a 1-month-old infant, who 
presented with progressive stridor by 2 months 
of age. On examination child was afebrile with 
oxygen saturation levels of 94% on room air. 
On auscultation vesicular breath sounds with 
bilaterally reduced, yet equal, air entry with 
transmitted stridor were noticed. Chest X-ray did 
not reveal any pathology, as well as no foreign body 
on bronchoscopy, but there was the evidence of 
pulsatile circumferential constriction of the lower 
trachea noted, with tendency of the tracheal wall 
to collapse upon withdrawal of the bronchoscope. 
A contrast-enhanced computed tomography (CT) 
of the neck and chest was obtained and a VR, 

consisting of a double aortic arch, compressing 
and narrowing the trachea was found. The patient 
underwent surgical repair with resection of the 
right arch. Further follow-up after 6 months 
showed resolution of the symptoms, and active 
observation was continued [1].

Authors conclude that a pediatric 
otolaryngologist must have a high index  
of suspicion in order to diagnose VR anomalies 
in infants and young children presenting with 
otherwise-unexplained stridor. Double aortic 
	���
��"$%
#�
���$"%�%
��
���
�$����	$
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diagnosis of laryngo-tracheomalacia and neglected 
foreign body aspiration [1].

Neonates may present with postural neck  
��$	��������
	�%
���	���	$$2
���2
�	2
��ä����3�-
ly withhold breathing during feeds. Sometimes a 
�2+��	$
���
�	2
#�
������%
Þ���
����	��
��ä��-
tively elongate their neck in order to lessen the 
compression of the trachea [11,16].

It is worth mentioning that children which are 
#��	���%
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 ���
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 ��
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ness of the VR until they will start complimentary 
feeding [11,16].

However, some neonates may experience 
life-threatening symptoms of respiratory distress 
and stop of breathing: in children with severe VR 
compression and tracheomalacia severe respiratory 
distress may develop, which will require intubation 
	�%
 	������	$
 #��	�����
 "++���
 ��$$�Þ���
 "�����

surgical correction [11,27].

It is surely worth mentioning, that there are  
a lot of diagnostic mistakes associated with the 
diagnosis of the VR, as its clinical symptoms are 
typical for many other diseases with much higher 
frequency: asthma, respiratory tract development 
	���	$��
	�%
�	�����+�	��	$
��ä"8�

There is a number of published clinical cases 
with wrongful diagnosis of resistant to treatment 
bronchial asthma, which was treated for couple of 

Fig. 3. Pulmonary artery sling: RPA — right pulmonary artery; PA — pulmonary artery; LPA — aberrant left pulmonary artery; Tr. — trachea
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years with bronchodilators, corticosteroids and  
antileukotriene medications with a late diagnosis 
of VR.

The clinical case of VR masquerading  
as bronchial asthma is depicted by Q. Zhang and 
his colleagues in their clinical paper «Recurrent 
Wheezing and Cough Caused by Double Aortic 
Arch, Not Asthma». Authors described a clinical 
case of 4-year-old boy with a history of recurrent 
wheezing, who was admitted to the hospital due  
to the history of bronchial asthma, persistent cough, 
wheezing and airway hyperresponsiveness. After 
�7
 	������	�
 Þ	
 +�������%�
 Þ����
 �������%

double aortic arch. Following surgical correction 
$�%
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 ������	��
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 ��
 ��+��	���2
 2�+����

Authors conclude that timely diagnosis and surgi-
cal correction of VR prevent chronic, irreversible 
respiratory complications [16].

Detailed assessment of history of life allows 
physicians to reveal such complaints as stridor that 
reminded croup back in early childhood, frequent 
episodes of bronchial obstruction and the use  
of inhalators with bronchodilators, and other re-
+��	���2
���+$	����
Þ����
Þ���
��3��
à"	$���%
	
 
a certain respiratory disease [11,16,28].

Additionally, parents of older children with VR 
often complain that it takes too long for their chil-
dren to chew their food and are always the last ones 
to leave the dining table during pediatrician’s ap-
pointments.

Therefore, the diagnosis of VR should be  
�	5��
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not respond to treatment.

Although VR are a congenital pathology, some 
children with VR may become symptomatic even 
in adulthood. There is a number of clinical cases 
depicted in the literature.
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 >���	�%�ùÀÊ	$$
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 	$�
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case of VR in a 62-year-old woman, who presented 
with dysphagia due to the double aortic arch [8]. In 
the same time N. Ochi et al. presented clinical case 
of the double aortic arch and aberrant right sub-
�$	3�	�
	����2
 ��
	
���2�	���$%
�	��
Þ��
"@���%

from epigastric pain and lost more than 10% of his 
weight during the period of 6 month. Diagnosis 
was completed after CT scan [14].

Many researchers describe association between 
anatomic types of VR and most typical symptoms. 
Some of them point out that children with double 
aortic arch most frequently present with respirato-
ry symptoms [25], whereas patients with aberrant 
subclavian artery to the contrary present more fre-

quently with the problems of the digestive system, 
as a result of its compression from its back side [12].

However, we agree more with M. Kir et al.,  
who states that there is really no connection bet- 
ween the type of VR and the development of spe-
����
2�+����
Q$$
��
���
	#�3�
��������%
2�+-
toms only determine the suspicion of the VR and 
necessity of further evaluation [9].
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tive diagnostic modality of VR [26].

Most of the patients demand surgical correc-
tion, children with double aortic arch usually  
require it much sooner, around 1.4 months after 
the presentation and 4.9 months after symptoms 
begin to occur. The site of the surgical correc-
tion depends on the non-dominant arch, which  
is generally left-sided in nearly 71% of the patients. 
Therefore, lateral thoracotomy via the left side  
is usually performed [2].

Afterwards the small arch is ligated and 
divided with further ligation and division of the 
ductus arteriosus or ligament arteriosus, followed  
by complete mobilization of the trachea and 
esophagus [24]. In children with a Kommerell 
diverticulum resection of the diverticulum  
and reimplantation of the left subclavian artery, 
end to side, with the left common carotid artery 
will be performed [3].

Prognosis of VR repair is excellent with about 
26 of 300 patients needing reoperation [4]. Most 
of the surgeons report no early or late mortality  
in their papers, only several reported only one 
death [7,18,20].

Conclusions
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tice of a pediatrician and a family physician, there-
fore the level of suspicion of the diagnosis is rela-
tively low.

Nevertheless, taking the severe complications of 
this pathology into account, VR should be includ-
�%
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ating children who present with wheezing, stridor, 
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children, especially if the symptoms are present 
and persist since birth and are not responsive to 
treatment.

It is important for family physicians, who refer 
their patient to pediatric cardiologist or ultrasound 
technician to specify their concern in terms of VR, 
	�%
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���%
��
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�	�
	�����
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��

vessels as not all ultrasound technicians include 
this into their Echo protocol.
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Computed tomography scan and 3D re- 
construction is an important diagnostic tool  
in case of suspicion of VR, and will provide full vi-
sualization of the vessels, trachea, esophagus and 

lungs and will help to determine further surgical 
correction.
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j����"����������z�<���#��������&��
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j�E"���������r�"�#�����!����������"�!��C�'����"�!����C�)

He=73<=<;54�<J�=R7�M49=35K�H:K<94�56�=R7�37K=:Hr�4�KI565K4I�K497�37;<3=
�����1,(3 4)4-1��X�W��f#./-!2

1ucPkWM�dcWkSXjk�TiNi�?cSNMPcW�DhlNfcW�[PNihLXNSk��[jLcNPh
2TiNi�=hFNMPcW�pgNWlLhP{X�pWNPNfcW�dMXVNScW�I@ÔdD>\ub\Q��[jLcNPh

dhShLMSMVNf�FcXSLNf�OKfMXc�NX�LcLh�NP�Sgh�VchlNcSLNf�VMVKWcSNMP��eKS�NS�fcP�VMXh�c�lNcFPMXSNf�fgcWWhPFh)�\gNX�VcSgMWMFk�fcP�MffKL�NP�cPk�VcLS��
Mn� Sgh�lNFhXSNih�SLcfS�� nLMO�Sgh�MLMVgcLkPr�SM�Sgh�cPMLhfScW�cLhc)�DMXS�fcXhX�cLh�MeXhLihl�NP�Sgh�hXMVgcFKX��lKMlhPKO�cPl�ghVcSMeNWNcLk�
XkXShO��eKS�Sgh�VLhXhPfh�Mn�SgNX�SNXXKh�NP�Sgh�LhfSKO�NX�hrSLhOhWk�LcLh)
x:3;<97���SM�fMPlKfS�c�fWNPNfcW�lhXfLNVSNMP�Mn�c�LcLh�VcSgMWMFk�NP�fgNWlLhP�NP�MLlhL�SM�Vck�Sgh�lMfSMLXí�cSShPSNMP�SM�Sgh�Phhl�nML�fMOVLhghPXNih�
lNcFPMXNX�Mn�VcSNhPSX�qNSg�ghOcSMfghmNc)
kI565K4I�K497z�àh�VLhXhPS�c�fWNPNfcW�fcXh�Mn�c�fgNWl�qNSg�ghShLMSMVNc�Mn�Sgh�FcXSLNf�OKfMXc�NPSM�Sgh�LhfSKO)�UkOVSMOX�NPfWKlhl�ghOcSMfghmNc�
cPl�cPcW�VcNP�lKLNPF�Sgh�cfS�Mn�lhnhfcSNMP��FhPhLcW�qhcjPhXX��cPl�lhfLhcXhl�cVVhSNSh)�\ghXh�OcPNnhXScSNMPX�qhLh�MeXhLihl�nML�SqM�khcLX�qNSg�
VhLNMlX�Mn�hrcfhLecSNMPX�cPl�LhONXXNMPX�MP�Sgh�ecfjFLMKPl�Mn�fMPXhLicSNih�SLhcSOhPS)�\gh�nNPcW�lNcFPMXNX�qcX�Oclh�MP�Sgh�ecXNX�Mn�c�eNMVXk�
Mn�PMlKWcL�nMLOcSNMPX�Mn�Sgh�LhfSKO��lhShfShl�ek�fMWMPMXfMVk)
k<6KI:95<69z�GNihP�Sgh�PhFcSNih�NOVcfS�Mn�Sgh�lNXhcXh�OcPNnhXScSNMPX�MP�Sgh�VcSNhPSíX�sKcWNSk�Mn�WNnh�cPl�Sgh�VMShPSNcW�LNXj�Mn�OcWNFPcPS�SLcPX�
nMLOcSNMP��Sgh�VMXXNeNWNSk�Mn�ghShLMSMVNf�FcXSLNf�OKfMXc�NP�Sgh�LhfSKO�qNSg�NPlhShLONPcSh�eWhhlNPF�nLMO�Sgh�WMqhL�FcXSLMNPShXSNPcW�SLcfS�XgMKWl�
eh�fMPXNlhLhl�cPl�c�fMOVWhSh�hrcONPcSNMP��NPfWKlNPF�eNMVXk��XgMKWl�eh�VhLnMLOhl)�@Pfh�Sgh�lNcFPMXNX�NX�fMPnNLOhl��LclNfcW�XKLFNfcW�LhOMicW�
NX� LhfMOOhPlhl)� EPNSNcW�fMPXhLicSNih� SLhcSOhPS�qNSg�VLMSMP�VKOV� NPgNeNSMLX�VLMiNlhX�MPWk�XgMLS�ShLO� LhWNhn�cPl� NX�cffMOVcPNhl�ek�VhLNMlX��
Mn�hrcfhLecSNMP�cPl�LhONXXNMP)�\gh�nNPcW�SLhcSOhPS�NX�cWqckX�XKLFNfcW�ML�hPlMXfMVNf�hrfNXNMP�Mn�Sgh�ghShLMSMVNf�OKfMXc)
\gh�LhXhcLfg�qcX�fcLLNhl�MKS�NP�cffMLlcPfh�qNSg�Sgh�VLNPfNVWhX�Mn�Sgh�dhWXNPjN�uhfWcLcSNMP)�\gh�NPnMLOhl�fMPXhPS�Mn�Sgh�VcSNhPS�qcX�MeScNPhl�
nML�fMPlKfSNPF�Sgh�XSKlNhX)
?M�fMPnWNfS�Mn�NPShLhXSX�qcX�lhfWcLhl�ek�Sgh�cKSgMLX)
|7OY<3L9r�VhlNcSLNfX��ghShLMSMVNc��XSMOcfg��LhfSKO)
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role of each member of the team of specialists in the organization of treatment and care of the child and the need to use developmental care 
SgcS�OhhSX�Sgh�PhhlX�Mn�Sgh�hcLWk�lhihWMVOhPS�Mn�c�VLhOcSKLh�fgNWl�NX�cWXM�gNFgWNFgShl)
\gh�LMWh�Mn�Sgh�nKSKLh�OhlNfcW�VXkfgMWMFNXS�NP�VLMiNlNPF�XKVVMLS�SM�VcLhPSX�qNSg�VhLNPcScW�WMXX�NX�cWXM�lhShLONPhl)�\gNX�VLMeWhO�cnnhfSX�OcPk�
ncONWNhX��OMXS�Mn�qgMO�cLh�lhcWNPF�qNSg�SghNL�WMXX�MnShP�cWMPh�qNSgMKS�clhsKcSh�XKVVMLS�cPl�ghWV)�\gh�VLMeWhO�Mn�VhLNPcScW�WMXXhX�cPl�LhfMihLk�
Mn�OMSghLX�cPl�ncONWNhX�cnShL�SghO�NX�Sgh�fMOVhShPfh�Mn�OhlNfcW�VXkfgMWMFNXSX)
\gh�KPlhLWNPhl�LhsKNLhOhPSX�nML�Sgh�ShcfghL�cLh�Sgh�NPlNiNlKcW�VLhVcLcSNMP�Mn�gNFg�sKcWNSk�WhcLPNPF�fMPShPS��qgNfg�Ock�LhsKNLh�cllNSNMPcW�SNOh��
eKS�Sgh�NPiMWihOhPS�Mn�Sgh�XSKlhPSX�SghOXhWihX�NP�Sgh�VLhVcLcSNMP�Mn�Sgh�PhfhXXcLk�OcShLNcWX�qNWW�hihP�OMLh�NPfLhcXh�Sgh�NPShLcfSNiNSk�Mn�Sgh�hl�
KfcSNMPcW�VLMfhXX)�\gh�VMXXNeNWNSNhX�Mn�KXNPF�Sgh�OMlhLP�hlKfcSNMPcW�ShfgPMWMFNhX�cLh�cPcWkmhl9�SghXh�cLh�IfcXh�ShfgPMWMFNhXQ�NP�XOcWW�FLMKVX��
IeKXNPhXX��LMWh��FcOhXQ��cP�NPihLShl�fWcXXLMMO�cVVLMcfg)
?M�fMPnWNfS�Mn�NPShLhXSX�qcX�lhfWcLhl�ek�Sgh�cKSgMLX)
|7OY<3L9r�PhMPcSMWMFk��OhlNfcW�VXkfgMWMFk��OhlNfcW�SLcKOc��PhqeMLP��OhlNfcW�cPl�VXkfgMWMFNfcW�cXXNXScPfh)�
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V МІЖНАРОДНИЙ КОНГРЕС

 листопада 202  onXline

Antibiotic resistance STOP!

Стійкість до антибіотиків зростає до загрозливо високих
рівнів у всьому світі. Нові механізми стійкості з'являються
і поширюються всюди, створюючи перешкоди для лікування
розповсюджених інфекційних захворювань

X World Health Organization

Розвиток нових антибіотиків має надзвичайне значення, оскільки
еволюція мікробів продовжуватиметься безперервно, а резистентність до
лікарських засобів зростає.

Проблема антибіотикорезистентності стала глобальним викликом
сьогодення. Головною його причиною вважають нераціональне
застосування антибактеріальної терапії.

Тож під час Всесвітнього тижня поінформованості про антибіотики,
в Українї традиційно буде проведено

V міжнародний конгрес «Antibiotic resistance STOP!»,
який об'єднає провідних спеціалістів медичної галузі для розробки

стратегії контролю розвитку антибіотикорезистентності

antibiotic�congress.com


