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Pe3rome

Iesas ucciaegoBaHys — U3YYUTh KIMHUYECKUE BADUAHTHI TUIIOKCUY Y nTanueHToB ¢ COVID-19 B 3aBu-
CHMOCTH OT BBIPQYKEHHOCTH OCTPOH NIbIXaTeIbHON HeI0CTaTOYHOCTH.

Marepuansl 1 MeToabL. O6cienoBanu 60 MamueHToB ¢ TKeabIM TedeHrneM COVID-19 1 KIMHUKOH OCT-
poii aepixaTebHOI HegocTaTouHocTy (O/JH), rocnuTaIn3upOBaHHbBIX B UH(EKIIMOHHbIE CTal[nOHaphl Hink-
"ero Hosropoga.

B nccaenoBanne BRIIIOUUIH MTAIIEHTOB, Y KOTOPBIX BBISIBJISIJIA CHIPKEHNE TPAHCKYTAaHHOU caTypanuu
MeHee 93% IIpU CIIOHTAHHOM JBIXaHUH, ¥ TPeOOBABIINX, COITIACHO BpeMeHHBIM KINHUYeCKIM PeKOMeH/a-
LHSIM 110 JieueHUIo nanueHToB ¢ COVID-19, KoppeKIuu AbIXaTeIbHbIX HapyIlleHni. Bcex manueHToB 1o xa-
pakTepy IbIxaTe/IbHBIX HAPYIIeHUN pa3aesuin Ha 2 Tpynibl 1o 30 4eJI0BeK B KasKI0MU: 1-51 rpyIina — namnu-
eHTBI 6e3 ka00 Ha 3aTpyaHEeHNEe AbIXaHUs U YaCTOTOM IBIXaHUsI 0 25 B MUHYTY; 2-51 TPyIIia — Mal[MeHThl,
C ’kajI00aMu Ha 3aTpyJHEHNE TbIXaHUs U YaCTOTOU AbIXaHUs OoJiee 25 B MUHYTY.

[MToMuMO 3HAYEHU TPAHCKYTAaHHOH caTyparyy, OIeHUBAIH 5KaI00bI HA HAPYIIIEHUS AbIXaHUsI, YACTOTY
npixanuit (Y1), Hanuuue, 1100 OTCYTCTBUE (DOPCUPOBAHHOTO AbIxaHus (P/]), 4aCcTOTy cepliedHbIX COKpa-
menuii (YCC), mapameTpbl KUCAO0THO-0cHOBHOTO (KOC) 1 ra30BOro cocTaBa apTepuasbHON U CMEIIAHHON
BEHO3HOU KPOBH, HATUYHE, JTUOO OTCYyTCTBHE CUMIITOMA «OEJIOT0 IATHA», KOHIIEHTPAIUIO JIAKTaTa KPOBH.
TsKECTDb MOBPEKIEHUS JIETKUX OTIPEAEJIsAIN 0 TaHHBIM KOMIIBIOTEPHOH ToMOrpad U, TSHKECTb COCTOSTHUS
oneHUBaJIH 110 mKkase NEWS. Takske yYUTHIBAIU BHIOpAHHBIE METOBI JI€YEHUS IbIXaTe/IbHbIX HAPyIIeHUH,
HeoOxonuMble 151 koppekiuu OJTH, 1 pe3yabTarTsl TOCIUTAIN3AINN.

PeayuibraTsl. B 1-1i rpyIine cpeqHIi Bo3pacT cocTaBull 66 (56; 67) JeT, a TSHKeCTb cocTosTHUsI — 8 (7; 10) 6asioB.
Y 60/1bHBIX 1-#1 rpynIibl OTMEYATN HE3HAYUTETHHYIO TAXUKAPIUIO U TAXUITHOI, TUIIEPIAKTaTEMUH U TTOJIOMKHU-
TeJIbHOTO CUMITTOMa 6eJIoro MATHA He Ob110. SpO, cocTaB/IAIo B cpenHeM 86 (83; 89)%. 3nauenus pH u pCO, B
BEHO3HOU KPOBU HAXOJUJINCH B pedhepeHCHBIX nHTepBasiax, BE — B cpenneM — 6 (4; 9) Mmouib /i1, pO, — 42 (41;
44) MM pT. cT., SO, — 67 (65; 70)%. B apTepuanbHoii KpoBu pO, COCTABJISAIO B cpegHeM — 73 (69; 75) MM PT. CT., SO,
—86(83;90)%, O, — 37 (35; 39) MM pT. cT. [IpoBeieHre OKCUTeHOTepaIiy IIOTOKOM 5-15 Ji*MUH! B IPOH-NO3ULIUHU
TI03BOJISLIO 106UTHCs1 Koppekiuy O/TH. Bee marueHTsI 9TOM IPYIIIbI ObIIN BBITMCAHBI U3 CTAIOHAPOB.

Bo 2-1i rpynme cpegHU BO3pacT cocTaBua 76 (70; 79) JeT, a TsKeCcTh cocTossHusa — 14 (12; 18) 6aswuios.
ASKUTANIO OTMETHUJIN Y 15 MaeHToB, OJ0KUTENbHBI CUMIITOM 0€eJIoro MsiTHA — Y 13, TOBbIIIEHUE CO-
JIep>kaHusA JakTaTa — y 18 maruenToB. Y/l B cpegHeM coctasuda 34 (30; 37) B MunyTty, HCC — 110 (103; 121)
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B MUHYyTY, SpO, — 76 (69; 83)%. B BeHo3HOI1 kpoBU pH B cpeguem cocrasJsii 7,21 (7,18; 7,27), pCO, — 69 (61;
77) MM pT. cT., BE — 5 (-7; 2) mmouts/ a1, pO, — 25 (22; 28) MM pT. cT., SO, — 47 (43; 55)%. B aprepuanbHoit
kpoBu pO, 66110 B cpemHeM 57 (50; 65) MM pT. cT., SO, — 74 (69; 80)%, pCO, — 67 (58; 74) MM PT. CT. Y maru-
€HTOB 2-1 TPYIIBI CTaHJapTHAsI OKCUT€HOTepaIusi B IPOH-TI03UIUY He obectieunia koppekiun O/1H, u ro-
TpeboBasach BEICOKOIIOTOYHASI OKCUTeHOTepanyis, HenHBasuBHass CPAP-tepanms (continues positive airway
pressure) ¢ ucnosjb3oBanueM 50-90% (pakuum KUCI0poJa NI HEMHBAa3UBHAS BEHTUIIALNSA JIETKUX B pe-
skume CPAP+PS (continues positive airway pressure + pressure support). B 14 ciy4gasx morpeboBasics TepeBoy,
Ha MHBA3WBHYIO BEHTUJIAINIO j1eTkuX (MBJI). B aToii rpynme 65110 10 JeTanbHBIX HCXO0B (33%).

3akarodeHue. Y mamnuenToB ¢ COVID-19 nesecoobpa3Ho BbIieIeHNE IBYX KIMHUYECKAX (DEHOTHIIOB
runokcud. IlepBelil BapuaHT xapakTepusayercsi cHuskeHueM SpO, ot 80 10 93%, OTCyTCTBHEM TaXUIIHOD U
CBHJIETEJICTBYET 00 YMEPEHHOH apTepraIbHON T'UITOKCEMUH 0€3 pa3BUTHSI TUITOKCUH TKAaHeH 1 arli103a.
Omna xapakTepHa JJis arueHToB 60Jiee MOJIOOr0 BO3PaCTa, aCCOIMUPOBAHA C MEHbBIIIEN CTENIeHBIO T0-
BpesKAEHUs JIETKUX U TAYKEeCThIO COCTOSIHMSA, YeM Yy ITallueHTOB ¢ BblpaskeHHoH O/1H. ['mnokcemus kop-
pUTHpyeTCcsA MPOH-TI03UNMEN U KICI0pooTepanrell n He Tpebyer nmepesoga Ha VIBJI. Bropoit BapuaHT
TUIOKCUU XapaKTepu3yeTcsl pa3BUTHEM 3HAUYUTEJIbHOUN apTepuaJbHOU I'HIIOKCEMUHU U TUIIEPKAIIHUY C
pasBUTHEM I'MIIOKCUY TKaHEW U anumo3a. [l ee KOppeKIuu TpedyeTcs MpuMeHeHe HeMHBa3uBHOMN
uau nHBasuBHOU MBJI.

Knarouesvte crosa: 2Uunokcemust, C2unepraniusi; auuaos; 2UNOKCUsL MEKEaHell
KOH(i).JII/IKT HHTEPECOB. ABTOpLI 3asIBJIAIOT 00 OTCYyTCTBUU KOH(bJII/IKTa HWHTEPECOB.

Summary

The aim of the study was to examine the clinical phenotypes of hypoxia in patients with COVID-19 in re-
lation to the severity of acute respiratory failure (ARF).

Material and methods. Sixty patients with severe COVID-19 and manifestations of acute respiratory failure
admitted to the infectious disease hospitals of Nizhny Novgorod were enrolled in the study.

The study included patients with transcutaneous saturation (SpO,) below 93% on spontaneous breathing,
who required correction of respiratory alterations according to the Interim Clinical Guidelines for the Treat-
ment of Patients with COVID-19. All patients were divided into 2 groups of 30 patients each according to the
nature of respiratory impairment. Group 1 included patients without breathing difficulties who had respiratory
rate up to 25 per minute. Group 2 patients had breathing difficulties and respiratory rate over 25 per minute.

In addition to SpO,, severity of respiratory difficulties, respiratory rate (RR), forced breathing (FB), heart
rate (HR), acid-base balance (ABB) and arterial and venous blood gases, capillary refill time, blood lactate level
were assessed. The severity of lung involvement was determined using chest computed tomography, and sever-
ity of disease was assessed using the NEWS score. Respiratory treatment required for ARF correction and the
outcome of hospitalization were also considered.

Results. In group 1, the mean age was 66 (56; 67) years and the disease severity was 8 (7; 10) points. Group 1 pa-
tients had minor tachycardia and tachypnoea, there were no lactate elevation or prolonged capillary refill time. Mean
SpO, was as low as 86 (83; 89)%. Venous blood pH and pCO, values were within normal reference intervals, mean BE
was 6 (4; 9) mmol/l, pO, was 42 (41; 44) mm Hg, and SO, was 67 (65; 70)%. Mean arterial blood pO, was 73 (69; 75)
mm Hg, SO, was 86 (83; 90)%, and O, was 37 (35; 39) mm Hg. Oxygen therapy with the flow rate of 5-15 I/min in
prone position helped correct ARE All patients of this group were discharged from hospital.

In group 2, the mean age was 76 (70;79) years and the disease severity was 14 (12; 18) points. Anxiety was
observed in 15 patients, prolonged capillary refill time was seen in 13 patients, and increased lactate level in
18 patients. Mean RR was 34 (30; 37) per minute, HR was 110 (103; 121) per minute, and SpO, was 76 (69; 83)%.
Mean venous blood pH was 7.21 (7.18; 7.27), pCO, was 69 (61; 77) mm Hg, BE was -5 (-7; 2) mmol/l, pO, was
25 (22;28) mm Hg, SO, was 47 (43; 55)%. Mean arterial blood pO, was 57 (50; 65) mm Hg, SO, was 74 (69; 80) %,
and pCO, was 67 (58; 74) mm Hg. In the group 2 patients, the standard oxygen therapy in prone position failed
to correct ARE and high flow oxygen therapy, noninvasive CPAP with FiO, of 50-90% or noninvasive CPAP+PS
were administered. Fourteen patients were started on invasive lung ventilation. There were 10 fatal outcomes
(33%) in this group.

Conclusion. Two clinical phenotypes of hypoxia in patients with COVID-19 can be distinguished. The first
pattern is characterized by reduced SpO, (80-93%), no tachypnoea (RR >25 per minute) and moderate arterial
hypoxemia without tissue hypoxia and acidosis («silent hypoxia»). It is typical for younger patients and asso-
ciates with less lung damage and disease severity than in patients with severe ARE Hypoxemia can be corrected
by prone position and oxygen therapy and does not require switching to mechanical ventilation. The second
pattern of hypoxia is characterized by significant arterial hypoxemia and hypercapnia with tissue hypoxia and
acidosis. Its correction requires the use of noninvasive or invasive mechanical ventilation.

Keywords: hypoxemia, hypercapnia; acidosis; tissue hypoxia
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BBenenue

Hogas koponaBupycHast nHpermust COVID-19,
OXBaTHBIIIasl BECh MU, CTajla HACTOSAIINM HUCIIbITa-
HUeM JJI CUCTeM 3JPaBOOXpaHEHMsA BCeX CTpaH,
BBI3BAB KOJIOCCAJIHHYIO Harpy3Ky Ha FOCIIUTAIN U
OT[IeJIeHUsI MHTEHCUBHOU Tepanui (1, 2].

OJIHVUM 13 CHHIPOMOB ITPU TSXKEJIOM TeYeHUN
COVID-19 aBJssieTca ocTpast abIxaTeJabHasi HeJ0-
crarouynocTts (OJIH), mo moBomy KOTOpO# Hare
BCEro IMPOUCXOIUT TOCIUTATN3AUA B CTAllIOHAP
Y OTJleJIEHUsTI MTHTEHCUBHOU Tepanui (2, 3].

[ToBpeskIeHUs AbIXaTeIbHOU CUCTEMBI IIPU
nHpuposanuu BupycoM SARS-CoV2 onuceiBa-
eTcsi, Kak aJbBeoJIAPHOE U MHTEPCTUIMATIbHOE
9KCCYyJaTUBHOE BOCIIaJeHue C ImpeobJsasaHremM
MHOUJIBTpaInu MakpodaraMu 1 MOHOIIUTaMH, a
TaKKe KaK odarosasl JleCKBaMallUsl 3MUTEJINUSA
JIbIXaTe/IbHBIX ITyTel, KPOBOUIJIUSAHNIE B JIET0Y-
HYIO TKaHb U IpoJudeparys MHEBMOIIUTOB 2-T0
Tuna (4, 5].

[Tomo6HBIE MOP(OJIOTUYECKIIE U3BMEHEHMUS B
JIETKUX IIPUBOIST K HAPYIIIEHUIO UX Ta3000MeHHOMN
(pyHKITIY 11 pa3BUTHIO TUTIOKCEMUH, KOTOpasi acco-
IIUUPYeTCs ¢ HeOJIaronpHUATHBIM IIPOrHO30M [6].

Y MHOTHX MAalIMEHTOB C TSKEJIBIM TEYEHUEM
COVID-19 pasBuBarTcs abIxaTeJbHbIE HAPYIIIe-
HHUSA C BO3MOKHBIM (DOPMHPOBAHMEM OCTPOTO
pecnimparopHoro gucrpecc-cuagpoma (OPIC) [5].

BmecrTe c TeM, 3HaYNUTeJIbHASA YaCTh HaIU-
€HTOB C OCTPOH [AbIXaTeJbHOW HEI0CTATOU-
HOCTHIO UMeeT KJIMHUYECKHE CUMIITOMBI JIbIXa-
TeJbHBIX HapPYIIEeHUH JIeTKON WU YyMepeHHOH
CTeIleH!, HO TT0Ka3aTeju TPaHCKYTaHHOU cary-
pamun (SpO,) mpu 9TOM CHUKAIOTCS HEOOBIYHO
3HaA4YUMO |[7, 8].

Takoit qUCCOHAHC MEKIY KITUHUYECKOU Kap-
tuaoit O/IH m cHmxenuem mokasaresss SpO,,
OIlpeiesisieMOro C IOMOIIBIO MYJIECOBOM OKCH-
MeTpPHUH, MOJYUYNUJ ONpeieleHre «TUX0H» TUIo-
kcum («silent» hypoxia) [9-11].

Bpaum peaHmMMaro/ioTM TPUBBLIKJIM, YTO Y
MaIleHTOB C THEBMOHMEN 3HaYUTe /IbHAs JecaTy-
pamysa CompoBOSKAAETCs Kajjo0aMu Ha 3aTpya-
HEHHOe JbIXaHVe 1 KINHUYEeCKUMU ITPOSBJICHUS -
MM B BHUJIE TAXUITHOI, (POPCUPOBAHHOTO BIXAHUS,
HapylLIeHUsAMM CoO3HaHwus (12, 13].

[Ipu COVID-19, naske B ciIy4asx CyI|eCTBEH-
HOW JiecaTyparyu, OrpeiessieMOd TPAHCKYTaHHO,
3TU CUMIITOMBI BCTPEYAIOTCA He Beeraa [14].

Nayuenne ocobennocreit OJJH u OPJIC ipu
COVID-19 n103B0/IA/IY BBIIE/IUTD 2 TUIIA PA3BUTUA
JbIXaTeJIbHBIX HapyHIEeHWH Yy 9TOM KaTeropuu
MIaIIeHTOB B 3aBUCUMOCTH OT CTEIIEH! 3JIaCTUY-
HOCTH JIeTKHUX [15].

O npupoje 3TOro HEIPUBBIYHOTO /IS KJIH-
HUIMCTOB COCTOAHUA UAET TUCKyccus (16, 17 ].

TraHeBas ecarypaliyisi MOSKeT OBITh BbI3Ba-
Ha apTepuagbHOM r'UIIOKCeMUeH, HapyllleHus MU

Introduction

The novel coronavirus infection COVID-19,
which has swept the world, is a real challenge for
the healthcare systems of all countries, causing an
enormous burden on hospitals and intensive care
units [1, 2].

One of the syndromes seen in severe COVID-
19 is acute respiratory failure (ARF), which most
commonly results in hospitalization to medical and
intensive care units [2, 3].

Respiratory damage in SARS-CoV2 infection is
characterized by alveolar and interstitial exudative
inflammation with predominant macrophage and
monocyte infiltration, as well as focal airway ep-
ithelial desquamation, pulmonary hemorrhage,
and type 2 pneumocyte proliferation [4, 5].

These histological changes in the lungs result
in impaired gas exchange and hypoxemia, which
associates with a poor prognosis [6].

Many patients with severe COVID-19 have res-
piratory disorders with possible development of
acute respiratory distress syndrome (ARDS) [5].

At the same time, a significant part of patients
with acute respiratory failure present with mild or
moderate respiratory impairment with unusually
severe decrease in transcutaneous oxygen satura-
tion (Sp0,) [7, 8].

Such discrepancy between the clinical presen-
tations of ARF and SpO, reduction measured by
pulse oximetry has been defined as «silent» or
«happy» hypoxia [9-11].

As intensive care physicians know, in patients
with pneumonia a significant desaturation occurs
which presents with labored breathing and clinical
signs such as tachypnea, forced breathing, and im-
paired consciousness [12, 13].

In COVID-19, even in significant desaturation
confirmed by transcutaneous pulse oximetry, these
signs and symptoms do not always occur [14].

The study of ARF and ARDS in COVID-19 al-
lowed to distinguish 2 types of respiratory impair-
ment in this category of patients, depending on
lung compliance [15].

The nature of this unusual condition for clini-
cians is under discussion [16, 17].

Tissue desaturation can be caused by arterial
hypoxemia, microcirculatory disorders, RBC and
hemoglobin damage [18].

Another viewpoint suggests that this phenom-
enon is also associated with peripheral vascular mi-
crothrombosis [19].

Meanwhile, microcirculatory disorders, arte-
rial hypoxemia and hypercapnia, as well as RBC
and hemoglobin damage undoubtedly result in tis-
sue hypoxia and acidosis development [20].

Understanding the nature of «silent hypoxia»
and its differences from severe ARF is essential for
choosing the proper treatment in patients with
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MUKPOLMPKYJIALNHA, IOBPEKICHUEM 9PUTPOLIU-
TOB U remMoryioouua [18].

ITOT (peHOMEH, C IPYTrol TOYKYU 3PEHUS, CBSI-
3aH TaKsKe C COCYIUCTBIM ITepudepruiecKuM MUK-
porpom6o3oMm [19].

BMmecTte ¢ TeM, ©”TOTOM MUKPOLUPKYIATOP-
HBIX HapylIeHu!, apTepruajbHOU r'NIOKCEMUN U
TANIepKaIlHUY, & TAK)Ke [IOBPEXKICHUS 9PUTPOLI-
TOB ¥ TeMOTJI001Ha, 0€3yCI0BHO, SABJISIETCS pas-
BUTHE TUIIOKCHUS TKAHM U aniao3a [20].

BaskHO TOHMMATH OTVIMYME TOHATHUSA «TUI0-
kcus» or O/TH, uro Heo6xoarMo A1 BbIOoOpa mpa-
BUJIBHBIX METONOB JIEYEeHUA Yy NAaUUEHTOB C
COVID-19 u cumnrtomamu OJIH — HauuHas C
IepeBofa B IPOH-IIO3UINIO0 ¥ OKCUTeHOTEpaNei,
CPAP 11 “”HBa3MBHOU UCKYCCTBEHHOU BeHTUJIAINN
Jerkux (MBJI) [15, 21-23].

Kpowme TOro, BO3HMKaIOT COMHEHHUS B LieJIe-
Cc000pa3HOCTU UCTIIOJTb30BAHUS MOKA3aTe sl TKa-
HEBOU caTypanuy Kak abCOJIIOTHOTO KPUTEPHS B
pelleHny BoIpoca 0 HayaJjie ”HBa3UBHOM BEHTHU-
JISIUY JIEeTKHUX [5, 24].

IToHnMaHMe TaHHOIO BOIIPOCA HAILJIO OTpa-
’KEHUEe B 9BOJIIOINY TTO/IX0/IOB K MHTYOAINM Tpa-
xeun y nanueHToB ¢ COVID-19 u O/1H B MupoBoii u
OTeYeCTBEHHOU MpPaKTukKe [25-27].

B cBA3HU € yKa3aHHBIM, UHTEpPEC K U3yYEHUIO
B3aUMOCBA3U BBIPAKEHHOCTU TI'MIIOKCEMUU U
TUMOKCHUU C pa3/INYHOU CTENeHbI0 KINHUYECKUX
nposiBiaeHnii cumnroMoB OJIH y mamueHTOB C
COVID-19 He sABJIsI€TCS TPA3AHBIM, 2 IMEET O0JTh-
II0€e IIPaKTU4YeCKoe 3Ha4eHue, IOCKOJIbKY II03BO-
Jis1eT IPUHATH BepHOe 1 CBOEBPEMEHHOE pellleHue
0 BeIOOpE MeToga koppekiuu OJTH. BmecTe ¢ TeMm,
BOIIPOCHI B3aUMOCBSI3M M3MEHEHUU KUCJIOTHO-
OCHOBHOI'O COCTOSTHHS U Ta30BOI'0 COCTaBa KPOBU
C BBIPAKEHHOCTBIO THMIOKCUU U KJIMHUYECKUX
cuMIiToMoB y tanreHToB ¢ COVID-19 He oOcyxe-
HBI JIOJIPKHBIM 00pa3oM.

Ilesp ncciienqoBaHnusa — U3YYUTh KJIMHUYE-
CKHe BapUaHThI T'AIIOKcHY y nanuesToB ¢ COVID-19
B 3aBUCHUMOCTHU OT BBIPAsKEHHOCTHU OCTPOU JIbIXa-
TeJIbHOU HEeJOCTAaTOYHOCTH.

MarepuaJ 1 MeTobI

[IpoBeJsin MHOTOLIEHTPOBOE IIPOCIEKTUBHOE UC-
cJlefloBaHue, B X0/le KOTOporo o0cJsenoBanu 60 namu-
€HTOB (27 MyXYUH U 33 MKEHIIUHBI) C TAMKEJIBIM Teue-
Huem COVID-19, conpoBOKAaBIIEHCA KJIMHUKOU
OJIH, rociuTa/IM3upOBaHHBIX B NH(EKIIMOHHBIE CTa-
IUOHapbhl YHUBEPCUTETCKOU KJAMHUKHA [TMMY
MunanpaBa Poccun, 'BY3 HO I'b Ne33 r. Husknero
Hosropopa. luarao3 COVID-19 u cTeneHb nmopaske-
HUA JIETKUX yCTaHABJIMBAJIU Ha OCHOBAHUM KpUTeE-
pueB, U3JIOKEHHBIX BO BpeMeHHbBIX KIIMHUYECKUX pe-
koMmeHganusax M3 PP [25]. Cpennuii Bo3pacT
nanueHToOB cocTtaBuJ 70 (58; 77) Jjer.

B uccnenoBanue BKJIIOYUIIN TIALIMEHTOB, ¥ KOTO-
PBIX IIPU CIOHTAHHOM JIbIXaHUU BBIABJIAJIN CHUKEHNE

TpaHCKyTaHHOU caryparuu MeHee 93%, 1 4T0o Tpebo-

COVID-19 and ARF including prone positioning,
oxygen therapy, CPAP, and invasive mechanical
ventilation [15, 21-23].

Besides, there are doubts about the appropri-
ateness of using tissue saturation values as an ab-
solute indication for initiating the invasive me-
chanical ventilation [5, 24].

This issue has influenced the evolution of ap-
proaches to tracheal intubation in patients with
COVID-19 and ARF worldwide [25-27].

In this regard, the interest in studying the re-
lationship between the severity of hypoxemia and
hypoxia and clinical manifestations of ARF in pa-
tients with COVID-19 allows making a proper and
timely decision on the choice of ARF correction
strategy. Moreover, the relationship between
changes in acid-base status and blood gases and
the severity of hypoxia and clinical manifestations
in patients with COVID-19 has not been adequately
discussed.

The aim of the study was to examine the clin-
ical phenotypes of hypoxia in patients with
COVID-19 in relation to the severity of acute respi-
ratory failure.

Materials and Methods

A multicenter prospective study with participation
of 60 patients (27 men and 33 women) with severe
COVID-19 associated with symptomatic ARF hospital-
ized in infectious disease hospitals of the University
Hospital of Privolzhsky Research Medical University of
the Ministry of Health of Russia and municipal hospital
No. 33 (Nizhny Novgorod) was conducted. The diagno-
sis of COVID-19 and the severity of lung lesions were es-
tablished based on the criteria specified in the Interim
Clinical Guidelines of the Ministry of Health of the Russ-
ian Federation [25]. The mean age of the patients was
70 (58; 77) years.

The study included patients with reduced SatO,
(<93%) on spontaneous breathing which required, accord-
ing to the Interim Clinical Guidelines for the Treatment of
Patients with COVID-19, correction of respiratory impair-
ment. The study did not include patients who had clinical
manifestations of sepsis, shock, multiple organ failure syn-
drome, or coma at the time of examination.

All patients on admission to ICU were divided into
2 groups according to the nature of respiratory impair-
ment. Group 1 included patients having no breathing dif-
ficulties and no clinical signs of forced breathing, with
respiratory rate (RR) under 25/min and transcutaneous
oxygen saturation <93%. Group 2 consisted of patients
complaining of breathing difficulties and having clinical
signs of forced breathing, with RR >25/min and transcu-
taneous oxygen saturation <93%. The severity of disease
at the time of study enrollment was assessed using the
NEWS scale. The severity of lung lesions (grading) was
based on chest computed tomography results (CT1 — up
to 25%, CT2 — up to 50%, CT3 —up to 75%, CT4 — more
than 75% of both lungs area involved). Characteristics of
patients in the groups are presented in Table 1.

The capillary refill time was also measured. Tran-
scutaneous oxygen saturation was determined using
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Tabmuna 1. KinHu4Yeckasi XapaKTepHCTHKA ITAIlHEHTOB.
Table 1. Clinical characteristics of patients.

Parameter Values in groups

Group 1 (n=30) Group 2 (n=30)

20

Age, years Me (Q1;Q3)

60 (56; 67) 7 (70; 79)!, P=0.04

Male sex, n ( ptop) 14 (47+0.09%)

13 (43+0.09%)

Female sex, n ( ptop) 16 (53+0.09%)

17 (57+0.09%)

Diabetes mellitus, 7 ( ptop) 14 (47+0.09%)

15 (50+0.09%)

Cardiovascular diseases, n ( pxcop) 28 (94+0.05%)

29 (97+0.03%)

Essential hypertension 28 (94+0.05%)

29 (97+0.05%)

Coronary heart disease 20 (67+0.09%)

20 (67+0.05%)

Chronic heart failure 12 (40+0.09%)

18 (60+0.09%)

Permanent atrial fibrillation 2 (7+0.05%) 3 (10+£0.05%)
Respiratory diseases, n (ptop) 8 (26+0.08%) 9 (30+0.08%)
Chronic obstructive pulmonary disease 7 (2310.08%) 8 (26+0.05%)
Asthma 1 (3+0.03%) 1 (3+0.03%)
Severity according to NEWS, points Me (Q1; Q3) 8 (7;10) 14 (12;18), P=0.01
Lung lesions area, CT grade Me (Q1; Q3) 2(2;2) 4 (3;4)!, P=0.01

Note. ' — significant intergroup differences.

IIpumeuanue. Age, years — Bo3pacrt, JieT; male/female — myskunnbl/skeHuHbl; diabetes mellitus — caxapubliit qfuaber; car-
diovascular diseases — 3aboJieBaHUA CEPLEYHO-COCYIUCTON CHUCTEMBI; essential hypertension — runepronudeckas 601e3HB;
coronary heart disease — uremunueckasi 6os1e3Hb cepina; chronic heart failure — xponunueckas cepyieuHast HeI0CTaTOYHOCTb;
permanent atrial fibrillation — nocrosinnas ¢opma ¢ubpunianuu npencepauit; respiratory diseases — 3aboJsieBaHus JbIxa-
TeJIbHOU crucTeMbl; chronic obstructive pulmonary disease — xpoHudeckast 00CTpyKTUBHas1 0JIe3Hb JIETKUX; asthma — OpoH-
XuajabHas acTMa; severity according to NEWS, points — TsixecTb cocTosiHusA 1o mkane NEWS, 6ansos; lung lesions area, CT
grade — 00'beM IIOpaskeHUs1 JIETKUX 110 JaHHBIM KT. ! —3HaYMMble pa3In4usi MesKIy TPYIIIaMH.

BaJIO, COIVIAaCHO BpeMeHHBIM KJIMHUYEeCKUM peKOMeH-
anusM 1o JiedeHuio manueHTos ¢ COVID-19, koppek-
MU AbIXaTeJbHbIX HapyllleHuil. B uccaemoBanue He
BKJIIOYAJIH TTAI[IEHTOB, KOTOPbIe Ha MOMEHT 00cJIeo-
BaHUA UMeJIU KIMHUKY CelICHUCa, III0KA, CUHIPOMA I10-
JIMOPTaHHOM HeJJ0CTaTOYHOCTH, KOMBI.

ITpu nocrynennu B OPUT Bcex nanueHToB 110 Xa-
pakTepy JbIxaTe/JbHBIX HapylleHUH pas[esuju Ha 2
rpymis! 1o 30 4esT0BeK B KayKIOMU: 1-51 — maIueHTsl 6e3
5KaJI00 Ha 3aTPyIHEHNE TBIXaHUs U KITNHUIECKUX ITPU-
3HAKOB (DOPCUPOBAHHOIO JbIXaHUS, C YACTOTOM JbIXa-
HuA (U]1) 1o 25 B MUHYTY U TPAHCKYTaHHOU caTypanuen
meHee 93%; 2-51 — MaIMeHThl C skalo0aMu Ha 3aTpyIHe-
HUe JbIXaHUs U KJIMHUYEeCKUMU ITPU3HaKaMu (Dopcupo-
BAHHOTO JIbIXaHusI, ¢ YJ] 6osiee 25 B MUHYTY U TPAHCKY-
TaHHOMU caryparnueil MeHee 93%. Ts3KeCTb COCTOSIHUS HA
MOMEHT BKJIIOUEHHsI B UCCJIeJJOBaHNUe OLleHUBAJU I10
mkane NEWS. TsaskecTs mopaskeHUs JIETKUX 10 JaHHBIM
KoMIlbloTepHOH ToMorpaduu (KT1 — nopaskeHue 1o
25% nerkux, KT2 —mo 50%, KT3 — mo 75%, KT4 —
6osee 75%). XapaKTEepUCTUKY MAIEHTOB B TPyIIIax
TIpeCTaBUIIH B TabJI. 1.

YYuTHIBaIN Tak)Ke HaJW4YWe, JTUOO OTCYTCTBHE
cumnToMa «6esoro nATHa» (CBIT). 3HaUYeHUs TPaHCKY-
TaHHOU caTypalyu oIpeessjii MeTOLOM IIyJIbCOBOM
okcuMmeTpuy, YJI, 4acTOThl CcepleuyHbIX COKpallleHUN
(UCC) — c nomMoIIp10 TPUKPOBATHBIX MOHUTOPOB Jlpe-
rep, Kapgexc, Munnpeii, Tputon. KucjioTHO-0CHOBHOe
cocrosinue (KOC), ra3oBblii COCTaB BEHO3HOH U apTepu-
QJIbHOM KPOBU U KOHILIEHTPALIUIO JIAKTATA B KPOBHU Olle-
HHBAJIXA C IIOMOIIBIO aHaIn3aTopoB Panuomerp Menu-
kan. IlepBoHAua/JbHYI0 OLIEHKY TPaHCKYTaHHON
caTyparuu 1 3a60p KPpOBY Ha aHAJIU3BI OCYIIECTBIISIH,
IpU CIOHTAHHOM JIBIXaHWU MMAallTUeHTOB 1O Ha4YaJ/ia KOp-
pexnyu OJTH.

JledyeHue naleHTOB OCYIIECTBIISIIN COIACHO aKTy-
AJIbHBIM BpeMeHHI)IM KIIMHUYEeCKUM pEeKOMEHOAIAM 110
IUArHOCTUKE M JiedeHWIO mamueHToB ¢ COVID-19, ¢
BKJIIOYEHFIEM ITPOTHBOBHUPYCHOW, aHTUMHUKPOOHOH, ITPOTH-

pulse oximeter, respiratory rate, heart rate were measured
by bedside monitors Drédger, Cardex, Mindray, Triton.
Acid-base status, venous and arterial blood gases, and
serum lactate level were assessed using Radiometer Med-
ical analyzers. Initial assessment of oxygen saturation and
blood sampling were carried out in spontaneously
breathing patients before starting the treatment of ARE

Patients were treated according to the current In-
terim Clinical Guidelines for the Diagnosis and Treatment
of Patients with COVID-19, with antiviral, antimicrobial,
anti-inflammatory, anticoagulant drugs and a stepwise
(escalation) approach for ARF management [25].

Statistical analysis was performed using Microsoft
Office Excel and Statistica 6.0 software. The Shapiro-Wilk
test was used to check the normality of distribution of
variables. Taking into account sampling asymmetry, val-
ues of discrete and continuous variables were presented
as median and percentiles, Me (Q1; Q3). Qualitative vari-
ables were presented as numbers of cases (n), the per-
centage and the standard deviation of the percentage
(pxop). Small-group criteria were used for comparative
analysis. Statistical significance of group differences for
quantitative variables was determined by Mann-Whitney
U test. Comparative assessment of statistical significance
of differences for percentages was performed using the
%2 criterion.

Results and Discussion

Group 1 patients, when compared with Group
2 patients, were younger, had smaller lung lesion
area on CT scan and lower scores on the NEWS
severity scale.

The RR of these patients ranged from 16 to 25
per minute, HR was between 84 and 99 per
minute, SpO, ranged from 80 to 93%, venous
blood pH was within 7.34-7.46 range, pCO, ranged
from 35 to 40, BE ranged within 2-12 mmol/l, pO,
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Tabsuia 2. XapakTepucTuka mokasareseit O/TH.

Table 2. Parameters of patients with acute respiratory failure.

Parameter

Values in groups

Group 1 (n=30)

Group 2 (n=30)

Respiratory rate, per minute Me (Q1; Q3) 22 (20; 24) 34 (30; 37)!, P=0.02

SpO,, % 86 (83; 89) 72 (68; 78)!, P=0.04, for n=24
76 (69; 83) for n=30

Heart rate, per minute Me (Q1; Q3) 88 (87;95) 110 (103;121)', P=0.03

pH, Me (Q1; Q3)

7.39 (7.37; 7.41)

7.21(7.18;7.27)!, P=0.02

pvO,, mm Hg Me (Q1; Q3) 42 (41; 44) 25 (22;28)!, P=0.01
SvO,, mm Hg Me (Q1; Q3) 67 (65; 70) 47 (43; 55)!, P=0.02
pa0,, mm Hg Me (Q1; Q3) 73 (69; 75) 57 (50; 65)!, P=0.01
Sa0,, mm Hg Me (Q1; Q3) 86 (83; 89) 74 (69; 80)!, P=0.04
paCO,, mm Hg Me (Q1; Q3) 37 (35; 39) 67 (58; 74)!, P=0.01
Note. ' — significant intergroup differences.

IIpumeuanue. Respiratory rate, per minute — Y/I; heart rate — YCC. ! — 3HaunMble Pa3JIM4Ms MEK/y IPYIIIIaMHU.

BOBOCIIAJIUTEIbHON, AHTUKOATY/IIHTHOM TepaIyy 1 Io11a-
TOBOI0 (3CKAJIALMOHHOr0) nmoaxoaa B jieueHun OJIH [25].
CrarucTuueckyio o0paboTKy MaTepuaa mpoBo-
JIWJIN ¢ TTOMoIIbIo TporpamMM Microsoft office Excel u
Statistica 6.0. [ly1s1 onpeesieHus BRIOOPOK Ha HOPMaJTh-
HOCTB pacrpejeseHus UCI0Ib30BaIu Kputepui [lla-
npo-Yusaka. C y4eToM aCHMMeTpHUH BBIOOPOK, 3HaYe-
HUA NUCKPETHBIX 1 HEIPEPBIBHBIX KOJTNYE€CTBEHHBIX
ToKa3areJiel MPeJACTABUIIN B BUJIE MeIUaHbl U IPOLIEH-
tuiaeil — Me (P25; P75). KauecTBeHHbIe ITOKasaTesIn
TIPeICTaBUIIN B BHJie abCOJIIOTHOTO 3HAYEHHs YHCiIa
ciay4daeB (1), JOJIM U CTAHJAPTHOTO OTKJIOHEHUS IIPO-
LIeHTHOU poJu (ptop). [Ipu cpaBHUTEJIBHOM aHa/IU3€
HCIIOJIb30BaJI KPUTEPUHU NJIA MAJIbIX T'PYIIIL. CraTuctu-
4eCKyI0 3HaYUMOCTb Pa3J/IM4Yuil B IpyIIax AJIs KoJuue-
CTBEHHBIX [I0Ka3areJiell oIpeessiiii MeTogqoM ManHa—
Yutan (kputepuii U). CpaBHUTEJIBHYIO OIIEHKY
CTaTUCTUYECKON 3HAYMMOCTH PA3JIMYUHN JJIs 0JIer
NIPOBOJUJIM C UCII0JIb30BAaHUEM KpUTepUH 2.

Pe3ysnbrarhl U 00Cy:K/I€HHE

[TanimeHTHI 1-11 rpyNIibl, B CDABHEHUH C ITali-
€HTaMH 2-1 TPYIIIbI, XapaKTepU30BaJINCh OoJiee
MOJIOIBIM BO3PACTOM, MEHBIITUM 00'HEMOM TIOPa-
skeHus jJerkux no KT u MeHbIIMMU 3HAaYeHUSIMU
0aJIJI0B TSYKECTH COCTOSIHUA 1Mo miKkajie NEWS.

Y]] aTrx 60/IbHBIX BAPHHUPOBAJIA B JUAIa30HE
ot 16 no 25 B MunyTy, YCC — B guanasose or 84
10 99 B MUHYTY, NOKa3aresab SpO, — B nuanasoHe
80-93%, pH BeHO3HOI KpOBU — B JHMaIa3oHe
7,34-7,46, pCO, — B nuanasone 35-40, BE — B nua-
ma3oHe 2—12 Mmoub/J1, pO, — B quana3one 4047 mm
pT. cT., SO, — 62-77%, pO, apTepuaIbHON KPOBU —
67-85 MM pT. cT., SO, apTepuasbHON KpPOBU —
83-93%, pCO, — 33-46 MM PT. CT. (TabJI. 2).

[IpomosKUTETBHOCT BBISIBJIEHUSI CAMIITOMA
«beJioro sATHa» ObLIIa MEHee 3 CeK Y BCeX MaIyeH-
TOB 1-# rpymel, y HUX He TOBBIIIAJI0CH COlepsKa-
HUe JIAKTaTa B KPOBU. [Ipy MpoBeieHNM OKCUTEHO-
tepanmun  (OT) motokom 5-15 JemMuH! B
npoH-nosunuu (I1I1) ygaBajsocs JOCTUYbL KOPPEK-
nuu OJ1H. ITpn aTom Y]/I ymensIaiacs 1o 16-22, B
cpenuem no 18 (17; 20) B munyty, YCC cHMKaIaCh
o 80-90 B MUHYTY, B cCpefHeM cocTasJsna 85 (83;
88). SpO, yBesmmuuBasioch B cpengHeM 1o 93 (92;

ranged from 40 to 47 mm Hg, SO, was 62-77%,
arterial blood pO,was 67-85 mmHg, arterial
blood SO, was 83-93%, and pCO, ranged be-
tween 33-46 mm Hg (Table 2).

The capillary refill time was less than 3 sec in
all Group 1 patients, and their blood lactate level
was not elevated. Oxygen therapy with flow rate of
5-15 1/min in prone position helped correct ARE
Meanwhile, RR decreased down to 16-22/min, on
the average, to 18 (17; 20) per minute, HR decreased
down to 80-90/min, on the average, to 85 (83;88)
per minute. SpO, increased to the mean of 93 (92;
95)%. During the treatment, 4 patients in Group 1
required short-term (one day long) noninvasive
CPAP or high flow oxygen therapy (Table 3). There
were no fatal outcomes in Group 1. The hospital
stay in this group was 12-16 days.

Group 2 patients complained of breathing dif-
ficulties and shortness of breath. Anxiety with
forced breathing was noted in 15 patients. RR
ranged from 25 to 46 per minute, HR from 99 to 138
per minute, SpO, from 65 to 85%. SpO, was less
than 80% in 24 patients, while being within the
81-85% range in 6 other patients. Notably, unlike
Group 1 patients, the six mentioned patients had
increased RR up to 30 or more per minute. Venous
blood pH was in the range of 7.13,7.27, pCO, was
55 to 97 mm Hg, BE was from -9 to 5 mmol/l pO,
was 14-39 mm Hg, SO, was 40-60%. Arterial blood
pO, was 41-69 mm Hg, SO, was 50-84%, and pCO,
was >45 mm Hg (Table 2).

The capillary refill time was prolonged in 13
patients. In 18 patients the increased lactate level
(above 2.0 mmol/l) was detected, but no hypoten-
sion was noted. Despite prone positioning and oxy-
gen therapy, the clinical and laboratory parameters
of ARF failed to improve. For this reason, Group 2
patients required high-flow oxygen therapy (HFOT)
or noninvasive CPAP therapy using 50-90% FiO2,
and if not effective, noninvasive mechanical venti-
lation in CPAP+PS mode. In 16 cases, the noninva-
sive correction of ARF was effective. In 14 cases,
mechanical ventilation was started (Table 3). There
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TaGamna 3. UcrioJib30BaHHBIE METO/IbI PECITHPATOPHOM HMOAIEPIKKH.

Table 3. Respiratory support in the patients.

Respiratory support Group 1 (n=30) Group 2 (n=30)
Standard oxygen therapy 30 30
High flow oxygen therapy 2 9
Noninvasive CPAP 2 21
Noninvasive ventilation in the CPAP+PS mode Not required 16
Invasive ventilation in various protective modes Not required 14

IIpumeuanue. Standard/High flow oxygen therapy — crangapTHasi/BICOKOIIOTOYHASI OKCUTeHOTeparsi; noninvasive CPAP —
HeunBasuBHas CPAP-tepanus; noninvasive ventilation in the CPAP+PS mode — neunBasusHas MBJI B pexxume CPAP+PS; in-
vasive ventilation in various protective modes — mHBa3uBHasi VIBJI B pa3/iMyHbIX pesKUMax NPOTEKTUBHOUN BEHTUJISAIAH; NOt

required — He TpeboBaIaCh.

95)%. B mporiecce sieueHus 4 manueHTam 1-1 rpyi-
ITbI TOTPeOOBAIACh HEMTPOMOJLKUTETbHAS (B Teue-
Huw ogHUX cyTokK) HCPAP mmm BIIO (Ta6Jr. 3). B 1-i1
T'pyIIIE JIeTaTbHBIX NCX00B He 0b1710. CpOKHU TOC-
NUTAJIN3aIUU TAIUEHTOB 3TOU IPYIIIBI B CTAIlUO-
Hape cocTaBwJIM 12-16 nHe.

VY nanueHToB 2-U IPyNIIbI BBIABJIAIN $KaJIO-
OBl HA 3aTPyAHEHHOE JbIXaHUE, YYBCTBO HEXBATKH
BO3JyXa. ASKUTALMIO C KIIMHUYECKUMU IIPA3HAKa-
MU (POPCUPOBAHHOTO ABIXaHUSA OTMETUJIH y 15
narueHToB. Y/l Oblj1a B Juama3oHe oT 25 10 46 B
munyTy, YCC — ot 99 mo 138 B munyty, SpO, —
65-85%. Y OO0JIBIIIMHCTBA ITAalleHTOoB (24 yejioBe-
Ka) nokasaresb SpO, coctasiisi meHee 80%, ogHa-
KO y 6 IIalMeHTOB OH HAaXOOWJICA B Oualla3oHe
81-85%, HO TIpW 3TOM B OTVIMYMH OT MAITUEHTOB 1-
U rpynmnel, oTMedanu yBesauueHue YJI mo 30 B
MUHYTY 1 60Js1ee. pH BEHO3HOU KPOBHU OIIPEHesIN
B Auanasose 7,13-7,27 pCO, cocTasasio ot 55 10
97 MM pT. cT., BE— 0T -9 o 5 Mmmouie/ 1 pO, — 14-39
MM pT cT, SO, — B nuanasone 40-60%. B aprepu-
anpHOU KpoBu pO, — 41-69 mm prt. cT., SO, —
50-84%, pCO, — oT 45 10 MM PT. CT. (TabJ1. 2).

CUMIITOM «0€JI0TO0 IIATHA» OBLI IOJIOMKUTEb-
HBIM Y 13 manueHToB. Y 18 — BBIABUJIN IIOBLIIIIE-
HUE COJlep>KaHusl JIakTaTa Belimie 2,0 MMOJIBb/JI,
MIPY 9TOM He OTMeYaJsu apTepuaJbHON T'UIIOTEeH-
3un. [Ipu nepesope B Il u npoBenenun OT He
yIa7I0Ch JOCTUYh KOPPEKIINHU KIUHUKO-Tabopa-
TOpHBIX ITOoKa3aresieit O/IH. B cBsA3u ¢ aTuM naru-
eHTaM 2-¥ rpynnbl oTpeboBaiach BHICOKOIIOTOY -
Has okcurenorepanus (BI1O) niu HenHBa3uBHas
CPAP-tepanus ¢ ucnoab3oBanuem 50-90% dpak-
MU KUCJOpojia, a Mpu UX HeapPeKTUBHOCTHU
HeWHBa3WBHasA BeHTuaAnus Jjgerkux (HMBJI) B
pesxume CPAP+PS. B 16 ciay4yasax meTonbl HEMHBA-
auBHOI Koppekiuu O/TH 66111 9¢ppekTuBHEL B 14
cay4asx norpedoBasics mepeBox Ha VIBJI (Tada. 3).
B aToii rpynme 66110 10 1eTaabHBIX UCXOI0B (33%).
JMTeIbHOCTD TOCOUTAIU3AIMYA BApbUPOBaJIa OT
8 10 37 cyTOK. [lyid BCeX MaleHTOB C JieTaJIbHbIM
HICXO7I0M OBILJIO XapaKTEePHO MTO3/THEE MOCTYILJIEHHE
B craroHap (6osee 10 cyTok or Hadasa 3aboJe-
BaHNs) U BBICOKME 3HAYEHUsA TeMIlepaTyphl TeJsa
B T€YEeHHe BCero JOTrOCHUTAIBHOTO Mepruoja.

Kak cienyer u3 npeacTaBIeHHbBIX pe3yJbTa-
TOB, y NMAlMEHTOB 1-Ii IPyNIbl, B CpaBHEHUM C

were 10 fatal outcomes (33%) in this group. The
hospital stay ranged from 8 to 37 days. All patients
who died were admitted late (more than 10 days
after the disease onset) and had high body temper-
ature during the entire prehospital period.

As follows from the results, Group 1 patients,
compared with Group 2 patients, were younger,
had less severe disease and lung involvement, no
hypercapnia and severe tachypnea and tachycar-
dia. Moderate desaturation ranging from 80 to 93%
was not associated with signs of tissue hypoxia such
as acidosis, increased venous blood lactate, critical
drop in venous blood oxygen saturation and pO,,
prolonged capillary refill time, and impaired con-
sciousness. It was probably due to adequate oxygen
delivery to the tissues (pvO, over 40 mm Hg, SvO,
over 60%), i. e. arterial hypoxemia was not accom-
panied by tissue hypoxia and even compensated by
increased oxygen transport and utilization. Besides,
the compensatory increase of BE prevented the de-
velopment of acidosis. Thus, moderate arterial hy-
poxemia without hypercapnia, acidosis, or tissue
hypoxia is typical for «silent hypoxia».

Arterial hypoxemia in the majority of patients
in Group 1 (n=26), as well as oxygen desaturation
were corrected by prone positioning and oxygen
therapy with the flow rate of 5-15/min. This sug-
gests that ARF in Group 1 patients was associated
with the development of pulmonary atelectasis and
«dead space» in posterior lung areas due to inter-
stitial infiltration (edema) of lung tissue, and simple
change of body position allowed to improve venti-
lation-perfusion ratio, arterial blood oxygenation,
and condition of patients [10].

Most Group 2 patients (n=24) had reduced
SpO, (<80%). However, in 6 patients SpO, ranged
between 81 and 85%, but, unlike Group 1 patients,
their RR was increased up to 30 per minute or more.
Significant arterial hypoxemia (<65 mm Hg), respi-
ratory acidosis and hypercapnia (50-90 mm Hg)
were also detected, resulting in forced breathing,
breathlessness and anxiety, tachypnea (30-50 per
minute) and tachycardia, SvO, reduction below
60% and pvO, reduction below 40 mmHg. In 18 pa-
tients increased blood lactate level was found. Pro-
longed capillary refill time was noted in 13 patients,

indicating tissue perfusion and oxygenation disor-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 2



https://doi.org/10.15360/1813-9779-2021-2-16-26

Kaunuvyeckue u JKCIIepuMEHTAaJ/JbHbIEC UCCJIE€NO0OBaAaHUA

MarneHTaMu 2-i TPyIIbl peruCcCTPUPOBAIH DoJiee
MOJIOZ0H BO3PACT, MEHBIIIYIO TSKECTb COCTOSTHUS
U CTETIeHb IMOPa’KeHUsI JerKUX, He OBIJI0 TUIep-
KaIlHUY Y BbIPAYKEHHbBIX TAXUIIHOI U TaXUKapIHUU.
YMepeHHas TpaHCKyTaHHas Jecarypauus B
IKUPOKOM nuanasdone — ot 80 1o 93% He compo-
BOYKJIAJIaCh TAKUMU IPU3HAKaMU I'MIIOKCUY TKa-
Hell, Kak alu03, yBeJnyeHne JaKkTaTa BEeHO3HON
KpOBH, KPUTUYECKUUM CHUKEHHUs] BEHO3HOU
carypanuu u pO,, NOJOKUTEJIbHBIM CHMIITOM
«besioTo MATHA», HAPYNIEHUsIMU CO3HaHWsA. 1o
BCEW BUAMMOCTH, 3TO OBLIO CBSI3aHO C TEM, YTO
JIOCTaBKa KUCJIOPO/ia K TKAHAM ObljIa YIOBJIETBO-
putesibHOU (pvO, H6oJ1ee 40 MM PT. CT., SVO, 6GoJtee
60%), T. e. apTepuaabHas TMIIOKCEMUA He COIIPO-
BO>KJjaJIaCh PA3BUTHEM T'MIIOKCUU TKAHEN, a KOM-
IIEHCUPOBAJIACH 34 CYEeT YBeJIMYEeHNA TPAaHCIIOpTa
U yTWJIM3anuu Kucjiopoga. Kpome Toro, passu-
THIO alli103a IIPEeNATCTBOBAJIO HAINYre KOMIIeH-
caropHoro yBesindenusi BE. Takum obpasom, ajs
«TUXOU THIIOKCUN» XapaKTepHO pa3BUTHE yMEPEH-
HOU apTepHaJIbHOU THUIIOKCEMHUU 0e3 pa3BUTHS
TUTIEPKAHUY, alli03a ¥ TUIIOKCUU TKAaHEeN.

ApTepranbHasi THIIOKCEMUS Y OO/TBITUHCTBA
nanueHToB 1-ii rpynme (26 yesJoBeK), a TaK)Ke
TPaHCKyTaHHAsA JecaTypanus KOppUrupoBasach
MIPOH-TIO3UIMEN U KUCJI0pPOAoTepanreii ¢ moro-
KOM 5-15 jieMuH L. 9TO 103BOJIAET IPEIIIOI0KUTD,
uyro O/IH y marueHToB 1-1i Tpynmbl Oblia CBsi3aHa
¢ opMHUPOBAHNEM ATEJIEKTA30B JIETKUX U «<MEPT-
BOT0 MIPOCTPAHCTBA» B JOPCATbHBIX 30HAX, YTO, B
CBOIO 0oYepehb, 00YCIOBJIEHO pa3BUTHEM UHTED-
CTUIIMATbHOU NHPUJIBTPALIU JIETOYHOU TKaHH, a
IIPOCTOE U3MEHEHME II0JIOKEHU S TeJla II03BOJIAII0
YJIYYLIUTh BEHTUJIAIMOHHO-TIeP(y31OHHbBIE COOT-
HOIIIEHUs1, OKCUTeHAIIUI0 apTepuaJbHOU KPOBU U
COCTOsIHME nmanueHToB [10].

VY GOJIBIITMHCTBA MANIMEHTOB 2-1 TPYNIIBI (24
4JeJiOBeKa) oTMedanu cHuskeHue SpO, mo 80 um
MeHee %. OgHako y 6 manueHToB SpO, HAXOAUIOCH
B nIuanasoHe 81-85%, HO IIpU 3TOM, B OTJIMYUE OT
ManueHToB 1-U Ipynnbl, oTMevaau yBeJndeHue
Y1 no 30 B MUHYTY 1 H0JIee. BeIssBUIM TaKksKe pas-
BUTHE 3HAUYMMOU apTepuaibHON THIIOKCEMHUU
(MeHee 65 MM PT. CT.), peClIMpaTopHOro anuao3a u
runepkanHuu (50-90 MM pT. CT.), YTO IPUBOJUJIIO
K ITOSIBJIEHUIO (POPCUPOBAHHOTO JABIXaHUS, RAJI00
Ha yayLIbe U aKUTAluU, TaXunHoa (30-50 B MuHy-
Ty) ¥ TaXuKapauu, cCHUKeHu1o SvO, MeHee 60% u
pvO, menee 40 MM pT. CT., a y 18 nanueHTOB — K
YBEJIMUEHUIO COLEpyKaHusA JaKTara Kposu. ¥ 13
MaIeHTOB OTMeYaJIu I0JI0KUTETbHBIN CUMIITOM
«beJjioro TATHa», YTO CBUIETEJHCTBOBAJO O
NOsIBJIEHUU HapylleHWH TKaHeBOU nep@ysuu u
okcureHanuu. [Ipumensemsble OJ1 IepBOHaYaJIb-
HOU KOppEeKLUHU IbIXaTeJIbHON HeJOCTaTOUHOCTU
MPOH-TIO3UIUSI W OKCUTEeHOoTepanus ObLIN
Hea(p(PEeKTUBHBI y BCeX NAIUEHTOB 2-i I'PyNIIbI.
Hcnonb3oBaHNe BBICOKOIIOTOUYHON OKCUTEHOTe-

ders. Prone positioning and oxygen therapy used
for initial correction of respiratory failure were in-
effective in all Group 2 patients. High flow oxygen
therapy, CPAP and noninvasive mechanical venti-
lation failed to correct ARF in 14 patients which ne-
cessitated starting invasive ventilation.

Thus, development of ARF in Group 2 patients
is probably associated with progressive alveolar in-
filtration, atelectasis of lung tissue, increased dead
space and pulmonary shunting [10, 28].

The correction of intrapulmonary blood
shunting requires both increased pressure in the
respiratory system to open the alveoli and prevent
their closure, and improved pulmonary blood flow
(28, 29]. Invasive ventilation fully affects only respi-
ratory component of shunt formation [28,30]. Per-
haps, this can explain the failure of mechanical
ventilation in most patients in Group 2 (10 out of
14 patients died).

Tissue desaturation is known to be caused by
arterial hypoxemia, microcirculatory disorders,
RBC and hemoglobin damage, and peripheral vas-
cular thrombosis [18-20].

Group 1 patients were found to have no im-
paired tissue perfusion based on capillary refill
time measurement. This technique, though, has
low reliability in assessing microcirculatory disor-
ders, therefore, abnormal oxygen saturation can be
due to arterial hypoxemia. In 13 patients of Group
2, the capillary refill time was prolonged which sug-
gests that reduced oxygen saturation could be
caused both by severe arterial hypoxemia and mi-
crocirculatory and tissue perfusion disorders asso-
ciated with hypercapnia, acidosis, and microvascu-
lar thrombosis [29, 31].

At the same time, oxygen saturation in 6 pa-
tients from Group 2 was the same as in Group 1 pa-
tients. However, a difference in RR was observed. In
Group 1, the RR was below 25 per minute, while in
Group 2, it exceeded 30 per minute. Such difference
can probably be explained by hypercapnia and aci-
dosis in Group 2 patients. Thus, we can assume that
SpO, is highly informative in clinical assessment of
hypoxia severity, but RR is more important when
assessing the severity of ARF in spontaneously
breathing patients.

Thus, some patients with severe COVID-19
develop so-called «silent hypoxia», which presents
with tissue desaturation but without severe respi-
ratory signs and symptoms such as tachypnea,
forced breathing, impaired consciousness. «Silent
hypoxia» is essentially different from severe ARE
Our data suggest that patients with «silent hypoxia»
contrary to those with severe ARF are characterized
by younger age, less severe lung damage and dis-
ease severity, as well as moderate arterial hypox-
emia, which is not accompanied by hypercapnia,
acidosis, and tissue hypoxia. «Silent hypoxia» or,
more properly, hypoxemia without tissue hypoxia,
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panus, CPAP u HVIBJI B 14 ciry4asx TakyKe OKasa-
JIOCh HEeJOCTaTO4HO 151 Koppeknuu O/1H, u Bo3-
HUKJIa He0OXOIUMOCTH B ItepeBojie Ha MBJIL.

Taknm o6pa3om, passutre O/H y nariieHTOB
2-1 TpyIIIbI, BEPOSITHO, CBSI3aHO C IPOTPecCUpOBa-
HUEM aJIbBeO0JIIPHON NH(PUIIBTPALIUY, aTeJIeKTa3!1-
poOBaHueM JIerOYHOH TKaHH, yBeJINUeHneM MepT-
BOI'0 IIPOCTPAHCTBA U JIETOYHOTO 1IyHTa [10, 28].

[J11 KOppeK Uy BHYTPUJIETOYHOTO IIIYHTH -
pOBaHUs KPOBH HEOOXOMUMO KaK YBeJIUUYEHHE
JlaBJIeHUS B AbIXaTeJIbHON CUCTEME JJIsI OTKPbI-
THS aJbBe0J U NPO(PUIAKTUKUA UX 3aKPBITHUS,
Tak U yJIy4dllleHre JIEFCOYHOIr0 KPpOBOTOKA [28, 29].
NuBasuBHaa VIBJI no3BoJigeT B OTHOCUTEJBHO
IIOJIHOW Mepe BJIMATH TOJIBKO Ha pecnuparop-
HbBII KOMIIOHEHT (pOpMUPOBaHuUs IIyHTA [28, 30].
Bo3MOsKHO, 9TUM (paKTOM MOSKET OBITH 00BsICHE-
Ha OeaycmemHOCTh npoBenenus VBJI y 607b-
IIMHCTBA MTallUeHTOB BO 2-1 rpynne (y 10 ua 14
JieTaJbHbIN UCXO).

Kak wu3BecTHO, TKaHeBasa Jecarypanus
MO’KET OBITh BhI3BAHA apTepHUaTbHON TUTTOKCEMU-
ell, HapylIeHUAMU MUKPOIIUPKYJISAINY, IOBPEK-
JIeHNEeM 3PUTPOIMTOB U TeMOTJI00MHA, COCYIH-
CTBIM Iepudepudeckum TpoM60o3om [18-20].

Y nauueHToB 1-¥ rpynnbl IOCPEACTBOM
omnpejiesIeHNsI CUMIITOMa «0eJIoro MSATHa» Hapylie-
HUI TKaHeBOU nep(y3uu He BbIABUJIN. YUUTHIBAS
HEBBICOKYIO NH(POPMATUBHOCTh 3TOT'0 METO/A [JIs1
OIleHKU HapylIeHUH MUKPOIUPKYIAIMY, MOKHO
CUNTAaTh, YTO U3MEHEHNsI TDAHCKYTAaHHOH caTypa-
1Y OBLTN CBSI3aHBI C PAa3BUTHEM apTepUATbHON
TUMOKCeMUHU. Y 13 manueHToB 2-1 IPyNIbl CUMII-
TOM «0€JIOTO TATHA» OBLI MOJIOMKUTEJIbHBIM, a,
CJIeIoBaTeJIbHO, CHUPKeHe TPAHCKYTaHHOM cary-
pamuu MOTi0 OBITH OOYC/IOBJIEHO HE TOJIBKO
BBIpa’KEHHOU apTepraIbHOU TUIIOKCEMUEN, HO U
HapyUIeHUsIMU MUKPOIUPKYJIANUA U TKAaHEBOU
nep@ysuu, CBI3aHHBbIMU C TUNIepKallHUeN, allui0-
30M, MUKpOTpoMbo3amu [29, 31].

Bmecre ¢ TeM, y 6 manueHTOB BO 2-i rpyIiie
3Ha4YeHUsI TPAHCKYTaHHOU caTypalryu COBIA AN CO
3HAUEHUSIMU 9TOTO MOKa3areJisl y MalueHToB B 1-i
rpyIIIe, HO IIPpY 9TOM OTMeYaJid padjmyue 1o Y/1. B
1-1i rpymirre Y/T 66112 He 60J1ee 25 B MUHYTY, @ BO 2-1
rpymie — 6oee 30. Takoe pa3muyre MOKHO 00'b-
SICHUTB, 110 BCel BUMMOCTH, HaJIMUreM ruIepKar-
HUM U allU/103a Y MAI[UeHTOB BO 2-i rpynne. Takum
00pa3oM, MOYKHO CYUTaTh, YTO B KJIMHUYECKOU
OLICHKE TAYKECTH TMIIOKCHUM ITOKasaresb SpO, —
BecbMa UH(pOpMaTUBEH, HO JJI51 OIIEHKU BbIPayKeH-
Hoctu O/IH y ClIOHTaHHO-ABIIIAIINX [TAIIUEHTOB B
0O0JIBIIIEH CTeIleH! BayKHO 3HaueHue YJI.

TakuM 06pas3oM, y HEKOTOPBIX MTAI[EHTOB C
TssKeJIbIM TedyeHneM COVID-19 pa3BuBaercs, Tak
Ha3bIBaemasl, «TUxas» TMIOOKCUs, KOTOpast mpo-
SIBJISIETCSI pa3BUTHEM TKAaHEBOMU Jecarypanuu, Ho
IIPA 9TOM HET SPKO BBIPAKEHHBIX CUMIITOMOB
JbIXaTeJbHbIX PAaCCTPOMCTB B BUJE TAXUITHOI,

despite significant desaturation, does not require
initiating mechanical ventilation, and can be cor-
rected by prone positioning and oxygen therapy.
Further research is required to reveal the main
mechanisms of hypoxemia and hypercapnia devel-
opment in «silent hypoxia» and severe ARE

Conclusion

In patients with COVID-19, two clinical phe-
notypes of hypoxia can be distinguished. The first
pattern is characterized by decreased SpO,
(80-93%) and lack of tachypnoea (defined as RR
>25 per minute) which indicates moderate arterial
hypoxemia without tissue hypoxia and acidosis
(«silent hypoxia»). It is typical for younger patients
and is associated with less lung lesions and lower
disease severity than in patients with severe ARE
Hypoxemia can be corrected by prone positioning
and oxygen therapy and does not require initiating
mechanical ventilation. The second pattern of hy-
poxia is characterized by significant arterial hypox-
emia and hypercapnia with tissue hypoxia and aci-
dosis. Noninvasive or invasive mechanical
ventilation is required for its correction.

¢opcUpOBaHHOTO IbIXaHUsI, HAPYIIIEHUsI CO3HA-
Husl. «Tuxasg rUmokcusi» UMeeT CyllleCTBEHHBIe
on4MA oT BeIpaskeHHou OJTH. ITosryueHHblIe qaH-
HbIe ITI03BOJIAIOT YTBEPsKAATh O TOM, YTO [IJ1 Ialu-
€HTOB C «TUXOH TUIOKCHUeN» B CPAaBHEHUU C aIu-
eHTaMu c BeIpakenHoit OJ/[H, xapaktepHsbl OoJiee
MOJIOJOM BO3pacT, MeHbIlIas BBIPAKEHHOCTH
MIOBPEKIEHUA JIETKUX U TAKeCTb COCTOSHUSA, a
TaK)Ke yMepeHHas apTepualibHasg TMIIOKCEMUs,
KOTOpas He COIPOBOKIAETCA pa3BUTUEM TUIlep-
KalHUY, alua03a U TUIOKcUU TKaHel. «Tuxas
TUIOKCHSI», WJIU IPaBUJIbHEe CKa3aTh — FUIOKCe-
Mus1 6€3 TUIIOKCUU TKaHEeN, HECMOTPsI Ha 3HAYU-
TeJBHYIO JecaTypamuio He TpeOyeT ImepeBoja Ha
WBJI, a KoppuUrupyeTcsi IpoH-MIO3UIHeN U KUCJIO-
pomorepanueii. [[Js1 paCKpbITHsI IPEUMYILIECTBEH-
HbBIX MEXaHU3MOB Pa3BUTHA TMIIOKCEMUHU U TUTIEP-
KalTHUU NIPU «TUXON TMIIOKCUU» U BBIPAsKEHHOU
O/IH HeoOxonumo Mpoao/KeHe UCCIeJOBaHUM.

3akJaouenue

Y manmenTtoB ¢ COVID-19 nesiecoo6pasHo
BbIJlesIeHHe JBYX KJINHUYECKUX BApUaHTOB I'UIIO0-
kcuu. [lepBblil BApUAHT XapaKTepHU3yeTCsl CHUKe-
HueM 3HadeHus SpO, ot 80 no 93%, orcyrcTBUEM
TaxUIHoO3 OoJiee 25 B MUHYTY U CBUETEIbCTBYET
00 yMepeHHOU apTepuaJbHON runokceMun 6e3
pas3BUTHUA TMIIOKCUM TKaHeHd U anuposa (Tumo-
kcus). OHa xapakTepHa AJjid MalMeHTOoB OoJiee
MOJIOJIOI'0 BO3pacTa, aCCOIMUPOBaHa C MeHbIIIeH
CTeNeHbI0 IOBPEKAEHUA JIeTKUX U TAMKECTBIO
COCTOSHUSA, YeM Yy MalMeHTOB C BbIPaskeHHOU
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Kaunuvyeckue u JKCIIepuMEHTAaJ/JbHbIEC UCCJIE€NO0OBaAaHUA

O/1H. ['mnoxceMust KOppUIrupyeTcs IpOH-II03UL-
el ¥ KNCJIOPOAoTepanvel, 1 He TpeOyeT mepeBoja

Ha

MBJI. Bropoii BapuaHT rMIIOKCUM XapaKTepu-
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