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Pe3rome

Ilesb ucciief0BaHUA: OIIEHUTD BIMSIHUE MaHeBpa IPOH-M03UIIUU Y 60s1bHBIX ¢ COVID-19 Ha cocTosinue
reMOAVHAMUKU.

MarepuaJsl 1 MeTobI. VicciieqoBaHue BBIIOJHUIN Y 84 TaliueHToB 000€ero noJja ¢ BHEOOJIbHUYHOMH I10-
JINCerMeHTapHO! BUPYCHO-OaKkTepuaabHON MHeBMOHUEN Ha poHe COVID-19, KOTOPBIX pasiesnyv Ha
IPYIIIBI IO BUAY PeCIMpPaTOpHOl ogaepskKy. MccieqoBaHUsA OCYIeCTBIISIN KOMILJIEKCOM allllapaTHO-IIPO-
rPaMMHOTO HEMHBA3WBHOT'O MCCJIEOBAHUS IEHTPAIbHON reMOJJUHAMUKH METOI0M 00'bEMHON KOMITpEC-
CHUOHHOW OCIIUJIJIOMETPUH.

Pe3ynbraThl. YCTAaHOBUJ/IY, YTO IIPU BBINIOJTHEHUYU MaHeBpa IPOH-IIO3UIUN Y O0JIbHBIX C TSIPKEJIbIM Tede-
HueM COVID-19, HaXoZAIIUXCs Ha KUCIOPOIHON MOAIepsKKe, CHUYKAINCE: CKOPOCTD ITyJIbCOBOTO apTepu-
aJIBHOrO aBJieHus ¢ 281 [242,0; 314,0] mo 252 [209; 304] MM pT. cT./c ipu p=0,005; 06 beMHas CKOPOCTH BbI-
O6poca c 251 [200; 294] mo 226 [186; 260] mui/c npu p=0,03; oTHOIIEHUE YAEJbHOr0 Iepudepuyeckoro
COIIPOTHUBJIEHUSI COCYIOB (pakTrueckoe /pabouee c 0,549 [0,400; 0,700] mo 0,450 [0,300; 0,600] mpu p=0,002;
Bo3pacTraJjia IoAaTIuBOCTh COCYIUCTOM cTeHkH ¢ 1,37 [1,28; 1,67] mo 1,45(1,10; 1,60] MJ/MM PT. CT. IpU
p=0,009. IIpoHupoBaHue NaneHTOB, HAXOJUBIINXCS HA HeMHBAa3UBHOU VBJI, compoB0YKJa/10Ch MTOBBIIIIE-
HUEM CKOPOCTHU JIMHEHHOro KpoBoToKa ¢ 40,0 [34,0; 42,0] o 42,5 [42,5; 47,25] cMm/c ipu p=0,04, c ogHOBpE-
MEHHBIM CHUKEHUeM MOJaTINBOCTU COCYIUCTOM cTeHKH ¢ 1,4[1,24; 1,50] no 1,32 [1,14; 1,49] MJs1/MM PT. CT.
npu p=0,03. MaHeBp IPOH-NIO3ULMs Y MAIIMEHTOB HAa MHBAa3UBHOI VBJI He MPUBOIUJ K CTaTUCTUYECKU
3HAYMMbBIM U3MEHEHUSIM I'eMOTUHAMUKH.

3akarouenue. Hanbosbiiiee 41c/io u3MEHEHU reMOJJUHAMHUKY TP BHITIOJTHEHUY MaHeBpPa IPOH-TI03U-
LY BBISIBUJIN Y TAIIMEHTOB, HAaXOSIINXCSI Ha peCIUPaTOPHOU NOepsKKe KUCI0PO0M, a HAaUMeHbIIlee —
[IpY NHBA3UBHOU NCKYCCTBEHHOU BEHTUJ/ISILINY JIETKUX.

Knarouesvte crosa: npon-nosuvyusy; COVID-19; zemodunamura; Heunea3uenast UBJI; HBJI
KoHdunKT HHTEpecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(MJINKTA NHTEPECOB.

Summary

Aim of the study. To examine the effect of prone positioning on hemodynamics in patients with COVID-19.

Materials and methods. The study enrolled 84 patients of both sexes with community-acquired multiseg-
mental viral and bacterial pneumonia associated with COVID-19, who were divided into groups according to
the type of respiratory support. The tests were performed using the integrated hardware and software system
for noninvasive central hemodynamic assessment by volumetric compression oscillometry.

Results. We found that the pulse blood pressure velocity decreased from 281 [242.0; 314.0] to 252 [209; 304]
mm Hg/s in patients with severe COVID-19 on oxygen support (p=0.005); volume ejection rate decreased from
251 [200; 294] to 226 [186; 260] ml/s (P=0.03); actual/estimated normalized vascular resistance ratio dropped
from 0.549 [0.400; 0.700] to 0.450 [0.300; 0.600] (P=0.002), while the arterial wall compliance increased from
1.37 [1.28; 1.67] to 1.45[1.10; 1.60] ml/mm Hg (P=0.009). Prone positioning of patients on noninvasive lung
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ventilation associated with a reduction of linear blood flow rate from 40.0 [34.0; 42.0] to 42.5 [42.5; 47.25] cm/s
(P=0.04) and arterial wall compliance from 1.4 [1.24; 1.50] to 1.32 [1.14; 1.49] ml/mm Hg (P=0.03). Prone posi-
tioning of patients on invasive lung ventilation did not result in significant hemodynamic changes.
Conclusion. The greatest hemodynamic changes during prone positioning were found in patients on oxy-
gen respiratory support, whereas the least significant alterations were seen in patients on invasive ventilatory

support.
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BBenenune

B macrosmuit MoMeHT Ha Tepputopuu Poc-
CHUM U IPyTUX CTPAH MIPOJOJIKAETCS dNUgeMude-
CKUHM Tpollecc, BBI3BAaHHBIH KOPOHABUPYCOM
SARS-CoV-2.

Hosslii kopoHasupyc SARS-CoV-2 npejcras-
JsieT coboit omHonenoueyHbi PHK-conepskaruii
BHUpPYC, OTHOCUTCA K ceMelicTBY Coronaviridae,
OTHOCHUTCA K inHNU Beta-CoV B. Bupyc oTHeceH Ko
II rpy1ie maToreHHOCTH, KaK ¥ HEKOTOPBIE Apyrue
MIpeJCTaBUTEU 9TOTO ceMelicTBa (Bupyc SARS-
CoV, MERS-CoV) [1-3].

Ha nauamno oktsa6pst 2020 r. Toabko B Poccuu
3aboJtesio y:xe 6osiee 1,1 MJIH YesIOBEK, 3aperu-
cTpupoBaso 6ojee 19000 jeTa/IbHBIX NCXOJ0B [4].

Covid-19 cnocobeH BbI3BIBATH OOIIUPHOE
IopaskeHue JeroyHol TKaH!, B HEKOTOPBIX KJIH-
HUYECKUX cUTyanusax 6osee 95%, 4To IPUBOAUT K
Pa3BUTHIO JbIXaTETbHON HETOCTATOYHOCTH. BOJIh-
1ast IJI0Iab BOBJIEYEHHON B MAaTOJOTNYEeCKUH
rporiecc 0OUIBHO BACKYISIPU30BAHHON JIETOYHON
TKaHU CIIOCOOCTBYET ITOBPESKAEHUIO 9HOTE U S.
dHI0TeMnaNbHasA TUChYHKINA CBsI3aHa C aTore-
HE30M CEPIEYHO-COCYIUCTHIX, TOUEUHBIX, METa00-
JIMYECKUX U MH(PEKIMOHHBIX OCJIO}KHEHN [5, 6].

Kpurndeckasi TUIIOKCUSA ABJISETCSA SKU3HEYT-
POYKAIOIIUM COCTOSIHUEM, IIPU KOTOPOM JJIs1 OIITU-
MU3aIuu nepgysun TkaHel BOBJIEKaIOTCA Pa3Ho-
obpasHble MeXaHU3MBbI, PeryIupylollne, B TOM
4Hciie, cepAedHbIi BEIOPOC, COCYUCTHIN TOHYC U
NIPOHULIAEMOCTb.

Bri10 06HApysKeHO, YTO MPU IOIaJaHuM B
KpoBOTOK BupPyC SARS-CoV-2, cBA3BIBAACH C
penenTopaMyd  aHTCMOTEH3WHIIPEBPALIAOIIETro
depmenTa 2 (AI1D2), BaUSAET HA COCTOSTHIE TEMO-
JUHAaMUKU Yepe3 peHUH-aHTMOTeH3UH-aJIbI0CTe-
POHOBYIO CUCTEMY, OTBEYAIOIIYIO 3a TOHYC COCYU-
crol creHku [7]. [Ipu TUNOKCUU BO3HUKAET
MHOyIUMpPOBaHHAs aHrMOTeH3UHOM II BasoKoH-
CTPUKLMSA JIETKUX, HAalIpaBJICHHAA HA ONITUMU3a-
IIUI0 COOTHOIIEHUs BeHTUJIAIMY U Iepdy3nuH, HO
OOJHOBPEMEHHO BbI3bIBaroniasd He6JIaFOHpI/IHTHbIe
reMogmHamMuueckue a(pgeKrTs [8].

Ha ¢oHe runoxkcuu oprannaM MHUITUUPYET
MeXaHMU3MbI, HEOOXOmUMbIe IJs aJalTalud K
TUIIOKCUYECKOMY cTpeccy [9, 10]. AKTUBanuA mem-
TUJ0B PEryJMpyeT TOHYC KPOBEHOCHBIX COCYJ 0B

Introduction

The SARS-CoV-2 coronavirus epidemic is cur-
rently underway in Russia and other countries.

The novel SARS-CoV-2 coronavirus is a single-
stranded RNA-containing virus belonging to the
family Coronaviridae and the Beta-CoV B lineage.
The virus is assigned to the pathogenicity group II
similarly to other family members (SARS-CoV virus,
MERS-CoV) [1-3].

As of the beginning of October 2020, more
than 1.1 million people in Russia alone were al-
ready ill with COVID-19, and more than 19,000
deaths have been registered [4].

Covid-19 is capable of causing extensive lung
tissue damage, in some case affecting more than
95% of the pulmonary area and resulting in the de-
velopment of respiratory failure. The large area of
heavily vascularized pulmonary tissue involved in
the pathological process promotes endothelial
damage. Endothelial dysfunction is associated with
the development of cardiovascular, renal, meta-
bolic, and infectious complications [5, 6].

Critical hypoxia is a life-threatening condition
where a variety of compensatory mechanisms are
triggered to improve tissue perfusion, including
cardiac output, vascular tone, and permeability.

SARS-CoV-2 virus has been found to affect he-
modynamics via renin-angiotensin-aldosterone
system, which regulates the vascular wall tone, by
binding to angiotensin-converting enzyme 2 (ACE2)
receptors when entering the bloodstream [7]. Under
hypoxia, angiotensin II-induced pulmonary vaso-
constriction occurs, aiming at optimizing the ven-
tilation-perfusion ratio, but simultaneously causing
adverse hemodynamic effects [8].

When hypoxia occurs, the body initiates
mechanisms necessary for adaptation to hypoxic
stress [9, 10]. Peptide activation regulates the sys-
temic and pulmonary vascular tone [9, 10]. Thus,
understanding the mechanisms of hypoxic pul-
monary vasoconstriction and maintenance of vas-
cular tone is crucial.

Finding ways to improve the tissue perfusion
is one of the vital challenges for intensive care. Re-
duction of the tissue blood flow below acceptable
values is accompanied by metabolic and bio-
chemical disorders, which lead to multiple organ
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MaJIoro M O60JIBIIIOTO Kpyra KpoBooOpareHus [9,
10]. TakuM ob6pasom, MOHUMAHUE MEXaHU3MOB
TUMOKCAYECKON BA30OKOHCTPUKIINU JIETKUX U TTO]T-
JepsKa’Hus COCYIUCTOrO TOHyCa, UMeeT IIepBOoCTe-
MIeHHOe 3HAaYeHue.

Permenne mpo06JieMbl HapyIIEeHNH 1Tepy3nn
TKaHel nMeeT KJII0UeBOe 3HaUeHUe JIJIsI MTHTEHCHUB-
HoU Tepanuu. CHUsKeHNe YPOBHSI TKAaHEBOT'O KPO-
BOTOKA HUKe JTOITyCTUMBbIX 3HAUE€HUI COIIPOBOSK-
JaeTcss MeTadO0JJMYeCKUMH U OMOXUMUYECKUMU
HapyuIeHUsAMH, KOTOpble IIPUBOAAT K PAa3BUTHIO
TTOJINOPTAaHHOM HEIOCTAaTOYHOCTH, a 6e3 aieKBar-
HOTO JIeYeHUA — K JieTaJlbHOMY ucxony [11].

B Hacrosiiee BpeMsi P JIeYEHUU TSXKEJIOU
IMHeBMOHUM y nanueHToB ¢ COVID-19 mupoxo
npuMeHsieTcs npoH-no3unus [12, 13]. CormacHo
BPEMEHHBbIM METOAUYECKUM PEKOMEHIAIUAM, ee
PEKOMEHIyeTCsI HCII0JIb30BaTh He MeHee 16 4acoB
B CyTKH [1]. MaHEBp MPOH-TIO3UIIAH CIIOCOOCTBYET
nepepacnpeneaeHUI0 KpOBEHATIOJTHEHU ST Pa3HBIX
OTIEJIOB JIETKUX M ONITUMHU3alM1 BEHTUJIAIUOH-
HO-TIep(PY3UOHHBIX COOTHOIIIEHUN.

BMmecte ¢ TeMm, ocTaeTrcsli HeIOCTAaTOYHO
W3y4YCHHBIM BJIMSIHHAE BBINIOJHEHUA MaHeBpa
NIPOH-NIO3UIINY y TALIUEHTOB C PeCTPUKTUBHBIMU
MOpasKeHUAMH JIETKUX Ha COCTOSHUE JPYTUX YKU3-
HEHHO Ba’KHBIX CUCTEM, B TOM YHCJIe — CHUCTEM-
HyI0O TeMOIWHaMHuKy. TpeOyeT maJsibHeHIero
HCCJIeIOBAaHUS 3aBUCUMOCTh M3MEHEHUU MaKpo-
LUPKY/IALUA IIPU IIepEeBOJEe B IPOH-IIO3ULUIO OT
CTerleH! UHTEPBEHITUY PeCHUPATOPHOM MOJIEePIK-
KU ¥ HAJINYHUS COYTCTBYIOIIEN ITaToJIOTUH.

Ilenp ucciienoBaHUsI — OIIEHUTDH BJIUSTHUE
MaHeBpa MPOH-N03UNuHU y 607abHBIX ¢ COVID-19
Ha COCTOsSIHME TeMOJIMHAMUKU.

MarepuaJa u MeToabI

IIpocnieKTHBHOE HEPAaHIOMU3UPOBAHHOE UCCJIe-
JIOBaHUeE BBIMIOJHIIN Y 84 MalIeHTOB 000€ro IoJia ¢
BHEOOJIbHUYHOH MTOJIMCErMEeHTAPHON BUPYCHO-0aKTe-
puasnbHOM mHeBMOHMeH Ha pore COVID-19, B Bo3pacre
or 18 no 93 jietr. boJbHBIM HasdHaYaJ Il HEOOXOJIHUMOE
JledeHue, COIJIACHO aKTyaJbHOW BepCUU BpeMEeHHBIX
MeTOAUYEeCKUX peKOMeHJalluii MUHUCTePCTBa 31paBo-
oxpaHeHus PP «[IpodunakTuka, AUarHOCTUKA U JIede-
HUe HOBOM KopoHaBUpycHo# nHdexnuu COVID-19».
HccnenoBanue BBITOJTHAIN Ha 6ase «'Y3» Topopackas
kJINHUYecKass 6oabpHUNIA Nel T. UnThl. PaboTy mpoBo-
JHJIA B COOTBETCTBUU C PELICHUEM JIOKAJIbHOTO 9THYe-
ckoro komurera PI'bOY BO UuTnHCKasA rocygapCTBEH-
HasAg MegunuHCKasA akageMus M3P® nporokos Nel02
oT 15.05.2020 1 yTBEpKAEHHBIX JIOKAIbHBIX IIPOTOKO-
JIOB JIeY€HHU:A. [JMarH03 BBICTABJIAJIN B COOTBETCTBUH C
NPUHATHIMUA BPEMEHHBIMU METOJUYECKUMUA PEKOMEH-
JauusMy MUHHUCTepCTBa 3apaBooxpaHenus PO «[Ipo-
¢unakTuKa, IUATHOCTUKA U JieueHre HOBOY KOpOHa-
BupycHod nHdexnuu COVID-19». ¥V Bcex IalluieHTOB
BBIABJIAIN (POHOBYIO U COIYTCTBYIOIIYIO I1aTOJIOIUIO:
VBC, caxapHbIil 1rnabeT, aTMMeHTapHO-KOHCTUTYINO-
HaJbHOE OKHpEHHe. PeHTreHosorn4eckass KapTuHa
IopaskeHusl IIpU KOMIBIOTEPHOU ToMorpaduu — He

failure and, with no proper treatment, to a fatal
outcome [11].

Currently, prone positioning is widely used to
treat severe pneumonia in patients with Covid-19 [12,
13]. According to provisional Russian guidelines, its
use is recommended for atleast 16 hours aday [1]. In
addition, the prone positioning maneuver promotes
the redistribution of blood perfusion in various parts
of the lungs and optimizes of ventilation-perfusion
relations.

However, the impact of prone positioning of
patients with restrictive lung disorders on other
body systems, including systemic hemodynamics
remains poorly explored. The relationship between
circulatory changes in prone positioning and the
type of respiratory support and comorbidities re-
quire further investigation.

The aim of the study was to evaluate the effect
of prone positioning on hemodynamic parameters
in patients with COVID-19.

Materials and Methods

A prospective non-randomized study was per-
formed in 84 patients of both sexes, aged 18 to 93 years,
with community-acquired multisegmental viral and
bacterial pneumonia associated with COVID-19. The
patients were prescribed the standard treatment ac-
cording to the current version of the Provisional Guide-
lines of the Russian Ministry of Health on prevention,
diagnosis, and treatment of novel coronavirus infection
COVID-19. The study was performed in the City Clini-
cal Hospital No. 1 in Chita, Russian Federation. The in-
vestigation was carried out after approval by the local
ethical committee of Chita State Medical Academy
(protocol Ne 102 of 15.05.2020) according to the local
treatment protocols. The diagnosis was made under the
current Provisional Guidelines of the Russian Ministry
of Health on prevention, diagnosis and treatment of
novel coronavirus infection COVID-19. All patients had
comorbidities such as coronary heart disease (CHD),
diabetes mellitus, obesity. They were diagnosed with at
least 25% viral-induced involvement of lungs using
chest computed tomography. The non-inclusion crite-
ria included neoplastic diseases, severe immunodefi-
ciency, unstable hemodynamics, vasopressor infusions,
signs of hypovolemia.

Patients were divided into 3 groups depending on
the respiratory support they received (Table 1). Group 1
included 39 patients (20 men and 19 women). In this
group, oxygen support was administered through a face
mask or nasal cannulas with a flow rate of 7 liters per
minute and less.

The second group consisted of 25 patients (13 men
and 12 women), who received respiratory support using
Neumovent graphnet machine in noninvasive ventilation
or PSV/CPAP mode.

The measurements in the first two groups of pa-
tients were done in the supine positions, then the pa-
tients were offered to perform the prone positioning ma-
neuver on their own with minimal help from medical
staff (as arule, it was required only in overweight patients
or those with severe abdominal obesity). The measure-

ment time was about 3-5 minutes. After the patient as-
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||
Tabauia 1. XapakTepucTHKA MAIlUEHTOB.
Table 1. Patient characteristics.
Parameter Value in groups Pvalue
1, n=39 2, n=25 3, n=20
Median age, years 64.0 [51.0;70.0] 66.5 [62.7;70.5] 70.0 [65.0;76.0] p;=0.305
p=0.216
p5=0.066
Median BMI, kg/m? 29.922 [25.743; 31.684] 30.232 [26.240; 32.530] 26. 646 [24.848; 30.382] p;=0.578
p=0.077
ps=0.188
COPD 6 (15.4%) 4 (16.0%) 5 (25.0%) p;=0.774
p=0.708
p5=0.586
CHD 13 (33.4%) 12 (48.0%) 15 (75.0%) p;=0.362
p»=0.126
p5=0.006
Essential hypertension 20 (51.3%) 19 (76.0%) 15 (75.0%) p;=0.086
p=0.786
p5=0.140
Diabetes mellitus 5(12.8%) 7 (28.0%) 2 (10.0%) p;=0.234
p»=0.261
ps=0.914
Mortality 3 (7.7%) 12 (48.0%) 18 (90.0%) p;<0.001
p-=0.008
p3<0.001

Note. For tables 1-4 data presented as Me [25; 75]. p; — significance of differences between Groups 1 and 2; p,— significance of
differences between Groups 2 and 3; p; — significance of differences between Groups 1 and 3.

IIpumeuanue. Values — 3HaueHue; age, years — Bo3pact, jiet; BMI — IMT; COPD — XOBJI; CHD — UBC; essential hyperten-
sion — runeproHnveckas 60J1e3Hb; mortality — JieTasbHOCTb. p; — 3HAYUMOCTD PA3JINYU MeKy 1-i U 2-1 rpynmno; p, —
3HAYMMOCTD PA3JIMYUHA MeXKIY 2-1 U 3-1 TPYNIIOH; p; — 3HAYUMOCTD Pa3INYuil MeKAy 1-i U 3-1 Tpynnoi.

MeHee 25% JIerouHbIX 1oJiei. Kpurepum HeBKJIIOYe-
HUs B UCCJIeJOBAaHUe: HaJluule OHKOJIOTUYeCKUX 3a-
0oJIeBaHUN, TSIKEJIOr0 MMMYyHOMe(dUIHNTa, HeECcTa-
OUIBbHOU TEMOJIMHAMUKY, NH(PY3UU Ba30TPECCOPOB,
NPU3HAKU TUIIOBOJIEMUU.

ITanreHTOB pa3fe/uiIu Ha 3 TPyIIIbl B 3aBUCUMO-
CTH OT BH/JIa MOJy4YaeMON pecriupaToOpHOU MOIepsKKHA
(taba. 1). B mepByto rpymimy BRIIOYMIN 39 MarueHToB (20
MY>K4MH U 19 skeHITuH). B 9T0i rpyIiiie IpOBOAUIN KUC-
JIOPOIHYIO TIONJEPKKY Yepes JIULEBYI0 MacKy, MJIX HO-
COBBIE KaHIOJIH ITIOTOKOM He DoJiee 7 TUTPOB B MUHYTY.

Bropyroo rpymmy cocraBusm 25 manueHToB (13
MYSKYWH 1 12 )KeHIIYH), KOTOPBIM OCYIIeCTBJISIJIN pec-
NHUPATOPHYIO NOANEPIKKY C IOMOIIbI0 anmnapara Neu-
movent graphnet B peskume HewHBasuBHOW KBJI
(aMIBJI), 60 PSV/CPAP.

VamepeHnus nepBbIM ABYM IpyIlaM IanueHTaM
BBIIIOJIHAJIN Ha CIIMHe, 3aTeM IalieHTaM CaMOCTOsI-
TeJIbHO IIpejjlaraji COBEpPUIUTb MaHeBP IIPOH-II03U-
LMY C MUHUMAJIbHOM IIOMOIIBIO MEJUIIMHCKOTO I1epCo-
Hama (Kak IIpaBMJIO, OHa TpeboBasTach TOJIBKO
MMAIMeHTOM C U3OBITOYHON MaCCOH TeJIa, BBIPAYKEHHBIM
aboOMUHAJIBHBIM TUTIOM OKUpEHUs). Bpemss namepe-
HUS COCTaBJIAJIO OKOJIO 3-5 MUHYT. [locsie Toro kak na-
LHUEeHT IPUHUMAJ IPABUJIbHOE IT0JIOYKEHNE Ha YKUBOTe,
eMy IIPOBOJIUJIU BTOPOE U3MEepeHue.

Unc/IeHHOCTh AMeHTOB 3-1 IPyIIbI COCTaBUIA
20 yesioBek (14 mysk4uH, 6 skeHIIWH). [lanimeHTam aToi
TPYIIIBI OCYIIECTBJIANN NHBa3uBHYIO VIBJI ¢ moMoIsio
ammapara Neumovent graphnet B peskume VC, 6o PC.
V3MmepeHue nmapaMeTpoB reMOAUHAMUKHU IIPOBOJUIN
CHayaJ/la Ha CIUHe, 3aTeM C IIOMOIIbI0 MEeIUIIUHCKOTO
IepCcoHaJsIa IPOU3BOAU/IA MAHEBD IIPOH-IIO3UIIUH, BbI-
IOJIHSIJIA BTOPOe U3MepeHne B TeueHue 5-7 MUHYT. B
[IOJIOKeHUH NTAlleHTa Ha SKUBOTe UCII0/Ib30BAJIU IIOPO-

sumed the correct prone position, a second measure-
ment was taken.

Group 3 included 20 patients (14 men, 6 women).
The patients in this group underwent invasive lung venti-
lation using Neumovent graphnet machine in VC or PC
mode. Hemodynamic parameters were measured initially
while lying supine, then the prone positioning maneuver
was carried out with the help of medical staff, and the sec-
ond measurement was performed for 5-7 minutes. The
foam rollers were placed under the patient's shoulders,
head and pelvis in prone position. Prone positioning ma-
neuver in patients of this group was performed while the
patients were in deep sedation and neuromuscular block.

Hemodynamic studies were performed using the
integrated hard- and software system for noninvasive
central hemodynamic study by volumetric compression
oscillometry «KAP TsG Osm-Globus» (Russia). Hemody-
namic parameters were divided into 3 sets related to
blood pressure, cardiac performance, and vascular pa-
rameters. The first set included systolic (SBP), diastolic
(DBP), mean (SBP), oscillometric 'true’ systolic (OTSBP),
pulse (PBP) and stroke (StBP) blood pressure, pulse blood
pressure velocity (PBPV). The second set consisted of
heart rate, cardiac output (CO) and cardiac index (CI),
stroke volume (SV) and stroke index (SI), volume ejection
rate (VER) and energy expenditure (EE) per 1 liter of car-
diac output per minute. The third set was represented by
linear blood flow rate (LBFR) and pulse wave velocity
(PWV), vascular compliance (VC), total peripheral resist-
ance (TPR) and normalized peripheral resistance (NPR),
as well as NPR actual/NPR estimated ratio. All parame-
ters were obtained from the software and hardware read-
ings and calculated according to the instructions.

Statistical analysis was performed using the Stat-
Plus:mac (v7.0, AnalystSoft Inc, USA) software.
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JIOHOBBI€ BaJINKU, KOTOPBIE YKJAAbIBAIN MO], IJIE€YH,
TOJIOBY U Ta3. MaHeBp MPOH-TIO3UITUN Y OOJTBbHBIX 9TON
TPYIIIIBI BBIIOTHAIN Ha (DOHE MUOILJIETHN U ITTyOOKOH
ceJanuu.

HccnenoBanusa reMOOMHAMUKU OCYIECTBJISIN
KOMIIJIEKCOM aNIlapaTHO-IIPOIrPAaMMHOI0 HEMHBA3UB-
HOTO HCCJIeJOBAaHUs LeHTPAJbHONH reMOJUHAMUKU
MeTOoZ0M 00 beMHON KOMIIPECCHOHHOH OCIUJIIOMET-
pun «KAIT III" ocm-Timobyc» (Poccus). Makporemonu-
HaMH4YeCKHe IapaMeTphl pasfesauan Ha 3 6J0Ka: ap-
TepuaJibHOE JaBJieHue, cepAeyHasl NesATeJbHOCTb U
COCYAHCTHIe TTOKa3aTes u. K mepBomMy GJI0KY OTHeECIA
maHHble cucTtoJauveckoro (CAJl), nmacToJU4YeCKOro
(IAT), cpenuero (CpAl), 6okoBoro (BAJI), mysIbCOBOTO
(Alm) n ynapHoro (Allyn) apTepuajabHOTrO aBJIEeHUS,
CKOpPOCTh IYJIbCOBOTO apTepUaJbHOIO [aBJIEHUS
(CKA/Im). Bropo#l OJIOK COCTaBHJHM TIOKa3aresu
MmyJibCca, cepiedHoro Beibpoca (CB) u cepaeyHOro uH-
nexca (CH), ymapaoro oobema (YO) 1 yoqapHOTO HH-
nekca (YU), oobeMHas ckopocTh BeIOpoca (OCB) n
pacxon saHepruu (P3J) Ha 1 71 cepieyHOro BBIOpOCaA 3a
MuHYTY TpeTuii 6J10Ka MpeaCcTaBUIN CKOPOCTHIO JIH-
HellHOro KpoBoToka (CKJMH) M IyJbCOBOU BOJIHBI
(TIB), mogarnuBocThbIO cocyauctoil cucrembl (ITCC),
061MM neprdepruIecKruM COCYIUCTHIM COIPOTHUBIIE-
HueM (OIICC) u yaesbHBIM Ilepud epudecKuM COCyIU-
cTeIM contporussenueM (YIICC), YIICC dakrudeckoe
/YTICC pabouee. Bce mapameTpbl yKa3aaud B COOTBET-
CTBHH C IPOTPAMMHBIM U alllapaTHBIM obecliede-
HUEeM, PACCYUTBIBAIN COIVIACHO UHCTPYKIIUU.

CraTucTU4ecKUil aHa/Iu3 IIPOBOLUIIM C UCIIOJIb30-
BaHMEM ITIpOrpaMMHOTo obecniedeHus «AnalystSoft Inc.,
StatPlus:mac» (v7.0, AnalystSoft Inc, CIIIA).

ITonyueHHBble JaHHBIE He COOTBETCTBOBAJIU HOP-
MaJIbHOMY pacnpepgesieHnio. HopManabHOCTh IIpOBe-
psau ¢ nomompio Kputepues lllanupo-Yuika, Illa-
nupo—-Ppanyua, Augepcona—/lapaunara, Kpamepa—don
Mnuseca, Kapra—bepa. [lanee Beraucasim menuany, 25
U 75 KBapTUJIb UCCJIEyEeMbIX [IapaMeTPOB.

IIpu cpaBHeHUe MeIUAHHBIX 3HAYEHUU MEeXKAY
rpynmnamu no sospacty 1 UMT ucnosnb3oBaiu KpuTe-
pyrn MaHHa-YuTHU. Pasnuuma Meskay BeJnYrHAMU
CYUTAIU CTATUCTUYECKU 3HAYUMbIMU I1pU p<0,05.

J1s1 cpaBHEHHUST 9aCTOTHI 3a001€Ba€MOCTH MESK Ty
TpyIIIaMU UCII0Jb30BAJIU KpUTepul Xu-KBagpar C 110-
npaBKoi MeTca Ha HeMPepbIBHOCTD. PasIuums MeskIy
BeJIMYMHAMU CYUTAJIN CTAaTUCTUYECKU 3HAYUMBIMU IIpU
p<0,05.

IIpu cpaBHEHUU I'PYIIII CTATUCTUYECKU 3HAYUMOE
passmdme 3a00/1eBaeMOCTH UIIEeMIYeCKON 00Ie3HBIO
cepilia BBIABMJIM MeKny 1-#i m 3-i rpynnamu npu
p=0,006. ITpu oTOOpe MAIMEHTOB KJIIOYEBBIM KpHTE-
preM GBI BUJ PECIIPATOPHOH MOAIEPIKKY, a He HaJIHU-
Yie y HUX KaKHX-JI1u00 3aboJieBanmii. JIeTaTpHOCTH CTa-
TUCTUYECKU 3HAYMMO pas3/inydasach MeKny 2-U u 3-i
rpymnmnoi npu p,=0,008.

711 cpaBHUTEJIBHON OLIEHKU IIOKa3areJsei 1ep-
BOU 4acTU UCC/IeJOBAHUS (JaHHBIX 3a(DUKCUPOBAHHBIX
B IIOJIOKEHUU Ha CIIMHEe) U BTOPOH 4acTH (JaHHBIX 3a-
(pUKCUPOBAHHBIX B IPOH-II03UILIUY) IPUMEHSJIA Hella-
paMeTpuyecKre MEeTOABI [IJIsI IBYX 3aBHUCUMBIX BBIOO-
POK, CTaTUCTUYECKYIO0 3HAUYUMOCTb PACCUUTHIBAIU C
TIOMOIIIBI0 KpUTEpUs YUJIKOKCOHA. Pasiuunusa Mexxay
MeAuaHaMM BeJMYUHAMU CUYUTA]U CTaTUCTUYECKU
3HauyuMbIMU 11pu p<0,05.

The data obtained did not meet the normal distri-
bution criteria. Normality was checked using the
Shapiro-Wilk, Shapiro-Francia, Anderson-Darling,
Cramer—-von Mises, and Jarque—Bera criteria. Then the
median, 25", and 75" quartiles of the studied parameters
were calculated.

Mann-Whitney test was used to compare age and
BMI medians between groups. Differences between val-
ues were considered significant at P<0.05.

The chi-square test with Yates continuity correction
was used to compare incidence rates between the
groups. Differences between the values were considered
significant at P<0.05.

When comparing the groups, a significant differ-
ence in the incidence of coronary heart disease was
found between groups 1 and 3 (P=0.006). When selecting
patients, the key criterion was the type of respiratory sup-
port rather than specific diseases. Mortality differences
between groups 2 and 3 were significant (P,=0.008).

To compare the parameters of the first part of the
study (data recorded in supine position) and the second
part (data recorded in prone position), we used nonpara-
metric methods for two dependent samples, significance
was calculated using Wilcoxon test. Differences between
median values were considered significant at P<0.05.

Results and Discussion

When comparing the values in the set of blood
pressure parameters, we found that PBPV changed
in patients on oxygen support after the position
change. The median values decreased by 10.1%
(P=0.005) (table 2). The study found no other
changes in the first set of hemodynamic parame-
ters in patients on oxygen (P>0.05).

When assessing cardiac parameters after per-
forming prone positioning maneuver, we detected
adecrease in LV ejection rate in patients on oxygen
support. The decrease in median values was 9.96%
(P=0.03) (table 3). There were no other changes in
the parameters of this set.

In patients with severe COVID-19, the most
changes after prone positioning were found in the
vascular parameter set. Thus, median values of lin-
ear blood flow rate in patients on noninvasive ven-
tilation increased by 6.3% (P=0.045) (table 4). The
vascular compliance in the prone position changed
in the oxygen support group and noninvasive ven-
tilation group. In Group 1, median values increased
by 5.8% (P=0.009); in Group 2, median values de-
creased by 5.7% (P=0.028). The median values of the
NPRactual/NPRestimated ratio in Group 1 patients
decreased by 18.0% (P=0,002). There were no other
changes observed in the parameters of this set.

A person's spatial position is known to affect
various functions of his/her body directly or indi-
rectly [14-17]. Moving patients to the prone posi-
tion causes redistribution of blood and compensa-
tory response. This increases intrathoracic and
intraabdominal pressure, which inhibits venous re-
turn and apparently reduces the volume ejection
rate. Preload can also decrease in this situation due
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Kaunudyeckue HCCJJaeqOoBaHuA

TaGuna 2. I3MeHeHHe TOKa3aTeJield apTepHaJbHOTrO JaBJeHHA Ha (h)oHe MaHeBpa IIPOH-TO3HIIHH.
Table 2. Changes in blood pressure values after prone positioning.

Parameter Oxygen therapy Noninvasive ventilation Mechanical lung ventilation
supine prone supine prone supine prone
Systolic BB, mm Hg 126.000 127.500 131.000 128.000 113.000 120.000
[113.250; [113.000; [119.000;  [123.000; [95.000; [99.000;
134.500]  133.750] 137.000] 136.750] 128.500] 134.000]
p=0.667 p=0.855 p=0.873
Diastolic BB, mm Hg 70.000 74.000 82.500 77.000 71.000 71.000
[63.000; [63.000; [77.750; [68.750; [65.500; [63.000;
78.000] 80.000] 90.500] 90.000] 78.500] 79.500]
p=0.753 p=0.223 p=0.821
Oscillometric ‘true’ systolic BB mm Hg 111.000  112.000 118.000 116.000 103.000 99.000
[95.000;  [100.250; [107.750;  [108.750; [83.000; [82.000;
121.000]  120.250] 127.5] 122.250] 123.000] 121.000]
p=0.584 p=0.989 p=0.653
Mean BP mm Hg 88.000 85.000 94.000 91.000 83.000 83.000
[72.000; [80.250; [85.750; [80.750; [70.000; [72.000;
95.000] 92.500] 103.250] 100.250] 92.500] 96.000]
p=0.826 p=0.201 p=0.883
Pulse BP, mm Hg 52.000 52.000 46.000 47.000 37.000 41.000
[44.000; [40.750; [35.250; [41.750; [32.000; [29.500;
61.000] 57.750] 53.000] 56.000] 49.000] 52.000]
p=0.555 p=0.368 p=0.842
Pulse BP velocity, mm Hg/s 281.000  252.520 239.500 231.000 293.000 283.000
[242.000  [209.250; [214.000; [211.750; [257.500;  [233.500;
314.000]  304.000] 286.000]  286.500] 325.500] 336.500]
p=0.005 p=0.939 p=0.142
Stroke BB mm Hg 28.000 26.000 25.000 24.000 22.000 22.000
[26.000; [20.500; [21.000; [19.000; [18.000; [17.500;
32.000] 30.750] 28.250] 29.750] 25.000] 30.000]
p=0.294 p=0.689 p=0.434

Note. P— the significance of differences between values received before and after prone positioning.

IIpumeuanwue. [lyis1 Tabs1. 2—-4: oxygen therapy — uHcyJisanus Kucaopoza; noninvasive ventilation — HMIBJI; mechanical lung
ventilation — MIBJI; supine — Ha crinHe; prone — Ha skuBoTe; systolic BP— CAJl; diastolic BP — JIA/]; oscillometric ‘true’ — BA/;
Mean BP — CpA/Jl; pulse BP — Anrr; pulse BP velocity — CKA/lm; stroke BP — AJlya. p— cTaTucTudyeckasi 3Ha4UMOCTb Pa3HULbI

moKasareJjen mocie nepesoja manrueHTa B IPOH-ITO3UINI0.

Pe3ynbrarhl U 00Cy:K/I€HHE

[Ipu cpaBHeHUU I'pyIIIbI IOKa3aTesel apre-
pHUaJIbHOTO JaBJIE€HUSA OOHAPYKUJIIN, YTO Y MaIu-
€HTOB Ha KMCJOPOJHOU MO JePsKKe TOKa3aTe b
CKAJ/ln mocJje cMeHbl MOJIOYKEHHS OTJIMYaJICH.
MenuanHble 3HaUueHUA CHUYKaIUCh Ha 10,1% npu
p=0,005 (Tabs. 2). NHBIX N3MEHEHUN IEePBOTO
OJ10Ka TapaMeTpPOB reMOAMHAMUKY Y MTallieHTOB
Ha KUCJIOpOoAoTepanuu He BeIABUIA (p>0,05).

[Ipu oleHKe MMoKasaresiel cepievyHoln nes-
TEJIbHOCTHU MOCJIe BBINOJHEHUsI MaHEBpa MPOH-
TIO3UITVHY BBISIBJISLJIN CHUKEHHE 00'beMHOM CKOPO-
CTH CepJeyHoro BbIOpOca Y TMAIMEHTOB,
HaXOJIAIUXCS Ha KUCJIOPOAHOU nioaaepskke. CHU-
sKeHNe MeIWaHHbIX 3HAaYeHWH COCTaBJIsI0 9,96%
ripu p=0,03 (TabJ1. 3). UHLIX U3MEHEHUH TapaMeT-
POB ITaHHOTO OJIOKA HE OTMeYaJIHy.

[Ipu BeITTOJTHEHUH MaHeBPA MPOH-MMO3UIAN
0OJIbHBIM C Tsske abIM TedeHrneM COVID-19 60J1b-
111e BCETO M3MEHEHUH BBISBJISLIIA B OJIOKE COCYIH-
CTBIX ITOKa3aresel. Tak MequaHHbIe 3HaYeHUA CKO-
POCTH JIMHEHHOTO KPOBOTOKA Y MaliieHToB Ha HVIBJI
yBeJIMUMBAIUCh Ha 6,3% mpu p=0,045 (Tabs. 4).
[Tokasaresib IOJATINBOCTUA COCYJUCTOMN CUCTEMBI B
IIOJIOKEHNUU Ha SKUBOTE U3MEHSAJICS B IPYIIIIE KUC-

to reduced chest excursions and, therefore, the
work of the «thoracic pump» and blood inflow to
the heart. However, according to our data, due to a
short duration of such influence until the next
recording of hemodynamic parameters, the cardiac
output was practically not affected.

The phase-contrast cardiovascular magnetic
resonance (CMR) has shown that the the human
body’s lateral, supine, or prone position does not
affect the cardiac output [18]. We found that pulse
blood pressure velocity (PBPV) tends to decrease
on changing the position. This is probably due to
mechanisms similar to those implicated in the ef-
fect on VER.

During invasive cardiopulmonary load assess-
ment in patients with chronic pulmonary hyper-
tension and almost normal pulmonary artery pres-
sure (<30 mm Hg at rest), the cardiac output in
supine position was found to be considerably
higher than in upright position. This may be related
to the increase of stroke volume in supine position
caused by the increase of venous return [19]. In
Group 1 patients, altered NPRactual/NPRestimated
ratio was revealed in response to VER changes
which indicates correlation between precapillary
patency and cardiac output, providing an insight
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Ta6.1mua 3. A3MeHeHHeE ITIOKa3aTeJiei cep;xeln{oi/’l A€ATEJIbHOCTH I10CJ/I€ BBINIOJIHEHUA MaHEBPa IIPOH-IIO3UITHUH.

Table 3. Changes in cardiac parameters after prone posi

tioning.

Parameter Oxygen therapy Noninvasive ventilation Mechanical lung ventilation
supine prone supine prone supine prone
tCardiac output, I/min 6.000 6.150 6.150 5.950 5.400 5.300
[4.900; [5.100; [5.450; [5.550; [4.650; [4.650;
6.500] 6.675] 6.375] 6.325] 6.050] 6.150]
p=0.411 p=0.944 p=0.833
Cardiac index, 1/ (minxm?) 3.000 3.100 3.150 3.100 3.100 2.700
[2.900; [2.825; [2.800; [2.800; [2.200; [2.250;
3.200] 3.375] 3.425] 3.400] 3.300] 3.450]
p=0.440 p=0.925 p=0.781
Stroke volume, ml 78.000 75.500 73.500 74.000 51.000 49.000
[69.000;  [62.000; [66.500; [63.750; [43.500; [42.000;
95.000] 89.000] 84.750] 84.500] 78.500] 57.000]
p=0.088 p=0.670 p=0.185
Stroke index, ml/m? 43.000 40.500 40.000 38.000 28.000 24.000
[35.2; [34.250; [34.250; [32.750; [18.500; [19.000;
47] 44.000] 43.000] 43.500] 39.000] 31.000]
p=0.084 p=0.733 p=0.174
Volume ejection rate, ml/s 251.000  226.000 227.000  220.000 172.000 168.000
[200.000; [185.750; [200.750;  [199.250; [156.500;  [139.500;
294.000]  260.000] 269.000]  255.000] 230.500]  190.000]
p=0.030 p=0.607 p=0.482
Energy expenditure, Wt 11.500 11.250 12.550 12.200 11.000 111.000
[9.600; [10.600; [11.350; [10.775; [9.550; [9.450;
12.700] 12.350] 13.825] 13.325] 12.350] 12.550]
p=0.871 p=0.193 p=0.601

Note. P— the significance of differences between values received before and after prone positioning.
IIpumeuanue. Cardiac output — CB; cardiac index — CU; stroke volume — VO; stroke index — VI; volume ejection rate —

OCB; energy expenditure — PJ. p — crarucTuyeckasi 3SHaYNMO
MO3UIIHIO.

JiopoaHou nonnepsxku u HVIBJI. B 1-i1 rpynme menu-
aHHbIE 3HAYEHUA YBeInYnuBaJInCh Ha 5,8% p=0,009,
BO 2-l— yMeHbIIAINCh Ha 5,7% 1ipu p=0,028. Meu-
a"Hble 3HaueHus oTHouleHus YIICCd/VYIICCp y
nanyeHToB 1-U rpynnsl cHU3WAUCH Ha 18,0%.
p=0,002. MHBIX N3MEHEeHNH TapaMeTPOB JaHHOTO
0JIOKA HE OTMEeYaJIn.

[TonoskeHne yesioBeKa B IPOCTPAHCTBE IPSI-
MBIM WJIM KOCBEHHBIM 00pa3oM BJIHsSET HA pas-
JIM4YHbIe (PYHKIIUM ero opranuama [14-17].

[TepeBopn naryeHTOB B IPOH-TIO3UINIO BBI3BI-
BaeT Hepepacripejie/leHie KPOBU U PeaKINI0 KOM-
TEHCAaTOPHBIX MEXaHU3MOB. [Ipu aTOM BO3pacraer
BHYTPUTPYAHOE ¥ BHYTPUOPIONITHOE JaBJIEHUE, YTO
NIPensITCTBYeT BEHO3HOMY BO3BpaTy W, II0 BCced
BHUIMMOCTH, CHIPKA€eT 00'beMHYIO CKOPOCTH BBIOPO-
ca (OCB). Bo3M0yXKHO TaKsKe yMeHbIIIeHUe IIpeIHa-
TFPY3KH 3a CYET CHIYKEHUs] dKCKYpCUU T'PYAHON
KJETKA U, CJIeIOBaTeJbHO, Pa0OThI «TPYIHOU
IIOMIIBI» ¥ IPUTOKA KPOBHU K cepany. OnHaKo u3-3a
HEMPONOJDKUTEJbHOCTA TAKOr0 BJWUSHUA [0
MOMEHTa MOBTOPHOU PEerucTpanuud COCTOSHUS
reMOJIMHAMUKH, 3TO, 110 HAIIIAM JAaHHbBIM, IPAKTHU-
YeCKHU He OTpaskajioch Ha CepIeuHOM BBIOpoOcCe.

MeTo0M MarHUTHO-PE30HAHCHOT'O KOHTpa-
crupoBaHus (phase contrast cardiovascular mag-
netic resonance (CMR)) OBLIIO BBIABJIEHO, YTO
TIOJIO’KEHHIE TeJIa YeJJ0BeKa Ha JTI0O0M OOKY, CITHHE,
SKUBOTE, He MEHSIET CepIeYHbIi BbIOpoc [18]. MbI

CTb pa3HUIIbL ToKasareJei mocye rnepesoja nmanyeHTa B IPOH-

into the pattern of precapillary response to cardiac
output changes after prone positioning.

Changes in the vascular wall compliance in
both Group 1 and 2 patients were probably related
to the activity of the parasympathetic nervous sys-
tem and vasoconstrictor release. Body tilt, even at
45°-72° angle, affects the vascular wall. Arterial wall
stiffness increases when the body is more upright
[20]. Arterial stiffness and blood pressure were
found to increase with increasing degree of or-
thostasis [21].

Group 2 (noninvasive ventilation) patients
had by lesser lung lesions, less «rigid» parameters
of respiratory support compared with Group 3 pa-
tients and their respiratory function was partially
compensated by prone positioning. Incomplete re-
duction of «thoracic pump» work was suggested by
unchanged parameters of the first and second sets.

The reduction in the linear blood flow rate in
this group could be related to low vascular wall
compliance.

Most of the studied hemodynamic parameters
notably were recorded in patients on respiratory
support, although the patients on mechanical lung
ventilation invariably developed the acute respira-
tory distress syndrome [22, 23] and prone position-
ing was essential. Nevertheless, the cardiovascular
responses to prone positioning in patients with the
most severe respiratory failure were found to be

YCTaHOBUJIN, YTO CKOPOCTH IIYJILCOBOTO apTEpu-

minimal. This could probably be due to the Tigid’
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TaGunia 4. I3aMeHeHHe COCYIHCTBIX ITOKa3aTeJ el IIPH MaHeBpe NPOH-TO3UIHH.
Table 4. Changes in vascular parameters after prone positioning.

Parameter Oxygen therapy Noninvasive ventilation Mechanical lung ventilation
supine prone supine prone supine prone
Linear blood flow rate, cm/s 37.000 39.000 40.000 42.500 40.000 39.000
[35.000; [33.250; [34.000; [42.500; [35.000; [34.500;
40.000] 43.000] 42.000] 47.250] 43.000] 44.000]
p=0.255 p=0.045 p=0.49
Pulse wave velocity, cm/s 1007.000  987.500 956.000 887.500 863.000 838.000
[903.000; [903.500; [862.750;  [832.250; [720.500;  [682.000;
1105.000] 1088.750] 1013.250]  946.250] 935.500] 942.500]
p=0.587 p=0.466 p=0.532
Vascular compliance, ml/mm Hg 1.370 1.450 1.400 1.320 1.050 1.090
[1.280; [1.100; [1.240; [1.140; [0.955; [0.945;
1.670] 1.600] 1.500] 1.490] 1.295] 1.155]
p=0.009 p=0.028 p=0.231
Total peripheral resistance, dynxsxcm™ 1165.000 1144.500 1235.000 1180.000 1226.000  1241.000
[1103.000; [1038.250; [1193.750; [1074.000; [1125.000; [1119.000;
1235.000] 1294.250] 1321.000] 1267.500] 1417.000] 1407.500]
p=0.38 p=0.089 p=0.782
Normalized peripheral resistance (NPR), 28.000 27.500 31.000 28.000 29.000 28.000
conventional units [26.000; [24.000; [28.750; [25.000; [26.000; [27.000;
331.000] 31.750] 32.000] 31.500] 31.500] 34.000]
p=0.380 p=0.11 p=0.931
NPRactual/NPRestimated 0.549 0.450 0.379 0.353 -0.006 -0.023
[0.400; [0.300; [0.280; [0.263; [-0.297; [-0.271;
0.700] 0.600] 0.540] 0.577] 0.190] 0.084]
p=0.002 p=0.592 p=0.056

Note. P— the significance of differences between values received before and after prone positioning.

IIpumeuanwue. Linear blood flow rate — CKaun; pulse wave velocity — CIIB; vascular compliance — IICC; total peripheral re-
sistance — OIICC; normalized peripheral resistance (NPR), conventional units — VIICC, otH. ef.; NPRactual/NPRestimated —
YIICCh/YIICCp. p— cTarucTryeckasi 3HaYNMOCTh Pa3HUIIbI IOKa3aTeJiell ocJje IepeBo/ia MayeHTa B IPOH-TI03UIIHIO.

aJtbHOro gaByeHus (CKAJIm), uMeeT TeHIeHIUIO K
CHIKeHUIO. BeposTHO, 9TOMY CITOCOOCTBYIOT M€exa-
HHU3MbI, aHaJIoTUYHbIe BausgHnio Ha OCB.

Y TamnyMeHTOB C XPOHUYECKOW JIerOYHOM
rUnepTeH3ueu, TaBjaeHneM B JIETOUHON apTepuu
OM3KUM K HOpMaTBHOMY (<30 MM PT. CT. B TIOKOE)
IIpU U3MEPEHUHU CeplleyHO-JIeroYHOU Harpy3Ku
MHBA3MBHON METOIMKOU 3aMe4yeHOo, YTO B IIOKOE,
JIeKa Ha CIIMHE CepJievHbIN BHIOPOC OBIJ 3HAYHU-
TeJIbHO BBIIIIE, YeM B BEPTUKAIbHOM IOJI0KEHUH.
ITO MOSKET OBITH CBSI3AHO C YBEJTMIEHNEM YIapPHOTO
o0beMa B TIOJIOYKEHUH JIeKa Ha CIIMHE, BHI3BAaHHBIM
yBeJIMYeHNEeM BEHO3HOI0 Bo3Bpara [19]. Y nmauuen-
TOB 1 rpynmel B oTBeT Ha u3MeHeHUs1 OCB BbIABUIN
uaMmenenue coorHorenus YIICCh/VYIICCp, kak
[I0Ka3aTeJis CTelleH! COOTBETCTBUS IIPOXOJUMOCTH
MPEKANU/ISIPOB BEJIMYMHE CEPIIEYHOTO BHIOPOCA,
YTO ITO3BOJISATIO CYIUTH 00 0COOEHHOCTSIX OTBETHOM
peakiyy NpeKanusisipoB Ha U3MeHEeHUe ceplied-
HOTO BBIOpOCA IPY BHITIOJTHEHUH ITPOH-TIO3UIIHH.

N3aMeHeHuss mokasaressl IOJATIUBOCTU
cocynuctoii crenku (I1CC) y nanimeHToB Kak 1-H,
TaKk ¥ 2-¥ TPynnbl, BEPOSATHO, OBLJIO CBS3aHO C
AKTUBHOCTHIO TIapacUMIIAaTUYECKOU HEPBHOU
CHCTeMBbl, BbIJleJIeHUeM Ba30KOHCTPUKTOPOB.
HakJj10H TeJia faske o yIVIOM Ha 45-72° BIUAET
Ha COCTOsIHME COCYJUCTOU CTeHKHU. sKecTKOoCTh
CTEHKH apTepuil YBeJIUIUBAETCS IIpH OoJiee Bep-
THKaJIbHOM II0JIOsKeHHH Tesia [20]. OOHapyskeHO
TakyKe, YTO IIPU yBEJINUYEHUU CTelleHU OPTOCTa3a

mechanical ventilation parameters during prone
positioning, i. e., high baseline intrathoracic pres-
sure with the simultaneous PEEP.

Additionally, the invasive lung ventilation in
normovolemic patients in deep sedation and neu-
romuscular block allowed to avoid problems with
lung ventilation, large variations of intrathoracic
pressure and orthostatic effects.

Conclusion

Prone positioning in the patients with severe
COVID-19 on oxygen support resulted in a decrease
in pulse blood pressure velocity and volume ejec-
tion rate with a simultaneous increase in the vas-
cular wall compliance.

Prone positioning in the patients on noninva-
sive lung ventilation associated with increased lin-
ear blood flow rate and reduced vascular wall com-
pliance.

Prone positioning in the patients on invasive
ventilation was not accompanied by altered hemo-
dynamic parameters, as assessed by compression
oscillometry.

YBEJINUMBAJIACH SKECTKOCTh apTepuil ¢ OJHOBpe-
MEHHBIM YBeJIMYeHNEeM apTepPUaIbHOIO JaBJICHUA
OT UCXOTHOTrO [21].

[TanmenTs! 2-1 rpynns! (HMBJI) xapakTepu-
30BAJINCh MEHBIINMH, B CDAaBHEHUH C ITalJAEHTa-
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Clinical Studies

MU 3-i TpyHIbl, U3MEeHEeHUsIMHU JIeTOYHOH TKaHU,
MeHee «KEeCTKMMMW» IlapaMeTpaMy pecnuparop-
HOU IOAIEPsKKY, a TP MaHEBPe NIPOH-II03ULUU
(yHKIMSA nhIXaHWA Y HUX OblIa IPOTe3MpOBaHa
yactryHO. HemostHast peayKius paboThl «rpyIHON
IIOMIIbI» OTpa’kajlaCh OTCYTCTBUEM H3MeHEHUH
IepBOTO ¥ BTOPOTO OJI0OKA ITapaMeTPOB.

BrIsiBJIeHHOE B 9TOM IpyIile CHUKeHNEe CKO-
pOCTH TMHEWHOTO KPOBOTOKA MOIJIO OBITH CBSI3a-
HO C yMeHbIIIeHHeM IOJATIUBOCTUA COCYJUCTON
CTEHKH.

Heo0X0quM0O OTMETHUTH, YTO OOJIBIITMHCTBO
M3MeHeHNH uccaeJOBaHHbIX [IapaMeTPOB reMo-
JIUHAMUKU (PUKCUPOBAJIU y NAIMeHTOB Ha KU CJIO-
poAHOI MojaepsKKe, XOTA Y HallMeHTOB I10JIy4aB-
mux WBJI, HecomHeHHO, ¢opMUpPOBaAICA
OPAC-cungpowm [22, 23], a npuMeHeHHe TIPOH-
Mo3uIUM OBLIO KpaiiHe HeoOxomumo. Tem He
MeHee, peaKIus ceplledHO-COCYIUCTON CUCTEMBI
Ha MaHEeBpP MPOH-TO3UINHU Y DOJBHBIX C MaKCH-
MaJjIbHO TS3KeJION [bIXaTeJIbHOW HegoCcTaTou-
HOCTBIO OKa3aJjlach MUHMaJIbHOH. BeposTHO, 3TO
OBITIO CBSA3AHO C «YKECTKUMM» mapaMerpamu MBJI
IIPU BBIIIOJIHEHUY IIPOHUPOBAHUA, B YaCTHOCTH,
HCXOIHO BBICOKUM BHYTPUI'PYLHOM JaBJICHUYU Ha
¢one npumenenus [1JIKB.
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Kpowme Toro, ipoBeieHre nHBa3uBHOU MBJI
B YCJIOBHSIX NTYOOKOH CeaIiiy U pesTaKCUH, OTCYT-
CTBUSI TUTIOBOJIEMHUH MTO3BOJISAIO N30erarb Tpy-
HOCTEU C BEHTUJIAIMEN JIeTKUX, CyIeCTBEHHBIX
KoJe0aHU BHYTPUTPYAHOTO JaBJEHUs U OPTO-
craTu4eckux 3G eKToB.

3akJrouenue

BeinmosnHeHne MaHeBpa IPOH-NO3ULUAU Y
OO0JIBHBIX C TAXKEJBIM TeueHueM COVID-19, vaxo-
ISAIIUXCS HA KUCJIOPOIHOU MOAePsKKeE, TIPUBO-
JHUJIO K CHUKEHUIO CKOPOCTH IIyJIbCOBOTO apTe-
pUATBHOTO MaBJIEHUS U O0OBEMHOH CKOPOCTH
BbIOpOCa, C OMHOBPEMEHHBLIM BO3pacTaHUEM
MOJATINBOCTHU COCYJUCTON CTEHKU.

[IpoHuMpoBanue NaKWeHTOB, I10JIyYaBIINX
HernHBa3uBHYIO MIBJI, COpoBOXK1a/10Ch ITOBLIIIIE-
HHEM CKOPOCTH JITHEHHOTO KPOBOTOKA M CHUKE-
HHUEM IOIATIUBOCTU COCYAUCTOU CTEHKMU.

Hcnonp3oBanue MaHeBpa IIPOH-IIO3ULAN Y
OOJBbHBIX, KOTOPHIM IPOBOIUIA WHBA3WUBHYIO
VBJI, He cONIpOBOXKAAIOCH OTKJIOHEHUAMU I1apa-
MEeTpPOB TEMOJWHAMUKHU, OIEHEHHBIX MEeTOIOM
KOMIIPECCUOHHOM OCITUIJIOMETPHUH.
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