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Abstract

OBJECTIVE: Revealing the correlation between sonogra-
phy indicators of diaphragm performance and spirometry
data of healthy persons. MATERIALS AND METHODS:
The study was conducted at the Almazov National Medical
Research Centre. The structural (thickness) and functional
(thickening fraction and excursion of diaphragm) state of dia-
phragm of 50 healthy individuals (female — 30) was assessed
with an ultrasound machine, and the spirometry charac-
teristics of the external breathing apparatus were assessed
with a ventilator. Afterwards the statistical and correlation
analysis was conducted. RESULTS: It was possible to assess
the thickness of diaphragm on both sides and the diaphragm
excursion on the right in all subjects, the diaphragm excur-
sion on the left —only in 20 % of subjects. Spirometry has
been performed in all subjects. The obtained data are con-
sistent with the literature. In particular, sonography and spi-
rometry indicators of the healthy individuals are within ref-
erence values. Inspiratory muscles strength has also proved
to be consistent with the literature data. Correlation analy-
sis has revealed no statistically significant relationship be-
tween the examined sonography and spirometry parameters.
In addition, no relation between age and sonography indica-
tors of diaphragm has been found. There are weak statisti-
cally significant relations revealed between the structural
and functional state of diaphragm and such anthropometric
characteristics of the subjects as body mass and body mass
index. CONCLUSIONS: Sonography indicators of diaphragm
performance do not correlate or correlate poorly with spirom-
etry data. There is no reason to use sonography of diaphragm
in healthy individuals since it does not practically provide any
additional information about the state of external respiratory
apparatus.
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UE/Ib UCCNEAOBAHUA: BbisBUTb KOppenauMoHHble B3au-
MOCBA31 COHOrpaduyeckmnx nokasateneit GyHKLMOHMPOBaHMA
Aviadpparmbl CO CMMPOMETPUHECKUMU AaHHBIMU Y 3,0POBbIX /UL,
MATEPWUAJIbI U METOAbI: Ha 6a3e ®IBY «HMUL nm. B.A. An-
Ma3oBa» y 50 30poBbIX A06pOBO/bLES (MeHLMH — 30) oLeHnm
CTPYKTYpHOE (TOALLMHY) 1 GYHKLMOHAIBHOE (MHAEKC YTOILLEHMA
M SKCKYPCUIO) COCTORHME AnadparMbl C MOMOLLBIO Y/IbTPa3ByKO-
BOrO UCCN1eZl0BAHMA, @ TaKXKe CMIMPOMETPUYECKIE XapaKTepPUCTUKN
annapara BHeLLHero AbixaH1s C MOMOLLbIO annapara UCKYCCTBEH-
HOWM BEHTUAALMM Nerkux. [Nocae Yero NpoBenu CTaTUCTUYECKYHO
06paboTKy ¥ KoppenAuMoHHbIn aHanus. PE3YJIbTATbI: Ton-
WMHY Avadparmbl (cnesa M Cpasa) U ee 3KCKypcuio (cripasa)
YAAN0Ch OLEHUTb Y BCEX UCMBbITYEMbIX; SKCKYPCUIO Auadparmbl
cneBa—To/bKO Yy 20% ucnbiTyeMbix. CNYpOMETPUIO BbINO/-
HWUAM Yy BCeX UCMbITyeMbIX. [Toay4eHHble JaHHble cornacytoTca
C /MTepaTypHbIMU. B 4acTHOCTW, y/AbTPa3ByKOBble M CMMpOMe-
TPUHeCKMe NnoKasaTenn 1A 340POBbIX JNL, HAXOANANCH B paM-
Kax pedepeHTHbIX 3HaveHWd. Cuna MHCMMPATOPHbIX MbILLL
TaKKe OKasasacb COMOCTaBMMOW C JMTepaTypHbIMU AaHHBIMUL.
KoppenaLMOoHHbIN aHasn3 He BbIABMA CTaTUCTUYECKM 3HAYMMBIX
B3aMMOCBA3EN MEXAY M3YyHeHHbIMW Y/IbTPa3ByKOBbIMU 1 CrIMPO-
MeTpuyecKMMM NapameTpamu. TakKe He 6bl10 BbiABIEHO B3au-
MOCBSAI31 MEX/y BO3PACTOM U1 Y/IbTPa3BYKOBbIMY MOKa3aTenaMm
Aviadparmbl. HalgeHbl cnabble CTaTUCTUHECKW 3HaYMMble CBA3M
MeXay CTPYKTYPHO-QYHKLMOHa/IbHBIM COCTOAHMEM giadparmbl
M aHTPOMOMETPUYECKMMMN XapPaKTEpPUCTUKaMU 06C/1IeJ0BaHHbIX:
Maccomn Tena v MHAEKCoM macchl Tena. BbIBOAbI: YabTpassy-
KOBble MokasaTe/m paboTbl AvadparMbl He KOPPENMPYIOT WK
M/1I0XO KOPPEeNMPYIOT CO CMMPOMETPUHECKUMU. Y 340POBbIX HET
OCHOBAaHMIA UCMO/b30BaTb Y/IbTPa3BYKOBOE UCCEA0BaHME AMa-
dparmbl, TaK KaK OHO MPaKTUYECKW He AaeT AOMOHUTEIbHOM
MHGOPMAaLIMM O COCTOAHMM annapaTa BHELLHEro JbIXaHuA.
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Introduction

Attention to the diaphragmatic function has remained
high over the years[1-4]. Redundancy or insufficiency
in the diaphragm’s work contributes significantly to the de-
velopment (aggravation) of some pathological conditions
and diseases such as bronchial asthma, chronic obstructive
pulmonary disease, heart failure, pneumonia, sepsis, and ab-
dominal cavity pathologies which lead to increased intra-
abdominal pressure [2, 5-7].

The most appealing assessment method of the dia-
phragm’s bedside morphofunctional state is ultrasonogra-
phy (US) [2, 8] which is well-proven as a lung examination
assessment. It may be helpful in diagnostic and monitoring
in the intensive care unit [2, 10, 11], particularly in invasive
mechanical ventilation (IMV) settings, weaning off mechan-
ical ventilation, and so forth. Along with well-established
lung-protective ventilation [12], diaphragm protection solu-
tions — diaphragm protective ventilation — are still being
sought [13].

Therefore, it is relevant and promising to identify cor-
relations and their dependence on spirometric and sono-
graphic indications initially based on healthy people.

The present study was performed to identify a link be-
tween sonographic indications of diaphragm function and spi-
rometric data in healthy patients in the supine position.
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Materials and methods

The cohort study of an external respiratory system
structural-functional state in healthy volunteers in the su-
pine position was conducted at the Almazov National
Medical Research Centre, St. Petersburg, Russia. The study
corresponded to the Declaration of Helsinki (2000) and was
approved by the Local Ethical Committee (Minutes
of the meeting dated 30.04.2022. Chairman of the LEC —
Zagorodnikova K.A.).

The presence of diseases that can change diaphragm
function in either direction was an exclusion criterion
for this study.

Subjects’ age ranged from 22 to 30 years old, body
weight 67.9 *+ 14.5 kg, height 173.1 + 11.0 cm, body mass
index 22.4 + 3.3 kg/m>.

The study of sonographic and spirometric indications
of external respiration was performed on 50 volunteers
(30 females).

Structural and functional parameters of the diaphragm
included thickness, thickening fraction, diaphragm excursion,
and rate indications during calm and deep inspiration/expira-
tion, assessed using an ultrasound device provided by Philips
CX 50 (Philips Ultrasound, Inc production, USA).

The diaphragm thickening fraction during calm breath-
ing was calculated as the following:
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TFc = (diaphragm thickness at the end of calm inspiration —
— diaphragm thickness at the end of calm expiration)/
diaphragm thickness at the end of calm inspiration x 100.

The diaphragm thickening fraction during deep breath-
ing was calculated as the following:

TFd = (diaphragm thickness at the end of deep inspiration -
— diaphragm thickness at the end of deep expiration)/
diaphragm thickness at the end of deep inspiration x 100.

This sort of digitization of the diaphragm function may
provide practical assistance in deciding on the necessity
of the mechanical respiratory support or weaning off a ven-
tilator.

The spirometric evaluation was performed via parallel
measurement of tidal volumes during the calm and deep
breathing, inspiration and expiration time, respiratory drive,
and respiratory muscle strength measured by P. 01 — airway
pressure reduction in the first 100 msec of a patient’s sponta-
neous breath attempt during a respiratory circuit occlusion
and Negative Inspiratory Force — maximal inspiratory ef-
fort — minimal pressure under the end-expiratory pressure
level within «inhalation retention» maneuver.

The spirometric measurements were performed by
the “Bellavista 950e” ventilator machine (Russia, registra-
tion No P3H 2021/13644, registration date 31.03.2022)
with a constant positive airway pressure mode. It allows
using the ventilator only as a spirometer while the con-
tinuous positive airway pressure is 0 cm H2O without any
additional impacts from the ventilator and with a fraction
of inspired oxygen of 21 %. The ventilator choice was de-
termined by the ability to measure the required parameters
with high discretion and the ability to transport data col-
lected from three seconds to one year to an external storage
media.

Statistical analysis

Mathematical analysis of the collected data was per-
formed by using a STATISTICA-10 program (StatSoft Inc,
USA) and Microsoft Excel supplement — Real Statistics
Resource Pack. The distribution pattern was defined by Kol-
mogorov-Smirnov and Shapiro-Wilk tests. After assessing
the distribution pattern, the correlation criterion suggest-
ed by Spearman’s programs was used. Further assessment
continued with the Chaddock scale: weak correlation —
0.1-0.3; moderate correlation — 0.5-0.7; strong correla-
tion — 0.7-0.9; very strong correlation — 0.9-1.0. The study
description presented part results as an average and stan-
dard deviation (M * SD). Relations validity was taken as
£ <0.05.

Results

The research representativeness assessment at the de-
signed stage revealed a required sample of at least 100 sub-
jects to achieve 80 % power. According to calculations af-
ter the pilot study, the minimal required number appeared
to be 34 subjects. Eventually, the study involved 50 subjects
which provided power equal to 0.93.

The study easily provided imaging of the diaphragm
thickness from both sides, but clear imaging of the dia-
phragm excursion on the left is often unavailable [8, 14, 15].
Of the total observations number (50), the best diaphragm
excursion from the left side was only received in 10 studies
(20%). The data are presented as average deviation (Av),
minimal (Min), and maximal (Max) values. Table 1 shows
the results of the diaphragm ultrasound diagnostic.

Table 1. Sonographic structural and functional indicators of the diaphragm excursion on the right (n = 50, descriptive b
statistics)
Value Av Min Max Literature
(MxsD) data

Tc-inh (mm) 20+0.4 1.1 3.1 21+03][16]

Tc-exh (mm) 1.5+0.3 0.9 23 1.7+0.2[17]
1.6+0.4[18]

Td-inh (mm) 45+03 3.0 6.7 45+0.9[17]

Td-exh (mm) 12+03 0.6 17 1.6 £0.2[17]

TFc-inh (%) 29.0£85 14.5 467 3215 [16]

TFd-inh (%) 2833 +811 161.5 483.3 —

Ec-br (cm) 1.8+0.4 1.1 29 1.6+ 0.3[19]

Lentr, c-br (s) 15+0.4 0.5 2.8 1.27 £0.1[20]

R. contr, c-br (cm/s) 11+£0.3 0.6 1.9 1.12 £ 0.4 [20]
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Table I of end
Value Av Min Max Literature
(M+SD) data
L. relaxation, c-br (s) 1.5+£04 0.5 2.6 1.8+0.3[20]
R. relaxation, c-br, (cm/s) 1.3+05 0.6 33 1.05 + 0.3 [20]
Avlcontr : AvLrelaxation, c-br 1:1 — — —
(15+0.4: 1.5+0.4)
Ed-br (cm) 7.0+15 5.1 11.9 6.9+1.4[20]
L. contr, d-br (s) 26+06 1.5 4.0 —
R. contr, d-br (cm/s) 2.8+0.9 1.5 5.4 —
L. relaxation, c-br (s) 26+09 11 6.1 1.5+0.4[20]
R. relaxation, d-br (cm/s) 26+09 1.0 6.1 —
AvLcontr : AvLrelaxation, d-br 1:1(2.6:2.6) — — —

Note: Av — average; Br — breathing; c — calm; cm — centimeter; Cntr — contraction; d — deep; E — excursion; Exh — exhalation; Inh — inhalation;
L — length; Max — maximum; Min — minimum; mm — millimeter; R — rate; s — second; T — thickness; TF — thickening fraction.

Table 2. Sonographic structural and functional indicators of the diaphragm excursion on the left (n = 10, descriptive b
statistics)
Value Av Min Max Literature
(MxSD) data

Tc-inh (mm) 1.8+04 1.2 32 —
Tc-exh (mm) 1.4+03 1.0 2.8 —
Td-inh (mm) 39+03 21 6.2 —
Td-exh (mm) 1.1+03 0.7 1.8 —
TFc-inh (%) 26.2+89 15.3 458 30 £14[16]
TFd-inh (%) 259.2+98.9 111.8 529.2 -
Ec-br (cm) 14+03 1.0 1.9 1.6 +0.3[19]
Lentr, c-br (s)(c) 1.5+£04 0.9 2.1 —
R. contr, c-br (cm/s) 1.4+05 0.9 2.2 —
L. relaxation, c-br (s) 1.3+05 0.8 2.0 1.8+0.3[20]
R. relaxation, c-br, (cm/s) 1.5+05 0.9 23 —
AvLcontr : AvLrelaxation, c-br 11:1.0(1.5:1.3) — — —
Ed-br (cm) 63209 5.1 7.9 6.9+ 1.4[20]
Lcontr, d-br (s) 29+13 1.5 6.0 —
R. contr, d-br (cm/s) 26+07 1.5 3.8 —
Lrelaxation, c-br (s) 26+09 1.6 45 1.5+ 0.4 [20]
R. relaxation, d-br (cm/s) 26+07 1.4 35 —
AvLcontr : AvLrelaxation, d-br 11:1.0(2.9:26) — — —
Note: Av — average; Br — breathing; c — calm; cm — centimeter; Cntr — contraction; d — deep; E — excursion; Exh — exhalation; Inh — inhalation;

L — length; Max — maximum; Min — minimum; mm — millimeter; R — rate; s — second; T — thickness; TF — thickening fraction.
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Tables 1 and 2 outcomes broadly support literature
data [17-20]. The spirometric study results are presented
in Table 3.

The average outcomes of the spirometric assessment
of external respiration presented in Table 3 were within
healthy people’s acceptable limits [21, 22].

Obtained spirometric, sonographic, and anthropomet-
ric indications were analyzed for correlations (Table 4).
The possibility of regression analysis use was also assessed.

According to the data in Table 4, correlation links be-
tween spirometric and sonographic parameters were not sta-
tistically significant. Only a weak direct relation between a deep
breath and the diaphragm thickness at the height of inhalation
on the left was observed as statistically significant, as well
as the negative relation between a deep breath and the dia-
phragm thickening fraction on the left.

A statistically significant correlation between gender
and sonographic indicators of the diaphragm function was

observed in assessing the following pairs: gender and the di-
aphragm thickness on the right at the end of the deepest inha-
lation and exhalation (rs = 0.33, p = 0.01, s = 0.39, p = 0.008
accordingly); gender and the diaphragm thickness on the left
at the end of calm inhalation and exhalation (rs = 0.39,
p =0.005, 7s = 0.31, p = 0.02 accordingly); gender and the di-
aphragm thickness on the left at the end of the deepest exha-
lation (7s = 0.36, p = 0.01); gender and the diaphragm con-
traction length on the right during calm breathing (rs = 0.31,
p =0.02); gender and maximal amplitude of the diaphragm
movement on the right during deep breathing (rs = 0.28,
p = 0.04); gender and maximal amplitude of the diaphragm
movement on the left during calm breathing (rs=10.7,
p =0.02); gender and the thickening fraction for a left hemi-
sphere during calm breathing (rs = 0.29, p = 0.03).

Interrelation between age and the diaphragm sono-
graphic parameters wasn’t revealed in any of the studied
features.

Table 3. Spirometry functioning indicators of the external breathing apparatus in the CPAP mode (n = 50)

Value Av Min Max Literature data
(M= SD)

TV ¢-Br (ml) 572 +118 385 780 300-900 [21, 22]
Linh ¢-Br (s) 15+0.1 1.0 17 1.0-2.0 [23]
Lexh C-Br (s) 3.0£09 1.0 5.3 —
Linh : Lexn (c-Br) 1:2(1.5+0.1:3.0£0.9) — — 1:2[23, 24]
TV d-Br (ml) 3829 + 526 3100 5600 3500-5000 [21, 22]
Linh d-Br (s) 16+05 03 3.7 —
Lexn d-Br (s) 40+18 15 8.0 —
Linh : Lexh , d-Br 1:2.5(1.6:4.0) — — —
P 0.1 (cm H20) -2.6+0.7 =11 -4.0 -2 ...-4[23,25]
NIF (cm H20) -53.23+34 -48.1 -60.0 Is not defined for NIV.

variable in research [26]

Note: Av— average; Br— breathing; ¢ — calm; d — deep; Exh — exhalation; Inh —inhalation; L — length; Max — maximum; Min — minimum;

ml — milliliter; s — second; TV — tidal volume.

n=10)

Table 4. Results of the correlation analysis of the spirometry and sonography parameters (on the right n = 50, on the left

Compared indicators

Spearman's correlation index(rs)

Significance level (p)

Calm inhale and exhale

TV and T on the right (c-inh) -0.06 0.64
TV and T on the right (c-exh) 0.014 0.91
TV and T on the left (c-inh) 0.15 0.26

95

| ANNALS OF CRITICAL CARE | 2023 | 2

BECTHUK MHTEHCUBHOW TEPAMTUWN VIMEHI A.V1. CANTAHOBA



| 2

| ANNALS OF CRITICAL CARE | 2023

BECTHUK MHTEHCMBHOW TEPAITMW MMEHIN AN, CAITAHOBA

BASIC RESEARCH IN INTENSIVE CARE

Table 4 of end

Compared indicators Spearman's correlation index(rs) Significance level (p)
TV and T on the left (c-exh) 0.17 0.21
TV and TF on the right (c-inh) -0.17 0.22
TV and TF on the left (c-inh) 0.06 0.66
Calm breathe
TV and E on the right (c-br) -0.01 0.92
TV and L. entr on the right (c-br) 0.17 0.22
TV and R. entr. on the right (c-br) 0.13 0.34
TV and L. relaxation on the right (c-br) -0.02 0.8
TV and R. relaxation on the right (c-br) 0.14 0.3
TV and E on the left (c-br) 0.6 0.06
TV and L. entr. on the left (c-br) 0.14 0.69
TV and R. entr. on the left (c-br) 0.08 0.81
TV and L. relaxation on the left (c-br) 0.32 0.35
TV and R. relaxation on the left (c-br) 0.16 0.64
L. Inh. and L. Cntr. on the right (c-br) 0.15 0.29
L. Inh. and L. Cntr. on the left (c-br) 0.43 0.21
L. Exh. and L. relaxation on the right (c-br) 0.07 0.58
L. Exh. and L. relaxation on the left (c-br) -0.14 0.68
The deepest inhale
TVd and T on the right (d-inh) -0.02 0.87
TVd and T on the right (d-exh) 0.02 0.85
TVd and T on the left (d-inh) 0.01 0.91
TVd and T on the left (d-exh) 0.3 0.03*
TVd and TF on the right (d-inh) -0.03 0.82
TVd and TF on the left (d-inh) -0.3 0.03*
Deep breathe
TVd and E on the right (d-br) -0.03 0.83
TVro and L. Cntr. on the right (d-br) -0.25 0.07
TVd and R. Cntr. on the right (d-br) 0.08 0.54
TVd and L. relaxation on the right (d-br) -0.13 0.34
TVd and R. relaxation on the right (d-br) 0.04 0.74
TVd and E on the left (d-br) 0.49 0.14
TVd and L. Cntr. on the left (d-br) 0.24 0.49
TVd and R. Cntr. on the left (d-br) 0.14 0.68
TVd and L. relaxation on the left (d-br) 0.46 0.17
TVd and R. relaxation on the left (d-br) 0.21 0.54

* Indications correlation of which attained statistical significance (p < 0.05).

Note: Br — breathing; ¢ — calm; Cntr — contraction; d — deep; E — excursion; Exh — exhalation; Inh — inhalation; L — length; R — rate, relaxation,

right, left; T— thickness; TF — thickening fraction; TV — tidal volume.
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Among anthropometric indicators, a statistically signif-
icant relation was observed between body mass and the di-
aphragm thickness at the end of calm and maximal inha-
lation on the right (rs = 0.28, p = 0.04), relaxation length
of the diaphragm’s right hemisphere during deep breath-
ing (rs = -0.29, p = 0.03), the relaxation rate of the dia-
phragm’s right hemisphere during deep breathing (s = 0.28,
p =0.04), the diaphragm contraction length on the left
during deep breathing (rs = 0.66, p = 0.03).

Interrelation analysis of the body mass index revealed
a statistically significant relation with followed indicators:
the diaphragm right hemisphere thickness at the height
of calm inhalation and the end of calm exhalation (s = 0.31,
p =0.02, rs = 0.28; p = 0.04, accordingly), the relaxation
rate of diaphragm right hemisphere during calm breathe
(rs = 0.32, p = 0.02), the relaxation length of diaphragm
right hemisphere during deep breathing (rs=-0.43,
p =0.001), the relaxation rate of diaphragm right hemi-
sphere during deep breathing (rs = 0.39, p = 0.004), the con-
traction length of diaphragm left hemisphere during deep
breathing (7s = 0.67, p = 0.03).

As there were no statistically significant correlation
links between most of the compared parameters, regression
analysis wasn’t performed.

Discussion

The lack of statistically significant interrelations be-
tween tidal volumes and the diaphragm sonographic indi-
cations was quite unexpected. At the same time, correlation
among other indicators was highly variable and seldom
attained a high relation level. Other studies also did not
discover a strong correlation between diaphragm action
and spirometric indications. When such a correlation was
pointed out, its force only reached a weak or average level,
not a high one as expected [8, 17, 27].

Our study results did not reveal the interrelation be-
tween age and the sonographic indicators of diaphragm
function. Body mass and gender have the most statistically
significant but not high-level correlation link with the dia-
phragm sonographic indicators, which also agrees with oth-
er studies [2, 18]. Some authors noted that body mass possi-
bly affects the diaphragm action indicators less than muscle
mass. The diaphragm thickness may be greater in trained
people, especially if training is related to respiratory muscle
development [28]. It potentially explains the greater men’s
muscle mass influence on the diaphragm’s sonographic indi-
cators [29]. The same «noise» may likely be found in physi-
cally active women with well-defined muscles.

Our study results draw attention to several points. First,
to inconsistency and to statistically insignificant relations.
If such relations were present, we discovered a low cor-
relation between sonographic indicators of the diaphragm
(length contraction/relaxation indicators and respiratory

cycle) and functional lung volumes. Evidently, there should
be no direct association between diaphragm contraction
and the amount of air entering the lungs. Instead, they must
be considered sequential. The diaphragm contracts prior
to the air entering the lungs. At that point, negative pressure
forms in a pleural cavity. The same happens with diaphragm
relaxation and following air exhalation from the lungs.

These considerations would explain the fact of incon-
sistency between spirometric and sonographic inspiration
and expiration ratio time. The spirometric ratio was approx-
imately 1 : 2, which accords with literature data [10, 23],
whereas the sonographic ratio was closer to 1 : 1. Therefore,
the spirometer use helps to state the time required to fill
the lungs with air — the inspiration time — but not the dia-
phragm contraction time. Therefore, the spirometry and ul-
trasonography study helps to monitor different processes
at different times. The precise moment when the air starts
to fill the lungs after the diaphragm contraction can be
explored in a more detailed physiological study.

In our opinion, the absence of the intuitively expected
highest correlation between tidal volumes and diaphragm
excursion is no less important. Without finding such a cor-
relation we, just like other authors [17], have determined
the possible reasons. First, auxiliary muscles; second, differ-
ent types of breathing (abdominal and thoracic). Some other
factors — tidal volume and diaphragm changes mismatch,
for example, can be explained by the diaphragm’s specific
geometry and its attachment at a particular point which
makes it difficult for ultrasonography [28, 30].

An analysis of the literature data also revealed dif-
ferent and even opposite results: from the positive cor-
relation with tidal volumes [18] to the absence of it [17].
Ultrasonography diaphragm features of gender dispari-
ties also differ: some indicate significant gender and dia-
phragm ultrasound parameters correlation [6, 14, 16, 18],
some presume that correlation depends on other param-
eters [28] and do not find the difference between female
and male diaphragm ultrasound indicators. Ambiguous
correlations are also found between the diaphragm thick-
ness and the maximal inspiration pressure [31], functional
residual lung capacity [17] and total lung capacity.

The dissent of the diaphragm ultrasound studies literary
results in healthy people can be explained as the following:
its operator dependency [2, 8, 17] despite good reproduc-
ibility of the results [20]; the impact of the subjects’ anthro-
pometric features; methodological aspects of the study, such
as body position and ultrasound probe setting; dimensions,
group diversity, etc. [18, 27, 28].

In studies of patients with different pathologies, such
as chronic obstructive pulmonary disease or bronchial
asthma, for example, the correlation was revealed be-
tween a one-way decline of the external respiratory func-
tion during calm and deep breathing and the diaphragm’s ul-
trasound parameters, i.e, a one-way decline of tidal volume
and diaphragm excursion [2, 27, 32], including unilateral
diaphragm lesion [32, 34, 35].
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Looking at the abovementioned inconsistencies found
in both our own research and other literature, we can assume
the following: the diaphragm is a nonlinear muscular struc-
ture. It’s a dome-shaped fibromuscular organ, i.e. studies
of the thickness of the diaphragm’s muscular part at differ-
ent points of the respiratory cycle do not consider its ana-
tomical heterogeneity. This may explain weak correlations
between the contraction of the diaphragm’s muscular part
and the amount of air entering the lungs. During contraction,
the muscular part shifts the fibrotic part, which generates
the required rarefaction in the pleural cavity. The abovemen-
tioned process explains the preservation of external respira-
tory function with a unilateral diaphragm lesion and the as-
sessment of the accepted parameters in each study: thickness
and excursion.

However, the weak correlation among studied indicators
does not mean that the ultrasonography of the diaphragm
should be the only method to assess the condition of external
respiration. The comprehensive assessment rather requires
using both methods, keeping in mind that the diaphragm
is not the only muscle providing external respiration but also
a muscle functioning in different ways depending on its con-
figuration and the type of breathing [30].

The ultrasonography of the diaphragm can be successful-
ly applied in clinical practice to assess its dynamic function
in a course of a disease and concomitant spirometric chang-
es [32, 32], which is especially important in case of unilateral
diaphragm lesion [2, 32].

Such ultrasound indicators as diaphragm length and con-
traction/relaxation may be important diagnostic, prognos-
tic, and monitored indicators for intensive care unit patients
in the context of timely initiation of respiratory support
and choice of its settings with a focus on the diaphragm’s
optimal load and unload ratio. Such conclusions [28, 37]
are based on the well-known advantages of the sonogra-
phy: affordability at the patient’s bedside, non-invasiveness
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and ease of use, the possibility of assessment of the dia-
phragm’s dysfunction and its contribution to respiratory
failure development, and IMV weaning prediction. Much
of the above, however, requires further research.

Conclusion

According to this study we can conclude the following:

1. The ultrasound structural-functional indicators
of the diaphragm do not correlate or correlate badly
with spirometric indicators, i. e. tidal volumes.

2. There is no reason to use diaphragm ultrasonography
in healthy people since it does not provide further
information about the external respiratory system.

3. 'Theinconsistencies between diaphragm sonograph-
ic indicators and spirometric data are determined
by many reasons such as methodological features
of the research, and, apparently, the unknown con-
tribution of the auxiliary muscles, and the types
of breathing.
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