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Abstract

In the early stages of the COVID-19 pandemic, many guidelines for the management of patients with new coronavirus infection did not include

recommendations for the use of non-invasive ventilation (N1V) due to the concerns that NIV could be accompanied by high tidal volumes that could

cause lung damage. In addition, there was an opinion that NIV increases the risk of spreading bioaerosol containing the SARS-CoV-2 virus. At the

same time, NIV was widely used in real clinical practice in the management of severe patients with COVID-19 (in some countries, up to 60% of all

respiratory support methods). The accumulated experience demonstrates that when applying NIV, the risk of contamination with viral infections is

minimized with adequate use of personal protective equipment. To date, the results of a limited number of studies about effectiveness of NIV
in hypoxemic acute respiratory failure (ARF) in patients with COVID-19 are available. In most studies, the need for tracheal intubation and hospi-
tal mortality, were on average, 20 — 30%, that suggests a fairly high effectiveness of NIV in ARF in patients with COVID-19.
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Pesome

Ha navanpnbix atanax nanaemuun COVID-19 Bo MHOTMX PYKOBOICTBAX MO BEAECHUIO MAlMEHTOB C HOBOW KOPOHABUPYCHOU MHMEKIIUEH OTCYT-
CTBOBAJIM PEKOMEH/IAIIMY 1O MCTIOIb30BAHMIO HEMHBA3UBHOM BeHTUIsIK Jierkux (HBJI) 3 omaceHuii, 4To MOCIESIHSIST MOXKET COIMTPOBOXKIATHCS
BBICOKMMM JbIXaTeIbHBIMM 00beMaMu, CIIOCOOHBIMU BBI3BaTh MOBpeXAeHUe erkux. Kpome toro, cymecrBoBaio Muenue, uro npu HBJI moBbi-
LIaeTcsd PUCK pacrpocTpaHeHust Ouoasposons, conepxauiero supyc SARS-CoV-2. B to xe Bpemsi HBJI goctatouHo IMPOKO UCIONB3YETCS
B peasibHOM KJIIMHUYECKON MPaKTUKe MPU BeAeHUU TskebiX nmanueHToB ¢ COVID-19 (B HekoTOpbIX cTpaHax — 10 60 % Bcex METOIOB pecrupa-
TOPHOU TOMNEepXKK). HaKoTuleHHBII OMBIT MMOKa3bIBaeT, uto npu padore ¢ HBJI puck KoHTaMUHALIMKM BUPYCHBIMU MHMEKIUSIMUA CBOTUTCS
K MUHUMYMY TP aIeKBATHOM MCIOJIb30BAaHUU CPENCTB MHAMBUIYATbHOM 3amuThl. K HacTosIIIieMy BpeMeHU TOCTYITHBI Pe3yJbTaThl HeOOJbIIIO-
TO YHMCJia UCCIe0BaHul, MOCBALEeHHBIX 3¢ dekTruBHOCT HBJI mpu rumokceMuyueckoil ocTpoil AbIXaTelbHON HEAOCTATOYHOCTH y MAlIMEHTOB
¢ COVID-19. IMo pe3ynbrataM OOJBIIMHCTBA UCCAENIOBAHUI MOKA3aHO, YTO MOTPEOHOCTh B MHTYOALIMU TPaxeu W rOCMUTaIbHas JIETAIbHOCTh
B cpenHeM cocTabiisiioT 20—30 %. DTo Mo3BoJIsIeT cliesiaTh BBIBOJ O TOCTATOUHO BbICOKOIT achdexktnBHOCTH HBJI 1ipn ocTpoii IpixatebHOi Heao-
craToyHocTH y nauueHtoB ¢ COVID-19.

KioueBbie ciioBa: kopoHaBupycHast nH(pekius SARS-CoV-2, COVID-19, octpast abixarejbHasi HeIOCTaTOYHOCTb, HEMHBAa3MBHAsI BEHTWIISILIMST
JIETKUX, TIOCTOSTHHOE TOJIOKUTEILHOE IaBICHUE B AbIXaTeIbHBIX MYTSIX.

KoHndumkT uHTEpecoB. ABTOp 3asiBIsieT 00 OTCYTCTBUY KOH(DIMKTA UHTEPECOB.

Nnsa mutupoBanus: ABneeB C.H. HewHBa3uBHasi BEHTWISIIIUS JIETKUX TPU HOBO# KopoHaBupycHoil nHdekiuu COVID-19. [lyasmononoeus.
2020; 30 (5): 679—687. DOI: 10.18093/0869-0189-2020-30-5-679-687

Viral pneumonia and acute respiratory distress syndrome  ARF was the leading cause of mortality in 88% of patients

(ARDS) are the most common complications of the new
SARS-CoV-2 coronavirus infection (COVID-19), lead-
ing to hypoxemic acute respiratory failure (ARF), in
most cases requiring oxygen therapy and respiratory sup-
port [1-3]. Hypoxemic ARF is the leading cause of death
in patients with severe COVID-19 referred to intensive
care units (ICU). Thus, study by Ruan et al., showed that

suffering COVID-19 [4].

Traditionally, early intubation and mechanical ventila-
tion (MV) were considered to improve survival in patients
with ARDS [5]. However, recently published studies from
UK, USA, and China, including COVID-19 patients,
showed an extremely high mortality rate (65 — 92%)
among patients receiving mechanical ventilation [6—8].
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Currently, there is increasing interest in non-invasive re-
spiratory modalities, e.g., high-flow nasal oxygen thera-
py (HFNO) and non-invasive ventilation (NIV).

NIV is a respiratory support method where the main
interfaces (mask or helmet) can be easily applied and
thereafter easily disconnected from the patient air-
ways [9]. NIV has significant advantages over traditional
mechanical ventilation, as the application of artificial air-
ways (endotracheal tube, tracheostomy) is not required,
thus increasing patient comfort, reducing the need for
sedatives, preserving eating and swallowing functions, and
most importantly, significantly reducing the risk of respi-
ratory tract direct injuries and the risk of nosocomial in-
fections [10, 11].

Most often in patients with ARF, the following NIV
modes are used: Continuous Positive Airway Pressure
(CPAP) and pressure support (PS) or a close similar
mode — Bilevel Positive Airway Pressure (BiPAP) [11, 12].
CPAP provides a constant flow of oxygen at a given pres-
sure, which remains constant during inspiration and expi-
ration [11, 12]. PS mode is an assissted mode-in response
to the patient’s inspiratory effort, the ventilator creates
a predetermined level of positive pressure in the airways
during the inspiration phase [11, 12].

The role of NIV in COVID- 19 patients with hypoxemic
AREF is a subject for discussion and debate. Consensus
guidelines issued by the Intensive Care Society, the
Association of Anesthesiologists and the Royal College of
Anesthesiologists states that the use of non-invasive mo-
dalities “should be avoided”, and also states “There is no
survival benefit compared to conventional oxygen therapy,
and the risk of environmental viral contamination may be
higher” [13]. The guideline “Surviving Sepsis Campaign”
recommends attempting NIV only in cases where “high-
flow oxygen therapy is not available and there is no urgent
indication for tracheal intubation”, and under the close
monitoring and frequent assessment for progression of
respiratory failure [14]. The World Health Organization

(WHO) recommends to use NIV only in selected patients
with hypoxemic respiratory failure, under close monitor-
ing by experienced medical staff who can perform tra-
cheal intubation in case of rapid deterioration or no im-
provement after a short trial period [15]. The National
Health Service (UK) recommendations consider NIV as
the first line respiratory support for COVID-19 patients
with hypoxemic ARF [16]. A similar approach was also
adopted in the recommendations from Italy, Spain and
Russia [17-20].

On the other hand, in real clinical practice NIV for se-
vere COVID-19 is widely used almost everywhere. The
proportion of patients requiring non-invasive respirato-
ry support in published studies varies greatly, from 11%
to 96%, with higher rate in China (62% on average) and
lower in North America (20%) [21]. According to a sur-
vey including 1,215 Italian doctors, most of the respond-
ers (62%) used NIV (CPAP and BiPAP) as a first-line
therapy for patients with hypoxemic ARF associated with
COVID-19; 60% of doctors considered indications for
endotracheal intubation (EI) and mechanical ventila-
tion only 1 — 8 h after no response to NIV therapy [22].
A summary of non-invasive respiratory modalities use is
presented in Table 1 [21].

Bioaerosols and protection of healthcare professionals

It is generally accepted that SARS-CoV-2 spreads main-
ly through airborne droplets or through direct contact,
and nosocomial virus transmission from the patient to
medical professionals can be a serious challenge [23].
Biologically hazardous aerosols are usually formed as a
result of so-called aerosol-generating procedures, such
as nebulizer therapy, oxygen therapy, including HFNC,
NIV, tracheotomy [24], and these procedures can expose
health care workers (HCWs) to viral pathogens that cause
acute respiratory infections. According to published data,

Table 1

Respiratory support in cohort studies of SARS-CoV-2 infection

Tabauua 1

Pecnupamopnas nodoepicka ¢ kozopmruuix uccaedosanusx no ungexuyuu SARS-CoV-2

Study ‘

‘ Respiratory ‘ Non-invasive support methods, n (%)

Author Edition, year ‘ Sy ‘ - ‘ AL ‘ support, n (%) ‘ HFOT ‘ NIV ‘ NIRS
Wang D. JAMA, 2020 China  Retrospective SC 138 36 (26) 4(11) 15 (42) -
Arentz M. JAMA Netw. Open, 2020  USA Retrospective SC 21 20 (95) 1(5) 4(20) -
Grasselli G.  JAMA, 2020 Italy Retrospective MC 1,591 1,287 (99) - 137 (11) -
Huang C. Lancet, 2020 China  Prospective 4 14 (34) - - 10 (71)
Wang K. Ann. Intensive Care, 2020 China  Retrospective 318 27 (8) 17 (63) 9(3)

Zhou F. Lancet, 2020 China  Retrospective MC 191 99 (52) 41 (41) 26 (26)
Guan W. NEJM, 2020 China  Retrospective MC 1,099 67 (6.1) - 56 (83)
Liao X. MedRixv, 2020 China  Retrospective MC 81 63 (77) 31(49) 22 (35)
Zheng Y. MedRixv, 2020 China  Retrospective SC 34 34 (100) 18 (53) 1(3)

Xu Yang MedRixv, 2020 China  Retrospective MC 69 5(7) - 3 (60)
Xu Yonghao MedRixv, 2020 China  Retrospective MC 45 39 (86) 13 (33) 6 (15)

Note: SC, single-center; MC, multi-center; HFOT, high-flow oxygen therapy; NIV, non-invasive ventilation; NIRS, non-invasive respiratory support methods
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3.8% of Chinese HCWs were infected with SARS-CoV-2
virus [25]. 63% of these cases occurred in Wuhan city;
Italian data are even worse — 14% of HCWs were infect-
ed [26]. How can we reduce the exposure of bioaerosols
on HCWs? The basic protective measure is the wearing
of effective personal protective equipment (PPE) such as
FPP,/N95 respirators, medical suits, gloves, and eye and
face shields [27].

As it was reported by K. E.Remy et al., the risk of virus
spreading in living patients (and not in surrogate inanimate
body models) on NIV has not been studied [28]. In fact,
a number of studies was carried out in healthy volunteers,
using smoke laser lighting techniques on patient simulators,
showing changes and increase of droplet dispersion along
with increasing NIV flow rate [29]. Droplets are particles
> 5 um in diameter that quickly fall to the ground due to
gravity; therefore, they are only transmitted over a limit-
ed distance (e.g. < 1 meter). On the other hand, airborne
transmission refers to the presence of microbes in droplet
cores, which are particles less than 5 um in diameter that
can remain in the air for a long time and can be transmitted
to other people over distances of more than 1 m [30].

D.S.Hui et al. [31] measured airflow using smoke as
a marker, and confirmed the difference between ventilat-
ed and non-ventilated masks by measuring maximum ex-
haled air distances using various oxygen therapy devices:
nasal cannula, Venturi mask, and reservoir mask. The hel-
met has been demonstrated to be the preferred NIV inter-
face in reducing patient aerosol leakage (with dual circuit
NIV configuration) [32]. These authors also demonstrat-
ed that exhaled air dispersion during NIV using various in-
terfaces, including the oronasal mask, is also significant-
ly limited, provided that the mask fits well to the patient
face [33]. In a real human model (control group of healthy
volunteers, patients with catarrhal symptoms and patients
with an acute infectious exacerbation of chronic obstruc-
tive pulmonary disease) A.K.Simonds et al. demonstrat-
ed that NIV using a vented mask produced large fraction
droplets (> 10 wum) compared to baseline amount of drop-
lets (without any intervention) [34]. Such an increase in
the number of large drops was not observed in case of NIV
when using unvented mask and in-line filter in the circuit.

The maximum distance values of exhaled air spread-
ing for different procedures and devices are presented in
Table 2.

A more prominent diffusion and contamination by the
exhaled air is likely in units not equipped with negative
pressure rooms. If negative pressure rooms are not avail-
able, it is recommended to use rooms with natural ventila-
tion with an air flow of at least 160 L/s per patient, as well
as High Energy Particulate Arresting (HEPA) filters [35].

In an observational study by M. Oranger et al., the pro-
portion of HCWs infected with SARS-CoV-2 was simi-
lar before and after the introduction of CPAP therapy in
the COVID-19 department (6% vs 10%) [36]. In a Wuhan
study investigating ingress of infection in HCWs, the
SARS-CoV-2 infection rate was only 1.1% of the total
hospital staff [23], where with most healthcare worker in-
fections occurring in the early stages of the COVID-19
outbreak, resulting from the absent awareness of the high
contagiousness of coronavirus infection, and, therefore,
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Table 2

Maximum distance of spread of exhaled air when using
various procedures and devices

Tabauua 2

Maxcumaavhas ducmanyus pacnpocmpanenus
6bL0bIXAEM020 6030yXa NPU PA3AUMHBIX NPOUCOYPAX

U UCNOAB30GAHUN MeX UAU UHBIX YCMPOUCME

Maximum distance of

Sl exhaled air spread, cm
Nasal cannula oxygen 5 L/min 100
Face mask oxygen 4 L/min 40
Venturi mask oxygen FiO, 40% 33
Oxygen through mask with reservoir 12 L/min <10
CPAP using oronasal mask 20 cm H,0 Minimal
CPAP through nose cones 33
HFOT 60 L/min 17
NIV through full face mask: IPAP 18 cm H,0, EPAP 92
5¢mH,0
NIV through a helmet without a tight fit: IPAP 20 97
c¢m H,0, EPAP 10 cm H,0
NIV through a tight-fitting helmet: IPAP 20 cm H,0, Minimal

EPAP 10 cm H,0

Note: NIV, non-invasive ventilation; HFOT, high-flow oxygen therapy; CPAP, continuous positive
airway pressure; IPAP, inspiratory positive airway pressure; EPAP, expiratory positive airway
pressure.

not sufficient use of individual protection at that time.
Infections in HCWs can be avoided with appropriate per-
sonal protection, even when working with patients on NIV.
As evidenced by only a few cases of infection of healthcare
workers in the later period of the pandemic [37].

Thus, even when using NIV in patients, the risk of
contamination with viral infections is minimized in case
of adequate use of PPE.

Benefits of non-invasive ventilation in hypoxemic
acute respiratory failure patients

Despite controversial recommendations, NIV is regularly
used in hypoxemic ARF patients [38]. Study by G. Bellani
et al., showed that NIV was used in 14.4% of patients with
ARDS (436 of 3,022), and 69% of them (300 of 436) were
treated only using exclusively NIV [39].

In hypoxemic ARF, the main goals are to improve ox-
ygenation, reduce the work of breathing, and reduce dys-
pnea [40]. The first goal can usually be achieved by using
higher levels of positive end-expiratory pressure (PEEP)
to recruit non-ventilated or poorly ventilated alveoli [41].
Increased PEEP may help to keep the alveoli open, lead-
ing to increased functional residual capacity, to decreased
ventilation-perfusion imbalance and shunt, and hence to
an improved oxygenation [40]. In addition, PEEP sta-
bilizes the airway and reduces the heterogeneity of lung
volumes distribution [42]. NIV also decreases respirato-
ry muscles load. The main component reducing the work
of breathing in NIV is a positive pressure on inspiration
(pressure support) [40, 43].
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Recently, a physiological randomized crossover study
concluded that patients with PaO,/FiO, < 200 mm Hg the
use of NIV with a helmet is preferable to HFCN in terms
of optimizing oxygenation and reducing inspiratory effort,
especially in patients with more severe hypoxemia and
a higher work of breathing [44].

In patients with severe community-acquired pneumo-
nia, NIV significantly improved arterial blood oxygen-
ation compared to standard oxygen therapy [45]. In addi-
tion, it was shown that the use of CPAP therapy in patients
with pneumonia and severe hypoxemic ARF, compared to
oxygen therapy, leads to a decreased risk of endotracheal
intubation and invasive mechanical ventilation [46].

The use of NIV in patients with some types of ARF,
including ARDS, reduces the need for EI and mechanical
ventilation. Meta-analysis by R.Agarwal et al., showed that
NIV can improve oxygenation and reduce the risk of EI in
patients with mild ARDS (PaO,/FiO, > 150 mm Hg) [47].
In a recent meta-analysis by B.L.Ferreyro et al., includ-
ing 25 studies with 3,804 hypoxemic ARF patients, it was
shown that NIV using helmets (risk ratio [RR] 0.26) and
face masks (RR 0.76) was associated with a lower risk of
EI compared to standard oxygen therapy [48]. NIV using
both helmets (RR 0.40) and face masks (RR 0.83) was also
associated with a lower risk of hospital mortality.

Limitations of non-invasive ventilation in hypoxemic
acute respiratory failure patients

In contrast to patients with invasive mechanical venti-
lation, for whom there are established protective ven-
tilation protocols, there are currently no ventilation
protocols for NIV aimed at reducing the risk of venti-
lator-associated lung injury. This is possibly one of the
main challenges using NIV in hypoxemic ARF patients.
Consequently, unsafe settings are usually used. For ex-
ample, in the recent European cohort of hypoxemic
ARF patients in more than half of cases tidal volumes
greater than 10 ml/kg of ideal body weight were used
[49]. In this study, tidal volumes greater than 9.5 ml/kg
were a strong predictor of NIV failure, indicating that
close monitoring of tidal volume is necessary. In patients
with persistently high tidal volumes, early invasive ven-
tilation may be a reasonable option to reduce the risk of
ventilator-induced lung injury.

Often too high inspiratory pressures are used for NIV
in severe ARDS patients, leading to an increased transpul-
monary pressure (the difference between end-inspiratory
pressure and intrathoracic pressure). Increased transpul-
monary pressure, on the one hand, can lead to excessive
overdistension of alveoli in non-gravity-dependent areas
of the lungs, and on the other hand, it can cause a signif-
icant increase in dead space. Excessive pressure support
can lead to barotrauma and lung biotrauma [50]. A recent-
ly published study by R.Tonelli et al., showed that hypox-
emic ARF patients with NIV failure had higher transpul-
monary pressure levels (39.5 cm H,O vs 30.5 cm H,0),
and decreased esophageal pressure fluctuations (APes)
during NIV were a clear indicator of NIV success and im-
provement of lung X-ray pattern [51].

The main risk of using NIV in hypoxemic ARF may be
associated with the delayed intubation despite indications
present [52]. Early signs of NIV failure include a higher
score when assessing condition severity using scales (e.g.,
APACHE or SAPS II), and also the absence of improve-
ment in patient condition 1 hour after starting NIV [53].
Studies have shown that the NIV failure is an indepen-
dent risk factor for death in this patient population. But
this risk possibly may be decreased via careful selection of
patients for NIV [54].

First data on the use of non-invasive ventilation
in COVID-19

To date, only a small number of studies are avail-
able on NIV efficacy in hypoxemic ARF patients with
COVID-19 [36, 55—61] (Table 3).

All the published studies were open-label, observa-
tional. And until today there are no randomized con-
trolled clinical trial. And this can be explained by only
a short period of time that NIV was used in COVID-19
clinical practice.

It should be pointed out, that only one of the stud-
ies presented included patients from the intensive care
unit (ICU) [61], and all the other studies were conducted
not in ICU, but in emergency department, pulmonolo-
gy department, specialized departments for patients with
COVID-19 and in intermediate care units (non-invasive
respiratory support department).

This practice reflects modern tendencies, according
to which, as experience accumulates, the use of NIV is
possible not only in the ICU, but also at a “lower level”
units, i.e. in units with less monitoring capacity and a low-
er nurse-to-patient ratio [62]. In addition, today the use
of NIV in acute cases is not limited only to in patient de-
partments, but is successfully applied at earlier stages, for
example, in the emergency department [63].

In published studies, in the majority of COVID-19 cas-
es, the CPAP mode was used (average pressure about 10 cm
H,0), which is explained by its high efficiency in hypoxemic
ARF, and, by the fact that this mode can be implemented
using simpler equipment-flow generators (and not neces-
sarily ventilators). An example of such a flow generator is
the UCL — Ventura Breathing Aid, developed by Mercedes
AMG High Performance Powertrains, specifically for
CPAP therapy in critically ill patients with COVID-19 [64].

Either face masks (oronasal masks) or helmets were
used as the main interfaces in the abovementioned stud-
ies. Potential advantages of the helmet are the possibility
of airtight fastening of this interface in patients with virtu-
ally any facial shape, exclusion of any damage to the facial
skin, and greater comfort for patient [65]. In a study by
B.K. Patel et al. helmet use in patients with ARDS com-
pared to facial masks was associated with a lower need
for EI (18.2% vs 61.5%) [66]. Another helmet advantage
when working with COVID-19 is the minimal bioaero-
sol spreading [27, 32]. Given the fact that helmets are still
rarely used in our medical institutions, it should be em-
phasized that non-vented facial masks are also effective
interfaces for NIV in severe COVID-19 patients.

682

MynbmoHonorus « Pumonologiya. 2020; 30 (5): 679-687. DOI: 10.18093/0869-0189-2020-30-5-679-687



Study Design ‘ Patients ‘ Department ‘ PaO,/Fi0,
Observational
s ! Pulmonology
Oranger etal. historical 38 (NIV) ?
it department
14
(control)
Observational, Emergency 131 mm Hg
btz el retrospective E department (CPAP)
87 mm Hg
(NIV)
Pagano et al. Observat_|onal, 18 COVID-19 153 mm Hg
prospective department
BT ciel Observatiqnal, 28 COVID-19 NA
retrospective department
Nightingale Observatiqnal, 2% COVID-19 122 mm Hg
etal retrospective department
n—_— Observational,
Aliberti et al. prospective 157 HDU 142 mm Hg
Observational, 330 Respiratory 151 mm Hg
RENDEE, retrospective (CPAP) Disease Units (CPAP)
138 mm H
177 (NIV) V) g
Observational,
Mukhtar et al. retrospective 39 ICU 170 mm Hg
CoGcTBeHHble  Observational, COVID-19
DaHHble retrospective e department I
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Table 3
Studies on the effectiveness of non-invasive ventilation in COVID-19
Tabauua 3
Hccaedosanus no sgppexmuenocmu neunsasuenoil genmuaauuu aeekux npu COVID-19
Respirators ‘ Interfaces ‘ Regimens Duration Outcomes
Portable NIV Facial . 5
respirators masks CPAP:10cmH,0  5(2-7.5)days EI-23%
Died - 0%
NA Helmets CPAP (n=T1) NA Failure - 88%
NIV (n=7) El - 33%
Died - 74%
NA Helmets CPAP:10cmH,0  NA Died - 61%
CPAP (n = 23): o
NA Masks 12721 cmH0 5 days Died - 50%
BiPAP (n = 5): IPAP
22.4:46.0 cm H,0/
PEEP 10.2 +2.9 cm
H,0
portable NIV Non-vented CPAP 8.75 (7.5 - _
respirators masks 10) cm H,0 TR e
Died - 21%
Flow CPAP 10.8 %23 cm Failure -
generators, RETES H,0 §(3-10)days 4 gy,
El-21.7%
Died - 22.9%
Flow
generators, Helmets, ~ CPAP10.2£1.6 cm NA El - 24.8%
portable NIV masks H,0 (CPAP)
respirators
271.7% (NIV)
NIV: IPAP 17.3 £ n 0
3.0 cm H20/ PEEP %f,j'\;)m“’
95+22cmH,0
NA NA NA 2(2-5)pHen  EI-23%
Died - 26%
NIV Non-vented CLAP (1=55:10.0 4063 410 ,
. (10.0 - 12.2) cm El-27.9%
respirators masks HO days
2
NIV (n = 6): PS 10.0
(8.0-121)cmH,0/ .
PEEP 10.0 (10.0 - RIS
10.3) cm H,0

Note: NIV, Non-invasive Ventilation; ICU, intensive care unit; HDU, high dependency unit; CPAP, continuous positive airway pressure; IPAP, inspiratory positive airway pressure; PS, pressure

support; PEEP, positive end-expiratory pressure; El, endotracheal intubation; NA, not available.

All of these studies included COVID-19 patients with
severe hypoxemic ARF, who met Berlin classification
criteria for moderate-to-severe ARDS [67]: the mean
baseline PaO,/FiO, ratios ranged from 87 to 170 mm Hg,
i.e., according to the classical canons, these patients had
indications for invasive mechanical ventilation. The effi-
cacy of NIV in hypoxemic ARF patients with COVID-19
can be assessed using data on the proportion of intubated
and deceased patients. Of course, the results presented
are rather heterogeneous — patient mortality ranged 0 to

74%, and the need for EI ranged from 22 to 38%. The
highest mortality rate (74%) was observed in emergency
department patients with severe hypoxemia (PaO,/FiO,
87 mm Hg) in Bergamo (Italy). But these results are ex-
plained by the extreme shortage of hospital beds in the
Italian ICUs during the explosive increase of COVID-19
incidence [55]. In general, in most studies, the need for
EI and hospital mortality rates, on average, were 20 —
30%, thus suggesting a fairly high NIV efficacy in ARF
patients with COVID-19.
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Interestingly, previous experience with NIV in hy-
poxemic ARF patients with severe community-acquired
pneumonia and ARDS is difficult to transfer to patients
with COVID-19. For example, according to general-
ly-accepted concepts, the PaO,/FiO, ratio below 150 mm
Hg is regarded as a reliable predictor of NIV failure, i.e.,
it is a direct indication for immediate EI [47, 53]. On the
other hand, it is most likely that baseline PaO,/FiO, ra-
tio in COVID-19 patients, is not a predictor of NIV suc-
cess or failure. For example, in a study by S.Aliberti et al.,
including 157 patients, baseline PaO,/FiO, values in the
success group were even lower than in the failure group
(136 vs 152 mm Hg) [59]. And in the study by C.Franco
et al., including 507 COVID-19 patients, there was also
no difference in mortality among patients with baseline
PaO,/FiO, rations of 201 — 250, 151 — 200 and 101 —
150 mm Hg (20.3, 25.2 and 24.2%, respectively); mortal-
ity was higher (45.5%) only at PaO,/FiO, below 50 mm
Hg [60].

Experience gained in managing COVID-19 patients
showed that NIV may not be a sufficient universal respi-
ratory support method for absolutely all patients with se-
vere COVID-19. In some patients, NIV can temporari-
ly improve oxygenation and respiratory work, but has no
influence on natural disease progression, and ultimately
does not prevent the need for EI and invasive ventilation.
Unfortunately, today we don’t have yet any reliable mark-
ers of disease progression in NIV patients. In a study by
W.Wang et al., including a nationwide cohort of critically
ill COVID-19 patients from China, an elevated D-dimer
level (> 1.5 mg/L) on admission was an indicator of a high
probability of a ventilator requirement [37]. These results
are consistent with evidence that increased D-dimer lev-
els in COVID-19 patients are associated with disease pro-
gression [68].

Large randomized controlled trials are current-
ly in progress to assess the NIV efficacy in critically ill
COVID-19 patients [69—70]. And results of these studies
will help to improve our knowledge of optimal respiratory
support in new coronavirus infection patients.

Conclusion

In the early stages of the COVID-19 pandemic, most
of guidelines for the management of patients with new
coronavirus infection did not contain recommendations
for the use of non-invasive ventilation, due to concerns
that NIV may require high tidal volumes that could cause
lung damage. And also there was an opinion that NIV
increases the risk of bioaerosol spreading, containing
the SARS-CoV-2 virus. At the same time, NIV is wide-
ly used in real clinical practice for the management of
severe COVID-19 patients (up to 60% of all respiratory
support methods in some countries). The accumulated
experience showed that when working with NIV, the risk
of contamination with viral infections is minimized with
adequate use of personal protective equipment. To date,
there are available results of a limited number of stud-
ies on NIV efficacy in hypoxemic ARF patients with
COVID-19. In most studies, the need for endotracheal

intubation and hospital mortality rates, on average, were
20 — 30%, thus suggesting a fairly high NIV efficacy in
ARF patients with COVID-19.
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