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Abstract

Introduction

For patients with acute respiratory failure with suspected
COVID-19 or with confirmed COVID-19, the strategy and tactics
of respiratory therapy and respiratory support do not differ
significantly from those for parenchymal acute respiratory failure
of any genesis (community-acquired bacterial or viral pneumonia,
nosocomial, including respirator-associated pneumonia, ARDS)
[1,2]. The strategy and tactics of choosing methods of respiratory
support and correction of parameters of mechanical ventilation
in severe acute respiratory failure caused by a new viral infection
COVID-19 is, in principle, similar to those in ARDS caused by direct
damaging factors [3-6]. The basic principles of the effectiveness
of treatment of severe parenchymal acute respiratory failure of

various origins are as follows:
a. timely differential diagnosis of acute respiratory failure.

b. timely identification and adequate correction of risk
factors and predisposing factors of lung damage in intensive

care units.

c. adequate treatment of the leading causes of acute
respiratory failure.

d. rational use of non-invasive artificial ventilation.

The novel coronavirus infection (COVID-19) pandemic, caused by the highly contagious severe acute respiratory syndrome
coronavirus (SARS-CoV-2), is still at its peak, causing thousands of deaths every week. Since the beginning of the coronavirus (just
a few months ago), our understanding of the disease has grown rapidly. While there are several large, randomized drug trials
currently underway, current survival from severe COVID-19 is entirely dependent on providing the best supportive care possible.
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e. implementation of the principles of sparing artificial
ventilation.

f.  differentiated use of respiratory strategies.

g. differentiated use of adjuvant methods for correcting
hypoxia.

h. complex treatment of patients with acute respiratory
failure - treatment of acute respiratory failure, this treatment
is not only the lungs.

i. To clarify the nature and extent of lung damage for
all patients with ARDS, suspected COVID-19 or confirmed
COVID-19, it is advisable to perform computed tomography of
the lungs, provided this method is available and the patient is
transportable. In cases of viral pneumonia, when performing
frontal radiography of the lungs, there is a significantly lower
efficiency of detecting changes than with CT. With ARDS and
viral pneumonia, CT allows you to:

j.  to identify pathological changes in the lungs (bilateral
polysegmental infiltrates) in the early stages of the disease
even before the development of signs of acute respiratory
failure.
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k. assess the dominant cause of acute respiratory failure

(diffuse atelectasis, overhydration, fibrosis / hyalinosis, etc.).
l.  assess lung recruitment.

m. stratify patients in relation to the decision of questions
about hospitalization, the choice of treatment tactics and
methods of respiratory support [1,2,4,5,7,8].

Considering that acute respiratory failure in ARDS and viral
pneumonia has similar fundamental mechanisms of pathogenesis
(decrease in thoracopulmonary compliance, decrease in functional
residual capacity, accumulation of extravascular fluid in the lungs,
deterioration of regional ventilation-perfusion relations and an
increase in intrapulmonary shunting of blood), in the case of
hypoxemia it appears it is inappropriate to carry out traditional
oxygen therapy (through nasal cannulas or a face mask) [9].
Indeed, the use of a low-flow (4 - 8 1/min) air-oxygen mixture
will not allow to effectively influence the basic mechanisms of
the pathogenesis of acute respiratory failure and increase arterial
blood oxygenation with a high risk of damage to the epithelium
of the upper respiratory tract and alveoli with poorly moistened
and poorly warmed oxygen [10]. Therefore, with the development
of parenchymal acute respiratory failure and with mild ARDS
of any etiology, it is advisable to use non-invasive respiratory
support (NIV) methods. The development of modern medical
technologies has made it possible to widely introduce various NIV
methods into clinical practice. It is used at different stages of the
treatment of respiratory failure of various origins: to reduce the
frequency of intubation, for treatment as an alternative to invasive
ventilation, at the stage of stopping ventilation (the possibility of
earlier extubating), after extubating (reducing the frequency of
reintubation and resumption of mechanical ventilation) [10,11].
Non-invasive respiratory support improves lung biomechanics
and gas exchange and reduces the patient’s work of breathing.
These effects are realized through the application of positive
end expiratory pressure (PEEP) or continuous positive airway
pressure (CPAP) and inspiratory pressure support (PS). Positive
effects of PEEP (CPAP): an increase in the functional residual lung
capacity and their elasticity, a decrease in regional ventilation-
perfusion disorders, an improvement in gas exchange in the
lungs, a decrease in the patient’s respiratory work, a decrease in
transpulmonary pressure, a decrease in the negative respiratory-
circulatory effects of NIV and / or mechanical ventilation. Modern
respiratory technologies offer a wide range of NIV modes: CPAP,
EPAP, PSV, PPS, VS, VTBS, BIPAP, DuoPAP, ICPAP, ASV, etc. There is
a sufficient selection of devices for connecting the respirator to
the patient’s airway: nasal cannulas, tracheostomy cannulas, nasal
mask, face mask, Total face, helmet, etc. [2,12]. In patients with
parenchymal acute respiratory failure, ARDS, pneumonia, NIV is
the starting method of respiratory support, especially in indirect
ARDS. The main indications for NIV in this contingent are: dyspnea
at rest, respiratory rate (RR) >25-30 breath/min; participation in

respiration of auxiliary muscles, thoracoabdominal asynchronism,
hypoxemia -Pa0, <60, Sa0, <90% (with FiO, = 0.4-0.5 or PaO, /FiO,
<300 with Fi0,=0.21, Qs / Qt 210%) ; hypercapnia - PaCO,>45 mm
Hg Art. and / or its progressive increase; hypocapnia -PaCO, <7.35
and / or its progressive decrease; increased airway resistance (Raw)
is 1.5-2.0 times higher than normal; tachycardia at rest (heart rate>
90 per minute); arterial hypertension (hypotension), acrocyanosis,
cyanosis, a combination of the above factors [10,7,11]. Modern
respiratory technologies make it possible to implement various
modes of respiratory support in NIV conditions with a wide range of
settings for ventilation parameters in patients of different profiles.

In several clinical situations, NIV is an effective alternative to
mechanical ventilation. The advantages of NIV over mechanical
ventilation:

1. absence of complications inherent in tracheal intubation
and long-term presence of an endotracheal tube in it.

2. lower risks of developing respiratory complications.

3. lower risks of developing circulatory complications.

4.  reducing the risks of developing nosocomial infections.
5. reducing the need for medication sedation.

6.  the possibility of contact with the patient (the possibility

of earlier mobilization of the patient).

7. pharmacoeconomic benefits. It should be remembered
that there are many advantages of maintaining spontaneous
breathing with respiratory support in patients with ARF of
various origins: prevention of atrophy of the respiratory muscles;
improvement of regional ventilation-perfusion relations;
improving cardio hemodynamics, reducing the load on the right
ventricle of the heart; maintaining the cough reflex - reducing the
risk of developing respirator-associated pneumonia; facilitating
the process of weaning from mechanical ventilation; reduction in
the duration of respiratory support and stay in the intensive care
unit [6,11,13]. However, any NIV method is not devoid of negative

effects.
The main disadvantages of NIV:

1) the need for active cooperation of medical personnel with
the patient.

2) the complexity of setting the NIV parameters.

3) the need for frequent correction of NIV parameter
settings.

4) impossibility to realize high PEEP under NIV conditions.

5) impossibility to realize high inspiratory pressure under
NIV conditions.

6) lack of direct access to the respiratory tract for sanitation
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in NIV conditions.
7) high risk of aerophagia.

8) high risk of aspiration of the contents of the oral cavity

and stomach.

9) maceration and necrosis of the skin at the points of
contact of the mask.

10) nosebleeds.
11) conjunctivitis.

12) the possibility of developing hypoxemia with a leaky mask
connection.

13) inadequate heating and humidification (conditioning) of

the gas mixture.

14) risks of equipment contamination, infection of medical
personnel and patients with highly contagious infections
[3,6,12].

Despite all the obvious advantages of NIV, in several clinical
situations this method cannot replace mechanical ventilation.

Absolute contraindications for any NIV methods are:
a. lack of spontaneous breathing.
b. lack of consciousness.
c. Pa0O,/Fi0,<170.

d. impossibility of implementing NIV (craniofacial trauma,

damage to the upper respiratory tract, constitutional features).

e. lack of cooperation with the patient. Given the specifics
of NIV, its effectiveness may be significantly reduced, or the
implementation of this method becomes impossible. This can
be in the following clinical situations:

f.  inability to protect the respiratory tract (impaired
coughing and swallowing) and a high risk of aspiration.

g. excessive bronchial secretion.

h. impairment of consciousness (agitation or depression of

consciousness).

i.  severe obesity.
j.  active bleeding from the gastrointestinal tract.
k. obstruction of the upper airways.

l.  discomfort from the mask, claustrophobia.

m. operations on the upper respiratory tract.
condition or

n. the patient’s serious its progressive

deterioration (unstable hemodynamics, myocardial ischemia,

life-threatening arrhythmias, severe metabolic disorders and/

or dyshidria, uncontrolled arterial hypertension) [3,6,12].

Objective

To determine the benefits of NIV in ARF in patients with
COVID-19.

Research Material

The study included 25 patients admitted to the intensive care
unit of the AMU surgical clinic during the period from April 1 to
August 1, 2020.

Research Results

Our experience with NIV has shown that most patients
undergoing NIV tolerate this procedure relatively well at the initial
stage. However, in a number of patients during the first minutes or
hours of NIV, there is no improvement in their condition (clinical
parameters and gas exchange) or the procedure is poorly tolerated;
the proportion of such patients is usually about 15-35%. During the
period of work with patients with COVID-19, we have developed an

algorithm for selecting the primary parameters of NIV:
a. choose the starting level of PEEP 4-6 cm of water. Art.

b. evaluate the patient’s DO, signs of increased work of
breathing (shortness of breath, participation of auxiliary

muscles, thoracoabdominal synchronism, etc.).

c. set the minimum trigger sensitivity at which there is no
auto trigging (-1.5-2.0 cm H, 0 for a pressure trigger: 2-3 1/min
for a flow trigger).

d. select the level of inspiratory pressure support (PS, IPAP)
individually by means of a stepwise increase (1-2 cm of water
column) from 4-6 cm of water. Art. until a tidal volume equal
to 6-8 ml / kg of the proper body weight (DMT) is reached
(calculation of DMT (kg): men = 50 + 0.91 x (height, (cm) -
152.4); women = 45.5 + 0.91 x (height, (cm) -152.4), estimate
Sp0,, RR, DO / RR;

e. adjust the amount of acceleration of the peak inspiratory
flow adequate to the patient’s current state (corresponding
to the state of his neuro-respiratory drive - “respiratory
demand” - in accordance with the patient’s inspiratory rate), it
is advisable to focus on the graphic monitoring of respiration

- to avoid “flow hunger” and excessively high rate of rise flow;

f.  configure the trigger for switching the device from
inhalation to exhalation to ensure sufficient DO and patient
comfort (it is advisable to use the algorithm for selecting a
percentage decrease in the flow rate from its maximum value),
you should focus on the graphical monitoring of respiration
-to achieve compliance with the duration of the apparatus

inspiration with the duration of the patient’s inspiration;
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g. set the inspiratory fraction of oxygen in the inhaled gas
mixture (Fi0,) at the minimum level that ensures SpO, 88-
95%.

h.  in patients with Sp0O, <88% against a background of FiO,
= 0.3, gradually (1-2 cm of water column) increase PEEP to
8-12 cm of water. Art. subject to portability.

i.  use respiratory and cardio monitoring.

j- use graphical monitoring of NIV.

k. focus on the subjective state of the patient.
1. constantly adjust the respirator settings.

It should be especially noted that the adjustment of NIV
parameters should be started with a gradual increase in PEEP.
In many cases, optimal PEEP can quickly correct respiratory
distress. Pressure support is advisable in the presence of
thoracoabdominal asynchronism and/or tidal volume/respiratory
rate >105. Inadequately selected inspiratory and expiratory triggers
accelerated peak inspiratory flow, and inspiratory/expiratory
ratios can significantly reduce the therapeutic efficacy of NIV. In
most cases, this algorithm for selecting the starting NIV settings
ensures its effectiveness and safety. It should be remembered that
the wrong choice of any of these NIV parameters will not allow to
realize all the therapeutic possibilities of this method of respiratory
support, reduce its clinical effectiveness and lead to the need for
tracheal intubation and initiation of invasive controlled ventilation.
It should be borne in mind:

i. high values of PEEP (10-12 cm of water column and
more) and/or PS 16-18 cm of water. Art. and more), despite
a temporary improvement in oxygenation, lead to patient
discomfort and increase the risk of developing lung damage.

ii. dyspnea reduction is usually achieved shortly after
adequate ventilation has been set, while hypercapnia and/or

hypoxemia may take several hours to correct.

iii. during the first hours, the NIV should be carried out

continuously.

iv. monitoring of gas exchange parameters and the patient’s
condition during the first hours of NIV should be carried out

continuously.

V. further, after the improvement of the gas exchange
indices, a gradual decrease in the NIV intensity is possible
(first, a decrease in the oxygen fraction, then the PS value, then
the PEEP level).

vi. further, with stable indicators of gas exchange and the
patient’s condition, it is possible to carry out NIV sessions for
several hours a day, depending on the patient’s condition and

tolerance.

Vii. it is advisable to combine NIV sessions with sessions of

high-flow oxygen therapy.

At the beginning of NIV, a fundamental condition is careful
monitoring of the patient’s condition and a rapid (within 15-
30 min) assessment of the effectiveness of respiratory support,
especially in ARDS and viral pneumonia. When assessing the
clinical effectiveness of NIV, a comprehensive assessment of the

patient’s condition is required. Pay attention:
a. todecrease Pa0, / Fi0, <175.
b. lack of growth of Pa0, / FiO,.
c. growth of PaCO.

d. an increase in respiratory rate >25-30 per minute or no

decrease in respiratory rate.

e. an increase in the ratio of respiratory rate/tidal volume
>100.

f.  the emergence or growth of encephalopathy.

g. desynchronization of the patient with the respirator.
h. appearance or increase of acidosis.

i.  deterioration of the patient’s condition.

The
improvement of arterial blood gas composition and the ability to

criterion for successful NIV in our study was the

avoid endotracheal intubation.

Clinical Case
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Figure 1: X-ray of the lungs on admission.

The patient is a woman aged 40, with complaints of intermittent
chronic cough, temperature 39.3°C, chills, headache, shortness of
breath, loss of appetite, loss of the sense of smell. On auscultation
of the lungs, crepitus, moist rales in the lower lobes of the lungs,
oxygen saturation 86-88%, respiratory rate 26-28 per minute were
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noted. Laboratory tests on admission included: WBC -18.42x109/L,
LYM - 0.51x109/L, albumin -3.11g/dL, PI- 51.9%, PT -14.8 sec., INR
1.39, Fibrinogen 128 mg/L, GRP 27.4 mg/L, D-Dimer >7500 ng/mL,
Ferritin 1088 ng/mL, P/F >150. Chest X-ray and CT are indicated in
the following (Figures 1-9).
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Figure 5: CT of the lungs on the 3™ day after treatment.
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Figure 2: X-ray of the lungs on admission.
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Figure 6: CT of the lungs on the 7" day after treatment.
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Figure 3: Radiograph of the lungs after improvement.
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Figure 4: CT of the lungs at admission. Figure 7: CT of the lungs on the 9" day after treatment.
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Figure 9: CT of the lungs 15 days after treatment.

Non-invasive ventilation of the lungs was carried out with an
oral-nasal mask using an ELISA ventilator. The parameters were set
and adjusted according to the general state and according to blood
gas data 4 times a day: RR <35, pH >7.30, neurological dysfunction
according to the Kelly scale> 3-5, modified with a scale for
determining the participation of auxiliary respiratory muscles <3
points. With hypercapnia, the following parameters were set Ps -12,
PEEP -6 cm water column, FiO, -30-40%, and with hypoxemia -Ps-
12, PEEP -5 cm water column, Fi0, -50-60%. The median treatment
period with NIV was 12 days. The average daily treatment time
with NIV on the first day was 16.5 hours, on the second day -17.2
hours and on the third day 15.7 hours. The patient was discharged
on the 18" day with improvement.

Conclusion

With the development of ARF of any etiology, timely differential
diagnosis is important, considering all the predisposing factors
for the development of respiratory disorders. Early use of NIV
with correct settings of starting parameters, combined and
combined use of different NIV methods, positional and respiratory
therapy, respiratory simulators, etc. are fundamentally important;
comprehensive monitoring and thorough assessment of the
patient’s condition, timely resolution of the issue of the need for
intubation; comprehensive monitoring and adjuvant therapy. It has
been proven that NIV avoids tracheal intubation, reduces the risk of
complications, mortality and length of hospital stay.
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