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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 O, 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
in0,1,2,3,10, 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.

Bu3aHayeHHs 0C06GIMBOCTEN aKyCTUYHOIO CUrHaNYy NMPU HerocnitTanbHii NHEBMOHIT
B AiTel 3a NOLMPEHICTIO | XapaKTEPOM ypa)KeHHS JiereHeBOl TKAaHUHU

3a ponomorolo HoBoro npunagy «Trembita-Corona»

10.B. Mapywko, O.B. Xomuy

HaujoHanbHnii meanyHun yHiBepeuteT imeHi O.0. Boromonbeug, M. Kuig, YkpaiHa

AKTYyanbHiCTb. 3rif]HO 3 HOBMMY Hakazamn i HactaHoBamu 2022 POKyY, PeHTreHorpadis NPOBOANTLCA HE BCIM [ITAM i TiNbKM B NPAMIN NPOEK-
uji. OTxe, CTBOPEHHS MOBHICTIO @BTOMATU30BaHOI CUCTEMY KOHTPOSNIO Ta OLLHKM OMXabHUX LWyMiB, 6€3 ONPOMIHEeHHS NaujeHTIB, Hapagsi € ak-
TyanbHUM 3aBOAHHSAM.

MeTta — BU3HauNT OCOONMBOCTI aKyCTUYHOIO CUrHay Npr CErMEHTapHIV Ta BOrHMLLEBIN MHEBMOHII B AiTEN 3a JONOMOro HOBOIO Npunaay
aKkyCTUYHOI AiarHOCTUKK «Trembita-Corona».

MaTtepianu Ta metoau. O6cTexeHo 76 aitein Bikom Big, 1 Micaua Ao 18 pokis. itern nogineHo Ha agi rpynu: | rpyna — 47 naujeHTis i3 cer-
MEHTapHOIO MHEBMOHIEID; Il rpyna — 29 nauieHTiB i3 BOMHULLEBOIO MHEBMOHIEIO.

PesynbraTtn. 3a 10NOMOroio HOBOro Npunady akyCTnyHoI jiarHoCcTukm « Trembita-Corona» BUaBneHo 0COONMBOCTI akyCTUHHOIO CUrHaTy npw
nosanikapHsiHii NHEBMOHIT B AiTel, 30KpemMa, cerMeHTapHii Ta BOrHULLEBIN. AKYCTUYHWIA CUrHaN A0CAiAXeHo y 12 okTaBax. Halbinblw nep-
CnekTUBHUMK Oynu nepLui 9 okTas. KoxHy OKTaBy NOAINEHO Ha TDETbOKTaBW. Hamu 3HaMAeHO AOCTOBIPHI BIAMIHHOCTI MO CEPEAHi MOTYXHOCTI
curnany B 0,1,4,6,7,15,20,23,24,25,26 TpeTbOKTaBax, Wo MOXYTb NPULLBUALWLNTY | NONINWUTIA ANDEPEHLNHY AiarHOCTVKY MK CErMEHTapHOI0
i BOTHMLLEBOIO MHEBMOHIEIO.

3a peaynsraramMmi A0CNIAXEHHS CePeaHbOI MOTYXHOCTI CUrHaNY MiX AiTbMI i3 CErMEHTAPHO | BOMHULLEBOK MHEBMOHIEID OCHOBHI BIAMIHHOCTI
BMSIBNIEHO came 3a vactoTolo nikie B 0,1,2,3,10,11,14,15,16,18,20,22 TpeTbokTaBax.

BUCHOBKM. Y BCTAHOB/EHHI AiarHO3y 3aCTOCYBaHHA MPUCTPOIO akyCTUYHOrO MOHITOPUHIY «Trembita-Corona» Ta BUKOPUCTaHHA po3pobne-
HOro cneuianizaoBaHoOro NPorpamMHoro 3abesneyeHHa MoBoto Python y cepenosuili «Google Codelabs» naiote 3Mory aiarHOCTyBaTH PI3HUILIIO
MiX CEMMEHTAPHOIO | BOMHULLIEBOIKO NMHEBMOHIEID. M4 4ac AOCNIOXEHHS CEpeaHbOI MOTYXHOCTI CUrHaNY MiXX AITbMW i3 CEMMEHTAPHOIO | BOMHM-
LLIEBOIO MHEBMOHIEID OCHOBHI BIAMIHHOCTI BUSBNEHi came 3a YacTtoToio nikisy O, 1, 2, 3, 10, 11, 14, 15, 16, 18, 20, 22 TpeTboKTaBax.
JlocnigxXeHHA BMKOHAHO BiANOBIAHO 40 NPUHUMNIB [enbCiHCbKOI Aeknapadji. [1poTokon A0CHIAXEHHA yXBANeHO JTIoKaNbHUM ETUYHUM KOMITEe-
TOM 3a3Ha4veHoi B poOOTi YCTaHOBW. Ha NpOBEAEHHS AOCIAXEHE OTPUMAHO IHDOPMOBaHyY 3rofy 6aTbkis, AiTeNn.

ABTOPV 3a8BASHOTh MPO BIACYTHICTb KOHPIIKTY IHTEPECIB.

KniouoBi cnoBa: akyCtuiHWUI MOHITOPUHN, npunag, «Trembita-Corona», noanikapHsHa NHEBMOHIA, BOMHULLEBA MHEBMOHIS, CermeHTapHa
MHEBMOHIS, AiTN.
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Introduction

( : urrently, 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
a final diagnosis [12].

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
discovered that for determining the inflammatory
process in the lungs during pneumonia, the most
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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
segmental pneumonia. According to the definition,
in focal pneumonia, infiltrative changes have the
appearance of separate small foci on an X-ray,
and in segmental pneumonia, an inflammatory
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-Coronas.

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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Table 1

Criteria for inclusion and exclusion of patients in the study

The inclusion criteria

The exclusion criteria

a diagnosis of «CAP» (segmental or focal),
confirmed by anamnestic, clinical laboratory

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;

endocrine diseases (hypothyroidism, hypocorticism,
pseudohypoparathyroidism, growth hormone deficiency);
genetic syndromes (Prader—Willi, Kogan, Carpenter, etc.);
congenital heart defects and organic brain diseases.

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
monitoring device, sounds are analyzed in different
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
differ in pitch. A frequency of 1000 Hz was taken as
the base frequency.

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

Table 2 presents the limit frequencies of the
band (f1 and f2) in Hz of the first 11 octaves, and in
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 octaveisin theinterval 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 2
Minimum and maximum frequencies (f1 and f2) in the first 11 octaves, which are presented in Hz
Octaves f2

0 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; f — is the maximum frequency in the octave.
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Minimum and maximum frequencies (f1 and f2) in third octave from 1-9 oktaves in Hz

Table 3

1 octave (11.2208 — 22.38721 Hz)

1 third octave

2 third octave

3 third octave

T 11.22018

14.12538

17.78279

fo 14.12538

17.78279

22.3872

2 octave (22.38721 — 44.66836 Hz)

4 third octave

5 third octave

6 third octave

f1 22.3872

28.1838

35.4813

fo 28.1838

35.4813

44.6683

3 octave (44.66836 — 89.12509 Hz)

7 third octave

8 third octave

9 third octave

fi 44.66836

56.23413

70.79458

fa 56.23413

70.79458

89.12509

4 octave (89.12509 — 177.8279 Hz)

10 third octave

11 third octave

12 third octave

f1 89.12509

112.2018

141.2538

fo 112.2018

141.2538

177.8279

5 octave (177.8279 — 354.8134 Hz)

13 third octave

14 third octave

15 third octave

T 177.8279

223.8721

281.8383

fo 223.8721

281.8383

354.8134

6 octave (354.8134 — 707.9458 Hz)

16 third octave

17 third octave

18 third octave

f1 354.8134

446.6836

562.3413

fo 446.6836

562.3413

707.9458

7 octave (707.9458 — 1412.538 Hz)

19 third octave

20 third octave

21 third octave

f1 707.9458

891.2509

1122.018

fo 891.2509

1122.018

1412.538

8 octave (1412.538 — 2818.383 Hz)

22 third octave

23 third octave

24 third octave

f1 1412.538

1778.279

2238.721

f 1778.279

2238.721

2818.383

9 octave (2818.383 — 5623.413 Hz)

25 third octave

26 third octave

27 third octave

f1 2818.383 3548.134 4466.836
fa 3548.134 4466.836 5623.413
Notes: f1 — is the minimum frequency in the third octave; f> — is the maximum frequency in the third octave.
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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)

was found that the averages difter at the significance
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
are additional influencing factors that depend
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
in children of both groups also differed p=0.003.

1 octave is in the interval from 11.2208 to
22.38721 Hz. For more precise diagnosis, 1 octave
was divided into third octaves.
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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
test, it was found that the averages differ
at the level of significance 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
the Scheffe method in the 1 third octave between
two subgroups of the Groups 1 and 2, it was found
that peak frequencies of subgroups 1 and 2 differ
from each other (p<0.01), peak frequencies of the
subgroup 1 and the Group 2 differ from each other
at the level of significance p<0.01 and frequency
of peaks the subgroup 2 and the Group 2 are
also differ from each other at the level of significance
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.

Children of the Group 1 in the first third octave
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
the Scheffe method between two subgroups
of the Group 1 and 2, it was found that the peak
amplitudes of the subgroups 1 and 2 differ from
each other (p<0.01) and the peak amplitudes
of the subgroup 2 and the Group 2 also are differ
from each other at the level significance p<0.01,
which is presented in Fig. 5. Differences in
amplitude between the subgroup 1 and the Group 2
were not found (p=0.91).
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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)
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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
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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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Table 4

Statistical differences in the average values of the signal power, frequency and amplitude of peaks in children of
both studied groups in 2 and 3 third octaves

Indexes 2 third octave 3 third octave
The average values of the signal power p=0.952 p=0.317
Frequency of peaks p<0.001* p=0.044*
Amplitude of peaks p=0.445 p=0.571

Note: * — the difference between the both groups is statistically significant.

Table 5

Statistical differences in the average values of the signal power, frequency and amplitude of peaks in children of
both studied groups in 4, 5, 6 third octaves

Indexes 4 third octave 5 third octave 6 third octave
The average values of the signal power p=0.003* p=0.147 p=0.004*
Frequency of peaks p=0.850 p=0.976 p=0.108
Amplitude of peaks p<0.001* p=0.091 p=0.538

Note: * — the difference between the both groups is statistically significant.

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.

Children of the Group 1 in the first third octave
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
the Scheffe method between two subgroups
of the Group 1 and 2, it was found that the peak
amplitudes of the subgroups 1 and 2 differ from
each other (p<0.01) and the peak amplitudes of
the subgroup 2 and the Group 2 also are differ from
each other at the level significance p<0.01, which
is presented in Fig. 5. Differences in amplitude
between the subgroup 1 and the Group 2 were not
found (p=0.91).

=
o T

i

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
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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,
a significant difference in the frequency of peaks
was found between children from the Groups 1
and 2 (p<0.001), which is presented in Fig. 6. In
the 3 third octave, a difference in the frequency of
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
octave, differences were found in the average
values of the signal power (p=0.003) and peak
amplitude (p<0.001) between the both studied
groups. However, no significant difference was
found in the 5 third octave. In the 6 third octave,
differences were found in the average values of the
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.

ISSN 2663-7553 Modern pediatrics. Ukraine 2(130)/2023
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Table 6

Statistical differences in the average values of the signal power, frequency and amplitude of peaks
in children of both studied groups in 7, 8, 9 third octaves

Indexes 7 third octave 8 third octave 9 third octave
The average values of the signal power p=0.009* p=0.272 p=0.968
Frequency of peaks p=0.929 p=0.402 p=0.288
Amplitude of peaks p=0.009* p=0.328 p=0.060
Note: * — the difference between the both groups is statistically significant.
Table 7

Statistical differences in the average values of the signal power, frequency and amplitude of peaks
in children of both studied groups in 10, 11, 12 third octaves

Indexes 10 third octave 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 p<0.001* p=0.045* p=0.101
Amplitude of peaks p=0.154 p=0.102 p=0.106

Note: * — the difference between the both groups is statistically significant.

Table 8

Statistical differences in the average values of the signal power, frequency and amplitude

of peaks in children of both studied groups in 13, 14, 15 third octaves

Indexes 13 third octave 14 third octave 15 third octave
The average values of the signal power p=0.057 p=0.422 p=0.017*
Frequency of peaks p=0.412 p<0.001* p<0.001*
Amplitude of peaks p=0.062 p=0.992 p=0.028*

Note: * — the difference between the both groups is statistically significant.

Table 9

Statistical differences in the average values of the signal power, frequency and amplitude

of peaks in children of both studied groups in 16, 17, 18 third octaves

Indexes 16 third octave 17 third octave 18 third octave
The average values of the signal power p=0.538 p=0.059 p=0.156
Frequency of peaks p<0.001* p=0.053 p=0.020*
Amplitude of peaks p=0.532 p=0.010* p=0.308

Note: * — the difference between the both groups is statistically significant.

As can be seen from the table, in the 7 third
octave differences were found in the average values
of the signal power (p=0.009) and peak amplitude
(p=0.009) between the two studied groups.
However, no significant difference was found
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
octave, differences in the frequency of peaks were
found (p<0.001), as well as in the 11 third octave,
differences in the frequency of peaks were also
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.

As can be seen from the table, no significant
differences were found in the 13 third octave.
In the 14 third octave, differences in peak frequen-
cy were found (p<0.001). And in the 15 third oc-
tave, differences were found in all three parameters:
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.

As can be seen from the table, differences
in peak frequency were found in the 16 third oc-
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Table 10

Statistical differences in the average values of the signal power, frequency and amplitude of peaks
in children of 2 studied groups in 19, 20, 21 third octaves

Indexes 19 third octave 20 third octave 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 p<0.001* p=0.782
Amplitude of peaks P=0.048* p=0.052 p=0.007*
Note: * — the difference between the two groups is statistically significant.
Table 11

Statistical differences in the average values of the signal power, frequency and amplitude of peaks
in children of both studied groups in 22, 23, 24 third octaves

Indexes 22 third octave 23 third octave 24 third octave
The average values of the signal power p=0.224 p=0.003* p=0.002*
Frequency of peaks p=0.035* p=0.669 -
Amplitude of peaks p=0.162 p=0.462 —
Note: * — the difference between the both groups is statistically significant
Table 12

Statistical differences in the average values of the signal power, frequency and amplitude
of peaks in children of both studied groups in 25, 26, 27 third octaves

Indexes

25 third octave

26 third octave 27 third octave

The average values of the signal power

Frequency of peaks

p=0.002

p=0.002 -

Amplitude of peaks -

Note: * — the difference between the both groups is statistically significant

tave (p<0.001). In the 17 third octave, differenc-
es in peak amplitude were found (p=0.010). And
in the 18 third octave, differences in peak frequen-
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
octave, differences in peak amplitude were found
(p=0.048). Differences in average signal power
(p=0.044) and peak frequency (p<0.001) were
found in the 20 third octave. And in the 21 third
octave, differences in peak amplitude were found
(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.

As can be seen from the table, differences
in peak frequency were found in the 22 third oc-
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tave (p=0.035). In the 23 and 24 third octaves,
differences in average signal power were detected
(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
third octave, differences in the average signal power
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.
The first 9 octaves were the most promising.
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
additional influencing factors that depended on
the location of the segment where the pathological
focus was detected. We found reliable differences
in the average values of the signal power in 0, 1,
4, 6,7, 15, 20, 23, 24, 25, 26 third octaves, which
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can speed up and improve the differential diagnosis
between segmental and focal pneumonia.

When studying the average values of the signal
power between children from the Groups 1 and 2,
the main differences were found precisely in the
frequency of peaksin 0, 1, 2, 3,10, 11, 14, 15, 16, 18,
20, 22 third octaves. From this it can be concluded
that despite minor differences in average signal
strength, children with the Groups 1 and 2 differ
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
to diagnose the difference between segmental and
focal pneumonia and to specify the localization of
the affected segments and foci of inflammation in
each specific case.

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

REFERENCES/JIITEPATYPA

environment together make it possible to diagnose
the difference between segmental and focal
pneumonia.

When studying the average values of the signal
power between children with segmental and
focal pneumonia (the Groups 1 and 2), the main
differences were found precisely in the frequency of
peaksin 0, 1, 2, 3, 10, 11, 14, 15, 16, 18, 20, 22 third
octaves. From this it can be concluded that despite
minor differences in the average values of the signal
power, children with segmental and focal pneumonia
differ precisely in frequency characteristics such as
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
process in the lungs with CAP.

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.

No conflict of interests was declared by the au-
thors.

1. Bradley JS, Byington CL, Shah SS, Alverson B, Carter ER,
HarrisonCetal.(2011). Themanagementofcommunityacquired
pneumonia in infants and children older than 3 months of age:
clinical practice guidelines by the Pediatric Infectious Diseases
Society and the Infectious Diseases Society of America.
Clin Infect Dis. 53: €25-76. doi: 10.1093/cid/cir531.

2. Cao AMY, Choy JP, Mohanakrishnan LN, Bain RF, van
Driel ML. (2013). Chest radiographs for acute lower respiratory
tract infections. Cochrane Database Syst Rev: CD009119.
doi:10.1002/14651858.CD009119.pub?2.

3. DoanQ, EnarsonP, KissoonN, Klassen TP, Johnson DW. (2014).
Rapid viral diagnosis for acute febrile respiratory iliness in chil-
dren in the Emergency Department. Cochrane Database Syst
Rev. CD006452. doi: 10.1002/14651858.CD006452.pub4.

4. Harris M, Clark J, Coote N, Fletcher P, Harnden A, McKean M,
Thomson A. (2011). British Thoracic Society guidelines
for the management of community acquired pneumonia
in children: update. Thorax. 66 (2): ii1-23. doi: 10.1136/
thoraxjnl-2011-200598.

5. lIsaienko V, Kharchenko V, Astanin V, Shchegel G, Olefir V
et al. (2020). System for acoustic diagnostics and symp-
tomatic assistance to COVID-19 patients for use in ex-
tremal conditions «TREMBITA-CORONA NAU». Advances in
Aerospace Technology. 1 (82): 58-63. doi: 10.18372/2306-
1472.82.14612.

6. LynchT, Bialy L, Kellner JD, Osmond MH, Klassen TP, Durec T
etal. (2010). A systematic review on the diagnosis of pediatric

bacterial pneumonia: when gold is bronze. PLoS ONE. 5:
€11989. doi: 10.1371/journal.pone.0011989.

7. Marushko Yu, Khomych 0. (2022). Frequency characteristics
of acoustic features of sound signals in the lungs of children
with pneumonia using a new acoustic diagnostic device
«Trembita-Corona». Neonatology, surgery and perinatal
medicine. 4 (46): 59-66. doi: 10.24061/2413-4260.
XI1.4.46.2022.9.

8. Marushko YuV, Khomych OV, Hyschak TV, Taryns’ka OL,
Schehel’ HO. (2021). State of the art usage of radiological and
acoustic methods for the diagnosis of pneumonia, including
those caused by SARSCOV-2 virus, in children. Medical
science of Ukraine. 17 (2): 114-124. [MapyLuko OB, Xomun4 OB,
Mwak TB, TapuHcbka OJ1, LWerens 0. (2021). CyyacHuin
CTaH NpobsieMn 3aCTOCYBAHHS MPOMEHEBUX Ta aKYCTUYHUX
METOAiB AjarHOCTUKM MHEBMOHIi, Y TOMY YUCHi BUKJIMKAHOI
Bipycom SARS-COV-2, y piteir. Medical science of Ukraine. 17
(2): 114-124]. doi: 10.32345/2664-4738.2.2021.16.

9. Ministry of Health of Ukraine. (2022). Pneumonia in children.
Evidence-based clinical practice. Ministry of Health of
Ukraine dated 02.08.2022. [MO3 VYkpainu. (2022). lNHeB-
MOHIi y aiten. KniHiyHa HacTaHOBa, 3aCHOBaHa Ha A0Ka3ax
Big, 02.08.2022]. URL: https://www.dec.gov.ua/wp-content/
uploads/2022/08/2022_1380_kn_pnevmoniyi_u_ditej.pdf.

10. Ministry of Health of Ukraine. (2022). On the approval of the
Standards of medical care «Out-of-hospital pneumonia in
children» Order of the Ministry of Health of Ukraine dated

ISSN 2663-7553 Cyuacna nexiatpis. Ykpaina 2(130)/2023

87



Yntanmrte Hac Ha canTi: http://medexpert.com.ua
OPUTTHAABHI AOCAIAKEHHSI

1.

12.

August 2, 2022. No. 1380. [MO3 VYkpainn. (2022). CtaH-
[apTn MeauyHoi gonomorun «fMosanikapHsaHi NHEBMOHIT y Ai-
Teii». Haka3 MO3 Ykpainu Big 02.08.2022 p. N2 1380]. Kyiv:
MOZ Ukrainy. URL: https://www.dec.gov.ua/wp-content/
uploads/2022/08/2022_1380_nakaz.pdf.

Pavlenko PM, Marushko YuV, Olefir Ol, Khomych OV,
Schehel’ HO, Khomych VM et al. (2021). Prystrii akustychnoho
sposterezhennia iz os’ovoiu diahramoiu napravienosti.
Patent na korysnu model’ No. 148836. Natsional’nyi
aviatsiinyi universytet, patentovlasnyk. [l[MaBneHko [1M,
Mapywko OB, Onedip OI, Xomuny OB Ta iH. (2021). MpucTpin
aKyCTUYHOrO CMOCTEPEXEHHS i3 OCbOBOIO AiarpamMmoto Hanpas-
neHocrti. MateHT Ha kopucHy moaenb N2148836. 3apeecTpo-
BaHO B [lepXaBHOMY peecTpi YKpaiHu KOPUCHWUX mMopenen
22.09.2021].

Rose MA, Barker M, Liese J et al. (2020). Guidelines for the
Management of Community Acquired Pneumonia in Children
and Adolescents (Pediatric Community Acquired Pneumonia,
pCAP) — Issued under the Responsibility of the German So-

13.

14.

15.

16.

ciety for Pediatric Infectious Diseases (DGPI) and the German
Society for Pediatric Pulmonology (GPP). Pneumologie. 74
(8): 515-544. doi: 10.1055/a-1139-5132.

Rueda 2V, Aguilar Y, Maya MA et al. (2022). Etiology and the
challenge of diagnostic testing of community-acquired pneu-
monia in children and adolescents. BMC Pediatr. 22 (1): 169.
doi: 10.1186/s12887-022-03235-z.

Same RG, Amoah J, Hsu AJ et al. (2021). The Association of
Antibiotic Duration With Successful Treatment of Communi-
ty-Acquired Pneumonia in Children. J Pediatric Infect Dis Soc.
10 (8): 267-273. doi: 10.1093/jpids/piaa055.

Sun Y, Li H, Pei Z et al. (2020). Incidence of communi-
ty-acquired pneumonia in urban China: A national pop-
ulation-based study. Vaccine. 38 (52): 8362-8370.
doi: 10.1016/j.vaccine.2020.11.004.

Yun KW, Wallihan R, Juergensen A, Mejias A, Ramilo O. (2019).
Community-Acquired Pneumonia in Children: Myths and
Facts. Am J Perinatol. 36 (S02): S54-S57. doi: 10.1055/s-
0039-1691801.

Bigomocri npo aBropis:
Mapyuwuko KOpiii BonogumupoBuy — a.mef.H., npod., 3as. kad. neagiatpii nicnsaunnomHoi ocsit HMY imeni O.0. Boromonbus. Agpeca: M. Kuis, 6ynbsap T. LUesuyeHka, 13;
Ten. (044) 234-40-62. https://orcid.org/0000-0001-8066-9369.
Xomuu Onbra BikTopiBHa — acucTeHT kad. neaiarpii nicnaavnnomMHoi ocsitv HMY imeni O.0. Boromonbus. Aopeca: M. Kui, 6ynbsap T. LLieBueHka, 13;
Ten. (044) 234-40-62. https://orcid.org/0000-0001-9272-7159.

CratTs Hagiviwna fo pepakuii 16.12.2022 p., npuitksata oo apyky 13.03.2023 p.

88

ISSN 2663-7553 Modern pediatrics. Ukraine 2(130)/2023



