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Summary

Aim. To compare respiratory mechanics and gas exchange in patients with acute respiratory distress syn-
drome (ARDS) with and without COVID-19.

Material and methods. We examined 96 patients, who were divided into two groups. The main group in-
cluded 48 patients with COVID-19-associated ARDS. The control group included 48 patients with ARDS not
associated with COVID-19. Most characteristic patients were selected for the following baseline parameters:
age, sex, SAPS Il score, disease severity, plateau pressure (Pplateau), oxygenation index (PaO,/FiO,), and arte-
rial-alveolar oxygen gradient (A-a0,). Respiratory mechanics and gas exchange parameters assessed immedi-
ately after ARDS diagnosis and on days 1, 3 and 7 of treatment included arterial oxygen (PaO,) and carbon
dioxide (PaCO,) pressure, tidal volume (Vt), respiratory rate (RR), respiratory minute volume (RMV), positive
end expiratory pressure (PEEP), and Py equ-

Results. Patients in the main group had higher Vt (9.7 vs. 5.1 ml/kg, P<0.001), RR (38 vs. 30 min‘,
P<0.001), and RMV (27.7 vs. 10.5 1/min, P<0.001). Control group patients showed hypercapnia (PaCO, 43 vs.
38 mmHg, P<0.001), lower respiratory compliance (30 vs. 48 ml/cm H,0, P<0.001) and ventilation ratio (VR)
(1.5vs. 2.0, P<0.01). Lower PEEP values were required for patients in the main group. However, despite the
higher rate of tracheal intubation in the control group (50% vs 16.7%) in the initial period of intensive care,
the proportion of patients receiving invasive lung ventilation was significantly higher in the main group
(33.3% vs.14.6%) by day 7.

Conclusion. The initial phase (the first 7 days) of ARDS associated with COVID-19 is characterized by higher
values of Vt, RR and RMV, as well as lung compliance vs «typical» ARDS with almost identical PaO,/FiO, values.

Keywords: COVID-19; ARDS; respiratory support; respiratory mechanics

Conflict of interest. The authors declare no conflict of interest.

Read the full-text English version at www.reanimatology.ru

Correspondence to: Afpec 111 KOpPEeCTIOHAEHIHH:
Sardor Kh. Ibragimov Capaop XampamoBud MI6parumon
E-mail: dr.sardor.ibragimov@gmail.com E-mail: dr.sardor.ibragimov@gmail.com

24 www.reanimatology.com GENERAL REANIMATOLOGY, 2022, 18; 5



For Practitioner

Introduction

The pandemic new coronavirus infection
COVID-19 has led to a dramatic increase in the in-
cidence of acute respiratory distress syndrome
(ARDS) worldwide [1, 2]. As experience in the man-
agement of patients with COVID-19-associated
ARDS accumulates, efforts are being made to de-
velop its classification, according to the mechanical
changes of the respiratory system, in order to op-
timize algorithms of respiratory therapy (3, 4]. To
date, viral pneumonia was shown to be accompa-
nied by a variety of clinical manifestations and
disorders of respiratory mechanics with the un-
derlying interaction between such major factors
as viral load, patient reactivity, baseline physiological
reserve and comorbidity as well as the patient's
adaptive capacity for hypoxemia and the time
from the onset of the disease to the beginning of
intensive care [5-7].

Despite disease-specific differences in the
pathogenesis of ARDS, most authors suggest using
similar methods of respiratory support for its con-
trol. These include lung ventilation with low tidal
volume (Vt) (4-8 ml/kg) and maintenance of
plateau pressure below 30 cm H»O. Individualized
use of high levels of positive end-expiratory pressure
(PEEP), 12-16-hour ventilation in the prone posi-
tion, muscle relaxants, and recruitment maneuvers
are recommended for patients with COVID-19 on
mechanical lung ventilation (MLV) [8-10]. Recently,
the personalized respiratory support with pul-
monary protection has become the basis of ARDS
treatment and was shown to reduce mortality. The
ventilation strategy is also discussed in the context
of recent debates about phenotypic heterogeneity
in patients with COVID-19-related ARDS [2, 5, 11,
12]. Although early reports suggested that COVID-
19-associated ARDS has mostly unique features,
new data indicate that the respiratory mechanics
of patients with or without COVID-19-associated
ARDS are broadly similar [3, 6, 13, 14].

Large variations in mortality in different med-
ical centers indicate that respiratory support can
contribute significantly to the outcome of COVID-19-
associated ARDS [15, 16]. The understanding of
respiratory mechanics in COVID-19 pneumonia
and the feasibility of involving the unstable alveoli
in gas exchange can provide a background for ad-
justment of respiratory settings. While solid evidence
supporting the paradigm change in ventilation
control is still lacking, an individualized approach
with respect to respiratory biomechanics of each
patient has been proposed [4, 7, 15, 17].

The aim of the study was to compare param-
eters of respiratory mechanics and gas exchange
in patients with acute respiratory distress syndrome
(ARDS) associated with COVID-19 and not related
to COVID-19.

Material and Methods

Forty-eight adult patients with COVID-19-as-
sociated ARDS hospitalized in the Republican In-
fectious Hospital Zangiota-1 (Tashkent, Uzbekistan)
during the period July 1 to August 27, 2021 were in-
cluded in the prospective study and comprised the
first (main) group. SARS-CoV-2 was identified by
reverse transcriptase-polymerase chain reaction of
nasal swabs. The SARS severity was assessed by
oxygenation index (RaO,/FiO,) according to Berlin
definitions [14].

The second group (control) consisted of 48
adult patients with ARDS not related to COVID-19,
hospitalized in the Vakhidov Republican Research
and Medical Center of Surgery (Tashkent, Uzbekistan)
from January 2017 to August 2021.

Inclusion criteria for patients in the study were
age older than 18 years and diagnosis of ARDS (ac-
cording to Berlin definitions).

Patients who underwent tracheal intubation
immediately upon admission to the ICU were not
included in the study.

The patients were selected according to the
principle of initial characteristics representativity
according to the following criteria: age, sex, SAPS I
score, disease severity, plateau pressure (Pplateau),
oxygenation index (RaO,/FiO,), and alveolar-arterial
oxygen gradient (A-a05).

Invasive lung ventilation with sedation was
started in the volume control mode with Vt of
6-8 ml/kg of predicted body weight and respiratory
rate (RR) up to 35 min! (adjusted according to
arterial blood pH). Oxygen fraction (FiO,) was set
to achieve an arterial blood oxygen saturation greater
than 93%.

The PEEP parameters were set by the attending
physician according to gas exchange and hemody-
namic tolerance values with an upper limit of
Pplateau of 28 cm H,O.

During the first 12 hours of the patients' stay
in ICU we analyzed the ventilator settings in the
non-invasive ventilation mode (CPAP), including
the patient's supine position. Respiratory mechanics
and possibility of lung recruitment were assessed.

Initial measurements were made immediately
after ARDS diagnosis with the patient being on
non-invasive ventilation. The following parameters
were measured from 6 to 12 am on days 1,3, and 7
of treatment: PaO,, FiO,, PaCO,, Vt, RR, MV, PEEP,
and Pplateau (with a breath hold of 0.2 to 0.3 s).

Alveolar-arterial oxygen gradient was estimated
using the formula: A-aO, = [(AP-PH,0) x FiO,) —
(PaCO,/RQ)] - PaO, (mm Hg),

Where AP is the atmospheric pressure, PH,0,
the partial pressure of water vapor, and RQ, the
respiratory coefficient. AP, PH,0, and RQ were con-
sidered to be 760 mmHg, 47 mmHg, and 0.8, re-
spectively.
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Table 1. Baseline parameters of non-invasive lung ventilation in the studied groups.
Parameters Values in groups P-value
Main, n=48 Control, n=48
Age, years (min-max) 53 (31-72) 56 (38-71) 0.216
SAPS II, points (min-max) 47 (37-58) 48 (37-59) 0.465
Sex (F/M), n 37/11 35/13 0.281
Moderate ARDS, n (%) 33 (68.8%) 35 (72.9%) —
Severe ARDS, n (%) 15 (31.2%) 13 (27.1%) —
Vt, ml/kg (min-max) 9.7 (6.1-14.2) 5.1 (3.9-6.9) <0.001
RR, min! (min-max) 38 (25-45) 30 (25-35) <0.001
MYV, I/min (min-max) 27.7 (12-38) 10.5 (9.3-11.8) <0.001
PaCO,, mmHg (min-max) 38 (34-43) 43 (37-49) <0.001
PEEP, cmH,0 (min-max) 10 (8-14) 8 (7-12) 0.072
Plateau pressure, cmH,0O (min-max) 24 (20-27) 25 (22-28) 0.655
CRS, ml/cmH,0 (min-max) 48 (28-70) 30 (23-40) <0.001
Pa0,/FiO,, mmHg (min-max) 128 (67-163) 136 (80-167) 0.105
A-a0, gradient, mmHg (min-max) 347 (242-514) 351 (271-485) 0.554
VR (min-max) 2.0 (1.6-2.6) 1.5 (1.3-2.0) <0.001

Note. SAPS II — Simplified Acute Physiology Score; F — females; M — males; ARDS — acute respiratory distress syndrome; V, —
tidal volume; MV — minute volume; PaCO, — partial pressure of CO; in arterial blood; PEEP — positive expiratory end pressure;
CRS — compliance of respiratory system; PaO,/FiO, — oxygenation index; A-a0, gradient — alveolar-arterial oxygen gradient;

VR — ventilation ratio.

Compliance of respiratory system (CRS) was
calculated as the ratio of Vt to the difference between
Pplateau and established PEEP.

Ventilation ratio (VR) was calculated as the
ratio of [MV (ml/min) x PaCO, (mm Hg)] to [patient
weight (kg) x 100 x 37.5].

Pa0,/FiO,, A-a0, gradient, CRS, and VR were
calculated on days 1, 3, and 7.

The study materials were analyzed using para-
metric and nonparametric statistical analysis meth-
ods, using STATISTICA 13.3 software (StatSoft Inc.).
Accumulation, correction, and synthesis of the
initial data as well as the visualization of the results
were performed in Microsoft Office Excel 2019 elec-
tronic spreadsheets.

The normality of quantitative variable distri-
bution was assessed using the Shapiro-Wilk test.
All parameters had a normal distribution. The data
were combined into variation series, where arithmetic
mean values and standard deviations were calculated.
Student's t-test was calculated to compare the mean
values. The differences were considered significant
at P<0.05.

Results

Initially, 164 patients with COVID-19-associ-
ated ARDS and 62 patients with non-COVID-19-
associated ARDS were included in the study. During
statistical analysis and comparison of patients
baseline characteristics (age, sex, SAPS II score,
disease severity, plateau pressure (P,,.,), RaO2/FiO2
and A-a0,), 48 patients with COVID-19-associated
ARDS were matched against the same number of
patients with non-COVID-19-associated ARDS.
The main baseline characteristics and ventilator
parameters in the groups are shown in Table 1.

Patients with COVID-19-associated ARDS had
higher tidal volumes (9.7 versus 5.1 mL/kg, P<0.001),

respiratory rate (38 versus 30 min!, P<0.001),
minute ventilation (27.7 versus 10.5 L/min, P<0.001),
compliance of respiratory system (48 versus 30
ml/cm H,0, P<0.001), and ventilation ratio (2.0
versus 1.5, P<0.001). Hypercapnia was more com-
mon in the control group patients (PaCO, 38 vs.
43 mmHg, P<0.001).

Ventilation parameters in patients of both
groups on days 1, 3, and 7 of treatment are shown
in Table 2. Within the first 24 hours from the study
start, 8 (16.7%) patients in the study group were
intubated, as were 24 (50%) patients in the control
group. On day 3, 6 (12.5%) patients in the main
group were intubated, and by day 7, another 2
(4.2%) did so, thus the percentage of intubation in
the main group (P<0.001) was 33.3% (16 out of 48)
within a week, whereas in the control group 3
(6.25%) patients were switched to noninvasive
CPAP support on day 3. Only 12.5% (6 out of 48)
patients in the study group were completely weaned
off noninvasive ventilation, while in the control
group this parameter was 20.8% (10 out of 48),
with 3 of them (6.25%) were transferred to spon-
taneous respiration on day 3 of the study, and 17
out of 48 (35.4%) patients were extubated (P<0.001).
Thus, 14.6% (7 of 48) of patients in the control
group remained on invasive lung ventilation on
day 7.

Indications for tracheal intubation included
hypoxemia (Sp0.<92%), RR over 30 per min, im-
paired consciousness, and, additionally, increased
visible chest excursions and chest X-ray abnor-
malities. In 3 cases, invasive ventilation in group 1
patients was started due to circulatory failure with
the underlying acute myocardial infarction, and
in 2 cases it was due to septic shock.

The Vt and MV were almost equal in both
groups throughout the study. Respiratory rate
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Table 2. Parameters of invasive ventilation in the studied groups.
Parameter Values in groups
Day 1 Day 3 Day 7
Main Control Main Control Main Control
Spontaneous breathing, n (%) —_ —_ —_ 3 (6.25%) 6 (12.5%) 10 (20.8%)
— P<0.001 P<0.001
Non-invasive ventilation, n (%) 40 (83.3%) 24 (50%) 34 (70.8%) 21 (43.75%) 26 (54.2%) 14 (29.2%)
P<0.001 P<0.001 P<0.001
Intubated, n (%) 8 (16.7%) 24 (50%) 14 (29.2%) 21 (43.75%) 16 (33.3%) 7 (14.6%)
P<0.001 P<0.001 P<0.001
Extubated, n (%) — — — 3 (6.25%) — 17 (35.4%)
— P<0.001 P<0.001
V, ml/kg 6.1 (5.9-6.8) 6.0 (6.0-6.0) 6.1(5.9-6.9) 6.0(6.0-6.1) 6.4 (5.9-7.4) 6.0 (6.0-6.8)
0.0321 0.210 0.758
RR, min-! 32 (24-40) 26 (18-35) 28 (25-33) 29 (24-33) 31 (26-35) 26 (20-32)
P<0.001 P=0.884 P=0.007
MV, I/min 11.9 (9.8-13.0) 10.9 (9.3-1.6) 11.5(10.3-14.2) 11.6 (10-13.2) 12.3 (10.4-14.6) 12.5(10.4-14.0)
P=0.059 P=0.553 P=0.954
PEEP cMm H,0O 8 (6-12) 14 (8-16) 10 (6-12) 10 (7-16) 12 (6-16) 7 (5-14)
0.004 0.489 <0.001
Plateau PTESSUrE, cm H,O 24 (21-28) 32 (22-36) 25 (21-28) 26 (20-28) 27 (23-28) 23 (19-28)
0.007 0.784 0.016
FiO», % 75 (50-100) 60 (50-70) 70 (50-100) 55 (40-70) 60 (40-100) 50 (40-60)
P=0.021 P=0.026 P=0.079

Note. For quantitative parameters, minimal and maximal values are shown. V; — tidal volume; RR — respiratory rate; MV —
minute volume; PEEP — positive expiratory end pressure; FiO, — oxygen fraction in the oxygen-air mixture.

among patients on noninvasive ventilation was
different between 2 groups: in the main one it was
32 (from 24 to 40), while in the controls it was 26
(from 18 to 35) (P<0.001). On day 3 of treatment,
the values were equal, and on day 7 increased
again in the main group (31 vs 26, respectively,
P=0.007).

During day 1, the PEEP values were adjusted
in the range between 6 and 12 cm H,O with a
mean of 8 cm H,O in patients from the main
group. They were higher in the control group pa-
tients due to their specific response to recruitment
maneuvers. Further, due to the initiation of invasive
lung ventilation with sedation and myoplegia in
most patients and adjustment to higher PEEP val-
ues, these values demonstrated no differences be-
tween the groups (P=0.489), but their range (from
7 to 16 cm H,0) was wider in the control group
than in the main one (from 6 to 12 cm H,0). With
progressing COVID-19 pneumonia and decreasing
of ventilated lung tissue volume, PEEP values were
to be increased and became higher in the study
group (12 [6-16] cm H,0) than in the control one
(7 [5-14] cm H,0) (P<0,001).

The PaO,/FiO, values were different between
patient groups as early as on day 1 of the study,
reaching 170.8 mm Hg in the control group versus
153.5 mm Hg in the main group (P<0.001), as they
were on day 3 (217.91+68.26 versus 175.0+73.45 mm
Hg, P<0.001), and on day 7 (268.54+65.23 versus
240.0+63.94 mm Hg) (Fig., a).

The Figure (a) shows that during respiratory
therapy there was an increase in PaO,/FiO, both
in the control group (from 170.8 to 268.54+65.23

mmHg) and in the main group (from 153.5 to
240.0+63.94 mm Hg), i. e. the parameter was higher
on day 3 than on day 1 of the study.

The alveolar-arterial gradient values in the
main group were lower on the first day of me-
chanical lung ventilation than in the control group
(142.0+65.75 versus 163.75+68.31) (P<0.001), (Fig., b).
On the third day of mechanical ventilation, this
parameter increased in both groups with no sig-
nificant differences, and on the 7th day, it dropped
in both groups, which was probably due to a de-
crease in the oxygen fraction used, being higher
in the main group than in the control one
(100.417+62.09 and 81.875+41.95, respectively,
P=0.0066).

CRS values in the main group were higher
than those in the controls on both the 15t and 3
days of mechanical ventilation (34.521+8.53 versus
32.000+8.61 (P=0.0358) and 31.83+10.32 versus
28.125+8.01 (P=0.0149), respectively) (Fig., ¢). On
day 7, the differences were absent.

Ventilation rate (VR) values were higher in
patients in the main group than in the control one
on days 1 and 3, but also did not differ between
the groups on day 7 of treatment. A decrease in
RR during CPAP support could be associated with
an increase in Vt and cause higher VR in patients
with COVID-19 on the first day of noninvasive
lung support.

COVID-19-associated ARDS was initially char-
acterized by higher values of Vt, MV, RR and CRS
than non-COVID-19-associated ARDS. Later, during
respiratory therapy, patients with COVID-19-asso-
ciated ARDS, due to higher CRS, required lower
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Changes in the studied parameters in the groups of patients.
Notes. PaO,/FiO, — oxygenation index (a); A-aO, — alveolar-arterial oxygen gradient (b); CRS — compliance of respiratory system.
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PEEP settings than those with non-COVID-19-as-
sociated ARDS, while V, and MV were almost identical.
It should be emphasized that patients with
ARDS associated with COVID-19 required tracheal
intubation less frequently at the initial stage of
treatment, but on day 7, the proportion of patients
receiving invasive ventilation in the study group
was higher than in the control group, and no ex-
tubation was observed in the main group.

Discussion

Our observations show that the initial (1-5
days) characteristics of COVID-19-associated ARDS
change over time and approach those of «typical»
ARDS.

L.Gattinoni et al. suggested that relatively high
CRS correlating with low PaO,/FiO, can identify a
separate subgroup of patients with ARDS associated
with COVID-19 requiring a specific algorithm of res-
piratory support [3, 15]. In contrast, other authors
argue that this pattern of respiratory mechanics is
just a clinical phenotype which is also seen in patients
with ARDS of other etiologies and is determined by
severity and stage of the disease [16, 18, 19].

According to the study by O. Voennov et al.,
two types of clinical hypoxia phenotypes depending
on SpO: level and dyspnea severity can be distin-
guished among COVID-19 patients. The first type
is characterized by a decrease in saturation down
to 93% and an increase in RR up to 25 per minute,
and does not require lung ventilation. The second
phenotype with RR over 25 and SpO, under 93%
can associate with arterial hypoxemia and tissue
hypoxia with acidosis and requires mechanical
ventilation [20].

The H-/L-phenotyping system suggested by
L. Gattinoni et al. in patients with ARDS associated
with COVID-19 was not confirmed in the studies of
LDJ Bos et al. who concluded that lung compliance
itself does not correlate with the extent of affected
lung tissue, and most patients can be classified nei-
ther to H-, nor to L-subphenotype, but have mixed
characteristics. Patients were often found to have
extensive pulmonary damage and diffuse changes
on chest CT, which could indicate potentially re-
cruitable lung tissue. CRS was similar to that in
other cohorts of patients with COVID-19 and with
non-COVID-19-related ARDS [15, 21-23].

Different pulmonary compliance with initially
equal values of blood oxygenation were observed
in patients with and without COVID-19, both at
baseline and on days 1 and 3 of respiratory support.
These differences decreased as the disease pro-
gressed, with hypoxemia becoming more severe in
patients in the main group, indicating its «discor-
dance» with the lung compliance. The V, reduction
is known to be beneficial mainly in patients with
low CRS, therefore, individual adjustment of respi-

ratory support taking with respect to disease severity,
airway pressure and lung compliance parameters,
and in a continuous mode rather than based on
the initial values, is necessary [16, 17, 24, 25].

Our results also argue in favor of systematic
assessment of respiratory mechanics and person-
alization of ventilator settings in patients with
COVID-19-associated ARDS.

Previously published studies evaluating
COVID-19-associated ARDS respiratory mechanics
have shown inconsistent results. For example, pul-
monary compliance has been shown to decrease
with lung injury volume greater than 50%, as in
ARDS of other etiology, but the possibility of alveolar
recruitment still exists [8, 9, 15, 16]. The results of
our study show that even with more than 50% lung
damage, CRS can be both high and low, with respi-
ratory mechanics studied in the early disease, i. e.,
up to 10 days from onset of the first symptoms of
respiratory failure. Patients with varying severity of
pneumonia, extent of lung damage, and moderate
to severe ARDS were evaluated.

Significantly higher CRS measured on day 1 in
patients with COVID-19 compared to those without
COVID-19 is consistent with previous reports [18].

The evidence of greater pulmonary compliance
during the first day of mechanical ventilation in
patients with ARDS and COVID-19 compared to
patients without COVID-19 is also in line with earlier
findings [18].

High parameters of PEEP can cause excessive
alveolar distention and increased physiological dead
space, indirectly affecting VR and CRS. Thus,
Yaroshetskiy A. L. et al. observed low potential of
lung recruitment and response to PEEP increase in
COVID-19 patients, and PEEP over 10 cm H,O after
7 days resulted in lung overextension in most patients
on mechanical ventilation [26].

Therefore, the identified patterns of respiratory
mechanics to a greater extent reflect the differences
in ventilator management than in pathophysiology
of ARDS of various etiologies. In addition, the pro-
gression of any disease leading to tracheal intubation
can neutralize the specific characteristics of respi-
ratory biomechanics (including situations with prac-
tically identical initial PaO,/FiO,). The patients in
the main group had more significant decrease of
arterial blood oxygenation than those in the control
group, which confirms the «discordance» between
hypoxemia and lung compliance, and suggests that
V, reduction is mainly beneficial for patients with
low CRS and good response to low PEEP.

Conclusion

We conclude that the management of patients
with COVID-19-associated ARDS should be based
on individual changes in disease severity, airway
pressure, and lung compliance values.
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