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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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 (Pa0.) of 40 mm Hg and a PaO./FiO: (P/F) ratio of
40 (Figure 1A & B). The P/F ratio, calculated as the ratio of
partial arterial oxygen tension (PaO-) 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 PaO. 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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Table 1. The complex treatment schedule.

Drugs

Anticoagulants

- Heparin (Hepasan)

Antibiotics

- amoxicillin/clavulanic acid (Amoxiclant)
- Levofloxacin

Corticosteroids

- Methylprednisolone (Metipred)
Ascorbic acid 5% solution
Interleukine-6 antagonist

- Tocilizumab (Actemra)
Immunoglobulins

- Human Normal Immunoglobulin (Kiovig)
Correction of arterial hypertension

- Isosorbide dinitrate

- Valsartan (Valmac)

Diuretics

- Spironolactone (Aldaron)

- Furosemide (Lasix)

Correction of hyperglycemia

- Human insulin (Actrapid)
Antifungal

- Mycophenolate mofetil (Mycosan)

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 PaO: 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 PaO: value
increased significantly up to 156 mm Hg (Figure 1A); the
fraction of inspired oxygen (FiO,) 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 PaO: and P/F ratio values
decreased (128 mm Hg and 142, respectively; Figure 1A &
B), while the FiO, 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 PaO. 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.
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Dosage and route of administration
20,000 un/24 h

1.2g, 1V, 3 times/24h
100ml, IV drip, 2 times/24h

250mg, IV drip, 1 time/24h
6ml, IV

20ml (400mg), IV drip
100 ml, IV drip, 1 time/24h

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

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

2 IU, subcutaneous, 3 times/24h
100ml, IV drip, 1 time/24h

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 27, 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
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Figure 1. The partial pressure of oxygen (PaO,) 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.
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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.
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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 a-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 (PaO:) and the PaO./FiO:
(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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