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Background: We have investigated the use of nebulized surfactant as a potential therapeutic option for the pa
tients with coronavirus disease 2019 (COVID-19)-associated acute respiratory distress syndrome (ARDS) un
dergoing non-invasive ventilation.
Methods: The patients were divided into 2 groups: surfactant (n = 33) and control (n = 32). The subjects in the
surfactant group received the inhaled surfactant at daily dose of 150–300 mg. The oxygenation parameters and
several clinical outcomes were analyzed.
Results: On the 5 day of therapy, PaO2/FiO2 improved significantly in the surfactant group compared to the
control group (184 (155–212) mmHg vs 150 (91–173) mmHg, p = 0.02). The inhaled surfactant significantly
reduced the need for transfer of patients to intensive care units (24.2% vs 46.9%, p = 0.05) and invasive me
chanical ventilation (18.2% vs 40.6%, p = 0.04). Even more, the nebulized surfactant shortened the length of
non-invasive ventilation (7 (3–13) days vs 11 (5–22) days, p = 0.02) and time spent in hospital (18 (16–27) days
vs 26 (21–31) days, p = 0.003) in patients suffering from COVID-19-linked ARDS.
Conclusions: Our preliminary data provided indications that inhaled surfactant therapy may represent a prom
ising option for patients with COVID-19-associated ARDS. However, larger clinical trials are crucially needed.

1. Introduction
The patients suffering from coronavirus disease 2019 (COVID-19)
may develop acute respiratory distress syndrome (ARDS). COVID-19
appears due to the infection with the novel severe acute respiratory
syndrome coronavirus (SARS-CoV-2). This virus preferentially molests
the alveolar type II cells and subsequently causes apoptosis, cellular
damage, and altered production of the pulmonary surfactant [1,2].
Dysregulated function of the surfactant may result in alveolar collapse
and inflammation, augmented capillary permeability, edema, and
microvascular thrombosis [2,3]. In the past, the treatment strategy using
the exogenous surfactant did not show the full therapeutic efficacy in the
context of adult ARDS [4]. Up to date, there are only few studies with a
limited number of patients, which describe the potential of the

treatment with exogenous surfactant in COVID-19-associated ARDS
[5–7]. The surfactant was administered in intubated patients via endo
tracheal instillation or through the bronchoscope [5–7]. The results
were promising and the application of exogenous surfactant provided an
improvement in oxygenation, an increase in pulmonary static compli
ance, and a tendency to reduce the mortality rate [5–7].
In the present study, we hypothesized that early initiation of therapy
with exogenous surfactant in patients with COVID-19-associated ARDS,
before endotracheal intubation (ETI) and invasive mechanical ventila
tion (IMV) maybe even more effective. The objective of our study was to
evaluate the feasibility, safety and effectiveness of nebulized surfactant
therapy in patients with COVID-19-associated ARDS treated with noninvasive ventilation (NIV).
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2. Methods

Table 1
Main demographic and clinical characteristics of the patients at baseline and at
days 3 and 5 following the treatment with inhaled surfactant.

This prospective case-control study was conducted in COVID-19 care
units of university-affiliated hospital (Sechenov University) between
April 8 and November 12, 2020. We prospectively enrolled patients over
18 years old with laboratory-confirmed SARS-CoV-2 infection (real-time
PCR) admitted to the general wards (outside intensive care units (ICU)).
The study was approved by the University ethics committee (approval
number 16–20), and written informed consent was obtained from all
patients. Inclusion criteria were ARDS defined according to Berlin
definition [8], arterial oxygen tension to inspired oxygen fraction ratio
(PaO2/FiO2)<200 mmHg and treatment with mask NIV. The exclusion
criteria were as follows: need for immediate ETI and unstable
hemodynamics.
The primary NIV mode was continuous positive airway pressure
(CPAP) that was administered with NIV ventilators. CPAP was initially
set at 10cmH2O and then adjusted according to oxygen saturation
(SpO2) and clinical tolerance. FiO2 was adjusted to maintain SpO2
during NIV. We used non-vented oronasal masks and the expiratory limb
of the circuit was equipped with an antimicrobial filter.
All patients received the standard therapy including hydroxy
chloroquine (400 mg daily), azithromycin (500 mg daily), dexametha
sone (6–12 mg daily), prophylactic enoxaparin (40 mg daily), and
tocilizumab (8 mg/kg). Patients in the surfactant group were treated
with standard therapy and inhaled surfactant. Surfactant (Surfactant-BL,
Biosurf LLC, Russia) was administered at a daily dose of 75–150 mg b.i.
d., for at least 5 days, by means of vibrating mesh nebulizer (Aerogen
Solo, Aerogen Ltd, Ireland) positioned in the breathing circuit between
the leak port and the mask.
All control patients had the same enrollment criteria described for
the surfactant group, and the measured parameters were collected
prospectively on the same data chart, according to a standardized
treatment procedure. A matching control patient was selected for each
patient treated with surfactant, according to the following criteria: age
(within ±5 years); PaO2/FiO2 ratio on admission (within ±20 mmHg);
and National Early Warning Score (NEWS)2 score on admission (within
±1 points).
The data were recorded at admission, and at days 3 and 5. We also
analyzed the length of hospitalization and outcome of the disease, such
as transfer to ICU, need for ETI and IMV, and 28-day mortality. Criteria
for ETI and IMV were worsening respiratory failure, SpO2<88% without
response to NIV, respiratory acidosis, hemodynamic instability, and
exhaustion.
Data are presented as absolute values (%), median (interquartile
range) or mean ± SEM. For statistical analyses, we used the following
tests: Student’s t-test or Mann–Whitney U test, Fisher’s exact test or 2way ANOVA with Sidak’s multiple comparisons test. P < 0.05 was
considered statistically significant.

Parameters

Surfactant group
(n = 33)

Control group
(n = 32)

Age, years
Males, %
BMI, kg/m2
Duration of the disease before
entering the study, days
Comorbidities, n (%):
COPD
Asthma
Cardiovascular disease
Diabetes
Malignancy
At baseline
SOFA score
NEWS scale
Body temperature, 0С
Dyspnea (Borg scale)
Respiratory rate, min− 1
Leukocytes, 109/L
Lymphocytes, 109/L
СRP, mg/L
D-dimer, μg/mL
Day 3
SOFA score
NEWS scale
Body temperature, 0С
Dyspnea (Borg scale)
Respiratory rate, min− 1
Day 5
SOFA score
NEWS scale
Body temperature, 0С
Dyspnea (Borg scale)
Respiratory rate, min− 1
Leukocytes, 109/L
Lymphocytes, 109/L
СRP, mg/L
D-dimer, μg/mL
Outcomes
Transfer to ICU, n (%)
Intubation and invasive
mechanical ventilation, n (%)
Deaths, n (%)
Duration of NIV, days
Length of hospitalization, days

59.0 (53.0–69.0)
54
29.2 (24.7–33.2)
10.5 (8.8–15.0)

63.5 (50.5–68.5)
72
31.3 (27.1–33.8)
12.0 (9.0–15.0)

0.88
0.15
0.24
0.31

1 (3.0%)
0
19 (57.6%)
9 (27.3%)
1 (3.0%)

2 (6.3%)
1 (3.1%)
15 (46.9%)
8 (25%)
0

0.55
0.31
0.60
0.78
0.31

3 (3–4)
8 (6–10)
37.7 (37.3–38.0)
6 (4–9)
26 (21–32)
6.0 (5.1–8.3)
0.9 (0.6–1.3)
121 (56–160)
2.7 (1.5–5.6)

3 (3–3)
7 (4–8)
37.5 (36.6–38.0)
6 (2–8)
24 (21–26)
6.8 (4.4–9.4)
0.7 (0.7–1.2)
119 (52–170)
1.7 (0.7–4.6)

0.45
0.09
0.14
0.56
0.08
0.99
0.98
0.83
0.17

3 (3–3)
5 (4–7)
37.0 (36.5–37.4)
5 (3–8)
22 (20–26)

3 (3–4)
5 (4–8)
36.9 (36.6–37.2)
5 (2–10)
22 (19–25)

0.08
0.76
0.59
0.87
0.46

2 (2–3)
3 (2–4)
37.0 (36.6–37.2)
2 (2–3)
20 (19–23)
7.4 (5.8–10.2)
1.2 (0.9–1.6)
13 (5–94)
1.3 (0.9–1.8)

3 (2–5)
4 (2–7)
36.8 (36.6–37.2)
3 (2–6)
21 (20–24)
9.2 (8.2–12.5)
1.4 (0.6–2.5)
40 (14–114)
2.3 (0.9–9.6)

0.04
0.66
0.51
0.35
0.35
0.02
0.80
0.22
0.24

8 (24.2)
6 (18.2)

15 (46.9)
13 (40.6)

0.05
0.04

5 (15.2)
7 (3–13)
18 (16–27)

9 (28.1)
11 (5–22)
26 (21–31)

0.17
0.02
0.003

р

Table 1. Results are presented as absolute values (%) or median (interquartile
range). Abbreviations. BMI, body mass index; COPD, chronic obstructive pul
monary disease; SOFA, Sequential Organ Failure Assessment; NEWS, National
Early Warning Score; CRP, C-reactive protein; ICU, intensive care unit; NIV, noninvasive ventilation.

4. Discussion

3. Results

Overall, our study demonstrates that the use of nebulized surfactant
is feasible in patients with COVID-19-associated ARDS undergoing noninvasive ventilation, and its application results in favorable outcomes,
such as improved oxygenation, reduction of the need for IMV and
transfer to ICU, and the shorter length of NIV and hospital stay, but did
not decrease mortality.
The main function of pulmonary surfactant is to reduce surface
tension in alveoli and thus to prevent lung collapse and gas exchange [2,
4]. In addition, pulmonary surfactant is involved in the barrier and
protective function of the lungs, affecting innate and adaptive local
immunity [4]. The exogenous surfactant exhibits anti-inflammatory
properties and reduces the production of tumor necrosis factor-alpha,
interleukin (IL)-1, IL-6, and, thus, it may efficiently contribute toward
the repair of damaged alveoli in SARS-CoV-2-associated ARDS [3].
Recently, few studies reported the promising therapeutic effects of
the treatment with exogenous surfactant in COVID-19-associated ARDS

The baseline characteristics, such as age, gender, body mass index,
length of the disease before inclusion in the study, and clinical status
data did not differ significantly between the groups (Table 1).
However, the oxygenation index (PaO2/FiO2) significantly increased
over time in the surfactant group (Fig. 1). In addition, there was a
significantly higher value of this parameter in the surfactant group as
compared to the control at day 5 upon the treatment (Fig. 1).
Moreover, significantly fewer patients in the surfactant group were
transferred to ICU and switched to mechanical ventilation, in compari
son to the control group. The duration of NIV and the total length of
hospitalization were shorter in the surfactant group compared to the
control group. Mortality did not differ significantly between the groups
(Table 1).
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Fig. 1. Effects of inhaled surfactant on oxygenation parameters in patients with COVID-19-associated acute respiratory distress syndrome. Data are shown
as mean ± SEM (n = 32–33). PaO2/FiO2: arterial oxygen tension to inspired oxygen fraction ratio. 2-way ANOVA with Sidak’s multiple comparisons test was used for
statistical analysis. *,§p < 0.05. *baseline versus 3 days and 3 days versus 5 days; §Control versus Surfactant.

[5–7]. In contrast to our study (nebulization), the surfactant was applied
in intubated patients via endotracheal instillation or through the bron
choscope [5–7]. Our patients were not intubated and they received
non-invasive respiratory support. In addition, we have enrolled a
noticeably higher number of patients, as compared to the previously
published studies [5–7].
Piva et al. reported a 30-day mortality reduction in the surfactant
group, but this reduction was not statistically significant, probably due
to the small sample size [7]. The mortality in our study did not differ
significantly between the groups, but the number of dead patients was
higher in the control group compared to the surfactant group (9 vs 5).
Busani et al. showed a progressive improvement in PaO2/FiO2 6–48 h
after endotracheal instillation of surfactant, but this case series included
five patients only that precluded evaluating mortality [6].
This study has several limitations. The case–control design cannot
exclude a bias in the analysis of outcomes, and statistical analysis and
interpretation of our study results are further limited by the small
sample size.
Therefore, our preliminary data provided indications in favor of
conducting further studies with inhaled surfactant therapy for COVID19 in the near future, including randomized controlled clinical trials.
Larger trials of inhaled surfactant therapy for COVID-19-associated
ARDS (NCT04362059, NCT04568018) are underway [9,10].
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