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EFFECT OF DIFFERENT VARIANTS OF NON-INVASIVE VENTILATION ON THE
COURSE AND OUTCOMES IN PATIENTS WITH HYPOXEMIC RESPIRATORY FAILURE
CAUSED BY SARS-~vCoV-2 (COVID-19)

V. Skoryk, V. Korsunov

Hypoxemic respiratory failure (HRF) or acute respiratory distress syndrome is the most common and severe com-
plication in patients with COVID-19, requiring oxygen and ventilation support. Non-invasive ventilation methods
(NIV) allow to maintain adequate oxygenation in patients with HRF, but it remains unclear which NIV regimen is
more effective for reducing the need for invasive ventilation and improving outcomes.

The aim. To compare the effect of different non-invasive lung ventilation strategies, namely CPAP+PSV and CPAP
without PSV on the results of intensive care of patients with HRF caused by SARS-nCoV-2 (COVID-19).
Materials and methods. A prospective single-center study of 59 patients with severe SARS-nCoV-2 (COVID-19)
with HRF was performed. Depending on the type of NIV, patients were divided into two groups: in patients of
group 1 (n=46) respiratory support was performed in CPAP mode without PSV, in patients of group 2 (n=13) —
CPAP+PSV. All patients underwent clinical blood tests, biochemical studies aimed at assessing the severity of
COVID-19, visualization of lung tissue (chest radiography, ultrasound to determine the profile of B and C), mon-
itoring of gas exchange, echocardiography to assess the state of central hemodynamics. Statistical analysis of the
results was performed using the program “Statistica 10”. Estimated mean values, standard deviation. The relative
risk (RR) of adverse events was assessed.

Results. The use of CPAP without PSV improves the results of intensive care of patients with severe coronavirus
disease with the development of HRF.

Conclusions. CPAP NIV is a promising method of respiratory support in patients with moderate to severe ARDS
caused by SARS-nCoV-2 virus (COVID-19), which needs further study
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1. Introduction

A coronavirus disease pandemic caused by a new
strain of coronavirus SARS-nCoV-2 (COVID-19) is ac-
companied by the development of bilateral pneumonia
and, in a significant proportion of patients, severe hypox-
emic respiratory failure (HRF) [1]. HRF is one of the
leading reasons for hospitalization of patients with coro-
navirus disease in intensive care units. Despite the use of
modern equipment for mechanical ventilation (MV), the
use of the principles of lung protective ventilation, the
results of intensive therapy of respiratory failure in pa-
tients with COVID-19 remain completely unsatisfactory
due to the high percentage of fatalities [2]. The current
Guidelines provide guidance on several options for respi-
ratory therapy in patients with COVID-19: low-flow ox-
ygen therapy, high-flow nasal cannulas, non-invasive
positive pressure ventilation (CPAP+PSV) and non-inva-
sive CPAP (nCARP), invasive lung ventilation through
the endotracheal tube [3].

Non-invasive ventilation methods (NIV) are a
widely available tool used in severe patients and in
some cases avoid tracheal intubation and the need for
mechanical ventilation. It remains unclear which NIV
regimen is more effective in reducing the need for inva-
sive MV and improving outcomes [4]. However, the
recommendations for the choice of NIV regimen re-

main controversial, as does the assessment of its safety
and impact on treatment outcomes. Among the main
discussion issues, which are based on the understanding
of pathophysiological processes in HRF, and have an
impact on its further course, are considered some op-
tions for lung damage during respiratory therapy. These
are the known phenomena VILI — ventilator induced
lung injury and P-SILI — patient self-inflicted lung inju-
ry [5]. It cannot be ruled out that VILI is one of the
reasons for the high rate of adverse outcomes in patients
with invasive ventilation, while P-SILI — damages the
lungs during both self-breathing and auxiliary ventila-
tion with positive inspiratory pressure.

Regarding the CPAP technology, some authors
note that it can both reduce the negative effects of P-SILI
and reduce the need for invasive ventilation, thus pre-
venting the development of VILI [5, 6]. Theoretical con-
siderations also suggest that the mechanism of P-SILI
may be relevant in the conduct of NIV, which will nega-
tively affect the course and yields of HRF in patients
with COVID-19. Therefore, the assessment of the effect
of two NIV regimens, namely CPAP+PSV and CPAP on
the course and outputs in the treatment of HRF in pa-
tients with COVID-19 is the main goal of this study.

The aim of the research. To compare the effect of
different non-invasive lung ventilation strategies, namely



CPAP+PSV and CPAP without PSV on the results of in-
tensive care of patients with HRF caused by SARS-
nCoV-2 (COVID-19).

2. Materials and methods

A single-center prospective cohort comparative
study was conducted, which in May-August 2020 included
59 patients with severe SARS-nCoV-2 (COVID-19) with
bilateral pneumonia and HRF, which was not corrected by
oxygen therapy with FiO,=1.0 and a flow of 15 I/min. The
study was conducted on the clinical basis of the Depart-
ment of Anesthesiology, Pediatric Anesthesiology and In-
tensive Care of the Kharkiv Medical Academy of Post-
graduate Education in the Department of Intensive Care of
the municipal non-profit enterprise of the Kharkiv region-
al council of the regional clinical infectious hospital.

The work was carried out in accordance with the
Code of Ethics of the World Medical Association (Hel-
sinki Declaration). All patients included in the study
provided written informed consent.

Depending on the NIV regimen, patients were di-
vided into two groups. In patients of group 1 (n=46) re-
spiratory support was performed in CPAP mode without
PSV, in patients of group 2 (n=13) — CPAP+PSV. The
value of PSV was chosen according to the clinical effect
and the degree of comfort of patients and averaged
4.5£1.5 cm H,O.

The average age of patients and anthropometric
parameters in patients of both groups did not differ
(p>0.05) (Table 1).

Table 1
Anthropometric characteristics of patients in
the examined groups (M+SD)

Indicator Group 1 (n=46) Group 2 (n=13)
Age, years 65.2+£10.3 68.1£11.1
Height, cm 172.0+£7.7 170.6+7.2
Weight, kg 95.0£16.4 91.6+15.9
BMI, kg/m? 32.245.7 31.6£5.8

BSA, m? 2.1+0.2 2.1£0.2

The diagnosis of coronavirus disease was con-
firmed by the isolation of RNA SARS-nCoV-2 from na-
sopharyngeal lavage. Verification of pneumonia was
performed by computed tomography or chest radiogra-
phy. All patients underwent clinical blood tests, biochem-
ical studies aimed at assessing the severity of COVID-19
and determining the status of vital organs and systems.

Body mass index (BMI) was calculated by the
formula:

BMI=body weight/height’ (kg/m?).

Clinical analysis of blood was performed using an
analyzer “BC — 2800 Mindray” (PRC).

Blood glucose levels were determined by glucose
oxidase method, total bilirubin — using vanadic acid,

ALAT - by kinetic method (Cormay kits, Poland). Creat-
inine in the blood was determined by the method of Jaffa.
The concentration of LDH was determined by the kinetic
method, the content of total protein in the venous
blood — using the biuret method, albumin — with bromo-
chrysol green (Granum kits, Spain). The concentration of
C-reactive protein was determined by turbidimetric
method (Biosystems kits, Spain). All biochemical studies
were performed on a biochemical analyzer “Chemray
120 Mindray” (PRC). To monitor the state of the hemo-
stasis system, the D-dimer was determined by ELISA
(Vector-Best kits, Ukraine).

Monitoring of patients included electrocardiogra-
phy to determine heart rate (HR), measurement of mean
arterial pressure (MAP) by oscillometric method and
pulse oximetry (SpO, %) Yutas UM-300 monitors,
(Ukraine), Mindray iMEC12, Biomed 800 (China).

All patients underwent daily bedside ultrasound
examination of the lungs with the determination of pro-
files A, B, pathological B and C and echocardioscopy in
M-mode using an ultrasound scanner “Ultima PA” (Uk-
raine). End-diastolic (EDD) and end-systolic (ESD) di-
mensions of the left ventricle and right ventricular EDD
were measured. On the basis of the obtained data accord-
ing to the formula of Teichholz L. et al., (1976) the calcu-
lation of end-systolic (ESV) and end-diastolic volumes
(EDV) of the left ventricle, stroke volume (SV), ejection
fraction (EF) was performed.

Cardiac output (CO) was calculated by the formula:

CO=SVxHR.
Cardiac index (CI) was calculated by the formula:
CI=CO/BSA,

where BSA is the body surface area according to the
Mostller formula. In the presence of an ultrasound win-
dow, the mean arterial pressure in the pulmonary artery
(MAP PA) was measured by Kitabatake A et al. (1983).

The calculation of oxygen delivery was performed
according to the formula:

DO,=CIx1.39xHbXSpO, (ml/min/m?).

Intensive care of patients was carried out according
to the relevant orders of the Ministry of Health [7-11] and
included the appointment of anticoagulants, corticoste-
roids, infusion therapy of restrictive type, antibacterial
drugs as needed, use of sympathomimetics and sedatives
as needed, treatment of comorbidities (coronary heart dis-
ease, diabetes, hypertension, etc.), symptomatic therapy.

All patients underwent NIV through a tight-fitting
face mask with Newport E 360t, Drager Carina, Res-
vent RS 300, Monnal 75t, Graph Net and Extend XT with
assessment of ventilation parameters and pulmonary me-
chanics: Vt (ml), MV (I/min), f (for 1 min), Pin (cm H,0),
Pmean (cm H,0), PEEP (cm H,0), FiO, (%) using graph-
ics monitors. The oxygen saturation index (OSI) was
calculated by the formula:
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OSI=(FiO,xPmeanx100)/SpO,,

where FiO, — fraction of oxygen in the gas mixture,
Pmean — the average pressure in the airways.
The ROX index was determined by the formula:

ROX=(SpO,/FiO,)/RR,

where RR is the frequency of respiratory rate [12].

Statistical analysis of the results was performed
using the program “Statistica 10”. The normality of the
distribution of indicators in the samples was checked
using the Kolmogorov—Smirnov test. Estimated mean
values, standard deviation. Significance of differences in
indicators was assessed using Student’s t-test. The results
were considered reliable at values of p<0.05. Data are
presented as M+SD.

The relative risk (RR) of adverse events was as-
sessed.

3. Research results

In the analysis of the age structure of the groups it
was noted that in group 1 there were 26 patients (56.5+
+7.3 %) of the elderly and 6 patients (13.0+5.0 %) of old age,
in group 2 — respectively 7 patients (53.8+14.4 %) of the
elderly and 3 (23.1£12.2 %) of old age according to the
WHO classification. Therefore, the age distribution of the
examined groups of patients did not differ significantly
and they were dominated by elderly patients (p>0.05).

At the beginning of respiratory support, OSI and
ROX index were determined. According to the obtained
value of OSI, patients in both groups corresponded to
moderate (7.5<0SI<12.3) and severe (OSI>12.3) ARDS:
in group 1 the OSI was 10.3+2.8, and in group 2 — 13.6+
+2.8. However, the data obtained may not indicate a more
severe course of HRF in patients of group 2, because the
calculation of OSI uses Pmean, which is predicted to be
higher when using PSV and, accordingly, affects the
value of OSI. The ROX index in group 1 was 4.1£1.7, and
in group 2 — 3.6+0.8 (p>0.05).

According to chest ultrasound in patients of both
groups on both sides there was a pathological profile B
(5.0+2.0 lines) with the presence of consolidations with
an area of more than 1 ¢cm?, which corresponds to the
typical ultrasound characteristics of COVID-19 pneumo-
nia and ARDS.

Levels of total protein, bilirubin at the time of hos-
pitalization of ICU patients corresponded to normal values
and had no significant statistical differences between
groups. However, patients in the examined groups showed
an increase in glycemia, which indicates a violation of
glucose tolerance and is considered a significant risk factor
for severe coronavirus disease. The results also show that
the albumin level was closer to the lower limit of normal.
There was a significant increase in LDH levels, urea, cre-
atinine and ALT levels were at the upper limit of normal.
The level of C-reactive protein in group 1 was 15.5 times
higher than normal, and in group 2—-19 times, which indi-
cates a significant increase without significant differenc-
es between groups (p>0.05) (Table 2).

Table 2
Comparative characteristics of biochemical data in
patients of the examined groups (M+SD)

Groups
Indicator Group 1 Group 2 Hopma
(n=46) (n=13)

Total protein, g/l 68.4+5.4 65.8+3.8 60-85
Albumin, g/1 35.446.1 35.942.1 30-45
Urea, mmol/l 9.5+6.4 8.5+4.0 2.5-8.3

Creatinine, umol/l | 103.6+37.6 123.6+76.8 44-106
Total bilirubin, |y 1,43 164534 | 34205
pmol/1

Glucose, mmol/I 9.3+4.5 7.9+£3.2 3.3-5.5

ALT, w/l 39.8422.2 49.8+27.8 <30
LDH, w1 950.9+397.9 | 848.3+142.4 <195
C'reaCti;; PrOein, 9304536 | 113.9¢51.8 | <6

The level of D-dimer in group 1 was 1848.3+
+2424.9 ng/ml, which is significantly higher than normal
(N to 250 ng/ml). The D-dimer in group 2 was 1499.3+
+1675.3 ng/ml and had no significant difference with
group 1 (p>0.05). Therefore, the presence of hypercoag-
ulable syndrome and intravascular thrombosis was noted
in patients of the examined groups.

From the time of admission to the ICU, all patients
began to conduct NIV. The initial level of FiO, and PEEP in
the groups did not differ. Patients of both examined groups
were characterized by severe tachypnea. In group 1, the
level of mean airway pressure was 11.0+2.0 cmH, O and was
significantly lower than in group 2 — 13.5£2.1 cmH,0
(p=0.0003). Accordingly, the level of peak airway pres-
sure was also significantly lower in group 1 (p=0.016).
The results obtained may indicate that the use of PSV in
NIV may increase intrathoracic pressure due to higher
levels of Pmean (Table 3).

Table 3
The main indicators of respiratory mechanics and gas
exchange in groups of patients at the beginning of
respiratory support (M+SD)

Groups
Indicator p
Group 1 (n=46) | Group 2 (n=13)

RR, min™! 28.8+5.8 28.543.7 >0.05
MV, I/min 15.3£3.6 16.0+4.2 >0.05
SpO,, % 95.442.1 94.4+3.9 >0.05
FiO,, % 85.6£16.1 94.6+7.7 >0.05
PEEP, cm H,0 10.3£1.2 10.1£1.3 >0.05
Pmean, cm H,0O 11.0+£2.0 13.5+€2.1 0.0003
Ppeak, cm H,0 14.7£1.7 16.5£3.3 0.016




On the first day of non-invasive ventilation in
group 1, EDV, SV and CO corresponded to normal val-
ues [13] and were significantly higher than in group 2.

The volume of infusion therapy in the examined
groups did not differ and was 1520.0+184.8 ml in group 1
and 1531.4+211.7 ml in group 2 (p>0.05). Only isotonic
saline solutions were used for fluid therapy. Therefore, the
data obtained can be regarded as a decrease in venous re-
turn, which cannot be explained by the different volume
and composition of fluid therapy. Thus, venous return was
significantly lower in group 2 patients than in group I,
which may be associated with significantly higher levels of
Pmean, which adversely affects venous return to the left
ventricle. On the second or third day from the beginning of
NIV analysis of central hemodynamic parameters in pa-
tients of both groups did not reveal significant differences.
However, in group 2 there was a tendency to decrease EDV,
ESV and SV in comparison with normal values (Table 4).

The state of central hemodynamics at the stages of intensive care in groups
of patients using different NIV regimens (M+SD)

patients died, and in group 2 — 12 (92.3£7.7 %) patients.
The relative risk of death in group 1 was significantly
lower than in group 2 (RR=0.49, 95 % CI 0.35-0.70,
p=0.0001). Therefore, the analysis of the obtained results
shows that the use of CPAP without PSV improves the
results of intensive care of patients with severe coronavi-
rus disease with the development of HRF.

4. Research results discussions

In our study, we demonstrated the potential of
NIV in severe coronavirus disease with the develop-
ment of HRF.

The obtained results suggest that the patients of
the examined groups had comparable HRF severity indi-
cators, which correspond to ARDS of moderate and se-
vere degree according to the Berlin criteria (2012).

According to anthropometric characteristics and
clinical and laboratory changes, patients did not differ

from the data presented in other modern
Table 4 publications. The vast majority of patients
were over 60 years of age and were over-
weight. The obtained data support the fact

Group that old age and overweight are risk fac-
i Group 1 (n=46) Group 2 (n=13) tors for severe COVID—I? [14.1, 15].
ndicator Norm Laboratory examination revealed
| day 2-3 days 1 day 2-3 days high levels of.ALT, LDH, C—reactive pro-
tein and D-dimer, which is also consis-
BPmean, | 000 | 9406146 | 11284135 | 1012293 | 70-110 | (M With the work of foreign authors
mm Hg ) ) ) ’ ) T B [1, 14, 15]. Based on current literature on
HR,min | 91.14202 | $3.8£17.6 | 91.6£19.1 | 857417.6 | 60-90 | M issueof coronavirus discase, a signif-
icant increase in C-reactive protein is
EDD, ¢cm 5.0+0.9" 5.0+0.9 3.8+0.6 424031 | 3.6-5.6 | one of the indicators of the development
ESD,cm | 3.140.8 3.1£0.9 2.6+0.5 2503 | 24-52 | Of cytokine storm and adverse course of
the disease [16, 17].
EDV, ml | 122.2+55.7° | 125.0+58.6 76.3£28.0 80.3+14.0 | 80-150 The use of NIV in SARS-nCoV-2
ESV,ml | 4294297 | 454%359 | 2524111 | 23479 | 30-40 | Since the beginning of the pandemic has
caused controversy, as it was believed that
EF,% | 66.6£105 | 644%146 | 663102 | 71.1x68 | 55-75 | care units [3]. But later it was shown that
: there is no convincing data that would con-
CIL I/min/m? 3.5+1.5 2.9+0.9 2.3+1.3 2.7+0.3 34 firm the increase of aerosolization when
CO, I/min | 7.3+3.2° 6.0+1.6 48424 5.6£0.7 | 3.5-5.5 | usingnon-invasive techniques [18-20].
In addition, studies have shown an
| /DQZ; , | 521.7£231.6 | 616.9+118.6 | 445.8£209.9 | 554.0+121.5| 500600 | increase in mortality with NIV due to
mymim/m delayed tracheal intubation, but did not

Note: "—(p<0.05) — the significance of the differences between groups 1 and 2 on

the first day

The average duration of respiratory support in
group 1 was 6.21+5.2 days, and in group 2 —4.13+2.3 days
with a minimum value of 1 day in both groups and a max-
imum of 29 days in group 1, and 8 days — in group 2, but
had no significant differences between groups (p>0.05).

In case of inefficiency of NIV, patients of the ex-
amined groups were transferred to invasive ventilation.
In group 1 there were 16 patients (34.78+7 %), and in
group 2 — 4 (30.8£13.3 %). According to this indicator,
the groups did not differ significantly (p>0.05).

In the analysis of mortality in the groups, the aver-
age level was 55.9+£6.5 %: in group 1, 21 (45.6+7.3 %)

specify which respiratory support regi-
men was used. However, invasive ventila-
tion in patients with SARS-nCoV-2 world-
wide has a high mortality rate (up to 92 %), so the
question of the possibility of NIV in patients with HRF
caused by coronavirus disease remains controversial [21].

One Chinese study compared the effects on in-
vasive and non-invasive lung outcomes and obtained
convincing results in favour of NIV: mortality in the
invasive ventilation group was 92 % (n=104) and in the
NIV group was 40.8 % (n=62), (p<0.001). Unfortu-
nately, the authors do not specify which mode of ven-
tilation was used. However, the results are comparable
with the results of our study in group 1, where mortal-
ity was 45.6 % (n=21) [18].
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In modern publications, we have not found a com-
parison of the use of different NIV modes in COVID-19.
In our study, we demonstrated the effect of different NIV
regimens on hemodynamics. Due to the increase in intra-
thoracic pressure when using CPAP+PSV, the preload of
the left ventricle is reduced. Therefore, it can be assumed
that the use of CPAP+PSV has a negative effect on hemo-
dynamics and long-term consequences in patients with
severe coronavirus disease [22].

Therefore, given the previous results of intensive
care in a small sample of patients, we consider the use of
NIV in CPAP mode without PSV as a tool to improve
oxygenation and results in patients with COVID-19.

Study limitations. The limitations of the study
are related to a small sample of patients.

Prospects for further research. The study of the
effect of non-invasive ventilation regimens in patients
with moderate and severe ARDS caused by SARS-
nCoV-2 virus (COVID-19) will be further developed.

5. Conclusions

1. The use of non-invasive ventilation in CPAP
mode in patients with severe SARS-nCoV-2 (COVID-19),
accompanied by the development of moderate and se-
vere ARDS, allows to maintain adequate oxygenation

(Sp0O,>94 %, RR<32 min™) and does not worsen the indi-
cators of central hemodynamics (CI 3.5+1.5 I/min/m?,
SV 79.3+30.2 ml).

2. The use of NIV in the mode of CPAP+PSV also
allows to maintain an adequate level of oxygenation
(Sp0O,>94 %, RR<32 min™) in patients with severe ARDS,
but has a negative effect on central hemodynamics
(CI 2.3£1.3 I/min/m?, SV 51.1£21.3 ml).

3. The mortality rate with the use of NIV in the
CPAP regimen in patients with ARDS caused by SARS-
nCoV-2 in our study was 45.6 %, and with CPAP+PSV
this figure was 92.3 %, which is comparable to current
publications.

4. The relative risk of adverse outcome in patients
with HRF caused by SARS-nCoV-2 virus (COVID-19)
when using NIV in CPAP mode is significantly lower than
in the group using CPAP+PSV (RR=0.49, 95 % CI 0.35—
0.70, p=0.0001), which allows us to consider NIV in the
CPAP mode a promising method of respiratory support in
patients with moderate and severe ARDS caused by SARS-
nCoV-2 virus (COVID-19), which requires further study.
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