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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Acute respiratory distress syndrome (ARDS) is a severe 

complication of COVID-19. During the pathogenesis of 
ARDS, a deficiency of alveolar surfactant could lead to severe 
hypoxemia. This report demonstrates that exogenous surfactant 
administration improves the overall clinical condition, reduces 
severe hypoxemia, and enhances the P/F ratio, thereby 
preventing the multiple organ dysfunction syndrome (MODS) 
that usually follows hypoxemia. In our experience, inhalational 
administration of surfactant preparations for one week was 
the key to successful treatment and recovery of extremely 
severe patients who would otherwise have had an unfavorable 
prognosis.

Key words. ARDS, COVID-19, MODS, Surfactant.
Introduction.

The COVID-19-related ARDS is accompanied by damage 
to the alveolar type II cells, the main source of lung surfactant 
[1,2]. Surfactant deficiency due to alveolar type II cell damage 
leads to atelectasis and bilateral infiltration in the inferior lobes 
of the lungs, further aggravating the disease severity [3].

Alveolar surfactant plays a protective role in the lungs, 
providing a “first line of defense” against infections [4]. 
The existing data show that surfactant deficiency is often 
accompanied by a reduction of clearance from many bacterial 
and viral infections, including group B streptococcus [5,6], 
Pseudomonas aeruginosa [7], and respiratory syncytial virus 
[8]. Surfactant possesses a direct anti-bacterial activity against 
Escherichia coli, Klebsiella pneumoniae, and Enterobacter 
aerogenes [9] and an antifungal activity against Histoplasma 
capsulatum [10].

At the beginning of the COVID-19 pandemic, there was 
virtually no experience with surfactant preparations. Later, many 
studies reported the successful use of surfactant preparations in 
treating COVID-19 [1,11-15]. Here, we present our experience 
treating a patient with severe COVID-19-related ARDS using a 

complex therapy consisting of inhalational administration of an 
exogenous surfactant preparation and supportive medications.
Case Report.

A 47-year-old woman with a medical history of arterial 
hypertension, obesity, and impaired glucose tolerance was 
admitted to the hospital after one week of dyspnea at rest, fever, 
dry cough, and generalized weakness. On admission, the patient 
was febrile (39.2 °C) and disoriented, with an oxygen saturation 
of 34%. Arterial blood gas analysis revealed a partial pressure 
of oxygen (PaO₂) of 40 mm Hg and a PaO₂/FiO₂ (P/F) ratio of 
40 (Figure 1A & B). The P/F ratio, calculated as the ratio of 
partial arterial oxygen tension (PaO₂) to the fraction of inspired 
oxygen (FiO₂), is a key indicator of the degree of hypoxemia 
and pulmonary gas exchange efficiency. Normal values range 
from approximately 300 to 500 mm Hg; values below 300 mm 
Hg indicate impaired gas exchange, and those below 200 mm 
Hg correspond to severe hypoxemia. The P/F ratio, primarily 
used to assess the severity of acute respiratory distress syndrome 
(ARDS), provides valuable information about the extent of 
respiratory dysfunction.

A nasopharyngeal swab tested positive for SARS-CoV-2 by 
PCR, and chest radiography demonstrated bilateral pulmonary 
opacities.

Prior to admission, the patient had been treated at home with 
Rotacef, dexamethasone, nadroparin calcium (Fraxiparine), and 
budesonide (Pulmicort). Following emergency care, including 
support of vital functions and non-invasive ventilation with 
100% oxygen, arterial PaO₂ and the P/F ratio improved, 
reaching 62 mm Hg and 62, respectively, by the second day of 
hospitalization (Figure 1A & B).

Despite complex treatment, including prone positioning and 
administration of the drugs listed in Table 1, the P/F ratio—
an important parameter for assessing disease severity and 
predicting ARDS progression—did not improve further. After 
extensive team discussions and consultations, it was decided 
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to administer a surfactant preparation with the specific aim of 
improving the P/F ratio.

On the third day of hospitalization, the inhalational exogenous 
surfactant preparation Curosurf® (poractant alfa) was 
administered 3 times a day. The PaO₂ and P/F ratio improved 
significantly and reached the values of 82 mm Hg and 82, 
respectively (Figure 1A & B). The patient complained of a sore 
throat and difficulty tolerating the treatment. Some decrease in 
oxygen saturation was observed immediately after an inhalation; 
however, 20 – 30 min following the inhalation, the saturation 
reached 100%.

On the fourth day of hospitalization, we administered another 
surfactant preparation – Surfactant BL (Biosurf, Russia), 
inhalational, 3 times a day. The medication was well tolerated 
by the patient, without any adverse effects. The PaO₂ value 
increased significantly up to 156 mm Hg (Figure 1A); the 
fraction of inspired oxygen (FiO2) reduced to 90%. P/F ratio has 
reached the value of 173 (Figure 1B). 

During the following day, the inhalation of Surfactant BL 
was reduced to 1-2 times a day. The PaO₂ and P/F ratio values 
decreased (128 mm Hg and 142, respectively; Figure 1A & 
B), while the FiO2 was maintained at about 90%. Overall, the 
inhalational therapy with the exogenous surfactant preparations 
was conducted for 7 days, one day with the Curosurf®, and 6 
days with the Surfactant BL. Following this period of treatment, 
a slow increase in PaO₂ and P/F ratio values was observed 
(Figure 1A & B).	

We emphasize that before treatment with surfactant 
preparations, the patient exhibited early signs of MODS, 
including oliguria (300–1000 ml/24h), mild elevations in blood 
urea and creatinine levels, signs of coagulopathy, and increased 
alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) levels.

The complex therapy described above led to the following 
improvements: normalization of urine output up to 1800 ml/24 h 
and a decrease in blood levels of ALT, AST, urea, and creatinine 
(Figure 2).

A similar trend was also observed with the blood level of 
C-reactive protein (CRP). Initially, the blood CRP was greater 
than 200 mg/ml (Figure 3A, 210.2 mg/ml at “Day 1” and 207.2 
mg/ml at “Day 2”, respectively), then decreased (Figure 3A, 0 
mg/ml at “Day 4” and 26.7 mg/ml at “Day 5”, respectively). The 
blood level of the D-dimer was about 1300 ng/ml at Day 1, then 
increased transiently to 2600 ng/ml at “Day 4”, then decreased 
to 1900 ng/ml at “Day 5” (Figure 3B).

All the medications listed above were administered from the 
first day of hospitalization; however, significant improvement in 
respiratory signs occurred after the beginning of the inhalational 
administration of surfactant preparations. In particular, the 
above-mentioned respiratory signs included: a reduction in 
oxygen supply fraction to 90%; increased breathing; decreased 
wheezing, and disappearance of crepitus on auscultation. The 
patient noticed an improvement in general well-being and 
increased appetite.

After three weeks in the hospital, the oxygen saturation 
reached 97%, while the oxygen supply fraction was reduced to 
70%. The blood levels of ALT, AST, urea, and creatinine were 
normalized. The patient became more active and spent more 
time sitting on the bed. 

Finally, the patient was discharged after 54 days of treatment 
in our hospital. The patient spent most of this time in the 
intensive care unit. Upon discharge, rehabilitation therapy was 
recommended.
Discussion.

Severe hypoxia in COVID-19 patients underlies the 
development of multiple organ failure, and subsequently, an 

Drugs Dosage and route of administration
Anticoagulants
-	Heparin (Hepasan) 20,000 un/24 h
Antibiotics
-	amoxicillin/clavulanic acid (Amoxiclant)
-	Levofloxacin

1.2g, IV, 3 times/24h
100ml, IV drip, 2 times/24h

Corticosteroids
-	Methylprednisolone (Metipred) 250mg, IV drip, 1 time/24h
Ascorbic acid 5% solution 6ml, IV
Interleukine-6 antagonist
-	Tocilizumab (Actemra) 20ml (400mg), IV drip
Immunoglobulins
-	Human Normal Immunoglobulin (Kiovig) 100 ml, IV drip, 1 time/24h
Correction of arterial hypertension
-	Isosorbide dinitrate
-	Valsartan (Valmac)

10ml, IV drip, 1 time/24h
90 mg, per os, 1 time/day

Diuretics
-	Spironolactone (Aldaron)
-	Furosemide (Lasix)

100mg, per os, 1 time/24h
4ml, IV, 1-2 times/24h

Correction of hyperglycemia
-	Human insulin (Actrapid) 2 IU, subcutaneous, 3 times/24h
Antifungal 
-	Mycophenolate mofetil (Mycosan) 100ml, IV drip, 1 time/24h

Table 1. The complex treatment schedule.
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Figure 1. The partial pressure of oxygen (PaO2) and P/F ratio during the first 6 days upon admission to the hospital.  The single arrow indicates 
the inhalational administration of Curosurf® (poractant alfa) surfactant preparation.  Two arrows indicate the inhalational administration of 
Surfactant BL preparation.

Figure 2. Blood levels of urea, creatinine, ALT, and AST during the first 5 days upon admission to the hospital.  The single arrow indicates 
the inhalational administration of Curosurf® (poractant alfa) surfactant preparation. Two arrows indicate the inhalational administration of 
Surfactant BL preparation.

Figure 3. Blood levels of CRP and D-dimer during the first 5 days upon admission to the hospital.  The single arrow indicates the inhalational 
administration of Curosurf® (poractant alfa) surfactant preparation.  Two arrows indicate the inhalational administration of Surfactant BL 
preparation.
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unfavorable outcome [16]. Our patient has some signs of the 
beginning stage of MODS. Her condition is compatible with the 
previously published cases in which severe coronavirus disease 
complicated by hypoxemia and dyspnea progressed to ARDS 
[1]. Besides the lungs, COVID-19 is also related to damage to 
other organs, such as the liver, kidneys, heart, gastrointestinal, 
hematological, and nervous systems [3,17,18]. In these cases, a 
high mortality rate and induction of multiple organ failure were 
observed [17,18]. In 17% of the patients with severe COVID-19, 
the ARDS could develop as early as one week after the onset of 
the disease, and the condition of 65% of the patients worsens, 
and these patients usually die due to the incidence of MODS 
[18,19]. The reported incidence of ARDS varies between 15.6% 
and 31%, much higher than other organ damage [20]. It has 
been shown that the ARDS occurrence is closely correlated 
with older age groups (i.e., more common in people over 65), 
as well as with arterial hypertension and diabetes mellitus 
[21]. Our patient had arterial hypertension, obesity, and newly 
diagnosed diabetes mellitus and, therefore, was at risk of ARDS 
development.

The lungs are typically the first organs affected in patients who 
progress to multiple organ dysfunction syndrome (MODS), 
with initial pulmonary impairment preceding cardiac, renal, 
and hepatic dysfunction [22,23]. Therefore, preventing the 
occurrence of MODS by supporting lung function is particularly 
important, as early pulmonary impairment can trigger 
subsequent multi-organ failure. From this perspective, we 
suggest that administration of exogenous pulmonary surfactant 
may have played a central role in the observed improvement of 
our patient, likely promoting expansion of alveoli not affected 
by fibrosis. This alveolar recruitment may have contributed to 
reduced hypoxia and increased arterial oxygen partial pressure 
and P/F ratio [19], thereby lowering the risk of MODS.

The complex therapy, which included surfactant along with 
antibiotics, anticoagulants, corticosteroids, immunoglobulins, 
and other agents, was associated with normalization of urine 
output and reductions in ALT, AST, urea, and creatinine, 
reflecting overall clinical improvement. The marked decrease 
in CRP levels may be attributed to tocilizumab, an anti-IL-6 
monoclonal antibody, which blocks IL-6 signaling and reduces 
hepatic synthesis of inflammation- and coagulation-related 
proteins [24-27]. A transient, “paradoxical” increase in D-dimer 
levels on the fourth day, also reported in severe COVID-19 cases 
[28,29], may result from partial inhibition of IL-6–mediated 
inflammatory activity [29], insufficient to prevent the release of 
the pro-thrombotic peptide α-defensin from neutrophils, thereby 
accelerating coagulation and causing elevated D-dimer levels 
[30].
Conclusion.

To summarize, we report that the complex therapy, which 
included the prolonged use of surfactant preparations in the 
intensive care of ARDS secondary to COVID-19 pneumonia, 
improved arterial oxygen tension (PaO₂) and the PaO₂/FiO₂ 
(P/F) ratio. The patient, admitted with severe ARDS and a P/F 
ratio of approximately 40, recovered following this therapy, 
despite the generally unfavourable prognosis associated with 
the presence of concomitant severe diseases.
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